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Traditional “global” spectral modeling (the hammer):
‣define a model
‣set the parameter guesses
‣fit (minimize a statistic) to obtain a model spectrum (best-fit parameters)
‣compute parameter uncertainties (which might take a very long time)

Necessary, but not sufficient!



Sometimes, you need to get under the hood, 

... and you need more tools



What’s in a (simple thermal,  CIE: Collisional Ionization Equilibrium) spectral model?
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* Note: we have omitted the transformation from counts to flux through the instrumental response.
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A photoionized absorption spectrum can be expressed similarly:

measurement plasma model atomic data (or ion fractions 
derived therefrom)



Using ISIS as an interactive, scriptable AtomDB browser, calculator,  
& spectral modeler.

Main web page:     <http://space.mit.edu/cxc/isis>

Reference:     Houck & deNicola (2000)
               <http://adsabs.harvard.edu/abs/2000ASPC..216..591H>

Performance/features/detailed examples:
        Noble & Nowak (2008) <http://adsabs.harvard.edu/abs/2008PASP..120..821N>
        Nowak web pages: <http://space.mit.edu/home/mnowak/isis_vs_xspec/>

(Installed on the HEAD network at /soft/isis/bin/isis)

“ISIS, the Interactive Spectral Interpretation System, is designed to facilitate the 
interpretation and analysis of high resolution X-ray spectra. It is being developed as a programmable, 
interactive tool for studying the physics of X-ray spectrum formation, supporting measurement and 
identification of spectral features, and interaction with a database of atomic structure parameters and 
plasma emission models.”

http://tgcat.mit.edu/
http://tgcat.mit.edu/


Two general features are useful for spectral modeling:

1. After spectral model evaluation, KEEP pointers to the atomic data used;

2. Provide (model independent) low-level interfaces to the atomic data



Simple example: after a 4-T global fit, query AtomDB for the actual lines in the model 
contributing to the spectrum:
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Low-level interfaces, Direct data access:

Why provide low-level interfaces?
To support very general types of analysis:

‣ Direct line-ratio diagnostics (for 
temperature, opacity, and density 
sensitivity);
‣ Sleuthing features by attributes (e.g., same 

upper level), or by ion state;
‣Assessing unresolved blends;
‣ Emission measure analysis, using line 

strengths, database emissivity (and 
modeling/fitting infrastructure from your 
scriptable/extensible environment)



Lul(Z, J) =

Z
⇤ul(T ;Z, J) (A(Z)[nenHdV/dT ]) dT

Line Luminosity ModelEmissivity

Line-Based Analysis

Each small dot is a line flux 
measurement (parametric fit)

Each circle is a model line flux

(residuals)

Emission Measure Distribution
(abundances not shown)

AtomDB provides 
emissivities for each line.

Mis-IDs (large wavelength residuals) and blends (large flux residuals) iteratively removed.



e.g., ! Gem  spectral models: 

Figure 7





warmabs/photemis prototype examples
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   64839  Ca  XVII   18.480  2.674e+11  4.106e-02   1   3  5.990e-02  6.369e-02  0.000e+00          2s2 -     2s02p.3s
    5687   O   VII   18.627  9.333e+11  1.456e-01   1   3  9.128e-02  1.001e-01  0.000e+00       1s2.1S -    1s.3p.1P*
   64914  Ca XVIII   18.691  2.311e+12  2.420e-01   2   4  4.290e-01  3.983e-01  0.000e+00       1s2.2s -       1s2.3p
   64927  Ca XVIII   18.732  2.358e+12  1.240e-01   2   2  2.203e-01  2.187e-01  0.000e+00       1s2.2s -       1s2.3p
   



Example of model evaluation by 
components: 
‣Ne lines (pink), 
‣Fe lines (green),
‣continuum (gray);



Flexibility, extensibility example
ISIS’ “emissivity modifier” 
allows one to change the 
emissivity for any line, here to 
implement He-triplet density 
dependence without having 
the entire AtomDB density-
dependent database.



Solving for N_H (degenerate in low-res spectra)



Essential infrastructure:
‣ Modern mathematical scripting language (S-Lang, Python)
‣ Automatic binding generator (e.g., SLIRP for S-Lang; see <http://space.mit.edu/cxc/

software/slang/modules/slirp>)
‣ Parallel/distributed computing (ISIS plm method or S-Lang pvm module; see  <http://

space.mit.edu/cxc/isis/parallel.html>; see Noble & Nowak (2008) “Beyond XSPEC: Toward 
Highly Configurable Astrophysical Analysis” for discussion of issues and methods <http://
adsabs.harvard.edu/abs/2008PASP..120..821N>; also see SLIRP features.

Desired characteristics of codes:
‣ C is easiest (robust, portable);  Fortran, C++ possible (Fortran compilers make life difficult) 
‣ Codes developed as libraries make for easier interfaces; (don’t write library-class code in 

Python or IDL - no one else will be able to use it)
‣ Code versioning is critical (meaningful major.minor.patch or equivalent)
‣ Code regression tests are useful (for validation/verification against new versions)

 

Interfacing With Atomic Codes (& Data)

http://space.mit.edu/cxc/software/slang/modules/slirp
http://space.mit.edu/cxc/software/slang/modules/slirp
http://space.mit.edu/cxc/software/slang/modules/slirp
http://space.mit.edu/cxc/software/slang/modules/slirp
http://space.mit.edu/cxc/isis/parallel.html
http://space.mit.edu/cxc/isis/parallel.html
http://space.mit.edu/cxc/isis/parallel.html
http://space.mit.edu/cxc/isis/parallel.html


Data-Source References (and a conundrum...)
b = aped_bib(aped, where(trans(Ne,9,[2:20],1)));
s = aped_bib_query_string( b );

s;
http://adsabs.harvard.edu/cgi-bin/nph-bib_query/?bibcode=2006ApJS.. ICFT&bibcode=...

system( "lynx -dump '$s' > /tmp/s.bib"$);   % (I learned this from the on-line help...)
! cat /tmp/s.bib

Query Results from the ADS Database
Retrieved 6 abstracts, starting with number 1.  Total number selected: 6.

@INPROCEEDINGS{Afoster.Autos.2010,
     year = Afos,
    pages = {2010},
   adsurl = {http://adsabs.harvard.edu/abs/Afoster.Autos.2010},
  adsnote = {Provided by the SAO/NASA Astrophysics Data System}
}

@ARTICLE{2006ApJS..167..334B,
   author = {{Badnell}, N.~R.},
    title = "{Radiative Recombination Data for Modeling Dynamic Finite-Density P
lasmas}",
  journal = {\apjs},
   eprint = {arXiv:astro-ph/0604144},
 keywords = {Atomic Data, Atomic Processes, Plasmas},
     year = 2006,
    month = dec,
   volume = 167,
    pages = {334-342},
      doi = {10.1086/508465},
   adsurl = {http://adsabs.harvard.edu/abs/2006ApJS..167..334B},

  adsnote = {Provided by the SAO/NASA Astrophysics Data System}
}

@ARTICLE{1988CaJPh..66..586D,
   author = {{Drake}, G.~W.},
    title = "{Theoretical energies for the n = 1 and 2 states of the helium isoe
lectronic sequence up to Z = 100}",
  journal = {Canadian Journal of Physics},

http://adsabs.harvard.edu/abs/Afoster.Autos.2010
http://adsabs.harvard.edu/abs/Afoster.Autos.2010
http://adsabs.harvard.edu/abs/2006ApJS..167..334B
http://adsabs.harvard.edu/abs/2006ApJS..167..334B



