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Chandra
ACIS-S3

Swift XRT

XMM RGS

XMM MOS1

XMM PN

± 20%Plucinsky et al. 2017 (A&A 597)

Suzaku XIS
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EPIC pn RMF: 8.5 million matrix elements  
EPIC pn ARFs: 3 x 2067 elements

ARF: „Ancillary Response File“,  RMF: „Redistribution Matrix File“

General properties of the ARF and RMF

RMF @ EPIC pn: 4096 adu bins from 0.0 to 20.5 ‚keV‘ („EBOUNDS“)
                              2067 eV bins from 50 eV to 16 keV 

2067
vector elements

2067 x 4096 = 8 446 432
matrix elements

EPIC pn:
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average reduced χ2 = 10.409

Residuals obtained with xmmsas RMF
spectral models:

IACHEC model

with only 1 free parameter:
global normalization

+ gain fit (offset)
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average reduced χ2 = 1.310

Residuals obtained with parameterized RMF
spectral models:

IACHEC model

with only 1 free parameter:
global normalization

+ gain fit (offset)
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Spectral fitting:
• Calibration uncertainties

• Randomization

Calibration uncertainties, especially in the RMF,
are generally not taken into account in spectral fits!
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Fit to RXJ 1856  (rev 2995, SW, thick)
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Fits to RXJ 1856  (rev 2995, SW, thick)
with the same RMFs and ARFs and the same spectral model,
spectra produced in (almost) the same way with the same 

SAS version (20141104) 

difference is probably caused by the randomization within the PHA channels

 numerical experiment: process the same data „identically“ 100 times ..
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worst agreement best agreement

RXJ 1856, SW, thick filter, rev 2995, statistical errors of both spectra considered

Pairwise comparison of PI spectra from repeated SAS 
processings (no spectral fit!)
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worst agreement best agreement

1E0102, SW, medium filter, rev 3000, statistical errors of both spectra considered

Pairwise comparison of PI spectra from repeated SAS 
processings (no spectral fit!)
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Spectrum accumulated from
1 SAS processing

= 758.4/292 =260
= 3738/292=1.28

1E0102, SW, rev 3000, THIN
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General problem: how to rebin binned data ?

occurs frequently:
 spectral rebinning:    gain & CTI corrections
 temporal rebinning:  folding pulse profiles
 spatial rebinning:       projection of pixels, image overlays

PHA

PI

Reason for randomziation
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binsize 
increased

by factor 1.4

distributions 
resulting from 

binning
unbinned data

Simple example: 400 counts in 10 bins, uniformely 
distributed

„original“ bin size
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 beat pattern,
wrong method

Simple example: 400 counts in 10 bins, uniformely 
distributed

binsize 
increased

by factor 1.4

„original“ bin size

distributions 
resulting from 

binning
binned data,
using the bin 

centers
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original distribution
(only available in binned form)

new randomization
according to information

in binned data

distributions 
resulting from 

binning
binned data,

using 
randomization

11
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x 100
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x 1x 1 x 
100
x 

100

Refined method: multiply the number of counts per original 
bin

with a constant factor (e.g. 100), perform the randomization,
and divide the resulting counts by that factor

11
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Running the XMM SAS
100 times

is neither efficient nor elegant

Is there a better way ?

Probably yes ..
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100 random values per PHA channel
10 sub-bins within each PHA channel

A novel way of processing X-ray data ?

1 000 000 random values per PHA channel
10 sub-bins within each PHA channel

From randomization to probability distributions ..



Spectral fitting methods workshop                                     MPE, Germany, 2019 September 24 – 25                              
                      K. Dennerl / MPE 

A novel way of processing X-ray data ?

From randomization to probability distributions ..
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.. and from PHA channels to PI channels ..

.. for all valid patterns
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A novel way of processing X-ray data ?

From randomization to probability distributions ..
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A novel way of accumulating an X-ray 
spectrum

current: histogram of PI values,
integer numbers

PI channels

modified: histogram of PI 
distributions,

floating point numbers
PI channels
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Immediate benefits of
propagating probability distributions

less jitter  „better“ fits
                   reduced uncertainties in spectral parameters

no randomization necessary    full reproducibility of results
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Additional benefit:
possibility of taking spectral gradients into account

 distortions of the probability distributions 
can be considered
when a spectrum is accumulated

 this might even improve the spectral 

resolution
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Randomization appears as an approximation
to propagating probability distributions

.. perhaps worth 

a try ?
.. perhaps worth 

a try ?

Drawbacks of the randomization method:
- unnecessarily large jitter in the data
- unnecessarily large χ2 values
- complications in reproducing the results
- in extreme cases the scientific interpretation

may depend on the random number generator

All these drawbacks can be avoided by the method
of propagating probability distributions
additional possible benefits:
 better determination of spectral parameters
 spectral gradients can be taken into account

Products would be consistent with 
existing
spectral fitting packages and could 
be made
fully backwards compatible
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Spectral fitting:
• Calibration uncertainties

• Randomization

Randomization appears as an approximation to propagating probability
distributions and may have a non negligible effect on spectral fits!


