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Linetools

linetools is an in-development package for the analysis of 1-D
spectra, with the aim to become an Astropy [http://astropy.org] affiliated package [http://www.astropy.org/affiliated/index.html]. Its core developers
work primarily on UV/optical/IR absorption line research, so most of the
functionality is aimed at the identification and analysis of
absorption lines. The eventual goal is to provide a set of tools
useful for both absorption and emission lines.


Note

linetools is still under active development. While the developers
strive to maintain compatibility in new releases, there may be
backwards-incompatible changes in future versions.




Getting Started



	Installation

	Changelog








Core classes



	AbsComponent

	AbsSystem

	RelAbund

	SolarAbund

	LineList

	SpectralLine

	XSpectrum1D








Graphical User Interfaces (GUIs)



	GUIs
	Notebooks

	Overview

	Continuum fitting

	XSpecGUI

	XAbsSysGui












Command line tools



	Scripts
	lt_xspec

	lt_plot

	lt_absline

	lt_radec

	lt_line

	lt_continuumfit












Reference & API



	The linetools API






Indices and tables


	Index

	Module Index

	Search Page











          

      

      

    


    
         Copyright 2016, The linetools developers.
      Last updated on 03 Nov 2016.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	linetools v0.2.dev1393 
 
      

    


    
      
          
            
  
Installation


Dependencies

Linetools depends on these packages:


	python [http://www.python.org/] versions 2.7, or 3.3 or later

	numpy [http://www.numpy.org/] version 1.9 or later

	astropy [http://astropy.org] version 1.0 or later

	scipy [http://www.scipy.org/] version 0.16 or later

	matplotlib [http://matplotlib.org/]  version 1.4 or later

	PyQT4 [https://wiki.python.org/moin/PyQt] version 4 (for GUIs)

	h5py [https://www.h5py.org/] version 2.6 (for data I/O)



We strongly recommend that you use Anaconda [https://www.continuum.io/downloads] to install them. With Anaconda
you can check for the presence and versions of the dependencies with:

conda list "^python|numpy|astropy|scipy|matplotlib|PyQT|h5py"





If you’re missing any, install them with (for example):

conda install astropy scipy matplotlib PyQT h5py





If their versions are too old, update them with (for example):

conda update astropy





If you aren’t using Anaconda then all of the dependencies can also be
installed with pip.




Installing Linetools

If you plan to play around with the code and possibly contribute
changes, then follow the instructions in the section below,
Installing Linetools from Source. Otherwise simply use:

pip install linetools





and you’re done!

If you wish to have full functionality of the GUIs and are
using MacOSX, then you probably need to change
your backend from macosx to TkAgg in the matplotlibrc file.




Installing Linetools from Source


I just want to play with the code

Install the development version like this:

git clone https://github.com/linetools/linetools.git
cd linetools
python setup.py develop





Now you can easily make tweaks to the code, which are immediately
applied to your installed version (you’ll have to reload the relevant
modules to see those changes in an existing Python session, though).




I want to make a code contribution to linetools

Fantastic! In that case, follow the Astropy developer guidelines [http://docs.astropy.org/en/stable/development/workflow/development_workflow.html],
replacing every instance of astropy in those instructions with
linetools. This will install a ‘fork’ of linetools that you can
use to submit code changes to the main repository.






Running Tests

To test your installation, run:

python -c 'import linetools; linetools.test()'





The tests take a couple of minutes to finish. If you notice any
failures, we’d love you to report them on the linetools issue tracker [http://github.com/linetools/linetools/issues].




Before Launching GUIs

If you are a Mac user, we highly recommend that you set your
matplotlib backend from MacOSX to TkAgg (or another option, see
backends [http://matplotlib.org/faq/usage_faq.html#what-is-a-backend]).




Building Documentation

Only do this if you’re a developer! If you want build the
documentation, you also need to install Sphinx (version 1.3+):

conda install sphinx





If you’d like to generate inheritance diagrams in the docs then you
also need to install graphviz (MacOSX [http://www.graphviz.org/Download_macos.php], Ubuntu [http://www.graphviz.org/Download_linux_ubuntu.php]), but this isn’t
required. Once sphinx is installed, change to the /docs directory
under the source directory and run:

make html





The documentation should now be in _build/html.
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Changelog


0.2 (unreleased)


Updates


	LineList.available_transitions() no longer has key argument n_max

	LineList: extra attributes for transitions added (ion_name, log(w*f), abundance, ion_correction, rel_strength)

	ASCII tables with no header are required to be 4 columns or less for io.readspec to work

	Modify XSpectrum1D to use masked numpy arrays

	Enable hdf5 I/O  [requires h5py]

	Added .header property to XSpectrum1D (reads from .meta)

	Added XSpectrum1D.write, a generic write wrapper

	Added xabssysgui GUI

	Added new linelists (e.g. Galaxy)

	Added EmissLine child to SpectralLine

	Added LineLimits class

	Added SolarAbund class

	Added lt_radec and lt_line scripts






Bug fixes


	Fix XSpectrum1D.from_tuple to allow an astropy table column to
specify wavelengths and fluxes.








0.1 (2016-01-31)

First public release.
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AbsComponent Class


Notebooks



	Simple Examples

	Column Densities








Overview

This Class is designed to organize and analyze a set of
absorption lines.

By definition, an AbsComponent is a unique collection of
absorption lines specified by:









	Property
	Variable
	Type
	Description




	RA, DEC
	radec
	tuple or coord
	RA,DEC in deg or astropy.coordinate


	Z, ion
	Zion
	tuple
	Atomic Number (Z) and ionization state (ion)


	Redshift
	z
	float
	absorption redshift


	Velocity limits
	vlim
	Quantity array
	-/+ velocity limits of the component


	Energy level
	Ej
	Quantity
	Energy of the level relative to ground


	Isotope
	A
	int
	Atomic Mass number (optional)








Instantiation

The AbsComponent Class may be instantiated in a few ways.
The default sets the properties listed above:

abscomp = AbsComponent((10.0*u.deg, 45*u.deg), (14,2), 1.0, [-300,300]*u.km/u.s)





More commonly, one will instantiate with one
AbsLine object:

lya = AbsLine(1215.670*u.AA, z=2.92939)
lya.limits.set([-300.,300.]*u.km/u.s)  # vlim
abscomp1 = AbsComponent.from_abslines([lya])





or multiple:

lyb = AbsLine(1025.7222*u.AA, z=lya.attrib['z'])
lyb.limits.set([-300.,300.]*u.km/u.s)  # vlim
abscomp = AbsComponent.from_abslines([lya,lyb])





One may also instantiate from a dict, usually read
from the hard-drive:

abscomp = AbsComponent.from_dict(idict)










Inspecting

Here are a few simple methods to explore/inspect the class.


Generate a QTable

If the class contains one or more AbsLines, you may generate a
QTable [http://docs.astropy.org/en/latest/api/astropy.table.QTable.html#astropy.table.QTable] from their attributes and data:

comp_tbl = abscomp.build_table()








Show a Stack Plot

If the AbsLine have spectra attached to them (in attrib[‘spec’]),
a stack plot (aka velocity plot) is generated with:

abscomp.stack_plot()








Apparent Column Densitities

Show a plot of the apparent column density profiles, \(N_a\):

abscomp.plot_Na()












Analysis

Here are some methods related to analysis.


Synthesize Columns

If one inputs a set of AbsLine(s) with column density measurements,
the synthesize_colm method collates these.  Positive, unsaturated detections
are combined in a weighted mean whereas limits are compared
and the most sensitive one is adopted.:

abscomp.synthesize_colm()





Here is the set of rules:


	If all measurements are upper limits, take the lowest value and flag as an upper limit (flgN=3).

	If all measurements are a mix of upper and lower limits, take the highest lower limit and flag as a lower limit (flgN=2).

	If one or more measurements are a proper detection, take the weighted mean of these and flag as a detection (flgN=1).






Curve of Growth

A standard, single-component curve-of-growth (COG) analysis may be
performed on the set of AbsLines:

COG_dict = abscomp.cog(show_plot=True)





The output dict includes:








	Key
	Type
	Description




	EW
	Quantity array
	Input equivalent widths


	sigEW
	Quantity array
	Input error in equivalent widths


	f
	ndarray
	Input f-values


	wrest
	Quantity array
	Input rest wavelengths


	logN
	float
	Output fitted column density (log10)


	sig_logN
	float
	Output error in fitted logN


	b
	Quantity
	Output b-value (km/s)


	sig_b
	Quantity
	Output error in b-value (km/s)










Misc


I/O

One may generate a dict of the key properties of the AbsSystem
with the to_dict() method:

cdict = component.to_dict()








Synthesize Components

This method combines a list of two or more components into a new one.
It checks first for consistent RA/DEC, Zion, and Ej.  It does
not place any constraints on z and vlim.  The column density of
the new component is the sum of the input ones (with rules for
limits).  And the redshift and vlim are set to encompass the
velocities of the input components.:

from linetools.isgm import utils as ltiu
synth_SiII = ltiu.synthesize_components([SiIIcomp1,SiIIcomp2])





See the Examples for the AbsComponent Class (v0.3) notebook for a complete example.




Generate Multiple Components

This method generates multiple components from a list of
AbsLines.:

comps = ltiu.build_components_from_abslines([lya,lyb,SiIIlines[0],SiIIlines[1]])
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Examples for the AbsComponent Class (v0.3)

Download this notebook.

%matplotlib inline

# suppress warnings for these examples
import warnings
warnings.filterwarnings('ignore')





# import
try:
    import seaborn as sns; sns.set_style("white")
except:
    pass

import astropy.units as u
from linetools.spectralline import AbsLine
from linetools.isgm import utils as ltiu
from linetools.analysis import absline as laa
from linetools.spectra import io as lsio
from linetools.isgm.abscomponent import AbsComponent

import imp
lt_path = imp.find_module('linetools')[1]






Instantiate


Standard

abscomp = AbsComponent((10.0*u.deg, 45*u.deg), (14,2), 1.0, [-300,300]*u.km/u.s)
abscomp





<AbsComponent: 00:40:00 +45:00:00, Name=SiII_z1.00000, Zion=(14,2), Ej=0 1 / cm, z=1, vlim=-300 km / s,300 km / s>








From AbsLines


From one line

lya = AbsLine(1215.670*u.AA)
lya.analy['vlim'] = [-300.,300.]*u.km/u.s
lya.attrib['z'] = 2.92939





abscomp = AbsComponent.from_abslines([lya])
print(abscomp)
abscomp._abslines





<AbsComponent: 00:00:00 +00:00:00, Name=HI_z2.92939, Zion=(1,1), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,300 km / s>





[<AbsLine: HI 1215, wrest=1215.6700 Angstrom>]








From multiple

lyb = AbsLine(1025.7222*u.AA)
lyb.analy['vlim'] = [-300.,300.]*u.km/u.s
lyb.attrib['z'] = lya.attrib['z']





abscomp = AbsComponent.from_abslines([lya,lyb])
print(abscomp)
abscomp._abslines





<AbsComponent: 00:00:00 +00:00:00, Name=HI_z2.92939, Zion=(1,1), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,300 km / s>





[<AbsLine: HI 1215, wrest=1215.6700 Angstrom>,
 <AbsLine: HI 1025, wrest=1025.7222 Angstrom>]












Methods


Generate a Component Table

lya.attrib['logN'] = 14.1
lya.attrib['sig_logN'] = 0.15
lya.attrib['flag_N'] = 1
laa.linear_clm(lya.attrib)
lyb.attrib['logN'] = 14.15
lyb.attrib['sig_logN'] = 0.19
lyb.attrib['flag_N'] = 1
laa.linear_clm(lyb.attrib)





(<Quantity 141253754462275.53 1 / cm2>, <Quantity 61797269977312.6 1 / cm2>)





abscomp = AbsComponent.from_abslines([lya,lyb])
comp_tbl = abscomp.build_table()
comp_tbl





<QTable length=2>

	wrest	z	flag_N	logN	sig_logN

	Angstrom				

	float64	float64	int64	float64	float64

	1215.67	2.92939	1	14.1	0.15

	1025.7222	2.92939	1	14.15	0.19





Synthesize multiple components

SiIItrans = ['SiII 1260', 'SiII 1304', 'SiII 1526']
SiIIlines = []
for trans in SiIItrans:
    iline = AbsLine(trans)
    iline.attrib['logN'] = 12.8 + np.random.rand()
    iline.attrib['sig_logN'] = 0.15
    iline.attrib['flag_N'] = 1
    iline.attrib['z'] = 2.92939
    iline.analy['vlim'] = [-300.,50.]*u.km/u.s
    _,_ = laa.linear_clm(iline.attrib)
    SiIIlines.append(iline)
SiIIcomp = AbsComponent.from_abslines(SiIIlines)
SiIIcomp.synthesize_colm()





SiIIlines2 = []
for trans in SiIItrans:
    iline = AbsLine(trans)
    iline.attrib['logN'] = 13.3 + np.random.rand()
    iline.attrib['sig_logN'] = 0.15
    iline.attrib['flag_N'] = 1
    iline.attrib['z'] = 2.92939
    iline.analy['vlim'] = [50.,300.]*u.km/u.s
    _,_ = laa.linear_clm(iline.attrib)
    SiIIlines2.append(iline)
SiIIcomp2 = AbsComponent.from_abslines(SiIIlines2)
SiIIcomp2.synthesize_colm()





abscomp.synthesize_colm()
[abscomp,SiIIcomp,SiIIcomp2]





[<AbsComponent: 00:00:00 +00:00:00, Name=HI_z2.92939, Zion=(1,1), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,300 km / s, logN=14.1172, sig_N=0.117912, flag_N=1>,
 <AbsComponent: 00:00:00 +00:00:00, Name=SiII_z2.92939, Zion=(14,2), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,50 km / s, logN=12.9226, sig_N=0.112727, flag_N=1>,
 <AbsComponent: 00:00:00 +00:00:00, Name=SiII_z2.92939, Zion=(14,2), Ej=0 1 / cm, z=2.92939, vlim=50 km / s,300 km / s, logN=13.8523, sig_N=0.0897197, flag_N=1>]





synth_SiII = ltiu.synthesize_components([SiIIcomp,SiIIcomp2])
synth_SiII





<AbsComponent: 00:00:00 +00:00:00, Name=SiII_z2.92939, Zion=(14,2), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,300 km / s, logN=13.9006, sig_N=0.0811523, flag_N=1>








Generate multiple components from abslines

comps = ltiu.build_components_from_abslines([lya,lyb,SiIIlines[0],SiIIlines[1]])
comps





[<AbsComponent: 00:00:00 +00:00:00, Name=HI_z2.92939, Zion=(1,1), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,300 km / s>,
 <AbsComponent: 00:00:00 +00:00:00, Name=SiII_z2.92939, Zion=(14,2), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,50 km / s>]








Generate an Ion Table

tbl = ltiu.iontable_from_components([abscomp,SiIIcomp,SiIIcomp2])
tbl





<QTable length=2>

	Z	ion	A	Ej	z	vmin	vmax	flag_N	logN	sig_logN

						km / s	km / s			

	int64	int64	int64	float64	float64	float64	float64	int64	float64	float64

	1	1	0	0.0	2.92939	-300.0	300.0	1	14.1172024817	0.117911610801

	14	2	0	0.0	2.92939	-300.0	300.0	1	13.9006157733	0.0811522506077





Stack plot


Load a spectrum

xspec = lsio.readspec(lt_path+'/spectra/tests/files/UM184_nF.fits')
lya.analy['spec'] = xspec
lyb.analy['spec'] = xspec








Show

abscomp = AbsComponent.from_abslines([lya,lyb])
abscomp.stack_plot()





[image: _images/AbsComponent_examples_30_0.png]
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Column Densities with AbsComponent

Download this notebook.

%matplotlib inline

# suppress warnings for these examples
import warnings
warnings.filterwarnings('ignore')





# imports
try:
    import seaborn as sns; sns.set(context="notebook",font_scale=2)
except:
    pass

from scipy import integrate
import astropy.units as u

from linetools.isgm import abscomponent as lt_abscomp
from linetools.spectralline import AbsLine
from linetools.spectra.xspectrum1d import XSpectrum1D
#
import imp
lt_path = imp.find_module('linetools')[1]






Read Spec

xspec = XSpectrum1D.from_file(lt_path+'/spectra/tests/files/UM184_nF.fits')








Generate a few AbsLines

SiIItrans = ['SiII 1260', 'SiII 1304', 'SiII 1526', 'SiII 1808']





abslines = []
for trans in SiIItrans:
    iline = AbsLine(trans)
    iline.attrib['z'] = 2.92939
    iline.analy['vlim'] = [-250.,80.]*u.km/u.s
    iline.analy['spec'] = xspec
    abslines.append(iline)
#
abslines





[<AbsLine: SiII 1260, wrest=1260.4221 Angstrom>,
 <AbsLine: SiII 1304, wrest=1304.3702 Angstrom>,
 <AbsLine: SiII 1526, wrest=1526.7070 Angstrom>,
 <AbsLine: SiII 1808, wrest=1808.0129 Angstrom>]








Generate the Component

abscomp = lt_abscomp.AbsComponent.from_abslines(abslines)





try:
    sns.set(context="notebook",font_scale=2)
except:
    pass
abscomp.stack_plot()





[image: _images/AbsComponent_ColumnDensities_10_0.png]





Synthesize/Measure AODM Column Densities

abscomp.synthesize_colm(redo_aodm=True)





abscomp.logN





13.594445560856554





for iline in abscomp._abslines:
    print(iline.wrest, iline.attrib['flag_N'], iline.attrib['logN'], iline.attrib['sig_logN'])





1260.4221 Angstrom 1 13.5883729709 0.0150745701489
1304.3702 Angstrom 1 13.7708705955 0.0862006463782
1526.707 Angstrom 1 13.6707360009 0.0640855113383
1808.0129 Angstrom 3 0.0 0.50976387151










Apparent Column Density Plot

abscomp.plot_Na()





[image: _images/AbsComponent_ColumnDensities_18_0.png]





COG


\(F(\tau_0)\)

Definition
\(F(\tau_0) = \int_0^\infty dx \, [1- \rm e^{-\tau_0 \rm e^{-x^2}}]\)

def ftau_intgrnd(x,tau0=0.1):
    return 1 - np.exp(-tau0 * np.exp(-x**2))





neval = 10000
lgt = np.linspace(-3, 9, neval)
all_tau0 = 10.**lgt
Ftau = np.zeros(neval)
for jj,tau0 in enumerate(all_tau0):
    Ftau[jj], ferr = integrate.quad(ftau_intgrnd, 0, np.inf, args=(tau0,))





# Damped limit (not accurate enough)
damp_lgt = np.linspace(6, 10, 100)
damp_tau0 = 10.**damp_lgt
damp_Ftau = np.sqrt(np.log(damp_tau0))





import matplotlib.pyplot as plt
plt.plot(lgt, Ftau, damp_lgt, 1.015*damp_Ftau)





[<matplotlib.lines.Line2D at 0x10c48b5c0>,
 <matplotlib.lines.Line2D at 0x10c464e10>]





[image: _images/AbsComponent_ColumnDensities_25_1.png]



Perform and Plot

abscomp = lt_abscomp.AbsComponent.from_abslines(abslines)
COG_dict = abscomp.cog(redo_EW=True, show_plot=True)





[image: _images/AbsComponent_ColumnDensities_27_0.png]
# Output
COG_dict





{'EW': <Quantity [ 0.43129915, 0.06810455, 0.11137664,-0.01950807] Angstrom>,
 'b': <Quantity 49.22868767597288 km / s>,
 'f': array([ 1.18   ,  0.0863 ,  0.127  ,  0.00208]),
 'logN': 13.693355878125537,
 'parm': <single_cog_model(logN=13.693355878125537, b=49.22868767597288)>,
 'redEW': array([  3.42186280e-04,   5.22125891e-05,   7.29522068e-05,
         -1.07897867e-05]),
 'sig_EW': <Quantity [ 0.0129661 , 0.01440996, 0.01686854, 0.02102034] Angstrom>,
 'sig_b': <Quantity 6.356381185059458 km / s>,
 'sig_logN': 0.054323725737309987,
 'wrest': <Quantity [ 1260.4221, 1304.3702, 1526.707 , 1808.0129] Angstrom>}
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AbsSystem Class


Notebooks



	Simple Examples








Overview

This Class is designed to organize and analyze an absorption system.
This is generally constructed of one or more AbsComponent Class.
The base class is abstract, i.e. one must instantiate one of its
flavors (e.g. HILyman, MgII, LLS, DLA).

By definition, an AbsSystem is a unique collection of
absorption components.  It is specified by:









	Property
	Variable
	Type
	Description




	RA, DEC
	radec
	tuple or coord
	RA,DEC in deg or astropy.coordinate


	Redshift
	z
	float
	absorption redshift


	Velocity limits
	vlim
	Quantity array
	-/+ velocity limits of the system








Instantiation

The AbsSystem Class may be instantiated in a few ways.
The default sets the properties listed above:

gensys = GenericAbsSystem((15.23*u.deg,-23.22*u.deg), 1.244, [-500,500]*u.km/u.s, NHI=16.)





More commonly, one will instantiate with one or more AbsComponent objects:

# HI Lya, Lyb
radec = SkyCoord(ra=123.1143*u.deg, dec=-12.4321*u.deg)
lya = AbsLine(1215.670*u.AA, z=2.92939)
lya.limits.set([-300.,300.]*u.km/u.s)  # vlim
lyb = AbsLine(1025.7222*u.AA, z=lya.attrib['z'])
lyb.limits.set([-300.,300.]*u.km/u.s)  # vlim
abscomp = AbsComponent.from_abslines([lya,lyb])
abscomp.coord = radec
# Finish
HIsys = LymanAbsSystem.from_components([abscomp])





One may also instantiate from a dict, usually read
from the hard-drive:

abscomp = AbsSystem.from_dict(idict)








Attributes




Sub Classes


Generic

A catch-all subclass for AbsSystem.
More options are provided in
pyigm [https://github.com/pyigm/pyigm].






Plots




Methods


AbsLines

There are a few methods related to the AbsLine objects within
an AbsSystem.  One can generate a list of all the AbsLine objects
with:

lines = abssys.list_of_abslines()





One can retrieve one or more AbsLine objects matching the name
or rest-wavelength of a transition, e.g.

lyb = abssys.get_absline('HI 1025')
# or
lyb = abssys.get_absline(1025.72*u.AA)  # Nearest 0.01 A is required








Components

get_component
grabs components matching an input where the input is either
a tuple of (Z, ion) or an AbsLine:

SiII = gensys.get_component((14,2))





update_component_colm synthesizes
and updates the column densities for the components.:

gensys.update_component_colm()








ionN

Fill the _ionN attribute with a QTable of column densities.
These are derived from the components

abssys.fill_ionN()
print(abssys._ionN)










Output

One may generate a dict of the key properties of the AbsSystem
with the to_dict() method:

odict = HIsys.to_dict()





This dict is required to be JSON compatible.
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Examples for AbsSystem Class (v1.1)

Download this notebook.

# suppress warnings for these examples
import warnings
warnings.filterwarnings('ignore')

# imports
import imp
from astropy.coordinates import SkyCoord
import astropy.units as u

from linetools.isgm import abssystem as lt_absys
from linetools.spectralline import AbsLine
from linetools.isgm.abscomponent import AbsComponent






Simple instantiation


Standard init

radec = SkyCoord(ra=123.1143*u.deg, dec=-12.4321*u.deg)
gensys = lt_absys.GenericAbsSystem(radec, 1.244, [-500,500]*u.km/u.s, NHI=16.)
gensys





<GenericAbsSystem: name=Foo type=Generic, 08:12:27.432 -12:25:55.56, z=1.244, NHI=16>








From components


One component

# HI Lya, Lyb
lya = AbsLine(1215.670*u.AA)
lya.analy['vlim'] = [-300.,300.]*u.km/u.s
lya.attrib['z'] = 2.92939
lyb = AbsLine(1025.7222*u.AA)
lyb.analy['vlim'] = [-300.,300.]*u.km/u.s
lyb.attrib['z'] = lya.attrib['z']
abscomp = AbsComponent.from_abslines([lya,lyb])
abscomp.coord = radec





linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/morton03_table2.fits.gz
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/morton00_table2.fits.gz
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/verner96_tab1.fits.gz
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/verner94_tab6.fits
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/EUV_lines.ascii
read_sets: Using set file --
  /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/lists/sets/llist_v1.0.ascii





# HILyman system
HIsys = lt_absys.LymanAbsSystem.from_components([abscomp])
print(HIsys)
print(HIsys._components)





<LymanAbsSystem: name=J081227.432-122555.56_z2.929 type=HILyman, 08:12:27.432 -12:25:55.56, z=2.92939, NHI=0>
[<AbsComponent: 08:12:27.432 -12:25:55.56, Name=HI_z2.92939, Zion=(1,1), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,300 km / s>]








Multiple components

# SiII
SiIItrans = ['SiII 1260', 'SiII 1304', 'SiII 1526', 'SiII 1808']
abslines = []
for trans in SiIItrans:
    iline = AbsLine(trans)
    iline.attrib['z'] = 2.92939
    iline.analy['vlim'] = [-250.,80.]*u.km/u.s
    abslines.append(iline)
#
SiII_comp = AbsComponent.from_abslines(abslines)
SiII_comp.coord = radec





# Generic
imp.reload(lt_absys)
LLSsys = lt_absys.GenericAbsSystem.from_components([abscomp,SiII_comp])
print(LLSsys)
print(LLSsys._components)





<GenericAbsSystem: name=Foo type=Generic, 08:12:27.432 -12:25:55.56, z=2.92939, NHI=0>
[<AbsComponent: 08:12:27.432 -12:25:55.56, Name=HI_z2.92939, Zion=(1,1), Ej=0 1 / cm, z=2.92939, vlim=-300 km / s,300 km / s>, <AbsComponent: 08:12:27.432 -12:25:55.56, Name=SiII_z2.92939, Zion=(14,2), Ej=0 1 / cm, z=2.92939, vlim=-250 km / s,80 km / s>]












Methods


List of AbsLines

lines = LLSsys.list_of_abslines()
lines





[<AbsLine: HI 1215, wrest=1215.6700 Angstrom>,
 <AbsLine: HI 1025, wrest=1025.7222 Angstrom>,
 <AbsLine: SiII 1260, wrest=1260.4221 Angstrom>,
 <AbsLine: SiII 1304, wrest=1304.3702 Angstrom>,
 <AbsLine: SiII 1526, wrest=1526.7070 Angstrom>,
 <AbsLine: SiII 1808, wrest=1808.0129 Angstrom>]








Single Line

lyb = LLSsys.get_absline('HI 1025')
lyb





<AbsLine: HI 1025, wrest=1025.7222 Angstrom>





lyb = LLSsys.get_absline(1025.72*u.AA)
lyb





<AbsLine: HI 1025, wrest=1025.7222 Angstrom>





lyb.wrest






\[1025.7222 \; \mathrm{\mathring{A}}\]
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RelAbund Class


Notebooks










Overview

This class packages the relative abundances of an object, typically
an AbsSystem.




Instantation


Init

One can instantiate via the init and then fill the
data dict.  This is a bit cumbersome and not
especially recommended. But here is an example.

To begin, make a new class instance:

XY = RelAbund()
Loading abundances from Asplund2009





Then load data into the data dict.  Here is an example:

XY._data = {6: dict(flag=1, XH=-1., sigXH=0.2, sig=0.05),
         8: dict(flag=2, XH=-1.4, sigXH=0.25, sig=0.05),
         14: dict(flag=1, XH=-1.1, sigXH=0.25, sig=0.05),
         26: dict(flag=1, XH=-1.4, sigXH=0.25, sig=0.05),
         32: dict(flag=3, XH=-0.8, sigXH=0.25, sig=0.05),
         }





The flag value indicate the type of measurement:







	Flag
	Description




	1
	Standard value (and error)


	2
	Lower limit (e.g. saturated line)


	3
	Upper limit (e.g. blend or non-detection)








Ionic Column Table

More frequent usage will be to instantiate using an input
table of column density measurements, e.g.:

dla.XY = RelAbund.from_ionclm_table((1,dla.NHI, dla.sig_NHI[0]), dla._ionN)





See pyigm DLA abund Notebook for more.




By Hand

For quick and dirty abundance calculations, you may find
the from_pair method useful:






Usage

You may grab the data for any element with item syntax:

CH = XY[6]
{'flag': 1, 'sig': 0.2, 'val': -1.0}
CH = XY['C']





Element ratios can be accessed by providing a tuple of
atomic number or element name:

SiFe = XY['Si', 'Fe']
{'flag': 1, 'sig': 0.070710678118654766, 'val': 0.2999999999999998}





You may generate an astropy Table of the X/Y values:

tbl = XY.table()  # For X/H
tbl = XY.table('Fe')  # For X/Fe
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SolarAbund Class


Notebooks



	Simple Examples








Overview

This class provides access to element abundance ratios measured in (or
nearby) the Sun.

To access the abundances, make a new class instance:

>>> from linetools.abund import solar as labsol
>>> sol = labsol.SolarAbund()
Loading abundances from Asplund2009
Abundances are relative by number on a logarithmic scale with H=12





Then select the element you want by either its name or atomic number:

>>> sol['C']
8.4299999999999997
>>> sol[6]
8.4299999999999997





Currently the abundances from Asplund et al. 2009 are available, and
in future more references will be included.

Multiple elements can also be selected:

>>> sol['C', 'O']
array([ 8.43,  8.69])





Element ratios can be accessed using the get_ratio method:

>>> sol.get_ratio('C/Fe')
0.97999999999999954
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Examples with the SolarAbund Class (v1.1)

Download this notebook.

# import
from linetools.abund import solar as labsol






Init

sol = labsol.SolarAbund()





Loading abundances from Asplund2009
Abundances are relative by number on a logarithmic scale with H=12





sol





<SolarAbund: Asplund2009>








Usage

# Simple calls
print(sol['C'])
print(sol[6])





8.43
8.43





# Ratio
print(sol.get_ratio('C/Fe'))





0.98





# Multiple calls
print(sol[6,12,'S'])





[ 8.43  7.53  7.15]








Bits and pieces

from linetools.abund import ions as laions





# Ion name
laions.ion_name((6,2))





'CII'





# Name to ion
laions.name_ion('CII')





(6, 2)





from linetools.abund.elements import ELEMENTS





ele = ELEMENTS['C']





ele.eleconfig_dict





{(1, 's'): 2, (2, 'p'): 2, (2, 's'): 2}
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LineList Class


Overview

This class organizes information about atomic and molecular transition
lines (e.g. HI Lya, CIV 1548, Hydrogen Balmer series) observed
in astrophysical environments.

The following lists are currently avaliable:


	‘ISM’ : “All” ISM lines (can be overwhelming!)

	‘Strong’ : Strong ISM lines (most common absorption line transitions observed)

	‘HI’ : HI Lyman series

	‘H2’ : H2 (Lyman-Werner)

	‘CO’ : CO UV band-heads

	‘EUV’ :  Extreme UV lines

	‘Galaxy’ :  Lines typically identified in galaxy spectra






Instantiation

The LineList Class may be instantiated using one of the keys in the
list above:

from linetools.lists.linelist import LineList
hi = LineList('HI')
#
euv = LineList('EUV')





hi, for example, contains only HI Lyman series transitions
(e.g. HI Lya), and euv contains both HI Lyman series and extreme
UV metal transitions (e.g. HI Lyb, NeVIII, MgX).


Accessing single transitions

We can now easily access atomic information regarding individual
transitions either by the rest-frame wavelength:

wrest = 1215.67 * u.AA  # HI Lya
hi[wrest]





or by the name convention within linetools, which in the case of HI
Lya is HI 1215:

name = 'HI 1215'   #  We adopt the convention of *not* rounding in the name
hi[name]





Both cases will provide the following dictionary:

{'A': <Quantity 626500000.0 1 / s>,   # Einstein coefficient
'Am': 0,                              # Mass number (often written as "A"; only used for D)
'Ej': <Quantity 0.0 1 / cm>,          # Energy of lower level (relative to ground state)
'Ek': <Quantity 2259.163 1 / cm>,     # Energy of upper level (relative to ground state)
'Ex': <Quantity 0.0 1 / cm>,          # Excitation energy (cm^-1)
'Jj': 0.0,                            # Tot ang mom (z projection) of lower state (or rotation level)
'Jk': 0.0,                            # Tot ang mom (z projection) of upper state (or rotation level)
'Ref': 'Morton2003',                  # References
'Z': 1,                               # Atomic number (for atoms)
'col0': masked,                       # (Reserved)
'col6': masked,                       # (Reserved)
'el': 0,                              # Electronic transition (2=Lyman (B-X), 3=Werner (C-X))
'f': 0.41639999999999999,             # Oscillator strength
'gamma': <Quantity 626500000.0 1 / s>,# Sum of A
'gj': 2,                              # Lower statistical weight (2J+1)
'gk': 6,                              # Upper statistical weight (2J+1)
'group': 1,                           # Flag for grouping
'ion': 1,                             # Ionic state (1=Neutral)
'mol': '',                            # Molecular name (H2, HD, CO, C13O)
'name': 'HI 1215',                    # Name
'nj': 0,                              # Orbital level of lower state (or vibrational level)
'nk': 0,                              # Orbital level of upper state (or vibrational level)
'wrest': <Quantity 1215.67 Angstrom>} # Rest Wavelength (Quantity)





which summarizes the most important atomic information of HI Lya
transition, including the reference where these values come from
(i.e., Morton2003). One can therefore access any of these by
calling its dictionary keywords:

hi['HI 1215']['wrest']
<Quantity 1215.67 Angstrom>





is the rest-frame wavelength of the HI Lya transition. Similarly,:

euv['NeVIII 780']['f']
0.050500001758337021





is the oscillator strength of the NeVIII 780 transition.








Methods


subset_lines()

This method provides a way to define a subset of lines drawn from the
original` LineList` object. Consider that for some reason you may want
only HI Lya and Lyb in your LineList, then you can achieve this by:

hi = LineList('HI')
hi = hi.subset_lines(['HI 1215', 'HI 1025'])





Which has only those two transitions loaded.

You may also want to use rest-frame wavelength to define a subset, for
instance:

ism = LineList('ISM')
lines = [2796.3543, 2803.5315, 1548.195, 1550.77] * u.AA
ism = ism.subset_lines(lines)
print(ism)
<LineList: ISM; 4 transitions>





selects only those four transitions of MgII and CIV. In order to
avoid loading the LineList('ISM') again, you can use the keyword
reset_data in subset_lines() to make another arbitrarily different
subset of lines from the original LineList:

lines = ['HI 1215', 'HI 1025']
ism = ism.subset_lines(lines, reset_data=True)
print(ism)
<LineList: ISM; 2 transitions>





which now has only HI Lya and Lyb.

Finally, if you want the transitions to be sorted by rest-frame
wavelength you can use the optional keyword sort:

lines = [2796.3543, 2803.5315, 1548.195, 1550.77] * u.AA
ism = ism.subset_lines(lines, reset_data=True, sort=True)
ism._data['wrest']
<Quantity [ 1548.195 , 1550.77  , 2796.3543, 2803.5315] Angstrom>








set_lines()

Another way to reset the LineList to its original form is by using
set_lines(). Following the previous example, we have a ism Linelist
with only 4 transitions:

print(ism._data['name'])
   name
---------
CIV 1548
CIV 1550
MgII 2796
MgII 2803

print(ism)
<LineList: ISM; 4 transitions>

ism.set_lines()
print(ism)
<LineList: ISM; 412 transitions>





Give us the original ism LineList with 412 unique transitions.

You may also want to use rest-frame wavelength to define a subset, for
instance:

ism = LineList('ISM')
sub_lines = [2796.3543, 2803.5315, 1548.195, 1550.77] * u.AA
civ_mgii = ism.subset(sub_lines)








all_transitions()

Sometimes it may be useful to know all the transitions associated
to a given ion species. This can be achieved by the
all_transitions() method:

ism = LineList('ISM')
mgii = ism.all_transitions('MgII')





Which give us the information of all the 6 transitions of MgII:

print(mgii)
     A       el  nj  nk group    name       Ek    ...  Jk  Z   gk  gj    gamma    col0 col6
    1 / s                                  1 / cm  ...                    1 / s
----------- --- --- --- ----- --------- --------- ... --- --- --- --- ----------- ---- ----
  2350000.0   0   0   0     1 MgII 1025  97468.92 ... 0.0  12   4   2   2350000.0   --   --
  2480000.0   0   0   0     1 MgII 1026  97455.12 ... 0.0  12   2   2   2480000.0   --   --
  1370000.0   0   0   0     1 MgII 1239  80650.02 ... 0.0  12   4   2   1370000.0   --   --
  1540000.0   0   0   0     1 MgII 1240   80619.5 ... 0.0  12   2   2   1540000.0   --   --
262500000.0   0   0   0     1 MgII 2796 35760.848 ... 0.0  12   4   2 262500000.0   --   --
259500000.0   0   0   0     1 MgII 2803 35669.298 ... 0.0  12   2   2 259500000.0   --   --





In this case mgii is a QTable because more than 1
transition was found. In cases were only 1 transition
exists, the output of all_transitions() is a dictionary
with the same keywords as the columns of ism._data QTable:

ciii = ism.all_transitions('CIII')
type(ciii)
dict
print(ciii)
{'A': <Quantity 1760000000.0 1 / s>,
'Am': 0,
'Ej': <Quantity 0.0 1 / cm>,
'Ek': <Quantity 2352.04 1 / cm>,
'Ex': <Quantity 0.0 1 / cm>,
'Jj': 0.0,
'Jk': 0.0,
'Ref': 'Morton2003',
'Z': 6,
'col0': masked,
'col6': masked,
'el': 0,
'f': 0.75700000000000001,
'gamma': <Quantity 1760000000.0 1 / s>,
'gj': 1,
'gk': 3,
'group': 1,
'ion': 3,
'mol': '',
'name': 'CIII 977',
'nj': 0,
'nk': 0,
'wrest': <Quantity 977.0201 Angstrom>}





You can also use a rest-frame wavelength to identify the ion species
of interest:

wrest = 1260.4221 * u.AA
si2 = ism.all_transitions(wrest)
print(si2['name', 'wrest', 'f'])
   name     wrest          f
           Angstrom
--------- --------- ---------------
SiII 889  889.7228 0.0434000007808
SiII 989  989.8731           0.171
SiII 1020 1020.6989          0.0168
SiII 1190 1190.4158           0.292
SiII 1193 1193.2897           0.582
SiII 1260 1260.4221            1.18
SiII 1304 1304.3702          0.0863
SiII 1526  1526.707           0.127
SiII 1808 1808.0129         0.00208
SiII 2335  2335.123        4.25e-06





For the purposes of all_transitions, it does not matter which
transition of a given ion species you choose, it will still retrieve
the same answer, e.g.:

hi = ism.all_transitions('HI 1215')
hi = ism.all_transitions('HI 1025')
hi = ism.all_transitions(972.5367 * u.AA)
hi = ism.all_transitions('HI')





are all equivalent. Note that in the last example we only used the
root name of the transition (i.e. the string before the blank space,
'HI'), so no prior knowledge of the linetools naming convention is
needed.




strongest_transitions()

Sometimes it is useful to know the strongest transition for an ion in
the LineList within some wavelength range. strongest_transitions()
gives the strongest n_max transitions of a given ion
between a wavelength range, sorted by relative strength (defined as
the product of its rest-frame wavelength wrest and oscillator
strength f):

wvlims = [1000, 3000] * u.AA
line = 'SiII'
si2_strong = ism.strongest_transitions(line, wvlims, n_max=4)
print(si2_strong['name'])
   name
---------
SiII 1260
SiII 1193
SiII 1190
SiII 1526





The syntax is the same as for all_transitions(). Note that you will
get the same result if you use line='SiII', line='SiII 1190',
line='SiII 889', or line=889.7228*u.AA. By default n_max=3.
Depending on the wavelength range, however, the output may vary:

wvlims = [500, 1100] * u.AA
line = 'SiII 1260'
si2_strong = ism.strongest_transitions(line, wvlims, n_max=4)
print(si2_strong['name'])
   name
---------
SiII 989
SiII 889
SiII 1020





Note that despite n_max=4 we have only retrieved the 3 transitions
satisfying the criteria of belonging to wvlims = [500, 1100] * u.AA.
Again, note that even though SiII 1260 is out of wvlims range, it
can still be used to identify that you are interested in the SiII ion
species.

If you would like to retrieve all the transitions in a given wvlims
regardless of its relative strength, you can set n_max=None.

Following the convention within LineList, if only 1 transition is
retrieved, the output of strongest_transitions() is a dictionary; if
more than 1 transition are retrieved the output is a QTable. If no
transition exist the output is None [http://docs.python.org/2/library/constants.html#None].




available_transitions()

Sometimes it may be useful to know what are the available
transition in a given wavelength range found in the LineList
regardless of the ion species. This is particularly the case when
someone is trying to identify unknown emission/absorption lines
in a spectrum. Let us then illustrate the use of this method
with an example. Imagine that you have an observed spectrum
covering the following wavelength range:

wvlims = [3500,5000] * u.AA





Let us now imagine that we are interested in a particular redshift, say
z=0.67. Then, we can do:

z = 0.67
transitions = ism.available_transitions(wvlims/(1+z), n_max_tuple=None, min_strength=0.)
print(len(transitions))
33





Will give the 33 transitions available that could correspond to having
z=0.67 in the form of a QTable. The output is sorted by strength of
the strongest available transition per ion species, and strength is defined
as log10(wrest * fosc * abundance), where abundance is that of the solar
composition given by Asplund2009. As optional keyword parameters one can
specify a minimum strength as min_strength, so transitions below this
value are omitted, e.g.:

transitions = ism.available_transitions(wvlims/(1+z), n_max_tuple=None, min_strength=10.5)
print(len(transitions))
3





Which correspond to MgI 2852, MgII 2796 and MgII 2803. Note than this
method does not correct for ionization state. Similarly, one can also specify
the maximum number of transitions per ion species
tuple using the optional keyword parameter n_max_tuple, e.g.:

transitions = ism.available_transitions(wvlims/(1+z), n_max_tuple=1, min_strength=0.)
print(transitions['name'])
    name
-----------
MgI 2852
MgII 2796
FeII 2382
FeII* 2396b
MnII 2576
VII  2683
...





Which for the case of MgII only retrieves 'MgII 2796'. Again, following the convention within
LineList, if only 1 transition is retrieved, the output of available_transitions()
is a dictionary; if more than 1 transition are retrieved the output is a QTable. If no
transition exist satisfying the criteria the output is None [http://docs.python.org/2/library/constants.html#None].
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SpectralLine Class


Notebooks










Overview

This Class is designed to organize and analyze an spectral line,
either emission or absorption. This is an abstract base class,
i.e. one must instantiate one of its subclasses (e.g. AbsLine).




Sub Classes

The primary children of SpectralLine are
AbsLine Class and EmissionLine (to be implemented).
See their documentation for a description of instantiation
and additional attributes.




Attributes

The base attributes for the SpectralLine class are:









	Property
	Variable
	Type
	Description




	RA, Dec
	attrib[‘coord’]
	Coord
	astropy.coordinate


	Redshift
	attrib[‘z’]
	float
	Reference redshift


	Redshift sigma
	attrib[‘sig_z’]
	float
	Reference redshift uncertainty


	Velocity
	attrib[‘v’]
	Quantity
	line velocity relative to its redshift


	Velocity sigma
	attrib[‘sig_v’]
	Quantity
	1 sigma uncertainty in the velocity


	Equivalent Width
	attrib[‘EW’]
	Quantity
	Equivalent width


	EW sigma
	attrib[‘sig_EW’]
	Quantity
	1 sigma uncertainty in EW


	EW flag
	attrib[‘flag_EW’]
	int
	Equivalent width flag


	Limits
	limits
	LineLimits
	The limits of the line in redshift, velocity
(w/r to its redshift) and observed wavelength.








Analysis

It is common that one wishes to associate a line with a spectrum
to perform a range of analyses.
This is accomplished through:

spline.analy['spec'] = sp





where sp is an XSpectrum1D Class object.




Methods


cut_spec

Provide a spectrum has been associated to the line (see Analysis):
then this method returns the portion of the spectrum surrounding
the line.  The limits are specified in the LineLimits class held
in the attribute limits,
usually either with observed wavelengths or velocities relative
to the line’s redshift.  The code returns the flux, error array,
and a dict containing the wavelength and velocity arrays.

spline.limits.set([-300., 300.]*u.km/u.s) # vlim
fx, sig, wv_dict = spline.cut_spec()








ismatch

Check whether two Lines are equal rest wavelength (to 1e-6 AA),
whether they have common RA/DEC to 0.1” (if provided),
and whether they are from the same ion:

print specline.ismatch(another_line)








measure_ew

Measure the observed Equivalent width for a SpectralLine.
Following absorption-line convention, absorption will
have a positive value and emission will have a negative value.

To perform the calculation, the line must be associated to
a spectrum (see Analysis_) and either wvlim or vlim must
be specified.  When executed, the EW and sig_EW attibutes
are filled:

specline.measure_ew()








measure_kin

Measure kinematic characteristics of an AbsLine.
To perform the calculation, the line must be associated to
a spectrum (see Analysis_) and vlim must
be specified.  When executed, the ‘kin’ attribute is filled
with a dict of measurements.  Default set of measurements
are the v90, fedg, and fmm statistics of Prochaska & Wolfe 1997:

specline.measure_kin()








measure_restew

Measure the rest-frame Equivalent width of a SpectralLine.
See measure_ew for details.




to_dict

Convert the Class to a JSON-friendly dict that might
be easily written to the disk, e.g.:

adict = specline.to_dict()
with io.open(outfil, 'w', encoding='utf-8') as f:
   f.write(unicode(json.dumps(tdict, sort_keys=True,
      indent=4, separators=(',', ': '))))










Utilities

There are several utilites related to spectral lines.
These are located in the line_utils module.


parse_speclines

Given a list of SpectralLines and desired property (key),
this method returns a list or array of the values.:

from linetools import line_utils
array_of_values = line_utils.parse_speclines(list_of_speclines, mk_array=True)








transtable_from_speclines

Given a list of SpectralLines, this method returns a Table
of a subset of the properties (e.g. wavelength, name, EW).:

trans_tbl = line_utils.transtable_from_speclines(list_of_speclines)
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XSpectrum1D Class


Overview

XSpectrum1D describes a 1-d spectrum,
which usually consists of a wavelength, flux and flux uncertainty
array.  For absorption-line analysis, it also often contains a
continuum array.  The data are held in a masked numpy array which
may contain multiple spectra.  By default pixels on the edges of the
spectrum with an input error array having values <=0 are masked.
It is important to appreciate this masking.  It does mean that
you will not view, print, analyze, etc. pixels that have been masked.




Attributes

The main attributes of XSpectrum1D are wavelength, flux and
sig. Let’s begin by creating a spectrum using the
from_tuple method:

>>> from linetools.spectra.xspectrum1d import XSpectrum1D
>>> import numpy as np
>>> wa = np.arange(3000, 7000.1, 0.5)
>>> fl = np.ones_like(wa)
>>> sig = np.ones_like(fl) * 0.1
>>> sp = XSpectrum1D.from_tuple((wa, fl, sig), verbose=False)
>>> sp.wavelength 
<Quantity [ 3000. , 3000.5, 3001. ,..., 6999. , 6999.5, 7000. ] Angstrom>
>>> sp.flux
<Quantity [ 1., 1., 1.,...,  1., 1., 1.]>
>>> sp.sig 
<Quantity [ 1., 1., 1.,...,  1., 1., 1.]>





Note that all three arrays have units. If you don’t
specify a unit when you create an new XSpectrum1D instance, Angstroms
are assumed for wavelength and dimensionless_unscaled
for flux. The 1-sigma uncertainty is always assumed to have the
same units as the flux. All of these are specified in the sp.units dict.

If one loads multiple 1D spectra (e.g. a brick of data from DESI
or a set of spectrum from
igmspec [https://github.com/pyigm/igmspec]),
the selected spectrum is given by the spec.select index.

All of the values are stored in the masked spec.data numpy array
with columns wave [http://docs.python.org/2/library/wave.html#module-wave], flux, sig, and co (the latter is
for a continuum).




Init


Reading

Read spectra from a file using XSpectrum1D.from_file, which uses the same
syntax as readspec.  See
below for a complete listing of permitted file formats.

The easiest way to create
a new spectrum from a set of data arrays for a single
spectrum is to use sp.from_tuple as shown above.
Here are a series of example calls to generate the class:

sp = XSpectrum1D.from_file('PH957_f.fits')      # From a FITS file
sp = XSpectrum1D.from_file('q0002m422.txt.gz')  # From an ASCII table
sp = xspec1.copy()                              # From an XSpectrum1D object
sp = XSpectrum1D.from_tuple((wa, fl, sig), verbose=False)








Masking

The guts of XSpectrum1D is a ndarray array named data
which contains the wave, flux, sig, etc. values.  This
is a masked array which is convenient for many applications.
If you wish to view/analyze all pixels in your spectrum including
those with 0 or NAN sig values, then disable the mask when
creating the object or by using the unnmask() method:

sp = XSpectrum1D.from_tuple((wa, fl, sig), masking='none')
sp = XSpectrum1D.from_file('PH957_f.fits')
sp.unmask()










Methods


Writing

There are a number of methods to write a file, e.g.
sp.write_to_fits. FITS files are preferable because they are
generally faster to read and write, require less space, and
are generally easier for other software to read.
Another option is an HDF5 file which better preserves the
data format of XSpectrum1D.  Here are some examples:

sp.write_to_fits('QSO.fits')            # Standard FITS file
sp.write('QSO.fits')                    # Same
sp.write('QSO.fits', FITS_TABLE=True)   # Binary FITS table
sp.write_to_hdf5('QSO.hdf5')            # HDF5 file
sp.write('QSO.hdf5')                    # Same
sp.write_to_ascii('QSO.ascii')          # ASCII (heaven forbid)
sp.write('QSO.ascii')                   # Same





One can collate a list of XSpectrum1D objects into one with collate:

sp1 = XSpectrum1D.from_file('PH957_f.fits')
sp2 = XSpectrum1D.from_file('q0002m422.txt.gz')
sp = linetools.spectra.utils.collate([sp1,sp2])








Plotting

sp.plot() plots the spectrum, which you can then navigate around
using the same keys as lt_xspec (as well as the usual matplotlib
navigation tools).
Note:  if you are using MacOSX then you will
probably need to change your backend from macosx to TkAgg
in the matplotlibrc file.




Rebinning

rebin rebins the spectrum
to an arbitrary input wavelength array.  Flux is conserved.  If
do_sig=True, the error array is rebinned as well and a crude attempt
is made to conserve S/N.  Generally, neighboring pixels will be
correlated:

newspec = sp.rebin(new_wv, do_sig=True)





If the XSpectrum1D object containts multiple spectra, you can rebin
all of them to the new wavelength array as well:

newspec = sp.rebin(new_wv, do_sig=True, all=True)








Continuum fitting

fit_continuum enables you
to interactively fit a continuum to the spectrum. Currently it’s
optimised to estimate the continuum for high-resolution quasar
spectra, but it should be applicable to any spectrum with a slowly
varying continuum level and narrow absorption features. Once a
continuum has been fitted, it can be accessed using the co
attribute. The spectrum can also be normalised (i.e the flux values
returned by spec.flux are divided by the continuum) with the
normalize
method.  This also sets spec.normed to True.

Finally, you can apply small variations to the continuum
anchor points with
perturb_continuum to see
how changes in the continuum level affect your analysis.




Smoothing

There are several algorithms included that smooth the
input spectrum and return a new XSpectrum1D.  These are
box_smooth,
gauss_smooth,
and
ivar_smooth.




Other methods

You can join one XSpectrum1D instance with another overlapping
spectrum using splice.
pix_minmax finds the
pixel indices corresponding to a wavelength or velocity range, and
add_noise adds noise to
the spectrum. We have also implemented a method that estimates a local
average signal-to-noise ratio at a given observed wavelength
(get_local_s2n), which is capable
of masking out pixels that are below a flux threshold (useful for excluding
strong absorption features from the calculation). For a complete list of
all the available methods, see the API: XSpectrum1D.




Multi-spec methods

See Multi XSpectrum1D for more.






File Formats Read

Below is a table of the types of spectra files that can be read by
readspec.  If your file cannot be read, please
open an issue on the linetools issue tracker [http://github.com/linetools/linetools/issues].







	Description
	Instruments




	simple 1D FITS files
	ESI, HIRES, etc.


	binary FITS table from LowRedux
	LRIS,Kast,etc.


	multi-extension 1D FITS files from LowRedux
	LRIS,Kast,etc.


	binary FITS tables from many other sources
	COS, SDSS, etc.


	multi-extension binary FITS tables from PYPIT
	LRIS,Kast,etc.


	brick files (2D images: flux, ivar; 1D image: wavelength)
	DESI


	UVES_popler [http://astronomy.swin.edu.au/~mmurphy/UVES_popler/] output files
	UVES
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GUIs


Notebooks



	Continuum fitting

	XSpecGui

	XAbsSysGui








Overview

There are several GUIs included with linetools, primarily for
simple spectral inspection and analysis.

We caution that it is difficult (essentially impossible) to
generate unit tests for these GUIs.  As such, they are far
from bug free and may crash unexpectedly.  Buyer beware!




Continuum fitting

This enables interactive fitting of the unabsorbed continuum for a
spectrum. A series of ‘knot’ positions are estimated, and these are
then joined with a spline to produce a continuum. Spline points can be
interactively added, deleted or moved to improve the continuum. See
the notebook for an example.




XSpecGUI

This enables visual inspection of a spectrum.  Simple analysis
(e.g. equivalent width measurements) may also be performed.  See the
notebook for details.




XAbsSysGui

This shows a velocity (stack) plot of the absorption lines from
an input absorption line system.  The user can then modify the
velocity limits that would be used for subsequent analysis, flag
bad lines, blends, set limits, etc.  The modified absoprtion system
is then written to the hard-drive as a JSON file.
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Interactive continuum fitting

Download this notebook.

# suppress warnings for these examples
import warnings
warnings.filterwarnings('ignore')

import imp
prefix = imp.find_module('linetools')[1] + '/spectra/tests/files/'
import linetools.spectra.xspectrum1d as lsx
spec = lsx.XSpectrum1D.from_file(prefix + 'q0002m422.txt.gz')
# keep the old continuum to compare later on
co_old = spec.co.copy()





%pylab





Using matplotlib backend: TkAgg
Populating the interactive namespace from numpy and matplotlib





# now fit the continuum interactively. We say we're fitting a QSO,
# so it can make intelligent guesses about where to put the spline
# points that define the continuum.
spec.fit_continuum(kind='QSO', redshift=2.76)

# now you can interactively tweak these spline points, adding or
# removing them as necessary. Once you're finished, press 'q' to
# close the window.





knots file exists, use this? (y) n

i,o          Zoom in/out x limits
y            Zoom out y limits
Y            Guess y limits
t,b          Set y top/bottom limit
l,r          Set left/right x limit
[,]          Pan left/right
w            Plot the whole spectrum

S,U          Smooth/unsmooth spectrum


i,o          Zoom in/out x limits
y            Zoom out y limits
Y            Guess y limits
t,b          Set y top/bottom limit
l,r          Set left/right x limit
[,]          Pan left/right
w            Plot the whole spectrum

S,U          Smooth/unsmooth spectrum

a        : add a new spline knot
A        : add a new spline knot, and use a flux median to guess y position
+        : double the number of spline knots
_        : halve the number of spline knots
d        : delete the nearest knot
m        : move the nearest knot
M        : move the nearest knot, and use a flux median to guess y position

q        : quit

Updating continuum





# the New continuum is now saved in spec.co, and the spline knots are in
# spec.meta['contpoints']
#
# Let's compare the old and new continuum
plt.figure()
wa = spec.dispersion.value
plt.plot(wa, co_old)
plt.plot(wa, spec.co)





[<matplotlib.lines.Line2D at 0x10c8df978>]





co_old2 = spec.co.copy()

# we can also tweak a small section of the continuum without affecting the whole spectrum.
spec.fit_continuum(wlim=(5000, 5100))





knots file exists, use this? (y) n

i,o          Zoom in/out x limits
y            Zoom out y limits
Y            Guess y limits
t,b          Set y top/bottom limit
l,r          Set left/right x limit
[,]          Pan left/right
w            Plot the whole spectrum

S,U          Smooth/unsmooth spectrum


i,o          Zoom in/out x limits
y            Zoom out y limits
Y            Guess y limits
t,b          Set y top/bottom limit
l,r          Set left/right x limit
[,]          Pan left/right
w            Plot the whole spectrum

S,U          Smooth/unsmooth spectrum

a        : add a new spline knot
A        : add a new spline knot, and use a flux median to guess y position
+        : double the number of spline knots
_        : halve the number of spline knots
d        : delete the nearest knot
m        : move the nearest knot
M        : move the nearest knot, and use a flux median to guess y position

q        : quit

Updating continuum





# check it works without a predefined continuum
spec = lsx.XSpectrum1D.from_file(prefix + 'q0002m422.txt.gz')
spec.co = None
spec.fit_continuum(kind='QSO', redshift=2.76)





knots file exists, use this? (y) n

i,o          Zoom in/out x limits
y            Zoom out y limits
Y            Guess y limits
t,b          Set y top/bottom limit
l,r          Set left/right x limit
[,]          Pan left/right
w            Plot the whole spectrum

S,U          Smooth/unsmooth spectrum


i,o          Zoom in/out x limits
y            Zoom out y limits
Y            Guess y limits
t,b          Set y top/bottom limit
l,r          Set left/right x limit
[,]          Pan left/right
w            Plot the whole spectrum

S,U          Smooth/unsmooth spectrum

a        : add a new spline knot
A        : add a new spline knot, and use a flux median to guess y position
+        : double the number of spline knots
_        : halve the number of spline knots
d        : delete the nearest knot
m        : move the nearest knot
M        : move the nearest knot, and use a flux median to guess y position

q        : quit

Updating continuum
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xspec Documentation

Download this notebook.

Download this notebook.

This ipython Notebook is intended to provide documentation for the
linetools GUI named XSpecGUI.

Enjoy and feel free to suggest edits/additions, etc.

Here is a screenshot of the XSpecGUI in action:

from IPython.display import Image
Image(filename="images/xspec_example.png")





[image: _images/xspecgui_1_0.png]
The example spectrum file used below is part of the linetools package.

import imp
lt_path = imp.find_module('linetools')[1]
spec_fil = lt_path+'/spectra/tests/files/PH957_f.fits'






Before Launching the GUI

If you are a Mac user, we highly recommend that you set your
matplotlib backend from MacOSX to TkAgg (or another option, see
backends [http://matplotlib.org/faq/usage_faq.html#what-is-a-backend]).




Launching the GUI


From the command line (recommended)

We recommend you use the script provided with linetools.

Then it is as simple as:

> lt_xspec filename





Here are the current command-line options:

> lt_xspec -h
usage: lt_xspec [-h] [--zsys ZSYS] [--norm] [--exten EXTEN]
                [--wave_tag WAVE_TAG] [--flux_tag FLUX_TAG]
                [--sig_tag SIG_TAG] [--var_tag VAR_TAG] [--ivar_tag IVAR_TAG]
                file

Parse for XSpec

positional arguments:
  file                 Spectral file

optional arguments:
  -h, --help           show this help message and exit
  --zsys ZSYS          System Redshift
  --norm               Show spectrum continuum normalized (if continuum is
                       provided)
  --exten EXTEN        FITS extension
  --wave_tag WAVE_TAG  Tag for wave in Table
  --flux_tag FLUX_TAG  Tag for flux in Table
  --sig_tag SIG_TAG    Tag for sig in Table
  --var_tag VAR_TAG    Tag for var in Table
  --ivar_tag IVAR_TAG  Tag for ivar in Table








From within ipython or equivalent

from linetools.guis import xspecgui as ltxsg

import imp; imp.reload(ltxsg)
ltxsg.main(spec_fil)












Navigating - These key strokes help you explore the spectrum (be sure to click in the spectrum panel first!)


Setting the window edges (mouse+keystroke)


	l – Set left edge of window

	r – Set right edge of window

	t – Set top edge of window

	b – Set bottom edge of window

	Z – Set bottom edge to 0.

	W – View full spectrum

	s,s – Set a zoom-in window at 2 mouse positions






Zoom in/out Wavelength


	i – Zoom in on cursor

	I – Zoom in extra fast

	o – Zoom out

	O – Zoom out extra fast






Best estimate Flux limits


	y – Make a guess for the flux plotting limits






Zoom out Flux


	Y – Zoom out






Pan


	[ – Pan left

	{ – Pan left extra

	] – Pan right

	} – Pan right extra










Overlaying Line Lists

You can overlay a series of vertical lines at standard spectral lines at
any given redshift.


Setting the Line List

You must choose a line-list by clicking one.




Setting the redshift


	Type one in

	RMB on a spectral feature (Ctrl-click on Emulated 3-button on Macs)
	Choose the rest wavelength










Marking Doublets


	C – CIV

	M – MgII

	X – OVI

	4 – SiIV

	8 – NeVIII

	B – Lyb/Lya






Velocity plot (Coming Soon)

Once a line list and redshift are set, type ‘v’ to launch a Velocity
Plot GUI.








Simple Analysis


Gaussian Fit

You can fit a Gaussian to any single feature in the spectrum as follows:
1. Click “G” at the continuum at one edge of the feature 1. And then
another “G” at the other edge (also at the continuum) 1. A simple
Gaussian is fit and reported.




Equivalent Width

You can measure the rest EW of a spectral feature as follows: 1. Click
“E” at the continuum at one edge of the feature 1. And then another “E”
at the other edge (also at the continuum) 1. A simple boxcar integration
is performed and reported.




Apparent Column Density

You can measure the apparent column via AODM as follows: 1. Click “N” at
the continuum at one edge of the feature 1. And then another “EN” at the
other edge (also at the continuum) 1. A simple AODM integration is
performed and reported.




Ly\(\alpha\) Lines


	“D” - Plot a DLA with \(N_{\rm HI} = 10^{20.3} \rm cm^{-2}\)

	“R” - Plot a SLLS with \(N_{\rm HI} = 10^{19} \rm cm^{-2}\)
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xabssys Documentation

This ipython Notebook is intended to provide documentation for the
linetools GUI named XAbsSysGui.

Enjoy and feel free to suggest edits/additions, etc.


Before Launching the GUI

If you are a Mac user, we highly recommend that you set your
matplotlib backend from MacOSX to TkAgg (or another option, see
backends [http://matplotlib.org/faq/usage_faq.html#what-is-a-backend]).




Launching the GUI


From the command line (recommended)

We recommend you use the script provided with linetools.

Then it is as simple as:

> lt_xabssys spec_file abssys_file





The abssys_file is expected to be a JSON file that contains
an AbsSystem (likely written with the write_json method).

Here are the current command-line options:

> lt_xspec -h
usage: lt_xabssys [-h] [-outfile OUTFILE] [-llist LLIST] [--un_norm]
              spec_file abssys_file

Parse for XAbsSys

positional arguments:
  spec_file         Spectral file
  abssys_file       AbsSys file (JSON)

optional arguments:
  -h, --help        show this help message and exit
  -outfile OUTFILE  Output filename
  -llist LLIST      Name of LineList
  --un_norm         Spectrum is NOT normalized








From within ipython or equivalent

Not yet implemented








Navigating in the Main Window- These key strokes help you explore the spectrum (be sure to click in the spectrum panel first!)


Setting the window edges (mouse+keystroke)


	l – Set left edge of window

	r – Set right edge of window

	t – Set top edge of window

	b – Set bottom edge of window






Zoom in/out Wavelength


	i – Zoom in on cursor

	I – Zoom in extra fast

	o – Zoom out

	O – Zoom out extra fast






Zoom out Flux


	Y – Zoom out






Pan


	[ – Pan left

	{ – Pan left extra

	] – Pan right

	} – Pan right extra






Adjusting Rows/Columns


	= – Move to next page of lines

	
	– Move to previous page of lines





	C – Add a column

	c – Remove a column

	K – Add a row

	k – Remove a row










Modifying Absorption lines


Limits and Blends
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linetool Scripts

There are a number of scripts, many of which are GUIs,
provided with linetools.  As regards the GUIs we warn
again that Mac users will need to set their matplotlib to
something other than MacOSX. See
backends [http://matplotlib.org/faq/usage_faq.html#what-is-a-backend].


lt_xspec



	Example Notebook





Launch a QT Gui to examine an input spectrum.

For example:

lt_xspec filename.fits
lt_xspec filename.fits#1#   -- Specifies extension 1 for a multi-extension FITS file of binary tables





You can explore the data, perform simple analysis (e.g. EW
measurements) and more. See the Notebook for more.


Warning

The xspec gui is still in an experimental stage and some aspects
might not work as expected.






lt_plot

Plot one or more spectra. This has fewer features than lt_xspec above,
but is faster.

For example:

lt_plot filename1 filename2





A plot of the spectrum in filename1 appears, and you can navigate
around it using the same commands as in lt_xspec. Move to the next or
previous spectrum with the right or left arrow key.

To list all the command line options available, use:

lt_plot -h








lt_absline

This plots a single absorption line, given a transition rest
wavelength (Angstroms) or name (e.g. CIV1548),
log10 column density, and Doppler parameter
(km/s).

