UNH

GRO-COMPTEL Doc:  COM-RP-UNH-SIM-046

Ssue: 1
Date: 25 March 1996
DRG Page: 1

Document Title

Document ID

Issue No.
Issue Date

Prepared by

Effect of Secondary Particles on the PSF

COM-RP-UNH-SIM-046

1
25 March 1996

R. M. Kippen



GRO-COMPTEL Doc:  COM-RP-UNH-SIM-046

N H Ssue: 1
Date: 25 March 1996

DRG Page: 2

Contents
1 Introduction
2 Analysis

2.1  PSF Description

2.2  PSF Comparisons
3 Crab Imaging Results
4 Conclusions
References
1. “Simulation $atus Report,” R.M. KippenCOMPTEL Team Meetingdandout, 27Feb.,

1996, SRON-Utrecht.

2. Monte Carlo Simulation of the COMPTEL Gamma-Ray Telesé¢dpé Kippen, Master’s
Thesis, University of New Hampshire, May, 1991.

3. “COMPTEL Data Analysis Standards,” COM-NMD-DRG-MGM-231, R. Diehl, 190ct.,
1993.

4. “Overview of COMPASS Simulatioifasks (SIM Subsystem),” J.G. StadgOM-RP-
UNH-SIM-038, 18 Feb., 1994.

5. “Description of the COMPTEISIM Mass Mdel (IDT Dataset),” J.G.Stacy, COM-RP-
UNH-SIM-039, 22 Jun., 1994.



GRO-COMPTEL Doc:  COM-RP-UNH-SIM-046

N H Ssue: 1
Date: 25 March 1996

DRG Page: 3

1 Introduction

As described at the aSlOMPTEL team meetingFeb. 1996 @ SRONRII current and previous
COMPTEL simulation software (the SIM subsystem ofCOMPASS) uses two important
approximations to improve the performance of telescope mode processing. These are:

1) Narrow Beam ApproximatiorT:he incident photon beam illuminates only the seven D1
scintillator volumes. Events caused by particles from outside this beam are ignored.

2) Secondary Particle ApproximatioBecondary particles produced in interactions outside
the D1/D2 scintillators are ignored.

Recent studies (see reference 1) have shown that significant numbers of telescope events are being
ignored bythe combination oboth approximations. Removirige approximations significantly
increases the integrated COMPTEL efficiency (or effective area) for incident photon energies above

~8 MeV, especially at large incident zenghgles. The “new” events contribute mainly tol@w-
energy tailE;; < 5 MeV.

It is the purpose of this report to descrthe effect of removing approximations 1) and 2)
on the simulated point-spread-functions and the source parameters derived fronT lieeaifects

on thestandarde2-0 power law PSF are not expected to be as severefasthe integrated
efficiency, sincethe PSFs usehe response of a power law energy distribution and source
parameters are most heavily weighted by the diagonal elemewisp@sed tdtail” events) of the
PSF. Note that the removal ofpproximations 1) and 2) degradie performance of the
simulationsoftware by roughly &actor oftwo. Incorporating a widéncidentphotonbeam and
tracking all secondary particles also makibe simulations more sensitive to the ailed mass
distribution of theCOMPTEL SIM mass mdel (particularlyaroundthe D1 modules). Arevised
SIM mass mdel which pays rore attention to the detailadass distribution igurrently being
developed, but is not available for use in this repbhte results of thiseport shouldtherefore be
considered preliminary estimates.
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2 Analysis

To investigate the effect of secondary particleshefPSF, anew version othe COMPASS task
SIMGAM (Monte Carlo simulation of incident gamma-ray photons using the GEANT system) was
used in a test environment. This version was modified so agrackpll secondary particles, no
matterwhere inthe mass mdel they are createhd 2) start incidenthotons over a widbeam
which illuminates all of the DJlatform (radius ~ 7&£m). Eightseparate SIMGAMuns were

performed in order to construB'SFs for arE2-0 power law energyspectrumfor sources at
incident zenith angles of 1@nd 40 in each of thdour standard energyanges. The PSFs were
used toimage Observatioperiod 1.0 datafrom the Crab Nebula usinghe standardSRCLIX
approach. Details of the construction of the i8Fsare described in the neséction, followed
by a comparison to the current standard SIM and Model PSFs.

2.1 PSF Description

The approach used to create the PSFs in this repodirettly simulate a power lawpectrum of

photons from ajiven sourcalirectionusingthe COMPASSask SIMGAM. The resultingideal

events are then processed through the task SIMFIN, where instrumental broadening and thresholds
areapplied. Finallythe broadened events greocessed byhe task SIMPSF, where they are

binned into properly normalized 2-D and 3H3Fs(IAQ and FAQ, respectively). Nothatthis
approach differs from that used to create the “standard” SIM PSFs, which are “synthesized” from a
library of monoenergetic source simulationBhe direct andsynthesignethods have beeshown

in the past to yield consistent resultdowever, the directly simulated PSFsused is this

report incorporate far fewer events than thestandard synthesizedPSFs. Standard

data selections were applied in creating the SIM PSFs.

