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Instrument Response: Overview

• A detailed mass model was created “by hand” based on 
technical drawings.

• Several “compression” schemes were devised to make 
the MC problem manageable in terms of CPU and 
storage. 

• Simulations of the BLC calibration were performed at 
GSFC using the mass model and “MGEANT” MC SW.

• Comparison of these simulations with data led to 
improvements in the MC software and the mass model.
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Instrument Model
These cutaway views give an idea of the level of detail in the SPI instrument model, 
which has been integrated with the Southampton “TIMM”. 

SPI cut-away views TIMM-3
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Comparison to Laboratory Data
Comparison of SPI 
Bruyères-le-Châtel 
ground calibration 
data for the 137Cs 
source (black) and 
our MGEANT 
simulation (blue).  
Note that the low 
energy line seen in 
the data was not 
included in the 
simulation. 137Cs single-detector events and MC simulation
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Instrument Response Corrections

Mask honey-comb support transmission 
correction curve. Points are the 
measurements for 4 offset angles, and the 
curves are from MC simulations.

Photo-peak effective area correction 
factors for single, double & triple 
events. Extrapolation to Lowest and 
highest energies.
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IRF Compression

• The computational problem scales as ~Nsky x Ndet x Nch, 
per mono-energetic input energy with statistics at each 
vertex, which becomes unmanageable

• Savings was achieved first, by tracking detailed MC 
events for vertices within single a “pie-wedge” subset 
of the detector array 

• This is then convolved with a full (i.e. all directions) 
database of absorption path-lengths derived from the 
ray-tracing events
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IRF Compression

• This leads to 2 large, databases of 
– spectra per detector-array vertex per direction (DMATRIX)

– absorption path lengths per direction (over sampling 
instrument resolution by ~5X (LMATRIX)

• From these, the basic response data set, or IRF is 
created 
– 5 dimensional object, NE x N� x N� x Ndet x Nspc-cmp

– this comprises the basic end-user response database which is 
used directly in image reconstruction

– and from which XSPEC “ARFs” are extracted
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Response Decomposition

R d E ch L d E D d E chi i( , , , , ) ( , , , ) ( , , , , )� � � � � �� ��

The response is approximated as a 
convolution of ray-tracing and detailed 
photon-propagation terms:

Further computational and storage economy are achieved by 
recognizing that the response continuum can be reconstructed 
as a linear combination of components.
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Instrument Response:

• We further determined that count spectra could be 
accurately described by the linear combination of 3 
shape templates.

• These templates correspond to 3 types of events:
�Photopeak events
�Continuum events that interact first in a detector
�Continuum events that interact first in passive material

• The normalizations for  these templates are the values 
stored in the IRFs. 

• The templates themselves form the familiar XSPEC 
RMFs
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Inflight Calibration

• Additional adjustments 
were made upon 
examination of flight data

• Here, the Crab spectrum 
was seen to deviate 
significantly from a 
power law below ~50 
keV, indicating an IRF 
deficiency
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Summary

• Generation of the SPI Instrument Response has 
successfully made use of a number of “compression” 
schemes to facilitate storage and CPU limitations

• Corrections applied based on comparison between 
laboratory data simulation

• Reasonable agreement with “known” Crab spectrum at 
first cut, followed by some fine tuning

• A summary is in an INTEGRAL A&A paper (Sturner 
et al; also see Attié et al same vol.), and in a more 
extensive document delivered to ISDC
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Overview
• Version 12.n is a total rewrite, utilizing C++ 

and object oriented architecture

• Capabilities which facilitate coded-mask 
analysis are being implemented:
– multiple source models w/corresponding responses

– background is simultaneously fitted 

– response matrices can be reconstructed internally, 
from basis set for substantial memory savings

• Instrument specific sub-packages can be added 
easily
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Scope of the Problem

• The data space scales as ~ Ndet�Nch�Npoint 

• This would entail Ndet�Npoint ~(Nch)
2 response 

matrices w/o invoking compression scheme

• The parameter space scales as N{source params} 
� N{bckgrnd params} This becomes significant, 
– if background dependencies on detector, time are 

important (handled with data “grouping” feature)

– if there are more than a few sources

– complex source models are invoked
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Scope of the Problem (con)

• In practice, we have had success with Npoint as 
large as ~103 & Nch~102, but with Ndet=19 and 
several sources

• For many other coded-mask instruments, Ndet is 
too large, thus some grouping or “averaging” of 
detectors would be required

• Background is modeled in count space
– unit response is applied

– 1st approximation derived from SPIBACK or other method, 
then channel-channel variations to minimize chi-square
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Spectral Deconvolution

• We assume  image reconstruction has been performed, i.e. source 
directions are known

• Data space has the form:  C=C(d, p, ch); where the indices are d 
detector id, p pointing, and ch channel number.