For example:

lt_absline 1215.6701 14.0 30
lt_absline HI1215 14.0 30





plots a Hydrogen Ly-a line with column density of 1014 cm-2 and b=30 km/s. A plot will appear and the line info and EW
as well, i.e.

[AbsLine: HI 1215, wrest=1215.6700 Angstrom]
EW = 0.268851 Angstrom





Try:

lt_absline -h





for the full set of options.




lt_radec

Input coordinates in one format and print them out
in several formats:

lt_radec 152.25900,7.22885
lt_radec J100902.16+071343.86
lt_radec 10:09:02.16,+07:13:43.8








lt_line

Print the atomic data for an input ion, transition or for an
entire linelist.:

lt_line -h
lt_line HI
lt_line HI -z 3.0
lt_line HI1215
lt_line 1215
lt_line --all








lt_continuumfit

Launch the GUI to continuum fit a spectrum.
If a redshift is supplied by zsys, then the
script assumes this is a QSO.:

lt_continuumfit input_file output_filename --redshift 0.867





Here is the current usage message:

usage: lt_continuumfit [-h] [--redshift REDSHIFT] [--wchunk WCHUNK]
                       file outfil

GUI to fit a continuum to a spectrum

positional arguments:
  file                 Input spectral file (FITS, ASCII, etc.)
  outfil               Output, normalized spectrum filename; FITS [can be the
                       same]

optional arguments:
  -h, --help           show this help message and exit
  --redshift REDSHIFT  Redshift of the Source
  --wchunk WCHUNK      Width of a 'chunk' (Ang)
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xspec Documentation

Download this notebook.

Download this notebook.

This ipython Notebook is intended to provide documentation for the
linetools GUI named XSpecGUI.

Enjoy and feel free to suggest edits/additions, etc.

Here is a screenshot of the XSpecGUI in action:

from IPython.display import Image
Image(filename="images/xspec_example.png")





[image: _images/xspecgui_1_0.png]
The example spectrum file used below is part of the linetools package.

import imp
lt_path = imp.find_module('linetools')[1]
spec_fil = lt_path+'/spectra/tests/files/PH957_f.fits'






Before Launching the GUI

If you are a Mac user, we highly recommend that you set your
matplotlib backend from MacOSX to TkAgg (or another option, see
backends [http://matplotlib.org/faq/usage_faq.html#what-is-a-backend]).




Launching the GUI


From the command line (recommended)

We recommend you use the script provided with linetools.

Then it is as simple as:

> lt_xspec filename





Here are the current command-line options:

> lt_xspec -h
usage: lt_xspec [-h] [--zsys ZSYS] [--norm] [--exten EXTEN]
                [--wave_tag WAVE_TAG] [--flux_tag FLUX_TAG]
                [--sig_tag SIG_TAG] [--var_tag VAR_TAG] [--ivar_tag IVAR_TAG]
                file

Parse for XSpec

positional arguments:
  file                 Spectral file

optional arguments:
  -h, --help           show this help message and exit
  --zsys ZSYS          System Redshift
  --norm               Show spectrum continuum normalized (if continuum is
                       provided)
  --exten EXTEN        FITS extension
  --wave_tag WAVE_TAG  Tag for wave in Table
  --flux_tag FLUX_TAG  Tag for flux in Table
  --sig_tag SIG_TAG    Tag for sig in Table
  --var_tag VAR_TAG    Tag for var in Table
  --ivar_tag IVAR_TAG  Tag for ivar in Table








From within ipython or equivalent

from linetools.guis import xspecgui as ltxsg

import imp; imp.reload(ltxsg)
ltxsg.main(spec_fil)












Navigating - These key strokes help you explore the spectrum (be sure to click in the spectrum panel first!)


Setting the window edges (mouse+keystroke)


	l – Set left edge of window

	r – Set right edge of window

	t – Set top edge of window

	b – Set bottom edge of window

	Z – Set bottom edge to 0.

	W – View full spectrum

	s,s – Set a zoom-in window at 2 mouse positions






Zoom in/out Wavelength


	i – Zoom in on cursor

	I – Zoom in extra fast

	o – Zoom out

	O – Zoom out extra fast






Best estimate Flux limits


	y – Make a guess for the flux plotting limits






Zoom out Flux


	Y – Zoom out






Pan


	[ – Pan left

	{ – Pan left extra

	] – Pan right

	} – Pan right extra










Overlaying Line Lists

You can overlay a series of vertical lines at standard spectral lines at
any given redshift.


Setting the Line List

You must choose a line-list by clicking one.




Setting the redshift


	Type one in

	RMB on a spectral feature (Ctrl-click on Emulated 3-button on Macs)
	Choose the rest wavelength










Marking Doublets


	C – CIV

	M – MgII

	X – OVI

	4 – SiIV

	8 – NeVIII

	B – Lyb/Lya






Velocity plot (Coming Soon)

Once a line list and redshift are set, type ‘v’ to launch a Velocity
Plot GUI.








Simple Analysis


Gaussian Fit

You can fit a Gaussian to any single feature in the spectrum as follows:
1. Click “G” at the continuum at one edge of the feature 1. And then
another “G” at the other edge (also at the continuum) 1. A simple
Gaussian is fit and reported.




Equivalent Width

You can measure the rest EW of a spectral feature as follows: 1. Click
“E” at the continuum at one edge of the feature 1. And then another “E”
at the other edge (also at the continuum) 1. A simple boxcar integration
is performed and reported.




Apparent Column Density

You can measure the apparent column via AODM as follows: 1. Click “N” at
the continuum at one edge of the feature 1. And then another “EN” at the
other edge (also at the continuum) 1. A simple AODM integration is
performed and reported.




Ly\(\alpha\) Lines


	“D” - Plot a DLA with \(N_{\rm HI} = 10^{20.3} \rm cm^{-2}\)

	“R” - Plot a SLLS with \(N_{\rm HI} = 10^{19} \rm cm^{-2}\)











          

      

      

    


    
         Copyright 2016, The linetools developers.
      Last updated on 03 Nov 2016.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	linetools v0.2.dev1393 
 
      

    


    
      
          
            
  
The linetools API


linetools.abund.ions Module

Utilities for working with ionized atoms.


Functions







	ion_name(ion[,flg,nspace])
	Convert ion tuple into a string


	name_ion(ion)
	Convert string into ion tuple










linetools.abund.roman Module

Convert to and from Roman numerals.

This code was originally written by Mark Pilgrim
(f8dy@diveintopython.org), and released under a Python 2.1.1 license,
available at https://www.python.org/download/releases/2.1.1/license


Functions







	fromRoman(s)
	Convert a Roman numeral to an integer.


	toRoman(n)
	Convert an integer to Roman numeral.








Classes







	InvalidRomanNumeralError
	


	NotIntegerError
	


	OutOfRangeError
	


	RomanError
	










linetools.abund.solar Module

Simple Solar abundance calculations.


Classes







	SolarAbund([ref,verbose])
	Class to handle simple Solar Abundance calculations










linetools.analysis.absline Module

Utlities for the analysis of absorption lines


Functions







	aodm(spec,idata)
	AODM calculation on an absorption line


	linear_clm(obj)
	Return N and sig_N given logN, sig_logN in an object


	log_clm(obj)
	Return logN and sig_logN given linear N, sig_N


	photo_cross(Z,ion,E[,datfil,silent])
	Estimate photo-ionization cross-section using Fit parameters


	sum_logN(obj1,obj2)
	Add log columns and return value and errors, with logic










linetools.analysis.cog Module

Curve of Growth calculations


Functions







	cog_plot(COG_dict)
	Generate a plot for COG solution


	single_cog_analysis(wrest,f,EW[,sig_EW,...])
	Perform COG analysis on a single component








Classes







	single_cog_model
	Generate a single COG model








Class Inheritance Diagram



            Inheritance diagram of linetools.analysis.cog.single_cog_model








linetools.analysis.continuum Module

Module for fitting a QSO continuum


Functions







	Akima_co(wa,knots)
	Akima interpolation through the spline knots.


	chisq_chunk(model,fl,er,masked,indices,...)
	Calc chisq per chunk, update knots flags inplace if chisq is acceptable.


	estimate_continuum(s,knots,indices,masked)
	Iterate to estimate the continuum.


	find_continuum(spec[,edges,ax,debug,kind])
	Estimate a continuum for a spectrum.


	linear_co(wa,knots)
	linear interpolation through the spline knots.


	make_chunks_qso(wa,redshift[,divmult,...])
	Generate a series of wavelength chunks for use by prepare_knots, assuming a QSO spectrum.


	prepare_knots(wa,fl,er,edges[,ax,debug])
	Make initial knots for the continuum estimation.


	remove_bad_knots(knots,indices,masked,fl,er)
	Remove knots in chunks without any good pixels.


	unmask(masked,indices,wa,fl,er[,minpix])
	Forces each chunk to use at least minpix pixels.


	update_knots(knots,indices,fl,masked)
	Calculate the y position of each knot.










linetools.analysis.interactive_plot Module

Classes for making interactive plots.


Functions







	local_median(wa,fl,er,x[,npix,default])
	find the median flux value at x using +/- npix pixels.








Classes







	InteractiveCoFit(wa,fl,er,contpoints[,...])
	Class for interactively fitting a continuum


	PlotWrapBase()
	A base class that has all the navigation and smoothing keypress events.


	PlotWrapNav(fig,ax,wa,fl,artists[,...])
	Enable simple XIDL-style navigation for plotting a spectrum.








Class Inheritance Diagram



            Inheritance diagram of linetools.analysis.interactive_plot.InteractiveCoFit, linetools.analysis.interactive_plot.PlotWrapBase, linetools.analysis.interactive_plot.PlotWrapNav








linetools.analysis.interp Module

Interpolation-related tools.


Functions







	interp_Akima(x_new,x,y)
	Return interpolated data using Akima’s method.








Classes







	AkimaSpline(xvals,yvals)
	Describes an Akima Spline through a set of points.










linetools.analysis.utils Module

Line analysis tools

These are intended to be methods generic to emission and absorption
(e.g. Equivalent width)


Functions







	box_ew(spec)
	Boxcar EW calculation


	gaussian_ew(spec,ltype[,initial_guesses])
	EW calculation using Gaussian fit










linetools.analysis.voigt Module

Voigt profiles

Heavily adapted from code by Ryan Cooke (e.g. alis)


Functions







	voigt_from_abslines(iwave,line[,fwhm,...])
	Generates a Voigt model from a line or list of AbsLines


	voigt_tau(wave,par)
	Find the optical depth at input wavelengths


	voigt_wofz(vin,a)
	Uses scipy function for calculation.


	voigtking(vin,a)
	Take from Alis by Ryan Cooke








Classes







	single_voigt_model
	Generate a single Voigt model in astropy framework for fitting








Class Inheritance Diagram



            Inheritance diagram of linetools.analysis.voigt.single_voigt_model








linetools.isgm.abscomponent Module

Classes for absorption line component


Classes







	AbsComponent(radec,Zion,zcomp,vlim[,Ej,...])
	Class for an absorption component


	Quantity
	A Quantity [http://docs.astropy.org/en/latest/api/astropy.units.Quantity.html#astropy.units.Quantity] represents a number with some associated unit.


	XSpectrum1D(wave,flux[,sig,co,units,...])
	A Class containing 1D spectra and associated methods










linetools.lists.linelist Module

Contains the LineList class


Classes







	LineList(llst_key[,verbose,closest,...])
	This Class is designed to organize and handle information about atomic and/or molecular transition lines (e.g.


	MaskedColumn
	Define a masked data column for use in a Table object.








Class Inheritance Diagram



            Inheritance diagram of linetools.lists.linelist.LineList








linetools.lists.mk_sets Module

Used to make set lists. Only intended for developer use.


Functions







	add_galaxy_lines(outfil[,infil,stop])
	Append galaxy lines (as necessary)


	mk_hi([infil,outfil,stop])
	Make the HI list ISM + HI










linetools.lists.parse Module

Tools for parsing Line List data


Functions







	grab_galaxy_linelists([do_this])
	Pulls galaxy emission line lists from DESI project


	line_data([nrows])
	Defines the dict (and/or Table) for spectral line Data


	mask_gal(data[,mask_keys])
	Masks linelist attributes for all galaxy lines


	mktab_morton00([do_this,outfil])
	Used to generate a FITS Table for the Morton2000 paper


	mktab_morton03([do_this,outfil,fits])
	Used to generate a VO or FITS Table for the Morton2003 paper


	open(filename[,mode,encoding,errors,...])
	Open an encoded file using the given mode and return a wrapped version providing transparent encoding/decoding.


	parse_morton00([orig])
	Parse tables from Morton 2000, ApJS, 130, 403


	parse_morton03([orig,tab_fil,HIcombine])
	Parse tables from Morton 2003, ApJS, 149, 205


	parse_verner96([orig,write])
	Parse tables from Verner, Verner, & Ferland (1996, Atomic Data and Nuclear Data Tables, Vol.


	read_CO()
	Simple def to read CO UV data


	read_H2()
	Simple def to read H2 data


	read_euv()
	read additional EUV lines


	read_forbidden()
	read galaxy emission lines (forbidden)


	read_galabs()
	read galaxy absorption lines


	read_recomb()
	read galaxy emission lines (recombination)


	read_sets([infil])
	Read sets file


	read_verner94()
	Read Verner1994 Table


	update_fval(table[,verbose])
	Update f-values from the literature


	update_gamma(table)
	Update/add-in gamma values


	update_wrest(table[,verbose])
	Update wrest values (and Ej,Ek)










linetools.spectra.convolve Module

Functions related to convolution.


Functions







	convolve_psf(array,fwhm[,boundary,...])
	Convolve an array with a gaussian kernel.










linetools.spectra.io Module

Reading and writing of spectra


Functions







	chk_for_gz(filenm)
	Checks for .gz extension to an input filename and returns file


	get_cdelt_dcflag(hd)
	Find the wavelength stepsize and dcflag from a fits header.


	get_table_column(tags,hdulist[,idx])
	Find a column in a FITS binary table


	get_wave_unit(tag,hdulist[,idx])
	Attempt to pull wavelength unit from the Table


	give_wv_units(wave)
	Give a wavelength array units of Angstroms, if unitless.


	is_UVES_popler(hd)
	Check if this header is UVES_popler output.


	parse_DESI_brick(hdulist[,select])
	Read a spectrum from a DESI brick format HDU list


	parse_FITS_binary_table(hdulist[,exten,...])
	Read a spectrum from a FITS binary table


	parse_UVES_popler(hdulist)
	Read a spectrum from a UVES_popler-style fits file.


	parse_hdf5(inp,**kwargs)
	Read a spectrum from HDF5 written in XSpectrum1D format


	parse_linetools_spectrum_format(hdulist)
	Parse an old linetools-format spectrum from an hdulist


	parse_two_file_format(specfil,hdulist[,efil])
	Parse old two file format (one for flux, another for error).


	readspec(specfil[,inflg,efil,verbose,...])
	Read a FITS file (or astropy Table or ASCII file) into a


	setwave(hdr)
	Generate wavelength array from a header










linetools.spectra.lsf Module

Module for dealing with LSFs of various astronomical instruments.


Classes







	LSF(instr_config)
	Class to deal with line-spread-functions (LSFs) from various different astronomical spectrographs.










linetools.spectra.plotting Module

Plotting utilities.


Functions







	get_flux_plotrange(fl[,perc,mult_pos,...])
	Find y limits for a spectrum.










linetools.spectra.xspectrum1d Module

Module containing the XSpectrum1D class


Classes







	Column
	Define a data column for use in a Table object.


	Table([data,masked,names,dtype,meta,...])
	A class to represent tables of heterogeneous data.


	UnitBase
	Abstract base class for units.


	XSpectrum1D(wave,flux[,sig,co,units,...])
	A Class containing 1D spectra and associated methods








Class Inheritance Diagram



            Inheritance diagram of linetools.spectra.xspectrum1d.XSpectrum1D








linetools.spectralline Module

Classes for an emission or absorption spectral line


Functions







	many_abslines(all_wrest,llist)
	Generate a list of AbsLine objects.








Classes







	AbsLine(trans,**kwargs)
	Class representing a spectral absorption line.


	EmLine(trans,**kwargs)
	Class representing a spectral emission line.


	LineLimits(wrest,z,zlim,**kwargs)
	An object for handling the ‘limits’ of a line


	SpectralLine(ltype,trans[,linelist,...])
	Class for a spectral line.


	XSpectrum1D(wave,flux[,sig,co,units,...])
	A Class containing 1D spectra and associated methods








Class Inheritance Diagram



            Inheritance diagram of linetools.spectralline.AbsLine, linetools.spectralline.EmLine, linetools.spectralline.SpectralLine








linetools.utils Module

Module for general utilities which don’t belong in another sub-package.


Functions







	between(a,vmin,vmax)
	Return a boolean array True where vmin <= a < vmax.


	convert_quantity_in_dict(idict)
	Return a dict where Quantities (usually from a JSON file)


	give_dv(z,zmean[,rel])
	Gives velocity difference between z and zmean, at zmean.


	give_dz(dv,zmean[,rel])
	Gives redshift difference for a given velocity difference(s) at zmean.


	jsonify(obj[,debug])
	Recursively process an object so it can be serialised in json format.


	loadjson(filename)
	Load a python object saved with savejson.


	overlapping_chunks(chunk1,chunk2)
	True if there is overlap between chunks chunk1 and chunk2.


	radec_to_coord(radec)
	Converts one of many of Celestial Coordinates radec formats to an astropy SkyCoord object.


	rel_vel(wavelength,wv_obs)
	Simple relative velocity method


	savejson(filename,obj[,overwrite,indent,...])
	Save a python object to filename using the JSON encoder.


	scipy_rebin(a,*args)
	Simple script to rebin an input array to a new shape.


	v_from_z(z1,z2)
	Find the relativistic velocity between 2 redshifts.


	z_from_v(z,v)
	Find the redshift given z and v
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ion_name


	
linetools.abund.ions.ion_name(ion, flg=0, nspace=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/ions.py#L27]

	Convert ion tuple into a string





	Parameters:	ion : tuple or dict


Either a tuple of integers (Z, ion) or a dict with tags of Z
and ion. e.g. (6, 4) would return ‘CIV’.




flg : int, optional (0)



	0: Roman numeral (e.g. CIV)

	1: Latex with ion notation (e.g C^+)






nspace : int, optional (0)


Number of spaces to insert.







	Returns:	name : str


e.g. SiII, {rm Si}^{+}
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name_ion


	
linetools.abund.ions.name_ion(ion)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/ions.py#L82]

	Convert string into ion tuple





	Parameters:	ion : str


Name of the ion, e.g. ‘SiII’ or ‘Si II’







	Returns:	ion_tup : tuple


Z, ion – e.g. (14,2)
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fromRoman


	
linetools.abund.roman.fromRoman(s)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/roman.py#L75]

	Convert a Roman numeral to an integer.
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toRoman


	
linetools.abund.roman.toRoman(n)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/roman.py#L48]

	Convert an integer to Roman numeral.
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InvalidRomanNumeralError


	
exception linetools.abund.roman.InvalidRomanNumeralError[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/roman.py#L31]
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NotIntegerError


	
exception linetools.abund.roman.NotIntegerError[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/roman.py#L30]
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OutOfRangeError


	
exception linetools.abund.roman.OutOfRangeError[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/roman.py#L29]
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RomanError


	
exception linetools.abund.roman.RomanError[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/roman.py#L28]
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SolarAbund


	
class linetools.abund.solar.SolarAbund(ref=u'Asplund2009', verbose=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/solar.py#L24]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

Class to handle simple Solar Abundance calculations





	Parameters:	ref: str, optional


‘Asplund2009’ :: Asplund et al. 2009, ARA&A, 47, 481 meteoritic
table (several photospheric though)










Methods Summary







	get_ratio(rtio)
	Return abundance ratio


	load_data()
	Grab the Solar Abundance data (in linetools/abund)





Methods Documentation


	
get_ratio(rtio)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/solar.py#L64]

	Return abundance ratio





	Parameters:	rtio : str


Element ratio (e.g. ‘Si/Fe’)















	
load_data()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/abund/solar.py#L48]

	Grab the Solar Abundance data (in linetools/abund)
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aodm


	
linetools.analysis.absline.aodm(spec, idata)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/absline.py#L18]

	AODM calculation on an absorption line

See Savage & Sembach 1991, ApJ, 379, 245





	Parameters:	spec : tuple


(vel, fx, sig)




idata : tuple


(wrest, fval)







	Returns:	N, sig_N : float, float


Column and error in linear space (cm^-2)




flg_sat : bool


Set to True if saturated pixels exist
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linear_clm


	
linetools.analysis.absline.linear_clm(obj)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/absline.py#L139]

	Return N and sig_N given logN, sig_logN in an object

Also fills the attributes





	Parameters:	obj : object


An object with tags appropriate for the analysis
Assumes ‘logN’ for column and ‘sig_logN’ for error
Or .logN and .sig_logN







	Returns:	N : Quantity


column in cm^-2




sig_N : Quantity


error in column in cm^-2
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log_clm


	
linetools.analysis.absline.log_clm(obj)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/absline.py#L79]

	Return logN and sig_logN given linear N, sig_N
Also fills the attributes





	Parameters:	obj : object


An object with tags appropriate for the analysis
Assumes ‘logN’ for column and ‘sig_logN’ for error for now
Or .N and .sig_N







	Returns:	logN : float


log10 N




sig_logN :float


Error in log10 N
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photo_cross


	
linetools.analysis.absline.photo_cross(Z, ion, E, datfil=None, silent=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/absline.py#L188]

	Estimate photo-ionization cross-section using Fit parameters

from Verner et al. 1996, ApJ, 465, 487
JXP on 04 Nov 2014





	Parameters:	Z : int


Atomic number




ion : int


Ionization state (1=Neutral)




E : Quantity


Energy to calculate at [eV]







	Returns:	sigma : Quantity


Cross-section (cm^2)
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sum_logN


	
linetools.analysis.absline.sum_logN(obj1, obj2)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/absline.py#L244]

	Add log columns and return value and errors, with logic

Adds two column density objects, taking into account the flags





	Parameters:	obj1 : object


An object with keys or attributes appropriate for the analysis
Assumes ‘logN’ for column and ‘sig_logN’ for error for now




obj2 : object


Another object with keys appropriate for the analysis







	Returns:	logN, siglogN
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cog_plot


	
linetools.analysis.cog.cog_plot(COG_dict)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/cog.py#L37]

	Generate a plot for COG solution





	Parameters:	COG_dict : dict


dict containing the COG inputs and solution from single_cog_analysis
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single_cog_analysis


	
linetools.analysis.cog.single_cog_analysis(wrest, f, EW, sig_EW=None, guesses=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/cog.py#L80]

	Perform COG analysis on a single component





	Parameters:	wrest : Quantity array


Rest wavelengths




f : float array


f-values




EW : Quantity array


Measured EWs




sig_EW : Quantity array, optional


Measured sig_EWs




guesses : tuple of float,float


Guesses for logN, b







	Returns:	COG_dict : dict



	dict containing inputs and solution, e.g.

	
	logN : float



	
	b : Quantity

	Doppler parameter (km/s)
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single_cog_model


	
class linetools.analysis.cog.single_cog_model[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/cog.py#L135]

	Bases: astropy.modeling.FittableModel [http://docs.astropy.org/en/latest/api/astropy.modeling.FittableModel.html#astropy.modeling.FittableModel]

Generate a single COG model





	Parameters:	logN

b

input : wrest*f

output : redEW


reduced EWs










Attributes Summary







	b
	


	inputs
	


	logN
	


	outputs
	


	param_names
	





Methods Summary







	__call__(wrestxf[,model_set_axis])
	Evaluate this model using the given input(s) and the parameter values that were specified when the model was instantiated.


	evaluate(wrestf,logN,b)
	





Attributes Documentation


	
b

	




	
inputs = (u'wrestxf',)

	




	
logN

	




	
outputs = (u'redEW',)

	




	
param_names = ('logN', 'b')

	



Methods Documentation


	
__call__(wrestxf, model_set_axis=None)[edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/cog.py#L378]

	Evaluate this model using the given input(s) and the parameter values
that were specified when the model was instantiated.






	
static evaluate(wrestf, logN, b)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/cog.py#L156]
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Akima_co


	
linetools.analysis.continuum.Akima_co(wa, knots)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L112]

	Akima interpolation through the spline knots.
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chisq_chunk


	
linetools.analysis.continuum.chisq_chunk(model, fl, er, masked, indices, knots, chithresh=1.5)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L135]

	Calc chisq per chunk, update knots flags inplace if chisq is
acceptable.
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estimate_continuum


	
linetools.analysis.continuum.estimate_continuum(s, knots, indices, masked, ax=None, maxiter=1000, nsig=1.5, debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L229]

	Iterate to estimate the continuum.
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find_continuum


	
linetools.analysis.continuum.find_continuum(spec, edges=None, ax=None, debug=False, kind=u'QSO', **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L275]

	Estimate a continuum for a spectrum.





	Parameters:	spec: XSpectrum1D object


Wavelength, flux and one sigma error.




kind : {‘default’, ‘QSO’}


Which kind of continuum to fit. This is used to generate a list
of wavelength chunks where spline knots will be placed.




edges: array of float


A list of wavelengths giving the edges of chunks where a spline
knot will be fitted. If this is given, the ‘kind’ keyword is
ignored.




ax : matplotlib Axes


If this is not None, use ax to make diagnostic plots.




Additional keywords for kind = ‘QSO’:

redshift: float


QSO emission redshift.




forest_divmult: float


Multiplier for the number of spline knots at wavelengths shorter
than Lya. The default (2) is suitable for UVES/HIRES resoluion
spectra - experiment with smaller values for lower resolution
spectra.




divmult: float


Multiplier for the number of knots at wavelengths longer than
Lya.







	Returns:	co, contpoints: array of shape (N,) and a list of (x,y) pairs.


co is an estimate for the continuum.

contpoints is a list of (x,y) pairs, giving the position of
spline knots used to generate the continuum. Use
linetools.analysis.interp.AkimaSpline to re-generate the
continuum from these knots.
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linear_co


	
linetools.analysis.continuum.linear_co(wa, knots)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L98]

	linear interpolation through the spline knots.

Add extra points on either end to give
a nice slope at the end points.
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make_chunks_qso


	
linetools.analysis.continuum.make_chunks_qso(wa, redshift, divmult=1, forest_divmult=1, debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L13]

	Generate a series of wavelength chunks for use by
prepare_knots, assuming a QSO spectrum.
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prepare_knots


	
linetools.analysis.continuum.prepare_knots(wa, fl, er, edges, ax=None, debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L159]

	Make initial knots for the continuum estimation.





	Parameters:	wa, fl, er : arrays


Wavelength, flux, error.




edges : The edges of the wavelength chunks. Splines knots are to be


places at the centre of these chunks.




ax : Matplotlib Axes


If not None, use to plot debugging info.







	Returns:	knots, indices, masked



	knots: A list of [x, y, flag] lists giving the x and y position
of each knot.

	indices: A list of tuples (i,j) giving the start and end index
of each chunk.

	masked: An array the same shape as wa.
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remove_bad_knots


	
linetools.analysis.continuum.remove_bad_knots(knots, indices, masked, fl, er, debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L119]

	Remove knots in chunks without any good pixels. Modifies
inplace.
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unmask


	
linetools.analysis.continuum.unmask(masked, indices, wa, fl, er, minpix=3)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L206]

	Forces each chunk to use at least minpix pixels.

Sometimes all pixels can become masked in a chunk. We don’t want
this! This forces there to be at least minpix pixels used in each
chunk.
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update_knots


	
linetools.analysis.continuum.update_knots(knots, indices, fl, masked)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/continuum.py#L70]

	Calculate the y position of each knot.

Updates knots inplace.





	Parameters:	knots: list of [xpos, ypos, bool] with length N


bool says whether the knot should kept unchanged.




indices: list of (i0,i1) index pairs


The start and end indices into fl and masked of each
spectrum chunk (xpos of each knot are the chunk centres).




fl, masked: arrays shape (M,)


The flux, and boolean arrays showing which pixels are
masked.
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local_median


	
linetools.analysis.interactive_plot.local_median(wa, fl, er, x, npix=10, default=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L20]

	find the median flux value at x using +/- npix pixels.









          

      

      

    


    
         Copyright 2016, The linetools developers.
      Last updated on 03 Nov 2016.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	linetools v0.2.dev1393 

          	The linetools API 
 
      

    


    
      
          
            
  
InteractiveCoFit


	
class linetools.analysis.interactive_plot.InteractiveCoFit(wa, fl, er, contpoints, co=None, fig=None, anchor=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L186]

	Bases: linetools.analysis.interactive_plot.PlotWrapNav

Class for interactively fitting a continuum





	Parameters:	wa : Wavelengths

fl : Fluxes

er : One sigma errors

contpoints : list of x,y tuple pairs (None)


The points through which a cubic spline is passed,
defining the continuum.




co : Continuum, optional


The existing continuum, if one is already defined.




anchor : bool


Whether to prevent modification of the first and last
spline knots. Default is None, which means anchor only if
co is given.










Notes

Updates the following attributes:



	self.wa, self.fl, self.er :  wa, fl, er

	self.contpoints :  Points used to define the continuum.

	self.artists :  Dictionary of matplotlib plotting artists.

	self.connections :  Callback connections.

	self.fig :  The plotting figure instance.






Initialise figure, plots and variables.

Attributes Summary







	help_message
	





Methods Summary







	modifypoints()
	Add/remove continuum points.


	on_button_release(event)
	


	on_keypress(event)
	Interactive fiddling via the keyboard


	plotinit()
	Set up the figure and do initial plots.


	update()
	Calculates the new continuum, residuals and updates the plots.





Attributes Documentation


	
help_message = u'\ni,o          Zoom in/out x limits\ny            Zoom out y limits\nY            Guess y limits\nt,b          Set y top/bottom limit\nl,r          Set left/right x limit\n[,]          Pan left/right\nw            Plot the whole spectrum\n\nS,U          Smooth/unsmooth spectrum\n\na        : add a new spline knot\nA        : add a new spline knot, and use a flux median to guess y position\n+        : double the number of spline knots\n_        : halve the number of spline knots\nd        : delete the nearest knot\nm        : move the nearest knot\nM        : move the nearest knot, and use a flux median to guess y position\n\nq        : quit\n'

	



Methods Documentation


	
modifypoints()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L542]

	Add/remove continuum points.






	
on_button_release(event)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L539]

	




	
on_keypress(event)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L430]

	Interactive fiddling via the keyboard


	Updates:

	
	self.contpoints












	
plotinit()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L313]

	Set up the figure and do initial plots.


	Updates the following attributes:

	
	self.artists












	
update()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L382]

	Calculates the new continuum, residuals and updates the plots.


	Updates the following attributes:

	
	self.artists

	self.continuum
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PlotWrapBase


	
class linetools.analysis.interactive_plot.PlotWrapBase[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L35]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

A base class that has all the navigation and smoothing
keypress events.

Notes

These attributes must be defined in a subclass:



	self.wa, self.fl    Spectrum wavelength and flux

	self.nsmooth        integer > 0 that determines the smoothing

	self.ax             Axes where spectrum is plotted

	self.fig            Figure which holds the axes.

	self.artists[‘fl’]  The Matplotlib line artist that represents the flux.






The keypress events need to be connected to the figure with
something like:

def connect(self, fig):
    cids = dict(key=[])
    # the top two are methods of PlotWrapBase
    cids['key'].append(fig.canvas.mpl_connect(
        'key_press_event', self.on_keypress_navigate))
    cids['key'].append(fig.canvas.mpl_connect(
        'key_press_event', self.on_keypress_smooth))
    self.cids.update(cids)





Initialize parameters for plotting the spectrum

Methods Summary







	on_keypress_navigate(event)
	Process a keypress event.


	on_keypress_smooth(event)
	Smooth the flux with a gaussian.





Methods Documentation


	
on_keypress_navigate(event)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L78]

	Process a keypress event. Requires attributes self.ax,
self.fl, self.wa, self.fig






	
on_keypress_smooth(event)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L89]

	Smooth the flux with a gaussian. Requires attributes
self.fl and self.nsmooth, self.artists[‘fl’] and self.fig.
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PlotWrapNav


	
class linetools.analysis.interactive_plot.PlotWrapNav(fig, ax, wa, fl, artists, printhelp=True, xlim=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L107]

	Bases: linetools.analysis.interactive_plot.PlotWrapBase

Enable simple XIDL-style navigation for plotting a spectrum.

For example, i and o for zooming in y direction, [ and ] for
panning, S and U for smoothing and unsmoothing.





	Parameters:	fig : matplotlib Figure

ax : matplotlib axes


The Axes where the spectrum is plotted.




wa, fl : array


Wavelength and flux arrays




artists : dict


A dictionary which must contain a key ‘fl’, which is the
matplotlib artist corresponding to the flux line.




printhelp : bool, optional


Whether to print a help message when first called.










Methods Summary







	connect()
	


	on_keypress(event)
	Print a help message





Methods Documentation


	
connect()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L175]

	




	
on_keypress(event)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interactive_plot.py#L167]

	Print a help message
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interp_Akima


	
linetools.analysis.interp.interp_Akima(x_new, x, y)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interp.py#L128]

	Return interpolated data using Akima’s method.

Akima’s interpolation method uses a continuously differentiable
sub-spline built from piecewise cubic polynomials. The resultant
curve passes through the given data points and will appear smooth
and natural.





	Parameters:	x_new : array_like, shape (M,)


Values at which to interpolate.




x, y : array_like, shape (N,)


Reference values. x cannot contain duplicates.







	Returns:	vals : ndarray, shape (M,)


Interpolated values.










References

“A new method of interpolation and smooth curve fitting based
on local procedures.” Hiroshi Akima, J. ACM, October 1970, 17(4),
589-602.
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AkimaSpline


	
class linetools.analysis.interp.AkimaSpline(xvals, yvals)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interp.py#L8]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

Describes an Akima Spline through a set of points.

It must be instantiated with a set of xvals and yvals knot values,
and then can be called with a new set of x values x. This is
used by interp_Akima, see its documentation for more
information.





	Parameters:	xvals, yvals : array_like, shape (N,)


Reference values. xvals should not contain duplicates.










Notes

This is adapted from a function written by Christoph Gohlke [http://www.lfd.uci.edu/~gohlke/] under a BSD license:

Copyright (c) 2007-2012, Christoph Gohlke
Copyright (c) 2007-2012, The Regents of the University of California
Produced at the Laboratory for Fluorescence Dynamics
All rights reserved.

References

“A new method of interpolation and smooth curve fitting based
on local procedures.” Hiroshi Akima, J. ACM, October 1970, 17(4),
589-602.

Methods Summary







	__call__(x)
	



	Parameters:	











Methods Documentation


	
__call__(x)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/interp.py#L83]

	



	Parameters:	x : array_like, shape (M,)


Values at which to interpolate.







	Returns:	vals : ndarray, shape (M,)


Interpolated values.
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box_ew


	
linetools.analysis.utils.box_ew(spec)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/utils.py#L16]

	Boxcar EW calculation

Observer frame, not rest-frame





	Parameters:	spec : Tuple of (wave, fx, sig)


	Returns:	EW, sigEW : EW and error in observer frame
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gaussian_ew


	
linetools.analysis.utils.gaussian_ew(spec, ltype, initial_guesses=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/utils.py#L48]

	EW calculation using Gaussian fit

Observer frame, not rest-frame. wvlim and spec must be set!





	Parameters:	spec : Tuple of (wave, fx, sig)

ltype : string


whether this is for absorption or emission line (see SpectralLine Class)




initial_guesses, optional : Tuple of (amplitude, mean, stddev)


Initial guesses of the Gaussian fit (unitless)







	Returns:	EW, sigEW : EW and error in observer frame
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voigt_from_abslines


	
linetools.analysis.voigt.voigt_from_abslines(iwave, line, fwhm=None, ret=[u'vmodel'], skip_wveval=False, debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/voigt.py#L124]

	Generates a Voigt model from a line or list of AbsLines

This may run slowly for many many lines.





	Parameters:	wave : Quantity array


Observed wavelengths




line : AbsLine, List of Absline, or array of parameters

fwhm : float, optional [None]


FWHM for Gaussian smoothing (pixels)




ret : list, optional



	List of things to return.  Options are ‘vmodel’, ‘tau’, ‘flux’

	
	vmodel :: XSpectrum1D

	tau  :: optical depth array

	flux :: Absorbed flux [np.ndarray]










skip_wveval : bool, optional [False]


Skip wavelength check
If False, the median dwave value is calculated and compared against
1/10 of the b-value of the input line(s).  
If necessary, the wavelenght array is rebinned for the calculation
and the final array is rebinned to the original.




debug : bool, optional




	Returns:	list or single object


Depends on ret, as described above


















          

      

      

    


    
         Copyright 2016, The linetools developers.
      Last updated on 03 Nov 2016.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	linetools v0.2.dev1393 

          	The linetools API 
 
      

    


    
      
          
            
  
voigt_tau


	
linetools.analysis.voigt.voigt_tau(wave, par)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/voigt.py#L84]

	Find the optical depth at input wavelengths

This is a stripped down routine for calculating a tau array for an
input line. Built for speed, not utility nor with much error
checking.  Use wisely.  And take careful note of the expected
units of the inputs (cgs)





	Parameters:	wave : ndarray


Assumed to be in cm




parm : list



	Line parameters.  All are input unitless and should be in cgs

	par[0] = logN (cm^-2)
par[1] = z
par[2] = b in cm/s
par[3] = wrest in cm
par[4] = f value
par[5] = gamma (s^-1)











	Returns:	tau : ndarray


Optical depth at input wavelengths
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voigt_wofz


	
linetools.analysis.voigt.voigt_wofz(vin, a)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/voigt.py#L27]

	Uses scipy function for calculation.

Tested for speed and accuracy (see Voigt notebook).





	Parameters:	vin : ndarray


u parameter




a : float


a parameter







	Returns:	voigt : ndarray
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voigtking


	
linetools.analysis.voigt.voigtking(vin, a)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/voigt.py#L46]

	Take from Alis by Ryan Cooke
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single_voigt_model


	
class linetools.analysis.voigt.single_voigt_model[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/voigt.py#L253]

	Bases: astropy.modeling.FittableModel [http://docs.astropy.org/en/latest/api/astropy.modeling.FittableModel.html#astropy.modeling.FittableModel]

Generate a single Voigt model in astropy framework for fitting

Need to consider resampling wavelength array

input: wave array  :: Assumed in Angstroms
output: absorbed, normalized flux
Parameters: logN,b,z,wrest,f,gamma,fwhm

Attributes Summary







	b
	


	f
	


	fwhm
	


	gamma
	


	inputs
	


	logN
	


	outputs
	


	param_names
	


	wrest
	


	z
	





Methods Summary







	__call__(wave[,model_set_axis])
	Evaluate this model using the given input(s) and the parameter values that were specified when the model was instantiated.


	evaluate(wave,logN,b,z,wrest,f,gamma,fwhm)
	





Attributes Documentation


	
b

	




	
f

	




	
fwhm

	




	
gamma

	




	
inputs = (u'wave',)

	




	
logN

	




	
outputs = (u'flux',)

	




	
param_names = ('logN', 'b', 'z', 'wrest', 'f', 'gamma', 'fwhm')

	




	
wrest

	




	
z

	



Methods Documentation


	
__call__(wave, model_set_axis=None)[edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/voigt.py#L378]

	Evaluate this model using the given input(s) and the parameter values
that were specified when the model was instantiated.






	
static evaluate(wave, logN, b, z, wrest, f, gamma, fwhm)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/analysis/voigt.py#L276]
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AbsComponent


	
class linetools.isgm.abscomponent.AbsComponent(radec, Zion, zcomp, vlim, Ej=<Quantity 0.0 1 / cm>, A=None, Ntup=None, comment=u'', name=None, stars=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L36]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

Class for an absorption component

Attributes







	name
	(str) Name of the component, e.g. Si II


	coord
	(SkyCoord) Sky coordinate


	Zion
	(tuple) Atomic number, ion – (int,int) e.g. (8,1) for OI


	zcomp
	(float) Component redshift


	vlim
	(Quantity array) Velocity limits of the component e.g.  [-300,300]*u.km/u.s


	A
	(int) Atomic mass – used to distinguish isotopes


	Ej
	(Quantity) Energy of lower level (1/cm)


	comment
	(str) A comment, default is ``





Initiator





	Parameters:	radec : tuple or SkyCoord


(RA,DEC) in deg or astropy.coordinate




Zion : tuple


Atomic number, ion – (int,int)
e.g. (8,1) for OI




zcomp : float


Absorption component redshift




vlim : Quantity array


Velocity limits of the component w/r to z
e.g.  [-300,300]*u.km/u.s




A : int, optional


Atomic mass – used to distinguish isotopes




Ntup : tuple


(int,float,float)
(flag_N,logN,sig_N)
flag_N : Flag describing N measurement
logN : log10 N column density
sig_logN : Error in log10 N




Ej : Quantity, optional


Energy of lower level (1/cm)




stars : str, optional


asterisks to add to name, e.g. ‘**’ for CI**
Required if name=None and Ej>0.




comment : str, optional


A comment, default is ``










Methods Summary







	add_absline(absline[,tol,chk_vel,...])
	Add an AbsLine object to the component if it satisfies all of the rules.


	build_table()
	Generate an astropy QTable out of the component.


	cog([redo_EW,show_plot])
	Perform a COG analysis on the component


	copy()
	Generate a copy of itself


	from_abslines(abslines[,stars])
	Instantiate from a list of AbsLine objects


	from_component(component,**kwargs)
	Instantiate from an AbsComponent object


	from_dict(idict[,coord])
	Instantiate from a dict


	plot_Na([show])
	Plot apparent column density Na profiles


	repr_alis([T_kin,bturb,tie_strs,fix_strs])
	String representation for ALIS (line fitting software)


	repr_joebvp(specfile[,flags,b_default])
	String representation for JOEBVP (line fitting software).


	repr_vpfit([b,tie_strs,fix_strs])
	String representation for VPFIT (line fitting software) in its fort.26 format


	reset_vlim_from_abslines([verbose])
	Resets the vlim value using the AbsLines


	stack_plot(**kwargs)
	Show a stack plot of the component, if spec are loaded Assumes the data are normalized.


	synthesize_colm([overwrite,redo_aodm])
	Synthesize column density measurements of the component.


	to_dict()
	Convert component data to a dict





Methods Documentation


	
add_absline(absline, tol=<Quantity 0.1 arcsec>, chk_vel=True, chk_sep=True, vtoler=1.0, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L217]

	Add an AbsLine object to the component if it satisfies
all of the rules.

For velocities, we demand that the new line has a velocity
range that is fully encompassed by the component.





	Parameters:	absline : AbsLine

tol : Angle, optional


Tolerance on matching coordinates.  Only used if chk_sep=True




chk_vel : bool, optional


Perform velocity test (can often be skipped)
Insist the bounds of the AbsLine are within 1km/s of the Component


(allows for round-off error)







chk_sep : bool, optional


Perform coordinate check (expensive)




vtoler : float


Tolerance for velocity in km/s (must be positive)















	
build_table()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L275]

	Generate an astropy QTable out of the component.
Returns
——-
comp_tbl : QTable






	
cog(redo_EW=False, show_plot=False, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L290]

	Perform a COG analysis on the component





	Parameters:	redo_EW : bool, optional


Re-analyze each line for its EW




show_plot : bool, optional


Generate plot and show







	Returns:	logN : float


COG column density




b : Quantity


COG Doppler parameter (km/s)















	
copy()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L673]

	Generate a copy of itself
Returns
——-
abscomp : AbsComponent






	
classmethod from_abslines(abslines, stars=None, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L61]

	Instantiate from a list of AbsLine objects





	Parameters:	abslines : list


List of AbsLine objects




stars : str, optional


Asterisks to append to the ion name (e.g. fine-structure, CII*)















	
classmethod from_component(component, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L92]

	Instantiate from an AbsComponent object

Uses RA/DEC, Zion, Ej, A, z, vlim





	Parameters:	component : AbsComponent


An AbsComponent object







	Returns:	AbsComponent












	
classmethod from_dict(idict, coord=None, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L114]

	Instantiate from a dict





	Parameters:	idict : dict










	
plot_Na(show=True, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L326]

	Plot apparent column density Na profiles






	
repr_alis(T_kin=<Quantity 10000.0 K>, bturb=<Quantity 0.0 km / s>, tie_strs=(u'', u'', u'', u''), fix_strs=(u'', u'', u'', u''))[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L533]

	String representation for ALIS (line fitting software)





	Parameters:	T_kin : Quantity, optional


Kinetic temperature. Default 1e4*u.K




bturb : Quantity, optional


Turbulent Doppler parameter. Default 0.*u.km/u.s




tie_strs : tuple of strings, optional


Strings to be used for tying parameters
(logN,z,bturb,T_kin), respectively.  These are all
converted to lower case format, following ALIS convention.




fix_strs : tuple of strings, optional


Strings to be used for fixing parameters
(logN,z,bturb,T_kin), respectively.  These are all
converted to upper case format, following ALIS convention.
These will take precedence over tie_strs if different from
‘’.







	Returns:	repr_alis : str












	
repr_joebvp(specfile, flags=(2, 2, 2), b_default=<Quantity 10.0 km / s>)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L601]

	
String representation for JOEBVP (line fitting software).






	Parameters:	specfile : str



Name of the spectrum file





	flags : tuple of ints, optional

	Flags (nflag, bflag, vflag). See JOEBVP input for details
about these flags.



	b_default : Quantity, optional

	Doppler parameter value adopted in case an absorption
line within the component has not set this attribute
Default is 10 km/s.











	Returns:	repr_joebvp : str


May contain multiple “




” (1 per absline within component)












	
repr_vpfit(b=<Quantity 10.0 km / s>, tie_strs=(u'', u'', u''), fix_strs=(u'', u'', u''))[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L478]

	String representation for VPFIT (line fitting software) in its fort.26 format





	Parameters:	b : Quantity, optional


Doppler parameter of the component. Default is 10*u.km/u.s




tie_strs : tuple of strings, optional


Strings to be used for tying parameters (z,b,logN),
respectively.  These are all converted to lower case
format, following VPFIT convention.




fix_strs : tuple of strings, optional


Strings to be used for fixing parameters (z,b,logN),
respectively.  These are all converted to upper case
format, following VPFIT convention.  These will take
precedence over tie_strs if different than ‘’.







	Returns:	repr_vpfit : str












	
reset_vlim_from_abslines(verbose=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L385]

	Resets the vlim value using the AbsLines






	
stack_plot(**kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L644]

	Show a stack plot of the component, if spec are loaded
Assumes the data are normalized.






	
synthesize_colm(overwrite=False, redo_aodm=False, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L402]

	Synthesize column density measurements of the component.
Default is to use the current AbsLine values, but the user can
request that those be re-calculated with AODM.





	Parameters:	overwrite : bool, optional


Clobber any previous measurement




redo_aodm : bool, optional


Redo the individual column density measurements (likely AODM)







	Returns:	None


Fills the component attributes instead















	
to_dict()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/isgm/abscomponent.py#L653]

	Convert component data to a dict
Returns
——-
cdict : dict
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LineList


	
class linetools.lists.linelist.LineList(llst_key, verbose=False, closest=False, set_lines=True, use_ISM_table=True, use_cache=True, sort_by=u'wrest', redo_extra_columns=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L34]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

This Class is designed to organize and handle information about
atomic and/or molecular transition lines (e.g. HI Lya, CIV 1548,
Hydrogen Balmer series, etc.) observed in a variety of
astrophysical environments. It is currently implemented for
absorption lines, but we expect to also include common emission
lines in the near future.





	Parameters:	llst_key : str


Input to grab line list.  Current options are:
* ‘ISM’     :: “All” ISM lines (can be overwhelming!)
* ‘Strong’  :: Strong ISM lines
* ‘HI’      :: HI Lyman series
* ‘H2’      :: H2 (Lyman-Werner)
* ‘CO’      :: CO UV band-heads
* ‘EUV’     :: EUV lines (for CASBAH project)
* ‘Galaxy’  :: Lines typically identified in galaxy spectra
* ‘AGN’     :: Key AGN lines (to be implemented)




verbose : bool, optional


Give info galore if True




use_ISM_table : bool [default True]


Developer use only. Read from a stored fits table with all ISM
transitions, rather than from the original source files.




sort_by : str or list of str, optional


Keys to sort the underlying data table by. Default is ‘wrest’




redo_extra_columns : bool, optional


Whether to recalculate extra columns for log(w*f), abundance, and ion_correction.
Setting this to True is useful if a different abundance, or ionizatation_correction
is used. Default is False.










Attributes Summary







	Z
	Return the Z of the transitions


	ion
	Return the ionization state of the transitions


	name
	Return the transition names


	wrest
	Return the rest wavelengths





Methods Summary







	all_transitions(line)
	Get all the transitions corresponding to an ion species as given by line.


	available_transitions(wvlims[,n_max_tuple,...])
	Find the strongest transitions in a wavelength interval.


	from_dict_to_qtable(a)
	Converts dictionary a to its QTable version.


	from_qtable_to_dict(tab)
	Converts QTable tab to its dictionary version.


	load_data([use_ISM_table,tol,use_cache])
	Grab the data for the lines of interest


	set_extra_columns_to_datatable([...])
	Sets new convenient columns to the self._data QTable.


	set_lines([verbose,use_cache,use_ISM_table])
	Parse the lines of interest


	sortdata(keys[,reverse])
	Sort the LineList according to a given key or keys.


	strongest_transitions(line,wvlims[,n_max,...])
	Find the strongest transition for an ion


	subset_lines(subset[,reset_data,verbose,...])
	Select a user-specific subset of the lines from the LineList


	unknown_line()
	Returns a dictionary of line properties set to an unknown line.





Attributes Documentation


	
Z

	Return the Z of the transitions






	
ion

	Return the ionization state of the transitions






	
name

	Return the transition names






	
wrest

	Return the rest wavelengths





Methods Documentation


	
all_transitions(line)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L533]

	Get all the transitions corresponding to an ion species
as given by line. In other words, for a given single
line transition, this function returns all transitions from
the LineList containing that line.





	Parameters:	line : str or Quantity


Name of line. (e.g. ‘HI 1215’, ‘HI’, ‘CIII’, ‘SiII’,
1215.6700*u.AA). When string contains spaces it only
considers the first part of it, so ‘HI’ and ‘HI 1215’ and
‘HI 1025’ are all equivalent. To retrieve an unknown line
use string ‘unknown’.







	Returns:	dict or QTable


dict if only 1 transition found, otherwise QTable.















	
available_transitions(wvlims, n_max_tuple=None, min_strength=0.0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L686]

	Find the strongest transitions in a wavelength interval.

For a given wavelength range, wvlims = (wv_min, wv_max), this
function retrieves the n_max_tuple strongest transitions per
each ion species in the LineList available at such a
wavelength range and having strength larger than min_strength.
Strength is defined as log10(wrest * fosc * abundance * ion_correction).
The output is sorted by strength of the strongest available transition
of the ion species.





	Parameters:	wvlims : tuple of Quantity


Wavelength range, e.g. wvlims = (1100 * u.AA, 3200 * u.AA)




n_max_tuple : int, optional


Maximum number of transitions in a given ion species to
retrieve. e.g., if Lyman series are all available, it will
retrieve only up to Lyman gamma if
n_max_tuple = 3. Otherwise it returns all of them




min_strength : float, optional


Minimum strength calculated from log10(wrest * fosc *
abundance) In this way HI 1215 has 14.7 by definition.







	Returns:	dict (if only 1 transition found) or QTable (if > 1

transitions are found) or None (if no transition is found)












	
from_dict_to_qtable(a)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L782]

	Converts dictionary a to its QTable version.





	Parameters:	a : dict


The input dictionary to be converted to a
QTable. The resulting QTable will have the
same keys as self._data







	Returns:	A QTable of 1 Row, with filled with the data from

the input dictionary.












	
from_qtable_to_dict(tab)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L813]

	Converts QTable tab to its dictionary version.
An error is raised if len(tab) > 1.





	Parameters:	tab : QTable or Table


The table to be converted to a dictionary.
It has to be of length == 1!







	Returns:	A dictionary with the same keys and values of the

input table.












	
load_data(use_ISM_table=True, tol=<Quantity 0.001 Angstrom>, use_cache=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L136]

	Grab the data for the lines of interest






	
set_extra_columns_to_datatable(abundance_type=u'solar', ion_correction=u'none', redo=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L328]

	Sets new convenient columns to the self._data QTable. These will be useful
for sorting the underlying data table in convenient ways, e.g. by expected
relative strength.
These new column include:



	ion_name : HI, CIII, CIV, etc

	log(w*f) : np.log10(wrest * fosc)  # in np.log10(AA)

	abundance : either [none, solar]

	ion_correction : [none]

	rel_strength : log(w*f) + abundance + ion_correction










	Parameters:	abundance_type : str, optional



	Abundance type. Options are:

	
	‘solar’ : Use Solar Abundance (in log10) as given

	by Asplund 2009. (Default)



	‘none’ : No abundance given, so this column will

	be filled with zeros.












ion_correction: str, optional




	Ionization correction. Options are:

	
	‘none’ : No correction applied, so this column will

	be filled with zeros. (Default)













	redo : bool, optional

	Remake the extra columns








Note: This function is only implemented for the following

lists: HI, ISM, EUV, Strong.












	
set_lines(verbose=True, use_cache=True, use_ISM_table=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L229]

	Parse the lines of interest





	Parameters:	verbose : bool, optional

use_cache : bool, optional


cache the linelist for faster repeat performance




use_ISM_table : bool, optional


For speed, use a saved ISM table instead of reading from original source files.















	
sortdata(keys, reverse=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L416]

	Sort the LineList according to a given key or keys.





	Parameters:	keys : str or list of str


The main key(s) to sort the LineList by
(e.g. ‘wrest’ or [‘Z’, ‘log(w*f)’]).




reverse : bool, optional


If True, the sorting is reversed
Default is False.




Note: this is a wrapper to astropy.table.table.sort()












	
strongest_transitions(line, wvlims, n_max=3, verbose=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L601]

	Find the strongest transition for an ion

For a given single line transition, this function returns
the n_max strongest transitions of the ion species found in
the LineList, within the wavelength range wlims.





	Parameters:	line : str or Quantity


Name of line. (e.g. ‘HI 1215’, ‘HI’, ‘CIII’, ‘SiII’,
1215.6700 * u.AA)[Note: when string contains spaces it only
considers the first part of it, so ‘HI’ and ‘HI 1215’ and
‘HI 1025’ are all equivalent][Note: to retrieve an
unknown line use string ‘unknown’]




wvlims : tuple of Quantity, or Quantity tuple


Wavelength range, e.g. wvlims = (1100 * u.AA, 3200 * u.AA) or
wvlims = (1100, 3200) * u.AA




n_max : int or None, optional


Maximum number of transitions to retrieve; if n_max = None
it retrieves all of them







	Returns:	None (if no transitions are found), dict (if only 1 transition

found), or QTable (if > 1 transitions are found)












	
subset_lines(subset, reset_data=False, verbose=False, sort_by=[u'wrest'])[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L446]

	Select a user-specific subset of the lines from the LineList





	Parameters:	subset : list or np.ndarray (of Quantity or str)


List of wrest or names for lines to use (drawn from current
LineList object) e.g. ([‘HI 1215’, ‘CIV 1548’] or
[1215.67 * u.AA, 1548.195 * u.AA])




reset_data : bool, optional


Reset self._data QTable based on the original list at the
initialization (i.e. the default list). This is useful for
changing subsets of lines without the need to initialize a
different LineList() object. Default is False.




sort_by : list of str


Key(s) to sort the lines by. If sort_by == ‘as_given’, it will
preserve the sorting as given by subset.







	Returns:	A new LineList object with the subset of transitions












	
unknown_line()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/linelist.py#L522]

	Returns a dictionary of line properties set to an unknown
line.

Currently using the default value from
linetools.lists.parse().
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add_galaxy_lines


	
linetools.lists.mk_sets.add_galaxy_lines(outfil, infil=None, stop=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/mk_sets.py#L141]

	Append galaxy lines (as necessary)





	Parameters:	outfil : str


Output file.




infil : str, optional


Starting file.  Should use latest llist_vX.X.ascii
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mk_hi


	
linetools.lists.mk_sets.mk_hi(infil=None, outfil=None, stop=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/mk_sets.py#L107]

	Make the HI list ISM + HI





	Parameters:	infil : str, optional


Starting file.  Should use latest llist_vX.X.ascii




outfil : str, optional


Output file.  Default is to use infil
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grab_galaxy_linelists


	
linetools.lists.parse.grab_galaxy_linelists(do_this=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L751]

	Pulls galaxy emission line lists from DESI project

Specifically, desisim
Writes to hard-drive
Only run if you are building





	Parameters:	do_this : bool, optional


Set to True to actually do this. Default=False
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line_data


	
linetools.lists.parse.line_data(nrows=1)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L28]

	Defines the dict (and/or Table) for spectral line Data





	Parameters:	nrows : int, optional


Number of rows in Table [default = 1]










Notes


	Group definition:

	
	0: None

	1: “All” ISM (intended to be all atomic lines ever observed)

	2: Strong ISM

	4: HI Lyman series

	8: H2

	16: CO

	32: EUV

	64: Galaxy Emission

	128: Galaxy Absorption

	256: AGN

	512: ??

	1024: User1 (Reserved)

	2048: User2 (Reserved)
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mask_gal


	
linetools.lists.parse.mask_gal(data, mask_keys=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L346]

	Masks linelist attributes for all galaxy lines





	Parameters:	data : Table or QTable (masked)


The original table to mask columns for




mask_keys : list of strings, optional


List of column names to be masked if given
Otherwise it uses the default:







	Returns:	data_masked : QTable (masked)


The masked version of data

[Known issue: QTable is not masking columns with units]


















          

      

      

    


    
         Copyright 2016, The linetools developers.
      Last updated on 03 Nov 2016.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	linetools v0.2.dev1393 

          	The linetools API 
 
      

    


    
      
          
            
  
mktab_morton00


	
linetools.lists.parse.mktab_morton00(do_this=False, outfil=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L718]

	Used to generate a FITS Table for the Morton2000 paper

Only intended for builder usage





	Parameters:	do_this : bool, optional


Set to True to actually do this. Default=False




outfil : str, optional


Name of output file.  Defaults to a given value
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mktab_morton03


	
linetools.lists.parse.mktab_morton03(do_this=False, outfil=None, fits=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L678]

	Used to generate a VO or FITS Table for the Morton2003 paper

Only intended for builder usage (1.5Mb file; gzip FITS is 119kb)





	Parameters:	do_this : bool, optional


Set to True to actually do this. Default=False




outfil : str, optional


Name of output file.  Defaults to a given value




fits :  bool, optional


Generate a FITS file?  Default=True
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parse_morton00


	
linetools.lists.parse.parse_morton00(orig=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L458]

	Parse tables from Morton 2000, ApJS, 130, 403





	Parameters:	orig : bool, optional


Use original code to parse the ASCII file







	Returns:	data : Table


Atomic data
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parse_morton03


	
linetools.lists.parse.parse_morton03(orig=False, tab_fil=None, HIcombine=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L491]

	Parse tables from Morton 2003, ApJS, 149, 205





	Parameters:	orig : bool, optional


Use original code to parse the ASCII file




tab_fil : str, optional


Filename to use.  Default = /data/lines/morton03_table2.dat




HIcombine : bool, optional


Combine doublet for HI [True]







	Returns:	data : Table


Atomic data
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parse_verner96


	
linetools.lists.parse.parse_verner96(orig=False, write=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L387]

	Parse tables from Verner, Verner, & Ferland (1996, Atomic Data and Nuclear Data Tables, Vol. 64, p.1)





	Parameters:	orig : bool, optional


Use original code to parse the ASCII file
Else, read from a FITS file







	Returns:	data : Table


Atomic data
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read_CO


	
linetools.lists.parse.read_CO()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L175]

	Simple def to read CO UV data

Generated by JXP with some great effort.  See GRB 080607 paper.





	Returns:	Table of CO lines
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read_H2


	
linetools.lists.parse.read_H2()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L135]

	Simple def to read H2 data





	Returns:	QTable of H2 lines





References


	Abgrall et al. 1993, A&AS, 101, 323

	Abgrall et al. 1993, A&AS, 101, 273



Kindly provide by co-author E. Roueff to JC Howk to JXP
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read_euv


	
linetools.lists.parse.read_euv()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L117]

	read additional EUV lines





	Returns:	QTable of EUV lines
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read_forbidden


	
linetools.lists.parse.read_forbidden()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L258]

	read galaxy emission lines (forbidden)

There may be more here: https://github.com/moustakas/impro/blob/master/pro/hiiregions/im_getmatrix.pro





	Returns:	QTable of forbidden lines
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read_galabs


	
linetools.lists.parse.read_galabs()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L317]

	read galaxy absorption lines





	Returns:	QTable of recombination lines
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read_recomb


	
linetools.lists.parse.read_recomb()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L289]

	read galaxy emission lines (recombination)





	Returns:	QTable of recombination lines
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read_sets


	
linetools.lists.parse.read_sets(infil=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L97]

	Read sets file





	Parameters:	infil : str, optional


Set file
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read_verner94


	
linetools.lists.parse.read_verner94()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L217]

	Read Verner1994 Table
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update_fval


	
linetools.lists.parse.update_fval(table, verbose=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L793]

	Update f-values from the literature

Primarily for modifying lines in the ISM lists (e.g. Morton2003)





	Parameters:	table : QTable


Data to be updated




verbose : bool, optional




	Returns:	table : QTable


Updated table.
Note: This return is required to handle the vstack, i.e.
as opposed to modifying the input table in place.
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update_gamma


	
linetools.lists.parse.update_gamma(table)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L865]

	Update/add-in gamma values





	Parameters:	table : QTable


Data to be updated




verbose : bool, optional
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update_wrest


	
linetools.lists.parse.update_wrest(table, verbose=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/lists/parse.py#L893]

	Update wrest values (and Ej,Ek)





	Parameters:	table : QTable


Data to be updated




verbose : bool, optional
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convolve_psf


	
linetools.spectra.convolve.convolve_psf(array, fwhm, boundary=u'fill', fill_value=0.0, normalize_kernel=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/convolve.py#L11]

	Convolve an array with a gaussian kernel.

Given an array of values a and a gaussian full width at half
maximum fwhm in pixel units, returns the convolution of the
array with the gaussian kernel.





	Parameters:	array : array, shape(N,)


Array to convolve




fwhm : float


Gaussian full width at half maximum in pixels.




boundary : str, optional



	A flag indicating how to handle boundaries:

	
	
	None [http://docs.python.org/2/library/constants.html#None]

	Set the result values to zero where the kernel
extends beyond the edge of the array (default).







	
	‘fill’

	Set values outside the array boundary to fill_value.







	
	‘wrap’

	Periodic boundary that wrap to the other side of array.







	
	‘extend’

	Set values outside the array to the nearest array
value.
















fill_value : float, optional


The value to use outside the array when using boundary=’fill’




normalize_kernel : bool, optional


Whether to normalize the kernel prior to convolving







	Returns:	convolved_array : array, shape (N,)







Notes

This function uses astropy.convolution
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chk_for_gz


	
linetools.spectra.io.chk_for_gz(filenm)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L380]

	Checks for .gz extension to an input filename and returns file

Also parses the ~ if given





	Parameters:	filenm : string


Filename to query







	Returns:	filenm+XX : string



	Returns in this order:

	
	Input filename if it exists

	Input filename if it has .gz extension already

	Input filename.gz if that exists

	Input filename.gz if that exists










chk : bool or int



	True if file exists

	0 if No check was performed

	False if no file exists
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get_cdelt_dcflag


	
linetools.spectra.io.get_cdelt_dcflag(hd)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L347]

	Find the wavelength stepsize and dcflag from a fits header.





	Parameters:	hd : astropy.io.fits header instance




	Returns:	cdelt, dc_flag : float, int


Wavelength stepsize and dcflag (1 if log-linear scale, 0 if linear).
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get_table_column


	
linetools.spectra.io.get_table_column(tags, hdulist, idx=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L232]

	Find a column in a FITS binary table

Used to return flux/error/wave values from a binary FITS table
from a list of tags.





	Parameters:	tags : list


List of string tag names




hdulist : fits header data unit list

idx : int, optional


Index of list for Table input







	Returns:	dat : float array


Data values corresponding to the first tag found
Returns None if no match
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get_wave_unit


	
linetools.spectra.io.get_wave_unit(tag, hdulist, idx=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L275]

	Attempt to pull wavelength unit from the Table
Parameters
———-
tag : str


Tag used for wavelengths


hdulist : fits header data unit list
idx : int, optional


Index of list for Table input






	Returns:	unit : astropy Unit


Defaults to None
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give_wv_units


	
linetools.spectra.io.give_wv_units(wave)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L426]

	Give a wavelength array units of Angstroms, if unitless.





	Parameters:	wave : array or Quantity


Input wavelength array







	Returns:	uwave: Quantity


Output wavelengths in Angstroms if input is unitless, or the
input array unchanged otherwise.
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is_UVES_popler


	
linetools.spectra.io.is_UVES_popler(hd)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L450]

	Check if this header is UVES_popler output.