Table 3.1 20  ©=10° Beam area = 17456.00 cm 2
Etot Einput QEV Ninput EVP FAQ IAQ Nevents
0.75-1  0.7-99 4749 T 21334633 13437 T 10218 1 10274 1 5543
1-3 0.84-99 4745 T 20039872 13438 T 102147 102707 23762
3-10 2.7-99 4746 T 13705644 13439 T 102151 10271 1 19397
10-30 9-99 4747 T 7726447 13440 T 10217 1 10273 1 7756

TDataset exists only in MTK test environment.

Table 3.2 2.0  ©=40° Beam area = 15081.19 cm 2
Etot Einput QEV Ninput EVP FAQ IAQ Nevents
0.75-1  0.7-99 4763 T 38408125 13445 T 10220 1 10276 1 5179
1-3 0.84-99 4764 T 37009139 13446 T 10221 1 10277 1 24170
3-10 2.7-99 4765 T 34460744 13447 T 102221 10278 1 17005
10-30 9-99 4766 T 22231796 13449 T 102257 102817 5075

TDataset exists only in MTK test environment.



GRO-COMPTEL Doc:  COM-RP-UNH-SIM-046

Ssue: 1
Date: 25 March 1996

DRG Page: 5

2.2 PSF Comparisons

The following figurescompare th&-2-0 power lawPSFsgeneratedor this report(called “New

SIM 10" and “New SIM 407), with the standard synthesized Slfgalled “Old SIM 1C°”) and

Model PSFs. IDL routines have been used to create contour plots and slices in various directions,
using the IAQ datasets as inputs.

The following qualitative differences can be observed:

1) The low numbers of counts in the new PSFs are evident in the noisy contours.
2) In the 0.75-1 MeV range, the overall normalization of the model PSF is
significantly larger than any of its simulated counterparts.

3) All PSFs are roughly consistent in the 1-3 MeV energy range.

4) Above 3 MeV, the new SIM PSFs are significantly larger than the old.

5) Above 3 MeV, the new 4@PSFs are significantly larger than thé B&Fs.

6) Above 3 MeV, the model PSF is significantly smaller than any of its simulated
counterparts.

These comparisons indicate that the addition of secondary particles and use of a widégarmton

affects theE2-0 power lawPSF mainly in the3-10 and 10-30 MeV energy ranges andnisre
pronounced at larger zenith angles.
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Fig. 2.1. IAQ contour comparisons for the 0.75-1 MeV (upper four plots) and 1-3 MeV (lower
four plots) energy ranges.
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Fig. 2.2. IAQ contour comparisons for the 3—10 MeV (upper four plots) and 10-30 MeV (lower
four plots) energy ranges.
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Fig. 2.3. IAQ projection comparison®or the 0.75-1 MeV (upper four plotand 1-3 MeV
(lower four plots) energy ranges.
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Fig. 2.4. 1AQ projection comparison®r the 3—10 MeV (upper four plots) and 10-30 MeV
(lower four plots) energy ranges.



GRO-COMPTEL Doc:  COM-RP-UNH-SIM-046

N H Ssue: 1
Date: 25 March 1996

DRG Page: 10

3 Crab Imaging Results

Using the standard SRCLIX (version 16) task, the PSFs created for this report wereioseg: to
Observation Period.0 data,wherethe Crab is inthe field-of view at azenith angle6=6.6°.
Standard datasets and data selections (as defined in COM-MO-DRG-MGM-231.6) hauedaken
for the flightdata. Sourc@arameters (souramunts, sourcflux and log likelihood ratiohave

been derived fronthe resultingiLM datasets at thposition ofthe Crab ( = 184.5,b = -5.8).