• A subset among n sources ,{s1,...,sn} in a FoV, are visible to a 
given detector. This information is coded in the response matrices. 

• Enumerating over detectors and pointings gives d×p coupled chi-

Square minimizations to perform. The general form is:
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Manipulation of Response Data

• For SPI, our response matrix “decomposition” procedure 
allows for substantial reduction in memory by:
– Storing several Nchan dimensional objects (ARFs) per spectrum, 

instead of 1 ~ (Nchan)
2 object  (RMF) per spectrum (per source)

– Instead, storing only several angle- & detector- independent 
RMFs

– Reconstructing the full response internally at the minimization 
step,  R=�{arf1� rmf1+arf2 � rmf2+arf3 � rmf3}

• In terms of Familiar XSPEC files, the ARF’s depend on 
detID, (�,�), while the RMFs are fixed templates. 

• Interpolation utilities are provided in OSA
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Manipulation of Response Data

• Additionally, the scope of the associated file management 
problem is greatly reduced using a new type of “arf-II” 
data structure

• Simliarly, spectral data contained in pha-II structure; 
pointers to response information internally encoded.

• In practice, a single XSPEC command can initialize ~500 
spectra and associated response data in several minutes
– e.g. “XSPEC12>SPIdata data/GCDE_aug04_03.pha 475 det Y”  

– this actual XSPEC-12 command reads in 475 SPI spectra, grouped by 
detector, ignoring “bad” data channels for subsequent fitting
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Examples: Cyg X-1 & Cyg X-3
This figure depicts a solution 
derived for 2 sources (Cyg X-1 
and Cyg X-3; lower curves) 
and the background.  The data 
points for a subset of the 
detectors used are over plotted 
as the multi-color points.  In 
this case, Cyg X-1 model is fit 
to a thermal Comptonization
model (kT, )=(50 keV, 2.7), 
and Cyg X-3 is a =2.7 PL.  
Note that the y-axis is photon 
flux, however the background 
is modeled in counts (i.e. a 
unit- response matrix is 
applied). Reduced chi-square 

values are ~2.
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Examples: Crab (rev 0044)

This count-space 
plot of Crab + 
background, 
overlaid with 
model curves 
(single PL, plus 
background 
model. In this 
case, Fph=8.4E-2.11, 
with �2

�
=1.7.
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Background Determination
We compared the 
derived background 
from a Crab 
observation to a 
“blank-field” exposure 
obtained earlier in the 
mission.To first 
approximation, the 
results are reasonable.  
However, the 
significant energy 
dependent variability, 
particularly in certain 
instrumental line 
features is readily 
evident. 
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Comparison Between Methods

• Crab calibration and other GCDE analysis has been 
done with both SPIROS and XSPEC 12

• Generally, the resulting spectra  are nearly consistent in 
shape, but discrepant normalization

• This may be a result of different procedures for 
background determination
– this issue is understudy by the SPI team
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Current Status

• Alpha-test version at ISDC
– available for use within SPI (or other INTEGRAL) instrument 

team

• ~1 month until beta release
– emphasis on AO-1,2 INTEGRAL users.

• Associated FTOOL to initialize SPI background model will be in 
forthcoming LHEASoft release

• Full XSPEC-12 release in ~6 months 











17:25:59 11-Jul-2003

Information for file   1
belonging to plot group 1, data group 1
telescope = INTEGRAL , instrument = IBIS , channel type = PHA
Current data file : crab_64_05_5sys.pha
with integration time     1.000
No current background
No current correction
Response (RMF) file    : ../../MATRIX/rmf_64_nolin.fits
Auxiliary (ARF) file    : ../../MATRIX/isgr-arf-ratio-mul.fits
Weighting method is standard
Noticed channels     5 to 62
File observed count rate     193.4    +/- 1.8985     cts/s
Source file counts :    193.4
Model predicted rate :    189.8

Model:  powerlaw[1]

---------------------------------------------------------------------------
Model:  powerlaw[1]
Model Fit Model Component Parameter Unit Value
par   par comp
1    1    1   powerlaw PhoIndex 2.167     +/- 0.1086E-01
2    2    1   powerlaw norm 11.49     +/- 0.5335

---------------------------------------------------------------------------
Chi-Squared =     75.39391     using 58 PHA bins.
Reduced chi-squared =     1.346320     for 56 degrees of freedom
Null hypothesis probability = 4.299E-02



IBIS Crab: 11.5 x E-2.17 ph cm-2 s-1 keV-1  

IBIS Crab: 0.526 10-3 x (E/100)-2.17



INTEGRAL IBIS TEAM 
SPI-IBIS meting 

Paris, October  10st , 2003 

 
 

SPI Crab: 0.536 10-3 x (E/100)-2.23
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IBIS Crab: 0.526 10-3 x (E/100)-2.17

SPI Crab: 0.536 10-3 x (E/100)-2.23



INTEGRAL IBIS TEAM 
SPI-IBIS meting 

Paris, October  10st , 2003 

 
 