	Parameters:	hd : FITS header


	Returns:	True if a UVES_popler file, False otherwise.
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parse_DESI_brick


	
linetools.spectra.io.parse_DESI_brick(hdulist, select=0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L681]

	Read a spectrum from a DESI brick format HDU list





	Parameters:	hdulist : FITS HDU list

select : int, optional


Spectrum selected. Default is 0







	Returns:	xspec1d : XSpectrum1D


Parsed spectrum
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parse_FITS_binary_table


	
linetools.spectra.io.parse_FITS_binary_table(hdulist, exten=None, wave_tag=None, flux_tag=None, sig_tag=None, co_tag=None, var_tag=None, ivar_tag=None, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L490]

	Read a spectrum from a FITS binary table





	Parameters:	hdulist : FITS HDU list

exten : int, optional


Extension for the binary table.




wave_tag : str, optional

flux_tag : str, optional

sig_tag : str, optional

co_tag : str, optional

var_tag : str, optional




	Returns:	xspec1d : XSpectrum1D


Parsed spectrum
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parse_UVES_popler


	
linetools.spectra.io.parse_UVES_popler(hdulist)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L468]

	Read a spectrum from a UVES_popler-style fits file.





	Parameters:	hdulist : FITS HDU list




	Returns:	xspec1d : XSpectrum1D


Parsed spectrum
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parse_hdf5


	
linetools.spectra.io.parse_hdf5(inp, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L628]

	Read a spectrum from HDF5 written in XSpectrum1D format
Expects:  meta, data, units





	Parameters:	inp : str or hdf5
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parse_linetools_spectrum_format


	
linetools.spectra.io.parse_linetools_spectrum_format(hdulist)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L580]

	Parse an old linetools-format spectrum from an hdulist





	Parameters:	hdulist : FITS HDU list




	Returns:	xspec1d : XSpectrum1D


Parsed spectrum
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parse_two_file_format


	
linetools.spectra.io.parse_two_file_format(specfil, hdulist, efil=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L711]

	Parse old two file format (one for flux, another for error).





	Parameters:	specfil : str


Flux filename




hdulist : FITS HDU list

efil : str, optional


Error filename. By default this is inferred from the flux
filename.







	Returns:	xspec1d : XSpectrum1D


Parsed spectrum
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readspec


	
linetools.spectra.io.readspec(specfil, inflg=None, efil=None, verbose=False, multi_ivar=False, format=u'ascii', exten=None, head_exten=0, debug=False, select=0, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L27]

	Read a FITS file (or astropy Table or ASCII file) into a
XSpectrum1D class





	Parameters:	specfil : str or Table



	Input file. If str:

	
	FITS file are detected by searching for ‘.fit’ in their filename.

	ASCII must either have a proper Table format or be 3 (WAVE,
FLUX, ERROR) or 4 (WAVE, FLUX, ERROR, CONTINUUM) columns. If
the file has more than 4 columns with no header it will raise an error.










efil : string, optional


A filename for Error array, if it’s in a separate file to the
flux. The code will attempt to find this file on its own.




multi_ivar : bool, optional


If True, assume BOSS format of flux, ivar, log10(wave) in a
multi-extension FITS.




format : str, optional


Format for ASCII table input. Default ‘ascii’.




exten : int, optional


FITS extension (mainly for multiple binary FITS tables)




select : int, optional


Selected spectrum (for sets of 1D spectra, e.g. DESI brick)




head_exten : int, optional


Extension for header to ingest







	Returns:	An XSpectrum1D class
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setwave


	
linetools.spectra.io.setwave(hdr)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/io.py#L320]

	Generate wavelength array from a header





	Parameters:	hdr : FITS header




	Returns:	wave : ndarray


No units yet
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LSF


	
class linetools.spectra.lsf.LSF(instr_config)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L18]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

Class to deal with line-spread-functions (LSFs) from
various different astronomical spectrographs.

Note: only implemented for HST/COS and HST/STIS at the moment.





	Parameters:	instr_config : dict


A dictionary with the instrument configuration details relevant
to the required LSF. Mandatory keywords of the dict are: [‘name’], 
all of which must be either string or None. 
Note: There must be extra relevant keywords specific to each instrument.










Methods Summary







	check_and_reformat_data()
	Any re-formating of self._data should happen here.


	check_and_reformat_relpix(relpix)
	Performs checks and reformating on a relative pixel array.


	get_lsf(wv_array[,kind])
	Given a wavelength array wv_array, it returns the LSF kernel at the central wavelength of the array,  using the same pixel scale and extent of wv_array.


	interpolate_to_wv0(wv0)
	Retrieves a unique LSF valid at wavelength wv0


	interpolate_to_wv_array(wv_array[,kind,debug])
	Interpolate an LSF to a wavelength array.


	load_COS_data()
	Load the right data according to instr_config for HST/COS


	load_STIS_data()
	Load the right data according to instr_config for HST/STIS





Methods Documentation


	
check_and_reformat_data()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L95]

	Any re-formating of self._data should happen here.


	At the moment this function does the following:

	
	Make sure that the number of relative pixels of the LSF is odd integer

	Impose the middle value to define the 0 relative pixel

	Make sure tables with ‘rel_pix’ given in fraction of pixels (e.g. COS NUV) work properly

	Normalize tabulated LSFs












	
check_and_reformat_relpix(relpix)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L111]

	Performs checks and reformating on a relative pixel array.


	At the moment this function does the following:

	
	Make sure that the number of relative pixels of the LSF is odd integer

	Impose the middle value to define the 0 relative pixel











	Parameters:	relpix : np.array


Relative pixel array







	Returns:	new_relpix array that conforms to the LSF class standards.












	
get_lsf(wv_array, kind=u'Akima')[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L63]

	Given a wavelength array wv_array, it returns
the LSF kernel at the central wavelength of the array, 
using the same pixel scale and extent of wv_array.

Method for non-Gaussian kernels: First, tabulated LSFs
are linearly interpolated to the center of wv_array
(see LSF.interpolate_to_wv0() for details); then, the
LSF is interpolated to match the wv_array
scale and extent using Akima (or cubic) interpolation (see
LSF.interpolate_to_wv_array() for details).





	Parameters:	wv_array : Quantity numpy.ndarray, shape(N,)


Wavelength array for which the LSF kernel is defined. The 
central wavelength value of wv_array define the wavelength
at which the LSF is defined, while the limits of wv_array 
define the extent of the kernel.




kind : str, optional


Specifies the kind of interpolation as a string either 
(‘cubic’, ‘Akima’)







	Returns:	lsf_array : numpy.ndarray, shape(N,)


The lsf kernel.















	
interpolate_to_wv0(wv0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L365]

	Retrieves a unique LSF valid at wavelength wv0

This is done by linearly interpolating from tabulated values
at different wavelengths. These tabulated values (stored
internally in self._data) are usually given as calibration
products by instrument developers and should be loaded by
self.load_XX_data() in the initialization stage of LSF(),
where XX is the name of the instrument)





	Parameters:	wv0 : Quantity


Wavelength at which an LSF solution is required







	Returns:	lsf_table : Table


The interpolated lsf at wv0. This table has two 
columns: ‘wv’ and ‘kernel’















	
interpolate_to_wv_array(wv_array, kind=u'Akima', debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L464]

	Interpolate an LSF to a wavelength array.

Given wv_array this function interpolates an LSF
to match both scale and extent of wv_array using the 
Akima or cubic-spline interpolators (default is Akima). 
Some checks are performed too.





	Parameters:	wv_array : Quantity numpy.ndarray, shape(N,)


Wavelength array for which the LSF kernel is defined. The 
central wavelength value of wv_array define the wavelength
at which the LSF is defined, while the limits of wv_array 
define the extent of the kernel.




kind : str, optional


Specifies the kind of interpolation as a string either 
(‘cubic’, ‘Akima’); default is Akima.







	Returns:	lsf_table : Table


The interpolated lsf using at the central wavelength of 
wv_array, using the same pixel scale as wv_array. 
This table has two columns: ‘wv’ and ‘kernel’. (lst_table[‘wv’] 
is equal to wv_array by construction.)















	
load_COS_data()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L139]

	Load the right data according to instr_config for HST/COS 
instrument






	
load_STIS_data()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/lsf.py#L233]

	Load the right data according to instr_config for HST/STIS
instrument
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get_flux_plotrange


	
linetools.spectra.plotting.get_flux_plotrange(fl, perc=95, mult_pos=1.5, mult_neg=-0.1)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/plotting.py#L7]

	Find y limits for a spectrum.
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XSpectrum1D


	
class linetools.spectra.xspectrum1d.XSpectrum1D(wave, flux, sig=None, co=None, units=None, select=0, meta=None, verbose=False, masking=u'edges')[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L30]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

A Class containing 1D spectra and associated methods





	Parameters:	data : ndarray


Structured, masked array containing all of the data
This can be a set of 1D spectra




meta : dict [http://docs.python.org/2/library/stdtypes.html#dict]-like object, optional


Metadata for this object.  “Metadata” here means all information that
is included with this object but not part of any other attribute
of this particular object.  e.g., creation date, unique identifier,
simulation parameters, exposure time, telescope name, etc.










Attributes







	wvmin
	Minimum wavelength


	wvmax
	Maximum wavelength









	Parameters:	wave : ndarray  [if 2D, the first axis is nspec]

flux : ndarray

sig : ndarray, optional

units : dict, optional


Dict containing the units of wavelength, flux
Required keys are ‘wave’ and ‘flux’




meta : dict, optional


Meta data.
meta[‘headers’] is a list of input headers (or None’s)




select : int, optional


Selected Spectrum




masking: str, optional


Approach to masking the data using the ‘sig’ array
‘none’
‘edges’ – Masks all data values with sig <=0 on the ‘edge’ of each spectrum


e.g.   sig = [0.,0.,0.,0.2,0.,0.2,0.2,0.,0.] would have the first 3 and last 2 masked




‘all’ – Masks all data values with sig <=0










Attributes Summary







	co
	Return the continuum.


	co_is_set
	Returns whether a continuum is defined


	flux
	Return the flux with units


	header
	Return the header (may be None)


	ivar
	Return the inverse variance.


	npix
	Number of unmasked pixels


	sig
	Return the 1sigma error array.


	sig_is_set
	Returns whether the error array is set


	wavelength
	Return the wavelength array with units


	wvmax
	Maximum wavelength


	wvmin
	Minimum wavelength





Methods Summary







	add_noise([seed,s2n,rstate])
	Add noise to the spectrum.


	add_to_hdf5(hdf5[,path,fill_val])
	Write the full data array to an already open hdf5 file


	add_to_mask(add_mask[,compressed])
	Add to the mask of the current exposure


	airtovac()
	Converts current wavelength array from an assumed air to vacuum wavelength scale


	box_smooth(nbox[,preserve])
	Box car smooth the spectrum


	constant_sig([sigv])
	Set the uncertainty array to a constant value.


	copy([select])
	Copy the spectrum


	fit_continuum([knots,edges,wlim,dw,kind])
	Interactively fit a continuum.


	from_file(ifile,**kwargs)
	From file


	from_spec1d(spec1d)
	Input Spectrum1D


	from_tuple(ituple[,sort])
	Make an XSpectrum1D from a tuple of numpy arrays or Quantity arrays


	gauss_smooth(fwhm,**kwargs)
	Smooth a spectrum with a Gaussian


	get_local_s2n(wv0[,npix,flux_th,debug])
	It computes the local average signal-to-noise (s2n) over npix pixels around wv0.


	ivar_smooth(window)
	Inverse variance smoothing – port of ivarsmooth from IDL


	normalize(co[,verbose,no_check])
	Normalize the spectrum with an input continuum


	normalized_spec()
	Generate and pass back a normalized version of the spectrum


	perturb_continuum([rel_var,seed])
	Perturb an existing continuum.


	pix_minmax(*args)
	Find pixel indices given a wavelength or velocity range


	plot(**kwargs)
	Plot the spectrum


	rebin(new_wv[,all])
	Rebin to a new wavelength array


	relative_vel(wv_obs)
	Return a velocity array relative to an input wavelength.


	reset_continuum()
	Resets the continuum to its original value.


	set_diagnostics()
	Generate simple diagnostics on the spectrum.


	stitch([idx,scale])
	Combine two or more spectra within the .data array


	unmask()
	Set all mask values to False Useful for some applications (e.g.


	unnormalize()
	Un-normalize the spectrum to the original flux values


	vactoair()
	Convert to air-based wavelengths from vacuum


	write(outfil[,FITS_TABLE])
	Wrapper for writing


	write_to_ascii(outfil[,format])
	Write to a text file.


	write_to_binary_fits_table(outfil[,clobber])
	Write to a binary FITS table.


	write_to_fits(outfil[,select,clobber,...])
	Write to a multi-extension FITS file.


	write_to_hdf5(outfil[,hdf5,clobber,fill_val])
	Write the full data array to an hdf5 file.





Attributes Documentation


	
co

	Return the continuum.  Assumes the flux units






	
co_is_set

	Returns whether a continuum is defined






	
flux

	Return the flux with units






	
header

	Return the header (may be None)






	
ivar

	Return the inverse variance.  Bad pixels have 0 value






	
npix

	Number of unmasked pixels






	
sig

	Return the 1sigma error array.  Adopts the same units as flux






	
sig_is_set

	Returns whether the error array is set






	
wavelength

	Return the wavelength array with units






	
wvmax

	Maximum wavelength






	
wvmin

	Minimum wavelength





Methods Documentation


	
add_noise(seed=None, s2n=None, rstate=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L438]

	Add noise to the spectrum.

Uses the uncertainty array unless s2n is specified.





	Parameters:	seed : int, optional


Seed for the random number generator




s2n : float, optional


S/N per pixel for the output spectrum. If None, use the
uncertainty array.




rstate : RandomState


allows regeneration of the same noise







	Returns:	newspec : A new XSpectrum1D with noise added












	
add_to_hdf5(hdf5, path=u'/', fill_val=0.0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1187]

	Write the full data array to an already open hdf5 file





	Parameters:	hdf5 : h5py.File


If input, outfil is ignored




path : str, optional


Path to the location for writing (useful for using Groups)




fill_val : float, optional


Fill value for masked pixels















	
add_to_mask(add_mask, compressed=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1539]

	Add to the mask of the current exposure
Useful for removing bad pixels





	Parameters:	add_mask : bool ndarray

compressed : bool, optional


Input mask only relates to previously unmasked pixels















	
airtovac()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L479]

	Converts current wavelength array from an assumed air to vacuum wavelength scale





	Returns:	Resultant wavelength array is in AA no matter the input units










	
box_smooth(nbox, preserve=False, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L803]

	Box car smooth the spectrum





	Parameters:	nbox: int


Number of pixels to smooth over




preserve: bool (False)


If True, perform a convolution to ensure the new spectrum
has the same number of pixels as the original.




**kwargs: dict


If preserve=True, these keywords are passed on to
astropy.convoution.convolve







	Returns:	A new XSpectrum1D instance of the smoothed spectrum












	
constant_sig(sigv=0.0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L532]

	Set the uncertainty array to a constant value.





	Parameters:	sigv : float, optional


Scalar sigma value to use.















	
copy(select=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L265]

	Copy the spectrum





	Parameters:	select : int, optional


Allow the user to specify a different spectrum on the copy















	
fit_continuum(knots=None, edges=None, wlim=None, dw=10.0, kind=None, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1322]

	Interactively fit a continuum.


	This sets the following attributes

	
	spec.co: the new continuum

	spec.meta[‘contpoints’]: knots defining the continuum







Use linetools.analysis.interp.AkimaSpline to regenerate the
continuum from the knots.





	Parameters:	knots: list of (x, y) pairs, optional


A list of spline knots to use for the continuum.




edges: list of floats, optional


A list of edges defining wavelength chunks. Spline knots
will be placed at the centre of these chunks. Default
is None, which means it will place equally spaced chunks of
width dw (see below).




wlim : (float, float), optional


Start and end wavelengths for fitting the continuum. Default is
None, which fits the entire spectrum.




dw : float, optional


The approximate distance between spline knots in
Angstroms. Default is 10.




kind : {‘QSO’, None}, optional


If not None, generate spline knots using
linetools.analysis.continuum.find_continuum.




**kwargs : dict


Other keyword arguments are passed to
~linetools.analysis.continuum.find_continuum.  For
kind=’QSO’, allowed keywords are redshift, divmult,
forest_divmult.















	
classmethod from_file(ifile, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L55]

	From file





	Parameters:	ifile : str


Filename















	
classmethod from_spec1d(spec1d)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L70]

	Input Spectrum1D

Avoids error array for now






	
classmethod from_tuple(ituple, sort=True, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L84]

	Make an XSpectrum1D from a tuple of numpy arrays or Quantity arrays





	Parameters:	ituple : (wave,flux), (wave,flux,sig) or (wave,flux,sig,cont)


ndarray or Quantity array
If wave is unitless, Angstroms are assumed
If flux is unitless, it is made dimensionless
The units for sig and co are taken from flux.




sort : bool, optional


Sort by wavelength?















	
gauss_smooth(fwhm, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L851]

	Smooth a spectrum with a Gaussian

Note that the uncertainty array is not smoothed.





	Parameters:	fwhm : float


FWHM of the Gaussian in pixels (unitless)







	Returns:	A new XSpectrum1D instance of the smoothed spectrum












	
get_local_s2n(wv0, npix=50, flux_th=0.0, debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L966]

	It computes the local average signal-to-noise (s2n) over npix pixels around wv0.
If flux_th is given, pixels with fluxes below spec.flux*flux_th are masked out, and
the range is increased until having npix pixels for doing the calculation.





	Parameters:	wv0 : Quantity


Observed wavelength where to perform the calculation.




npix : float or int, optional


Number of pixels to perform the calculation (forced to be int).
The calculation does not take into account those pixel masked when
fl_th is given, in which case the range is increased until having at
least npix good pixels. Default is 50.




flux_th : float or array of same dimension as self.flux, optional


Minimum flux threshold for the S/N estimation. In other words,
pixels with self.flux < flux_th are masked out. This is useful
to exclude strong absorption features that may be present.
If flux_th is float then two things can happen:



	If continuum is defined, we mask self.flux < self.co * flux_th

	If continuum is not defined, we approximate the continuum by smoothing
the spectrum convolving it with a Gaussian kernel of FWHM (in pixels) given
by the maximum between 10*npix and 500.












	Returns:	s2n : float


Local average signal-to-noise




s2n_sig : float


Standard deviation of the s2n measurement















	
ivar_smooth(window)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L882]

	Inverse variance smoothing – port of ivarsmooth from IDL





	Parameters:	window – int


smoothing length in pixels (turned into odd number if even)







	Returns:	spec – XSpectrum1D


New, smoothed spectrum















	
normalize(co, verbose=False, no_check=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L543]

	Normalize the spectrum with an input continuum





	Parameters:	co: numpy array


Continuum.




verbose: bool [False]

no_check: bool [False]


Check size of array?















	
normalized_spec()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L573]

	Generate and pass back a normalized version of the spectrum






	
perturb_continuum(rel_var=0.05, seed=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1483]

	Perturb an existing continuum.

Adds a perturbation to the continuum by adding noise to the
contpoints.  This may be useful for estimating the uncertainty
in the continuum.





	Parameters:	rel_var : float, optional


Relative variation in flux w/r to its original value. This will be
the standard deviation of a Normal distribution added to
the contpoints’ y values. Default is rel_var=0.05 (i.e. 5%).




seed : int, optional


The seed of the (pseudo)random number generator.







	Returns:	Updates self.co with a perturbation.

Note: To reset to the original continuum use reset_continuum()












	
pix_minmax(*args)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L585]

	Find pixel indices given a wavelength or velocity range





	Parameters:	Option 1: wvmnx



	wvmnx: Tuple of 2 floats
wvmin, wvmax in spectral units






Option 2: zabs, wrest, vmnx  [not as a tuple or list!]



	zabs : Absorption redshift

	wrest : Rest wavelength  (with Units!)

	vmnx : Tuple/array/list of 2 Quantities
vmin, vmax in km/s









	Returns:	gdpix, wvmnx, pixmnx



	gdpix: Pixel indices satisfying the cut

	wvmnx: Tuple of the min and max wavelengths

	pixmnx: Tuple of the min and max pixel indices

















	
plot(**kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L631]

	Plot the spectrum





	Parameters:	show : bool


If True (the default), then run the matplotlib.pyplot show
command to display the plot. Disable this if you are running
from a script and wish to delay showing the plot.




xlim : tuple of two floats


The initial x plotting limits (xmin, xmax)




inline : bool


Recommended to use if displaying inline in a Notebook




plot_two : XSpectrum1D


Plot another spectrum




scale_two : float


Scale the 2nd spectrum




xspec : bool


Launch XSpecGUI instead




Other keyword arguments are passed to the matplotlib plot

command.












	
rebin(new_wv, all=False, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L741]

	Rebin to a new wavelength array

Uses simple linear interpolation.  The default (and only)
option conserves counts (and flambda).

WARNING: Do not trust either edge pixel of the new array.
Also be aware that neighboring pixels are likely to be
correlated in a manner that is not described by the error
array.





	Parameters:	new_wv : Quantity array


New wavelength array




do_sig : bool, optional


Rebin error too (if it exists).
S/N is only crudely conserved.
Rejected pixels are propagated.




all : bool, optional


Rebin all spectra in the XSpectrum1D object?
Set masking=’none’ to have the resultant spectra all be regsitered, but note


that there will still be masking










	Returns:	XSpectrum1D of the rebinned spectrum












	
relative_vel(wv_obs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L783]

	Return a velocity array relative to an input wavelength.

Should consider adding a velocity array to this Class,
i.e. self.velo





	Parameters:	wv_obs : Quantity


Wavelength to set the zero of the velocity array.
Often (1+z)*wrest







	Returns:	velo : Quantity array (km/s)












	
reset_continuum()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1523]

	Resets the continuum to its original value.





	Returns:	Updates self.co to its original value.





Notes

This is mainly for use with XSpectrum1D.perturb_continuum






	
set_diagnostics()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L418]

	Generate simple diagnostics on the spectrum.

As a default, the method cuts on good' pixels. Useful for
plotting, quick comparisons, etc. It currently generates only
the minimum and maximum wavelengths. Sets attributes `_wvmin
and _wvmax.






	
stitch(idx=None, scale=1.0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L931]

	Combine two or more spectra within the .data array
Simple logic is used to order them by wavelength if the


order is not specified






	Parameters:	idx : list or ndarray


indices of spectra to stitch and the order to do so
if None, all of the spectra in the .data array will be combined


with simple logic using the wavelengths







scale : float, optional


Scale factor for flux and error array.







	Returns:	spec : XSpectrum1D


The stitched spectrum.















	
unmask()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1558]

	Set all mask values to False
Useful for some applications (e.g. coadding) but dangerous






	
unnormalize()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L567]

	Un-normalize the spectrum to the original flux values






	
vactoair()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L505]

	Convert to air-based wavelengths from vacuum






	
write(outfil, FITS_TABLE=False, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1037]

	Wrapper for writing
Parses the extension to choose the file format





	Parameters:	outfil : str


Allowed extensions are
.fit, .fits – FITS file; set FITS_TABLE=True to format as a binary FITS Table
.hdf5 – HDF5 file
.ascii – ASCII




kwargs












	
write_to_ascii(outfil, format=u'ascii.ecsv', **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1067]

	Write to a text file.





	Parameters:	outfil: str


Filename.















	
write_to_binary_fits_table(outfil, clobber=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1256]

	Write to a binary FITS table.





	Parameters:	outfil : str


Name of the FITS file




clobber : bool (True)


Clobber existing file?















	
write_to_fits(outfil, select=False, clobber=True, fill_val=0.0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1088]

	Write to a multi-extension FITS file.

Writes 2D images for multiple spectra data arrays,
unless select=True.
Otherwise writes 1D arrays





	Parameters:	outfil : str


Name of the FITS file




select : int, optional


Write only the select spectrum.
This will always trigger if there is only 1 spectrum
in the data array




clobber : bool (True)


Clobber existing file?




add_wave : bool (False)


Force writing of wavelengths as array, instead of using FITS
header keywords to specify a wcs.




fill_val : float, optional


Fill value for masked pixels















	
write_to_hdf5(outfil, hdf5=None, clobber=True, fill_val=0.0)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectra/xspectrum1d.py#L1210]

	Write the full data array to an hdf5 file.





	Parameters:	outfil : str


Name of the hdf5




clobber : bool (True)


Clobber existing file?




fill_val : float, optional


Fill value for masked pixels




hdf5 : h5py.File, optional


If input, outfil is ignored
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many_abslines


	
linetools.spectralline.many_abslines(all_wrest, llist)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L707]

	Generate a list of AbsLine objects.

Useful for when you have many lines (>1000) to generate that have
similar wrest.  Uses deepcopy.





	Parameters:	all_wrest : list of lines

llist : LineList




	Returns:	abs_lines : list of AbsLine Objects
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AbsLine


	
class linetools.spectralline.AbsLine(trans, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L552]

	Bases: linetools.spectralline.SpectralLine

Class representing a spectral absorption line.





	Parameters:	trans : Quantity or str


Quantity – Rest wavelength (e.g. 1215.6700*u.AA)
str – Name of transition (e.g. ‘CIV 1548’). For an
unknown transition use string ‘unknown’.










Methods Summary







	generate_voigt([wave])
	Generate a Voigt profile model for the absorption line in a given spectrum.


	measure_aodm([nsig,normalize])
	AODM calculation


	print_specline_type()
	Return a string representing the type of vehicle this is.


	update()
	Fill in a few additional dicts





Methods Documentation


	
generate_voigt(wave=None, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L586]

	Generate a Voigt profile model for the absorption line in
a given spectrum.





	Parameters:	wave : Quantity array


Wavelength array on which to calculate the line
Must be set if self.analy[‘spec’] is not filled







	Returns:	spec : XSpectrum1D


Spectrum with the input wavelength and the absorbed flux















	
measure_aodm(nsig=3.0, normalize=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L618]

	AODM calculation


	It sets these attributes:

	
	self.attrib[ ‘N’, ‘sig_N’, ‘logN’, ‘sig_logN’ ]:
Column densities and errors, linear and log











	Parameters:	nsig : float, optional


Number of sigma significance required for a “detection”




normalize : bool, optional


Normalize first?















	
print_specline_type()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L569]

	Return a string representing the type of vehicle this is.






	
update()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L573]

	Fill in a few additional dicts
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EmLine


	
class linetools.spectralline.EmLine(trans, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L680]

	Bases: linetools.spectralline.SpectralLine

Class representing a spectral emission line.





	Parameters:	trans : Quantity or str


Quantity – Rest wavelength (e.g. 1215.6700*u.AA)
str – Name of transition (e.g. ‘CIV 1548’). For an
unknown transition use string ‘unknown’.










Methods Summary







	update()
	Fill in a few additional dicts





Methods Documentation


	
update()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L694]

	Fill in a few additional dicts
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SpectralLine


	
class linetools.spectralline.SpectralLine(ltype, trans, linelist=None, closest=False, z=0.0, verbose=True, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L49]

	Bases: object [http://docs.python.org/2/library/functions.html#object]

Class for a spectral line. Emission or absorption.





	Parameters:	ltype : str


Type of Spectral line. Abs and Em implemented




trans : Quantity, str


Either the rest wavelength (e.g. 1215.6700*u.AA) or the
transition name (e.g. ‘CIV 1548’)




linelist : LineList, str; optional


A LineList instance or string input to LineList (e.g. ‘HI’)




closest : bool; optional


Take the closest line to input wavelength (Default is False)










Attributes







	ltype
	(str) Type of line, either ‘Abs’ or ‘Em’


	wrest
	(Quantity) Rest wavelength


	z
	(float) Redshift


	attrib
	(dict) Line properties (e.g. column, EW, centroid, RA, Dec)


	analy
	(dict) Analysis inputs (e.g. a spectrum, wavelength limits)


	data
	(dict) Line atomic/molecular data (e.g. f-value, A coefficient, Elow)


	limits
	(LineLimits) Limits including zlim, vlim, wvlim.





Methods Summary







	coincident_line(specline)
	Whether the current SpectralLine overlaps in


	copy()
	Generate a copy


	cut_spec([normalize])
	Cut out a chunk of the spectrum around this line.


	fill_data(trans[,linelist,closest,verbose])
	Fill atomic data and setup analy.


	from_dict(idict[,coord,warn_only,chk_data])
	Initialize from a dict (usually read from disk)


	ismatch(inp[,Zion,RADec])
	Query whether input line matches on:  z, Z, ion, RA, Dec


	measure_ew([flg,initial_guesses])
	Measures the observer frame equivalent width


	measure_kin(**kwargs)
	Measure Kinematics


	measure_restew(**kwargs)
	Measure the rest-frame equivalent width


	setz(z)
	Set redshift wherever it is needed/expected


	to_dict()
	Convert class to dict





Methods Documentation


	
coincident_line(specline)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L506]

	Whether the current SpectralLine overlaps in
observed wavelength space with the given input SpectralLine





	Parameters:	specline : SpectralLine


A SpectralLine object







	Returns:	answer : bool


True if there is overlap in wvobs space, False otherwise.















	
copy()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L528]

	Generate a copy





	Returns:	newline : SpectralLine


copy of the object















	
cut_spec(normalize=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L323]

	Cut out a chunk of the spectrum around this line.





	Parameters:	normalize : bool


Whether to normalize the spectrum (if continuum exists)
Default is False







	Returns:	fx, sig, dict(wave, velo, pix)


Arrays (numpy or Quantity) of flux, error, and wavelength/velocity
The velocity is calculated relative to self.attrib[‘z’]















	
fill_data(trans, linelist=None, closest=False, verbose=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L205]

	Fill atomic data and setup analy.





	Parameters:	trans : Quantity or str


Either a rest wavelength (e.g. 1215.6700*u.AA) or the name
of a transition (e.g. ‘CIV 1548’). For an unknown transition
use string ‘unknown’.




linelist : LineList, optional


Class of linelist or str setting LineList




closest : bool, optional


Take the closest line to input wavelength? [False]















	
classmethod from_dict(idict, coord=None, warn_only=False, chk_data=True, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L82]

	Initialize from a dict (usually read from disk)





	Parameters:	idict : dict


dict with the Line parameters




chk_data : bool, optional


Check atomic data in dict against current values in LineList




warn_only : bool, optional


If the chk_data is performed and the values do not match, only
throw a Warning as opposed to crashing







	Returns:	sline : SpectralLine


SpectralLine of the proper type















	
ismatch(inp, Zion=None, RADec=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L276]

	Query whether input line matches on:  z, Z, ion, RA, Dec





	Parameters:	inp : SpectralLine or tuple



	SpectralLine – Other spectral line for comparison

	tuple – (z, wrest) float, Quantity
e.g. (1.3123, 1215.670*u.AA)






Zion : tuple of ints, optional


Generally used with tuple input, e.g. (6,2)




RADec : tuple of Quantities, optional


Generally used with tuple input e.g. (124.132*u.deg, 29.231*u.deg)







	Returns:	answer : bool


True if a match, else False















	
measure_ew(flg=1, initial_guesses=None)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L374]

	Measures the observer frame equivalent width

Note this requires self.limits to be initialized
Default is simple boxcar integration.
Observer frame, not rest-frame (use measure_restew()
for rest-frame).


	It sets these attributes:

	
	self.attrib[‘EW’, ‘sig_EW’]:
The EW and error in observer frame











	Parameters:	flg : int



	1 – Boxcar integration (default)

	2 – Gaussian fit






initial_guesses : tuple of floats [None]


If a model is chosen (e.g. flg=2, Gaussian) a tuple of
(amplitude, mean, stddev) can be specified.















	
measure_kin(**kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L431]

	Measure Kinematics






	
measure_restew(**kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L419]

	Measure the rest-frame equivalent width

See measure_ew for details.






	
setz(z)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L256]

	Set redshift wherever it is needed/expected
Parameters
———-
z : float






	
to_dict()[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/spectralline.py#L442]

	Convert class to dict





	Returns:	adict : dict


dict representation of the SpectralLine
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between


	
linetools.utils.between(a, vmin, vmax)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L21]

	Return a boolean array True where vmin <= a < vmax.





	Parameters:	a : array of shape N


Input array.




vmin, vmix: float


Minimum and maximum values to test between.







	Returns:	c : array of shape N


Boolean array true where vmin < a < vmax.










Notes

This is a convenience function equivalent to (vmin <= a) & (a < vmax).
Be careful of floating point issues when dealing with equalities.
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convert_quantity_in_dict


	
linetools.utils.convert_quantity_in_dict(idict)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L47]

	Return a dict where Quantities (usually from a JSON file)
have been converted from unit/value





	Parameters:	idict : dict


Input dict







	Returns:	obj : dict or Quantity
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give_dv


	
linetools.utils.give_dv(z, zmean, rel=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L333]

	Gives velocity difference between z and zmean,
at zmean.


	z : float or np.array

	Redshifts to calculate dv on

	zmean : float or np.array

	Rest-frame redshift to perform the calculation.
If shape of zmean is equal than shape of z,
each dv is calculated at each zmean, otherwise zmean
is expected to be float

	rel : bool, optional

	Whether to apply relativistic correction for
a locally flat space-time. Default is True.







	Returns:	dv : Quantity or Quantity array


Rest frame velocity difference between z and zmean, at
zmean. It has same shape as z.
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give_dz


	
linetools.utils.give_dz(dv, zmean, rel=True)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L366]

	Gives redshift difference for a given
velocity difference(s) at zmean.


	dv : Quantity or Quantity array

	Rest-frame velocity at zmean to calculate
the corresponding redshift difference, dz

	zmean : float or np.array

	Redshift to perform the calculation.
If shape of zmean is equal than shape of dv,
each dv is calculated at each zmean, otherwise zmean
is expected to be float

	rel : bool, optional

	Whether to apply relativistic correction for
a locally flat space-time. Default is True.



Returns
dz : np.array


Redshift difference between dv and zmean, at zmean.
Same shape as dv.
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jsonify


	
linetools.utils.jsonify(obj, debug=False)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L147]

	Recursively process an object so it can be serialised in json
format.

WARNING - the input object may be modified if it’s a dictionary or
list!





	Parameters:	obj : any object

debug : bool, optional




	Returns:	obj - the same obj is json_friendly format (arrays turned to

lists, np.int64 converted to int, np.float64 to float, and so on).
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loadjson


	
linetools.utils.loadjson(filename)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L244]

	Load a python object saved with savejson.
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overlapping_chunks


	
linetools.utils.overlapping_chunks(chunk1, chunk2)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L408]

	True if there is overlap between chunks
chunk1 and chunk2. Otherwise False. Chunks are
assumed to represent continuous coverage, so the only
information that matters are the minimum and maximum
values of a given chunk. Chunks must be sorted though.





	Parameters:	chunk1 : tuple, list, 1-d np.array, Quantity, Quantity array


A given chunk, assumed to represent a contiguous region
so only its minimum and maximum values matter. Still,
chunk must be sorted.




chunk2 : tuple, list, 1-d np.array


Ditto.







	Returns:	answer : bool


True if there is overlap, False otherwise.
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radec_to_coord


	
linetools.utils.radec_to_coord(radec)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L70]

	Converts one of many of Celestial Coordinates
radec formats to an astropy SkyCoord object. Assumes
J2000 equinox.





	Parameters:	radec : str or tuple


Examples:
‘J124511+144523’,
‘124511+144523’,
‘J12:45:11+14:45:23’,
(‘12:45:11’,’+14:45:23’)
(‘12 45 11’, +14 45 23)
(‘12:45:11’,‘14:45:23’)  – Assumes positive DEC







	Returns:	coord : SkyCoord















          

      

      

    


    
         Copyright 2016, The linetools developers.
      Last updated on 03 Nov 2016.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	linetools v0.2.dev1393 

          	The linetools API 
 
      

    


    
      
          
            
  
rel_vel


	
linetools.utils.rel_vel(wavelength, wv_obs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L256]

	Simple relative velocity method





	Parameters:	wavelength : Quantity array

wv_obs : Quantity
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savejson


	
linetools.utils.savejson(filename, obj, overwrite=False, indent=None, easy_to_read=False, **kwargs)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L204]

	Save a python object to filename using the JSON encoder.





	Parameters:	filename : str

obj : object


Frequently a dict




overwrite : bool, optional

indent : int, optional


Input to json.dump




easy_to_read : bool, optional


Another approach and obj must be a dict




kwargs : optional


Passed to json.dump
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scipy_rebin


	
linetools.utils.scipy_rebin(a, *args)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L128]

	Simple script to rebin an input array to a new shape.

Akin to IDL’s routine Taken from scipy documentation:
http://wiki.scipy.org/Cookbook/Rebinning As in IDL, the new shape
must be a factor of the old one.  The ugly ‘evList trick’ builds
and executes a python command.
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v_from_z


	
linetools.utils.v_from_z(z1, z2)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L274]

	Find the relativistic velocity between 2 redshifts.





	Parameters:	z1 : float


One redshift.




z2 : float or array


Other redshift(s)







	Returns:	v : Quantity (km/s)


Velocity
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z_from_v


	
linetools.utils.z_from_v(z, v)[source][edit on github] [http://github.com/linetools/linetools/tree/master/linetools/utils.py#L298]

	Find the redshift given z and v





	Parameters:	z : float or array


Redshift




v : Quantity or float or array or array of Quantity


Velocities. If not Quantity it assumes km/s units.







	Returns:	z : float or array


New redshifts
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AbsLine Class



Notebooks




		Simple Examples










Overview


This Class is a child of the abstract
SpectralLine Class Class.  See that
documentation for the base methods.


AbsLine is designed to organize and analyze an absorption line.
In addition to the attributes defaulted to SpectralLine,
this class has:










		Property
		Variable
		Type
		Description





		Doppler param.
		attrib[‘b’]
		Quantity
		Doppler parameter



		b sigma
		attrib[‘sig_b’]
		Quantity
		1 sigma uncertainty in b



		Column density
		attrib[‘N’]
		Quantity
		Column density



		N sigma
		attrib[‘sig_N’]
		Quantity
		1 sigma uncertainty in N



		N flag
		attrib[‘flag_N’]
		int
		Column density flag










Instantiation



from_dict


Instantiate from a dict.  The keys ltype (‘Abs’)
and trans are required.





fill_data







Attributes


See the Table above.  logN and sig_logN are commonly used
as well.





Plots





Methods



generate_voigt





measure_aodm







Output
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Examples for AbsLine class (v1.2)


Download this notebook.


# suppress warnings for these examples
import warnings
warnings.filterwarnings('ignore')

# import
import astropy.units as u
from linetools.spectralline import AbsLine, SpectralLine
from linetools import spectralline as ltsp
from linetools.spectra.xspectrum1d import XSpectrum1D







Generate a line


abslin = AbsLine(1548.195*u.AA)
abslin






linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/morton03_table2.fits.gz
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/morton00_table2.fits.gz
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/verner96_tab1.fits.gz
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/verner94_tab6.fits
linetools.lists.parse: Reading linelist ---
   /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/data/lines/EUV_lines.ascii
read_sets: Using set file --
  /Users/ncrighton/Code/Repo/linetools/build/lib.macosx-10.5-x86_64-3.4/linetools/lists/sets/llist_v1.0.ascii






<AbsLine: CIV 1548, wrest=1548.1950 Angstrom>







Data


abslin.data






{'A': <Quantity 0.0 1 / s>,
 'Am': 0,
 'Ej': <Quantity 0.0 1 / cm>,
 'Ek': <Quantity 0.0 1 / cm>,
 'Ex': <Quantity 0.0 1 / cm>,
 'Jj': 0.0,
 'Jk': 0.0,
 'Ref': 'Verner1994',
 'Z': 6,
 'col0': masked,
 'col7': masked,
 'el': 0,
 'f': 0.18999999761581421,
 'gamma': <Quantity 0.0 1 / s>,
 'gj': 2,
 'gk': 4,
 'group': 1,
 'ion': 4,
 'mol': '',
 'name': 'CIV 1548',
 'nj': 0,
 'nk': 0,
 'wrest': <Quantity 1548.195 Angstrom>}









As dict


abslin = AbsLine(1548.195*u.AA)
tmp = abslin.to_dict()
tmp






{'analy': {'datafile': '',
  'do_analysis': 1,
  'flag_kin': 0,
  'flg_eye': 0,
  'flg_limit': 0,
  'name': 'CIV 1548',
  'vlim': {'unit': 'km / s', 'value': [0.0, 0.0]},
  'wvlim': {'unit': 'Angstrom', 'value': [0.0, 0.0]}},
 'attrib': {'DEC': 0.0,
  'EW': {'unit': 'Angstrom', 'value': 0.0},
  'N': {'unit': '1 / cm2', 'value': 0.0},
  'RA': 0.0,
  'b': {'unit': 'km / s', 'value': 0.0},
  'flag_EW': 0,
  'flag_N': 0,
  'sig_EW': {'unit': 'Angstrom', 'value': 0.0},
  'sig_N': {'unit': '1 / cm2', 'value': 0.0},
  'sig_b': {'unit': 'km / s', 'value': 0.0},
  'sig_v': {'unit': 'km / s', 'value': 0.0},
  'sig_z': 0.0,
  'v': {'unit': 'km / s', 'value': 0.0},
  'z': 0.0},
 'data': {'A': {'unit': '1 / s', 'value': 0.0},
  'Am': 0,
  'Ej': {'unit': '1 / cm', 'value': 0.0},
  'Ek': {'unit': '1 / cm', 'value': 0.0},
  'Ex': {'unit': '1 / cm', 'value': 0.0},
  'Jj': 0.0,
  'Jk': 0.0,
  'Ref': 'Verner1994',
  'Z': 6,
  'el': 0,
  'f': 0.18999999761581421,
  'gamma': {'unit': '1 / s', 'value': 0.0},
  'gj': 2,
  'gk': 4,
  'group': 1,
  'ion': 4,
  'mol': '',
  'name': 'CIV 1548',
  'nj': 0,
  'nk': 0,
  'wrest': {'unit': 'Angstrom', 'value': 1548.195}},
 'ltype': 'Abs',
 'name': 'CIV 1548',
 'wrest': {'unit': 'Angstrom', 'value': 1548.195}}









From dict


tmp2 = SpectralLine.from_dict(tmp)
tmp2






<AbsLine: CIV 1548, wrest=1548.1950 Angstrom>











Measure an EW


# Set spectrum
abslin.analy['spec'] = XSpectrum1D.from_file('../../linetools/spectra/tests/files/UM184_nF.fits')






# Set analysis range
abslin.analy['wvlim'] = [6080.78, 6087.82]*u.AA






# Measure
abslin.measure_ew() # Observer frame
print('EW = {:g} with error {:g}'.format(abslin.attrib['EW'],abslin.attrib['sig_EW']))






EW = 0.993502 Angstrom with error 0.0527114 Angstrom









Measure AODM


abslin.analy['wvlim'] = [0.,0.]*u.AA # Zero out for test
#
abslin.analy['spec'] = lsio.readspec('../../linetools/spectra/tests/files/UM184_nF.fits')
abslin.analy['vlim'] = (-150., 150.)*u.km/u.s
abslin.attrib['z'] = 2.92929






abslin.measure_aodm()
N, sigN, flgN = [abslin.attrib[key] for key in ['N','sig_N','flag_N']]
print('logN = {:g}, siglogN = {:g}'.format(abslin.attrib['logN'], abslin.attrib['sig_logN']))






logN = 13.9051, siglogN = 0.0207026
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EmLine Class



Notebooks












Overview


This Class is a child of the abstract
SpectralLine Class Class.  See that
documentation for the base methods.


EmLine is designed to organize and analyze an emission line.
In addition to the attributes defaulted to SpectralLine,
this class has:










		Property
		Variable
		Type
		Description





		Flux
		attrib[‘flux’]
		Quantity
		Line flux (erg/s)



		Flux sigma
		attrib[‘sig_flux’]
		Quantity
		1 sigma uncertainty in flux



		Flux flag
		attrib[‘flag_flux’]
		int
		Flux flag










Instantiation


The typical way to instantiate is a standard call with the
rest wavelength or name of the transition:


emisslin = EmLine('Halpha')
emisslin = EmLine(6564.613*u.AA)






By default the class searches the Galaxy LineList.



from_dict


Instantiate from a dict.  The keys ltype (‘Em’)
and trans are required.





fill_data







Attributes


See the Table above.





Plots





Methods





Output
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  Source code for linetools.spectralline

""" Classes for an emission or absorption spectral line
"""
from __future__ import print_function, absolute_import, division, unicode_literals

# Python 2 & 3 compatibility
try:
    basestring
except NameError:
    basestring = str

import numpy as np
import copy
import pdb
import warnings

from astropy import units as u
from astropy.units import Quantity
from astropy.coordinates import SkyCoord

from linetools.analysis import utils as lau
from linetools.analysis import absline as laa
from linetools.analysis.linelimits import LineLimits
from linetools.lists.linelist import LineList
from linetools import utils as ltu
from linetools.spectra.xspectrum1d import XSpectrum1D

# A few globals to speed up performance (astropy.Quantity issue)
zero_coord = SkyCoord(ra=0.*u.deg, dec=0.*u.deg)  # Coords
init_analy = {
            'spec': None,              # Analysis inputs (e.g. spectrum; from .clm file or AbsID)
            'flag_kin': 0,             # Use for kinematic analysis?
            'do_analysis': 1           # Analyze?
            }
init_attrib = {
            'coord': zero_coord,                           # Coords
            'z': 0., 'sig_z': 0.,                           # Redshift
            'v': 0.*u.km/u.s, 'sig_v': 0.*u.km/u.s,        # rest-frame velocity relative to z
            'EW': 0.*u.AA, 'sig_EW': 0.*u.AA, 'flag_EW': 0 # EW
            }

abs_attrib = {'N': 0./u.cm**2, 'sig_N': 0./u.cm**2, 'flag_N': 0, # Column    ## NOT ENOUGH SPEED-UP
              'logN': 0., 'sig_logN': 0.,
                    'b': 0.*u.km/u.s, 'sig_b': 0.*u.km/u.s  # Doppler
                    }

emiss_attrib = {'flux': 0.*u.erg/u.s, 'sig_flux': 0.*u.erg/u.s, 'flag_flux': 0,
                }

[docs]class SpectralLine(object):
    """ Class for a spectral line. Emission or absorption.

    Parameters
    ----------
    ltype : str
        Type of Spectral line. `Abs` and `Em` implemented
    trans : Quantity, str
        Either the rest wavelength (e.g. 1215.6700*u.AA) or the
        transition name (e.g. 'CIV 1548')
    linelist : LineList, str; optional
        A LineList instance or string input to LineList (e.g. 'HI')
    closest : bool; optional
        Take the closest line to input wavelength (Default is False)

    Attributes
    ----------
    ltype : str
        Type of line, either 'Abs' or 'Em'
    wrest : Quantity
        Rest wavelength
    z : float
        Redshift
    attrib : dict
        Line properties (e.g. column, EW, centroid, RA, Dec)
    analy : dict
        Analysis inputs (e.g. a spectrum, wavelength limits)
    data : dict
        Line atomic/molecular data (e.g. f-value, A coefficient, Elow)
    limits : LineLimits
        Limits including zlim, vlim, wvlim.
    """

    @classmethod
[docs]    def from_dict(cls, idict, coord=None, warn_only=False, chk_data=True, **kwargs):
        """ Initialize from a dict (usually read from disk)

        Parameters
        ----------
        idict : dict
          dict with the Line parameters
        chk_data : bool, optional
          Check atomic data in dict against current values in LineList
        warn_only : bool, optional
          If the chk_data is performed and the values do not match, only
          throw a Warning as opposed to crashing

        Returns
        -------
        sline : SpectralLine
         SpectralLine of the proper type

        """
        # Init
        if idict['ltype'] == 'Abs':
            # TODO: remove this try/except eventually
            try:
                sline = AbsLine(idict['name'], **kwargs)
            except KeyError: #  This is to be compatible JSON files already written with old notation (e.g. DLA H100)
                sline = AbsLine(idict['trans'], **kwargs)
        elif idict['ltype'] == 'Em':
            sline = EmLine(idict['name'], **kwargs)
        else:
            raise ValueError("Not prepared for type {:s}.".format(idict['ltype']))
        # Check data
        if chk_data:
            for key in idict['data']:
                if isinstance(idict['data'][key], dict):  # Assume Quantity
                    val = idict['data'][key]['value']
                else:
                    val = idict['data'][key]
                try:
                    assert sline.data[key] == val
                except AssertionError:
                    if warn_only:
                        warnings.warn("Different data value for {:s}: {}, {}".format(key,sline.data[key],val))
        # Set analy
        for key in idict['analy'].keys():
            if isinstance(idict['analy'][key], dict):  # Assume Quantity
                #sline.analy[key] = Quantity(idict['analy'][key]['value'],
                #                             unit=idict['analy'][key]['unit'])
                #pdb.set_trace()
                sline.analy[key] = ltu.convert_quantity_in_dict(idict['analy'][key])
            elif key == 'spec_file':
                # spec_file is intended to be the name of the spectrum file
                # spec is intendended to hold an XSpectrum1D object
                warnings.warn("You will need to load {:s} into analy['spec'] yourself".format(
                        idict['analy'][key]))
                sline.analy[key] = idict['analy'][key]
            else:
                sline.analy[key] = idict['analy'][key]

        # Set attrib
        for key in idict['attrib'].keys():
            if isinstance(idict['attrib'][key], dict):
                sline.attrib[key] = ltu.convert_quantity_in_dict(idict['attrib'][key])
            elif key in ['RA','DEC']:
                if coord is None:
                    sline.attrib['coord'] = SkyCoord(ra=idict['attrib']['RA']*u.deg,
                                                  dec=idict['attrib']['DEC']*u.deg)
                else:
                    sline.attrib['coord'] = coord
            else:
                sline.attrib[key] = idict['attrib'][key]

        # Set limits
        sline.limits._z = sline.attrib['z']
        try:  # this try is for compatibility with previous versions w/o limits
            for key in idict['limits']:
                if isinstance(idict['limits'][key], dict):
                    qlim = ltu.convert_quantity_in_dict(idict['limits'][key])
                    sline.limits.set(qlim)
                    break  # only one limit is needed to define them all
                else:
                    sline.limits.set(idict['limits'][key])  # this is zlim
                    break  # only one limit is needed to define them all
        except KeyError:
            if 'vlim' in sline.analy.keys():  # Backwards compatability
                if sline.analy['vlim'][1] > sline.analy['vlim'][0]:
                    sline.limits.set(sline.analy['vlim'])
            elif 'wvlim' in sline.analy.keys():  # Backwards compatability
                if sline.analy['wvlim'][1] > sline.analy['wvlim'][0]:
                    sline.limits.set(sline.analy['wvlim'])
        return sline


    # Initialize with wavelength
    def __init__(self, ltype, trans, linelist=None, closest=False, z=0.,
                 verbose=True, **kwargs):

        # Required
        self.ltype = ltype
        if ltype not in ['Abs', 'Em']:
            raise ValueError('spec/lines: Not ready for type {:s}'.format(ltype))

        # Init
        if not isinstance(trans,(Quantity,basestring)):
            raise ValueError('Rest wavelength must be a Quantity or str')

        # Other
        self.data = {} # Atomic/Molecular Data (e.g. f-value, A coefficient, Elow)
        self.analy = init_analy.copy()
        self.attrib = init_attrib.copy()
        self.attrib['z'] = z

        # Fill data
        self.fill_data(trans, linelist=linelist, closest=closest, verbose=verbose)
        # Limits
        try:
            zlim = kwargs['zlim']
        except KeyError:
            zlim = [z,z]
        if ltype in ['Abs', 'Em']:
            self.limits = LineLimits.from_specline(self, zlim)
        else:
            raise ValueError('Not ready to set limits for this type')

[docs]    def fill_data(self, trans, linelist=None, closest=False, verbose=True):
        """ Fill atomic data and setup analy.

        Parameters
        ----------
        trans : Quantity or str
          Either a rest wavelength (e.g. 1215.6700*u.AA) or the name
          of a transition (e.g. 'CIV 1548'). For an unknown transition
          use string 'unknown'.
        linelist : LineList, optional
          Class of linelist or str setting LineList
        closest : bool, optional
          Take the closest line to input wavelength? [False]
        """

        # Deal with LineList
        if linelist is None:
            if self.ltype == 'Abs':
                llist = LineList('ISM')
            elif self.ltype == 'Em':
                llist = LineList('Galaxy')
            else:
                raise ValueError("Not ready for ltype = {:s}".format(self.ltype))
        elif isinstance(linelist,basestring):
            llist = LineList(linelist)
        elif isinstance(linelist,LineList):
            llist = linelist
        else:
            raise ValueError('Bad input for linelist')

        # Closest?
        llist.closest = closest

        # Data
        newline = llist[trans]
        if newline is None:
            raise ValueError("Transition {} not found in LineList {:s}".format(trans, llist.list))
        try:
            self.data.update(newline)  # Expected to be a LineList dict object
        except TypeError:
            raise TypeError("Probably should not be here")


        # Update
        self.wrest = self.data['wrest']
        self.name = self.data['name']

        #
        self.update()



[docs]    def setz(self, z):
        """ Set redshift wherever it is needed/expected
        Parameters
        ----------
        z : float

        Returns
        -------

        """
        if not isinstance(z,float):
            raise IOError("Input redshift needs to be a float")
        # Set
        self.attrib['z'] = z
        self.limits._z = z
        # Warning?
        if self.limits.is_set():
            warnings.warn("Consider whether to update the limits of this line")



[docs]    def ismatch(self, inp, Zion=None, RADec=None):
        """Query whether input line matches on:  z, Z, ion, RA, Dec

        Parameters
        ----------
        inp : SpectralLine or tuple
          * SpectralLine -- Other spectral line for comparison
          * tuple -- (z, wrest) float, Quantity
            e.g. (1.3123, 1215.670*u.AA)
        Zion : tuple of ints, optional
          Generally used with tuple input, e.g. (6,2)
        RADec : tuple of Quantities, optional
          Generally used with tuple input e.g. (124.132*u.deg, 29.231*u.deg)

        Returns
        -------
        answer : bool
          True if a match, else False
        """
        coord = None
        if isinstance(inp, SpectralLine):
            wrest = inp.wrest
            z = inp.attrib['z']
            if Zion is None:
                Zion = (inp.data['Z'], inp.data['ion'])
            if RADec is None:
                coord = inp.attrib['coord']
        elif isinstance(inp, tuple):
            z = inp[0]
            wrest = inp[1]
        else:
            raise ValueError('ismatch: Bad input')

        # Queries
        answer = ( np.allclose(self.wrest.to(u.AA).value,
                               wrest.to(u.AA).value) &
            np.allclose(self.attrib['z'], z, rtol=1e-6))
        if Zion is not None:
            answer = answer & (self.data['Z'] == Zion[0]) & (self.data['ion'] == Zion[1])
        if (coord is not None) or (RADec is not None):
            if coord is None:
                coord = SkyCoord(ra=RADec[0], dec=RADec[1])
            answer = (answer & (coord.separation(self.attrib['coord']) < 0.1*u.arcsec))

        # Return
        return answer


[docs]    def cut_spec(self, normalize=False):
        """ Cut out a chunk of the spectrum around this line.

        Parameters
        ----------
        normalize : bool
            Whether to normalize the spectrum (if continuum exists)
            Default is False

        Returns
        -------
        fx, sig, dict(wave, velo, pix)
            Arrays (numpy or Quantity) of flux, error, and wavelength/velocity
            The velocity is calculated relative to self.attrib['z']
        """

        # Checks
        if self.analy['spec'] is None:
            raise ValueError('spectralline.cut_spec: Need to set spectrum!')
        if self.analy['spec'].wavelength.unit == 1.:
            raise ValueError('Expecting a unit!')

        # Pixels for evaluation
        if self.limits.is_set():
            pix = self.analy['spec'].pix_minmax(self.limits.wvlim)[0]
        else:
            raise ValueError('spectralline.cut_spec: Need to set limits!')
        self.analy['pix'] = pix

        # Normalize?
        if normalize:
            sv_normed = self.analy['spec'].normed
            self.analy['spec'].normed = True

        # Cut for analysis
        fx = self.analy['spec'].flux[pix]
        sig = self.analy['spec'].sig[pix]
        wave = self.analy['spec'].wavelength[pix]

        # Velocity array created within the XSpectrum1D class and cut afterwards
        self.analy['spec'].velo = self.analy['spec'].relative_vel(
            self.wrest*(1 + self.attrib['z']))
        velo = self.analy['spec'].velo[pix]

        # Set it back
        if normalize:
            self.analy['spec'].normed = sv_normed

        # Return
        return fx, sig, dict(wave=wave, velo=velo, pix=pix)


[docs]    def measure_ew(self, flg=1, initial_guesses=None):
        """ Measures the observer frame equivalent width

        Note this requires self.limits to be initialized
        Default is simple boxcar integration.
        Observer frame, not rest-frame (use measure_restew()
        for rest-frame).

        It sets these attributes:
           * self.attrib['EW', 'sig_EW']:
             The EW and error in observer frame

        Parameters
        ----------
        flg : int
            * 1 -- Boxcar integration (default)
            * 2 -- Gaussian fit
        initial_guesses : tuple of floats [None]
          If a model is chosen (e.g. flg=2, Gaussian) a tuple of
          (amplitude, mean, stddev) can be specified.

        """
        # Cut spectrum
        fx, sig, xdict = self.cut_spec(normalize=True)
        wv = xdict['wave']
        # Check that there is sufficient data
        if len(fx) <= 1:
            warnings.warn("Spectrum does not cover {:g}".format(self.wrest))
            self.attrib['EW'] = 0.
            self.attrib['sig_EW'] = -1
            return

        # Calculate
        if flg == 1: # Boxcar
            EW, sig_EW = lau.box_ew( (wv, fx, sig) )
        elif flg == 2: #Gaussian
            EW, sig_EW = lau.gaussian_ew( (wv, fx, sig), self.ltype, initial_guesses=initial_guesses)
        else:
            raise ValueError('measure_ew: Not ready for this flag {:d}'.format(flg))

        # Fill
        self.attrib['flag_EW'] = 1
        self.attrib['EW'] = EW
        self.attrib['sig_EW'] = sig_EW


[docs]    def measure_restew(self, **kwargs):
        """  Measure the rest-frame equivalent width

        See `~measure_ew` for details.
        """
        # Standard call
        self.measure_ew(**kwargs)

        # Push to rest-frame
        self.attrib['EW'] = self.attrib['EW'] / (self.attrib['z']+1)
        self.attrib['sig_EW'] = self.attrib['sig_EW'] / (self.attrib['z']+1)


[docs]    def measure_kin(self, **kwargs):
        """  Measure Kinematics
        """
        from linetools.analysis import abskin
        fx, sig, cdict = self.cut_spec()
        stau = abskin.generate_stau(cdict['velo'], fx, sig, **kwargs)
        # Measure
        kin_data = abskin.pw97_kin(cdict['velo'], stau, **kwargs)
        # Save
        self.attrib['kin'] = kin_data


[docs]    def to_dict(self):
        """ Convert class to dict

        Returns
        -------
        adict : dict
         dict representation of the SpectralLine
        """
        from numpy.ma.core import MaskedConstant
        from astropy.units import Quantity
        # Starting
        adict = dict(ltype=self.ltype, analy=dict(), attrib=dict(), data=dict(),\
                     limits=dict(), name=self.name, wrest=dict(value=self.wrest.value,\
                                                  unit=self.wrest.unit.to_string()))
        # Data
        for key in self.data:
            # Skip masked values
            if isinstance(self.data[key], MaskedConstant):
                continue
            # Quantity
            elif isinstance(self.data[key], Quantity):
                adict['data'][key] = dict(value=self.data[key].value,
                                          unit=self.data[key].unit.to_string())
            else:
                adict['data'][key] = self.data[key]
        # Attrib
        for key in self.attrib:
            if key == 'coord':
                adict['attrib']['RA'] = self.attrib['coord'].ra.value
                adict['attrib']['DEC'] = self.attrib['coord'].dec.value
            elif isinstance(self.attrib[key], Quantity):
                adict['attrib'][key] = dict(value=self.attrib[key].value,
                                            unit=self.attrib[key].unit.to_string())
            else:
                adict['attrib'][key] = self.attrib[key]
        # Analysis
        for key in self.analy:
            if key == 'spec':
                if isinstance(self.analy['spec'], basestring):
                    adict['analy']['spec_file'] = self.analy['spec']
                elif isinstance(self.analy['spec'], XSpectrum1D):
                    adict['analy']['spec_file'] = self.analy['spec'].filename
                else:
                    pass
            elif isinstance(self.analy[key], Quantity):
                adict['analy'][key] = dict(value=self.analy[key].value,
                                            unit=self.analy[key].unit.to_string())
            else:
                adict['analy'][key] = self.analy[key]

        # Limits
        for key in self.limits._data.keys():
            if isinstance(self.limits._data[key], Quantity):
                adict['limits'][key] = dict(value=self.limits._data[key].value,
                                            unit=self.limits._data[key].unit.to_string())
            else:
                adict['limits'][key] = self.limits._data[key]


        # Polish for JSON
        adict = ltu.jsonify(adict)
        # Return
        return adict


[docs]    def coincident_line(self, specline):
        """Whether the current SpectralLine overlaps in
        observed wavelength space with the given input SpectralLine

        Parameters
        ----------
        specline : SpectralLine
            A SpectralLine object

        Returns
        -------
        answer : bool
          True if there is overlap in wvobs space, False otherwise.

        """
        if not self.limits.is_set():
            raise ValueError("{} has not set its limits!".format(self.__repr__()))
        if not specline.limits.is_set():
            raise ValueError("{} has not set its limits!".format(specline.__repr__()))

        return ltu.overlapping_chunks(self.limits.wvlim, specline.limits.wvlim)


[docs]    def copy(self):
        """ Generate a copy

        Returns
        -------
        newline : SpectralLine
          copy of the object
        """
        return copy.deepcopy(self)  # Cheat for now


    def __repr__(self):
        txt = '<{:s}:'.format(self.__class__.__name__)
        try:
            txt = txt+' {:s},'.format(self.data['name'])
        except KeyError:
            pass
        # z
        txt = txt + ' z={:.4f}'.format(self.attrib['z'])
        #
        txt = txt + ' wrest={:g}'.format(self.wrest)
        txt = txt + '>'
        return (txt)



[docs]class AbsLine(SpectralLine):
    """Class representing a spectral absorption line.

    Parameters
    ----------
    trans : Quantity or str
        Quantity -- Rest wavelength (e.g. 1215.6700*u.AA)
        str -- Name of transition (e.g. 'CIV 1548'). For an
        unknown transition use string 'unknown'.
    """
    def __init__(self, trans, **kwargs):
        # Generate with type

        # need to use super here. (See
        # http://docs.astropy.org/en/stable/development/codeguide.html#super-vs-direct-example)
        super(AbsLine, self).__init__('Abs', trans, **kwargs)

[docs]    def print_specline_type(self):
        """ Return a string representing the type of vehicle this is."""
        return 'AbsLine'


[docs]    def update(self):
        """ Fill in a few additional dicts
        """
        self.analy.update( {
            'flg_eye': 0,
            'flg_limit': 0, # No limit
            'datafile': '',
            'name': self.data['name']
        })

        # Additional fundamental attributes for Absorption Line
        self.attrib.update(abs_attrib.copy())


[docs]    def generate_voigt(self, wave=None, **kwargs):
        """ Generate a Voigt profile model for the absorption line in
        a given spectrum.

        Parameters
        ----------
        wave : Quantity array
          Wavelength array on which to calculate the line
          Must be set if self.analy['spec'] is not filled

        Returns
        -------
        spec : XSpectrum1D
          Spectrum with the input wavelength and the absorbed flux
        """
        from linetools.analysis import voigt as lav
        # Checks
        if self.attrib['N'] < 1./u.cm**2:
            raise ValueError("Need to initialize log column density in attrib['N']")
        if self.attrib['b'] < 1.*u.km/u.s:
            raise ValueError("Need to initialize Doppler parameter in attrib['b']")
        if wave is None:
            # Assume a spectrum has been loaded already
            try:
                wave = self.analy['spec'].wavelength
            except:
                raise ('You must provide a wavelength array in generate_voigt')

        # Main call
        spec = lav.voigt_from_abslines(wave, self, **kwargs)
        return spec


[docs]    def measure_aodm(self, nsig=3., normalize=True):
        """ AODM calculation

        It sets these attributes:
          * self.attrib[ 'N', 'sig_N', 'logN', 'sig_logN' ]:
            Column densities and errors, linear and log

        Parameters
        ----------
        nsig : float, optional
          Number of sigma significance required for a "detection"
        normalize : bool, optional
          Normalize first?
        """
        # Cut spectrum
        fx, sig, xdict = self.cut_spec(normalize=normalize)
        velo = xdict['velo']
        # Check that there is sufficient data
        if len(fx) <= 1:
            warnings.warn("Spectrum does not cover {:g}".format(self.wrest))
            self.attrib['flag_N'] = 0
            return

        # Calculate
        N, sig_N, flg_sat = laa.aodm((velo, fx, sig), (self.wrest,self.data['f']))

        # Flag
        if flg_sat:
            self.attrib['flag_N'] = 2
        else:
            if N > nsig*sig_N:
                self.attrib['flag_N'] = 1
            else:
                self.attrib['flag_N'] = 3

        # Values
        self.attrib['N'] = N
        self.attrib['sig_N'] = sig_N

        # Log
        laa.log_clm(self.attrib)


    def __repr__(self):
        txt = '<{:s}:'.format(self.__class__.__name__)
        # Name
        try:
            txt = txt+' {:s},'.format(self.data['name'])
        except KeyError:
            pass
        # z
        txt = txt + ' z={:.4f}'.format(self.attrib['z'])
        # wrest
        txt = txt + ' wrest={:.4f}'.format(self.wrest)
        # fval
        try:
            txt = txt+', f={:g}'.format(self.data['fval'])
        except KeyError:
            pass
        txt = txt + '>'
        return (txt)



[docs]class EmLine(SpectralLine):
    """Class representing a spectral emission line.

