
  

X-ray data analysis

Andrea Marinucci

Università degli Studi 
Roma Tre

marinucci@fis.uniroma3.it



  

X-ray data analysis

         why?
                                        what?

                                 how?

Goal of these lectures



  

How? 

This is intentended to be a general reference for topics relevant to 
spectroscopy of low-resolution (i.e. CCD) spectra:

● How do we fit spectra?
– [and, by the way, what does it min “fitting a spectrum”?]

● What files do we need? what are they?

● How do we turn the fitting wheel?

● How do we deal with calibration uncertainties?

If I make things too messy, no panic! Look at (e.g.):
http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/manual/XspecSpectralFitting.html

This section is taken from past lectures by Dr. Matteo Guainazzi

http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/manual/XspecSpectralFitting.html


  

How?
This talk is primarily intended for users of CCD spectra:

– ASCA/SIS
– Chandra/ACIS
– Swift/XRT
– Suzaku/XIS
– XMM-Newton/EPIC (-MOS and -pn)

● However, some basic principles can be applied to 
   instruments with even lower resolution:

– ROSAT/PSPC, ASCA/GIS, BeppoSAX, RXTE, 
Suzaku/HXD, NuSTAR/FPMA-B



  

The ultimate goal of data analysis..



  

When all candles be out, all cats are gray.. 

CCD spectra extracted by dmextract, xmm/evselect, or xselect look like this:

Ark 120 – EPIC-pn (AGN)                  Coma – EPIC-pn (Galaxy Cluster)

These are “COUNTS per bin”, not flux!
These are “CHANNELs”, not energy!

First problem: spectral extractors produce spectra in instrumental quantities



  

When all candles be out, all cats are gray.. 

And now, something completely different..

Ark 120 – EPIC-pn (AGN)                              Ark 120 – SIS (AGN)

Second problem: the shape of the count spectra is dominated by the
transfer function of the telescope+detector: we must “decode” it



  

The spectral equation

We would need to invert this equation to get s(E).
However, in general this is not possible. Why?

Davis, 2001, ApJ, 562, 575



  

The effective area A(E)



  

Components of the effective area

  Strüder et al., 2001, A&A, 365, L18                 XMM-Newton User's Handbook



  

Redistribution matrix R(E)



  

Inverting the spectral equation?



  

Forward-folding approach

1. Assume a model with its defining parameters

2. Define a set  of parameter values

3. Convolve the model with the instrument response

4. Compare the (dis)agreement  between the observed spectrum and the 
folded model through a goodness-of-fit statistical test

5. Change the parameter values to minimize the goodness-of-fit test = fit

6. Once the best fit is found, calculate the confidence intervals on the 
best-fit parameters

Spectral packages are looping machines through the steps above 
(+ some fancy cosmetic features)



  

Background spectra

(Courtesy A.Read: http://www.star.le.ac.uk/~amr30/BG/BGTable.html))



  

How to deal with background spectra



  

How to deal with background spectra

(Carter & Read, 2007, A&A, 464, 1155)



  

Models



  

Goodness-of-fit tests

 The most common goodness-of-fit statistic test is the “chi-squared” (2):

-  It requires that the distribution of background-subtracted counts in       
       each spectral channel is well approximated by a Gaussian (5-10             
 counts)

- Different alternatives from the denumerator: weight churazov or   
weight model

  Alternatively, one can use the Cash (C-)statistics: 

– Applicable to data following the Poissonian statistics only 
i.e.: non-background subtracted spectra)

– XSPEC implements a flavour (the “W-statistics”) which can be            
directly applied to background-subtracted spectra

– It does not yield a metrics of the absolute quality of a a fit (one need    
 to use Monte-Carlo simulations in this case)

(see Arnaud et al., “Fitting low count spectra”,https://astrophysics.gsfc.nasa.gov/XSPECwiki/low_count_spectra) 
(Cash, 1976, ApJ, 52, 307)



  

Data rebinning

(Guainazzi et al., 2005, MNRAS; 356, 295)



  

Shannon theorem

(from J.Kaastra's and F.Verbunt's lecture notes on high-energy astrophysics, 2008)



  

An ideal rebinning strategy



  

Forward-folding in action



  

Features of the existing X-Ray fitting packages

Credit M. Nowak



  

Systematic errors (example from EPIC-pn)

(Guainazzi et al., 2013, XMM-SOC-CAL-TN_0018)



  

Features of the existing X-Ray fitting packages

(Courtesy A.Read, J.Nevalainen (2x); Kettula et al., 2013, A&A, 552, 47)



  

An example of how not to deal with systematic errors



  

An example of how not to deal with systematic errors
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