IBIS Crab: 0.526 10-3 x (E/100)-2.17

SPI Crab: 0.536 10-3 x (E/100)-2.23

IBIS high energy extrapolation



INTEGRAL IBIS TEAM 
SPI-IBIS meting 

Paris, October  10st , 2003 

 
 

IBIS (MDS) Crab: 0.526 10-3 x (E/100)-2.17

SPI Crab: 0.536 10-3 x (E/100)-2.23

IBIS (PL) Crab: 0.462 10-3 x (E/100)-2.13 
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Deconvoled spectra of 
Cyg X-3  The green, 
blue and black spectra
are from the JEM-X, 
ISGRI and SPI, 
respectively, with the 
model spectrum shown
in the black curve. The 
ISGRI and SPI spectra
have been renormalized
to the JEM-X data.  

From Vilhu et al., A&A 
Integral special issue, 
2003, in press
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N = 8.5 E-2.12

Crab
Staring

08/03
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N = 8.5 E-2.13

Crab
5x5
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N = 8.5 E-2.13

Crab  5x5

W Pb
Bkg measured 
during dec.

5 cts/s/keV

0,1 cts/s/keV

� 2 %
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Crab 
Staring

08/03
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Crab ISGRI observations

C. Gouiffes



Progress report
6/10/03



OG

Scw1 Scw2 ScwN…

Image 1 Image 2 Image N…

OSA processing

OSA
mosaic

OSA processing

Manual 
mosaic

•First processing is ‘per revolution’
•not a serious attempt to find sources
•verifies that all scw are OK
•creates an archive of scw to be mosaiced
later in any combination required

•‘Independent’ cross-
checks possible between 
the two methods



• Narrow bands
– 20-40 keV
– 40-60 keV
– 60-120 keV
– 120-220 keV

• Wide bands
– 20-100 keV

• With background subtraction (TBC)
– 20-40 keV
– 40-100 keV



• Revolutions 20-100…2562 survey (or public) scw

• OSA2 processing complete up to rev 86 for 4 narrow 
energy bands
– 1576 usable scw up to rev 80

Rough exposure map



Per-revolution OSA mosaics for rev 50-59 incl.  



•Original code from ISDC/Mike Revnitsev
•Completely rewritten in C++
•Uses ISDC libraries for parameters etc
•Handles infinite (??) no of science windows
•Image size extended to handle entire galactic plane



20-40 keV, 1500 scw, manual mosaic



20-40 keV band – 1500 scw – marked 100 brightest ISGRI sources in ISDC catalog



Cyg X-1 – revolutions 22-25

days

Fl
ux

 (c
/s

)
Light curve can be extracted on a scw basis using the OSA result files, but there 
may be issues with off-axis source fluxes (which is the norm for survey data)



High threshold

Low threshold

Preliminary tests with ‘sextractor’ underway…



• OSA crashes
– remove bad scw and restart
– keep a master list for future OSA mosaics

• scw images with huge statistics
– ruin OSA mosaics
– easily identified and excluded from manual mosaics

• Limits on scw numbers in mosaic
– now fixed, 1500+ scw are OK

• Off-axis source effects for light curves

• Source search needs local (not global) image stats
– need a better way of specifying significance 

• Too many pixels in images !!!



THE CENTRAL GALACTIC RADIAN

• Revolution 47 to 65
• -45 < l < 45  -25 < b < 25
• Source spectra
• Source identification Main objective

– Testing and checking the analysis software 



• Image analysis has been first done revolution 
per revolution

• Whole data set/ all revolutions
– Background calculated per revolution

• Sources extraction
– � Using a catalogue containing known sources and 

searching for unknown sources
– � Without a catalogue, source positions are to be 

found



Significance map (20- 66 keV) /  Input catalogue



Intensity map (20- 66 keV) / Input catalogue source



Significance map (20- 66 keV) /  No catalogue used



Intensity map (20- 66 keV) / No catalogue used



• Correlation of the two maps (search with or without 
catalogue)

• Comparison of source spectra obtained with both 
methods
– Case study (isolated, strong and amalgamated sources)



“ISOLATED” SOURCES



“Isolated” sources



“STRONG” SOURCES



“Crowded” region/ source around 1E1740.7-2942

1E1740.7-2942 
d=0.785°

1743-293 
d=0.380°

1E1743-288 
d=0.304°

1743.1-2843 
d=0.322°

1744-300 
d=1.124°

Distance from SOURCE-3

SOURCE-3

SUM OF 5 SPECTRA



“Crowded” region/ source around IGRJ163 - 48

IGRJ16358-4726

d=1.247°

IGRJ16320-4751

d=0.599°

IGRJ16318-4848

d=0.452°

Distance from SOURCE-7

SOURCE-7

SUM OF 3 SPECTRA
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