    Parameters
    ----------
    trans : Quantity or str
        Quantity -- Rest wavelength (e.g. 1215.6700*u.AA)
        str -- Name of transition (e.g. 'CIV 1548'). For an
        unknown transition use string 'unknown'.
    """
    def __init__(self, trans, **kwargs):
        # Generate with type
        super(EmLine, self).__init__('Em', trans, **kwargs)

[docs]    def update(self):
        """ Fill in a few additional dicts
        """
        #
        self.analy.update( {
            'datafile': '',
            'name': self.data['name']
            })

        # Additional fundamental attributes for Emission Line
        self.attrib.update(emiss_attrib.copy())




[docs]def many_abslines(all_wrest, llist):
    """Generate a list of AbsLine objects.

    Useful for when you have many lines (>1000) to generate that have
    similar wrest.  Uses deepcopy.

    Parameters
    ----------
    all_wrest : list of lines
    llist : LineList

    Returns
    -------
    abs_lines : list of AbsLine Objects
    """
    # Find unique lines
    wrestv =  np.array([iwrest.value for iwrest in all_wrest]) 
    uniq_wrest = np.unique( wrestv )

    # Generate a simple dict
    adict = {}
    unit = all_wrest[0].unit
    for iuni in uniq_wrest:
        adict[iuni] = AbsLine(iuni*unit,linelist=llist)

    # Copy em up
    abs_lines = []
    for iwrestv in wrestv:
        abs_lines.append(copy.deepcopy(adict[iwrestv]))

    # Return
    return abs_lines
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  Source code for linetools.spectra.xspectrum1d

"""Module containing the XSpectrum1D class
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
import pdb
import json
import warnings


from astropy import units as u
from astropy.units import Quantity, UnitBase
from astropy import constants as const
from astropy.io import fits
#from astropy.nddata import StdDevUncertainty
from astropy.table import QTable, Column, Table

import linetools.utils as liu

from .plotting import get_flux_plotrange
from .utils import meta_to_disk

from ..analysis.interactive_plot import InteractiveCoFit
from ..analysis.continuum import prepare_knots
from ..analysis.continuum import find_continuum
from ..analysis.interp import AkimaSpline
eps = np.finfo(float).eps


[docs]class XSpectrum1D(object):
    """ A Class containing 1D spectra and associated methods

    Parameters
    ----------
    data : `~numpy.ma.ndarray`
        Structured, masked array containing all of the data
        This can be a set of 1D spectra

    meta : `dict`-like object, optional
        Metadata for this object.  "Metadata" here means all information that
        is included with this object but not part of any other attribute
        of this particular object.  e.g., creation date, unique identifier,
        simulation parameters, exposure time, telescope name, etc.

    Attributes
    ----------
    wvmin : Quantity
      min wavelength (with sig>0.) in selected spectrum
      This may differ from np.min(self.wavelength) if you have not masked the edges
    wvmax : Quantity
      max wavelength (with sig>0.) in selected spectrum
      This may differ from np.min(self.wavelength) if you have not masked the edges
    """

    @classmethod
[docs]    def from_file(cls, ifile, **kwargs):
        """ From file

        Parameters
        ----------
        ifile : str
          Filename
        """
        # put import here to avoid circular import with io.py
        #from .io import readspec
        from linetools.spectra import io as tio
        slf = tio.readspec(ifile, **kwargs)
        return slf


    @classmethod
[docs]    def from_spec1d(cls, spec1d):
        """ Input Spectrum1D

        Avoids error array for now
        """
        slf = cls.from_tuple((spec1d.dispersion, spec1d.flux))
        return slf


    """ DEPRECATED -- Use spectra.utils.collate
    @classmethod
    def from_list(cls, xspecs, **kwargs):
    """

    @classmethod
[docs]    def from_tuple(cls, ituple, sort=True, **kwargs):
        """Make an XSpectrum1D from a tuple of numpy arrays or Quantity arrays

        Parameters
        ----------
        ituple : (wave,flux), (wave,flux,sig) or (wave,flux,sig,cont)
          ndarray or Quantity array
          If wave is unitless, Angstroms are assumed
          If flux is unitless, it is made dimensionless
          The units for sig and co are taken from flux.
        sort : bool, optional
          Sort by wavelength?
        """
        # Checks
        if not isinstance(ituple,tuple):
            raise IOError("Input tuple only")
        if len(ituple[0].shape) != 1:
            raise IOError("Not ready for multi-dimension.  Sorting will fail..")
        # Parse wavelength
        try:
            wv_unit = ituple[0].unit
        except AttributeError:
            iwave = ituple[0]
            warnings.warn("Assuming wavelength unit is Angstroms")
            wv_unit = u.AA
        else:
            if wv_unit is None:
                wv_unit = u.AA
            try:
                iwave = ituple[0].value
            except AttributeError:
                iwave = ituple[0]

        # Parse flux
        try:
            fx_unit = ituple[1].unit
        except AttributeError:
            iflux = ituple[1]
            fx_unit = u.dimensionless_unscaled
        else:
            if fx_unit is None:
                fx_unit = u.dimensionless_unscaled
            try:
                iflux = ituple[1].value
            except AttributeError:
                iflux = ituple[1]

        # Sort and append None
        ltuple = list(ituple)
        for ii in range(len(ltuple),4):
            ltuple.append(None)
        if sort:
            srt = np.argsort(iwave)
            iwave = iwave[srt]
            iflux = iflux[srt]
            for ii in range(2, len(ltuple)):
                if ltuple[ii] is not None:
                    ltuple[ii] = ituple[ii][srt]

        # Generate
        spec = cls(iwave, iflux, sig=ltuple[2], co=ltuple[3], units=dict(wave=wv_unit, flux=fx_unit), **kwargs)

        # Return
        return spec


    def __init__(self, wave, flux, sig=None, co=None, units=None, select=0,
                 meta=None, verbose=False, masking='edges'):
        """
        Parameters
        ----------
        wave : ndarray  [if 2D, the first axis is nspec]
        flux : ndarray
        sig : ndarray, optional
        units : dict, optional
          Dict containing the units of wavelength, flux
          Required keys are 'wave' and 'flux'
        meta : dict, optional
          Meta data.
          meta['headers'] is a list of input headers (or None's)
        select : int, optional
          Selected Spectrum
        masking: str, optional
          Approach to masking the data using the 'sig' array
          'none'
          'edges' -- Masks all data values with sig <=0 on the 'edge' of each spectrum
             e.g.   sig = [0.,0.,0.,0.2,0.,0.2,0.2,0.,0.] would have the first 3 and last 2 masked
          'all' -- Masks all data values with sig <=0
        """
        # Error checking
        if not isinstance(wave, np.ndarray):
            raise IOError("Input `wave` vector must be an numpy.ndarray.")
        if not isinstance(flux, np.ndarray):
            raise IOError("Input `flux` vector must be an numpy.ndarray.")
        if wave.shape[0] != flux.shape[0]:
            raise IOError("Shape of `flux` and `wave` vectors must be identical.")
        if masking not in ['none', 'edges', 'all']:
            raise IOError("Invalid masking type.")
        #if (masking != 'None') and (sig is None):
        #    warnings.warn("Must input sig array to use masking")

        # Handle many spectra
        if len(wave.shape) == 1:
            self.nspec = 1
            self.totpix = wave.shape[0]
        else:
            self.nspec = wave.shape[0]
            self.totpix = wave.shape[1]
        self.select = select

        if verbose:
            print("We have {:d} spectra with {:d} pixels each.".format(
                self.nspec, self.totpix))

        # Data arrays are always MaskedArray
        self.data = np.ma.empty((self.nspec,), #self.npix),
                               dtype=[(str('wave'), 'float64', (self.totpix)),
                                      (str('flux'), 'float32', (self.totpix)),
                                      (str('sig'),  'float32', (self.totpix)),
                                      (str('co'),   'float32', (self.totpix)),
                                     ])
        self.data['wave'] = np.reshape(wave, (self.nspec, self.totpix))
        self.data['flux'] = np.reshape(flux, (self.nspec, self.totpix))

        if co is not None:
            if wave.shape[0] != co.shape[0]:
                raise IOError("Shape of `wave` and `co` vectors must be identical.")
            self.data['co'] = np.reshape(co, (self.nspec, self.totpix))
        else:
            self.data['co'] = np.nan

        # Need to set sig last for masking
        if sig is not None:
            if wave.shape[0] != sig.shape[0]:
                raise IOError("Shape of `wave` and `sig` vectors must be identical.")
            self.data['sig'] = np.reshape(sig, (self.nspec, self.totpix))
            if masking != 'none':
                for kk in range(self.nspec):
                    gdsigval = np.where(self.data['sig'][kk].data > 0.)[0]
                    badsigval = self.data['sig'][kk].data <= 0.
                    for key in self.data.dtype.names:
                        if masking == 'edges':
                            try:
                                self.data[key][kk][0:gdsigval[0]].mask = True
                            except IndexError:
                                pdb.set_trace()
                            self.data[key][kk][gdsigval[-1]+1:].mask = True
                        elif masking == 'all':
                            self.data[key][kk].mask = badsigval
        else:
            self.data['sig'] = np.nan


        # Units
        if units is not None:
            if not isinstance(units, dict):
                raise IOError("`units` must be a dictionary.")
            valid_keys = ['wave', 'flux']
            for key,item in units.items():
                if key not in valid_keys:
                    raise IOError("{:s} is a wrong key in the `units` dictionary. Valid keys are: {}".format(key, valid_keys))
                assert isinstance(item, UnitBase)
            self.units = units
        else:
            warnings.warn("No unit given to wavelength, assuming Angstroms.")
            self.units = dict(wave=u.AA, flux=u.dimensionless_unscaled)

        # Apply continuum?
        self.normed = False

        # Meta
        if meta is None:
            self.meta = dict(headers=[None]*self.nspec)
        else:
            self.meta = meta
        if 'airvac' not in self.meta.keys():
            self.meta['airvac'] = 'vac'

        # Filename
        self.filename = 'none'

[docs]    def copy(self, select=None):
        """ Copy the spectrum

        Parameters
        ----------
        select : int, optional
          Allow the user to specify a different spectrum on the copy
        """
        # Select
        if select is None:
            select = self.select
        # Key components
        data = self.data.copy()
        units = self.units.copy()
        meta = self.meta.copy()
        #
        if self.sig_is_set:
            sig = data['sig']
        else:
            sig = None
        #
        if self.co_is_set:
            co = data['co']
        else:
            co = None
        new = XSpectrum1D(data['wave'], data['flux'], sig=sig, co=co,
                          units=units, meta=meta, select=select)
        return new


    @property
    def header(self):
        """ Return the header (may be None)
        """
        return self.meta['headers'][self.select]

    @property
    def wavelength(self):
        """ Return the wavelength array with units
        """
        return self.data['wave'][self.select].compressed() * self.units['wave']

    @wavelength.setter
    def wavelength(self, value):
        gdp = ~self.data['wave'][self.select].mask
        self.data['wave'][self.select][gdp] = value
        if hasattr(value, 'unit'):
            self.units['wave'] = value.unit

    @property
    def flux(self):
        """ Return the flux with units
        """
        #flux =  self.data[self.select]['flux'] * self.units['flux']
        flux =  self.data['flux'][self.select].compressed() * self.units['flux']
        if self.normed and self.co_is_set:
            flux /= self.data['co'][self.select].compressed()
        return flux

    @flux.setter
    def flux(self, value):
        gdp = ~self.data['flux'][self.select].mask
        self.data['flux'][self.select][gdp] = value
        if hasattr(value, 'unit'):
            self.units['flux'] = value.unit

    @property
    def sig_is_set(self):
        """ Returns whether the error array is set
        """
        if np.isnan(self.data['sig'][self.select].compressed()[0]):
            return False
        else:
            return True

    @property
    def sig(self):
        """ Return the 1sigma error array.  Adopts the same units as flux
        """
        if not self.sig_is_set:
            warnings.warn("This spectrum does not contain an input error array")
            return np.nan
        #
        #sig = self.data[self.select]['sig'] * self.units['flux']
        sig = self.data['sig'][self.select].compressed() * self.units['flux']
        if self.normed and self.co_is_set:
            sig /= self.data['co'][self.select].compressed()
        return sig

    @sig.setter
    def sig(self, value):
        """ Set the error array to a float or same sized array
        """
        gdp = ~self.data['sig'][self.select].mask
        self.data['sig'][self.select][gdp] = value

    @property
    def ivar(self):
        """ Return the inverse variance.  Bad pixels have 0 value
        """
        if not self.sig_is_set:
            warnings.warn("This spectrum does not contain an input error array")
            return np.nan
        #
        sig = self.sig
        ivar = np.zeros_like(sig)
        gdp = sig > 0.
        ivar[gdp] = 1. / sig[gdp]**2
        return ivar

    @property
    def co_is_set(self):
        """ Returns whether a continuum is defined
        """
        if np.isnan(self.data['co'][self.select].compressed()[0]):
            return False
        else:
            return True

    @property
    def co(self):
        """ Return the continuum.  Assumes the flux units
        """
        if not self.co_is_set:
            warnings.warn("This spectrum does not contain an input continuum array")
            return np.nan
        return self.data['co'][self.select].compressed() * self.units['flux']

    @co.setter
    def co(self, value):
        """ Assumes units are the same as the flux
        """
        gdp = ~self.data['co'][self.select].mask
        self.data['co'][self.select][gdp] = value

    @property
    def npix(self):
        """ Number of *unmasked* pixels """
        self.set_diagnostics()  # Need to re-run in case self.select changes
        return self._npix


    @property
    def wvmin(self):
        """Minimum wavelength """
        self.set_diagnostics()
        return self._wvmin

    @property
    def wvmax(self):
        """Maximum wavelength """
        self.set_diagnostics()
        return self._wvmax

[docs]    def set_diagnostics(self):
        """Generate simple diagnostics on the spectrum.

        As a default, the method cuts on `good' pixels.  Useful for
        plotting, quick comparisons, etc. It currently generates only
        the minimum and maximum wavelengths. Sets attributes `_wvmin`
        and `_wvmax`.
        """
        # Cut on good pixels
        if self.sig_is_set:
            gdpx = self.sig > 0.
        else:
            gdpx = np.array([True] * self.wavelength.value.size)
            #gdpx = np.array([True] * self.data['flux'].size)
        # Fill in attributes
        self._npix = len(self.data['flux'][self.select].compressed())
        self._wvmin = np.min(self.wavelength[gdpx])
        self._wvmax = np.max(self.wavelength[gdpx])


    #  Add noise
[docs]    def add_noise(self, seed=None, s2n=None, rstate=None):
        """Add noise to the spectrum.

        Uses the uncertainty array unless s2n is specified.

        Parameters
        ----------
        seed : int, optional
          Seed for the random number generator
        s2n : float, optional
          S/N per pixel for the output spectrum. If None, use the
          uncertainty array.
        rstate : RandomState
          allows regeneration of the same noise

        Returns
        -------
        newspec : A new XSpectrum1D with noise added
        """
        # Seed
        if rstate is None:
            rstate=np.random.RandomState(seed)

        # Random numbers
        #rand = np.random.normal(size=self.npix)
        rand = rstate.randn(self.npix)

        # Modify the flux
        if s2n is not None:
            sig = 1. / s2n
        else:
            sig = self.sig.value
        # Copy
        newspec = self.copy()
        # Deal with mask
        gdp = ~self.data['flux'][self.select].mask
        newspec.data['flux'][self.select][gdp] = self.flux.value + (rand * sig)
        newspec.data['sig'][self.select][gdp] = np.ones_like(self.flux) * sig
        #
        return newspec


[docs]    def airtovac(self):
        """ Converts current wavelength array from an assumed air to vacuum wavelength scale

        Returns
        -------
        Resultant wavelength array is in AA no matter the input units
        """
        if self.meta['airvac'] == 'vac':
            warnings.warn("Already in vacuum.  Not applying any correction")
            return
        # Convert to AA
        wavelength = self.wavelength.to(u.AA).value

        # Standard conversion format
        sigma_sq = (1.e4/wavelength)**2. #wavenumber squared
        factor = 1 + (5.792105e-2/(238.0185-sigma_sq)) + (1.67918e-3/(57.362-sigma_sq))
        factor = factor*(wavelength>=2000.) + 1.*(wavelength<2000.) #only modify above 2000A

        # Convert
        wavelength = wavelength*factor
        # Units
        new_wave = wavelength*u.AA
        # Finish
        self.wavelength = new_wave
        self.meta['airvac'] = 'vac'


[docs]    def vactoair(self):
        """Convert to air-based wavelengths from vacuum

        Returns:
        ----------
        Resultant wavelength array is in AA no matter the input units
        """
        # Check
        if self.meta['airvac'] == 'air':
            warnings.warn("Already in air.  Not applying any correction")
            return
        # Convert to AA
        wavelength = self.wavelength.to(u.AA).value

        # Standard conversion format
        sigma_sq = (1.e4/wavelength)**2. #wavenumber squared
        factor = 1 + (5.792105e-2/(238.0185-sigma_sq)) + (1.67918e-3/(57.362-sigma_sq))
        factor = factor*(wavelength>=2000.) + 1.*(wavelength<2000.) #only modify above 2000A

        # Convert
        wavelength = wavelength/factor
        # Units
        new_wave = wavelength*u.AA
        # Finish
        self.wavelength = new_wave
        self.meta['airvac'] = 'air'


[docs]    def constant_sig(self, sigv=0.):
        """Set the uncertainty array to a constant value.

        Parameters
        ----------
        sigv : float, optional
          Scalar sigma value to use.
        """
        self.data['sig'] = sigv


    #  Normalize
[docs]    def normalize(self, co, verbose=False, no_check=False):
        """ Normalize the spectrum with an input continuum

        Parameters
        ----------
        co: numpy array
          Continuum.
        verbose: bool [False]
        no_check: bool [False]
          Check size of array?
        """
        if len(co) != self.npix:
            if no_check:
                print('WARNING: Continuum length differs from flux')
                if len(co) > len(self.flux):
                    self.data['co'] = co[0:self.npix]
                else:
                    raise ValueError('normalize: Continuum needs to be longer!')
            else:
                raise ValueError('normalize: Continuum needs to be same length as flux array')
        else:
            self.co = co
        self.normed = True


[docs]    def unnormalize(self):
        """ Un-normalize the spectrum to the original flux values

        """
        self.normed = False


[docs]    def normalized_spec(self):
        """ Generate and pass back a normalized version of the spectrum
        """
        if self.normed is False:
            raise IOError("Spectrum must be normalized!")
        #
        # Generate
        newspec = XSpectrum1D.from_tuple((self.wavelength, self.flux, self.sig),
                                         meta=self.meta.copy())
        # Return
        return newspec


[docs]    def pix_minmax(self, *args):
        """ Find pixel indices given a wavelength or velocity range

        Parameters
        ----------
        Option 1: wvmnx
          * wvmnx: Tuple of 2 floats
            wvmin, wvmax in spectral units

        Option 2: zabs, wrest, vmnx  [not as a tuple or list!]
          * zabs : Absorption redshift
          * wrest : Rest wavelength  (with Units!)
          * vmnx : Tuple/array/list of 2 Quantities
            vmin, vmax in km/s

        Returns
        -------
        gdpix, wvmnx, pixmnx
          * gdpix: Pixel indices satisfying the cut
          * wvmnx: Tuple of the min and max wavelengths
          * pixmnx: Tuple of the min and max pixel indices
        """

        if len(args) == 1:  # Option 1
            wvmnx = args[0]
        elif len(args) == 3:  # Option 2
            from astropy import constants as const
            # args = zabs, wrest, vmnx
            wvmnx = (args[0] + 1) * (args[1] +
                                     (args[1] * args[2] / const.c.to('km/s')))
            wvmnx.to(u.AA)

        # Locate the values
        pixmin = np.argmin(np.fabs(self.wavelength - wvmnx[0]))
        pixmax = np.argmin(np.fabs(self.wavelength - wvmnx[1]))

        gdpix = np.arange(pixmin, pixmax + 1, dtype=int)

        # Fill + Return
        self.sub_pix = gdpix
        return gdpix, wvmnx, (pixmin, pixmax)


    #### ###############################

    # Splice spectrum + Normalize
    # Quick plot
[docs]    def plot(self, **kwargs):
        """ Plot the spectrum

        Parameters
        ----------
        show : bool
          If True (the default), then run the matplotlib.pyplot show
          command to display the plot. Disable this if you are running
          from a script and wish to delay showing the plot.
        xlim : tuple of two floats
          The initial x plotting limits (xmin, xmax)
        inline : bool
          Recommended to use if displaying inline in a Notebook
        plot_two : XSpectrum1D
          Plot another spectrum
        scale_two : float
          Scale the 2nd spectrum
        xspec : bool
          Launch XSpecGUI instead

        Other keyword arguments are passed to the matplotlib plot
        command.
        """
        # Launch XSpectrum1D??
        if 'xspec' in kwargs:
            import sys
            from PyQt4 import QtGui
            from linetools.guis.xspecgui import XSpecGui
            app = QtGui.QApplication(sys.argv)
            gui = XSpecGui(self)
            gui.show()
            app.exec_()
            return

        import matplotlib.pyplot as plt
        from ..analysis.interactive_plot import PlotWrapNav
        plt.rcParams['axes.formatter.useoffset'] = False  # avoid scientific notation in axes tick labels

        # Keywords
        nocolor = (False if 'color' in kwargs else True)
        xlim = kwargs.pop('xlim', None)
        inline = kwargs.pop('inline', False)
        xspec2 = kwargs.pop('plot_two', None)
        scale_two = kwargs.pop('scale_two', 1.)

        if inline:
            fig = plt.figure(figsize=(12,8))
        else:
            fig = plt.gcf()
        ax = plt.gca()

        artists = {}
        ax.axhline(0, color='k', lw=0.5)

        show = kwargs.pop('show', True)

        if nocolor:
            kwargs.update(color='0.5')
        artists['fl'] = ax.plot(self.wavelength, self.flux,
                                drawstyle='steps-mid', label='1', **kwargs)[0]

        # Error
        if nocolor:
            kwargs.update(color='g')
        if self.sig_is_set:
            ax.plot(self.wavelength, self.sig, **kwargs)

        # Continuum
        if self.co_is_set and (not self.normed):
            if nocolor:
                kwargs.update(color='r')
            ax.plot(self.wavelength, self.co, **kwargs)

        # Second spectrum
        if xspec2 is not None:
            ax.plot(xspec2.wavelength, xspec2.flux*scale_two, color='blue',
                    label='2')
            legend = ax.legend(loc='upper left', borderpad=0.3,
                            handletextpad=0.3, fontsize='large')

        ax.set_ylim(*get_flux_plotrange(self.flux))

        if xlim is not None:
            xmin, xmax = xlim
        else:
            xmin, xmax = self.wavelength.value[0], self.wavelength.value[-1]

        ax.set_xlim(xmin, xmax)

        # Labels
        ax.set_xlabel('Wavelength ({:s})'.format(self.units['wave'].name), size=16)
        ax.set_ylabel('Flux', size=16)

        if plt.get_backend() == 'MacOSX':
            warnings.warn("""\
            Looks like you're using the MacOSX matplotlib backend. Switch to the TkAgg
            or QtAgg backends to enable all interactive plotting commands.
            """)
        else:
            # Enable xspecplot-style navigation (i/o for zooming, etc).
            # Need to save this as an attribute so it doesn't get
            # garbage-collected.
            self._plotter = PlotWrapNav(
                fig, ax, self.wavelength, self.flux, artists, printhelp=False,
                xlim=(xmin, xmax))

            if show:
                plt.show()


    #  Rebin
[docs]    def rebin(self, new_wv, all=False, **kwargs):
        """ Rebin to a new wavelength array

        Uses simple linear interpolation.  The default (and only)
        option conserves counts (and flambda).

        WARNING: Do not trust either edge pixel of the new array.
        Also be aware that neighboring pixels are likely to be
        correlated in a manner that is not described by the error
        array.

        Parameters
        ----------
        new_wv : Quantity array
          New wavelength array
        do_sig : bool, optional
          Rebin error too (if it exists).
          S/N is only crudely conserved.
          Rejected pixels are propagated.
        all : bool, optional
          Rebin all spectra in the XSpectrum1D object?
          Set masking='none' to have the resultant spectra all be regsitered, but note
             that there will still be masking

        Returns
        -------
        XSpectrum1D of the rebinned spectrum
        """
        from .utils import rebin, collate
        if not all:
            new_spec = rebin(self, new_wv, **kwargs)
        else:
            spec_list = []
            for ii in range(self.nspec):
                self.select = ii
                spec_list.append(rebin(self, new_wv, **kwargs))
            # Collate
            new_spec = collate(spec_list)
        # Return
        return new_spec


    # Velo array
[docs]    def relative_vel(self, wv_obs):
        """ Return a velocity array relative to an input wavelength.

        Should consider adding a velocity array to this Class,
        i.e. self.velo

        Parameters
        ----------
        wv_obs : Quantity
          Wavelength to set the zero of the velocity array.
          Often (1+z)*wrest

        Returns
        -------
        velo : Quantity array (km/s)
        """
        velo = liu.rel_vel(self.wavelength, wv_obs)
        return velo


    #  Box car smooth
[docs]    def box_smooth(self, nbox, preserve=False, **kwargs):
        """ Box car smooth the spectrum

        Parameters
        ----------
        nbox: int
          Number of pixels to smooth over
        preserve: bool (False)
          If True, perform a convolution to ensure the new spectrum
          has the same number of pixels as the original.
        **kwargs: dict
          If preserve=True, these keywords are passed on to
          astropy.convoution.convolve

        Returns
        -------
        A new XSpectrum1D instance of the smoothed spectrum
        """
        if preserve:
            from astropy.convolution import convolve, Box1DKernel
            new_fx = convolve(self.flux, Box1DKernel(nbox), **kwargs)
            if self.sig_is_set:
                new_sig = convolve(self.sig, Box1DKernel(nbox), **kwargs)
            else:
                new_sig = None
            new_wv = self.wavelength
        else:
            # Truncate arrays as need be
            npix = len(self.flux)
            try:
                new_npix = npix // nbox  # New division
            except ZeroDivisionError:
                raise ZeroDivisionError('Dividing by zero..')
            orig_pix = np.arange(new_npix * nbox)

            # Rebin (mean)
            new_wv = liu.scipy_rebin(self.wavelength[orig_pix], new_npix)
            new_fx = liu.scipy_rebin(self.flux[orig_pix], new_npix)
            if self.sig_is_set:
                new_sig = liu.scipy_rebin(
                    self.sig[orig_pix], new_npix) / np.sqrt(nbox)
            else:
                new_sig = None

        # Return
        return XSpectrum1D.from_tuple(
            (new_wv, new_fx, new_sig), meta=self.meta.copy())


[docs]    def gauss_smooth(self, fwhm, **kwargs):
        """ Smooth a spectrum with a Gaussian

        Note that the uncertainty array is not smoothed.

        Parameters
        ----------
        fwhm : float
          FWHM of the Gaussian in pixels (unitless)

        Returns
        -------
        A new XSpectrum1D instance of the smoothed spectrum
        """
        # Import
        from linetools.spectra import convolve as lsc

        # Apply to flux
        new_fx = lsc.convolve_psf(
            self.flux.value, fwhm, **kwargs) * self.flux.unit

        # Get the right sigma
        if self.sig_is_set:
            new_sig = self.sig.value
        else:
            new_sig = None

        # Return
        return XSpectrum1D.from_tuple(
            (self.wavelength, new_fx, new_sig), meta=self.meta.copy())


[docs]    def ivar_smooth(self, window):
        """ Inverse variance smoothing -- port of ivarsmooth from IDL

        Parameters
        ----------
        window -- int
          smoothing length in pixels (turned into odd number if even)

        Returns
        -------
        spec -- XSpectrum1D
          New, smoothed spectrum

        """
        if not isinstance(window,int):
            raise IOError("Input window must be int")
        #
        halfwindow = np.floor((window-1)/2).astype(int)
        ivar = 1./self.sig**2

        shiftarr = np.zeros((self.npix, 2*halfwindow+1))
        shiftivar = shiftarr.copy()
        shiftindex = shiftarr.copy()
        indexarr = np.arange(self.npix)
        indnorm = np.outer(indexarr, (np.zeros(2*halfwindow+1)+1))

        for i in range(-halfwindow, halfwindow+1):
            shiftarr[:, i+halfwindow] = np.roll(self.flux, i)
            shiftivar[:, i+halfwindow] = np.roll(ivar, i)
            shiftindex[:, i+halfwindow] = np.roll(indexarr, i)

        wh = np.abs(shiftindex-indnorm) > (halfwindow+1)
        shiftivar[wh] = 0.

        outivar = np.sum(shiftivar, axis=1)
        nzero =  np.where(outivar > 0)[0]
        smoothflux = np.sum(shiftarr*shiftivar, axis=1)
        if len(nzero)>0:
            smoothflux[nzero] = smoothflux[nzero]/outivar[nzero]
        else:
            from astropy.convolution import convolve, Box1DKernel
            smoothflux = convolve(self.flux, Box1DKernel(2*halfwindow+1))
            #smoothflux = boxcar(self.flux,(2*halfwindow+1,))#kill off NAN's
        # Return new spectrum
        newsig = np.sqrt(1./outivar)
        return XSpectrum1D.from_tuple(
                (self.wavelength, smoothflux, newsig), meta=self.meta.copy())



[docs]    def stitch(self, idx=None, scale=1.):
        """ Combine two or more spectra within the .data array
        Simple logic is used to order them by wavelength if the
          order is not specified

        Parameters
        ----------
        idx : list or ndarray
          indices of spectra to stitch and the order to do so
          if None, all of the spectra in the .data array will be combined
            with simple logic using the wavelengths
        scale : float, optional
          Scale factor for flux and error array.

        Returns
        -------
        spec : XSpectrum1D
          The stitched spectrum.
        """
        from linetools.spectra import utils as ltsu
        if idx is None:
            wvmx = []
            for ii in range(self.nspec):
                wvmx.append(np.max(self.data['wave'][ii]))
            # Sort
            idx = np.argsort(np.array(wvmx))
        # Splice the first two
        spec = ltsu.splice_two(self.copy(select=idx[0]),
                               self.copy(select=idx[1]))
        # Loop using the rest
        for kk in range(2,len(idx)):
            spec = ltsu.splice_two(spec.copy(), self.copy(select=idx[kk]))
        # Return
        return spec


[docs]    def get_local_s2n(self, wv0, npix=50, flux_th=0., debug=False):
        """It computes the local average signal-to-noise (s2n) over npix pixels around wv0.
        If `flux_th` is given, pixels with fluxes below spec.flux*flux_th are masked out, and
        the range is increased until having npix pixels for doing the calculation.

        Parameters
        ----------
        wv0 : Quantity
            Observed wavelength where to perform the calculation.
        npix : float or int, optional
            Number of pixels to perform the calculation (forced to be int).
            The calculation does not take into account those pixel masked when
            fl_th is given, in which case the range is increased until having at
            least npix good pixels. Default is 50.
        flux_th : float or array of same dimension as self.flux, optional
            Minimum flux threshold for the S/N estimation. In other words,
            pixels with self.flux < flux_th are masked out. This is useful
            to exclude strong absorption features that may be present.
            If flux_th is float then two things can happen:
                a. If continuum is defined, we mask self.flux < self.co * flux_th
                b. If continuum is not defined, we approximate the continuum by smoothing
                   the spectrum convolving it with a Gaussian kernel of FWHM (in pixels) given
                   by the maximum between 10*npix and 500.

        Returns
        -------
        s2n : float
            Local average signal-to-noise
        s2n_sig : float
            Standard deviation of the s2n measurement
        """

        # Do some checks
        if (wv0 < self.wvmin) or (wv0 > self.wvmax):
            raise IOError("`wv0` is outside spectral range.")
        if not self.sig_is_set:
            raise ValueError("Spectrum has not defined an error array; cannot compute signal-to-noise.")
        npix = int(npix)

        # if flux_th is float, then check whether continuum exists
        # otherwise we estimate it.
        if isinstance(flux_th, float):
            if self.co_is_set:
                flux_limit = self.co * flux_th
            else:  # here we estimate the continuum by smoothing the original spectrum
                n_smooth = np.max([10*npix, 500])
                smooth_spec = self.gauss_smooth(n_smooth)
                co = smooth_spec.flux
                flux_limit = co * flux_th
        # if it is not float, it should be array like self.flux
        elif len(flux_limit) != len(self.flux):
            raise ValueError('`flux_th` must be either float or array of same shape as self.flux.')

        # find pixel index for wv0
        ind = np.argmin(np.fabs(wv0 - self.wavelength))

        # define the wavelength window with at least npix pixels
        cond_gd_flux = (self.flux > flux_limit) & (self.sig > 0.)
        if np.sum(cond_gd_flux) < npix:
            raise ValueError("The spectrum does not satisfy the conditions, try different input parameters.")
        gd_idx = np.where(cond_gd_flux)[0]  # indices of good pixels
        idx_diff = np.abs(gd_idx - ind)  # their difference w/r to ind
        # now sort on idx_diff and grab the closest npix indices and use those
        gd_idx = gd_idx[np.argsort(idx_diff)[:npix]]

        # define the chunk of spectra to look at
        fl_aux = self.flux[gd_idx]  # note that the gd_idx are not sorted, but this is fine for this calculation
        er_aux = self.sig[gd_idx]
        s2n = fl_aux / er_aux
        return np.mean(s2n.value), np.std(s2n.value)


[docs]    def write(self, outfil, FITS_TABLE=False, **kwargs):
        """  Wrapper for writing
        Parses the extension to choose the file format

        Parameters
        ----------
        outfil : str
          Allowed extensions are
          .fit, .fits -- FITS file; set FITS_TABLE=True to format as a binary FITS Table
          .hdf5 -- HDF5 file
          .ascii -- ASCII
        kwargs

        Returns
        -------

        """
        ext = outfil[outfil.rfind('.')+1:]
        if ext in ['fit','fits']:
            if FITS_TABLE:
                self.write_to_binary_fits_table(outfil, **kwargs)
            else:
                self.write_to_fits(outfil, **kwargs)
        elif ext in ['hdf5']:
            self.write_to_hdf5(outfil, **kwargs)
        elif ext in ['ascii']:
            self.write_to_ascii(outfil, **kwargs)
        else:
            raise IOError("Bad file extension: {:s}".format(ext))


[docs]    def write_to_ascii(self, outfil, format='ascii.ecsv', **kwargs):
        """ Write to a text file.

        Parameters
        ----------
        outfil: str
          Filename.
        """
        # Convert to astropy Table
        table = QTable([self.wavelength, self.flux],
                       names=('WAVE', 'FLUX'))
        if self.sig_is_set:
            sigclm = Column(self.sig, name='ERROR')
            table.add_column(sigclm)
        if self.co_is_set:
            coclm = Column(self.co, name='CO')
            table.add_column(coclm)

        # Write
        table.write(outfil, format=format)


[docs]    def write_to_fits(self, outfil, select=False, clobber=True, fill_val=0.):
        """ Write to a multi-extension FITS file.

        Writes 2D images for multiple spectra data arrays,
        unless select=True.
        Otherwise writes 1D arrays

        Parameters
        ----------
        outfil : str
          Name of the FITS file
        select : int, optional
          Write only the select spectrum.
          This will always trigger if there is only 1 spectrum
          in the data array
        clobber : bool (True)
          Clobber existing file?
        add_wave : bool (False)
          Force writing of wavelengths as array, instead of using FITS
          header keywords to specify a wcs.
        fill_val : float, optional
          Fill value for masked pixels
        """
        if self.nspec == 1:
            select = True

        # Flux
        if select:
            prihdu = fits.PrimaryHDU(self.data['flux'][self.select].filled(fill_val))
            #prihdu = fits.PrimaryHDU(self.data[self.select]['flux'])
        else:
            prihdu = fits.PrimaryHDU(self.data['flux'].filled(fill_val))
        hdu = fits.HDUList([prihdu])
        prihdu.name = 'FLUX'

        # Error  (packing LowRedux style)
        if self.sig_is_set:
            if select:
                sighdu = fits.ImageHDU(self.data['sig'][self.select].filled(fill_val))
            else:
                sighdu = fits.ImageHDU(self.data['sig'].filled(fill_val))
            sighdu.name = 'ERROR'
            hdu.append(sighdu)

        # Wavelength
        if select:
            wvhdu = fits.ImageHDU(self.data['wave'][self.select].filled(fill_val))
        else:
            wvhdu = fits.ImageHDU(self.data['wave'].filled(fill_val))
        wvhdu.name = 'WAVELENGTH'
        hdu.append(wvhdu)

        if self.co_is_set:
            if select:
                cohdu = fits.ImageHDU(self.data['co'][self.select].filled(fill_val))
            else:
                cohdu = fits.ImageHDU(self.data['co'].filled(fill_val))
            cohdu.name = 'CONTINUUM'
            hdu.append(cohdu)

        # Use the header of the selected spectrum
        if self.header is not None:
            hdukeys = list(prihdu.header.keys())
            # Append ones to avoid
            hdukeys = hdukeys + ['BUNIT', 'COMMENT', '', 'NAXIS1', 'NAXIS2', 'HISTORY']
            for key in self.header.keys():
                # Use new ones
                if key in hdukeys:
                    continue
                # Update unused ones
                try:
                    prihdu.header[key] = self.header[key]
                except ValueError:
                    raise ValueError('l.spectra.utils: Bad header key card')
            # History
            if 'HISTORY' in self.header.keys():
                # Strip \n
                tmp = str(self.header['HISTORY']).replace('\n', ' ')
                try:
                    prihdu.header.add_history(str(tmp))
                except ValueError:
                    import pdb
                    pdb.set_trace()

        #
        if self.meta is not None and len(self.meta) > 0:
            prihdu.header['METADATA'] = meta_to_disk(self.meta)

        # Units, etc.
        prihdu.header['NSPEC'] = self.nspec
        prihdu.header['NPIX'] = self.npix
        units = self.units.copy()
        d = liu.jsonify(units)
        # import pdb; pdb.set_trace()
        prihdu.header['UNITS'] = json.dumps(d)

        hdu.writeto(outfil, clobber=clobber)
        print('Wrote spectrum to {:s}'.format(outfil))


[docs]    def add_to_hdf5(self, hdf5, path='/', fill_val=0.):
        """ Write the full data array to an already open hdf5 file

        Parameters
        ----------
        hdf5 : h5py.File
          If input, outfil is ignored
        path : str, optional
          Path to the location for writing (useful for using Groups)
        fill_val : float, optional
          Fill value for masked pixels
        """
        # Meta
        if self.meta is not None and len(self.meta) > 0:
            hdf5[path]['meta'] = meta_to_disk(self.meta)
        # Units
        units = self.units.copy()
        d = liu.jsonify(units)
        hdf5[path]['units'] = json.dumps(d)
        # Data with compression
        hdf5.create_dataset(path+'data', data=self.data.filled(fill_val),
                                       chunks=True, compression='gzip')


[docs]    def write_to_hdf5(self, outfil, hdf5=None, clobber=True, fill_val=0.):
        """ Write the full data array to an hdf5 file.

        Parameters
        ----------
        outfil : str
          Name of the hdf5
        clobber : bool (True)
          Clobber existing file?
        fill_val : float, optional
          Fill value for masked pixels
        hdf5 : h5py.File, optional
          If input, outfil is ignored
        """
        # Check for h5py
        try:
            import h5py
        except ImportError:
            raise ImportError("You must install h5py to use this method")
        import os
        # Check for file
        if clobber is False:
            if os.path.exists(outfil):
                raise IOError("File exists.  Will only over-write if you set clobber=True")
        # Begin the file
        if hdf5 is None:
            hdf5 = h5py.File(outfil, 'w')
            close = True
        else:
            close = False
        # Meta
        if self.meta is not None and len(self.meta) > 0:
            hdf5['meta'] = meta_to_disk(self.meta)
        # Units
        units = self.units.copy()
        d = liu.jsonify(units)
        hdf5['units'] = json.dumps(d)
        # Data with compression
        hdf5.create_dataset('data', data=self.data.filled(fill_val),
                                       chunks=True, compression='gzip')
        # Finish
        if close:
            hdf5.close()
            print('Wrote spectrum to {:s}'.format(outfil))



[docs]    def write_to_binary_fits_table(self, outfil, clobber=True):
        """ Write to a binary FITS table.

        Parameters
        ----------
        outfil : str
          Name of the FITS file
        clobber : bool (True)
          Clobber existing file?
        """
        # TODO
        #  1. Add unit support for wavelength arrays

        # Dummy hdu
        prihdu = fits.PrimaryHDU()
        prihdu.header['NSPEC'] = self.nspec
        prihdu.header['NPIX'] = self.npix

        # TBL HDU
        gdc = [str('wave'),str('flux')]
        if self.sig_is_set:
            gdc += [str('sig')]
        if self.co_is_set:
            gdc += [str('co')]
        tblhdu = fits.BinTableHDU(self.data[gdc].copy(), name='DATA')
        #
        hdulist = fits.HDUList([prihdu, tblhdu])

        # Deal with header
        if hasattr(self, 'head'):
            hdukeys = list(prihdu.header.keys())
            # Append ones to avoid
            hdukeys = hdukeys + ['BUNIT', 'COMMENT', '', 'NAXIS1',
                                 'NAXIS2', 'HISTORY', 'NAXIS', 'END']
            for key in self.header.keys():
                # Use new ones
                if key in hdukeys:
                    continue
                # Update unused ones
                try:
                    prihdu.header[key] = self.header[key]
                except ValueError:
                    raise ValueError('l.spectra.utils: Bad header key card')
            # History
            if 'HISTORY' in self.head.keys():
                # Strip \n
                tmp = str(self.head['HISTORY']).replace('\n', ' ')
                try:
                    prihdu.header.add_history(str(tmp))
                except ValueError:
                    import pdb
                    pdb.set_trace()

        # META
        if self.meta is not None and len(self.meta) > 0:
            prihdu.header['METADATA'] = meta_to_disk(self.meta)

        # Units
        units = self.units.copy()
        d = liu.jsonify(units)
        prihdu.header['UNITS'] = json.dumps(d)

        # Write
        hdulist.writeto(outfil, clobber=clobber)
        print('Wrote spectrum to {:s}'.format(outfil))


[docs]    def fit_continuum(self, knots=None, edges=None, wlim=None, dw=10.,
                      kind=None, **kwargs):
        """ Interactively fit a continuum.

        This sets the following attributes
          * spec.co: the new continuum
          * spec.meta['contpoints']: knots defining the continuum

        Use linetools.analysis.interp.AkimaSpline to regenerate the
        continuum from the knots.

        Parameters
        ----------

        knots: list of (x, y) pairs, optional
          A list of spline knots to use for the continuum.
        edges: list of floats, optional
          A list of edges defining wavelength chunks. Spline knots
          will be placed at the centre of these chunks. Default
          is None, which means it will place equally spaced chunks of
          width `dw` (see below).
        wlim : (float, float), optional
          Start and end wavelengths for fitting the continuum. Default is
          None, which fits the entire spectrum.
        dw : float, optional
          The approximate distance between spline knots in
          Angstroms. Default is 10.
        kind : {'QSO', None}, optional
          If not None, generate spline knots using
          linetools.analysis.continuum.find_continuum.
        **kwargs : dict
          Other keyword arguments are passed to
          ~linetools.analysis.continuum.find_continuum.  For
          kind='QSO', allowed keywords are `redshift`, `divmult`,
          `forest_divmult`.

        """
        import matplotlib.pyplot as plt
        if plt.get_backend() == 'MacOSX':
            warnings.warn("""\
            Looks like you're using the MacOSX matplotlib backend. Switch to the TkAgg
            or QtAgg backends to enable all interactive plotting commands.
            """)
            return

        wa = self.wavelength.value
        flux = self.flux.value
        sig = self.sig.value

        anchor = False
        if wlim is None:
            wmin, wmax = wa[0], wa[-1]
        else:
            wmin, wmax = wlim
            if wmax < wmin:
                wmin, wmax = wmax, wmin
            anchor = True

        if kind is not None:
            _, knots = find_continuum(self, kind=kind, **kwargs)
            # only keep knots between wmin and wmax
            knots = [[x, y] for (x, y) in knots if wmin <= x <= wmax]
        else:
            if edges is None:
                nchunks = max(3, (wmax - wmin) / float(dw))
                edges = np.linspace(wmin, wmax, nchunks + 1)

        if knots is None:
            knots, indices, masked = prepare_knots(
                wa, flux, sig, edges)
        else:
            knots = [list(k) for k in knots]

        if not len(knots) > 0:
            raise RuntimeError('Problem generating continuum spline knots.')

        # set the initial continuum for the fitter
        if self.co_is_set:
            co_init = self.co
        else:
            co_init = None
        if co_init is not None:
            x = [k[0] for k in knots]
            ynew = np.interp(x, wa, co_init)
            for i in range(len(knots)):
                knots[i][1] = ynew[i]

        contpoints = [k[:2] for k in knots]
        import matplotlib.pyplot as plt
        fig = plt.figure(figsize=(11, 7))
        fig.subplots_adjust(left=0.05, right=0.95, bottom=0.1, top=0.95)
        wrapper = InteractiveCoFit(wa, flux, sig,
                                   contpoints, co=co_init, fig=fig, anchor=anchor)

        # wait until the interactive fitting has finished
        while not wrapper.finished:
            plt.waitforbuttonpress()

        print('Updating continuum.')
        self.co = wrapper.continuum  # this should work with the assignment, even is self.co_is_set is False
        if 'contpoints' not in self.meta:
            self.meta['contpoints'] = []
        self.meta['contpoints'].extend(
            [tuple(pts) for pts in wrapper.contpoints])
        self.meta['contpoints'].sort()


    def _interp_continuum(self, x, y, wv=None):
        """ Interpolate the continuum from spline knots.

        Returns an interpolation of the continuum using knots at
        (x,y) positions. If at least 5 points exists, it uses Akima
        Spline interpolation.  it uses linear interpolation.

        Parameters
        ----------
        x : array, shape(N,)
            The x positions of the knots to interpolate through
            Assumed to be in Angstroms.
        y : array, shape(N,)
            The y positions of the knots to interpolate through
        wv : array, shape(M,); optional
            The wavelength array for final interpolation. If None,
            it uses self.wavelength.value

        Returns
        -------
        co : array, shape(M,)
            Values of the interpolated continuum for each `wv` point

        """
        if wv is None:
            wv = self.wavelength.value

        if len(y) >= 5:
            # need 5 points to define an Akima Spline
            spline = AkimaSpline(x, y)
            co = spline(wv)
        else:
            co = np.interp(wv, x, y)

        return co

    def _get_contpoints(self):
        """Gets the x and y values from the metadata meta['contpoints'] as
        arrays

        Returns
        -------
        x, y : tuple of np.arrays()
            The positions of the contpoint knots in the `x` and `y` axes respectively
        """

        try:
            contpoints = self.meta['contpoints']
        except:
            raise RuntimeError('Meta data `contpoints` does not exist; cannot get contpoints!')
        xy = np.array(contpoints)
        xy = xy.transpose()
        x, y = xy[0], xy[1]
        return x, y

[docs]    def perturb_continuum(self, rel_var=0.05, seed=None):
        """ Perturb an existing continuum.

        Adds a perturbation to the continuum by adding noise to the
        contpoints.  This may be useful for estimating the uncertainty
        in the continuum.

        Parameters
        ----------
        rel_var : float, optional
            Relative variation in flux w/r to its original value. This will be
            the standard deviation of a Normal distribution added to
            the contpoints' `y` values. Default is rel_var=0.05 (i.e. 5%).
        seed : int, optional
            The seed of the (pseudo)random number generator.

        Returns
        -------
        Updates self.co with a perturbation.
        Note: To reset to the original continuum use reset_continuum()

        """

        x, y = self._get_contpoints()

        # Get indices in the full spectrum
        # inds = np.array([np.where(np.fabs(x[i]-self.dispersion.value)<0.01)[0][0] for i in range(len(x))])
        # y_err = y_err = self.uncertainty.array[inds]

        # Seed
        if seed is not None:
            np.random.seed(seed=seed)
        #add Normal noise to y points
        y += np.random.normal(0, y * rel_var, len(y))

        #update continuum
        co = self._interp_continuum(x, y, self.wavelength.value)
        self.normalize(co=co)

        #self.co = co

[docs]    def reset_continuum(self):
        """Resets the continuum to its original value.

        Returns
        -------
        Updates self.co to its original value.

        Notes
        -----
        This is mainly for use with XSpectrum1D.perturb_continuum
        """

        x, y = self._get_contpoints()
        co = self._interp_continuum(x, y, self.wavelength.value)
        self.normalize(co=co)


[docs]    def add_to_mask(self, add_mask, compressed=False):
        """ Add to the mask of the current exposure
        Useful for removing bad pixels

        Parameters
        ----------
        add_mask : bool ndarray
        compressed : bool, optional
          Input mask only relates to previously unmasked pixels
        """
        if add_mask.dtype.name != 'bool':
            raise IOError("Input mask must be bool")
        if compressed:
            gdp = np.where(~self.data['wave'][self.select].mask)[0]
        else:
            gdp = np.arange(self.totpix)
        for key in self.data.dtype.names:
            self.data[key][self.select].mask[gdp] += add_mask


[docs]    def unmask(self):
        """ Set all mask values to False
         Useful for some applications (e.g. coadding) but dangerous
        """
        warnings.warn("Setting entire mask to False. Be careful..")
        self.data.mask = False


    def __dir__(self):
        """ Does something more sensible than what Spectrum1D provides

        Returns
        -------
        dir : list

        """
        return dir(type(self))

    def __repr__(self):
        txt = '<{:s}'.format(self.__class__.__name__)
        # Normalized?
        try:
            if self.normed is True:
                txt = txt + ' (normalized): '
            else:
                txt = txt + ': '
        except AttributeError:
            txt = txt +': '
        # Name
        try:
            txt = txt + 'file={:s},'.format(self.filename)
        except:
            pass
        # nspec, select
        txt = txt + ' nspec={:d},'.format(self.nspec)
        txt = txt + ' select={:d},'.format(self.select)
        # wrest
        txt = txt + ' wvmin={:g}, wvmax={:g}'.format(
            self.wvmin, self.wvmax)
        txt = txt + '>'
        return (txt)
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  Source code for linetools.utils

""" Module for general utilities which don't belong in another sub-package.
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import json
import gzip, os
import warnings
import pdb

import numpy as np
from astropy import constants as const
from astropy import units as u
from astropy.units import Quantity, Unit

try:
    basestring
except NameError:  # For Python 3
    basestring = str


[docs]def between(a, vmin, vmax):
    """ Return a boolean array True where vmin <= a < vmax.

    Parameters
    ----------
    a : array of shape N
      Input array.
    vmin, vmix: float
      Minimum and maximum values to test between.

    Returns
    -------
    c : array of shape N
      Boolean array true where vmin < a < vmax.

    Notes
    -----
    This is a convenience function equivalent to (vmin <= a) & (a < vmax).
    Be careful of floating point issues when dealing with equalities.
    """
    a = np.asarray(a)
    c = a < vmax
    c &= a >= vmin
    return c



[docs]def convert_quantity_in_dict(idict):
    """ Return a dict where Quantities (usually from a JSON file)
    have been converted from unit/value

    Parameters
    ----------
    idict : dict
      Input dict

    Returns
    -------
    obj : dict or Quantity
    """
    if 'unit' in idict.keys():  # Simple dict of Quantity (e.g. from jsonify)
        obj = Quantity(idict['value'], unit=idict['unit'])
        return obj
    else:  # Nested dict (possibly)
        for key in idict.keys():
            if isinstance(idict[key], dict):
                idict[key] = convert_quantity_in_dict(idict[key])
        return idict



[docs]def radec_to_coord(radec):
    """ Converts one of many of Celestial Coordinates
    `radec` formats to an astropy SkyCoord object. Assumes
    J2000 equinox.

    Parameters
    ----------
    radec : str or tuple
        Examples:
        'J124511+144523',
        '124511+144523',
        'J12:45:11+14:45:23',
        ('12:45:11','+14:45:23')
        ('12 45 11', +14 45 23)
        ('12:45:11','14:45:23')  -- Assumes positive DEC

    Returns
    -------
    coord : SkyCoord

    """
    from astropy.coordinates import SkyCoord

    # RA/DEC
    if isinstance(radec, (tuple)):
        if isinstance(radec[0], basestring):
            if radec[1][0] not in ['+', '-']:  #
                DEC = '+'+radec[1]
                warnings.warn("Assuming your DEC is +")
            else:
                DEC = radec[1]
            #
            coord = SkyCoord(radec[0]+DEC, frame='fk5',
                                  unit=(u.hourangle, u.deg))
        else:
            coord = SkyCoord(ra=radec[0], dec=radec[1], unit='deg')
    elif isinstance(radec,SkyCoord):
        coord = radec
    elif isinstance(radec,basestring):
        # Find first instance of a number (i.e. strip J, SDSS, etc.)
        for ii in range(len(radec)):
            if radec[ii].isdigit():
                break
        radec = radec[ii:]
        #
        if ':' in radec:
            coord = SkyCoord(radec, frame='fk5', unit=(u.hourangle, u.deg))
        else:  # Add in :
            if ('+' in radec) or ('-' in radec):
                sign = max(radec.find('+'), radec.find('-'))
            else:
                raise ValueError("radec must include + or - for DEC")
            newradec = (radec[0:2]+':'+radec[2:4]+':'+radec[4:sign+3] +':'+radec[sign+3:sign+5]+':'+radec[sign+5:])
            coord = SkyCoord(newradec, frame='fk5', unit=(u.hourangle, u.deg))
    # Return
    return coord



[docs]def scipy_rebin(a, *args):
    """ Simple script to rebin an input array to a new shape.

    Akin to IDL's routine Taken from scipy documentation:
    http://wiki.scipy.org/Cookbook/Rebinning As in IDL, the new shape
    must be a factor of the old one.  The ugly 'evList trick' builds
    and executes a python command.

    """
    shape = a.shape
    lenShape = len(shape)
    factor = np.asarray(shape)/np.asarray(args)
    evList = ['a.reshape('] + \
             ['args[%d],factor[%d],'%(i,i) for i in range(lenShape)] + \
             [')'] + ['.mean(%d)'%(i+1) for i in range(lenShape)]
    #print ''.join(evList)
    return eval(''.join(evList))



[docs]def jsonify(obj, debug=False):
    """ Recursively process an object so it can be serialised in json
    format.

    WARNING - the input object may be modified if it's a dictionary or
    list!

    Parameters
    ----------
    obj : any object
    debug : bool, optional

    Returns
    -------
    obj - the same obj is json_friendly format (arrays turned to
    lists, np.int64 converted to int, np.float64 to float, and so on).

    """
    if isinstance(obj, np.float64):
        obj = float(obj)
    elif isinstance(obj, np.float32):
        obj = float(obj)
    elif isinstance(obj, np.int32):
        obj = int(obj)
    elif isinstance(obj, np.int64):
        obj = int(obj)
    elif isinstance(obj, np.int16):
        obj = int(obj)
    elif isinstance(obj, np.bool_):
        obj = bool(obj)
    elif isinstance(obj, np.string_):
        obj = str(obj)
    elif isinstance(obj, Quantity):
        obj = dict(value=obj.value, unit=obj.unit.to_string())
    elif isinstance(obj, np.ndarray):  # Must come after Quantity
        obj = obj.tolist()
    elif isinstance(obj, dict):
        for key, value in obj.items():
            obj[key] = jsonify(value, debug=debug)
    elif isinstance(obj, list):
        for i,item in enumerate(obj):
            obj[i] = jsonify(item, debug=debug)
    elif isinstance(obj, tuple):
        obj = list(obj)
        for i,item in enumerate(obj):
            obj[i] = jsonify(item, debug=debug)
        obj = tuple(obj)
    elif isinstance(obj, Unit):
        obj = obj.name
    elif obj is u.dimensionless_unscaled:
        obj = 'dimensionless_unit'

    if debug:
        print(type(obj))
    return obj



[docs]def savejson(filename, obj, overwrite=False, indent=None, easy_to_read=False,
             **kwargs):
    """ Save a python object to filename using the JSON encoder.

    Parameters
    ----------
    filename : str
    obj : object
      Frequently a dict
    overwrite : bool, optional
    indent : int, optional
      Input to json.dump
    easy_to_read : bool, optional
      Another approach and obj must be a dict
    kwargs : optional
      Passed to json.dump

    Returns
    -------

    """
    import io

    if os.path.lexists(filename) and not overwrite:
        raise IOError('%s exists' % filename)
    if easy_to_read:
        if not isinstance(obj, dict):
            raise IOError("This approach requires obj to be a dict")
        with io.open(filename, 'w', encoding='utf-8') as f:
            f.write(json.dumps(obj, sort_keys=True, indent=4,
                               separators=(',', ': '), **kwargs))
    else:
        if filename.endswith('.gz'):
            with gzip.open(filename, 'wt') as fh:
                json.dump(obj, fh, indent=indent, **kwargs)
        else:
            with open(filename, 'wt') as fh:
                json.dump(obj, fh, indent=indent, **kwargs)



[docs]def loadjson(filename):
    """ Load a python object saved with savejson."""
    if filename.endswith('.gz'):
        with gzip.open(filename, "rb") as f:
            obj = json.loads(f.read().decode("ascii"))
    else:
        with open(filename, 'rt') as fh:
            obj = json.load(fh)

    return obj



[docs]def rel_vel(wavelength, wv_obs):
    """ Simple relative velocity method

    Parameters
    ----------
    wavelength : Quantity array
    wv_obs : Quantity

    Returns
    -------

    """
    if not isinstance(wavelength, Quantity):
        raise ValueError('Input wavelength array needs to be a Quantity array')
    if not isinstance(wv_obs, Quantity):
        raise ValueError('Input wv_obs needs to be a Quantity')
    return ((wavelength - wv_obs) * const.c / wv_obs).to('km/s')


[docs]def v_from_z(z1, z2):
    """ Find the relativistic velocity between 2 redshifts.

    Parameters
    ----------
    z1 : float
       One redshift.
    z2 : float or array
       Other redshift(s)

    Returns
    -------
    v : Quantity (km/s)
      Velocity

    Notes
    -----
    """
    R = (1+z1) / (1+z2)
    v = const.c * (R**2 - 1)/(1+R**2)

    return v.to('km/s')


# #####
[docs]def z_from_v(z, v):
    """ Find the redshift given z and v

    Parameters
    ----------
    z : float or array
       Redshift
    v : Quantity or float or array or array of Quantity
       Velocities. If not Quantity it assumes km/s units.

    Returns
    -------
    z : float or array
      New redshifts

    Notes
    -----
    """
    # Check for unit
    if not isinstance(v, u.quantity.Quantity):
        # Assume km/s
        v = v * u.Unit('km/s')

    # b
    bval = (v / const.c.to('km/s'))

    # R
    R = np.sqrt((1-bval)/(1+bval))
    # Finally
    znew = (1+z)/R - 1

    return znew.value


# Slightly different functions for passing from dv to dz, and viceversa (that NT prefers).
# May need to agree on one kind of conversion in the future
[docs]def give_dv(z, zmean, rel=True):
    """Gives velocity difference between z and zmean,
    at zmean.

    Parameters
    ---------
    z : float or np.array
        Redshifts to calculate dv on
    zmean : float or np.array
        Rest-frame redshift to perform the calculation.
        If shape of zmean is equal than shape of z,
        each dv is calculated at each zmean, otherwise zmean
        is expected to be float
    rel : bool, optional
        Whether to apply relativistic correction for
        a locally flat space-time. Default is True.

    Returns
    -------
    dv : Quantity or Quantity array
        Rest frame velocity difference between z and zmean, at
        zmean. It has same shape as z.
        """
    z = np.array(z)
    zmean = np.array(zmean)

    if rel:
        dv = ((1 + z)**2 - (1 + zmean)**2) / ((1 + z)**2 + (1 + zmean)**2)
    else:
        dv = (z - zmean) / (1. + zmean)

    return dv * const.c.to('km/s')


[docs]def give_dz(dv, zmean, rel=True):
    """Gives redshift difference for a given
    velocity difference(s) at zmean.

    Parameters
    ---------
    dv : Quantity or Quantity array
        Rest-frame velocity at zmean to calculate
        the corresponding redshift difference, dz
    zmean : float or np.array
        Redshift to perform the calculation.
        If shape of zmean is equal than shape of dv,
        each dv is calculated at each zmean, otherwise zmean
        is expected to be float
    rel : bool, optional
        Whether to apply relativistic correction for
        a locally flat space-time. Default is True.

    Returns
    dz : np.array
        Redshift difference between dv and zmean, at zmean.
        Same shape as dv.
        """
    if not isinstance(dv, u.quantity.Quantity):
        raise ValueError('dv must be Quantity or Quantity array!')
    try:
        dv = dv.to('km/s') # dv in km/s
        dv = np.array(dv.value)
    except UnitConversionError:
        raise ValueError('dv must have velocity units!')

    zmean = np.array(zmean)

    if rel:
        beta = dv / const.c.to('km/s').value
        aux = np.sqrt((1.+ beta)/(1.- beta))
        dz = (1. + zmean) * (aux - 1.)
    else:
        dz = dv * (1. + zmean) / const.c.to('km/s').value
    return dz



[docs]def overlapping_chunks(chunk1, chunk2):
    """True if there is overlap between chunks
    `chunk1` and `chunk2`. Otherwise False. Chunks are
    assumed to represent continuous coverage, so the only
    information that matters are the minimum and maximum
    values of a given chunk. Chunks must be sorted though.

    Parameters
    ----------
    chunk1 : tuple, list, 1-d np.array, Quantity, Quantity array
        A given chunk, assumed to represent a contiguous region
        so only its minimum and maximum values matter. Still,
        chunk must be sorted.
    chunk2 : tuple, list, 1-d np.array
        Ditto.

    Returns
    -------
    answer : bool
        True if there is overlap, False otherwise.

    """
    # Check units in case chunks are Quantity
    if isinstance(chunk1, Quantity):
        unit1 = chunk1.unit
        chunk1 = np.array(chunk1.value)
        if not isinstance(chunk2, Quantity):
            raise ValueError('chunk2 must be Quantity because chunk1 is!')
        try:
            chunk2 = chunk2.to(unit1)
            chunk2 = np.array(chunk2.value)  # has the same units as chunk1
        except u.core.UnitConversionError:
            raise ValueError('If chunks are given as Quantity they must have convertible units!')
    else:
        chunk1 = np.array(chunk1)  # not a quantity

    # this may be redundant but cleaner code
    if isinstance(chunk2, Quantity):
        unit2 = chunk2.unit
        chunk2 = np.array(chunk2.value)
        if not isinstance(chunk1, Quantity):
            raise ValueError('chunk1 must be Quantity because chunk2 is!')
    else:
        chunk2 = np.array(chunk2)  # not a quantity
    # here we have chunks as values (i.e no units)

    # make sure the chunks are sorted
    cond1 = np.sort(chunk1) != chunk1
    cond2 = np.sort(chunk2) != chunk2
    if (np.sum(cond1) > 0) or (np.sum(cond2) > 0):
        raise ValueError('chunks must be sorted!')

    # figure out the lowest of the chunks
    # and sort them such that chunk1 is by definition
    # the one with the lowest limit
    if np.min(chunk1) <= np.min(chunk2):
        pass
    else: # invert them if necessary
        aux = chunk1
        chunk1 = chunk2
        chunk2 = aux

    # now the chunk1 is the one with the lowest value
    # then, the only way they do not overlap is:
    if np.min(chunk2) > np.max(chunk1):
        return False
    else:  # overlap exists
        return True
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  Source code for linetools.spectra.lsf

"""
Module for dealing with LSFs of various astronomical instruments.
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
from scipy.interpolate import interp1d
from astropy.io import fits, ascii
from astropy.units import Quantity
import astropy.units as u
from astropy.table import Table, QTable, Column
import glob, imp
from linetools.analysis.interp import interp_Akima
import warnings

lt_path = imp.find_module('linetools')[1]

[docs]class LSF(object):
    """Class to deal with line-spread-functions (LSFs) from
    various different astronomical spectrographs.

    Note: only implemented for HST/COS and HST/STIS at the moment.

    Parameters
    ----------
    instr_config : dict
        A dictionary with the instrument configuration details relevant
        to the required LSF. Mandatory keywords of the dict are: ['name'], 
        all of which must be either string or None. 
        Note: There must be extra relevant keywords specific to each instrument.

    """

    def __init__(self, instr_config):
        # mandatory keys for characterizing a spectrograph mode
        self.mandatory_dict_keys = ['name']
                
        # Check correct format
        if not isinstance(instr_config, dict):
            raise TypeError('`instr_config` must be a dictionary.')
        elif not all([key in instr_config.keys() for key in self.mandatory_dict_keys]):
            raise SyntaxError('`instr_config` must have the following mandatory keys {}:'.format(self.mandatory_dict_keys))

        # Initialize basics
        self.instr_config = instr_config
        self.name = instr_config['name']
        if self.name not in ['COS', 'STIS']:
            raise NotImplementedError('Not ready for this instrument: {}'.format(self.name))
        
        # initialize specific to given instrument name
        # only implemented for HST/COS  and HST/STIS so far
        if self.name == 'COS':
            self.pixel_scale, self._data = self.load_COS_data()
        elif self.name == 'STIS':
            self.pixel_scale, self._data = self.load_STIS_data()
        # IMPORTANT: make sure that LSFs are given in linear wavelength scales !!!

        #reformat self._data
        self.check_and_reformat_data()
        
        #other relevant values to initialize?

[docs]    def get_lsf(self, wv_array, kind='Akima'):
        """ Given a wavelength array `wv_array`, it returns
        the LSF kernel at the central wavelength of the array, 
        using the same pixel scale and extent of `wv_array`. 

        Method for non-Gaussian kernels: First, tabulated LSFs
        are linearly interpolated to the center of `wv_array`
        (see LSF.interpolate_to_wv0() for details); then, the
        LSF is interpolated to match the `wv_array`
        scale and extent using Akima (or cubic) interpolation (see
        LSF.interpolate_to_wv_array() for details).

        Parameters
        ----------
        wv_array : Quantity numpy.ndarray, shape(N,)
            Wavelength array for which the LSF kernel is defined. The 
            central wavelength value of `wv_array` define the wavelength
            at which the LSF is defined, while the limits of `wv_array` 
            define the extent of the kernel.
        kind : str, optional
            Specifies the kind of interpolation as a string either 
            ('cubic', 'Akima')

        Returns
        -------
        lsf_array : numpy.ndarray, shape(N,)
            The lsf kernel.

        """
        lsf_array = self.interpolate_to_wv_array(wv_array, kind=kind)
        return lsf_array['kernel'].data


[docs]    def check_and_reformat_data(self):
        """Any re-formating of self._data should happen here.

        At the moment this function does the following:
         - Make sure that the number of relative pixels of the LSF is odd integer
         - Impose the middle value to define the 0 relative pixel
         - Make sure tables with 'rel_pix' given in fraction of pixels (e.g. COS NUV) work properly
         - Normalize tabulated LSFs
        """

        self._data['rel_pix'] = self.check_and_reformat_relpix(self._data['rel_pix'].data)

        #normalize given LSFs
        for col_name in self._data.keys()[1:]:
            self._data[col_name] /= np.sum(self._data[col_name])


[docs]    def check_and_reformat_relpix(self, relpix):
        """Performs checks and reformating on a relative pixel array.

        At the moment this function does the following:
         - Make sure that the number of relative pixels of the LSF is odd integer
         - Impose the middle value to define the 0 relative pixel

        Parameters
        ----------
        relpix : np.array
            Relative pixel array

        Returns
        -------
        new_relpix array that conforms to the LSF class standards.
        """

        # odd integer for total number of relative pixels
        n_pix = len(relpix)
        assert n_pix % 2 != 0, ValueError('LSF tables must be given as odd integers!')

        # make sure relpix == 0 is in the middle of the array
        n_half = (n_pix - 1) / 2
        mid_value = relpix[n_half]
        new_relpix = relpix - mid_value  # 0 in the middle

        return new_relpix


[docs]    def load_COS_data(self):
        """Load the right data according to `instr_config` for HST/COS 
        instrument"""

        # define pixel scales; values obtained from STScI
        # these values must be consistent with the given LSFs
        pixel_scale_dict = {'G130M': 9.97 / 1000. * u.AA,
                    'G160M': 12.23 / 1000. * u.AA,
                    'G140L': 80.3 / 1000. * u.AA,
                    'G230L': 390. / 1000. * u.AA,
                    'G185M': 37. / 1000. * u.AA,
                    'G225M': 33. / 1000. * u.AA,
                    'G285M': 40. / 1000. * u.AA}
        # define channel based on grating name
        channel_dict = {'G130M':  'FUV',
                    'G160M': 'FUV',
                    'G140L': 'FUV',
                    'G230L': 'NUV',
                    'G185M': 'NUV',
                    'G225M': 'NUV',
                    'G285M': 'NUV'}

        try:
            grating = self.instr_config['grating']
        except:
            raise SyntaxError('`grating` keyword missing in `instr_config` dictionary.')
        
        if grating not in channel_dict.keys():
            raise NotImplementedError('Not ready for this HST/COS grating: {}'.format(grating))

        if channel_dict[grating] == 'NUV': #there is only 1 LSF file for NUV data
            file_name = 'nuv_all_lp1.txt'
        # COS
        elif channel_dict[grating] == 'FUV':
            # Use the ones corrected by scattering when possible
            # (currently, these are only available for lifetime-position 1)
            # check: http://www.stsci.edu/hst/cos/performance/spectral_resolution
            try:
                life_position = self.instr_config['life_position']
            except:
                raise SyntaxError('`life_position` keyword missing in `instr_config` dictionary.')

            if life_position not in ['1','2','3']:
                raise ValueError('HST/COS `life_position` should be either `1` or `2` or `3` (strings)')

            if life_position == '1':
                if grating == 'G140L': #use theoretical values 
                    file_name = 'fuv_G140L_lp1.txt'
                    
                elif grating == 'G130M': #use empirical values corrected by scattering
                    file_name = 'fuv_G130M_lp1_empir.txt'

                elif grating == 'G160M': #use empirical values corrected by scattering
                    file_name = 'fuv_G160M_lp1_empir.txt'
            
            elif life_position in ['2','3']:
                try:
                    cen_wave = self.instr_config['cen_wave']
                except:
                    raise SyntaxError('`cen_wave` keyword missing in `instr_config` dictionary. This should provide the central wavelength of the grating in Angstroms as a string.')
                #adjust format in cases where cen_wave is of the form: str(1230A)
                if cen_wave.endswith('A'): #adjust format
                    cen_wave = cen_wave[:-1]
                
                #filenames in this case have a well defined naming convention, and strict format.
                if life_position == '2':
                    file_name = 'fuv_{}_{}_lp2.txt'.format(grating,cen_wave)
                elif life_position == '3':
                    file_name = 'fuv_{}_{}_lp3.txt'.format(grating,cen_wave)
                else: # this should never happen
                    raise NotImplementedError('Unexpected error: please contact linetools developers!')

        else: # Wrong COS channel
            raise NotImplementedError('Not ready for the given HST/COS channel; only `NUV` and `FUV` channels allowed.')
        
        # point to the right file
        file_name = lt_path + '/data/lsf/{}/{}'.format(self.name,file_name)
        
        # get column names
        f = open(file_name,'r')
        line = f.readline()  # first line of file
        f.close()
        # get rid of '\n' in first line
        line = line.split('\n')[0]
        # by construction first column should be separated by `,`
        col_names = line.split(',')
        col_names[0] = 'rel_pix'
        
        pixel_scale = pixel_scale_dict[grating]  # read from dictionary defined above
        # read data
        data = ascii.read(file_name, data_start=1, names=col_names)
        
        return pixel_scale, data


[docs]    def load_STIS_data(self):
        """Load the right data according to `instr_config` for HST/STIS
        instrument"""

        # define pixel scales; values obtained from STScI
        # these values must be consistent with the given LSFs
        pixel_scale_dict = {
            'G140L': 0.60 * u.AA,
            'G140M': 0.05 * u.AA,
            'G230L': 1.58 * u.AA,
            'G230M': 0.09 * u.AA,
            'E140M': 'lambda/91700',
            'E140H': 'lambda/228000',
            'E230M': 'lambda/60000',
            'E230H': 'lambda/228000',
            'G230LB': 1.35 * u.AA,
            'G230MB': 0.15 * u.AA,
            'G430L': 2.73 * u.AA,
            'G430M': 0.28 * u.AA,
            'G750L': 4.92 * u.AA,
            'G750M': 0.56 * u.AA
        }
        # define channel based on grating name
        channel_dict = {
            'G140L': 'FUV-MAMA',
            'G140M': 'FUV-MAMA',
            'G230L': 'NUV-MAMA',
            'G230M': 'NUV_MAMA',
            'E140M': 'FUV-MAMA',
            'E140H': 'FUV-MAMA',
            'E230M': 'NUV-MAMA',
            'E230H': 'NUV-MAMA',
            'G230LB': 'CCD',
            'G230MB': 'CCD',
            'G430L': 'CCD',
            'G430M': 'CCD',
            'G750L': 'CCD',
            'G750M': 'CCD'
        }
        # also need slits
        available_slits = {
            'G140L': ['52x0.1', '52x0.2', '52x0.5', '52x2.0'],
            'G140M': ['52x0.1', '52x0.2', '52x0.5', '52x2.0'],
            'G230L': ['52x0.1', '52x0.2', '52x0.5', '52x2.0'],
            'G230M': ['52x0.1', '52x0.2', '52x0.5', '52x2.0'],
            'E140H': ['0.1x0.03', '0.2x0.09', '0.2x0.2', '6x0.2'],
            'E140M': ['0.1x0.03', '0.2x0.06', '0.2x0.2', '6x0.2'],
            'E230H': ['0.1x0.03', '0.1x0.09', '0.1x0.2', '6x0.2'],
            'E230M': ['0.1x0.03', '0.2x0.06', '0.2x0.2', '6x0.2'],
            'G430L': ['52x0.1', '52x0.2', '52x0.5', '52x2.0'],
            'G750L': ['52x0.1', '52x0.2', '52x0.5', '52x2.0']
        }

        try:
            grating = self.instr_config['grating']
        except:
            raise SyntaxError('`grating` keyword missing in `instr_config` dictionary.')
        if grating not in channel_dict.keys():
            raise NotImplementedError('Not ready for this HST/STIS grating: {}. '
                                      'Available gratings for HST/STIS are: {}'.format(grating, channel_dict.keys()))
        if grating in ['E140H', 'E140M', 'E230M', 'E230H', 'G750M', 'G430M', 'G430L']:
            raise NotImplementedError('{} not implemented yet; coming soon...'.format(grating))

        # We also need to know the slit width
        try:
            slit = self.instr_config['slit']
        except:
            raise SyntaxError('`slit` keyword missing in `instr_config` dictionary.')
        if slit not in available_slits[grating]:
            raise NotImplementedError('Not ready for this HST/STIS slit: {}. '
                                      'Available slits for HST/STIS grating {} are: {}'.format(slit, grating, available_slits[grating]))

        # now we need to read the right files
        lsf_files = glob.glob(lt_path + '/data/lsf/STIS/stis_LSF_{}_????.txt'.format(grating))
        # figure relevant wavelengths from file names
        wa_names = [fname.split('/')[-1].split('_')[-1].split('.')[0] for fname in lsf_files]
        # sort them
        sorted_inds = np.argsort(wa_names)
        lsf_files = np.array(lsf_files)[sorted_inds]
        wa_names = np.array(wa_names)[sorted_inds]

        # read the relevant kernels; they may have different rel_pix values depending on wave
        kernels_dict = dict()
        for ii, file_name in enumerate(lsf_files):
            # get the column names
            f = open(file_name,'r')
            lines = f.readlines()  # get all lines
            f.close()
            col_names = lines[1] # column names are in second line
            # get rid of '\n'
            col_names = col_names.split('\n')[0]
            # split by blank space(s) and remove the first element
            col_names = col_names.split()[1:]
            # rename new first column
            col_names[0] = 'rel_pix'

            # get original data
            data_aux = ascii.read(file_name, data_start=2, names=col_names)
            # reformat rel_pix
            data_aux['rel_pix'] = self.check_and_reformat_relpix(data_aux['rel_pix'])
            # create column with absolute wavelength based on pixel scales
            wave_aux = float(wa_names[ii])*u.AA + data_aux['rel_pix']*pixel_scale_dict[grating]
            data_aux['wv'] = wave_aux  # not used for now, but may be useful with a different approach
            # create column with normalized kernel for relevant slit
            kernel = data_aux[slit] / np.sum(data_aux[slit])
            data_aux['kernel'] = kernel

            # store only rel_pix, wv, kernel as Table
            kernels_dict[wa_names[ii]] = data_aux['rel_pix', 'wv', 'kernel']

        # at this point the kernels_dict have the original information as given by the STScI
        # tables, in their various formats...

        # project to a single rel_pix scale using interpolation; for simplicity use a
        # custom rel_pix because STScI sometimes provide them as non-constant pixel fractions.
        # This new rel_pix grid will apply to all the wavelengths

        rel_pix = kernels_dict[wa_names[0]]['rel_pix']  # use the first one as reference
        rel_pix = np.linspace(-1*np.max(rel_pix), np.max(rel_pix), len(rel_pix))  # impose them linear and symmetric
        rel_pix = self.check_and_reformat_relpix(rel_pix)  # again just in case something odd happened
        data_table = Table()
        data_table['rel_pix'] = rel_pix
        for wa_name in wa_names:
            kernel_aux = interp_Akima(data_table['rel_pix'],
                                      kernels_dict[wa_name]['rel_pix'], kernels_dict[wa_name]['kernel'])
            data_table['{}A'.format(wa_name)] = kernel_aux

        pixel_scale = pixel_scale_dict[grating]  # read from dictionary defined above
        # import pdb; pdb.set_trace()
        # todo: work out a cleverer approach to this whole issue of having different rel_pix, pixel_scales, etc
        return pixel_scale, data_table


[docs]    def interpolate_to_wv0(self, wv0):
        """Retrieves a unique LSF valid at wavelength wv0

        This is done by linearly interpolating from tabulated values
        at different wavelengths. These tabulated values (stored
        internally in self._data) are usually given as calibration
        products by instrument developers and should be loaded by
        self.load_XX_data() in the initialization stage of LSF(),
        where XX is the name of the instrument)

        Parameters
        ----------
        wv0 : Quantity 
            Wavelength at which an LSF solution is required

        Returns
        -------
        lsf_table : Table
            The interpolated lsf at wv0. This table has two 
            columns: 'wv' and 'kernel'
        """
        # get wa0 to Angstroms
        wv0 = wv0.to('AA').value

        # transform to wavelength in float() form assuming Angstroms
        col_names = self._data.keys()
        col_waves = np.array([float(name.split('A')[0]) for name in col_names[1:]])

        # find out the closest 2 columns in self._data to wv0 (on each side); these kernels will be used for interpolation
        seps =  np.fabs(col_waves - wv0)
        closest_ind = np.argsort(seps)[0]  # the 1 closest
        if closest_ind == 0:  # lower edge
            ind_blue = closest_ind
        elif closest_ind == len(col_waves) - 1:  # upper edge
            ind_blue = closest_ind - 1
        elif (col_waves[closest_ind] - wv0) > 0:  # middle case 1
            ind_blue = closest_ind - 1
        else:  # middle case 2
            ind_blue = closest_ind
        ind_red = ind_blue + 1

        # create a smaller version of self._data with the 2 most relevant columns
        good_keys = col_names[1:]  # get rid of the first name, i.e. 'rel_pix'
        good_keys = good_keys[ind_blue : ind_red + 1]
        data_aux = self._data[good_keys]
        col_waves_aux = col_waves[ind_blue : ind_red + 1]
        lsf_vals = []
        for row in data_aux:
            aux_val = []
            for i in range(0, len(row)):
                aux_val += [row[i]]

            # we don't want to extrapolate wildly, but allow LSF instantiations for wv0 outside range of 'col_waves'
            if (wv0 >= col_waves_aux[0]) & (wv0 <= col_waves_aux[-1]):
                f = interp1d(col_waves_aux,aux_val,bounds_error=True,kind='linear')  # no need to extrapolate
                lsf_vals += [f(wv0)]

            elif (wv0 < col_waves[0]) & ((col_waves[0] - wv0) < np.abs(col_waves[1] - col_waves[0])):
                f = interp1d(col_waves_aux, aux_val, bounds_error=False,
                             fill_value=aux_val[0], kind='linear')  # assign shortest wv LSF definition
                lsf_vals += [f(wv0)]

                # warning
                if (col_waves[0] - wv0) > (np.abs(col_waves[1] - col_waves[0])/2.):
                    warnings.warn(
                        "LSF may result from extrapolation outside wavelength range characterized for current grating.")

            elif (wv0 > col_waves[-1]) & ((wv0 - col_waves[-1]) < np.abs(col_waves[-1] - col_waves[-2])):
                f = interp1d(col_waves_aux, aux_val, bounds_error=False,
                             fill_value=aux_val[-1], kind='linear') #assign longest wv LSF definition
                lsf_vals += [f(wv0)]

                # warning
                if (wv0 - col_waves[-1]) > (np.abs(col_waves[-1] - col_waves[-2])/2.):
                    warnings.warn(
                        "LSF may result from extrapolation outside wavelength range characterized for current grating.")
            else:
                raise ValueError("wv0 too far outside range of defined LSFs. Perhaps you've chosen the wrong grating?")
        lsf_vals = np.array(lsf_vals)

        # normalize
        lsf_vals /= np.sum(lsf_vals)

        # create Column to store the interpolated LSF
        # lsf_vals = Column(name='{:.0f}A'.format(wv0.value),data=lsf_vals)
        lsf_vals = Column(name='kernel', data=lsf_vals)

        # create column of relative pixel in absolute wavelength
        wv_array = [(self.pixel_scale * self._data['rel_pix'][i] + wv0*u.AA).value for i in range(len(self._data))]
        wv = Column(name='wv',data=wv_array, unit=u.AA)

        # create lsf Table
        lsf = Table()
        lsf.add_column(wv)
        lsf.add_column(lsf_vals)

        # return lsf Table()
        return lsf


[docs]    def interpolate_to_wv_array(self, wv_array, kind='Akima', debug=False):
        """ Interpolate an LSF to a wavelength array.
        
        Given `wv_array` this function interpolates an LSF
        to match both scale and extent of `wv_array` using the 
        Akima or cubic-spline interpolators (default is Akima). 
        Some checks are performed too.

        Parameters
        ----------
        wv_array : Quantity numpy.ndarray, shape(N,)
            Wavelength array for which the LSF kernel is defined. The 
            central wavelength value of `wv_array` define the wavelength
            at which the LSF is defined, while the limits of `wv_array` 
            define the extent of the kernel.
        kind : str, optional
            Specifies the kind of interpolation as a string either 
            ('cubic', 'Akima'); default is `Akima`.

        Returns
        -------
        lsf_table : Table
            The interpolated lsf using at the central wavelength of 
            `wv_array`, using the same pixel scale as `wv_array`. 
            This table has two columns: 'wv' and 'kernel'. (lst_table['wv'] 
            is equal to `wv_array` by construction.)

        """
        # Check correct format
        if not ((isinstance(wv_array, np.ndarray)) or (isinstance(wv_array, Quantity))):
            raise SyntaxError('`wv_array` must be Quantity numpy.ndarray')
        elif len(wv_array.shape) != 1:
            raise SyntaxError('`wv_array` must be of shape(N,), i.e. 1-dimensional array')
        if kind not in ['cubic','Akima','akima']:
            raise ValueError('Only `cubic` or `Akima` interpolation available.')

        # define useful quantities
        wv_min = np.min(wv_array)
        wv_max = np.max(wv_array)
        wv0 = 0.5 * (wv_max + wv_min)

        lsf_tab = self.interpolate_to_wv0(wv0)

        # make sure the wv_array is dense enough to sample the LSF kernel
        kernel_wvmin = np.min(lsf_tab['wv']) * u.AA
        kernel_wvmax = np.max(lsf_tab['wv']) * u.AA
        cond = (wv_array >= kernel_wvmin) & (wv_array <= kernel_wvmax)
        if np.sum(cond) < 10:  # this number is somewhat arbitrary but reasonable
            raise ValueError('The input `wv_array` is undersampling the LSF kernel! Try a finer grid.')

        # convert to Angstroms
        wv_array_AA = np.array([wv.to('AA').value for wv in wv_array])
        
        # interpolate to wv_array
        if kind == 'cubic':
            f = interp1d(lsf_tab['wv'], lsf_tab['kernel'], kind='cubic', bounds_error= False, fill_value=0)
            lsf_vals =  f(wv_array_AA)
        elif kind in ('Akima','akima'):
            # f = Akima1DInterpolator(lsf_tab['wv'],lsf_tab['kernel']) 
            # NT: I tried Akima interpolator from scipy.interpolate
            # and is not robust in extreme situations where the
            # wv_array is large compared to the kernel FWHM.
            # Let's try linetools.analysis.interp Akima version
            lsf_vals = interp_Akima(wv_array_AA,lsf_tab['wv'],lsf_tab['kernel'])

        # make sure the kernel is never negative
        cond = lsf_vals < 0
        if np.sum(cond) > 0:
            warnings.warn('The interpolated kernel has negative values; imposing them to be 0.')
            if debug:
                import matplotlib.pyplot as plt
                plt.plot(wv_array_AA, lsf_vals, 'k-')
                # import pdb; pdb.set_trace()
            lsf_vals = np.where(lsf_vals < 0, 0., lsf_vals)

        # normalize
        lsf_vals /= np.sum(lsf_vals)

        # re-define Table
        lsf_tab = Table()
        lsf_tab.add_column(Column(name='wv', data=wv_array))
        lsf_tab.add_column(Column(name='kernel', data=lsf_vals))

        return lsf_tab
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  Source code for linetools.spectra.plotting

""" Plotting utilities."""
from __future__ import division, print_function, unicode_literals, absolute_import

import numpy as np
from astropy.units.quantity import Quantity

[docs]def get_flux_plotrange(fl, perc=95, mult_pos=1.5, mult_neg=-0.1):
    """ Find y limits for a spectrum. 
    """
    if isinstance(fl, Quantity):
        fl = fl.value
    else:
        fl = np.array(fl, copy=True)

    try: 
        ymax = abs(np.percentile(fl[~np.isnan(fl)], perc)) * mult_pos
    except:
        import pdb; pdb.set_trace()
    return mult_neg * ymax, ymax
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  Source code for linetools.spectra.convolve

""" Functions related to convolution.
""" 

# py2.6+ compatibility
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
from astropy.convolution import convolve, Gaussian1DKernel, CustomKernel

#Updated functions using astropy.convolution
[docs]def convolve_psf(array, fwhm, boundary='fill', fill_value=0.,
                 normalize_kernel=True):
    """ Convolve an array with a gaussian kernel.

    Given an array of values `a` and a gaussian full width at half
    maximum `fwhm` in pixel units, returns the convolution of the
    array with the gaussian kernel.

    Parameters
    ----------
    array : array, shape(N,)
        Array to convolve
    fwhm : float
        Gaussian full width at half maximum in pixels.
    boundary : str, optional
        A flag indicating how to handle boundaries:
            * `None`
                Set the ``result`` values to zero where the kernel
                extends beyond the edge of the array (default).
            * 'fill'
                Set values outside the array boundary to ``fill_value``.
            * 'wrap'
                Periodic boundary that wrap to the other side of ``array``.
            * 'extend'
                Set values outside the array to the nearest ``array``
                value.
    fill_value : float, optional
        The value to use outside the array when using boundary='fill'
    normalize_kernel : bool, optional
        Whether to normalize the kernel prior to convolving

    Returns
    -------
    convolved_array : array, shape (N,)
    
    Notes
    -----
    This function uses astropy.convolution 
    """

    const2   = 2.354820046             # 2*sqrt(2*ln(2))
    const100 = 3.034854259             # sqrt(2*ln(100))
    sigma = fwhm / const2
    # gaussian drops to 1/100 of maximum value at x =
    # sqrt(2*ln(100))*sigma, so number of pixels to include from
    # centre of gaussian is:
    n = np.ceil(const100 * sigma)
    x_size = int(2*n) + 1 # we want this to be odd integer
    return convolve(array, Gaussian1DKernel(sigma, x_size=x_size),
                    boundary=boundary, fill_value=fill_value,
                    normalize_kernel=normalize_kernel)
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  Source code for linetools.spectra.io

""" Reading and writing of spectra
"""

from __future__ import print_function, absolute_import, division, unicode_literals

# Python 2 & 3 compatibility
try:
    basestring
except NameError:
    basestring = str


# Import libraries
import numpy as np
import warnings
import os, pdb
import json

from astropy.io import fits
from astropy import units as u
from astropy.table import Table, Column
from astropy.io.fits.hdu.table import BinTableHDU

from .xspectrum1d import XSpectrum1D


[docs]def readspec(specfil, inflg=None, efil=None, verbose=False, multi_ivar=False,
             format='ascii', exten=None, head_exten=0, debug=False, select=0,
             **kwargs):
    """ Read a FITS file (or astropy Table or ASCII file) into a
    XSpectrum1D class

    Parameters
    ----------
    specfil : str or Table
      Input file. If str:
        * FITS file are detected by searching for '.fit' in their filename.
        * ASCII must either have a proper Table format or be 3 (WAVE,
          FLUX, ERROR) or 4 (WAVE, FLUX, ERROR, CONTINUUM) columns. If
          the file has more than 4 columns with no header it will raise an error.
    efil : string, optional
      A filename for Error array, if it's in a separate file to the
      flux. The code will attempt to find this file on its own.
    multi_ivar : bool, optional
      If True, assume BOSS format of flux, ivar, log10(wave) in a
      multi-extension FITS.
    format : str, optional
      Format for ASCII table input. Default 'ascii'.
    exten : int, optional
      FITS extension (mainly for multiple binary FITS tables)
    select : int, optional
      Selected spectrum (for sets of 1D spectra, e.g. DESI brick)
    head_exten : int, optional
      Extension for header to ingest

    Returns
    -------
    An XSpectrum1D class

    """

    # Initialize
    if inflg is None:
        inflg = 0

    # Check specfil type
    if isinstance(specfil, Table):
        datfil = 'None'
        # Dummy hdulist
        hdulist = [fits.PrimaryHDU(), specfil]
    elif isinstance(specfil, basestring):
        datfil = specfil.strip()
        flg_fits = False
        for ext in ['.fit']:
            if ext in specfil:
                flg_fits = True
        if flg_fits: # FITS
            # Read header
            datfil, chk = chk_for_gz(specfil.strip())
            if chk == 0:
                raise IOError('File does not exist {}'.format(specfil))
            hdulist = fits.open(os.path.expanduser(datfil))
        elif '.hdf5' in specfil:  # HDF5
            return parse_hdf5(specfil, **kwargs)
        else: #ASCII
            tbl = Table.read(specfil,format=format)
            # No header?
            if tbl.colnames[0] == 'col1':
                if len(tbl.colnames) > 4:
                    raise IOError('No header found in ASCII file {}, \
                                  and has more than four columns. Please check its format.'.format(specfil))
                names = ['WAVE', 'FLUX', 'ERROR', 'CONTINUUM']
                for i, name in enumerate(tbl.colnames):
                    tbl[name].name = names[i]
                warnings.warn('No header found in ASCII file {}, assuming columns to be: {}'.format(specfil, names[:len(tbl.colnames)]))
            # import pdb; pdb.set_trace()
            hdulist = [fits.PrimaryHDU(), tbl]
    else:
        raise IOError('readspec: Bad spectra input.')

    head0 = hdulist[0].header

    if is_UVES_popler(head0):
        if debug:
            print('linetools.spectra.io.readspec(): Reading UVES popler format')
        xspec1d = parse_UVES_popler(hdulist)

    elif head0['NAXIS'] == 0:
        # Binary FITS table
        if debug:
            print('linetools.spectra.io.readspec(): Assuming binary fits table')
        xspec1d = parse_FITS_binary_table(hdulist, exten=exten, **kwargs)

    elif head0['NAXIS'] == 1: # Data in the zero extension

        # How many entries?
        if len(hdulist) == 1:  # Old school (one file per flux, error)
            if debug:
                print(
  'linetools.spectra.io.readspec(): Assuming flux and err in separate files')
            xspec1d = parse_two_file_format(specfil, hdulist, efil=efil)

        elif hdulist[0].name == 'FLUX':
            if debug:
                print(
  'linetools.spectra.io.readspec(): Assuming separate flux and err files.')
            xspec1d = parse_linetools_spectrum_format(hdulist)

        else:  # ASSUMING MULTI-EXTENSION
            co=None
            if debug:
                print(
              'linetools.spectra.io.readspec(): Assuming multi-extension')

            if len(hdulist) <= 2:
                raise RuntimeError('No wavelength info but only 2 extensions!')
            fx = hdulist[0].data.flatten()
            try:
                sig = hdulist[1].data.flatten()
            except AttributeError:  # Error array is "None"
                sig = None
            wave = hdulist[2].data.flatten()
            # BOSS/SDSS?
            try:
                multi_ivar = head0['TELESCOP'][0:4] in ['SDSS']
            except KeyError:
                pass
            #
            if multi_ivar is True:
                tmpsig = np.zeros(len(sig))
                gdp = np.where(sig > 0.)[0]
                tmpsig[gdp] = np.sqrt(1./sig[gdp])
                sig = tmpsig
                wave = 10.**wave

            # Look for co
            if len(hdulist) == 4:
                co = hdulist[3].data.flatten()

            wave = give_wv_units(wave)
            xspec1d = XSpectrum1D.from_tuple((wave, fx, sig, co), **kwargs)

    elif head0['NAXIS'] == 2:
        if (hdulist[0].name == 'FLUX') and (hdulist[2].name == 'WAVELENGTH'):  # DESI
            if debug:
                print('linetools.spectra.io.readspec(): Assuming DESI brick')
            xspec1d = parse_DESI_brick(hdulist, select=select)

        else:  # SDSS
            if debug:
                print('linetools.spectra.io.readspec(): Assuming SDSS format')
            fx = hdulist[0].data[0, :].flatten()
            sig = hdulist[0].data[2, :].flatten()
            wave = setwave(head0)
            xspec1d = XSpectrum1D.from_tuple(
                (give_wv_units(wave), fx, sig, None))
    else:  # Should not be here
        print('Not sure what has been input.  Send to JXP.')
        return


    # Generate, as needed
    """
    if 'xspec1d' not in locals():
        # Give Ang as default
        if not hasattr(wave, 'unit'):
            uwave = u.Quantity(wave, unit=u.AA)
        elif wave.unit is None:
            uwave = u.Quantity(wave, unit=u.AA)
        else:
            uwave = u.Quantity(wave)
        xspec1d = XSpectrum1D.from_tuple((wave, fx, sig, None))
    """

    if np.any(np.isnan(xspec1d.wavelength)):
        warnings.warn('WARNING: Some wavelengths are NaN')

    # Filename
    xspec1d.filename = datfil

    if not xspec1d.co_is_set:
        # Final check for continuum in a separate file
        if isinstance(specfil, basestring) and (specfil.endswith('.fits') or specfil.endswith('.fits.gz')):
            co_filename = specfil.replace('.fits', '_c.fits')
            if os.path.exists(co_filename):
                tmpco = fits.getdata(co_filename)
                if tmpco.size != xspec1d.totpix:
                    warnings.warn("Continuum size does not match native spectrum")
                    warnings.warn("Continuing under the assumption that this is due to a masked array")
                    gdp = ~xspec1d.data['flux'][xspec1d.select].mask
                    xspec1d.data['co'][xspec1d.select][gdp] = tmpco
                else:
                    xspec1d.data['co'][xspec1d.select] = tmpco
                # Mask
                xspec1d.data['co'][xspec1d.select].mask = xspec1d.data['flux'][xspec1d.select].mask

    # Add in the header
    if head_exten == 0:
        xspec1d.meta['headers'][0] = head0
    else:
        head = hdulist[head_exten].header
        xspec1d.meta['headers'][0] = head
    if xspec1d.nspec > 1:
        warnings.warn("Read in only 1 header (into meta['headers'][0]")

    # Return
    return xspec1d



#### ###############################
#  Grab values from the Binary FITS Table or Table
[docs]def get_table_column(tags, hdulist, idx=None):
    """ Find a column in a FITS binary table

    Used to return flux/error/wave values from a binary FITS table
    from a list of tags.

    Parameters
    ----------
    tags : list
     List of string tag names
    hdulist : fits header data unit list
    idx : int, optional
     Index of list for Table input

    Returns
    -------
    dat : float array
      Data values corresponding to the first tag found
      Returns None if no match
    """
    if idx is None:
        idx = 1
    dat = None
    # Use Table
    if isinstance(hdulist[idx],BinTableHDU):
        tab = Table(hdulist[idx].data)
    else:
        tab = hdulist[idx]

    # Grab
    names = set(tab.dtype.names)
    for tag in tags:
        if tag in names:
            dat = np.array(tab[tag])
            break  # Break with first hit

    # Return
    if dat is not None:
        return dat.flatten(), tag
    else:
        return dat, 'NONE'



[docs]def get_wave_unit(tag, hdulist, idx=None):
    """ Attempt to pull wavelength unit from the Table
    Parameters
    ----------
    tag : str
     Tag used for wavelengths
    hdulist : fits header data unit list
    idx : int, optional
     Index of list for Table input

    Returns
    -------
    unit : astropy Unit
      Defaults to None
    """
    from astropy.units import Unit
    if idx is None:
        idx = 1
    # Use Table
    if isinstance(hdulist[idx],BinTableHDU):
        tab = Table(hdulist[idx].data)
        header = hdulist[idx].header
    else:
        # NEED HEADER INFO
        return None
    # Try table header (following VLT/X-Shooter here)
    keys = header.keys()
    values = header.values()
    hidx = values.index(tag)
    if keys[hidx][0:5] == 'TTYPE':
        try:
            tunit = header[keys[hidx].replace('TYPE','UNIT')]
        except KeyError:
           return None
        else:
            if tunit == 'Angstroem':
                tunit = 'Angstrom'
            unit = Unit(tunit)
            return unit
    else:
        return None



#### ###############################
#  Set wavelength array using Header cards
[docs]def setwave(hdr):
    """ Generate wavelength array from a header

    Parameters
    ----------
    hdr : FITS header

    Returns
    -------
    wave : ndarray
      No units yet
    """

    # Parse the header
    npix = hdr['NAXIS1']
    crpix1 = hdr['CRPIX1'] if 'CRPIX1' in hdr else 1.
    crval1 = hdr['CRVAL1']

    cdelt1, dc_flag = get_cdelt_dcflag(hdr)

    # Generate
    wave = crval1 + cdelt1 * (np.arange(npix) + 1. - crpix1)
    if dc_flag == 1:
        wave = 10.**wave # Log

    return wave


[docs]def get_cdelt_dcflag(hd):
    """ Find the wavelength stepsize and dcflag from a fits header.

    Parameters
    ----------
    hd : astropy.io.fits header instance

    Returns
    -------
    cdelt, dc_flag : float, int
      Wavelength stepsize and dcflag (1 if log-linear scale, 0 if linear).
    """
    cdelt = None
    if 'CDELT1' in hd:
        cdelt1 = hd['CDELT1']
    elif 'CD1_1' in hd:
        cdelt1 = hd['CD1_1']  # SDSS style

    dc_flag = 0
    if 'DC-FLAG' in hd:
        dc_flag = hd['DC-FLAG']
    elif cdelt1 < 1e-4:
        import warnings
        warnings.warn('WARNING: CDELT1 < 1e-4, Assuming log wavelength scale')
        dc_flag = 1

    return cdelt1, dc_flag



#### ###############################
# Deal with .gz extensions, usually on FITS files
#   See if filenm exists, if so pass it back
#
[docs]def chk_for_gz(filenm):
    """ Checks for .gz extension to an input filename and returns file

    Also parses the ~ if given

    Parameters
    ----------
    filenm : string
     Filename to query

    Returns
    -------
    filenm+XX : string
      Returns in this order:
        i. Input filename if it exists
        ii. Input filename if it has .gz extension already
        iii. Input filename.gz if that exists
        iv. Input filename.gz if that exists
    chk : bool or int
      * True if file exists
      * 0 if No check was performed
      * False if no file exists
    """
    import os
    from os.path import expanduser
    filenm = expanduser(filenm)

    # File exist?
    if os.path.lexists(filenm):
        chk=True
        return filenm, chk

    # .gz already
    if filenm.find('.gz') > 0:
        chk=0
        return filenm, chk

    # Add .gz
    if os.path.lexists(filenm+'.gz'):
        chk=True
        return filenm+'.gz', chk
    else:
        chk=False
        return None, chk



[docs]def give_wv_units(wave):
    """ Give a wavelength array units of Angstroms, if unitless.

    Parameters
    ----------
    wave : array or Quantity
      Input wavelength array

    Returns
    -------
    uwave: Quantity
      Output wavelengths in Angstroms if input is unitless, or the
      input array unchanged otherwise.
    """
    if not hasattr(wave, 'unit'):
        uwave = u.Quantity(wave, unit=u.AA)
    elif wave.unit is None:
        uwave = u.Quantity(wave, unit=u.AA)
    else:
        uwave = u.Quantity(wave)

    return uwave



[docs]def is_UVES_popler(hd):
    """ Check if this header is UVES_popler output.

    Parameters
    ----------
    hd : FITS header

    Returns
    -------
    True if a UVES_popler file, False otherwise.
    """
    if 'history' not in hd:
        return False
    for row in hd['history']:
        if 'UVES POst Pipeline Echelle Reduction' in row:
            return True
    return False


[docs]def parse_UVES_popler(hdulist):
    """ Read a spectrum from a UVES_popler-style fits file.

    Parameters
    ----------
    hdulist : FITS HDU list

    Returns
    -------
    xspec1d : XSpectrum1D
      Parsed spectrum
    """
    from linetools.spectra.xspectrum1d import XSpectrum1D

    hd = hdulist[0].header
    uwave = setwave(hd) * u.Angstrom
    co = hdulist[0].data[3]
    fx = hdulist[0].data[0] * co  #  Flux
    sig = hdulist[0].data[1] * co
    xspec1d = XSpectrum1D.from_tuple((uwave, fx, sig, co))
    return xspec1d


[docs]def parse_FITS_binary_table(hdulist, exten=None, wave_tag=None, flux_tag=None,
                            sig_tag=None, co_tag=None, var_tag=None,
                            ivar_tag=None, **kwargs):
    """ Read a spectrum from a FITS binary table

    Parameters
    ----------
    hdulist : FITS HDU list
    exten : int, optional
      Extension for the binary table.
    wave_tag : str, optional
    flux_tag : str, optional
    sig_tag : str, optional
    co_tag : str, optional
    var_tag : str, optional

    Returns
    -------
    xspec1d : XSpectrum1D
      Parsed spectrum
    """
    # Flux
    if flux_tag is None:
        flux_tags = ['SPEC', 'FLUX', 'FLAM', 'FX', 'FNORM',
                     'FLUXSTIS', 'FLUX_OPT', 'fl', 'flux', 'counts',
                     'COUNTS']
    else:
        flux_tags = [flux_tag]
    fx, fx_tag = get_table_column(flux_tags, hdulist, idx=exten)
    if fx is None:
        print('Binary FITS Table but no Flux tag. Searched fo these tags:\n',
              flux_tags)
        return
    # Error
    if sig_tag is None:
        sig_tags = ['ERROR','ERR','SIGMA_FLUX','ERR_FLUX', 'ENORM', 'FLAM_SIG', 'SIGMA_UP',
                    'ERRSTIS', 'FLUXERR', 'SIGMA', 'sigma', 'sigma_flux',
                    'er', 'err', 'error', 'sig', 'fluxerror']
    else:
        sig_tags = [sig_tag]
    sig, sig_tag = get_table_column(sig_tags, hdulist)
    if sig is None:
        if ivar_tag is None:
            ivar_tags = ['IVAR', 'IVAR_OPT', 'ivar', 'FLUX_IVAR']
        else:
            ivar_tags = [ivar_tag]
        ivar, ivar_tag = get_table_column(ivar_tags, hdulist, idx=exten)
        if ivar is None:
            if var_tag is None:
                var_tags = ['VAR', 'var']
            else:
                var_tags = [var_tag]
            var, var_tag = get_table_column(var_tags, hdulist, idx=exten)
            if var is None:
                warnings.warn('No error tag found. Searched for these tags:\n'+ str(sig_tags + ivar_tags + var_tags))
            else:
                sig = np.sqrt(var)
        else:
            sig = np.zeros(ivar.size)
            gdi = np.where( ivar > 0.)[0]
            sig[gdi] = np.sqrt(1./ivar[gdi])
    # Wavelength
    if wave_tag is None:
        wave_tags = ['WAVE','WAVELENGTH','LAMBDA','LOGLAM',
                     'WAVESTIS', 'WAVE_OPT', 'wa', 'wave', 'loglam','wl']
    else:
        wave_tags = [wave_tag]
    wave, wave_tag = get_table_column(wave_tags, hdulist, idx=exten)
    if wave_tag in ['LOGLAM','loglam']:
        wave = 10.**wave
    # Try for unit
    wv_unit = get_wave_unit(wave_tag, hdulist, idx=exten)
    if wv_unit is not None:
        wave = wave * wv_unit
    if wave is None:
        print('Binary FITS Table but no wavelength tag. Searched for these tags:\n',
              wave_tags)
        return
    if co_tag is None:
        co_tags = ['CONT', 'CO', 'CONTINUUM', 'co', 'cont']
    else:
        co_tags = [co_tag]
    co, co_tag = get_table_column(co_tags, hdulist, idx=exten)
    # Finish
    xspec1d = XSpectrum1D.from_tuple((give_wv_units(wave), fx, sig, co), **kwargs)

    if 'METADATA' in hdulist[0].header:
        xspec1d.meta.update(json.loads(hdulist[0].header['METADATA']))
    return xspec1d


[docs]def parse_linetools_spectrum_format(hdulist):
    """ Parse an old linetools-format spectrum from an hdulist

    Parameters
    ----------
    hdulist : FITS HDU list

    Returns
    -------
    xspec1d : XSpectrum1D
      Parsed spectrum

    """
    if 'WAVELENGTH' not in hdulist:
        pdb.set_trace()
        #spec1d = spec_read_fits.read_fits_spectrum1d(
        #    os.path.expanduser(datfil), dispersion_unit='AA')
        xspec1d = XSpectrum1D.from_spec1d(spec1d)
    else:
        wave = hdulist['WAVELENGTH'].data * u.AA
        fx = hdulist['FLUX'].data

    # Error array
    if 'ERROR' in hdulist:
        sig = hdulist['ERROR'].data
    else:
        sig = None

    if 'CONTINUUM' in hdulist:
        co = hdulist['CONTINUUM'].data
    else:
        co = None

    xspec1d = XSpectrum1D.from_tuple((wave, fx, sig, co))

    if 'METADATA' in hdulist[0].header:
        # import pdb; pdb.set_trace()
        # patch for reading continuum metadata; todo: should be fixed properly!!!
        if "contpoints" in hdulist[0].header['METADATA']:
            aux_s = hdulist[0].header['METADATA']
            if aux_s.endswith("}\' /"):
                aux_s = aux_s[:-3]  # delete these extra characters
                hdulist[0].header['METADATA'] = aux_s
        xspec1d.meta.update(json.loads(hdulist[0].header['METADATA']))

    return xspec1d



[docs]def parse_hdf5(inp, **kwargs):
    """ Read a spectrum from HDF5 written in XSpectrum1D format
    Expects:  meta, data, units

    Parameters
    ----------
    inp : str or hdf5

    Returns
    -------

    """
    import json
    import h5py
    # Path
    path = kwargs.pop('path', '/')
    # Open
    if isinstance(inp, basestring):
        hdf5 = h5py.File(inp, 'r')
    else:
        hdf5 = inp
    # Data
    data = hdf5[path+'data'].value
    # Meta
    if 'meta' in hdf5[path].keys():
        meta = json.loads(hdf5[path+'meta'].value)
        # Headers
        for jj,heads in enumerate(meta['headers']):
            meta['headers'][jj] = fits.Header.fromstring(meta['headers'][jj])
    else:
        meta = None
    # Units
    units = json.loads(hdf5[path+'units'].value)
    for key,item in units.items():
        if item == 'dimensionless_unit':
            units[key] = u.dimensionless_unscaled
        else:
            units[key] = getattr(u, item)
    # Other arrays
    try:
        sig = data['sig']
    except (NameError, IndexError):
        sig = None
    try:
        co = data['co']
    except (NameError, IndexError):
        co = None
    # Finish
    hdf5.close()
    return XSpectrum1D(data['wave'], data['flux'], sig=sig, co=co,
                          meta=meta, units=units, **kwargs)



[docs]def parse_DESI_brick(hdulist, select=0):
    """ Read a spectrum from a DESI brick format HDU list

    Parameters
    ----------
    hdulist : FITS HDU list
    select : int, optional
      Spectrum selected. Default is 0

    Returns
    -------
    xspec1d : XSpectrum1D
      Parsed spectrum
    """
    fx = hdulist[0].data
    # Sig
    ivar = hdulist[1].data
    sig = np.zeros_like(ivar)
    gdi = ivar > 0.
    sig[gdi] = np.sqrt(1./ivar[gdi])
    # Wave
    wave = hdulist[2].data
    wave = give_wv_units(wave)
    #wave = np.outer(np.ones(fx.shape[0]), wave)
    wave = np.tile(wave, (fx.shape[0],1))
    # Finish
    xspec1d = XSpectrum1D(wave, fx, sig, select=select)
    return xspec1d



[docs]def parse_two_file_format(specfil, hdulist, efil=None):
    """ Parse old two file format (one for flux, another for error).

    Parameters
    ----------
    specfil : str
      Flux filename
    hdulist : FITS HDU list
    efil : str, optional
      Error filename. By default this is inferred from the flux
      filename.

    Returns
    -------
    xspec1d : XSpectrum1D
      Parsed spectrum

    """
    head0 = hdulist[0].header
    # Error
    if efil is None:
        ipos = max(specfil.find('F.fits'),
            specfil.find('f.fits'), specfil.find('flx.fits'))
        if ipos < 0:
            # Becker XShooter style
            ipos = specfil.find('.fits')
            efil,chk = chk_for_gz(specfil[0:ipos]+'e.fits')
        else:
            if specfil.find('F.fits') > 0:
                efil,chk = chk_for_gz(specfil[0:ipos]+'E.fits')
            else:
                efil,chk = chk_for_gz(specfil[0:ipos]+'e.fits')
            if efil is None:
                efil,chk = chk_for_gz(specfil[0:ipos]+'err.fits')

    # Error file
    if efil is not None:
        efil = os.path.expanduser(efil)
        sig = fits.getdata(efil)
    else:
        sig = None

    #Log-Linear?
    try:
        dc_flag = head0['DC-FLAG']
    except KeyError:
        # The following is necessary for Becker's XShooter output
        cdelt1, dc_flag = get_cdelt_dcflag(head0)

    # Read
    if dc_flag in [0,1]:
        # Data
        fx = hdulist[0].data
        # Generate wave
        wave = setwave(head0)
    else:
        raise ValueError('DC-FLAG has unusual value {:d}'.format(dc_flag))

    # Finish
    xspec1d = XSpectrum1D.from_tuple((wave, fx, sig, None))

    return xspec1d
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  Source code for linetools.lists.parse

""" Tools for parsing Line List data
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
import os, imp, glob, pdb, gzip, sys
if not sys.version_info[0] > 2:
    import codecs
    open = codecs.open

from astropy import units as u
from astropy.units.quantity import Quantity
from astropy.io import fits, ascii
from astropy.table import QTable, Column, Table, vstack

from ..abund import roman, ions
from ..abund.elements import ELEMENTS

lt_path = imp.find_module('linetools')[1]


# TODO
# Ingest Galaxy lines
# Ingest AGN lines
# Add Ej, Ek, Ex for emission lines (specially Balmer, Paschen and Brackett)

#
[docs]def line_data(nrows=1):
    """ Defines the dict (and/or Table) for spectral line Data

    Parameters
    ----------
    nrows : int, optional
      Number of rows in Table [default = 1]

    Notes
    -----
    Group definition:
       *    0: None
       *    1: "All" ISM (intended to be all atomic lines ever observed)
       *    2: Strong ISM
       *    4: HI Lyman series
       *    8: H2
       *   16: CO
       *   32: EUV
       *   64: Galaxy Emission
       *  128: Galaxy Absorption
       *  256: AGN
       *  512: ??
       * 1024: User1 (Reserved)
       * 2048: User2 (Reserved)
    """
    ldict = {
        'name': ' '*20,       # Name
        'wrest': 0.*u.AA,     # Rest Wavelength (Quantity)
        'f':  0.,             # Oscillator strength
        'Ej': 0./u.cm,        # Energy of lower level (relative to ground state)
        'Ek': 0./u.cm,        # Energy of upper level (relative to ground state)
        'Ex': 0./u.cm,        # Excitation energy (cm^-1)
        'A': 0./u.s,          # Einstein coefficient
        'gj': 0,              # Lower statistical weight (2J+1)
        'gk': 0,              # Upper statistical weight (2J+1)
        'gamma': 0./u.s,      # Sum of A
        'nj': 0,              # Orbital level of lower state (or vibrational level)
        'nk': 0,              # Orbital level of upper state (or vibrational level)
        'Jj': 0.,             # Tot ang mom (z projection) of lower state (or rotation level)
        'Jk': 0.,             # Tot ang mom (z projection) of upper state (or rotation level)
        'el': 0,              # Electronic transition (2=Lyman (B-X), 3=Werner (C-X)) 
        'Z': 0,               # Atomic number (for atoms)
        'Am': 0,              # Mass number (often written as "A"; only used for D)
        'ion': 0,             # Ionic state (1=Neutral)
        'mol': ' '*10,        # Molecular name (H2, HD, CO, C13O)
        'Ref': ' '*50,        # References
        'group': 0            # Flag for grouping
        }

    # Table
    clms = []
    for key in ldict.keys():
        if type(ldict[key]) is Quantity:
            clm = Column( ([ldict[key].value]*nrows)*ldict[key].unit, name=key)
        else:
            clm = Column( [ldict[key]]*nrows, name=key)
        # Append
        clms.append(clm)

    # make it a masked Table so we can deal with Galaxy
    # emission and ISM absorption simultaneously by masking
    # out what does not make sense in one case or the other
    tbl = Table(clms, masked=True)
    # import pdb
    # pdb.set_trace()

    return ldict, tbl



[docs]def read_sets(infil=None):
    """ Read sets file

    Parameters
    ----------
    infil : str, optional
      Set file
    """
    if infil is None:
        fils = glob.glob(lt_path+'/lists/sets/llist_v*')
        fils.sort()
        infil = fils[-1] # Should grab the lateset
    # Read
    print('read_sets: Using set file -- \n  {:s}'.format(infil))
    set_data = ascii.read(infil, format='fixed_width')

    # Return
    return set_data



[docs]def read_euv():
    """ read additional EUV lines

    Returns
    -------
    QTable of EUV lines
    """
    EUV_fil = lt_path + '/data/lines/EUV_lines.ascii'
    print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(EUV_fil))
    data = Table.read(EUV_fil, format='ascii', guess=False, comment=';',delimiter='|')

    # Units
    data['wrest'].unit = u.AA

    # Return
    return data



[docs]def read_H2():
    """ Simple def to read H2 data

    Returns
    -------
    QTable of H2 lines

    References
    ----------
    * Abgrall et al. 1993, A&AS, 101, 323
    * Abgrall et al. 1993, A&AS, 101, 273

    Kindly provide by co-author E. Roueff to JC Howk to JXP

    """
    H2_fil = lt_path + '/data/lines/H2_resonance.ascii'
    print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(H2_fil))
    data = Table.read(H2_fil, format='ascii', guess=False, comment=';')

    # Units
    data['wrest'].unit = u.AA

    # Rename some columns
    data.rename_column('Jp', 'Jj')
    data.rename_column('Jpp', 'Jk')
    data.rename_column('np', 'nj')
    data.rename_column('npp', 'nk')

    # Molecule column
    cmol = Column(['H2']*len(data), name='mol')
    data.add_column(cmol)

    # Group
    cgroup = Column(np.ones(len(data),dtype='int')*(2**3), name='group')
    data.add_column(cgroup)

    # Return
    return data



[docs]def read_CO():
    """ Simple def to read CO UV data

    Generated by JXP with some great effort.  See GRB 080607 paper.

    Returns
    -------
    Table of CO lines
    """
    CO_fil = lt_path + '/data/lines/CO_UV.ascii'
    print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(CO_fil))
    data = ascii.read(CO_fil)

    # Units

    # Rename some columns
    data.rename_column('Jp', 'Jj')
    data.rename_column('Jpp', 'Jk')
    data.rename_column('np', 'nj')
    data.rename_column('npp', 'nk')
    data.rename_column('iso', 'Am') # Isotope
    data.rename_column('wave', 'wrest') 

    data['wrest'].unit = u.AA

    # Fvalues
    data['fv'] = 10.**data['fv']
    data.rename_column('fv', 'f')

    # Molecule column
    cmol = Column(['CO']*len(data), name='mol')
    data.add_column(cmol)

    # Group
    cgroup = Column(np.ones(len(data),dtype='int')*(2**4), name='group')
    data.add_column(cgroup)

    # Return
    return data




[docs]def read_verner94():
    """ Read Verner1994 Table
    """
    # Read
    verner94 = lt_path + '/data/lines/verner94_tab6.fits'
    print(
        'linetools.lists.parse: Reading linelist --- \n   {:s}'.format(
            verner94))
    tbl_6 = QTable.read(verner94)


    # My table
    ldict, data = line_data(nrows=len(tbl_6))

    # Fill
    data['wrest'] = tbl_6['lambda']
    data['f'] = tbl_6['Fik']
    data['gj'] = tbl_6['Gi']
    data['gk'] = tbl_6['Gk']
    data['Z'] = tbl_6['Z']
    data['ion'] = tbl_6['Z'] - tbl_6['N'] + 1
    for ii,row in enumerate(tbl_6):
        data[ii]['name'] = (
            row['Species'][0:2].strip() + row['Species'][2:].strip() + 
            ' {:d}'.format(int(row['lambda'].value)))
        #xdb.set_trace()
        # name
    names = []
    for row in data:
        ionnm = ions.ion_name((row['Z'], row['ion']))
        names.append('{:s} {:d}'.format(ionnm, int(row['wrest'])))
    data['name'] = names
    #  Finish
    data['group'] = 1
    data['Ref'] = 'Verner1994'
    data['mol'] = ''

    # Return
    return data



[docs]def read_forbidden():
    """ read galaxy emission lines (forbidden)

    There may be more here: https://github.com/moustakas/impro/blob/master/pro/hiiregions/im_getmatrix.pro

    Returns
    -------
    QTable of forbidden lines
    """
    forb_fil = lt_path + '/data/lines/galaxy_forbidden.ascii'
    print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(forb_fil))
    aux = Table.read(forb_fil, format='ascii')

    # My table
    ldict, data = line_data(nrows=len(aux))

    # load values using convention names
    data['wrest'] = aux['wave']
    data['Z'] = aux['Z']
    data['ion'] = aux['ion']
    for ii, row in enumerate(data):
        row['name'] = aux['name'][ii].replace('_', ' ')
    data['Ref'] = 'DESI_NIST_JM'

    # mask the galaxy data using default mask_keys
    data = mask_gal(data)

    # Return
    return data



[docs]def read_recomb():
    """ read galaxy emission lines (recombination)

    Returns
    -------
    QTable of recombination lines
    """
    recomb_fil = lt_path + '/data/lines/galaxy_recomb.ascii'
    print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(recomb_fil))
    aux = Table.read(recomb_fil, format='ascii')

    # My table
    ldict, data = line_data(nrows=len(aux))

    # load values using convention names
    data['wrest'] = aux['wave']
    data['Z'] = aux['Z']
    data['ion'] = aux['ion']
    for ii, row in enumerate(data):
        row['name'] = aux[ii]['name'].replace('_', ' ')
    data['Ref'] = 'DESI_NIST_JM'

    # mask the galaxy data using default mask_keys
    data = mask_gal(data)

    # Return
    return data


[docs]def read_galabs():
    """ read galaxy absorption lines

    Returns
    -------
    QTable of recombination lines
    """
    galabs_fil = lt_path + '/data/lines/galaxy_abs.ascii'
    print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(galabs_fil))
    aux = Table.read(galabs_fil, format='ascii')

    # My table
    ldict, data = line_data(nrows=len(aux))

    # load values using convention names
    data['wrest'] = aux['wave']
    data['Z'] = aux['Z']
    data['ion'] = aux['ion']
    for ii, row in enumerate(data):
        row['name'] = aux[ii]['name'].replace('_', ' ')
    data['Ref'] = 'JXP_DK_Unknown'

    # mask the galaxy data using default mask_keys
    data = mask_gal(data)

    # Return
    return data



[docs]def mask_gal(data, mask_keys=None):
    """Masks linelist attributes for all galaxy lines

    Parameters
    ----------
    data : Table or QTable (masked)
        The original table to mask columns for
    mask_keys : list of strings, optional
        List of column names to be masked if given
        Otherwise it uses the default:

    Returns
    -------
    data_masked : QTable (masked)
        The masked version of `data`

        [Known issue: QTable is not masking columns with units]

    """
    # check input
    if not isinstance(data, (Table, QTable)):
        raise RuntimeError('The input table has to be astropy Table or QTable')

    if data.masked is not True:
        raise RuntimeError('The input Table/QTable has to be masked.')

    #convert to QTable
    if isinstance(data, Table):
        data = QTable(data)

    # set default keys to mask
    if mask_keys is None:
        mask_keys = ['A', 'el', 'nj', 'nk','group','Ek','f','mol',
                     'Ej','Am','Ex','Jj','Jk','gk','gj','gamma']

    for key in mask_keys:
        data[key].mask= True

    return data



[docs]def parse_verner96(orig=False, write=False):
    """Parse tables from Verner, Verner, & Ferland (1996, Atomic Data and Nuclear Data Tables, Vol. 64, p.1)

    Parameters
    ----------
    orig : bool, optional
      Use original code to parse the ASCII file
      Else, read from a FITS file

    Returns
    -------
    data : Table
      Atomic data
    """
    # Look for FITS
    fitsf = lt_path + '/data/lines/verner96_tab1.fits.gz'
    verner96_tab1 = glob.glob(fitsf)

    if (len(verner96_tab1) > 0) & (not orig):
        print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(
            verner96_tab1[0]))
        data = Table.read(verner96_tab1[0])
    else:
        # File
        verner96_tab1 = lt_path + '/data/lines/verner96_tab1.txt'
        # Read
        with open(verner96_tab1) as f:
            lines = f.readlines()
        # Grab the 'good' ones
        gdlines = [iline.strip() for iline in lines if len(iline.strip()) > 113]
        ldict, data = line_data(nrows=len(gdlines))
        # Loop
        for kk, line in enumerate(gdlines):
            # Z, ion
            data[kk]['Z'] = ELEMENTS[line[0:2].strip()].number
            data[kk]['ion'] = int(line[2:4].strip())
            # wrest
            data[kk]['wrest'] = float(line[47:56].strip())
            # name
            ionnm = ions.ion_name((data[kk]['Z'], data[kk]['ion']))
            data[kk]['name'] = '{:s} {:d}'.format(ionnm,
                    int(data[kk]['wrest']))
            # Ej, Ek
            data[kk]['Ej'] = float(line[59:73].strip())
            data[kk]['Ek'] = float(line[73:89].strip())
            # gj, gk
            data[kk]['gj'] = int(line[89:92].strip())
            data[kk]['gk'] = int(line[92:95].strip())
            # Ak
            data[kk]['A'] = float(line[95:103].strip())
            # f
            data[kk]['f'] = float(line[104:112].strip())
        # Update
        data['Ref'] = 'Verner1996'

        # Write
        if write:
            outfil = lt_path + '/data/lines/verner96_tab1.fits'
            data.write(outfil,overwrite=True)
            print('parse_verner96: Wrote {:s}'.format(outfil))
            # Compress and delete
            print('Now compressing...')
            with open(outfil) as src:
                with gzip.open(outfil+'.gz', 'wb') as dst:
                    dst.writelines(src)
            os.unlink(outfil)

    # Return
    return data



[docs]def parse_morton00(orig=False):
    """Parse tables from Morton 2000, ApJS, 130, 403

    Parameters
    ----------
    orig : bool, optional
      Use original code to parse the ASCII file

    Returns
    -------
    data : Table
      Atomic data
    """
    # Look for FITS
    fitsf = lt_path + '/data/lines/morton00_table2.fits.gz'
    morton00_tab2 = glob.glob(fitsf)

    if (len(morton00_tab2) > 0) & (not orig):
        print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(
            morton00_tab2[0]))
        data = Table.read(morton00_tab2[0])
    else:
        # File
        morton00_tab2 = lt_path + '/data/lines/morton00_table2.dat'
        # Call
        data = parse_morton03(orig=True, tab_fil=morton00_tab2)
        # Update
        data['Ref'] = 'Morton2000'

    # Return
    return data


#
[docs]def parse_morton03(orig=False, tab_fil=None, HIcombine=True):
    """Parse tables from Morton 2003, ApJS, 149, 205

    Parameters
    ----------
    orig : bool, optional
      Use original code to parse the ASCII file
    tab_fil : str, optional
      Filename to use.  Default = /data/lines/morton03_table2.dat 
    HIcombine : bool, optional
      Combine doublet for HI [True]

    Returns
    -------
    data : Table
      Atomic data
    """
    # Look for FITS
    fitsf = lt_path + '/data/lines/morton03_table2.fits.gz'
    morton03_tab2 = glob.glob(fitsf)

    if (len(morton03_tab2) > 0) & (not orig):
        print('linetools.lists.parse: Reading linelist --- \n   {:s}'.format(
            morton03_tab2[0]))
        data = Table.read(morton03_tab2[0])
    else:
        ## Read Table 2
        if tab_fil is None:
            morton03_tab2 = lt_path + '/data/lines/morton03_table2.dat'
        else:
            morton03_tab2 = tab_fil
        print(
            'linetools.lists.parse: Reading linelist --- \n   {:s}'.format(
                morton03_tab2))
        f = open(morton03_tab2, 'r', encoding="ISO-8859-1")
        lines = f.readlines()
        f.close()

        ## Find Elements and Ions
        elmi = []
        elmZ = []
        elmc = []
        ioni = []
        isoi = []
        ionv = []
        for kk,line in enumerate(lines):
            #print('kk = {:d}'.format(kk))
            try: # Deals with bad Byte in Morton00
                tmp = ('Z = ' in line) & ('A =' in line)  
            except UnicodeDecodeError:
                tmp = False
            if tmp:
                # Grab Z
                ipos = line.find('Z = ')
                elmZ.append(int(line[ipos+4:ipos+7]))
                ipos2 = line.find('= ')
                elmc.append(line[ipos2+2:ipos].strip())
                #xdb.set_trace()
                # Line index
                elmi.append(kk)

            # ISOTOPE and ION
            try: # Deals with bad Byte in Morton00
                tmp2 = ( (('I ' in line[0:13]) | ('V ' in line[0:13]))
                    & (line[0:3] not in ['IOD','VAN']) & (line[0:2] != 'I ') )
            except UnicodeDecodeError:
                tmp2 = False
            if tmp2:
                # Grab ion
                ipos = line[0:10].find(' ')
                if ipos > 4:
                    ipos3 = line[0:10].find('I')
                    iionv = line[ipos3:ipos]
                else:
                    iionv = line[ipos:6].strip()
                if (len(iionv) == 0) | (iionv == '5s') | (iionv == 'B I'):
                    pdb.set_trace()
                ionv.append(iionv)
                if iionv == 'Z =':
                    pdb.set_trace()

                # Line index
                ioni.append(kk)

                # Deal with Isotope
                if line[0] in ['0','1','2','3','4','5','6','7','8','9']:
                    # Skip ArI !
                    if 'Ar I' in line:
                        pass
                    else:
                        isoi.append(kk)
                # Deuterium
                if line[0] == 'D':
                    Dline = kk

        #pdb.set_trace()
        ## Initialize table
        ldict, tbl = line_data(nrows=len(lines))

        ## Parse lines with UV rest wavelength
        count = 0
        for kk,line in enumerate(lines):
            try:
                tmp = line[23] == '.'
            except IndexError:
                pass
            else:
                if tmp: # UV wavelength?
                    # Parse

                    # Ion/Isotope
                    if kk > np.max(ioni):
                        gdi = len(ioni)-1
                    else:
                        gdi = np.where( (kk > np.array(ioni)) & (kk < np.roll(np.array(ioni),-1)))[0]
                        if len(gdi) != 1:
                            pdb.set_trace()
                            raise ValueError('Uh oh ion')
                    if ioni[gdi] in isoi: # Isotope
                        continue
                    # Ion
                    tbl[count]['ion'] = roman.fromRoman(ionv[gdi])

                    # Wavelength
                    tbl[count]['wrest'] = float(line[19:28]) #* u.AA
                    # Z
                    gdZ = np.where( (kk > np.array(elmi)) & (kk < np.roll(np.array(elmi),-1)))[0]
                    if len(gdZ) != 1:
                        if kk > np.max(elmi):
                            gdZ = len(elmi)-1
                        else:
                            #xdb.set_trace()
                            raise ValueError('Uh oh elm')
                    tbl[count]['Z'] = elmZ[gdZ]
                    # Name
                    tbl[count]['name'] = elmc[gdZ]+ionv[gdi]+' {:d}'.format(
                        int(tbl[count]['wrest']))
                    # Isotope (Atomic number)
                    if ioni[gdi] == Dline:
                        tbl[count]['Am'] = 2
                        tbl[count]['name'] = 'D'+ionv[gdi]+' {:d}'.format(
                            int(tbl[count]['wrest']))
                    # f
                    try:
                        tbl[count]['f'] = float(line[79:89])
                    except ValueError:
                        continue # Skip ones without f-value
                    # Ej, Ek
                    tbl[count]['Ej'] = float(line[29:38]) #/ u.cm
                    tbl[count]['Ek'] = float(line[40:50]) #/ u.cm
                    # A
                    try:
                        tbl[count]['A'] = float(line[59:68]) #/ u.s
                    except ValueError:
                        pass
                    # gamma
                    try:
                        tbl[count]['gamma'] = float(line[69:79]) #/ u.s
                    except ValueError:
                        pass
                    # gl, gu
                    tbl[count]['gj'] = int(line[52:54])
                    tbl[count]['gk'] = int(line[56:58])           

                    # Only use combined HI lines
                    if HIcombine:
                        if ((tbl[count]['Z'] == 1) & (tbl[count]['ion']==1) 
                            & (tbl[count]['gk'] != 6)):
                            #print('Skipping HI line {:g}'.format(tbl[count]['wrest']))
                            continue 
                    # Ex
                    #all_dict[count]['Ex'] = 0.  # Zero out units (for Table)

                    # Increment
                    count += 1
        # Trim
        data = tbl[0:count]

        # Last
        data['group'] = 1
        data['Ref'] = 'Morton2003'
        data['mol'] = ''

    # Return
    #pdb.set_trace()
    return data


[docs]def mktab_morton03(do_this=False, outfil=None, fits=True):
    """Used to generate a VO or FITS Table for the Morton2003 paper

    Only intended for builder usage (1.5Mb file; gzip FITS is 119kb)

    Parameters
    ----------
    do_this : bool, optional
      Set to True to actually do this. Default=False
    outfil : str, optional
      Name of output file.  Defaults to a given value
    fits :  bool, optional
      Generate a FITS file?  Default=True
    """
    if not do_this:
        print('mktab_morton03: It is very unlikely you want to do this')
        print('mktab_morton03: Returning...')
        return

    # Read Morton2003 ASCII file
    m03 = parse_morton03(orig=True)

    # Write
    if fits:
        if outfil is None:
            outfil = lt_path + '/data/lines/morton03_table2.fits'
        m03.write(outfil,overwrite=True)
    else:
        if outfil is None:
            outfil = lt_path + '/data/lines/morton03_table2.vot'
        m03.write(outfil, format='votable')
    print('mktab_morton03: Wrote {:s}'.format(outfil))
    # Compress and delete
    print('mktab_morton03: Now compressing...')
    with open(outfil) as src:
        with gzip.open(outfil+'.gz', 'wb') as dst:
            dst.writelines(src)
    os.unlink(outfil)



[docs]def mktab_morton00(do_this=False, outfil=None):
    """Used to generate a FITS Table for the Morton2000 paper

    Only intended for builder usage

    Parameters
    ----------
    do_this : bool, optional
      Set to True to actually do this. Default=False
    outfil : str, optional
      Name of output file.  Defaults to a given value
    """
    if not do_this:
        print('mktab_morton00: It is very unlikely you want to do this')
        print('mktab_morton00: Returning...')
        return

    # Read Morton2003
    m00 = parse_morton00(orig=True)

    # Write
    if outfil is None:
        outfil = lt_path + '/data/lines/morton00_table2.fits'
    m00.write(outfil, overwrite=True)
    print('mktab_morton00: Wrote {:s}'.format(outfil))
    #
    print('mktab_morton03: Now compressing...')
    with open(outfil) as src:
        with gzip.open(outfil+'.gz', 'wb') as dst:
            dst.writelines(src)
    os.unlink(outfil)



[docs]def grab_galaxy_linelists(do_this=False):
    """ Pulls galaxy emission line lists from DESI project

    Specifically, desisim
    Writes to hard-drive
    Only run if you are building

    Parameters
    ----------
    do_this : bool, optional
      Set to True to actually do this. Default=False

    """
    if not do_this:
        print('mktab_morton00: It is very unlikely you want to do this')
        print('mktab_morton00: Returning...')
        return

    try:
        # For Python 3.0 and later
        from urllib.request import urlopen
    except ImportError:
        # Fall back to Python 2's urllib2
        from urllib2 import urlopen

    # Forbidden
    url = 'https://raw.githubusercontent.com/desihub/desisim/master/data/forbidden_lines.dat'
    f = urlopen(url)
    tab_fil = lt_path+'/data/lines/galaxy_forbidden.ascii'
    print('Writing {:s}'.format(tab_fil))
    with open(tab_fil, "wb") as code:
        code.write(f.read())

    # Recombination
    url = 'https://raw.githubusercontent.com/desihub/desisim/master/data/recombination_lines.dat'
    f = urlopen(url)
    tab_fil = lt_path+'/data/lines/galaxy_recomb.ascii'
    print('Writing {:s}'.format(tab_fil))
    with open(tab_fil, "wb") as code:
        code.write(f.read())



[docs]def update_fval(table, verbose=False):
    """Update f-values from the literature

    Primarily for modifying lines in the ISM lists (e.g. Morton2003)

    Parameters
    ----------
    table : QTable
      Data to be updated
    verbose : bool, optional

    Returns
    -------
    table : QTable
      Updated table.
      Note: This return is required to handle the vstack, i.e.
      as opposed to modifying the input table in place.
    """
    # Shectman et al. 1998, ApJ, 504, 921 
    #   Morton2003 cites this but uses a different f-value
    imn = np.argmin(np.abs(table['wrest']-1526.707*u.AA))
    table['f'][imn] = 0.127

    # Howk 2000 (using Weise 2002 as in Morton for FeII 1142,1143,1144)
    howk00_fil = lt_path + '/data/lines/howk00_table1.ascii'
    howk00 = ascii.read(howk00_fil, comment='#')

    # Dress up
    howk00['wrest'].unit = u.AA

    fval = []
    fsig = []
    for row in howk00:
        ipos1 = row['fval_sig'].find('(')
        ipos2 = row['fval_sig'].find(')')
        # 
        fval.append(float(row['fval_sig'][0:ipos1]))
        fsig.append(float(row['fval_sig'][ipos1+1:ipos2]))
    # Add columns
    howk00.add_column(Column(np.array(fval), name='f'))
    howk00.add_column(Column(np.array(fsig), name='fsig')) # Error in last decimal

    # Now, finally, update
    for row in howk00:
        mt = np.where( (np.abs(table['wrest']-row['wrest']*u.AA) < 1e-3*u.AA) & 
            (table['Z'] == 26) & (table['ion'] == 2))[0]
        if len(mt) == 0:
            if verbose:
                print('update_fval: Line {:g} not in your table.'.format(row['wrest']))
        elif len(mt) == 1:
            table['f'][mt[0]] = row['f']
        else:
            raise ValueError('Uh oh')

    ## ##
    # Lines without f-value but of interest

    # AsII
    mn = np.min(np.abs(table['wrest']-1355.934*u.AA))  # In Morton2000
    if mn > 0.05*u.AA:
        _, new_row = line_data()
        new_row['Z'] = 33
        new_row['ion'] = 2
        new_row['wrest'] = 1355.934
        new_row['name'] = 'AsII 1355'
        new_row['f'].mask = True
        # Stack
        table = QTable(vstack([Table(table), new_row]))

    return table



[docs]def update_gamma(table):
    """Update/add-in gamma values

    Parameters
    ----------
    table : QTable
      Data to be updated
    verbose : bool, optional
    """
    # HI - Morton doesn't give these for the combined HI lines (sensible)
    #  Nor does he give them for the lines beyond Ly-d (not sure why)
    try:
        HI = np.where((table['Z']==1) & (table['ion']==1))[0]
    except KeyError: # Molecules
        pass
    else:
        if len(HI) > 0:
            # Same kludge as in atom.dat of VPFIT for higher order lines
            table['gamma'] = table['A']
            # More accurate for stronger lines (pulled from Morton)
            gdict = {1215.670:6.265E+08/u.s, 1025.7222:1.897E+08/u.s, # From Morton
                972.5367:8.127E+07/u.s, 949.7430:4.204E+07/u.s, 937.8034:2.450E+07/u.s}
            for key in gdict.keys():
                mt = np.where( (np.abs(table['wrest']-key*u.AA) < 1e-4*u.AA))[0] 
                if len(mt) > 0:
                    table['gamma'][mt[0]] = gdict[key]



[docs]def update_wrest(table, verbose=True):
    """Update wrest values (and Ej,Ek)

    Parameters
    ----------
    table : QTable
      Data to be updated
    verbose : bool, optional
    """

    '''
    # TiII line (Morton 2003 vs Weise 2001) 
    # Went back to Morton 2003.  If you go to Weise, you have
    #  to expunge the Verner94 row
    mt = np.where( (np.abs(table['wrest']-1910.9538*u.AA) < 1e-3*u.AA))[0] 
    table['wrest'][mt[0]] = 1910.938 * u.AA
    table['Ek'][mt[0]] = 52330.33 / u.cm
    '''

#


def _write_ref_ISM_table():
    """ Write a reference table enabling faster I/O for ISM-related lists

    For developer use only.

    Note that after running this, you need to manually copy the table
    produced to linetools/data/lines/ISM_table.fits inside the github
    repository, and then check it in.
    """
    from linetools.lists.linelist import LineList

    ism = LineList('ISM', use_ISM_table=False)
    strong = LineList('Strong', use_ISM_table=False)
    euv = LineList('EUV', use_ISM_table=False)
    hi = LineList('HI', use_ISM_table=False)

    # need a Table, not QTable to write
    tab = Table(ism._data.copy())
    tab.sort(('wrest'))

    # Using np.in1d doesn't work for some reason. Do it the long way
    cond = []
    for table in (strong, euv, hi):
        igood = []
        for row in Table(table._data):
            ind = tab['wrest'].searchsorted(row['wrest'])
            dw = abs(tab['wrest'][ind] - row['wrest'])
            if abs(tab['wrest'][ind+1] - row['wrest']) < dw:
                ind = ind + 1
            rism = tab[ind]
            # check this is the right row.
            if all(row[k] == rism[k] for k in hi._data.colnames if
                   not hasattr(row[k], 'mask') or not row[k].mask):
                igood.append(ind)
            else:
                raise RuntimeError('No match found!')

        cond.append(np.zeros(len(tab), dtype=bool))
        cond[-1][np.array(igood)] = True

    col1 = Column(cond[0], name='is_Strong')
    col2 = Column(cond[1], name='is_EUV')
    col3 = Column(cond[2], name='is_HI')
    tab.add_columns([col1, col2, col3])

    tab.write('ISM_table.fits', overwrite=True)
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  Source code for linetools.lists.mk_sets

""" Used to make set lists. Only intended for developer use.
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
import imp, glob
import copy

from astropy.io import ascii
from astropy.table import Column

from linetools.lists import parse as llp


lt_path = imp.find_module('linetools')[1]

try:
    xa_path = imp.find_module('xastropy')[1]
except ImportError:
    pass


'''
def mk_ism(outfil=None, overwrite=False):
    """ Make the ISM list from grb.lst in xastropy

    SHOULD BE DEPRECATED AFTER v0.0

    Parameters
    ----------
    outfil : str, optional
      Outfil
    """
    raise ValueError('BAD IDEA TO RUN THIS AGAIN')
    raise ValueError('REALLY')
    # Read
    fil = xa_path+'/data/spec_lines/grb.lst'
    data = ascii.read(fil, format='fixed_width_no_header',data_start=1,
                names=('wrest', 'name', 'fval'),
                col_starts=(0,9,22), col_ends=(8,20,32))
    # Write?
    if outfil is None:
        outfil = lt_path+'/lists/sets/llist_v0.0.ascii'
    chkf = glob.glob(outfil)
    if (len(chkf) > 0) & (not overwrite):
        print('Not over-writing {:s}'.format(outfil))
        return

    # Add columns
    nrow = len(data)
    cism = Column([1]*nrow, name='fISM')
    oflgs = ['fSI', 'fHI', 'fH2', 'fCO', 'fEUV',
        'fgE', 'fgA', 'fAGN']
    allc = [cism]
    for oflg in oflgs:
       allc.append(Column([0]*nrow, name=oflg))
    data.add_columns(allc)

    # Write
    data[['wrest','name','fISM']+oflgs].write(outfil, format='ascii.fixed_width')
    print('mk_ism: Wrote {:s}'.format(outfil))
'''

'''
def mk_strong(infil=None, outfil=None):
    """ Make the Strong ISM list from lls.lst in xastropy

    SHOULD BE DEPRECATED AFTER v0.0

    Parameters
    ----------
    infil : str, optional
      Starting file.  Should use latest llist_vX.X.ascii
    outfil : str, optional
      Outfil
    """
    if infil is None:
        fils = glob.glob(lt_path+'/lists/sets/llist_v*')
        infil = fils[-1] # Should grab the lateset

    # Read
    data = ascii.read(infil, format='fixed_width')

    # Use lls.lst from xastropy    
    fil = xa_path+'/data/spec_lines/lls.lst'
    lls = ascii.read(fil, format='fixed_width_no_header',data_start=1,
                names=('wrest', 'name', 'fval'),
                col_starts=(0,9,22), col_ends=(8,20,32))

    # Set flag
    for row in lls:
        mt = np.where(np.abs(row['wrest']-data['wrest']) < 1e-3)[0]
        if len(mt) == 1:
            data[mt[0]]['fSI'] = 1
        elif len(mt) == 0:
            print('No line in Table with wrest={:g}'.format(row['wrest']))
        else:
            raise ValueError('Multiple lines in Table {:g}'.format(row['wrest']))

    # Write
    if outfil is None:
        outfil = infil
    data.write(outfil, format='ascii.fixed_width')
    print('mk_strong: Wrote {:s}'.format(outfil))
'''

[docs]def mk_hi(infil=None, outfil=None, stop=True):
    """ Make the HI list ISM + HI

    Parameters
    ----------
    infil : str, optional
      Starting file.  Should use latest llist_vX.X.ascii
    outfil : str, optional
      Output file.  Default is to use infil
    """
    if infil is None:
        fils = glob.glob(lt_path+'/lists/sets/llist_v*')
        fils.sort()
        infil = fils[-1] # Should grab the lateset

    # Read
    data = ascii.read(infil, format='fixed_width')

    # Parse on HI
    idx = []
    for kk,row in enumerate(data):
        if row['name'][0:3] == 'HI ':  # Necessary to avoid DI
            data[kk]['fHI'] = 1

    # Write
    if outfil is None:
        outfil = infil

    if stop:
        import pdb
        pdb.set_trace()
    data.write(outfil, format='ascii.fixed_width')



[docs]def add_galaxy_lines(outfil, infil=None, stop=True):
    """ Append galaxy lines (as necessary)

    Parameters
    ----------
    outfil : str
      Output file.
    infil : str, optional
      Starting file.  Should use latest llist_vX.X.ascii
    """
    import pdb
    if infil is None:
        fils = glob.glob(lt_path+'/lists/sets/llist_v*')
        fils.sort()
        infil = fils[-1]  # Should grab the lateset

    # Read set file
    data = ascii.read(infil, format='fixed_width')

    # Read galaxy lines (emission)
    forbidden = llp.read_forbidden()
    recomb = llp.read_recomb()

    tmp_row = copy.deepcopy(data[0])
    for key in ['fISM', 'fSI', 'fHI', 'fEUV', 'fAGN']:
        tmp_row[key] = 0
    tmp_row['fgE'] = 1
    # Add if new
    for row in forbidden:
        if np.sum(np.abs(row['wrest'].value-data['wrest']) < 0.0001) == 0:
            tmp_row['wrest'] = row['wrest'].value
            tmp_row['name'] = row['name']
            data.add_row(tmp_row)
    # Add if new
    for row in recomb:
        if np.sum(np.abs(row['wrest'].value-data['wrest']) < 0.0001) == 0:
            tmp_row['wrest'] = row['wrest'].value
            tmp_row['name'] = row['name'].replace('_',' ')
            data.add_row(tmp_row)

    # Write
    print('Make sure you want to do this!')
    if stop:
        import pdb
        pdb.set_trace()
    data.write(outfil, format='ascii.fixed_width')
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  Source code for linetools.lists.linelist

""" Contains the LineList class
"""
from __future__ import print_function, absolute_import, division, unicode_literals

# Python 2 & 3 compatibility
try:
    basestring
except NameError:
    basestring = str

import numpy as np

from astropy import units as u
from astropy.units.quantity import Quantity
from astropy.table import QTable, Table, vstack, Column, MaskedColumn
import warnings

import imp

lt_path = imp.find_module('linetools')[1]

# from xastropy.xutils import xdebug as xdb

CACHE = {'full_table': {}, 'data': {}}

from linetools.lists import parse as lilp

# TODO
# Do something about transitions that are both in Galaxy and ISM
# (e.g. MgII). Currently, priority is given to the first one loaded
# but that may not be the best approach...


[docs]class LineList(object):
    """
    This Class is designed to organize and handle information about
    atomic and/or molecular transition lines (e.g. HI Lya, CIV 1548,
    Hydrogen Balmer series, etc.) observed in a variety of
    astrophysical environments. It is currently implemented for
    absorption lines, but we expect to also include common emission
    lines in the near future.

    Parameters
    ----------
    llst_key : str
        Input to grab line list.  Current options are:
        * 'ISM'     :: "All" ISM lines (can be overwhelming!)
        * 'Strong'  :: Strong ISM lines
        * 'HI'      :: HI Lyman series
        * 'H2'      :: H2 (Lyman-Werner)
        * 'CO'      :: CO UV band-heads
        * 'EUV'     :: EUV lines (for CASBAH project)
        * 'Galaxy'  :: Lines typically identified in galaxy spectra
        * 'AGN'     :: Key AGN lines (to be implemented)

    verbose : bool, optional
        Give info galore if True

    use_ISM_table : bool [default True]
        Developer use only. Read from a stored fits table with all ISM
        transitions, rather than from the original source files.

    sort_by : str or list of str, optional
        Keys to sort the underlying data table by. Default is 'wrest'

    redo_extra_columns : bool, optional
        Whether to recalculate extra columns for log(w*f), abundance, and ion_correction.
        Setting this to True is useful if a different abundance, or ionizatation_correction
        is used. Default is False.

    """

    # Init
    def __init__(self, llst_key, verbose=False, closest=False, set_lines=True,
                 use_ISM_table=True, use_cache=True, sort_by='wrest', redo_extra_columns=False):

        # Error catching
        if not isinstance(llst_key, basestring):
            raise TypeError('LineList__init__: Wrong type for LineList input')

        # Save
        self.list = llst_key

        # Take closest line?
        self.closest = closest
        self.verbose = verbose

        if not use_ISM_table or llst_key not in ('ISM', 'HI', 'Strong', 'EUV'):
            # Load Data
            self.load_data(use_cache=use_cache)

        if set_lines:
            # Set lines for use (from defined LineList)
            # This sets self._data
            self.set_lines(use_ISM_table=use_ISM_table, verbose=verbose,
                           use_cache=use_cache)
        else:
            self._data = None

        # Memoize
        self.memoize = {}  # To speed up multiple calls

        # Sort
        self.sort_by = sort_by
        #if (self._data is not None) and (sort_by is not None):
        if self._data is not None:
            # redo extra columns?
            self.set_extra_columns_to_datatable(redo=redo_extra_columns)
            # sort the LineList
            self.sortdata(sort_by)

    @property
    def name(self):
        """ Return the transition names
        """
        return np.array(self._data['name'])

    @property
    def wrest(self):
        """ Return the rest wavelengths
        """
        return self._data['wrest']

    @property
    def Z(self):
        """ Return the Z of the transitions
        """
        return self._data['Z']

    @property
    def ion(self):
        """ Return the ionization state of the transitions
        """
        return self._data['ion']

[docs]    def load_data(self, use_ISM_table=True, tol=1e-3 * u.AA, use_cache=True):
        """Grab the data for the lines of interest
        """
        global CACHE
        key = self.list, tol
        if use_cache and key in CACHE['full_table']:
            self._fulltable = CACHE['full_table'][key]
            return

        # Define datasets: In order of Priority
        dataset = {
            'ism': [lilp.parse_morton03, lilp.parse_morton00, lilp.parse_verner96,
                    lilp.read_verner94, lilp.read_euv],  # Morton 2003, Morton 00, Verner 96, Verner 94
            'hi': [lilp.parse_morton03],
            # H2 (Abrigail), CO (JXP)
            'molecules': [lilp.read_H2, lilp.read_CO],
            'euv': [lilp.read_euv],  # EUV lines (by hand for now; soon to be Verner96)
            'galaxy': [lilp.read_forbidden, lilp.read_recomb, lilp.read_galabs],
        }

        sets = []
        flag_fval = False  # Update f-values?
        flag_wrest = False  # Update wavelengths?
        flag_gamma = True  # Update gamma values (recommended)

        if self.list in ('H2', 'CO'):
            sets.append('molecules')
        elif self.list in ('ISM', 'Strong', 'EUV'):
            flag_fval = True
            flag_wrest = True
            sets.append('ism')
            if self.list == 'EUV':
                sets.append('euv')
        elif self.list == 'HI':
            sets.append('hi')
        elif self.list == 'Galaxy':
            sets.append('galaxy')
        else:
            # import pdb
            # pdb.set_trace()
            raise ValueError(
                'load_data: Not ready for this: {:s}'.format(self.list))

        full_table = None
        all_func = []
        # Loop on data sets
        for iset in sets:
            # Loop on data sources
            for func in dataset[iset]:
                # Query if read already
                if func not in all_func:
                    # Read
                    table = func()
                    # make it a QTable
                    table = QTable(table)

                    if full_table is None:
                        full_table = table
                    else:
                        # Unique values
                        wrest = full_table['wrest']
                        newi = []
                        for jj, row in enumerate(table):
                            try:
                                mt = np.abs(row['wrest'] - wrest) < tol
                            except:
                                import pdb
                                pdb.set_trace()
                            if mt.sum() == 0:
                                newi.append(jj)
                        # Append new ones as Tables (can't stack QTables yet)
                        full_table = vstack([Table(full_table), Table(table[newi])])
                    # Save to avoid repeating
                    all_func.append(func)

        # Save as QTable
        self._fulltable = QTable(full_table)

        # Update wavelength values
        if flag_wrest:
            lilp.update_wrest(self._fulltable)

        # Update f-values (Howk00)
        if flag_fval:
            self._fulltable = lilp.update_fval(self._fulltable)

        # Update gamma-values (Mainly HI)
        if flag_gamma:
            lilp.update_gamma(self._fulltable)

        CACHE['full_table'][key] = self._fulltable


    #####
[docs]    def set_lines(self, verbose=True, use_cache=True, use_ISM_table=True):
        """ Parse the lines of interest

        Parameters
        ----------
        verbose : bool, optional
        use_cache : bool, optional
          cache the linelist for faster repeat performance
        use_ISM_table : bool, optional
          For speed, use a saved ISM table instead of reading from original source files.
        """

        global CACHE
        key = self.list
        if use_cache and key in CACHE['data']:
            self._data = CACHE['data'][key]
            return
        elif use_ISM_table and self.list in ('ISM', 'Strong', 'EUV', 'HI'):
            data = QTable(Table.read(lt_path + '/data/lines/ISM_table.fits'))
            if self.list != 'ISM':
                cond = data['is_'  + self.list]
                self._data = data[cond]
            else:
                self._data = data
            CACHE['data'][key] = self._data
            return

        indices = []
        set_flags = []

        # Default list
        # Loop on lines
        if self.list in ['H2', 'CO']:
            gdi = np.where(self._fulltable['mol'] == self.list)[0]
            if len(gdi) == 0:
                raise IndexError(
                    'set_lines: Found no {:s} molecules! Read more data'.format(self.list))
            indices.append(gdi)
        elif self.list == 'ISM':
            set_flags.append('fISM')
        elif self.list == 'Strong':
            set_flags.append('fSI')
        elif self.list == 'HI':
            set_flags.append('fHI')
        elif self.list == 'EUV':
            set_flags.append('fEUV')
        elif self.list == 'Galaxy':
            set_flags.append('fgE')
            set_flags.append('fgA')
        else:
            raise ValueError(
                'set_lines: Not ready for this: {:s}'.format(self.list))

        # Deal with Defined sets
        # import pdb
        # pdb.set_trace()
        if len(set_flags) > 0:
            # Read standard file
            set_data = lilp.read_sets()
            # Speed up
            wrest = self._fulltable['wrest'].value  # Assuming Angstroms
            for sflag in set_flags:
                gdset = np.where(set_data[sflag] == 1)[0]
                # Match to wavelengths
                for igd in gdset:
                    mt = np.where(
                        np.abs(set_data[igd]['wrest'] - wrest) < 9e-5)[0]
                    if len(mt) == 1:
                        for imt in mt:
                            # Over-ride name!
                            self._fulltable[imt][
                                'name'] = set_data[igd]['name']
                            # if set_data[igd]['name'] == 'DI 1215':
                            #    xdb.set_trace()
                        indices.append(mt[0])
                    elif len(mt) > 1:
                        #
                        wmsg = 'WARNING: Multiple lines with wrest={:g}'.format(
                            set_data[igd]['wrest'])
                        warnings.warn(wmsg)
                        warnings.warn(
                            'Taking the first entry. Maybe use higher precision.')
                        indices.append(mt[0])
                    else:
                        if verbose:
                            print('set_lines: Did not find {:s} in data Tables'.format(
                                set_data[igd]['name']))

        # Collate (should grab unique ones!)
        all_idx = np.unique(np.array(indices))

        # Parse and sort (consider masking instead)
        tmp_tab = self._fulltable[all_idx]
        tmp_tab.sort('wrest')

        #
        self._data = tmp_tab
        CACHE['data'][key] = self._data


[docs]    def set_extra_columns_to_datatable(self, abundance_type='solar', ion_correction='none',
                                       redo=False):
        """Sets new convenient columns to the self._data QTable. These will be useful
        for sorting the underlying data table in convenient ways, e.g. by expected
        relative strength.
        These new column include:
            - `ion_name` : HI, CIII, CIV, etc
            - `log(w*f)` : np.log10(wrest * fosc)  # in np.log10(AA)
            - `abundance` : either [`none`, `solar`]
            - `ion_correction` : [`none`]
            - `rel_strength` : log(w*f) + abundance + ion_correction

        Parameters
        ----------
        abundance_type : str, optional
            Abundance type. Options are:
                'solar' : Use Solar Abundance (in log10) as given
                          by Asplund 2009. (Default)
                'none' : No abundance given, so this column will
                         be filled with zeros.
        ion_correction: str, optional
            Ionization correction. Options are:
                'none' : No correction applied, so this column will
                         be filled with zeros. (Default)
         redo : bool, optional
            Remake the extra columns

        Note: This function is only implemented for the following
        lists: HI, ISM, EUV, Strong.

        """
        # Avoid redo (especially for caching)
        if ('ion_name' in self._data.keys()) and (not redo):
            return

        if self.list not in ['HI', 'ISM', 'EUV', 'Strong']:
            warnings.warn('Not implemented: will not set relative strength for LineList: {}.'.format(self.list))
            return

        # Set ion_name column
        ion_name = [name.split(' ')[0] for name in self.name]
        self._data['ion_name'] = ion_name

        # Set QM strength as MaskedColumn (self._data['f'] is MaskedColumn)
        qm_strength = self._data['f'] * (self._data['wrest'].to('AA').value)
        qm_strength.name = 'qm_strength'
        self._data['log(w*f)'] = np.log10(qm_strength)
        # mask out potential nans
        cond = np.isnan(self._data['log(w*f)'])
        self._data['log(w*f)'].mask = np.where(cond, True, self._data['log(w*f)'].mask)

        # Set Abundance
        if abundance_type not in ['none', 'solar']:
            raise ValueError('set_extra_columns_to_datatable: `abundance type` '
                             'has to be either: `none` or `solar`')
        if abundance_type == 'none':
            self._data['abundance'] = np.zeros(len(self._data))
        elif abundance_type == 'solar':
            from linetools.abund.solar import SolarAbund
            solar = SolarAbund()
            # abund will be masked array as default (all masked out) in
            # case an element is not in SolarAbund()
            abund = np.ma.masked_array(np.zeros(len(self._data)), mask=True)
            for ii in range(len(abund)):
                ion_name = self._data[ii]['ion_name']
                ion_Z = self._data[ii]['Z']
                if ion_name.startswith('DI'): # Deuterium
                    abund[ii] = solar['D']
                    abund.mask[ii] = False  # unmask
                else:
                    try:
                        abund[ii] = solar[ion_Z]
                        abund.mask[ii] = False  # unmask
                    except ValueError:
                        pass  # these correspond to elements with no abundance given by solar()
                              # and so they remain masked
            self._data['abundance'] = abund

        # Set ionization correction
        if ion_correction not in ['none']:
            raise ValueError('set_extra_columns_to_datatable: `ion_correction` '
                             'has to be `none`.')
        if ion_correction == 'none':
            self._data['ion_correction'] = np.zeros(len(self._data))  # is in log10 scale, so 0 means no-correction

        # Set relative strength in log10 scale
        self._data['rel_strength'] = self._data['log(w*f)'] + self._data['abundance'] + self._data['ion_correction']


[docs]    def sortdata(self, keys, reverse=False):
        """Sort the LineList according to a given key or keys.

        Parameters
        ----------
        keys : str or list of str
            The main key(s) to sort the LineList by
            (e.g. 'wrest' or ['Z', 'log(w*f)']).
        reverse : bool, optional
            If True, the sorting is reversed
            Default is False.

        Note: this is a wrapper to astropy.table.table.sort()
        """
        # define the sorting key(s) as list
        if isinstance(keys, (str, basestring)):
            keys = [keys]

        # if key is 'as_given', leave it as is
        if keys[0] == 'as_given':
            return

        # sort
        self._data.sort(keys)

        # reverse?
        if reverse:
            self._data.reverse()
        self.sort_by = keys


[docs]    def subset_lines(self, subset, reset_data=False, verbose=False, sort_by=['wrest']):
        """ Select a user-specific subset of the lines from the LineList

        Parameters
        ----------
        subset : list or np.ndarray (of Quantity or str)
            List of wrest or names for lines to use (drawn from current
            LineList object) e.g. (['HI 1215', 'CIV 1548'] or
            [1215.67 * u.AA, 1548.195 * u.AA])
        reset_data : bool, optional
            Reset self._data QTable based on the original list at the
            initialization (i.e. the default list). This is useful for
            changing subsets of lines without the need to initialize a
            different LineList() object. Default is False.
        sort_by : list of str
            Key(s) to sort the lines by. If sort_by == 'as_given', it will
            preserve the sorting as given by `subset`.

        Returns
        -------
        A new LineList object with the subset of transitions

        """

        # Check the right format
        if not isinstance(subset, (list, np.ndarray)):
            raise ValueError('subset_lines: the input subset must be a list!')

        # Reset _data (useful for changing subsets)
        if reset_data:
            self.set_lines(verbose=False)

        indices = []
        if isinstance(subset[0], (float, Quantity)):  # wrest
            wrest = self._data['wrest'].to('AA').value  # In Angstroms
            for gdlin in subset:
                mt = np.where(
                    np.abs(gdlin.to('AA').value - wrest) < 1e-4)[0]
                if len(mt) == 1:
                    indices.append(mt[0])
                    # import pdb; pdb.set_trace()
                elif len(mt) > 1:
                    raise ValueError('There are multiple matches for line {:g} {:s}!'.format(gdlin.value, gdlin.unit))
                else:
                    if verbose:
                        print(
                            'subset_lines: Did not find {:g} in data Tables'.format(gdlin))
        elif isinstance(subset[0], (basestring)):  # Names
            names = np.array(self._data['name'])
            for gdlin in subset:
                mt = np.where(str(gdlin) == names)[0]
                if len(mt) == 1:
                    indices.append(mt[0])
                    # import pdb; pdb.set_trace()
                elif len(mt) > 1:
                    raise ValueError(
                        'Should have been only one line with name {:s}!'.format(str(gdlin)))
                else:
                    if verbose:
                        print(
                            'subset_lines: Did not find {:s} in data Tables'.format(gdlin))
        else:
            raise ValueError('Not ready for this `subset` type yet.')

        # Sort
        tmp = self._data[indices]
        # Return LineList object
        new = LineList(self.list, closest=self.closest, set_lines=False, verbose=self.verbose)
        new._data = tmp
        if sort_by == ['as_given'] or sort_by == 'as_given':
            pass
        else:
            new.sortdata(sort_by)

        return new


[docs]    def unknown_line(self):
        """Returns a dictionary of line properties set to an unknown
        line.

        Currently using the default value from
        linetools.lists.parse().
        """
        ldict, _ = lilp.line_data()
        ldict['name'] = 'unknown'
        return ldict


[docs]    def all_transitions(self, line):
        """ Get all the transitions corresponding to an ion species
        as given by `line`. In other words, for a given single
        line transition, this function returns all transitions from
        the LineList containing that line.

        Parameters
        ----------
        line : str or Quantity
            Name of line. (e.g. 'HI 1215', 'HI', 'CIII', 'SiII',
            1215.6700*u.AA). When string contains spaces it only
            considers the first part of it, so 'HI' and 'HI 1215' and
            'HI 1025' are all equivalent. To retrieve an unknown line
            use string 'unknown'.

        Returns
        -------
        dict or QTable
            dict if only 1 transition found, otherwise QTable.

        """

        if self.list not in ['HI', 'ISM', 'EUV', 'Strong']:
            warnings.warn('Not implemented for LineList: {}.'.format(self.list))
            return

        if isinstance(line, (str, basestring)):  # Name
            line = line.split(' ')[0]  # keep only the first part of input name
        elif isinstance(line, Quantity):  # Rest wavelength (with units)
            data = self.__getitem__(line)
            return self.all_transitions(data['name'])
        else:
            raise ValueError('Not prepared for this type.')

        if line == 'unknown':
            return self.unknown_line()
        else:
            Z = None
            for row in self._data:  # is this loop avoidable?
                name = row['name']
                # keep only the first part of name in linelist too
                name = name.split(' ')[0]
                if name == line:
                    Z = row['Z']  # atomic number
                    ie = row['ion']  # ionization estate
                    Ej = row['Ej']  # Energy of lower level
                    break
            if Z is not None:
                tbl = self.__getitem__((Z, ie))
                # Make sure the lower energy level is the same too
                #cond = tbl['Ej'] == Ej
                cond = np.array([name1.split(' ')[0] == line for name1 in tbl['name']])
                tbl = tbl[cond]
                tbl.sort(['Ej','wrest'])
                # For hydrogen/deuterium this contains deuterium/hydrogen;
                # so let's get rid of them
                #if (line == 'HI') or (line == 'DI'):
                #    names = np.array(tbl['name'])
                #    cond = np.array([l.startswith(line) for l in names])
                #    tbl = tbl[cond]
                if len(tbl) > 1:
                    return tbl
                else:  # this should be always len(tbl)==1 because Z is not None
                    return self.from_qtable_to_dict(tbl)
            else:
                raise ValueError(
                    'Line {} not found in the LineList: {}'.format(line, self.list))


[docs]    def strongest_transitions(self, line, wvlims, n_max=3, verbose=False):
        """ Find the strongest transition for an ion

        For a given single line transition, this function returns
        the n_max strongest transitions of the ion species found in
        the LineList, within the wavelength range wlims.

        Parameters
        ----------
        line : str or Quantity
            Name of line. (e.g. 'HI 1215', 'HI', 'CIII', 'SiII',
            1215.6700 * u.AA)[Note: when string contains spaces it only
            considers the first part of it, so 'HI' and 'HI 1215' and
            'HI 1025' are all equivalent][Note: to retrieve an
            unknown line use string 'unknown']
        wvlims : tuple of Quantity, or Quantity tuple
            Wavelength range, e.g. wvlims = (1100 * u.AA, 3200 * u.AA) or
            wvlims = (1100, 3200) * u.AA
        n_max : int or None, optional
            Maximum number of transitions to retrieve; if n_max = None
            it retrieves all of them

        Returns
        -------
        None (if no transitions are found), dict (if only 1 transition
        found), or QTable (if > 1 transitions are found)

        """
        good_linelists = ['HI', 'ISM', 'EUV', 'Strong']
        if self.list not in good_linelists:
            warnings.warn('Not implemented for LineList: {}.'.format(self.list))
            return

        # Check correct format
        if isinstance(wvlims, tuple):  # tuple
            if all(isinstance(wvlim, Quantity) for wvlim in wvlims):
                pass
            else:
                raise SyntaxError(
                    'Elements of wvlims have to be of class Quantity; correct format please')
        elif isinstance(wvlims, Quantity):  # or quantity
            pass
        else:
            raise SyntaxError('wvlims has to be tuple or Quantity')
        if len(wvlims) != 2:
            raise SyntaxError(
                'wlims has to be of shape (2,); Please correct format')
        if wvlims[0] >= wvlims[1]:
            raise ValueError(
                'Minimum limit `wlims[0]` is not smaller than maximum limit `wlims[1]`; please correct')
        if isinstance(n_max, int):
            if n_max < 1:
                return None
        elif (n_max is not None):
            raise SyntaxError('n_max must be integer or None')

        data = self.all_transitions(line)
        # condition to be within wvrange
        cond = (data['wrest'] >= wvlims[0]) & (data['wrest'] <= wvlims[1])
        if np.sum(cond) == 0:
            if verbose:
                print(
                    '[strongest_transitions] Warning: no transitions found within wvlims; returning None')
            return None
        elif isinstance(data, dict):  # Only 1 case from a dict format
            return data
        elif np.sum(cond) == 1:  # only 1 case from a QTable format
            return self.from_qtable_to_dict(data[cond])
        else:
            # remove transitions out of range
            data = data[cond]
            # sort by relative strength
            sorted_inds = np.argsort(data['rel_strength'])
            # reverse sorted indices, so strongest get first
            sorted_inds = sorted_inds[::-1]
            # sort using sorted_inds
            data = data[sorted_inds]
            # keep only the first n_max or less
            if n_max is not None:
                data = data[:n_max]
            if len(data) == 1:  # Only 1 case from a QTable format; return a dictionary
                return self.from_qtable_to_dict(data)
            else:
                return data


[docs]    def available_transitions(self, wvlims, n_max_tuple=None, min_strength=0.):
        """ Find the strongest transitions in a wavelength interval.

        For a given wavelength range, wvlims = (wv_min, wv_max), this
        function retrieves the n_max_tuple strongest transitions per
        each ion species in the LineList available at such a
        wavelength range and having strength larger than min_strength.
        Strength is defined as log10(wrest * fosc * abundance * ion_correction).
        The output is sorted by strength of the strongest available transition
        of the ion species.

        Parameters
        ----------
        wvlims : tuple of Quantity
            Wavelength range, e.g. wvlims = (1100 * u.AA, 3200 * u.AA)
        n_max_tuple : int, optional
            Maximum number of transitions in a given ion species to
            retrieve. e.g., if Lyman series are all available, it will
            retrieve only up to Lyman gamma if
            n_max_tuple = 3. Otherwise it returns all of them
        min_strength : float, optional
            Minimum strength calculated from log10(wrest * fosc *
            abundance) In this way HI 1215 has 14.7 by definition.

        Returns
        -------
        dict (if only 1 transition found) or QTable (if > 1
        transitions are found) or None (if no transition is found)
        """

        if self.list not in ['HI', 'ISM', 'EUV', 'Strong']:
            warnings.warn('Not implemented for LineList: {}.'.format(self.list))
            return

        if not all((isinstance(n, int) or (n is None)) for n in [n_max_tuple]):
            raise SyntaxError(
                'n_max_tuple must be integer when given!')
        if isinstance(min_strength, (float,int)):
            pass
        else:
            raise SyntaxError('min_strength must be a float value')

        # Identify unique ion_names (e.g. HI, CIV, CIII)
        unique_ion_names = np.unique(self._data['ion_name'])

        # obtain the strongest available transition of a given unique ion species
        transition_name = []
        strength = []
        for ion in unique_ion_names:  # This loop is necessary to have a non trivial but convenient order in the final output
            aux = self.strongest_transitions(ion, wvlims, n_max=1)  # only the strongest available

            if aux is not None:
                assert isinstance(aux, dict)  # this should always be True given n_max=1
                transition_name += [aux['name']]
                strength += [aux['rel_strength']]
        if len(transition_name) == 0:
            # no matches
            return None

        # create auxiliary Table
        unique = Table()
        unique['name'] = transition_name
        unique['rel_strength'] = strength

        # get rid of those below the min_strength threshold
        cond = unique['rel_strength'] >= min_strength
        unique = unique[cond]
        if len(unique) < 1:
            return None

        # sort by strength
        unique.sort(['rel_strength'])
        unique.reverse()
        # Table unique is now sorted by strength, with only
        # 1 entry per ion species

        # Create output data table adding up to n_max_tuple per ion species
        output = Table()
        for i, row in enumerate(unique):
            name = row['name']
            aux = self.strongest_transitions(name, wvlims, n_max=n_max_tuple)

            # need to deal with dict vs QTable format now
            if isinstance(aux, dict):
                aux = self.from_dict_to_qtable(aux)

            # convert to Table because QTable does not like vstack
            output = vstack([output, Table(aux)])

        # Deal with output formatting now
        # if len==1 return dict
        if len(output) == 1:
            return self.from_qtable_to_dict(output)
        else:
            return QTable(output)


[docs]    def from_dict_to_qtable(self, a):
        """Converts dictionary `a` to its QTable version.

        Parameters
        ----------
        a : dict
            The input dictionary to be converted to a
            QTable. The resulting QTable will have the
            same keys as self._data

        Returns
        -------
        A QTable of 1 Row, with filled with the data from
        the input dictionary.

        """

        if isinstance(a, dict):
            pass
        else:
            raise ValueError('Input has to be a dictionary.')

        keys = self._data.keys()

        # Create a QTable with same shape as self._data
        tab = QTable(data=self._data[0])
        # re-write the value elements
        for key in keys:
            tab[0][key] = a[key]
        return tab


[docs]    def from_qtable_to_dict(self, tab):
        """Converts QTable `tab` to its dictionary version.
        An error is raised if len(tab) > 1.

        Parameters
        ----------
        tab : QTable or Table
            The table to be converted to a dictionary.
            It has to be of length == 1!

        Returns
        -------
        A dictionary with the same keys and values of the
        input table.

        """

        if not isinstance(tab, (QTable, Table)):
            raise ValueError('Input has to be QTable or Table.')
        elif len(tab) != 1:
            raise ValueError('Input has to be of len(tab) == 1.')

        a_dict = dict()
        for key in tab.keys():
            a_dict[key] = tab[0][key]
        return a_dict


    def __getitem__(self, k, tol=1e-3*u.AA):
        """ Passback data as a dict (from the table) for the input line

        Parameters
        ----------
        k: overloaded
          * float, Quantity -- Wavelength (e.g. 1215.6700)
          * str -- Name (e.g. 'CII 1334')
          * tuple -- Zion, e.g. (6,2)
          [Note: to retrieve an unknown line use string 'unknown']

        Returns
        -------
        dict (from row in the data table if only 1 line is found) or
          QTable (tuple when more than 1 lines are found)
        """
        try:
            tmp = self.memoize[k].copy()
        except KeyError:
            if isinstance(k, (float, Quantity)):  # Wavelength
                if isinstance(k, float):  # Assuming Ang
                    inwv = k * u.AA
                else:
                    inwv = k
                mt = np.where(np.abs(inwv - self.wrest) < tol)[0]
            elif isinstance(k, basestring):  # Name
                if k == 'unknown':
                    return self.unknown_line()
                else:
                    mt = np.where(self.name == str(k))[0]
            elif isinstance(k, tuple):  # Zion
                mt = (self._data['Z'] == k[0]) & (self._data['ion'] == k[1])
            else:
                raise ValueError('Not prepared for this type', k)

            # No Match?
            if len(mt) == 0:
                # Take closest??
                if self.closest and (not isinstance(k, basestring)):
                    mt = [np.argmin(np.abs(inwv - self.wrest))]
                    if self.verbose:
                        print('WARNING: Using {:.4f} for your input {:.4f}'.format(self.wrest[mt[0]],
                                                                               inwv))
                else:
                    if self.verbose:
                        print('No such line in the list', k)
                    return None

            # Now we have something
            if len(mt) == 1:
                # Pass back as dict
                self.memoize[k] = dict(zip(self._data.dtype.names, self._data[mt][0]))
                # return self._data[mt][0]  # Pass back as a Row not a Table
            elif isinstance(k, tuple):
                self.memoize[k] = self._data[mt]
            else:
                raise ValueError(
                    '{:s}: Multiple lines in the list'.format(self.__class__))
            # Finish
            tmp = self.memoize[k].copy()
        return tmp

    # Printing
    def __repr__(self):
        if len(self._data) > 1:
            s = '<LineList: {:s}; {} transitions sorted by {}.>'.format(self.list, len(self._data), self.sort_by)
        else:
            s = '<LineList: {:s}; {} transition.>'.format(self.list, len(self._data))
        return s
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  Source code for linetools.analysis.cog

""" Curve of Growth calculations
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
import sys
import os
import warnings
import pdb

from scipy import integrate
from scipy.interpolate import interp1d

from astropy import units as u
from astropy.modeling import FittableModel, Parameter
from astropy.modeling import fitting

#from xastropy.xutils import xdebug as xdb

# Begin
def _ftau_intgrnd(x,tau0=0.1):
    return 1 - np.exp(-tau0 * np.exp(-x**2))

# Generate Ftau (could archive, but this is reasonably fast)
neval = 10000
lgt = np.linspace(-3, 9, neval)
all_tau0 = 10.**lgt
#
xFtau0 = np.zeros(neval)
for jj,tau0 in enumerate(all_tau0):
    xFtau0[jj], ferr = integrate.quad(_ftau_intgrnd, 0, np.inf, args=(tau0,))

# Now interpolate
intFtau0 = interp1d(all_tau0, xFtau0, bounds_error=False,fill_value=0.)

##############################
[docs]def cog_plot(COG_dict):
    """Generate a plot for COG solution

    Parameters
    ----------
    COG_dict : dict
      dict containing the COG inputs and solution from single_cog_analysis
    """
    import matplotlib.pyplot as plt
    import matplotlib as mpl
    mpl.rcParams['font.family'] = 'stixgeneral'
    mpl.rcParams['font.size'] = 17.
    # Plot
    plt.clf()
    ax = plt.gca()
    # Data with values
    gdv = COG_dict['redEW'] > 0.
    yerr=(COG_dict['sig_EW'][gdv]/COG_dict['wrest'][gdv])/COG_dict['redEW'][gdv]
    ax.errorbar(np.log10(COG_dict['f'][gdv]*COG_dict['wrest'][gdv].to('cm').value),
                np.log10(COG_dict['redEW'][gdv]),
                yerr=yerr, fmt='o')
    # Upper limit
    upper = COG_dict['redEW'] <= 0.
    ax.scatter(np.log10(COG_dict['f'][upper]*COG_dict['wrest'][upper].to('cm').value),
               np.log10(3*COG_dict['sig_EW'][upper]/COG_dict['wrest'][upper]), color='red', marker='v')
    # Model
    xval = np.log10(COG_dict['f']*COG_dict['wrest'].to('cm').value)
    xmod = np.linspace(np.min(xval), np.max(xval), 200)
    tau0 = 1.497e-15*(10**(xmod+8))*(10.**COG_dict['logN'])/COG_dict['b'].to('km/s').value
    Ftau0 = intFtau0(tau0)
    ymod = np.log10(2*COG_dict['b'].to('km/s').value*Ftau0/3e5)
    #pdb.set_trace()
    ax.plot(xmod,ymod,'g--')
    # Axes
    ax.set_xlabel(r'$\log_{10} \, (f \, \lambda)$')
    ax.set_ylabel(r'$\log_{10} \, (W / \lambda)$')
    # Label
    ax.text(0.1, 0.9, r'$\log N = ${:.2f}$\pm${:.2f}'.format(COG_dict['logN'],COG_dict['sig_logN']), transform=ax.transAxes, ha='left', va='center', fontsize='large')#, bbox={'facecolor':'white'})
    ax.text(0.1, 0.8, r'$b = ${:.1f}$\pm${:.2f}'.format(COG_dict['b'].value,COG_dict['sig_b']), transform=ax.transAxes, ha='left', va='center', fontsize='large')#, bbox={'facecolor':'white'})
    # Finish
    plt.show()



[docs]def single_cog_analysis(wrest, f, EW, sig_EW=None, guesses=None):
    """Perform COG analysis on a single component

    Parameters
    ----------
    wrest : Quantity array
      Rest wavelengths
    f : float array
      f-values
    EW : Quantity array
      Measured EWs
    sig_EW : Quantity array, optional
      Measured sig_EWs
    guesses : tuple of float,float
      Guesses for logN, b

    Returns
    -------
    COG_dict : dict
      dict containing inputs and solution, e.g.
       * logN : float
       * b : Quantity
           Doppler parameter (km/s)
    """
    if guesses is None:
        logN=14.
        b=10.
    else:
        logN = guesses[0]
        b = guesses[1]
    # Reduced EW
    redEW = (EW / wrest).value
    # Weights
    if sig_EW is not None:
        weights = (wrest/sig_EW)**2
    # COG model
    cog_model = single_cog_model(logN=logN, b=b)
    # Fitter
    fitter = fitting.LevMarLSQFitter()
    # Fit
    parm = fitter(cog_model, wrest.to('AA').value*f, redEW, weights=weights)
    # Error
    covar = fitter.fit_info['param_cov']
    sigma = np.zeros(covar.shape[0])
    for ii in range(sigma.size):
        sigma[ii] = np.sqrt(covar[ii,ii])
    # Generate COG dict
    COG_dict = dict(wrest=wrest,f=f,EW=EW,sig_EW=sig_EW,
                    redEW=redEW,
                    logN=parm.logN.value, sig_logN=sigma[0],
                    b=parm.b.value*u.km/u.s, sig_b=sigma[1]*u.km/u.s,
                    parm=parm)
    # Return
    return COG_dict


[docs]class single_cog_model(FittableModel):
    """Generate a single COG model

    Parameters
    ----------
    logN
    b

    input : wrest*f
    output : redEW
      reduced EWs
    """
    inputs = ('wrestxf',)
    outputs = ('redEW',)

    # Free parameters (generally)
    logN=Parameter()
    b=Parameter()  # Assumes km/s

    # Fixed parameters

    @staticmethod
[docs]    def evaluate(wrestf,logN,b):
        # F(tau0)
        tau0 = 1.497e-15*(wrestf)*(10.**logN)/b
        Ftau0 = intFtau0(tau0)
        # Finish
        redEW = 2*b*Ftau0/3e5
        return redEW
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  Source code for linetools.analysis.utils

""" Line analysis tools

These are intended to be methods generic to emission and absorption
(e.g. Equivalent width)
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
import os

from astropy import units as u
from astropy import constants as const
from astropy.modeling import models, fitting

# EW 
[docs]def box_ew(spec):
    """  Boxcar EW calculation

    Observer frame, not rest-frame

    Parameters
    ----------
    spec : Tuple of (wave, fx, sig)

    Returns
    -------
    EW, sigEW : EW and error in observer frame
    """
    # Note: Tested in test_absline_anly

    # Grab
    wv,fx,sig = spec

    # Cut spectrum
    # dwv
    dwv = wv - np.roll(wv,1)
    dwv[0] = dwv[1]


    # Simple boxcar
    EW = np.sum( dwv * (1. - fx) ) 
    varEW = np.sum( dwv**2 * sig**2 )
    sigEW = np.sqrt(varEW) 

    # Return
    return EW, sigEW


[docs]def gaussian_ew(spec, ltype, initial_guesses=None):
    """  EW calculation using Gaussian fit

    Observer frame, not rest-frame. wvlim and spec must be set!

    Parameters
    ----------
    spec : Tuple of (wave, fx, sig)
    ltype : string
      whether this is for absorption or emission line (see SpectralLine Class)
    initial_guesses, optional : Tuple of (amplitude, mean, stddev) 
      Initial guesses of the Gaussian fit (unitless)

    Returns
    -------
    EW, sigEW : EW and error in observer frame
    
    """
    # Note: Tested in test_absline_anly

    # Grab
    wv,fx,sig = spec

    # dwv
    dwv = wv - np.roll(wv,1)
    dwv[0] = dwv[1]

    # Initial guesses of the Gaussian fit
    if initial_guesses is None:
        amp_init = np.mean(fx).value/2. #half the mean flux
        stddev_init = 3*np.mean(dwv).value #3 pixels
        mean_init = np.mean(wv).value #half wave range
    elif len(initial_guesses)==3:
        amp_init = initial_guesses[0]
        mean_init = initial_guesses[1] 
        stddev_init = initial_guesses[2]
        #check whether these values are sensible
        if (mean_init < np.min(wv.value)) or (mean_init > np.max(wv.value)):
             raise ValueError('gaussian_ew: The initial guess for Gaussian mean is not sensible; check it!')
        if (amp_init < 0):
             raise ValueError('gaussian_ew: The initial guess for Gaussian amplitude is not sensible; check it!')
        if (stddev_init < 0):
             raise ValueError('gaussian_ew: The initial guess for Gaussian stddev is not sensible; check it!')
    else:
        raise ValueError('gaussian_ew: Format of the initial_guesses is incorrect')

    # Model initialization
    if ltype == 'Abs':
        g_init = models.GaussianAbsorption1D(amplitude=amp_init, mean=mean_init, stddev=stddev_init) # This model does not support units
    elif ltype == 'Emiss':
        g_init = models.Gaussian1D(amplitude=amp_init, mean=mean_init, stddev=stddev_init) # This model does not support units
    else:
        raise ValueError("gaussian_ew: ltype has to be either 'Abs' or 'Emiss'")    
    
    # Fitting algorithm initialization
    fit_g = fitting.LevMarLSQFitter()
    # Use only good values (i.e. with meaningful errors)
    cond = (sig > 0.) & (np.isfinite(sig))
    # Actual fit
    g = fit_g(g_init, wv[cond], fx[cond], weights=1./sig[cond])

    #Check whether the final fit is sensible
    fit_info = fit_g.fit_info
    if fit_info['param_cov'] is None:
        raise ValueError('gaussian_ew: The fit is not sensible! Check initial_guesses')

    # Area under curve of Gaussian is [amplitude*stddev*sqrt(2*pi)]
    EW = g.amplitude.value * g.stddev.value * np.sqrt(2 * np.pi) #unitless
    EW = EW * wv.unit #add the same unit as wv
    
    #error estimation
    cov = fit_g.fit_info['param_cov'] #covariance matrix
    x = g.parameters[0] # amplitude
    y = g.parameters[2] # stddev
    sigEW = EW * np.sqrt(cov[0,0] / x**2 + cov[2,2] / y**2 + 2 * cov[0,2] / (x*y))

    return EW, sigEW
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  Source code for linetools.analysis.continuum

""" Module for fitting a QSO continuum
"""
from __future__ import print_function, absolute_import, division, \
     unicode_literals

import warnings
import sys, os
import numpy as np

from ..utils import between
from .interp import AkimaSpline

[docs]def make_chunks_qso(wa, redshift, divmult=1, forest_divmult=1, debug=False):
    """ Generate a series of wavelength chunks for use by
    prepare_knots, assuming a QSO spectrum.
    """

    cond = np.isnan(wa)
    if np.any(cond):
        warnings.warn('Some wavelengths are NaN, ignoring these pixels.')
        wa = wa[~cond]
        assert len(wa) > 0

    zp1 = 1 + redshift
    #reflines = np.array([1025.72, 1215.6701, 1240.14, 1398.0,
    #                     1549.06, 1908,      2800            ])

    # generate the edges of wavelength chunks to send to fitting routine

    # these edges and divisions are generated by trial and error

    # for S/N = 15ish and resolution = 2000ish

    div = np.rec.fromrecords([(200. , 500. , 25),
                              (500. , 800. , 25),
                              (800. , 1190., 25),
                              (1190., 1213.,  4),
                              (1213., 1230.,  6),
                              (1230., 1263.,  6),
                              (1263., 1290.,  5),
                              (1290., 1340.,  5),
                              (1340., 1370.,  2),
                              (1370., 1410.,  5),
                              (1410., 1515.,  5),
                              (1515., 1600., 15),
                              (1600., 1800.,  8),
                              (1800., 1900.,  5),
                              (1900., 1940.,  5),
                              (1940., 2240., 15),
                              (2240., 3000., 25),
                              (3000., 6000., 80),
                              (6000., 20000., 100),
                              ], names=str('left,right,num'))

    div.num[2:] = np.ceil(div.num[2:] * divmult)
    div.num[:2] = np.ceil(div.num[:2] * forest_divmult)
    div.left *= zp1
    div.right *= zp1
    if debug:
        print(div.tolist())
    temp = [np.linspace(left, right, n+1)[:-1] for left,right,n in div]
    edges = np.concatenate(temp)

    i0,i1,i2 = edges.searchsorted([wa[0], 1210*zp1, wa[-1]])
    if debug:
        print(i0,i1,i2)
    return edges[i0:i2]



[docs]def update_knots(knots, indices, fl, masked):
    """ Calculate the y position of each knot.

    Updates `knots` inplace.

    Parameters
    ----------
    knots: list of [xpos, ypos, bool] with length N
      bool says whether the knot should kept unchanged.
    indices: list of (i0,i1) index pairs
       The start and end indices into fl and masked of each
       spectrum chunk (xpos of each knot are the chunk centres).
    fl, masked: arrays shape (M,)
       The flux, and boolean arrays showing which pixels are
       masked.
    """

    iy, iflag = 1, 2
    for iknot,(i1,i2) in enumerate(indices):
        if knots[iknot][iflag]:
            continue

        f0 = fl[i1:i2]
        m0 = masked[i1:i2]
        f1 = f0[~m0]
        knots[iknot][iy] = np.median(f1)



[docs]def linear_co(wa, knots):
    """linear interpolation through the spline knots.

    Add extra points on either end to give
    a nice slope at the end points."""
    wavc, mfl = list(zip(*knots))[:2]
    extwavc = ([wavc[0] - (wavc[1] - wavc[0])] + list(wavc) +
               [wavc[-1] + (wavc[-1] - wavc[-2])])
    extmfl = ([mfl[0] - (mfl[1] - mfl[0])] + list(mfl) +
              [mfl[-1] + (mfl[-1] - mfl[-2])])
    co = np.interp(wa, extwavc, extmfl)
    return co



[docs]def Akima_co(wa, knots):
    """Akima interpolation through the spline knots."""
    x,y,_ = zip(*knots)
    spl = AkimaSpline(x, y)
    return spl(wa)



[docs]def remove_bad_knots(knots, indices, masked, fl, er, debug=False):
    """ Remove knots in chunks without any good pixels. Modifies
    inplace."""
    idelknot = []
    for iknot,(i,j) in enumerate(indices):
        if np.all(masked[i:j]) or np.median(fl[i:j]) <= 2*np.median(er[i:j]):
            if debug:
                print('Deleting knot', iknot, 'near {:.1f} Angstroms'.format(
                    knots[iknot][0]))
            idelknot.append(iknot)

    for i in reversed(idelknot):
        del knots[i]
        del indices[i]



[docs]def chisq_chunk(model, fl, er, masked, indices, knots, chithresh=1.5):
    """ Calc chisq per chunk, update knots flags inplace if chisq is
    acceptable. """
    chisq = []
    FLAG = 2
    for iknot,(i1,i2) in enumerate(indices):
        if knots[iknot][FLAG]:
            continue

        f0 = fl[i1:i2]
        e0 = er[i1:i2]
        m0 = masked[i1:i2]
        f1 = f0[~m0]
        e1 = e0[~m0]
        mod0 = model[i1:i2]
        mod1 = mod0[~m0]
        resid = (mod1 - f1) / e1
        chisq = np.sum(resid*resid)
        rchisq = chisq / len(f1)
        if rchisq < chithresh:
            #print (good reduced chisq in knot', iknot)
            knots[iknot][FLAG] = True



[docs]def prepare_knots(wa, fl, er, edges, ax=None, debug=False):
    """ Make initial knots for the continuum estimation.

    Parameters
    ----------
    wa, fl, er : arrays
       Wavelength, flux, error.
    edges : The edges of the wavelength chunks. Splines knots are to be
       places at the centre of these chunks.
    ax : Matplotlib Axes
       If not None, use to plot debugging info.

    Returns
    -------
    knots, indices, masked
      * knots: A list of [x, y, flag] lists giving the x and y position
        of each knot.
      * indices: A list of tuples (i,j) giving the start and end index
        of each chunk.
      * masked: An array the same shape as wa.
    """
    indices = wa.searchsorted(edges)
    indices = [(i0,i1) for i0,i1 in zip(indices[:-1],indices[1:])]
    wavc = [0.5*(w1 + w2) for w1,w2 in zip(edges[:-1],edges[1:])]

    knots = [[wavc[i], 0, False] for i in range(len(wavc))]

    masked = np.zeros(len(wa), bool)
    masked[~(er > 0)] = True

    # remove bad knots
    remove_bad_knots(knots, indices, masked, fl, er, debug=debug)

    if ax is not None:
        yedge = np.interp(edges, wa, fl)
        ax.vlines(edges, 0, yedge + 100, color='c', zorder=10)

    # set the knot flux values
    update_knots(knots, indices, fl, masked)

    if ax is not None:
        x,y = list(zip(*knots))[:2]
        ax.plot(x, y, 'o', mfc='none', mec='c', ms=10, mew=1, zorder=10)

    return knots, indices, masked



[docs]def unmask(masked, indices, wa, fl, er, minpix=3):
    """ Forces each chunk to use at least minpix pixels.

    Sometimes all pixels can become masked in a chunk. We don't want
    this! This forces there to be at least minpix pixels used in each
    chunk.
     """
    for iknot,(i,j) in enumerate(indices):
        #print(iknot, wa[i], wa[j], (~masked[i:j]).sum())
        if np.sum(~masked[i:j]) < minpix:
            #print('unmasking pixels')
            # need to unmask minpix
            f0 = fl[i:j]
            e0 = er[i:j]
            ind = np.arange(i,j)
            f1 = f0[e0 > 0]
            isort = np.argsort(f1)
            ind1 = ind[e0 > 0][isort[-minpix:]]
            #    print(wa[i], wa[j])
            #    print(wa[ind1])
            masked[ind1] = False



[docs]def estimate_continuum(s, knots, indices, masked, ax=None, maxiter=1000,
                       nsig=1.5, debug=False):
    """ Iterate to estimate the continuum.
    """
    count = 0
    while True:
        if debug:
            print('iteration', count)
        update_knots(knots, indices, s.fl, masked)
        model = linear_co(s.wa, knots)
        model_a = Akima_co(s.wa, knots)
        chisq_chunk(model_a, s.fl, s.er, masked,
                    indices, knots, chithresh=1)
        flags = list(zip(*knots))[-1]
        if np.all(flags):
            if debug:
                print('All regions have satisfactory fit, stopping')
            break
        # remove outliers
        c0 = ~masked
        resid = (model - s.fl) / s.er
        oldmasked = masked.copy()
        masked[(resid > nsig) & ~masked] = True
        unmask(masked, indices, s.wa, s.fl, s.er)
        if np.all(oldmasked == masked):
            if debug:
                print('No further points masked, stopping')
            break
        if count > maxiter:
            raise RuntimeError('Exceeded maximum iterations')

        count +=1

    co = Akima_co(s.wa, knots)
    c0 = co <= 0
    co[c0] = 0

    if ax is not None:
        ax.plot(s.wa, linear_co(s.wa, knots), color='0.7', lw=2)
        ax.plot(s.wa, co, 'k', lw=2, zorder=10)
        x,y = list(zip(*knots))[:2]
        ax.plot(x, y, 'o', mfc='none', mec='k', ms=10, mew=1, zorder=10)

    return co



[docs]def find_continuum(spec, edges=None, ax=None, debug=False, kind='QSO',
                   **kwargs):
    """ Estimate a continuum for a spectrum.

    Parameters
    ----------
    spec: XSpectrum1D object
      Wavelength, flux and one sigma error.
    kind : {'default', 'QSO'}
      Which kind of continuum to fit. This is used to generate a list
      of wavelength chunks where spline knots will be placed.
    edges: array of float
      A list of wavelengths giving the edges of chunks where a spline
      knot will be fitted. If this is given, the 'kind' keyword is
      ignored.
    ax : matplotlib Axes
      If this is not None, use ax to make diagnostic plots.

    Additional keywords for kind = 'QSO':

    redshift: float
      QSO emission redshift.
    forest_divmult: float
      Multiplier for the number of spline knots at wavelengths shorter
      than Lya. The default (2) is suitable for UVES/HIRES resoluion
      spectra - experiment with smaller values for lower resolution
      spectra.
    divmult: float
      Multiplier for the number of knots at wavelengths longer than
      Lya.

    Returns
    -------
    co, contpoints: array of shape (N,) and a list of (x,y) pairs.

      co is an estimate for the continuum.

      contpoints is a list of (x,y) pairs, giving the position of
      spline knots used to generate the continuum. Use
      linetools.analysis.interp.AkimaSpline to re-generate the
      continuum from these knots.
    """

    s = np.rec.fromarrays([spec.wavelength.value,
                           spec.flux.value,
                           spec.sig], names=str('wa,fl,er'))

    if edges is not None:
        edges = list(edges)
    elif kind.upper() == 'QSO':
        if 'redshift' in kwargs:
            z = kwargs['redshift']
        elif 'redshift' in spec.meta:
            z = spec.meta['redshift']
        else:
            raise RuntimeError(
                "I need the emission redshift for kind='qso'; please\
                provide redshift using `redshift` keyword.")

        divmult = kwargs.get('divmult', 2)
        forest_divmult = kwargs.get('forest_divmult', 2)
        edges = make_chunks_qso(
            s.wa, z, debug=debug, divmult=divmult,
            forest_divmult=forest_divmult)
    else:
        s = "Kind keyword {:s} unknown. ".format(kind)
        s += "Currently only kind='QSO' is supported"
        raise NotImplementedError(s)


    if ax is not None:
        ax.plot(s.wa, s.fl, '-', color='0.4', drawstyle='steps-mid')
        ax.plot(s.wa, s.er, 'g')

    knots, indices, masked = prepare_knots(s.wa, s.fl, s.er, edges,
                                           ax=ax, debug=debug)

    # Note this modifies knots and masked inplace
    co = estimate_continuum(s, knots, indices, masked, ax=ax, debug=debug)

    if ax is not None:
        ax.plot(s.wa[~masked], s.fl[~masked], '.y')
        ymax = np.percentile(s.fl[~np.isnan(s.fl)],  95)
        ax.set_ylim(-0.02*ymax, 1.1*ymax)

    return co, [k[:2] for k in knots]
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  Source code for linetools.analysis.voigt

""" Voigt profiles

Heavily adapted from code by Ryan Cooke (e.g. alis)
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
import warnings
import pdb

from scipy.special import wofz

from astropy import units as u
from astropy.units import Quantity
from astropy import constants as const
from astropy.modeling import FittableModel, Parameter

from linetools.spectra.xspectrum1d import XSpectrum1D
from linetools.spectralline import AbsLine
from linetools.spectra import convolve as lsc

#from xastropy.xutils import xdebug as xdb

c_cgs = 29979245800.0  # cm/s


[docs]def voigt_wofz(vin,a):
    """Uses scipy function for calculation.

    Tested for speed and accuracy (see Voigt notebook).

    Parameters
    ----------
    vin : ndarray
      u parameter
    a : float
      a parameter

    Returns
    -------
    voigt : ndarray
    """
    return wofz(vin + 1j * a).real



[docs]def voigtking(vin, a):
    """ Take from Alis by Ryan Cooke
    """
    oneonsqrtpi=0.56418958354775630
    h0 = np.array([ 1.0e0, 0.9975031223974601240368798e0, 0.9900498337491680535739060e0, 0.9777512371933363639286036e0, 0.9607894391523232094392107e0, 0.9394130628134757861197108e0, 0.9139311852712281867473535e0, 0.8847059049434835594929548e0, 0.8521437889662113384563470e0, 0.8166864825981108401538061e0, 0.7788007830714048682451703e0, 0.7389684882589442416058206e0, 0.6976763260710310572091293e0, 0.6554062543268405127576690e0, 0.6126263941844160689885800e0, 0.5697828247309230097666297e0, 0.5272924240430485572436946e0, 0.4855368951540794399916001e0, 0.4448580662229411344814454e0, 0.4055545050633205516443034e0, 0.3678794411714423215955238e0, 0.3320399453446606420249195e0, 0.2981972794298873779316010e0, 0.2664682978135241116965901e0, 0.2369277586821217567233665e0, 0.2096113871510978225241101e0, 0.1845195239929892676298138e0, 0.1616211924653392539324509e0, 0.1408584209210449961479715e0, 0.1221506695399900084151679e0, 0.1053992245618643367832177e0, 0.9049144166369591062935159e-1, 0.7730474044329974599046566e-1, 0.6571027322750286139200605e-1, 0.5557621261148306865356766e-1, 0.4677062238395898365276137e-1, 0.3916389509898707373977109e-1, 0.3263075599289603180381419e-1, 0.2705184686635041108596167e-1, 0.2231491477696640649487920e-1, 0.1831563888873418029371802e-1, 0.1495813470057748930092482e-1, 0.1215517832991493721502629e-1, 0.9828194835379685936011149e-2, 0.7907054051593440493635646e-2, 0.6329715427485746576865117e-2, 0.5041760259690979102410257e-2, 0.3995845830084632413030896e-2, 0.3151111598444440557819106e-2, 0.2472563035874193226953048e-2, 0.1930454136227709242213512e-2, 0.1499685289329846120368399e-2, 0.1159229173904591150012118e-2, 0.8915937199952195568639939e-3, 0.6823280527563766163014506e-3, 0.5195746821548384817648154e-3, 0.3936690406550782109805393e-3, 0.2967857677932108344855019e-3, 0.2226298569188890101840659e-3, 0.1661698666072774484528398e-3, 0.1234098040866795494976367e-3, 0.9119595636226606575873788e-4, 0.6705482430281108867614262e-4, 0.4905835745620769579106241e-4, 0.3571284964163521691234528e-4, 0.2586810022265412127035909e-4, 0.1864374233151683041526522e-4, 0.1336996212084380475632834e-4, 0.9540162873079234841590110e-5, 0.6773449997703748098370991e-5, 0.4785117392129009089609771e-5, 0.3363595724825637829225185e-5, 0.2352575200009772922652510e-5, 0.1637237807196195233271403e-5, 0.1133727138747965652009438e-5, 0.7811489408304490795473004e-6, 0.5355347802793106157479094e-6, 0.3653171341207511214363159e-6, 0.2479596018045029629499234e-6, 0.1674635703137489046698250e-6, 0.1125351747192591145137752e-6, 0.7524623257644829651017174e-7, 0.5006218020767042215644986e-7, 0.3314082270898834287088712e-7, 0.2182957795125479209083827e-7, 0.1430724191856768833467676e-7, 0.9330287574504991120387842e-8, 0.6054282282484886644264747e-8, 0.3908938434264861859681131e-8, 0.2511212833271291589987176e-8, 0.1605228055185611608653934e-8, 0.1020982947159334870301705e-8, 0.6461431773106108989429857e-9, 0.4068811450655793356678124e-9, 0.2549381880391968872012880e-9, 0.1589391009451636652873474e-9, 0.9859505575991508240729766e-10, 0.6085665105518337082108266e-10, 0.3737571327944262032923964e-10, 0.2284017657993705413027994e-10, 0.1388794386496402059466176e-10, 0.8402431396484308187150245e-11, 0.5058252742843793235026422e-11, 0.3029874246723653849216172e-11, 0.1805831437513215621913785e-11, 0.1070923238250807645586450e-11, 0.6319285885175366663984108e-12, 0.3710275783094727281418983e-12, 0.2167568882618961942307398e-12, 0.1259993054847742150188394e-12, 0.7287724095819692419343177e-13, 0.4194152536192217185131208e-13, 0.2401734781620959445230543e-13, 0.1368467228126496785536523e-13, 0.7758402075696070467242451e-14, 0.4376618502870849893821267e-14, 0.2456595368792144453705261e-14, 0.1372009419645128473380053e-14, 0.7624459905389739760616425e-15, 0.4215893238174252040735029e-15, 0.2319522830243569388312264e-15, 0.1269802641377875575018264e-15, 0.6916753975541448863883054e-16, 0.3748840457745443581785685e-16, 0.2021715848695342027119482e-16, 0.1084855264042937802512215e-16, 0.5792312885394857923477507e-17, 0.3077235638152508657901574e-17, 0.1626664621453244338034305e-17, 0.8555862896902856300749061e-18, 0.4477732441718301199042103e-18, 0.2331744656246116743545942e-18, 0.1208182019899973571654094e-18, 0.6228913128535643653088166e-19, 0.3195366717748344275120932e-19, 0.1631013922670185678641901e-19, 0.8283677007682876110228791e-20, 0.4186173006145967657832773e-20, 0.2104939978339734445589080e-20, 0.1053151347744013743766989e-20, 0.5242885663363463937171805e-21, 0.2597039249246848208769072e-21, 0.1280015319051641983953037e-21, 0.6277407889747195099574399e-22, 0.3063190864577440373821128e-22, 0.1487292181651270619154227e-22, 0.7185335635902193010046941e-23, 0.3454031957013868448981675e-23, 0.1652091782314268593068387e-23, 0.7862678502984538622254116e-24, 0.3723363121750510429289070e-24, 0.1754400713566556605465117e-24, 0.8225280651606668501925640e-25, 0.3837082905344536379879530e-25, 0.1781066634757091357021587e-25, 0.8225980595143903024275237e-26, 0.3780277844776084635218009e-26, 0.1728575244037268289032505e-26, 0.7864685935766448441713277e-27, 0.3560434556451067378310069e-27, 0.1603810890548637852976087e-27, 0.7188393394953158727447087e-28, 0.3205819323394999444158648e-28, 0.1422573701362478490703169e-28, 0.6281148147605989215436687e-29, 0.2759509067522042024589005e-29, 0.1206293927781149203841840e-29, 0.5246902396795390138796640e-30, 0.2270812922026396509517690e-30, 0.9778860615814667663870901e-31, 0.4190093194494397377123780e-31, 0.1786436718517518413888050e-31, 0.7578445267618382646037748e-32, 0.3198903416725805416294188e-32, 0.1343540197758737662452134e-32, 0.5614728092387934579799402e-33, 0.2334722783487267408869808e-33, 0.9659851300583384710233199e-34, 0.3976803097901655265751816e-34, 0.1629019426220514693169818e-34, 0.6639677199580734400702255e-35, 0.2692751000456178970430831e-35, 0.1086610640745980532852592e-35, 0.4362950029268711046345153e-36, 0.1743070896645292498913954e-36, 0.6929124938815710000577778e-37, 0.2740755284722598699701951e-37, 0.1078675105373929991550997e-37, 0.4224152406206200437573993e-38, 0.1645951484063258284098658e-38, 0.6381503448060790393554118e-39, 0.2461826907787885454919214e-39, 0.9449754976491185028813549e-40, 0.3609209642415355020302235e-40, 0.1371614910949353618952282e-40, 0.5186576811908572940413120e-41, 0.1951452380295377748121319e-41, 0.7305730197111493885868359e-42, 0.2721434140093713884466599e-42, 0.1008696596314342558322441e-42, 0.3720075976020835962959696e-43, 0.1365122395620087240477630e-43 ], dtype=np.float64)
    h1 = np.array([ -1.128379167095512573896159e0, -1.122746665023313894112994e0, -1.105961434222613497822717e0, -1.078356949458362356972974e0, -1.040477963566390226869037e0, -0.9930644092865188274925694e0, -0.9370297574325730524254160e0, -0.8734346738611667009559691e0, -0.8034569860177944012914767e0, -0.7283590897795191457635390e0, -0.6494539941944691013512214e0, -0.5680712138345335512208471e0, -0.4855236771153186839197872e0, -0.4030767281964792012404736e0, -0.3219201665209207840831093e0, -0.2431441002236951675148354e0, -0.1677191974661332963609891e0, -0.9648171389061105293546881e-1, -0.3012346558870770535102483e-1, 0.3081328457047809980986685e-1, 0.8593624458727488433391777e-1, 0.1349991935349749351748713e0, 0.1778942744880748462232135e0, 0.2146410885736963723412265e0, 0.2453732617833523433216744e0, 0.2703231847626659615037426e0, 0.2898056218155761132507312e0, 0.3042008523837261147222841e0, 0.3139379509747736418513567e0, 0.3194787353320834397089635e0, 0.3213028233267945998845488e0, 0.3198941423604233541674753e0, 0.3157291364070343763776039e0, 0.3092668200208504802085382e0, 0.3009407397271468294117335e0, 0.2911528243392948676821857e0, 0.2802690390913659378360681e0, 0.2686167052981096351368975e0, 0.2564833079412283848897372e0, 0.2441165877658165024921633e0, 0.2317257011687522312257119e0, 0.2194832289213470945135105e0, 0.2075278218310246553881156e0, 0.1959672858880207128215797e0, 0.1848819293094190730287360e0, 0.1743280173110208640535652e0, 0.1643412057011470302647273e0, 0.1549398500207542791790132e0, 0.1461281117364874603340094e0, 0.1378988059908943461128856e0, 0.1302359559637753421977543e0, 0.1231170365911391556632533e0, 0.1165149050377156668055896e0, 0.1103994269264874144398788e0, 0.1047388160423518894772002e0, 0.9950071130235648759030670e-1, 0.9465301854781620910441970e-1, 0.9016454652735125189272609e-1, 0.8600546667768981700419079e-1, 0.8214762533231104047151097e-1, 0.7856473513008974607178765e-1, 0.7523246995193424459351750e-1, 0.7212848493340500348466924e-1, 0.6923238018945846374255513e-1, 0.6652562400245432725286132e-1, 0.6399144848312167544450556e-1, 0.6161472819590847810012464e-1, 0.5938184999317344054777048e-1, 0.5728058034957269600588669e-1, 0.5529993483145627029203620e-1, 0.5343005296426139233134751e-1, 0.5166208065197234887486323e-1, 0.4998806142885727821214551e-1, 0.4840083715410895783485349e-1, 0.4689395826338997495993764e-1, 0.4546160333748704598916335e-1, 0.4409850750954268216573793e-1, 0.4279989908392569899980027e-1, 0.4156144366035708515282858e-1, 0.4037919502845779134315796e-1, 0.3924955210570969222557380e-1, 0.3816922122416471946490538e-1, 0.3713518311895684989765586e-1, 0.3614466402785612590311943e-1, 0.3519511037069617482332004e-1, 0.3428416653694949866994660e-1, 0.3340965536664229903158673e-1, 0.3256956096272257612903376e-1, 0.3176201352112533673779090e-1, 0.3098527590780517228496903e-1, 0.3023773174995156695256252e-1, 0.2951787484170619418302355e-1, 0.2882429969333463230632146e-1, 0.2815569307740452259166926e-1, 0.2751082644654734935368337e-1, 0.2688854911528297388431485e-1, 0.2628778211358937241904422e-1, 0.2570751263279204975253415e-1, 0.2514678899527364475073049e-1, 0.2460471608876676259183765e-1, 0.2408045121385331090696902e-1, 0.2357320029997478838776359e-1, 0.2308221445094914570064896e-1, 0.2260678678585010840991674e-1, 0.2214624954526743636682309e-1, 0.2169997143654264861646818e-1, 0.2126735519465680897241377e-1, 0.2084783533811200664569883e-1, 0.2044087610146017752978434e-1, 0.2004596952814515567227767e-1, 0.1966263370908071277476715e-1, 0.1929041115392591487587378e-1, 0.1892886728337045173071115e-1, 0.1857758903193275942486415e-1, 0.1823618355182474294515453e-1, 0.1790427700936730343669473e-1, 0.1758151346626646308038721e-1, 0.1726755383879409857500321e-1, 0.1696207492857163038741910e-1, 0.1666476851923932358834102e-1, 0.1637534053381661837450139e-1, 0.1609351024802744708797459e-1, 0.1581900955528515170398058e-1, 0.1555158227940989996039230e-1, 0.1529098353149220739767610e-1, 0.1503697910762349625920090e-1, 0.1478934492449222808347731e-1, 0.1454786649009525295887101e-1, 0.1431233840704145462214254e-1, 0.1408256390613103046576229e-1, 0.1385835440808103075999097e-1, 0.1363952911143803959964144e-1, 0.1342591460487383719630737e-1, 0.1321734450220107129175951e-1, 0.1301365909857474699723209e-1, 0.1281470504646293252049926e-1, 0.1262033505007755515762735e-1, 0.1243040757705449418533892e-1, 0.1224478658626222948827240e-1, 0.1206334127070085131071308e-1, 0.1188594581452897199141430e-1, 0.1171247916332562864755594e-1, 0.1154282480675818732553606e-1, 0.1137687057288605896976939e-1, 0.1121450843338417065773542e-1, 0.1105563431902001242285305e-1, 0.1090014794476407143162512e-1, 0.1074795264395590657657700e-1, 0.1059895521098731117021612e-1, 0.1045306575200023435008377e-1, 0.1031019754313063242129945e-1, 0.1017026689586042607609242e-1, 0.1003319302906845397201302e-1, 0.9898897947397924639729408e-2, 0.9767306325582547468180475e-2, 0.9638345398396424782187982e-2, 0.9511944855914052317394595e-2, 0.9388036743786533882143785e-2, 0.9266555368258485665416943e-2, 0.9147437205667194364984339e-2, 0.9030620816181499749829423e-2, 0.8916046761552686783940876e-2, 0.8803657526663477808232965e-2, 0.8693397444674087410976982e-2, 0.8585212625576311168220303e-2, 0.8479050887977828363904268e-2, 0.8374861693949366877024963e-2, 0.8272596086777159693185345e-2, 0.8172206631472266686907249e-2, 0.8073647357896888215194357e-2, 0.7976873706375800846399120e-2, 0.7881842475668539112571351e-2, 0.7788511773184966394916599e-2, 0.7696840967333456047851643e-2, 0.7606790641897071224649652e-2, 0.7518322552338916854888971e-2, 0.7431399583943265980411531e-2, 0.7345985711704159367477213e-2, 0.7262045961877964368036759e-2, 0.7179546375120877141317720e-2, 0.7098453971136580788416864e-2, 0.7018736714763248519923831e-2, 0.6940363483432822204243367e-2, 0.6863304035939017881037086e-2, 0.6787528982453825324020280e-2, 0.6713009755735391745310971e-2, 0.6639718583473122562606414e-2, 0.6567628461718606252976457e-2, 0.6496713129353586350126915e-2, 0.6426947043548671526978323e-2, 0.6358305356168803683625031e-2, 0.6290763891083702643557758e-2, 0.6224299122343582476647260e-2, 0.6158888153182396103862750e-2, 0.6094508695812718682782931e-2, 0.6031139051978132847456608e-2, 0.5968758094230636272231571e-2, 0.5907345247902159938278185e-2, 0.5846880473740769223255677e-2, 0.5787344251183524483318654e-2, 0.5728717562239307805652498e-2, 0.5670981875956182433959706e-2 ], dtype=np.float64)
    h2 = np.array([ 1.0e0, 0.9925156067854728234166954e0, 0.9702488370741846925024279e0, 0.9337524315196362275518164e0, 0.8839262840201373526840738e0, 0.8219864299617913128547470e0, 0.7494235719224071131328299e0, 0.6679529582323300874171809e0, 0.5794577764970237101503160e0, 0.4859284571458759498915146e0, 0.3894003915357024341225852e0, 0.2918925528622829754342991e0, 0.1953493712998886960185562e0, 0.1015879694206602794774387e0, 0.1225252788368832137977160e-1, -0.7122285309136537622082871e-1, -0.1476418787320535960282345e0, -0.2160639183435653507962620e0, -0.2758120010582235033784961e0, -0.3264713765759730440736642e0, -0.3678794411714423215955238e0, -0.4001081341403160736400280e0, -0.4234401367904400766628734e0, -0.4383403499032471637408907e0, -0.4454241863223889026399290e0, -0.4454241976960828728637340e0, -0.4391564671033144569589568e0, -0.4274880540708223266513326e0, -0.4113065890894513887520768e0, -0.3914928958756679769706131e0, -0.3688972859665251787412620e0, -0.3443199355303629399446828e0, -0.3184955306263949534807185e0, -0.2920821644962502188874669e0, -0.2656542962828890681640534e0, -0.2396994397177897912204020e0, -0.2146181451424491640939456e0, -0.1907267687784773058932939e0, -0.1682624875086995569546816e0, -0.1473900121018631148986771e0, -0.1282094722211392620560261e0, -0.1107649874577763082733483e0, -0.9505349453993480902150559e-1, -0.8103346641770551054241192e-1, -0.6863322916783106348475741e-1, -0.5775865327580743751389419e-1, -0.4830006328783957980109026e-1, -0.4013827136320013258889535e-1, -0.3314969401563551466825700e-1, -0.2721055620979549646261829e-1, -0.2220022256661865628545539e-1, -0.1800372189840480267502263e-1, -0.1451354925728548119815172e-1, -0.1163084007733763911929080e-1, -0.9266014956431594449373699e-2, -0.7338992385437093554928018e-2, -0.5779061516816548137194317e-2, -0.4524499030007499171731476e-2, -0.3522004336456824141111923e-2, -0.2726016661692386541868837e-2, -0.2097966669473552341459824e-2, -0.1605504811757694087682580e-2, -0.1221738898797218035679319e-2, -0.9245047462622340271825711e-3, -0.6956863110190540254524861e-3, -0.5205955169809141905659767e-3, -0.3874169656489197360292113e-3, -0.2867188376814953929994613e-3, -0.2110284027525126746959732e-3, -0.1544685271976339753833504e-3, -0.1124502587150317136058296e-3, -0.8141583451940456365639560e-4, -0.5862617398424354123250055e-4, -0.4198696356554642675724513e-4, -0.2990772192017133390000897e-4, -0.2118866502002593128272052e-4, -0.1493070967418717996705171e-4, -0.1046450930688891587354327e-4, -0.7294971485088477169986746e-5, -0.5058237141326785665552064e-5, -0.3488590416297032549927031e-5, -0.2393206427093938070506012e-5, -0.1633028318374209170743394e-5, -0.1108394815502115127316820e-5, -0.7483179321690142728739359e-6, -0.5025418723896900527555212e-6, -0.3357037469306895805115546e-6, -0.2230700306981556484079346e-6, -0.1474451577404705893471723e-6, -0.9694537142843821183145493e-7, -0.6340650817983165854183039e-7, -0.4125281597997292543454039e-7, -0.2669863608647444234432417e-7, -0.1718869397329539903528673e-7, -0.1100823095953252158935162e-7, -0.7013187829205346730804204e-8, -0.4444665113656971914920979e-8, -0.2802144497835918309456751e-8, -0.1757406038399392007880848e-8, -0.1096442676719878283524089e-8, -0.6805092493832370091384262e-9, -0.4201635819811978308984480e-9, -0.2580720549398903308510481e-9, -0.1576898051707325645824557e-9, -0.9585353270320148521118371e-10, -0.5796372027032496381736661e-10, -0.3486981951439767325186431e-10, -0.2086844614201629359434107e-10, -0.1242450483517188985330601e-10, -0.7358989436838238028175315e-11, -0.4336195837012716989509190e-11, -0.2541866144559293225048769e-11, -0.1482350707216456169596291e-11, -0.8600132295160969048704279e-12, -0.4963825648030345884941720e-12, -0.2850272799994640993351100e-12, -0.1628231410435433343915847e-12, -0.9253517530796568988711767e-13, -0.5231904387078439423734991e-13, -0.2942904274907536637035087e-13, -0.1646861209472934265701707e-13, -0.9168609972068950589419375e-14, -0.5078280768842531755862938e-14, -0.2798321959684086361623925e-14, -0.1534077985990025530178263e-14, -0.8366946223931157801875458e-15, -0.4540014839572489640421670e-15, -0.2450864324006565520585709e-15, -0.1316297011679965318337360e-15, -0.7033347094398993022030766e-16, -0.3738906588834781501200156e-16, -0.1977436055729519304364136e-16, -0.1040486355537857239908506e-16, -0.5446873085247993592442947e-17, -0.2836846572016980047452363e-17, -0.1469951297806504842876013e-17, -0.7577907726628295065637298e-18, -0.3886652327556223671914838e-18, -0.1983274447591697794634031e-18, -0.1006865346010664339728430e-18, -0.5085599093462560019056651e-19, -0.2555616473221360979839205e-19, -0.1277711291477349028381922e-19, -0.6355561617974547678564100e-20, -0.3145284379748115775839534e-20, -0.1548642984144385532194339e-20, -0.7586277364385535380007560e-21, -0.3697368508385495481212434e-21, -0.1792850002167444277197814e-21, -0.8649339487208141711410640e-22, -0.4151549880751819128657313e-22, -0.1982560526365887292005855e-22, -0.9419591402219956768405243e-23, -0.4452742857507067242031201e-23, -0.2094178149147388017585982e-23, -0.9799199383965174477667876e-24, -0.4562039303075778937781093e-24, -0.2113096807073358619927786e-24, -0.9738054125666016460529380e-25, -0.4464962955517461045769742e-25, -0.2036839830996770073279630e-25, -0.9244633325579509781433326e-26, -0.4174617922924968276183391e-26, -0.1875592296561359766067593e-26, -0.8384076547424474404764890e-27, -0.3728786627489159285725893e-27, -0.1649968834419055881014869e-27, -0.7264074023243377877657008e-28, -0.3181863066343386789136187e-28, -0.1386691329625598948075213e-28, -0.6012783734099460236172624e-29, -0.2593995437123362612886143e-29, -0.1113425178718492778355866e-29, -0.4755009983792073461050496e-30, -0.2020415749389589696795519e-30, -0.8541405110545145479519840e-31, -0.3592671419230207088768861e-31, -0.1503507555679300913224246e-31, -0.6260283436716785719346509e-32, -0.2593480377514370417261009e-32, -0.1068988029132498238513063e-32, -0.4383933266292682172809914e-33, -0.1788778436796033153181937e-33, -0.7261912176216306101089190e-34, -0.2933239704874698217172402e-34, -0.1178817380216022663848294e-34, -0.4713550938665925243747415e-35, -0.1875222736937308593811831e-35, -0.7422680608185535408905020e-36, -0.2923292133270549875473422e-36, -0.1145479868926911875642964e-36, -0.4465877102072613609496200e-37, -0.1732329082290364039482100e-37, -0.6685880402092324407358875e-38, -0.2567388790315000103954881e-38, -0.9809113395522088573556313e-39, -0.3728835208268407801110216e-39, -0.1410334685901388337197457e-39, -0.5307340860010760817486761e-40, -0.1987182729569070557023125e-40, -0.7402951192281463566289795e-41, -0.2743964271316156357722060e-41 ], dtype=np.float64)
    h3 = np.array([ -0.7522527780636750492641059e0, -0.7447490315497708463240858e0, -0.7224619689626252165385118e0, -0.6860552061846493969863268e0, -0.6366054955061156295204758e0, -0.5755603365344096850483262e0, -0.5046815829547811446478382e0, -0.4259777864640005624125117e0, -0.3416285184773921405216660e0, -0.2539042236274465364534081e0, -0.1650852727968867264939651e0, -0.7738379667939842709258988e-1, 0.7128394424195324853014844e-2, 0.8658293927736663174097951e-1, 0.1593668102410841966827594e0, 0.2241613263920280449352809e0, 0.2799673824845877680517527e0, 0.3261167006652041288605015e0, 0.3622695948610319801705815e0, 0.3884003473857446343896496e0, 0.4047718038942624860766923e0, 0.4119011753186058824533937e0, 0.4105192820995319949018743e0, 0.4015255845130582620257648e0, 0.3859413195031716183649201e0, 0.3648629230000597762360636e0, 0.3394176769351978836202936e0, 0.3107232057693364099667621e0, 0.2798520840662402744643034e0, 0.2478024303401173430156194e0, 0.2154749773684402246897790e0, 0.1836567467116494732079552e0, 0.1530111326375332319918793e0, 0.1240739307148443832620940e0, 0.9725463688468146271051371e-1, 0.7284219701173870412977577e-1, 0.5101430368585303674221369e-1, 0.3184931174142700893159512e-1, 0.1533986919450959655382290e-1, 0.1407426811309193306581366e-2, -0.1008311291608286074413380e-1, -0.1930922840812282398312132e-1, -0.2647758532035030682089135e-1, -0.3181217775839225922486926e-1, -0.3554404023046894464526427e-1, -0.3790265208183702749516685e-1, -0.3910905737306063850349279e-1, -0.3937064210715186736633504e-1, -0.3887744829978686271653342e-1, -0.3779986028416367095012508e-1, -0.3628747152011772566083547e-1, -0.3446892799961155950489723e-1, -0.3245254463375208029954651e-1, -0.3032750110251363953076864e-1, -0.2816544089164076874994184e-1, -0.2602231914851994604543481e-1, -0.2394036936359898584929537e-1, -0.2195008388641825247433045e-1, -0.2007212746338689903391700e-1, -0.1831912527214265469865516e-1, -0.1669728661861120572688442e-1, -0.1520784216814043766189564e-1, -0.1384828617477219420839203e-1, -0.1261342573197174928239427e-1, -0.1149624682246302216128454e-1, -0.1048861222035593117850278e-1, -0.9581809474549548274726564e-2, -0.8766968673914992518412266e-2, -0.8035369845963356580758239e-2, -0.7378659024311709843220737e-2, -0.6788990545369120409265684e-2, -0.6259111260511144290061333e-2, -0.5782400284632080908741386e-2, -0.5352875804464578036313191e-2, -0.4965178455311671875710459e-2, -0.4614538919616485527188256e-2, -0.4296735750484013517713710e-2, -0.4008047998562558651176877e-2, -0.3745206023826233664801882e-2, -0.3505342894046476979204381e-2, -0.3285947990022833548498951e-2, -0.3084823830238963251792028e-2, -0.2900046668982056656687612e-2, -0.2729931086807768375811907e-2, -0.2572998556853316466871207e-2, -0.2427949813646523181953355e-2, -0.2293640754330915732383722e-2, -0.2169061550185197106672818e-2, -0.2053318626361484792588433e-2, -0.1945619169898585865047079e-2, -0.1845257842557062274985012e-2, -0.1751605400071271234291063e-2, -0.1664098948801722796139379e-2, -0.1582233601544145935191528e-2, -0.1505555324435757496173641e-2, -0.1433654795260900326865144e-2, -0.1366162119305863305428748e-2, -0.1302742271937752484738341e-2, -0.1243091157235637593921277e-2, -0.1186932189400779713774489e-2, -0.1134013318531012910469058e-2, -0.1084104434925714219487149e-2, -0.1036995096671516116549004e-2, -0.9924925341187004927105684e-3, -0.9504198922493585737226438e-3, -0.9106146780909950790852145e-3, -0.8729273854455090856168734e-3, -0.8372202734577421999252958e-3, -0.8033662790881490171689315e-3, -0.7712480465049772662387464e-3, -0.7407570588761368843162862e-3, -0.7117928601052224681383490e-3, -0.6842623557902678206459998e-3, -0.6580791841453911032352388e-3, -0.6331631488616646148452257e-3, -0.6094397069328185150662371e-3, -0.5868395053652243037188589e-3, -0.5652979614557357816469240e-3, -0.5447548819764808379193485e-3, -0.5251541171699206704315699e-3, -0.5064432459446979814905582e-3, -0.4885732890847829717111949e-3, -0.4714984476509869340551945e-3, -0.4551758640732029088500233e-3, -0.4395654037105695480727411e-3, -0.4246294549008608587718018e-3, -0.4103327457346023732872108e-3, -0.3966421759777806984761265e-3, -0.3835266627330082944382909e-3, -0.3709569985755748701109446e-3, -0.3589057210304776810509891e-3, -0.3473469923714317173865229e-3, -0.3362564888248703524021643e-3, -0.3256112983526542094353014e-3, -0.3153898262679901745636708e-3, -0.3055717080111181576022737e-3, -0.2961377284756872027881530e-3, -0.2870697473343167903391904e-3, -0.2783506298634098374691914e-3, -0.2699641828135376810549337e-3, -0.2618950949132550960609061e-3, -0.2541288816315519571599965e-3, -0.2466518338577700959600751e-3, -0.2394509701881161861915701e-3, -0.2325139925352426415436720e-3, -0.2258292448020649292499711e-3, -0.2193856743833149971866920e-3, -0.2131727962785441468085678e-3, -0.2071806596186039850962257e-3, -0.2013998164242456949121338e-3, -0.1958212924305587453675523e-3, -0.1904365598246742268269672e-3, -0.1852375117566223449189077e-3, -0.1802164384945805472907308e-3, -0.1753660051060874920343825e-3, -0.1706792305562262391906103e-3, -0.1661494681223850440721571e-3, -0.1617703870330642541013594e-3, -0.1575359552453832883093564e-3, -0.1534404232825155716084045e-3, -0.1494783090582982775062280e-3, -0.1456443836217787948749789e-3, -0.1419336577595168918308957e-3, -0.1383413693981019940302776e-3, -0.1348629717536061671270311e-3, -0.1314941221786090162018978e-3, -0.1282306716610312631043834e-3, -0.1250686549323268134999138e-3, -0.1220042811456336331711188e-3, -0.1190339250872943430156140e-3, -0.1161541188877486230913414e-3, -0.1133615442001899065679247e-3, -0.1106530248175853517419676e-3, -0.1080255197006960803598953e-3, -0.1054761163916181391183883e-3, -0.1030020247891063146774180e-3, -0.1006005712635544029343839e-3, -0.9826919309099737327798045e-4, -0.9600543318688272806740460e-4, -0.9380693512163903486436983e-4, -0.9167143840125715403094134e-4, -0.8959677399720145006388879e-4, -0.8758086011099098595144745e-4, -0.8562169815974051700802759e-4, -0.8371736896983366064768422e-4, -0.8186602916672109476829247e-4, -0.8006590774959976520266573e-4, -0.7831530284043921555152064e-4, -0.7661257859748228262605498e-4, -0.7495616228396319961002592e-4, -0.7334454148335998246272097e-4, -0.7177626145303295708079228e-4, -0.7024992260860025649833230e-4, -0.6876417813186671874001603e-4, -0.6731773169555726054493046e-4, -0.6590933529851172806481185e-4, -0.6453778720537748581672358e-4, -0.6320192998519050404738797e-4, -0.6190064864356719221383246e-4, -0.6063286884353932444622322e-4, -0.5939755521035460581086281e-4, -0.5819370971583712468698264e-4 ], dtype=np.float64)

    v=vin
    # Voigt function is symmetric, so -v = v
    if len(np.argwhere(v<0.0)) != 0: v[np.argwhere(v<0.0)] *= -1.0
    # if a is exactly zero go to 3 for exact expression
    if (a == 0.0):
        voigt_prof = np.exp(-(v*v))
        return voigt_prof
    # Scale up v for ease with lookup tables
    v0 = v*10.0
    n=np.array(v0,dtype=np.int_)
    voigt_prof = np.zeros(np.size(vin))
    nl=np.argwhere(n<100)
    nh=np.argwhere(n>=100)
    if len(nh) != 0:
        r=1.0/v[nh]**2
        voigt_prof[nh] = a*r*oneonsqrtpi*(1.0 + r*(1.5 + r*(3.75 + r*(13.125 + 59.0625*r))) - a*a*r*(1.0 + r*(5.0 +26.25*r)))
    if len(nl) != 0:
        v0[nl] = 2*v[nl]*10.0
        p=np.int_(v0[nl])
        p1=p+1
        p2=p+2
        x=0.5*np.int_(v0[nl])
        y=x+0.5
        z=x+1.0
        v1 = v0[nl] * 0.5
        voigt_prof[nl] = 2.0*((v1-y)*(v1-z)*(h0[p]+a*(h1[p]+a*(h2[p]+a*h3[p]))) - (v1-x)*(v1-z)*2.0*(h0[p1] + a*(h1[p1]+a*(h2[p1]+a*h3[p1]))) + (v1-x)*(v1-y)*(h0[p2] + a*(h1[p2]+a*(h2[p2]+a*h3[p2]))))
    return voigt_prof



[docs]def voigt_tau(wave, par):
    """ Find the optical depth at input wavelengths

    This is a stripped down routine for calculating a tau array for an
    input line. Built for speed, not utility nor with much error
    checking.  Use wisely.  And take careful note of the expected
    units of the inputs (cgs)

    Parameters
    ----------
    wave : ndarray
      Assumed to be in cm
    parm : list
      Line parameters.  All are input unitless and should be in cgs
        par[0] = logN (cm^-2)
        par[1] = z
        par[2] = b in cm/s
        par[3] = wrest in cm
        par[4] = f value
        par[5] = gamma (s^-1)

    Returns
    -------
    tau : ndarray
      Optical depth at input wavelengths
    """
    cold = 10.0**par[0] #/ u.cm / u.cm
    zp1=par[1]+1.0
    #wv=line.wrest.to(u.cm) #*1.0e-8
    nujk = c_cgs / par[3]
    dnu = par[2]/par[3] #(line.attrib['b'].to(u.km/u.s) / wv).to('Hz')
    avoigt = par[5]/( 4 * np.pi * dnu)
    uvoigt = ((c_cgs / (wave/zp1)) - nujk) / dnu
    # Voigt
    cne = 0.014971475 * cold * par[4] #line.data['f'] * u.cm * u.cm * u.Hz
    tau = cne * voigt_wofz(uvoigt,avoigt) / dnu
    #
    return tau


# The primary call
[docs]def voigt_from_abslines(iwave, line, fwhm=None, ret=['vmodel'],
                        skip_wveval=False, debug=False):
    """ Generates a Voigt model from a line or list of AbsLines

    This may run *slowly* for many many lines.

    Parameters
    ----------
    wave : Quantity array
      Observed wavelengths
    line : AbsLine, List of Absline, or array of parameters
    fwhm : float, optional [None]
      FWHM for Gaussian smoothing (pixels)
    ret : list, optional  
      List of things to return.  Options are 'vmodel', 'tau', 'flux'
        * vmodel :: XSpectrum1D
        * tau  :: optical depth array
        * flux :: Absorbed flux [np.ndarray]
    skip_wveval : bool, optional [False]
      Skip wavelength check
      If False, the median dwave value is calculated and compared against
      1/10 of the b-value of the input line(s).  
      If necessary, the wavelenght array is rebinned for the calculation
      and the final array is rebinned to the original.
    debug : bool, optional

    Returns
    -------
    list or single object
      Depends on ret, as described above
    """
    # Wavelength input
    if not isinstance(iwave,Quantity):  # Standard wavelength array
        raise ValueError('voigt_model: Unknown spectrum input')

    # Demand that the evaluation delta wavelength is < 1/10 of the b-value
    flg_rebin = 0
    if not skip_wveval:
        if isinstance(line,AbsLine):  # Single line as a AbsLine Class
            minb = line.attrib['b']
        else:
            minb = np.min(np.array(
                [iline.attrib['b'].value for iline in line]))*u.km/u.s
        if not isinstance(minb, u.Quantity):
            # assume km/s
            raise RuntimeError("line attribute 'b' must have units!")

        # Calculate dwave
        dwave = np.median(np.abs(iwave-np.roll(iwave,1)))
        medwave = np.median(iwave)

        if const.c.to('km/s')*dwave/medwave > minb/10.:
            wmin = np.min(iwave.to('AA').value)
            wmax = np.max(iwave.to('AA').value)
            nsub = int(np.round( (np.log10(wmax)- np.log10(wmin)) / 1.449E-6)) + 1
            wave = 10.**(np.log10(wmin) + np.arange(nsub)*1.449E-6) * u.AA
            flg_rebin = 1
            warnings.warn('Using a sub-grid wavelength array because the input array is too coarse.')
            warnings.warn('Will return values rebinned to the input array.')
        else:
            wave = iwave
    else: # No evaluation 
        wave = iwave

    # Generate list if needed
    if isinstance(line, AbsLine):  # Single line as an AbsLine Class
        lines = [line]
    elif isinstance(line,list):
        if not isinstance(line[0], AbsLine):
            raise IOError('voigt_from_abslines: Must be AbsLine')
        lines = line
    else: 
        raise IOError('voigt_from_abslines: Unknown input')

    # Generate tau 
    tau = np.zeros(wave.size)
    wavecm = wave.to('cm').value
    for iline in lines:
        if not isinstance(iline.attrib['N'], u.Quantity):
            # assume km/s
            raise RuntimeError("line attribute 'N' must have units!")
        if debug:
            print(iline, iline.attrib['N'])
        par = [np.log10(iline.attrib['N'].value),
               iline.attrib['z'], iline.attrib['b'].to('cm/s').value,
               iline.wrest.to('cm').value, iline.data['f'],
               iline.data['gamma'].value]
        tau += voigt_tau(wavecm, par) 

    # Only tau?
    if ret == 'tau':
        if flg_rebin: # Can only occur for single line input
            # Might be better to do in flux space, but small flux values cause trouble
            tmodel = XSpectrum1D.from_tuple((wave,tau))
            tmodel = tmodel.rebin(iwave)
            tau = tmodel.flux.value
            warnings.warn('Rebinned tau back to your input array.  Reconsider input')
        # Return
        return tau

    # Flux
    flux = np.exp(-1.0*tau)
    vmodel = XSpectrum1D.from_tuple((wave, flux))

    # Rebin?
    if flg_rebin:
        vmodel = vmodel.rebin(iwave)
    # Convolve
    if fwhm is not None:
        vmodel = vmodel.gauss_smooth(fwhm=fwhm)
    else:
        warnings.warn('Assuming infinite spectral resolution, i.e. no smoothing.')
        warnings.warn('Set fwhm to smooth.')
    
    # Return list
    ret_val = []
    for option in ret:
        if option == 'vmodel':
            ret_val.append(vmodel)
        if option == 'tau':
            ret_val.append(tau)
        if option == 'flux':
            ret_val.append(vmodel.flux.value)
    # Grab the single item if there is only one
    if len(ret_val) == 1: ret_val = ret_val[0]
    # Return
    return ret_val



[docs]class single_voigt_model(FittableModel):
    '''Generate a single Voigt model in astropy framework for fitting

    Need to consider resampling wavelength array

    input: wave array  :: Assumed in Angstroms
    output: absorbed, normalized flux
    Parameters: logN,b,z,wrest,f,gamma,fwhm
    '''
    inputs = ('wave',)
    outputs = ('flux',)

    # Free parameters (generally)
    logN = Parameter()
    b = Parameter()  # Assumes km/s
    z  =Parameter()

    # Fixed parameters
    wrest = Parameter(fixed=True)
    f = Parameter(fixed=True)
    gamma = Parameter(fixed=True)
    fwhm = Parameter(fixed=True)

    @staticmethod
[docs]    def evaluate(wave,logN,b,z,wrest,f,gamma,fwhm):
        tau = voigt_tau(wave/1e8, [logN,z,b*1e5,wrest/1e8,f,gamma])
        fx = np.exp(-1*tau)
        if fwhm > 0.:
            fx = lsc.convolve_psf(fx, fwhm)
        return fx 







          

      

      

    


    
        © Copyright 2016, The linetools developers.
      Last updated on 03 Nov 2016.
      Created using Sphinx 1.3.5.
    

  

_modules/linetools/analysis/interp.html


    
      Navigation


      
        		
          index


        		
          modules |


        		linetools v0.2.dev1393 »


          		Module code »

 
      


    


    
      
          
            
  Source code for linetools.analysis.interp

""" Interpolation-related tools.
""" 

# p2.6+ compatibility
from __future__ import division, print_function, unicode_literals
import numpy as np

[docs]class AkimaSpline(object):
    """ Describes an Akima Spline through a set of points.

    It must be instantiated with a set of `xvals` and `yvals` knot values,
    and then can be called with a new set of x values `x`. This is
    used by `interp_Akima`, see its documentation for more
    information.

    Parameters
    ----------
    xvals, yvals : array_like, shape (N,)
      Reference values. xvals should not contain duplicates.

    References
    ----------
    "A new method of interpolation and smooth curve fitting based
    on local procedures." Hiroshi Akima, J. ACM, October 1970, 17(4),
    589-602.

    Notes
    -----
    This is adapted from a function written by `Christoph Gohlke
    <http://www.lfd.uci.edu/~gohlke/>`_ under a BSD license:

    Copyright (c) 2007-2012, Christoph Gohlke
    Copyright (c) 2007-2012, The Regents of the University of California
    Produced at the Laboratory for Fluorescence Dynamics
    All rights reserved.
    """
    def __init__(self, xvals, yvals):
        """
        """

        x = np.asarray(xvals, dtype=np.float64)
        y = np.asarray(yvals, dtype=np.float64)
        if x.ndim != 1:
            raise ValueError("x array must be one dimensional")
     
        n = len(x)
        if n < 3:
            raise ValueError("Array too small")
        if n != len(y):
            raise ValueError("Size of x-array must match data shape")
     
        dx = np.diff(x)
        if (dx <= 0.0).any():
            isort = np.argsort(x)
            x = x[isort]
            y = y[isort]
            dx = np.diff(x)
            if (dx == 0.).any():
                raise ValueError("x array has duplicate values")

        m = np.diff(y) / dx
        mm = 2. * m[0] - m[1]
        mmm = 2. * mm - m[0]
        mp = 2. * m[n - 2] - m[n - 3]
        mpp = 2. * mp - m[n - 2]
     
        m1 = np.concatenate(([mmm], [mm], m, [mp], [mpp]))
     
        dm = np.abs(np.diff(m1))
        f1 = dm[2:n + 2]
        f2 = dm[0:n]
        f12 = f1 + f2
     
        ids = np.nonzero(f12 > 1e-9 * f12.max())[0]
        b = m1[1:n + 1]
     
        b[ids] = (f1[ids] * m1[ids + 1] + f2[ids] * m1[ids + 2]) / f12[ids]
        c = (3. * m - 2. * b[0:n - 1] - b[1:n]) / dx
        d = (b[0:n - 1] + b[1:n] - 2. * m) / dx ** 2

        self.xvals, self.yvals, self.b, self.c, self.d = x, y, b, c, d

[docs]    def __call__(self, x):
        """
        Parameters
        ----------
        x : array_like, shape (M,)
          Values at which to interpolate.

        Returns
        -------
        vals : ndarray, shape (M,)
           Interpolated values.
        """
        x = np.asarray(x, dtype=np.float64)

        if x.ndim != 1:
            raise ValueError("Array must be one dimensional")

        c0 = x < self.xvals[0]
        c2 = x > self.xvals[-1]
        c1 = ~(c0 | c2)
        if c1.sum() == 0:
            raise ValueError('All points are outside the interpolation range!')
        x1 = x[c1]
        out = np.empty_like(x)
        bins = np.digitize(x1, self.xvals)
        bins = np.minimum(bins, len(self.xvals) - 1) - 1
        b = bins[0:len(x1)]
        wj = x1 - self.xvals[b]
        out[c1] = ((wj * self.d[b] + self.c[b])*wj + self.b[b])*wj + \
                  self.yvals[b]

        # use linear extrapolation for points outside self.xvals
        if c0.any():
            y = out[c1]
            slope = (y[1] - y[0]) / (x1[1] - x1[0])
            intercept = y[0] - slope * x1[0]
            out[c0] = x[c0] *slope + intercept
        if c2.any():
            y = out[c1]
            slope = (y[-2] - y[-1]) / (x1[-2] - x1[-1])
            intercept = y[-1] - slope * x1[-1]
            out[c2] = x[c2] *slope + intercept

        return out



[docs]def interp_Akima(x_new, x, y):
    """Return interpolated data using Akima's method.

    Akima's interpolation method uses a continuously differentiable
    sub-spline built from piecewise cubic polynomials. The resultant
    curve passes through the given data points and will appear smooth
    and natural.

    Parameters
    ----------
    x_new : array_like, shape (M,)
        Values at which to interpolate.
    x, y : array_like, shape (N,)
        Reference values. x cannot contain duplicates.

    Returns
    -------
    vals : ndarray, shape (M,)
       Interpolated values.

    References
    ----------
    "A new method of interpolation and smooth curve fitting based
    on local procedures." Hiroshi Akima, J. ACM, October 1970, 17(4),
    589-602.
    """
    interpolator = AkimaSpline(x, y)
    return interpolator(x_new)
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  Source code for linetools.abund.roman

"""Convert to and from Roman numerals.

This code was originally written by Mark Pilgrim
(f8dy@diveintopython.org), and released under a Python 2.1.1 license,
available at https://www.python.org/download/releases/2.1.1/license
"""
from __future__ import print_function, absolute_import, division, unicode_literals

# __author__ = "Mark Pilgrim (f8dy@diveintopython.org)"
# __version__ = "1.4"
# __date__ = "8 August 2001"
# __copyright__ = """Copyright (c) 2001 Mark Pilgrim

# This program is part of "Dive Into Python", a free Python tutorial for
# experienced programmers.  Visit http://diveintopython.org/ for the
# latest version.

# This program is free software; you can redistribute it and/or modify
# it under the terms of the Python 2.1.1 license, available at
# http://www.python.org/2.1.1/license.html

# Modified by JXP


import re

#Define exceptions
[docs]class RomanError(Exception): pass

[docs]class OutOfRangeError(RomanError): pass

[docs]class NotIntegerError(RomanError): pass

[docs]class InvalidRomanNumeralError(RomanError): pass


#Define digit mapping
romanNumeralMap = (('M',  1000),
                   ('CM', 900),
                   ('D',  500),
                   ('CD', 400),
                   ('C',  100),
                   ('XC', 90),
                   ('L',  50),
                   ('XL', 40),
                   ('X',  10),
                   ('IX', 9),
                   ('V',  5),
                   ('IV', 4),
                   ('I',  1))

[docs]def toRoman(n):
    """ Convert an integer to Roman numeral."""
    if not (0 < n < 5000):
        raise OutOfRangeError("number out of range (must be 1..4999)")
    if int(n) != n:
        raise NotIntegerError("decimals can not be converted")

    result = ""
    for numeral, integer in romanNumeralMap:
        while n >= integer:
            result += numeral
            n -= integer
    return str(result)  # JXP -- Avoid unicode


#Define pattern to detect valid Roman numerals
romanNumeralPattern = re.compile("""
    ^                   # beginning of string
    M{0,4}              # thousands - 0 to 4 M's
    (CM|CD|D?C{0,3})    # hundreds - 900 (CM), 400 (CD), 0-300 (0 to 3 C's),
                        #            or 500-800 (D, followed by 0 to 3 C's)
    (XC|XL|L?X{0,3})    # tens - 90 (XC), 40 (XL), 0-30 (0 to 3 X's),
                        #        or 50-80 (L, followed by 0 to 3 X's)
    (IX|IV|V?I{0,3})    # ones - 9 (IX), 4 (IV), 0-3 (0 to 3 I's),
                        #        or 5-8 (V, followed by 0 to 3 I's)
    $                   # end of string
    """ ,re.VERBOSE)

[docs]def fromRoman(s):
    """Convert a Roman numeral to an integer."""
    if not s:
        raise InvalidRomanNumeralError('Input can not be blank')
    if not romanNumeralPattern.search(s):
        raise InvalidRomanNumeralError('Invalid Roman numeral: %s' % s)

    result = 0
    index = 0
    for numeral, integer in romanNumeralMap:
        while s[index:index+len(numeral)] == numeral:
            result += integer
            index += len(numeral)
    return result
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  Source code for linetools.analysis.interactive_plot

""" Classes for making interactive plots.
"""
from __future__ import division, print_function, unicode_literals, absolute_import

import os
import numpy as np
from ..utils import between, loadjson, savejson
from ..spectra.convolve import convolve_psf
from ..spectra.plotting import get_flux_plotrange
from ..guis import utils as ltgu
from .interp import AkimaSpline

from astropy.modeling import models
import astropy.units as u

import matplotlib.transforms as mtran
import matplotlib.pyplot as plt


[docs]def local_median(wa, fl, er, x, npix=10, default=None):
    """ find the median flux value at x using +/- npix pixels.
    """
    if (x > np.max(wa)) or (x < np.min(wa)):
        # out or range
        return default
    i = np.searchsorted(wa, x)
    i0,i1 = i - npix, i + npix
    good = (er[i0:i1] > 0) & ~np.isnan(fl[i0:i1])
    if good.sum():
        return np.median(fl[i0:i1][good])
    else:
        return default



[docs]class PlotWrapBase(object):
    """ A base class that has all the navigation and smoothing
    keypress events.

    Notes
    -----
    These attributes must be defined in a subclass:

     * self.wa, self.fl    Spectrum wavelength and flux
     * self.nsmooth        integer > 0 that determines the smoothing
     * self.ax             Axes where spectrum is plotted
     * self.fig            Figure which holds the axes.
     * self.artists['fl']  The Matplotlib line artist that represents the flux.

    The keypress events need to be connected to the figure with
    something like::

      def connect(self, fig):
          cids = dict(key=[])
          # the top two are methods of PlotWrapBase
          cids['key'].append(fig.canvas.mpl_connect(
              'key_press_event', self.on_keypress_navigate))
          cids['key'].append(fig.canvas.mpl_connect(
              'key_press_event', self.on_keypress_smooth))
          self.cids.update(cids)
    """
    _help_string = """
i,o          Zoom in/out x limits
y            Zoom out y limits
Y            Guess y limits
t,b          Set y top/bottom limit
l,r          Set left/right x limit
[,]          Pan left/right
w            Plot the whole spectrum

S,U          Smooth/unsmooth spectrum
"""

    def __init__(self):
        """ Initialize parameters for plotting the spectrum
        """
        self.nav_dict = dict(nav=ltgu.navigate(0, 0, init=True))

[docs]    def on_keypress_navigate(self, event):
        """ Process a keypress event. Requires attributes self.ax,
        self.fl, self.wa, self.fig
        """
        # Requiring inaxes for all of these now
        if (event.key in self.nav_dict['nav']) and event.inaxes:
            ltgu.navigate(self.nav_dict, event, flux=self.fl, wave=self.wa)
            self.ax.set_xlim(self.nav_dict['x_minmax'])
            self.ax.set_ylim(self.nav_dict['y_minmax'])
            self.fig.canvas.draw()


[docs]    def on_keypress_smooth(self, event):
        """ Smooth the flux with a gaussian. Requires attributes
        self.fl and self.nsmooth, self.artists['fl'] and self.fig."""

        # maybe should use boxcar smoothing?
        if event.key == 'S':
            if self.nsmooth > 0:
                self.nsmooth += 0.5
            else:
                self.nsmooth += 1
            sfl = convolve_psf(self.fl, self.nsmooth)
            self.artists['fl'].set_ydata(sfl)
            self.fig.canvas.draw()
        elif event.key == 'U':
            self.nsmooth = 0
            self.artists['fl'].set_ydata(self.fl)
            self.fig.canvas.draw()



[docs]class PlotWrapNav(PlotWrapBase):
    """ Enable simple XIDL-style navigation for plotting a spectrum.

    For example, i and o for zooming in y direction, [ and ] for
    panning, S and U for smoothing and unsmoothing.

    Parameters
    ----------
    fig : matplotlib Figure
    ax : matplotlib axes
      The Axes where the spectrum is plotted.
    wa, fl : array
      Wavelength and flux arrays
    artists : dict
      A dictionary which must contain a key 'fl', which is the
      matplotlib artist corresponding to the flux line.
    printhelp : bool, optional
      Whether to print a help message when first called.
    """
    def __init__(self, fig, ax, wa, fl, artists, printhelp=True,
                 xlim=None):

        super(PlotWrapNav, self).__init__()

        if isinstance(wa, u.Quantity):
            wa = wa.value
        self.wa = wa
        if isinstance(fl, u.Quantity):
            fl = fl.value
        self.fl = fl

        if xlim is None:
            xmin = np.min(self.wa)
            xmax = np.max(self.wa)
        else:
            xmin, xmax = xlim

        ymin, ymax = get_flux_plotrange(self.fl)
        self.nav_dict['x_minmax'] = np.array([xmin, xmax])
        self.nav_dict['y_minmax'] = [ymin, ymax]

        self.artists = artists
        self.fig = fig
        self.ax = ax

        self.nsmooth = 0
        self.last_keypress = None
        # disable existing keypress events (like 's' for save).
        try:
            cids = list(fig.canvas.callbacks.callbacks['key_press_event'])
        except KeyError:
            pass
        else:
            for cid in cids:
                fig.canvas.callbacks.disconnect(cid)
        self.cids = {}
        self.connect()
        if printhelp:
            print(self._help_string)

[docs]    def on_keypress(self, event):
        """ Print a help message"""

        # store the last key pressed
        self.last_keypress = event.key
        if event.key == '?':
            print(self._help_string)


[docs]    def connect(self):
        cids = dict(key=[])
        # the top two are methods of PlotWrapBase
        cids['key'].append(self.fig.canvas.mpl_connect(
            'key_press_event', self.on_keypress))
        cids['key'].append(self.fig.canvas.mpl_connect(
            'key_press_event', self.on_keypress_navigate))
        cids['key'].append(self.fig.canvas.mpl_connect(
            'key_press_event', self.on_keypress_smooth))
        self.cids.update(cids)



[docs]class InteractiveCoFit(PlotWrapNav):
    """ Class for interactively fitting a continuum

    Parameters
    ----------
    wa : Wavelengths
    fl : Fluxes
    er : One sigma errors
    contpoints : list of x,y tuple pairs (None)
        The points through which a cubic spline is passed,
        defining the continuum.
    co : Continuum, optional
        The existing continuum, if one is already defined.
    anchor : bool
        Whether to prevent modification of the first and last
        spline knots. Default is None, which means anchor only if
        co is given.

    Notes
    -----
    Updates the following attributes:

      * self.wa, self.fl, self.er :  wa, fl, er
      * self.contpoints :  Points used to define the continuum.
      * self.artists :  Dictionary of matplotlib plotting artists.
      * self.connections :  Callback connections.
      * self.fig :  The plotting figure instance.

    """
    help_message = PlotWrapNav._help_string + """
a        : add a new spline knot
A        : add a new spline knot, and use a flux median to guess y position
+        : double the number of spline knots
_        : halve the number of spline knots
d        : delete the nearest knot
m        : move the nearest knot
M        : move the nearest knot, and use a flux median to guess y position

q        : quit
"""
    def __init__(self, wa, fl, er, contpoints, co=None,
                 fig=None, anchor=None):
        """ Initialise figure, plots and variables.
        """

        self.artists = {}
        if fig is None:
            self.fig = plt.figure()
        else:
            self.fig = fig

        self.nsmooth = 0
        self.wa = wa
        self.fl = fl
        self.er = er
        self.anchor = anchor

        if os.path.lexists('./_knots.jsn'):
            c = raw_input('knots file exists, use this? (y) ')
            if c.lower() != 'n':
                contpoints = loadjson('./_knots.jsn')
        # need the float call here to make sure values are all float64
        # and thus json serializable.
        contpoints = sorted(tuple(float(val) for val in cp) for
                            cp in contpoints)

        #import pdb; pdb.set_trace()
        if co is not None:
            self.continuum = np.array(co, copy=True)
            if self.anchor is None:
                self.anchor = True
        else:
            xpts, ypts = zip(*contpoints)
            if len(contpoints) >= 5:
                # need 5 points to define an Akima Spline
                spline = AkimaSpline(xpts, ypts)
                self.continuum = spline(wa)
            else:
                self.continuum = np.interp(wa, xpts, ypts)
            co = self.continuum
            if self.anchor is None:
                self.anchor = False

        if self.anchor:
            wmin = contpoints[0][0]
            wmax = contpoints[-1][0]
        else:
            wmin = wa[0]
            wmax = wa[-1]

        # add extra anchor points so the slopes match at each end of
        # the fitting region.

        i1, i2 = wa.searchsorted([wmin, wmax])
        if i1 == 0:
            i1 = 1
        if i2 == len(wa) or i2 < 0:
            i2 = len(wa) - 1
        x,y = contpoints[0]
        contpoints[0] = wa[i1], y
        x,y = contpoints[-1]
        contpoints[-1] = wa[i2], y
        self.indices = i1, i2
        if self.anchor:
            self.anchor_start = wa[i1 - 1], float(co[i1 - 1])
            self.anchor_end = wa[i2 + 1], float(co[i2 + 1])
        self.contpoints = contpoints
        self.wmin = wmin
        self.wmax = wmax

        # disable any existing key press callbacks
        cids = list(self.fig.canvas.callbacks.callbacks['key_press_event'])
        for cid in cids:
            self.fig.canvas.callbacks.disconnect(cid)

        self.connections = []
        self.finished = False
        self.plotinit()

        #setup
        super(InteractiveCoFit, self).__init__(
            self.fig, self.ax, wa, fl, self.artists, printhelp=False)

        self.update()
        self.modifypoints()
        plt.draw()

[docs]    def plotinit(self):
        """ Set up the figure and do initial plots.

        Updates the following attributes:
          * self.artists
        """
        wa,fl,er = self.wa, self.fl, self.er

        # axis for spectrum & continuum
        a0 = self.fig.add_axes((0.05,0.1,0.9,0.6))
        self.ax = a0
        a0.set_autoscale_on(0)
        # axis for residuals
        a1 = self.fig.add_axes((0.05,0.75,0.9,0.2),sharex=a0)
        a1.set_autoscale_on(0)
        a1.axhline(0, color='k', alpha=0.7, zorder=99)
        a1.axhline(1, color='k', alpha=0.7, zorder=99)
        a1.axhline(-1, color='k', alpha=0.7, zorder=99)
        a1.axhline(2, color='k', linestyle='dashed', zorder=99)
        a1.axhline(-2, color='k', linestyle='dashed', zorder=99)
        m0, = a1.plot([0],[0],'.r',marker='.', mec='none', lw=0, mew=0,
                      ms=6, alpha=0.5)
        a1.set_ylim(-4, 4)
        a0.axhline(0, color='0.7')

        # Initial plot limits
        i0,i1 = self.indices
        xmin = wa[i0]
        xmax = wa[i1]
        self.nav_dict = dict(nav=ltgu.navigate(0, 0, init=True))
        self.nav_dict['xmnx'] = [xmin, xmax]
        ymin,ymax = get_flux_plotrange(self.fl[between(wa, xmin, xmax)])
        #
        art = []
        art.append(a0.axvline(wa[i0], color='r', ls='--', lw=2, zorder=10))
        art.append(a0.axvline(wa[i1], color='r', ls='--', lw=2, zorder=10))
        self.artists['indices'] = art
        a0.plot(wa, self.continuum, color='k', lw=2, ls='dashed', zorder=3)
        self.artists['fl'], = a0.plot(wa, fl, lw=1, color='0.7',
                                      linestyle='steps-mid')
        a0.plot(wa, er, lw=0.5, color='orange')
        m1, = a0.plot([0], [0], 'r', zorder=4, lw=2)
        m2, = a0.plot([0], [0], 'o', mfc='None', mew=2, ms=12, mec='r',
                      alpha=0.7)

        a0.set_xlim(self.nav_dict['xmnx'])
        good = (er[i0:i1] > 0) & ~np.isnan(fl[i0:i1]) & ~np.isinf(fl[i0:i1])
        ymax = 2 * np.abs(np.percentile(fl[i0:i1][good], 95))
        ymin = -0.1 * ymax
        self.nav_dict['ymnx'] = [ymin, ymax]
        a0.set_ylim(self.nav_dict['ymnx'])

        self.nav_dict['sv_xy'] = [[xmin, xmax], [ymin, ymax]]
        self.nav_dict['tmp_xy'] = None

        # for histogram
        trans = mtran.blended_transform_factory(a1.transAxes, a1.transData)
        hist, = a1.plot([], [], color='k', transform=trans)
        x = np.linspace(-3,3)

        g = models.Gaussian1D(amplitude=0.05, mean=0, stddev=1)
        a1.plot(g(x), x, color='k', transform=trans, lw=0.5)

        self.fig.canvas.draw()
        self.artists.update(contpoints=m2, cont=m1, resid=m0, hist_left=hist)

        self.finished = False



[docs]    def update(self):
        """ Calculates the new continuum, residuals and updates the plots.

        Updates the following attributes:
          * self.artists
          * self.continuum
        """
        wa,fl,er = self.wa, self.fl, self.er
        co = self.continuum
        if self.anchor:
            cpts = [self.anchor_start] + self.contpoints + [self.anchor_end]
        else:
            cpts = self.contpoints
        i,j = self.indices
        xpts, ypts = zip(*cpts)
        if len(cpts) >= 5:
            # need 5 points to define an Akima Spline
            spline = AkimaSpline(xpts, ypts)
            co[i:j] = spline(wa[i:j])
        else:
            co[i:j] = np.interp(wa[i:j], xpts, ypts)

        resid = (fl[i:j] - co[i:j]) / er[i:j]
        # histogram
        bins = np.arange(0, 5 + 0.1, 0.2)
        w0,w1 = self.fig.axes[1].get_xlim()
        i,j = self.indices
        x,_ = np.histogram(resid[between(wa[i:j], w0, w1)],
                           range=(bins[0],bins[-1]),  # For NaNs
                           bins=bins)
        b = np.repeat(bins, 2)
        X = np.concatenate([[0], np.repeat(x,2), [0]])
        Xmax = X.max()
        X = 0.05 * X / Xmax
        self.artists['hist_left'].set_data(X, b)

        if self.anchor:
            xpts, ypts = zip(*self.contpoints[1:-1])
        else:
            xpts, ypts = zip(*self.contpoints)

        self.artists['contpoints'].set_data((xpts, ypts))
        self.artists['cont'].set_data(wa[i:j], co[i:j])
        self.artists['resid'].set_data(wa[i:j], resid)
        self.continuum = co
        savejson('_knots.jsn', self.contpoints, overwrite=True)
        self.fig.canvas.draw()


[docs]    def on_keypress(self, event):
        """ Interactive fiddling via the keyboard

        Updates:
         * self.contpoints
        """
        if event.key == 'q':
            self.finished = True
            plt.close()
            return
        if event.key == '+':
            # double the number of knots
            xc, yc = zip(*self.contpoints)
            xa0, ya0 = self.contpoints[0]
            xnew = []
            xnew.extend(np.array(xc[:-1]) + 0.5*np.diff(xc))
            ynew = np.interp(xnew, xc, yc)
            ynew = [float(local_median(self.wa, self.fl, self.er, xnew[i],
                                       default=ynew[i]))
                    for i in range(len(xnew))]
            # add to contpoints
            self.contpoints.extend(zip(xnew, ynew))
            self.contpoints.sort()
            self.update()
        if event.key == '_':
            # remove (roughly) half the number of knots
            cp = self.contpoints
            if len(cp) < 2:
                print("Too few spline knots.")
                return
            self.contpoints = [cp[0]] + cp[1:-1][1::2] + [cp[-1]]
            self.update()
        if event.inaxes != self.fig.axes[0]:
            return

        if event.key in ('a', '3'):
            if not (self.wmin < event.xdata < self.wmax):
                print('Outside fitting region')
                return
            # add a point to contpoints
            x, y = event.xdata, event.ydata
            if not self.contpoints or x not in list(zip(*self.contpoints))[0]:
                self.contpoints.append((x, float(y)))
                self.contpoints.sort()
                self.update()
        if event.key == 'A':
            # add a point to contpoints, estimating via median
            if not (self.wmin < event.xdata < self.wmax):
                print('Outside fitting region')
                return
            x = event.xdata
            if not self.contpoints or x not in list(zip(*self.contpoints))[0]:
                y = local_median(self.wa, self.fl, self.er, x,
                                 default=event.ydata)
                self.contpoints.append((x, float(y)))
                self.contpoints.sort()
                self.update()
        elif event.key in ('d', '4'):
            # remove a point from contpoints
            if len(self.contpoints) < 2:
                print('Need at least 1 spline knot')
                return

            contx,conty = zip(*self.ax.transData.transform(self.contpoints))
            sep = np.hypot(event.x - np.array(contx),
                           event.y - np.array(conty))
            ind = sep.argmin()
            if ind in (0, len(sep) - 1) and self.anchor:
                print('Cannot remove anchor knots')
                return
            self.contpoints.remove(self.contpoints[ind])
            self.update()
        elif event.key in ('m', 'M'):
            # Move a point
            if not between(event.xdata, self.wmin, self.wmax):
                print('Outside fitting region')
                return

            contx,conty = zip(*self.ax.transData.transform(self.contpoints))
            sep = np.hypot(event.x - np.array(contx),
                           event.y - np.array(conty))
            ind = np.argmin(sep)
            if self.anchor and ind == 0:
                if len(self.contpoints) > 2:
                    ind = 1
                else:
                    print('Cannot move anchor knots')
                    return
            elif self.anchor and ind == len(sep) - 1:
                if len(self.contpoints) > 2:
                    ind = len(sep) - 2
                else:
                    print('Cannot move anchor knots')
                    return

            x, y = event.xdata, event.ydata
            # if M, get y value from a local_median
            if event.key == 'M' and \
                   (not self.contpoints or
                    x not in list(zip(*self.contpoints))[0]):
                y = local_median(self.wa, self.fl, self.er, x,
                                 default=event.ydata)
            self.contpoints[ind] = x, float(y)
            self.contpoints.sort()
            self.update()

        elif event.key == '?':
            print(self.help_message)


[docs]    def on_button_release(self, event):
        self.update()


[docs]    def modifypoints(self):
        """ Add/remove continuum points."""
        print(self.help_message)
        id1 = self.fig.canvas.mpl_connect('key_press_event',self.on_keypress)
        id2 = self.fig.canvas.mpl_connect('key_press_event',self.on_keypress_smooth)
        id3 = self.fig.canvas.mpl_connect('key_press_event',self.on_keypress_navigate)
        id4 = self.fig.canvas.mpl_connect('button_release_event',self.on_button_release)
        self.connections.extend([id1, id2, id3, id4])
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  Source code for linetools.analysis.absline

""" Utlities for the analysis of absorption lines
"""
from __future__ import print_function, absolute_import, division, unicode_literals

import numpy as np
import pdb
import warnings

from astropy import units as u
from astropy import constants as const
from astropy.io import ascii

# Atomic constant
atom_cst = (const.m_e.cgs*const.c.cgs / (np.pi * 
    (const.e.esu**2).cgs)).to(u.AA*u.s/(u.km*u.cm**2))

# Perform AODM on the line
[docs]def aodm(spec, idata):
    """ AODM calculation on an absorption line

    See Savage & Sembach 1991, ApJ, 379, 245

    Parameters
    ----------
    spec : tuple
      (vel, fx, sig)
    idata : tuple
      (wrest, fval)

    Returns
    -------
    N, sig_N : float, float
      Column and error in linear space (cm^-2)
    flg_sat : bool
      Set to True if saturated pixels exist
    """
    # ToDo: 
    #   -- Generate a function for nndt alone


    flg_sat = False

    # Cut spectrum
    velo,fx,sig = spec
    wrest, fval = idata

    # dv (np.abs -- just in case the data weren't sorted)
    delv = np.abs(velo - np.roll(velo,1))
    delv[0] = delv[1]
    delv[-1] = delv[-2]

    # Atomic data
    cst = atom_cst/(fval*wrest) #/ (u.km/u.s) / u.cm * (u.AA/u.cm)

    # Mask
    mask = (fx == fx) # True = good
    nndt = u.Quantity(np.zeros(len(fx)), unit='s/(km cm cm)')

    # Saturated?
    satp = np.where( (fx <= sig/5.) | (fx < 0.05) )[0]
    if len(satp) > 0:
        mask[satp] = False
        lim = np.where(sig[satp] > 0.)[0]
        if len(lim) > 0:
            sub = np.maximum(0.05, sig[satp[lim]]/5.)
            nndt[satp[lim]] = np.log(1./sub)*cst
            flg_sat = True
    # AODM
    nndt[mask] = np.log(1./fx[mask])*cst

    # Sum it
    ntot = np.sum( nndt*delv )
    tvar = np.sum((delv*cst*sig/fx)**2)

    # Return
    return ntot, np.sqrt(tvar), flg_sat



[docs]def log_clm(obj):
    """Return logN and sig_logN given linear N, sig_N
    Also fills the attributes

    Parameters
    ----------
    obj : object
      An object with tags appropriate for the analysis
      Assumes 'logN' for column and 'sig_logN' for error for now
      Or .N and .sig_N

    Returns
    -------
    logN : float
      log10 N
    sig_logN :float
      Error in log10 N
    """
    # Grab
    try:
        iN = obj['N']
    except TypeError:
        try:
            iN = obj.N
        except:
            raise IOError("Bad input to log_clm")
        else:
            isig_N = obj.sig_N
    else:
        isig_N = obj['sig_N']

    # Strip units
    try:
        N = iN.value
    except AttributeError:
        N = iN
        sig_N = isig_N
    else:
        sig_N = isig_N.value

    # Operate
    if N <= 0.:
        logN = 0.
    else:
        logN = np.log10(N)
    lgvar = ((1.0 / (np.log(10.0)*N))**2)*sig_N**2
    sig_logN = np.sqrt(lgvar)

    # Fill
    try:
        obj['logN'] = logN
    except:
        obj.logN = logN
        obj.sig_logN = sig_logN
    else:
        obj['sig_logN'] = sig_logN
    # Return
    return logN, sig_logN



[docs]def linear_clm(obj):
    """Return N and sig_N given logN, sig_logN in an object

    Also fills the attributes

    Parameters
    ----------
    obj : object
      An object with tags appropriate for the analysis
      Assumes 'logN' for column and 'sig_logN' for error
      Or .logN and .sig_logN

    Returns
    -------
    N : Quantity
      column in cm^-2
    sig_N : Quantity
      error in column in cm^-2
    """
    # Grab
    try:
        logN = obj['logN']
    except TypeError:
        try:
            logN = obj.logN
        except:
            raise IOError("Bad input to linear_clm")
        else:
            sig_logN = obj.sig_logN
    else:
        sig_logN = obj['sig_logN']


    # Operate
    N = 10**logN / u.cm**2
    sig_N = sig_logN * np.log(10.) * N

    # Fill
    try:
        obj['sig_N'] = sig_N
    except:
        obj.N = N
        obj.sig_N = sig_N
    else:
        obj['N'] = N
    # Return
    return N, sig_N



[docs]def photo_cross(Z, ion, E, datfil=None, silent=False):
    """ Estimate photo-ionization cross-section using Fit parameters

    from Verner et al. 1996, ApJ, 465, 487
    JXP on 04 Nov 2014

    Parameters
    ----------
    Z : int
      Atomic number
    ion : int
      Ionization state (1=Neutral)
    E : Quantity
      Energy to calculate at [eV]

    Returns
    -------
    sigma : Quantity
      Cross-section (cm^2)
    """
    import imp
    lt_path = imp.find_module('linetools')[1]
    # Read data
    if datfil is None:
        datfil = lt_path+'/data/atomic/verner96_photoion_table1.dat'
    dat = ascii.read(datfil)

    # Deal with Units
    if not isinstance(E, u.quantity.Quantity):
        if silent is False:
            warnings.warn('photo_cross: Assuming eV for input energy')
        E = E * u.eV

    # Match
    mt = np.where((Z == dat['Z']) & (ion == dat['N']))[0]
    nmt = len(mt)
    if nmt == 0:
        raise ValueError('photo_cross: {:d},{:d} pair not in our table'.format(Z, ion))
    idx = mt[0]
    #
    x = E/(dat['E0'][idx]*u.eV) - dat['y0'][idx]
    y = np.sqrt(x**2 + dat['y1'][idx]**2)

    F = (((x-1.)**2 + dat['yw'][idx]**2) * y**(0.5*dat['P'][idx] - 5.5) *
            (1 + np.sqrt(y/dat['ya'][idx]) )**(-1.*dat['P'][idx]))

    sigma = dat['s0'][idx] * F * 1e-18 * u.cm**2

    # Energy threshold
    low = np.where(E < dat['Eth'][idx]*u.eV)[0]
    if len(low) > 0:
        sigma[low] = 0.
    # Return
    return sigma



[docs]def sum_logN(obj1, obj2):
    """Add log columns and return value and errors, with logic

    Adds two column density objects, taking into account the flags

    Parameters
    ----------
    obj1 : object
      An object with keys or attributes appropriate for the analysis
      Assumes 'logN' for column and 'sig_logN' for error for now
    obj2 : object
      Another object with keys appropriate for the analysis

    Returns
    -------
    logN, siglogN
    """
    # Check
    if not (obj1['flag_N'] in [1, 2, 3]):
        raise ValueError("flag_N in obj1 must be 1,2,3")
    if not (obj2['flag_N'] in [1, 2, 3]):
        raise ValueError("flag_N in obj2 must be 1,2,3")
    # Unpack Obj1
    flag_N, logN1, sig_logN1 = [obj1[key] for key in ['flag_N','logN','sig_logN']]
    # Sum
    logN = np.log10(np.sum(10.**np.array([obj1['logN'],obj2['logN']])))
    sig_logN = np.sqrt( np.sum([(obj1['sig_logN']*(10.**obj1['logN']))**2,
                                (obj2['sig_logN']*(10.**obj2['logN']))**2]))/(10.**logN)
    if flag_N in [1,2]: # Detection or saturated
        if obj2['flag_N'] == 2:
            flag_N = 2
        elif obj2['flag_N'] == 3:
            # No change to logN, only sig_logN
            logN = logN1
    elif flag_N == 3:
        if obj2['flag_N'] in [1,2]:
            logN = obj2['logN']
            flag_N = obj2['flag_N']
            sig_logN = obj2['sig_logN']
        else:
            pass # Take sums
    # Return
    return flag_N, logN, sig_logN
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  Source code for linetools.abund.ions

""" Utilities for working with ionized atoms.
"""
#;+
#; NAME:
#; ionization
#;    Version 1.0
#;
#; PURPOSE:
#;    Module for ionization of atoms
#;   03-Nov-2014 by JXP
#;-
#;------------------------------------------------------------------------------
from __future__ import (print_function, absolute_import, division,
                        unicode_literals)

# Python 2 & 3 compatibility
try:
    basestring
except NameError:
    basestring = str

from linetools.abund.elements import ELEMENTS
from linetools.abund import roman

########################## ##########################
########################## ##########################
[docs]def ion_name(ion, flg=0, nspace=None):
    """ Convert ion tuple into a string

    Parameters
    ----------
    ion : tuple or dict
      Either a tuple of integers (Z, ion) or a dict with tags of `Z`
      and `ion`. e.g. (6, 4) would return 'CIV'.

    flg : int, optional (0)
        * 0: Roman numeral (e.g. CIV)
        * 1: Latex with ion notation (e.g C^+)

    nspace : int, optional (0)
      Number of spaces to insert.

    Returns
    -------
    name : str
      e.g. SiII, {\\rm Si}^{+}

    """
    if isinstance(ion,tuple):
        elm = ELEMENTS[ion[0]]
        str_elm = elm.symbol
    else:
        return ion_name( (ion['Z'], ion['ion']) )

    # Ion state
    if flg == 0: # Roman
        if nspace is None:
            nspace = 0
        str_ion = roman.toRoman(ion[1])
        spc = ' ' * nspace
        outp = str_elm + spc + str_ion
    elif flg == 1: # LaTeX
        if ion[1] == 0:
            raise ValueError('ionization.ion_name: Not ready for this input yet.')
        elif ion[1] == 1:
            str_ion = '^0'
        elif ion[1] == 2:
            str_ion = '^{+}'
        elif ion[1] == 3:
            str_ion = '^{++}'
        else:
            str_ion = '^{+' + str(ion[1] - 1) + '}'
        outp = '{\\rm ' + str_elm + '}' + str_ion
    else:
        raise ValueError('ionization.ion_name: Not ready for this flg.')

    return outp



########################## ##########################
########################## ##########################
[docs]def name_ion(ion):
    """ Convert string into ion tuple

    Parameters
    ----------
    ion : str
      Name of the ion, e.g. 'SiII' or 'Si II'

    Returns
    -------
    ion_tup : tuple
      Z, ion -- e.g. (14,2)
    """
    if isinstance(ion,basestring):
        pass
    else:
        raise ValueError('ionization.name_ion: Not ready for this input yet.')

    ion = ion.strip('*') # e.g. CII*

    if ion[1] in ['I','V', 'X', ' ']:
        iion = 1
    else:
        iion = 2

    # Element
    elm = ion[0:iion]
    if elm == 'D': # Deuterium
        Z = 1
    else:
        Z = ELEMENTS[ion[0:iion]].number

    # Ion
    ion_state = roman.fromRoman(ion[iion:].strip())

    return Z, ion_state
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  Source code for linetools.abund.solar

""" Simple Solar abundance calculations.
"""
from __future__ import (print_function, absolute_import, division,
                        unicode_literals)

# Python 2 & 3 compatibility
try:
    basestring
except NameError:
    basestring = str

import numpy as np
import numbers
import imp

from astropy import constants as const
from astropy.io import ascii
from astropy.utils.misc import isiterable

#from xastropy.xutils import xdebug as xdb
l_path = imp.find_module('linetools')[1]

#
[docs]class SolarAbund(object):
    """Class to handle simple Solar Abundance calculations

    Parameters
    ----------
    ref: str, optional
       'Asplund2009' :: Asplund et al. 2009, ARA&A, 47, 481 meteoritic
       table (several photospheric though)
    """
    # Init
    def __init__(self, ref='Asplund2009', verbose=False):

        # Error catching
        if not isinstance(ref, basestring):
            raise TypeError('SolarAbund__init__: Wrong ref type for '
                            'SolarAbund input')
        self.ref = ref

        # Load Data
        print('Loading abundances from {:s}'.format(self.ref))
        self.load_data()
        print('Abundances are relative by number on a '
              'logarithmic scale with H=12') 

[docs]    def load_data(self):
        """Grab the Solar Abundance data (in linetools/abund)
        """
        # Data file
        if self.ref == 'Asplund2009':
            dat_file = l_path + '/data/abund/solar_Asplund2009.dat'
            # Read table
            names = ('Elm', 'Abund', 'Z')
            table = ascii.read(dat_file, format='no_header', names=names) 
            # 
        else:
            raise ValueError('Unrecognized reference for SolarAbund: {:s}'.format(self.ref))
        # Save
        self._data = table



[docs]    def get_ratio(self, rtio):
        """ Return abundance ratio

        Parameters
        ----------
        rtio : str 
          Element ratio (e.g. 'Si/Fe')        
        """
        # Elements
        elm1, elm2 = rtio.split('/')
        # Abundances
        ab1 = self[elm1]
        ab2 = self[elm2]
        # ratio
        return ab1 - ab2


    def __getitem__(self, k):
        """ Return abundance given an element
 
        Parameters
        ----------
        k : int or str or list/tuple
          * int -- Atomic number (6)
          * str -- Element name (e.g. 'C')

        Returns
        -------
        Abund : float
        """
        # Iterate?
        if isiterable(k) and not isinstance(k, basestring): 
            out_abnd = []
            for ik in k:
                out_abnd.append(self[ik])
            out_abnd = np.array(out_abnd)
            return out_abnd

        if isinstance(k, numbers.Integral): # Atomic number
            mt = np.where(self._data['Z'] == k)[0]
            if len(mt) != 1:
                raise ValueError('Atomic Number not in Table: {:d}'.format(k))
        elif isinstance(k, basestring): # Name
            mt = np.where(self._data['Elm'] == k)[0]
            if len(mt) != 1:
                raise ValueError('Element not in Table: {:s}'.format(k))
        else:
            raise IndexError('Not prepared for this type of input', k)

        # Return
        return self._data['Abund'][mt][0]

    # Printing
    def __repr__(self):
        # Generate sets string
        return '<SolarAbund: {:s}>'.format(self.ref)
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Multi XSpectrum1D



Overview


XSpectrum1D may contain
multiple spectra, typically taken with the same instrument
and configuration.  These docs describe several methods
related to multple spectra.





Generation


There are currently two ways to generate a multi-spectrum
XSpectrum1D object.  The
first is to feed it a set of np.arrays each with dimension
(nspec,npix).:


nspec, npix = 3, 100
wave = np.outer(np.ones(nspec), np.arange(npix))
flux = np.ones_like(wave)
sig = np.ones_like(wave)
#
mspec = XSpectrum1D(wave, flux, sig)






Alternatively, one can generate from a list of
XSpectrum1D objects.:


from linetools.spectra import utils as ltsu
mspec = ltsu.collate([spec1,spec2])









Rebin to Rest


By inputting an array of redshifts and a velocity
width, one can rebin the multi-spec to a common
rest-frame spectrum with constant dv pixels.:


rest_spec = ltsu.rebin_to_rest(mspec, zarr, 100*u.km/u.s)






The output is a new multi-spec object with a common
rest-frame wavelength array.





Smash(stack)


Smash down a multi-spec object into a 1D spectrum.:


stack = ltsu.smash_spectra(rest_spec, method='average')
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  Source code for astropy.modeling.parameters

# Licensed under a 3-clause BSD style license - see LICENSE.rst

"""
This module defines two classes that deal with parameters.

It is unlikely users will need to work with these classes directly, unless they
define their own models.
"""

from __future__ import (absolute_import, unicode_literals, division,
                        print_function)

import functools
import numbers
import types
import operator

import numpy as np

from ..utils import isiterable, OrderedDescriptor
from ..extern import six

from .utils import get_inputs_and_params

__all__ = ['Parameter', 'InputParameterError']


class InputParameterError(ValueError):
    """Used for incorrect input parameter values and definitions."""


def _tofloat(value):
    """Convert a parameter to float or float array"""

    if isiterable(value):
        try:
            value = np.array(value, dtype=np.float)
        except (TypeError, ValueError):
            # catch arrays with strings or user errors like different
            # types of parameters in a parameter set
            raise InputParameterError(
                "Parameter of {0} could not be converted to "
                "float".format(type(value)))
    elif isinstance(value, np.ndarray):
        # A scalar/dimensionless array
        value = float(value.item())
    elif isinstance(value, (numbers.Number, np.number)):
        value = float(value)
    elif isinstance(value, bool):
        raise InputParameterError(
            "Expected parameter to be of numerical type, not boolean")
    else:
        raise InputParameterError(
            "Don't know how to convert parameter of {0} to "
            "float".format(type(value)))
    return value


# Helpers for implementing operator overloading on Parameter

def _binary_arithmetic_operation(op, reflected=False):
    @functools.wraps(op)
    def wrapper(self, val):

        if self._model is None:
            return NotImplemented

        if reflected:
            return op(val, self.value)
        else:
            return op(self.value, val)

    return wrapper


def _binary_comparison_operation(op):
    @functools.wraps(op)
    def wrapper(self, val):

        if self._model is None:
            if op is operator.lt:
                # Because OrderedDescriptor uses __lt__ to work, we need to
                # call the super method, but only when not bound to an instance
                # anyways
                return super(self.__class__, self).__lt__(val)
            else:
                return NotImplemented

        return op(self.value, val)

    return wrapper


def _unary_arithmetic_operation(op):
    @functools.wraps(op)
    def wrapper(self):
        if self._model is None:
            return NotImplemented

        return op(self.value)

    return wrapper


class Parameter(OrderedDescriptor):
    """
    Wraps individual parameters.

    This class represents a model's parameter (in a somewhat broad sense).  It
    acts as both a descriptor that can be assigned to a class attribute to
    describe the parameters accepted by an individual model (this is called an
    "unbound parameter"), or it can act as a proxy for the parameter values on
    an individual model instance (called a "bound parameter").

    Parameter instances never store the actual value of the parameter directly.
    Rather, each instance of a model stores its own parameters parameter values
    in an array.  A *bound* Parameter simply wraps the value in a Parameter
    proxy which provides some additional information about the parameter such
    as its constraints.  In other words, this is a high-level interface to a
    model's adjustable parameter values.

    *Unbound* Parameters are not associated with any specific model instance,
    and are merely used by model classes to determine the names of their
    parameters and other information about each parameter such as their default
    values and default constraints.

    See :ref:`modeling-parameters` for more details.

    Parameters
    ----------
    name : str
        parameter name

        .. warning::

            The fact that `Parameter` accepts ``name`` as an argument is an
            implementation detail, and should not be used directly.  When
            defining a new `Model` class, parameter names are always
            automatically defined by the class attribute they're assigned to.
    description : str
        parameter description
    default : float or array
        default value to use for this parameter
    getter : callable
        a function that wraps the raw (internal) value of the parameter
        when returning the value through the parameter proxy (eg. a
        parameter may be stored internally as radians but returned to the
        user as degrees)
    setter : callable
        a function that wraps any values assigned to this parameter; should
        be the inverse of getter
    fixed : bool
        if True the parameter is not varied during fitting
    tied : callable or False
        if callable is supplied it provides a way to link the value of this
        parameter to another parameter (or some other arbitrary function)
    min : float
        the lower bound of a parameter
    max : float
        the upper bound of a parameter
    bounds : tuple
        specify min and max as a single tuple--bounds may not be specified
        simultaneously with min or max
    model : `Model` instance
        binds the the `Parameter` instance to a specific model upon
        instantiation; this should only be used internally for creating bound
        Parameters, and should not be used for `Parameter` descriptors defined
        as class attributes
    """

    constraints = ('fixed', 'tied', 'bounds')
    """
    Types of constraints a parameter can have.  Excludes 'min' and 'max'
    which are just aliases for the first and second elements of the 'bounds'
    constraint (which is represented as a 2-tuple).
    """

    # Settings for OrderedDescriptor
    _class_attribute_ = '_parameters_'
    _name_attribute_ = '_name'

    def __init__(self, name='', description='', default=None, getter=None,
                 setter=None, fixed=False, tied=False, min=None, max=None,
                 bounds=None, model=None):
        super(Parameter, self).__init__()

        self._name = name
        self.__doc__ = self._description = description.strip()
        self._default = default

        # NOTE: These are *default* constraints--on model instances constraints
        # are taken from the model if set, otherwise the defaults set here are
        # used
        if bounds is not None:
            if min is not None or max is not None:
                raise ValueError(
                    'bounds may not be specified simultaneously with min or '
                    'or max when instantiating Parameter {0}'.format(name))
        else:
            bounds = (min, max)

        self._fixed = fixed
        self._tied = tied
        self._bounds = bounds

        self._order = None
        self._model = None

        # The getter/setter functions take one or two arguments: The first
        # argument is always the value itself (either the value returned or the
        # value being set).  The second argument is optional, but if present
        # will contain a reference to the model object tied to a parameter (if
        # it exists)
        self._getter = self._create_value_wrapper(getter, None)
        self._setter = self._create_value_wrapper(setter, None)

        self._validator = None

        # Only Parameters declared as class-level descriptors require
        # and ordering ID
        if model is not None:
            self._bind(model)

    def __get__(self, obj, objtype):
        if obj is None:
            return self

        # All of the Parameter.__init__ work should already have been done for
        # the class-level descriptor; we can skip that stuff and just copy the
        # existing __dict__ and then bind to the model instance
        parameter = self.__class__.__new__(self.__class__)
        parameter.__dict__.update(self.__dict__)
        parameter._bind(obj)
        return parameter

    def __set__(self, obj, value):
        value = _tofloat(value)

        # Call the validator before the setter
        if self._validator is not None:
            self._validator(obj, value)

        if self._setter is not None:
            setter = self._create_value_wrapper(self._setter, obj)
            value = setter(value)

        self._set_model_value(obj, value)

    def __len__(self):
        if self._model is None:
            raise TypeError('Parameter definitions do not have a length.')
        return len(self._model)

    def __getitem__(self, key):
        value = self.value
        if len(self._model) == 1:
            # Wrap the value in a list so that getitem can work for sensible
            # indices like [0] and [-1]
            value = [value]
        return value[key]

    def __setitem__(self, key, value):
        # Get the existing value and check whether it even makes sense to
        # apply this index
        oldvalue = self.value
        n_models = len(self._model)

        #if n_models == 1:
        #    # Convert the single-dimension value to a list to allow some slices
        #    # that would be compatible with a length-1 array like [:] and [0:]
        #    oldvalue = [oldvalue]

        if isinstance(key, slice):
            if len(oldvalue[key]) == 0:
                raise InputParameterError(
                    "Slice assignment outside the parameter dimensions for "
                    "'{0}'".format(self.name))
            for idx, val in zip(range(*key.indices(len(self))), value):
                self.__setitem__(idx, val)
        else:
            try:
                oldvalue[key] = value
            except IndexError:
                raise InputParameterError(
                    "Input dimension {0} invalid for {1!r} parameter with "
                    "dimension {2}".format(key, self.name, n_models))

    def __repr__(self):
        args = "'{0}'".format(self._name)
        if self._model is None:
            if self._default is not None:
                args += ', default={0}'.format(self._default)
        else:
            args += ', value={0}'.format(self.value)

        for cons in self.constraints:
            val = getattr(self, cons)
            if val not in (None, False, (None, None)):
                # Maybe non-obvious, but False is the default for the fixed and
                # tied constraints
                args += ', {0}={1}'.format(cons, val)

        return "{0}({1})".format(self.__class__.__name__, args)

    @property
    def name(self):
        """Parameter name"""

        return self._name

    @property
    def default(self):
        """Parameter default value"""

        if (self._model is None or self._default is None or
                len(self._model) == 1):
            return self._default

        # Otherwise the model we are providing for has more than one parameter
        # sets, so ensure that the default is repeated the correct number of
        # times along the model_set_axis if necessary
        n_models = len(self._model)
        model_set_axis = self._model._model_set_axis
        default = self._default
        new_shape = (np.shape(default) +
                     (1,) * (model_set_axis + 1 - np.ndim(default)))
        default = np.reshape(default, new_shape)
        # Now roll the new axis into its correct position if necessary
        default = np.rollaxis(default, -1, model_set_axis)
        # Finally repeat the last newly-added axis to match n_models
        default = np.repeat(default, n_models, axis=-1)

        # NOTE: Regardless of what order the last two steps are performed in,
        # the resulting array will *look* the same, but only if the repeat is
        # performed last will it result in a *contiguous* array

        return default

    @property
    def value(self):
        """The unadorned value proxied by this parameter"""

        if self._model is None:
            raise AttributeError('Parameter definition does not have a value')

        value = self._get_model_value(self._model)

        if self._getter is None:
            return value
        else:
            return self._getter(value)

    @value.setter
    def value(self, value):
        if self._model is None:
            raise AttributeError('Cannot set a value on a parameter '
                                 'definition')

        if self._setter is not None:
            val = self._setter(value)

        self._set_model_value(self._model, value)

    @property
    def shape(self):
        """The shape of this parameter's value array."""

        if self._model is None:
            raise AttributeError('Parameter definition does not have a '
                                 'shape.')

        shape = self._model._param_metrics[self._name]['shape']

        if len(self._model) > 1:
            # If we are dealing with a model *set* the shape is the shape of
            # the parameter within a single model in the set
            model_axis = self._model._model_set_axis

            if model_axis < 0:
                model_axis = len(shape) + model_axis

            shape = shape[:model_axis] + shape[model_axis + 1:]

        return shape

    @property
    def size(self):
        """The size of this parameter's value array."""

        # TODO: Rather than using self.value this could be determined from the
        # size of the parameter in _param_metrics

        return np.size(self.value)

    @property
    def fixed(self):
        """
        Boolean indicating if the parameter is kept fixed during fitting.
        """

        if self._model is not None:
            fixed = self._model._constraints['fixed']
            return fixed.get(self._name, self._fixed)
        else:
            return self._fixed

    @fixed.setter
    def fixed(self, value):
        """Fix a parameter"""
        if self._model is not None:
            if not isinstance(value, bool):
                raise TypeError("Fixed can be True or False")
            self._model._constraints['fixed'][self._name] = value
        else:
            raise AttributeError("can't set attribute 'fixed' on Parameter "
                                 "definition")

    @property
    def tied(self):
        """
        Indicates that this parameter is linked to another one.

        A callable which provides the relationship of the two parameters.
        """

        if self._model is not None:
            tied = self._model._constraints['tied']
            return tied.get(self._name, self._tied)
        else:
            return self._tied

    @tied.setter
    def tied(self, value):
        """Tie a parameter"""

        if self._model is not None:
            if not six.callable(value) and value not in (False, None):
                raise TypeError("Tied must be a callable")
            self._model._constraints['tied'][self._name] = value
        else:
            raise AttributeError("can't set attribute 'tied' on Parameter "
                                 "definition")

    @property
    def bounds(self):
        """The minimum and maximum values of a parameter as a tuple"""

        if self._model is not None:
            bounds = self._model._constraints['bounds']
            return bounds.get(self._name, self._bounds)
        else:
            return self._bounds

    @bounds.setter
    def bounds(self, value):
        """Set the minimum and maximum values of a parameter from a tuple"""

        if self._model is not None:
            _min, _max = value
            if _min is not None:
                if not isinstance(_min, numbers.Number):
                    raise TypeError("Min value must be a number")
                _min = float(_min)

            if _max is not None:
                if not isinstance(_max, numbers.Number):
                    raise TypeError("Max value must be a number")
                _max = float(_max)

            bounds = self._model._constraints.setdefault('bounds', {})
            self._model._constraints['bounds'][self._name] = (_min, _max)
        else:
            raise AttributeError("can't set attribute 'bounds' on Parameter "
                                 "definition")

    @property
    def min(self):
        """A value used as a lower bound when fitting a parameter"""

        return self.bounds[0]

    @min.setter
    def min(self, value):
        """Set a minimum value of a parameter"""

        if self._model is not None:
            self.bounds = (value, self.max)
        else:
            raise AttributeError("can't set attribute 'min' on Parameter "
                                 "definition")

    @property
    def max(self):
        """A value used as an upper bound when fitting a parameter"""

        return self.bounds[1]

    @max.setter
    def max(self, value):
        """Set a maximum value of a parameter."""

        if self._model is not None:
            self.bounds = (self.min, value)
        else:
            raise AttributeError("can't set attribute 'max' on Parameter "
                                 "definition")

    @property
    def validator(self):
        """
        Used as a decorator to set the validator method for a `Parameter`.
        The validator method validates any value set for that parameter.
        It takes two arguments--``self``, which refers to the `Model`
        instance (remember, this is a method defined on a `Model`), and
        the value being set for this parameter.  The validator method's
        return value is ignored, but it may raise an exception if the value
        set on the parameter is invalid (typically an `InputParameterError`
        should be raised, though this is not currently a requirement).

        The decorator *returns* the `Parameter` instance that the validator
        is set on, so the underlying validator method should have the same
        name as the `Parameter` itself (think of this as analogous to
        ``property.setter``).  For example::

            >>> from astropy.modeling import Fittable1DModel
            >>> class TestModel(Fittable1DModel):
            ...     a = Parameter()
            ...     b = Parameter()
            ...
            ...     @a.validator
            ...     def a(self, value):
            ...         # Remember, the value can be an array
            ...         if np.any(value < self.b):
            ...             raise InputParameterError(
            ...                 "parameter 'a' must be greater than or equal "
            ...                 "to parameter 'b'")
            ...
            ...     @staticmethod
            ...     def evaluate(x, a, b):
            ...         return a * x + b
            ...
            >>> m = TestModel(a=1, b=2)  # doctest: +IGNORE_EXCEPTION_DETAIL
            Traceback (most recent call last):
            ...
            InputParameterError: parameter 'a' must be greater than or equal
            to parameter 'b'
            >>> m = TestModel(a=2, b=2)
            >>> m.a = 0  # doctest: +IGNORE_EXCEPTION_DETAIL
            Traceback (most recent call last):
            ...
            InputParameterError: parameter 'a' must be greater than or equal
            to parameter 'b'

        On bound parameters this property returns the validator method itself,
        as a bound method on the `Parameter`.  This is not often as useful, but
        it allows validating a parameter value without setting that parameter::

            >>> m.a.validator(42)  # Passes
            >>> m.a.validator(-42)  # doctest: +IGNORE_EXCEPTION_DETAIL
            Traceback (most recent call last):
            ...
            InputParameterError: parameter 'a' must be greater than or equal
            to parameter 'b'
        """

        if self._model is None:
            # For unbound parameters return the validator setter
            def validator(func, self=self):
                self._validator = func
                return self

            return validator
        else:
            # Return the validator method, bound to the Parameter instance with
            # the name "validator"
            def validator(self, value):
                if self._validator is not None:
                    return self._validator(self._model, value)

            if six.PY2:
                return types.MethodType(validator, self, type(self))
            else:
                return types.MethodType(validator, self)

    def copy(self, name=None, description=None, default=None, getter=None,
             setter=None, fixed=False, tied=False, min=None, max=None,
             bounds=None):
        """
        Make a copy of this `Parameter`, overriding any of its core attributes
        in the process (or an exact copy).

        The arguments to this method are the same as those for the `Parameter`
        initializer.  This simply returns a new `Parameter` instance with any
        or all of the attributes overridden, and so returns the equivalent of:

        .. code:: python

            Parameter(self.name, self.description, ...)

        """

        kwargs = locals().copy()
        del kwargs['self']

        for key, value in six.iteritems(kwargs):
            if value is None:
                # Annoying special cases for min/max where are just aliases for
                # the components of bounds
                if key in ('min', 'max'):
                    continue
                else:
                    if hasattr(self, key):
                        value = getattr(self, key)
                    elif hasattr(self, '_' + key):
                        value = getattr(self, '_' + key)
                kwargs[key] = value

        return self.__class__(**kwargs)

    @property
    def _raw_value(self):
        """
        Currently for internal use only.

        Like Parameter.value but does not pass the result through
        Parameter.getter.  By design this should only be used from bound
        parameters.

        This will probably be removed are retweaked at some point in the
        process of rethinking how parameter values are stored/updated.
        """

        return self._get_model_value(self._model)

    def _bind(self, model):
        """
        Bind the `Parameter` to a specific `Model` instance; don't use this
        directly on *unbound* parameters, i.e. `Parameter` descriptors that
        are defined in class bodies.
        """

        self._model = model
        self._getter = self._create_value_wrapper(self._getter, model)
        self._setter = self._create_value_wrapper(self._setter, model)

    def _get_model_value(self, model):
        """
        This method implements how to retrieve the value of this parameter from
        the model instance.  See also `Parameter._set_model_value`.

        These methods take an explicit model argument rather than using
        self._model so that they can be used from unbound `Parameter`
        instances.
        """

        if not hasattr(model, '_parameters'):
            # The _parameters array hasn't been initialized yet; just translate
            # this to an AttributeError
            raise AttributeError(self._name)

        # Use the _param_metrics to extract the parameter value from the
        # _parameters array
        param_slice = model._param_metrics[self._name]['slice']
        param_shape = model._param_metrics[self._name]['shape']
        value = model._parameters[param_slice]
        if param_shape:
            value = value.reshape(param_shape)
        else:
            value = value[0]
        return value

    def _set_model_value(self, model, value):
        """
        This method implements how to store the value of a parameter on the
        model instance.

        Currently there is only one storage mechanism (via the ._parameters
        array) but other mechanisms may be desireable, in which case really the
        model class itself should dictate this and *not* `Parameter` itself.
        """

        # TODO: Maybe handle exception on invalid input shape
        param_slice = model._param_metrics[self._name]['slice']
        param_shape = model._param_metrics[self._name]['shape']
        param_size = np.prod(param_shape)

        if np.size(value) != param_size:
            raise InputParameterError(
                "Input value for parameter {0!r} does not have {1} elements "
                "as the current value does".format(self._name, param_size))

        model._parameters[param_slice] = np.array(value).ravel()

    @staticmethod
    def _create_value_wrapper(wrapper, model):
        """Wraps a getter/setter function to support optionally passing in
        a reference to the model object as the second argument.

        If a model is tied to this parameter and its getter/setter supports
        a second argument then this creates a partial function using the model
        instance as the second argument.
        """

        if isinstance(wrapper, np.ufunc):
            if wrapper.nin != 1:
                raise TypeError("A numpy.ufunc used for Parameter "
                                "getter/setter may only take one input "
                                "argument")
        elif wrapper is None:
            # Just allow non-wrappers to fall through silently, for convenience
            return None
        else:
            inputs, params = get_inputs_and_params(wrapper)
            nargs = len(inputs)

            if nargs == 1:
                pass
            elif nargs == 2:
                if model is not None:
                    # Don't make a partial function unless we're tied to a
                    # specific model instance
                    model_arg = inputs[1].name
                    wrapper = functools.partial(wrapper, **{model_arg: model})
            else:
                raise TypeError("Parameter getter/setter must be a function "
                                "of either one or two arguments")

        return wrapper

    def __array__(self, dtype=None):
        # Make np.asarray(self) work a little more straightforwardly
        return np.asarray(self.value, dtype=dtype)

    def __nonzero__(self):
        if self._model is None:
            return True
        else:
            return bool(self.value)

    __bool__ = __nonzero__

    __add__ = _binary_arithmetic_operation(operator.add)
    __radd__ = _binary_arithmetic_operation(operator.add, reflected=True)
    __sub__ = _binary_arithmetic_operation(operator.sub)
    __rsub__ = _binary_arithmetic_operation(operator.sub, reflected=True)
    __mul__ = _binary_arithmetic_operation(operator.mul)
    __rmul__ = _binary_arithmetic_operation(operator.mul, reflected=True)
    __pow__ = _binary_arithmetic_operation(operator.pow)
    __rpow__ = _binary_arithmetic_operation(operator.pow, reflected=True)
    __div__ = _binary_arithmetic_operation(operator.truediv)
    __rdiv__ = _binary_arithmetic_operation(operator.truediv, reflected=True)
    __truediv__ = _binary_arithmetic_operation(operator.truediv)
    __rtruediv__ = _binary_arithmetic_operation(operator.truediv, reflected=True)
    __eq__ = _binary_comparison_operation(operator.eq)
    __ne__ = _binary_comparison_operation(operator.ne)
    __lt__ = _binary_comparison_operation(operator.lt)
    __gt__ = _binary_comparison_operation(operator.gt)
    __le__ = _binary_comparison_operation(operator.le)
    __ge__ = _binary_comparison_operation(operator.ge)
    __neg__ = _unary_arithmetic_operation(operator.neg)
    __abs__ = _unary_arithmetic_operation(operator.abs)
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  Source code for linetools.isgm.abscomponent

""" Classes for absorption line component
"""
from __future__ import print_function, absolute_import, division, unicode_literals

# Python 2 & 3 compatibility
try:
    basestring
except NameError:
    basestring = str

import pdb
import numpy as np
import warnings

from astropy import constants as const
from astropy import units as u
from astropy.units import Quantity
from astropy.coordinates import SkyCoord
from astropy.table import QTable, Column

from linetools.spectra.xspectrum1d import XSpectrum1D
from linetools.analysis import absline as ltaa
from linetools.analysis import plots as ltap
from linetools.spectralline import AbsLine, SpectralLine
from linetools.abund import ions
from linetools import utils as ltu

#import xastropy.atomic as xatom
#from xastropy.stats import basic as xsb
#from xastropy.xutils import xdebug as xdb

# Global import for speed
c_kms = const.c.to('km/s').value

# Class for Components
[docs]class AbsComponent(object):
    """
    Class for an absorption component

    Attributes
    ----------
    name : str
        Name of the component, e.g. `Si II`
    coord : SkyCoord
        Sky coordinate
    Zion : tuple 
        Atomic number, ion -- (int,int)
        e.g. (8,1) for OI
    zcomp : float
        Component redshift
    vlim : Quantity array
        Velocity limits of the component
        e.g.  [-300,300]*u.km/u.s
    A : int
        Atomic mass -- used to distinguish isotopes
    Ej : Quantity
        Energy of lower level (1/cm)
    comment : str
        A comment, default is ``
    """
    @classmethod
[docs]    def from_abslines(cls, abslines, stars=None, **kwargs):
        """Instantiate from a list of AbsLine objects

        Parameters
        ----------
        abslines : list 
          List of AbsLine objects
        stars : str, optional
          Asterisks to append to the ion name (e.g. fine-structure, CII*)
        """
        # Check
        if not isinstance(abslines, list):
            raise IOError("Need a list of AbsLine objects")
        if not all(isinstance(x, AbsLine) for x in abslines):
            raise IOError("List needs to contain only AbsLine objects")

        # Instantiate with the first line
        init_line = abslines[0]
        #init_line.attrib['z'], init_line.analy['vlim'],
        slf = cls( init_line.attrib['coord'], (init_line.data['Z'],init_line.data['ion']),
                   init_line.attrib['z'], init_line.limits.vlim,
                   Ej=init_line.data['Ej'], stars=stars)
        slf._abslines.append(init_line)
        # Append with component checking
        if len(abslines) > 1:
            for absline in abslines[1:]:
                slf.add_absline(absline, **kwargs)
        # Return
        return slf


    @classmethod
[docs]    def from_component(cls, component, **kwargs):
        """ Instantiate from an AbsComponent object

        Uses RA/DEC, Zion, Ej, A, z, vlim

        Parameters
        ----------
        component : AbsComponent
           An AbsComponent object

        Returns
        -------
        AbsComponent
        """
        # Check
        if not isinstance(component, AbsComponent):
            raise IOError('Need an AbsComponent object')
        # Return
        return cls(component.coord, component.Zion, component.zcomp, component.vlim, Ej=component.Ej,
                   A=component.A, name=component.name, **kwargs)


    @classmethod
[docs]    def from_dict(cls, idict, coord=None, **kwargs):
        """ Instantiate from a dict

        Parameters
        ----------
        idict : dict

        Returns
        -------

        """
        if coord is not None:
            radec = coord
        else:
            radec = SkyCoord(ra=idict['RA']*u.deg, dec=idict['DEC']*u.deg)
        # Init
        #slf = cls(radec, tuple(idict['Zion']), idict['zcomp'], Quantity(idict['vlim'], unit='km/s'),
        slf = cls(radec, tuple(idict['Zion']), idict['zcomp'], idict['vlim']*u.km/u.s,
                  Ej=idict['Ej']/u.cm, A=idict['A'],
                  Ntup = tuple([idict[key] for key in ['flag_N', 'logN', 'sig_logN']]),
                  comment=idict['comment'], name=idict['Name'])
        # Add lines
        for key in idict['lines'].keys():
            iline = SpectralLine.from_dict(idict['lines'][key], coord=coord, **kwargs)
            slf.add_absline(iline, **kwargs)
        # Return
        return slf


    def __init__(self, radec, Zion, zcomp, vlim, Ej=0./u.cm, A=None,
                 Ntup=None, comment='', name=None, stars=None):
        """  Initiator

        Parameters
        ----------
        radec : tuple or SkyCoord
            (RA,DEC) in deg or astropy.coordinate
        Zion : tuple 
            Atomic number, ion -- (int,int)
            e.g. (8,1) for OI
        zcomp : float
            Absorption component redshift
        vlim : Quantity array
            Velocity limits of the component w/r to `z`
            e.g.  [-300,300]*u.km/u.s
        A : int, optional
            Atomic mass -- used to distinguish isotopes
        Ntup : tuple
            (int,float,float)
            (flag_N,logN,sig_N)
            flag_N : Flag describing N measurement
            logN : log10 N column density
            sig_logN : Error in log10 N
        Ej : Quantity, optional
            Energy of lower level (1/cm)
        stars : str, optional
            asterisks to add to name, e.g. '**' for CI**
            Required if name=None and Ej>0.
        comment : str, optional
            A comment, default is ``
        """

        # Required
        if isinstance(radec, (tuple)):
            self.coord = SkyCoord(ra=radec[0], dec=radec[1])
        elif isinstance(radec, SkyCoord):
            self.coord = radec
        self.Zion = Zion
        self.zcomp = zcomp
        self.vlim = vlim

        # Optional
        self.A = A
        self.Ej = Ej
        self.comment = comment
        if Ntup is not None:
            self.flag_N = Ntup[0]
            self.logN = Ntup[1]
            self.sig_logN = Ntup[2]
            _, _ = ltaa.linear_clm(self)  # Set linear quantities
        else:
            self.flag_N = 0
            self.logN = 0.
            self.sig_logN = 0.

        # Name
        if name is None:
            iname = ions.ion_name(self.Zion, nspace=0)
            if self.Ej.value > 0:  # Need to put *'s in name
                try:
                    iname += stars
                except:
                    raise IOError("Need to provide 'stars' parameter.")
            self.name = '{:s}_z{:0.5f}'.format(iname, self.zcomp)
        else:
            self.name = name

        # Potential for attributes
        self.attrib = dict()

        # Other
        self._abslines = []

[docs]    def add_absline(self, absline, tol=0.1*u.arcsec, chk_vel=True,
                    chk_sep=True, vtoler=1., **kwargs):
        """Add an AbsLine object to the component if it satisfies
        all of the rules.

        For velocities, we demand that the new line has a velocity
        range that is fully encompassed by the component.

        Parameters
        ----------
        absline : AbsLine
        tol : Angle, optional
          Tolerance on matching coordinates.  Only used if chk_sep=True
        chk_vel : bool, optional
          Perform velocity test (can often be skipped)
          Insist the bounds of the AbsLine are within 1km/s of the Component
             (allows for round-off error)
        chk_sep : bool, optional
          Perform coordinate check (expensive)
        vtoler : float
          Tolerance for velocity in km/s (must be positive)
        """
        if vtoler < 0:
            raise ValueError('vtoler must be positive!')

        # Perform easy checks
        if chk_sep:
            testc = bool(self.coord.separation(absline.attrib['coord']) < tol)
        else:
            testc = True
        testZ = self.Zion[0] == absline.data['Z']
        testi = self.Zion[1] == absline.data['ion']
        testE = bool(self.Ej == absline.data['Ej'])
        # Now redshift/velocity
        if chk_vel:
            dz_toler = (1 + self.zcomp) * vtoler / c_kms  # Avoid Quantity for speed
            zlim_line = (1 + absline.attrib['z']) * absline.limits.vlim.to('km/s').value / c_kms
            zlim_comp = (1+self.zcomp) * self.vlim.to('km/s').value / c_kms
            testv = (zlim_line[0] >= (zlim_comp[0] - dz_toler)) & (
                zlim_line[1] <= (zlim_comp[1] + dz_toler))
        else:
            testv = True
        # Combine
        test = testc & testZ & testi & testE & testv
        # Isotope
        if self.A is not None:
            raise ValueError('Not ready for this yet.')
        # Append?
        if test:
            self._abslines.append(absline)
        else:
            warnings.warn("Failed add_absline test")
            print('Input absline with wrest={:g} does not match component rules. Not appending'.format(absline.wrest))
            if not testv:
                print("Absline velocities lie beyond component\n Set chk_vel=False to skip this test.")
            if not testc:
                print("Absline coordinates do not match.  Best to set them")


[docs]    def build_table(self):
        """Generate an astropy QTable out of the component.
        Returns
        -------
        comp_tbl : QTable
        """
        if len(self._abslines) == 0:
            return
        comp_tbl = QTable()
        comp_tbl.add_column(Column([iline.wrest.to(u.AA).value for iline in self._abslines]*u.AA, name='wrest'))
        for attrib in ['z', 'flag_N', 'logN', 'sig_logN']:
            comp_tbl.add_column(Column([iline.attrib[attrib] for iline in self._abslines], name=attrib))
        # Return
        return comp_tbl


[docs]    def cog(self, redo_EW=False, show_plot=False, **kwargs):
        """Perform a COG analysis on the component

        Parameters
        ----------
        redo_EW : bool, optional
          Re-analyze each line for its EW
        show_plot : bool, optional
          Generate plot and show

        Returns
        -------
        logN : float
          COG column density
        b : Quantity
          COG Doppler parameter (km/s)
        """
        from linetools.analysis import cog as ltcog
        reload(ltcog)
        # Redo EWs?
        if redo_EW:
            for aline in self._abslines:
                aline.measure_restew(**kwargs)
        # COG setup
        wrest = np.array([aline.wrest.to('AA').value for aline in self._abslines])*u.AA
        f = np.array([aline.data['f'] for aline in self._abslines])
        EW = np.array([aline.attrib['EW'].to('AA').value for aline in self._abslines])*u.AA
        sig_EW = np.array([aline.attrib['sig_EW'].to('AA').value for aline in self._abslines])*u.AA
        # COG analysis
        COG_dict = ltcog.single_cog_analysis(wrest, f, EW, sig_EW=sig_EW)
        # COG plot
        if show_plot:
            ltcog.cog_plot(COG_dict)
        # Return
        return COG_dict


[docs]    def plot_Na(self, show=True, **kwargs):
        """Plot apparent column density Na profiles
        """
        import matplotlib.pyplot as plt
        import matplotlib.gridspec as gridspec
        import matplotlib as mpl
        try:  # Nicer view, especially in notebook
            import seaborn as sns
            sns.set(context="notebook", font_scale=2)
        except ImportError:
            pass
        mpl.rcParams['font.family'] = 'stixgeneral'
        mpl.rcParams['font.size'] = 15.
        # Check for spec
        gdiline = []
        for iline in self._abslines:
            if isinstance(iline.analy['spec'], XSpectrum1D):
                gdiline.append(iline)
        nplt = len(gdiline)
        if nplt == 0:
            print("Load spectra into the absline.analy['spec']")
            return
        atom_cst = (const.m_e.cgs*const.c.cgs / (np.pi * (const.e.esu**2).cgs)).to(u.AA*u.s/(u.km*u.cm**2))
        # Setup plot
        plt.clf()
        ax = plt.gca()

        fw_sv = 0.*u.AA
        ymax = 0.
        for qq, iline in enumerate(gdiline):
            # Calculate
            velo = iline.analy['spec'].relative_vel((1+iline.attrib['z'])*iline.wrest)
            cst = atom_cst/(iline.data['f']*iline.wrest)  # / (u.km/u.s) / u.cm * (u.AA/u.cm)
            Na = np.log(1./np.maximum(iline.analy['spec'].flux, iline.analy['spec'].sig)) * cst

            # Figure out ymnx
            pixmnx = (velo > self.vlim[0]) & (velo < self.vlim[1])
            if iline.data['f']*iline.wrest > fw_sv:
                ymax = max(np.max(Na[pixmnx].value), ymax)
                fw_sv = iline.data['f']*iline.wrest
            # Plot
            ax.plot(velo, Na, '-', linestyle='steps-mid', label=iline.data['name'])
            # ax.plot(velo, iline.analy['spec'].sig, 'r:')
        # Axes
        ax.set_xlim(self.vlim.value)
        ax.set_ylim(-0.2*ymax, 5*ymax)
        # ax.set_ylim(ymnx)
        ax.minorticks_on()
        ax.set_xlabel('Relative Velocity (km/s)')
        ax.set_ylabel(r'Apparent Column (cm$^{-2}$ per km/s)')
        # Legend
        legend = ax.legend(loc='upper left', scatterpoints=1, borderpad=0.3,
                           handletextpad=0.3, fontsize='large')

        plt.tight_layout(pad=0.2, h_pad=0., w_pad=0.1)
        if show:
            plt.show()
        plt.close()


[docs]    def reset_vlim_from_abslines(self, verbose=False):
        """ Resets the vlim value using the AbsLines

        Parameters
        ----------

        """
        for aline in self._abslines:
            if aline.analy['vlim'][0] < self.vlim[0]:
                if verbose:
                    print('Resetting vlim0 from {}'.format(aline))
                self.vlim[0] = aline.analy['vlim'][0]
            if aline.analy['vlim'][1] > self.vlim[1]:
                if verbose:
                    print('Resetting vlim1 from {}'.format(aline))
                self.vlim[1] = aline.analy['vlim'][1]


[docs]    def synthesize_colm(self, overwrite=False, redo_aodm=False, **kwargs):
        """Synthesize column density measurements of the component.
        Default is to use the current AbsLine values, but the user can
        request that those be re-calculated with AODM.

        Parameters
        ----------
        overwrite : bool, optional
          Clobber any previous measurement
        redo_aodm : bool, optional
          Redo the individual column density measurements (likely AODM)

        Returns
        -------
        None
          Fills the component attributes instead
        """
        # Check
        if (self.flag_N != 0) and (not overwrite):
            raise IOError("Column densities already set.  Use overwrite=True to redo.")
        # Redo?
        if redo_aodm:
            for aline in self._abslines:
                aline.measure_aodm(**kwargs)
        # Collate
        self.flag_N = 0
        for aline in self._abslines:
            if aline.attrib['flag_N'] == 0:  # No value
                warnings.warn("Absline {} has flag=0.  Hopefully you expected that".format(str(aline)))
                continue
            # Check N is filled
            if np.allclose(aline.attrib['N'].value, 0.):
                raise ValueError("Need to set N in attrib.  \n Consider linear_clm in linetools.analysis.absline")
            if aline.attrib['flag_N'] == 1:  # Good value?
                if self.flag_N == 1:  # Weighted mean
                    # Original
                    weight = 1. / self.sig_N**2
                    mu = self.N * weight
                    # Update
                    weight += 1./aline.attrib['sig_N']**2
                    self.N = (mu + aline.attrib['N']/aline.attrib['sig_N']**2) / weight
                    self.sig_N = np.sqrt(1./weight)
                else:  # Fill
                    self.N = aline.attrib['N']
                    self.sig_N = aline.attrib['sig_N']
                    self.flag_N = 1
            elif aline.attrib['flag_N'] == 2:  # Lower limit
                if self.flag_N in [0, 3]:
                    self.N = aline.attrib['N']
                    self.sig_N = aline.attrib['sig_N']
                    self.flag_N = 2
                elif self.flag_N == 2:
                    if aline.attrib['N'] > self.N:
                        self.N = aline.attrib['N']
                        self.sig_N = aline.attrib['sig_N']
                elif self.flag_N == 1:
                    pass
            elif aline.attrib['flag_N'] == 3:  # Upper limit
                if self.flag_N == 0:
                    self.N = aline.attrib['N']
                    self.sig_N = aline.attrib['sig_N']
                    self.flag_N = 3
                elif self.flag_N in [1, 2]:
                    pass
                elif self.flag_N == 3:
                    if aline.attrib['N'] < self.N:
                        self.N = aline.attrib['N']
                        self.sig_N = aline.attrib['sig_N']
            elif aline.attrib['flag_N'] == 0:  # No value
                warnings.warn("Absline {} has flag=0.  Hopefully you expected that")
            else:
                raise ValueError("Bad flag_N value")
        # Log values
        if self.flag_N > 0:
            self.logN, self.sig_logN = ltaa.log_clm(self)


[docs]    def repr_vpfit(self, b=10.*u.km/u.s, tie_strs=('', '', ''), fix_strs=('', '', '')):
        """
        String representation for VPFIT (line fitting software) in its fort.26 format

        Parameters
        ----------
        b : Quantity, optional
            Doppler parameter of the component. Default is 10*u.km/u.s
        tie_strs : tuple of strings, optional
            Strings to be used for tying parameters (z,b,logN),
            respectively.  These are all converted to lower case
            format, following VPFIT convention.
        fix_strs : tuple of strings, optional
            Strings to be used for fixing parameters (z,b,logN),
            respectively.  These are all converted to upper case
            format, following VPFIT convention.  These will take
            precedence over tie_strs if different than ''.

        Returns
        -------
        repr_vpfit : str

        """
        # get Doppler parameter to km/s
        b = b.to('km/s').value

        # Ion name
        name = ions.ion_name(self.Zion, nspace=1)
        name = name.replace(' ', '')

        # Deal with fix and tie parameters
        # Check format first
        for i, x_strs in enumerate([tie_strs, fix_strs]):
            if (not isinstance(x_strs, tuple)) or (not all(isinstance(s, (str, basestring)) for s in x_strs)):
                if i == 0:
                    raise TypeError('`tie_strs` must be a tuple of strings.')
                elif i == 1:
                    raise TypeError('`fix_strs` must be a tuple of strings.')
            if len(x_strs) != 3:
                raise SyntaxError('`tie_strs` and `fix_strs` must have len() == 3')

        # reformat for VPFIT standard
        fix_strs = np.array([s.upper() for s in fix_strs])
        tie_strs = np.array([s.lower() for s in tie_strs])
        # preference to fix_strs over tie_strs
        strs = np.where(fix_strs != '', fix_strs, tie_strs)

        # create the line string
        s = '{:s} {:.5f}{:s} {:.5f} {:.2f}{:s} {:.2f} {:.2f}{:s} {:.2f}'.format(name, self.zcomp, strs[0], 0, b,
                                                                                strs[1], 0, self.logN, strs[2], 0)
        if len(self.comment) > 0:
            s += '! {:s}'.format(self.comment)
        s += '\n'
        return s


[docs]    def repr_alis(self, T_kin=1e4*u.K, bturb=0.*u.km/u.s,
                  tie_strs=('', '', '', ''), fix_strs=('', '', '', '')):
        """
        String representation for ALIS (line fitting software)

        Parameters
        ----------
        T_kin : Quantity, optional
            Kinetic temperature. Default 1e4*u.K
        bturb : Quantity, optional
            Turbulent Doppler parameter. Default 0.*u.km/u.s
        tie_strs : tuple of strings, optional
            Strings to be used for tying parameters
            (logN,z,bturb,T_kin), respectively.  These are all
            converted to lower case format, following ALIS convention.
        fix_strs : tuple of strings, optional
            Strings to be used for fixing parameters
            (logN,z,bturb,T_kin), respectively.  These are all
            converted to upper case format, following ALIS convention.
            These will take precedence over tie_strs if different from
            ''.

        Returns
        -------
        repr_alis : str

        """

        # Convert to the units ALIS wants
        T_kin = T_kin.to('K').value
        bturb = bturb.to('km/s').value

        # A patch for nucleons; todo: come up with a better way to do this using ELEMENTS?
        if self.Zion[0] == 1:
            nucleons = 1
        elif self.Zion[0] > 1:
            nucleons = 2 * self.Zion[0]

        # name
        name = ions.ion_name(self.Zion, nspace=1)
        name = '{}'.format(nucleons)+name.replace(' ', '_')

        # Deal with fix and tie parameters
        # Check format first
        for i, x_strs in enumerate([tie_strs, fix_strs]):
            if (not isinstance(x_strs, tuple)) or (not all(isinstance(s, (str, basestring)) for s in x_strs)):
                if i == 0:
                    raise TypeError('`tie_strs` must be a tuple of strings.')
                elif i == 1:
                    raise TypeError('`fix_strs` must be a tuple of strings.')
            if len(x_strs) != 4:
                raise SyntaxError('`tie_strs` and `fix_strs` must have len()== 4')

        # reformat for ALIS standard
        fix_strs = np.array([s.upper() for s in fix_strs])
        tie_strs = np.array([s.lower() for s in tie_strs])
        # preference to fix_strs over tie_strs
        strs = np.where(fix_strs != '', fix_strs, tie_strs)

        s = 'voigt   ion={:s} {:.2f}{:s} redshift={:.5f}{:s} {:.1f}{:s} {:.1E}{:s}'.format(name, self.logN, strs[0],
                                                                                           self.zcomp, strs[1], bturb,
                                                                                           strs[2], T_kin, strs[3])

        if len(self.comment) > 0:
            s += '# {:s}'.format(self.comment)
        s += '\n'
        return s


[docs]    def repr_joebvp(self, specfile, flags=(2,2,2), b_default=10*u.km/u.s):
        """
        String representation for JOEBVP (line fitting software).

        Parameters
        ----------
        specfile : str
            Name of the spectrum file
        flags : tuple of ints, optional
            Flags (nflag, bflag, vflag). See JOEBVP input for details
            about these flags.
        b_default : Quantity, optional
            Doppler parameter value adopted in case an absorption
            line within the component has not set this attribute
            Default is 10 km/s.

        Returns
        -------
        repr_joebvp : str
            May contain multiple "\n" (1 per absline within component)

        """
        # Reference:
        # specfile|restwave|zsys|col|bval|vel|nflag|bflag|vflag|vlim1|vlim2|wobs1|wobs2|trans
        s = ''
        for aline in self._abslines:
            s += '{:s}|{:.5f}|'.format(specfile, aline.wrest.to('AA').value)
            logN = aline.attrib['logN']
            b_val = aline.attrib['b'].to('km/s').value
            if b_val == 0:  # set the default
                b_val = b_default.to('km/s').value
            s += '{:.8f}|{:.4f}|{:.4f}|0.|'.format(self.zcomp, logN, b_val)  # `vel` is set to 0. because z is zcomp
            s += '{}|{}|{}|'.format(int(flags[0]), int(flags[1]), int(flags[2]))
            vlim = aline.limits.vlim.to('km/s').value
            wvlim = aline.limits.wvlim.to('AA').value
            s += '{:.4f}|{:.4f}|{:.5f}|{:.5f}|'.format(vlim[0], vlim[1], wvlim[0], wvlim[1])
            s += '{:s}'.format(aline.data['ion_name'])

            if len(self.comment) > 0:
                s += '# {:s}'.format(self.comment)
            s += '\n'
        return s


[docs]    def stack_plot(self, **kwargs):
        """Show a stack plot of the component, if spec are loaded
        Assumes the data are normalized.

        Parameters
        ----------
        """
        ltap.stack_plot(self._abslines, vlim=self.vlim, **kwargs)


[docs]    def to_dict(self):
        """ Convert component data to a dict
        Returns
        -------
        cdict : dict
        """
        cdict = dict(Zion=self.Zion, zcomp=self.zcomp, vlim=self.vlim.to('km/s').value,
                     Name=self.name,
                     RA=self.coord.ra.value, DEC=self.coord.dec.value,
                     A=self.A, Ej=self.Ej.to('1/cm').value, comment=self.comment,
                     flag_N=self.flag_N, logN=self.logN, sig_logN=self.sig_logN)
        # AbsLines
        cdict['lines'] = {}
        for iline in self._abslines:
            cdict['lines'][iline.wrest.value] = iline.to_dict()
        # Polish
        cdict = ltu.jsonify(cdict)
        # Return
        return cdict


[docs]    def copy(self):
        """ Generate a copy of itself
        Returns
        -------
        abscomp : AbsComponent

        """
        # Instantiate with required attributes
        abscomp = AbsComponent(self.coord, self.Zion, self.zcomp, self.vlim)
        # Add in the rest
        attrs = vars(self).keys()
        for attr in attrs:
            if attr == '_abslines':
                for iline in self._abslines:
                    abscomp._abslines.append(iline.copy())
            else:
                setattr(abscomp, attr, getattr(self, attr))
        # Return
        return abscomp


    def __getitem__(self, attrib):
        """Passback attribute, if it exists

        Useful for columns

        Parameters
        ----------
        attrib : str
        """
        return getattr(self, attrib)

    def __repr__(self):
        txt = '<{:s}: {:s} {:s}, Name={:s}, Zion=({:d},{:d}), Ej={:g}, z={:g}, vlim={:g},{:g}'.format(
            self.__class__.__name__, self.coord.ra.to_string(unit=u.hour,sep=':', pad=True),
                self.coord.dec.to_string(sep=':',pad=True,alwayssign=True), self.name, self.Zion[0], self.Zion[1], self.Ej, self.zcomp, self.vlim[0], self.vlim[1])

        # Column?
        if self.flag_N > 0:
            txt = txt + ', logN={:g}'.format(self.logN)
            txt = txt + ', sig_N={:g}'.format(self.sig_logN)
            txt = txt + ', flag_N={:d}'.format(self.flag_N)

        # Finish
        txt = txt + '>'
        return (txt)
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