Note that noToF correctiondave been applied to tteource fluxes. The following tables and
figures compare the source parameters obtained using the various PSFs as defined in section 3.
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Table 3.1. Crab Obs. 1.0: 0.75-1.0 MeV PHIBAR 4-50
Item Old SIM10 -~ New SIM 10 ° New SIM 40 ° Model
DRE Dataset M-37879 M-37879 M-37879 M-37879
DRG Dataset M-26095 M-26095 M-26095 M-26095
DRX Dataset M-23985 M-23985 M-23985 M-23985
FAQ Dataset U-8160 u-10218 T U-10220 T R-716
MLM Dataset uis401 T u15402t u15403 " u1s421t
Source counts 2362 + 263 2398 274 1944 + 257 2163 229
Source Flux(*10-4) 5.19 +0.58 492 +0.56 443 +0.59 3.89 041
Source -2Ln(R) 90.5 86.4 65.9 101.4
counts Amodel (%) +9.2 +10.9 -10.1 0
flux ~ Amodel (%) +33.4 +26.5 +13.9 0
lik ratio Amodel (%) -10.7 -14.8 -35.0 0
counts  Aoldsim (%) 0 +1.5 -17.7 -8.4
flux  Aoldsim (%) 0 -5.2 -14.6 -25.6
lik ratio Aoldsim(%) 0 - 4.5 -27.2 +12.0
TDataset exists only in MTK test environment.
Table 3.2. Crab Obs. 1.0: 1.0-3.0 MeV PHIBAR 4-50
Item Old SIM10 ° New SIM 10 ° New SIM 40 ° Model
DRE Dataset M-37881 M-37881 M-37881 M-37881
DRG Dataset M-26095 M-26095 M-26095 M-26095
DRX Dataset M-23985 M-23985 M-23985 M-23985
FAQ Dataset U-8174 u-10214 T U-10221 T R-717
MLM Dataset u1s405 T u15406 " u1s407t u1s420t
Source counts 9006 + 472 9299 +489 8276 £470 8339 +439
Source Flux(*10-4) 9.57 +0.50 9.35 +0.49 8.21 £0.47 8.81 £0.46
Source -2Ln(R) 411.4 408.9 354.2 407.5
counts Amodel (%) +8.0 +11.5 -0.8 0
flux ~ Amodel (%) +8.6 +6.1 -6.8 0
lik ratio Amodel (%) +1.0 +0.3 -13.1 0
counts  Aoldsim (%) 0 +3.3 -8.1 -74
flux  Aoldsim (%) 0 -2.3 -14.2 -7.9
lik ratio Aoldsim(%) 0 - 0.6 -13.9 -0.9
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Table 3.3. Crab Obs. 1.0: 3.0-10.0 MeV PHIBAR 4-50
Iltem Old SIM10 ° New SIM 10 ° New SIM 40 ° Model
DRE Dataset M-37882 M-37882 M-37882 M-37882
DRG Dataset M-26095 M-26095 M-26095 M-26095
DRX Dataset M-23985 M-23985 M-23985 M-23985
FAQ Dataset U-8188 U-10215 U-10222 1 R-718
MLM Dataset U15409 T u1s4107 u1s4117 u154197
Source counts 3356 + 226 3592 3240 +£232 3091 +£212
Source Flux(*10-4) 3.32 +0.22 3.19 2.74 £0.20 3.40 £0.23
Source -2Ln(R) 251.1 245.8 221.3 241.4
counts Amodel (%) + 8.6 +16.2 +4.8 0
flux ~ Amodel (%) -24 -6.2 -19.4 0
lik ratio Amodel (%) +4.0 +1.8 -8.3 0
counts  Aoldsim (%) 0 +7.0 -35 -7.9
flux  Aoldsim (%) 0 -39 -17.5 +2.4
lik ratio Aoldsim(%) 0 -2.1 -11.9 -3.9
TDataset exists only in MTK test environment.
Table 3.4. Crab Obs. 1.0: 10.0-30.0 MeV PHIBAR 4-30
Iltem Old SIM10 ° New SIM 10 ° New SIM 40 ° Model
DRE Dataset M-37883 M-37883 M-37883 M-37883
DRG Dataset M-26095 M-26095 M-26095 M-26095
DRX Dataset M-23985 M-23985 M-23985 M-23985
FAQ Dataset U-8202 U-10217 U-10225 T R-719
MLM Dataset u15413 T u154147 U154157 u1s4187
Source counts 385 +51 420 327 *47 342 +45
Source Flux(*10-4) 0.642 +0.085 0.611 0.389 £0.056 0.722 +0.096
Source -2Ln(R) 67.9 67.1 59.5 69.0
counts Amodel (%) +12.6 +22.8 -4.4 0
flux  Amodel (%) -11.1 -15.4 -46.1 0
lik ratio Amodel (%) -1.6 -2.8 -13.8 0
counts  Aoldsim (%) 0 +9.1 -15.1 -11.2
flux  Aoldsim (%) 0 -4.38 -39.4 +12.5
lik ratio Aoldsim(%) 0 -1.2 -12.4 +1.6
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Fig. 3.1. Sourceparametercomparisons KSF Type: 0=Old SIM 10", 1="New SIM 10C",
2="New SIM 40", 3=“Model").
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Source Comparisons 3.0-10.0 MeV
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Fig. 3.2. Sourceparametercomparisons KSF Type: 0=Old SIM 10", 1="New SIM 10C",
2="New SIM 40", 3=“Model").
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4 Conclusions

Statistical uncertainty in theource parameters derivedtla position ofthe Crab are quite large
compared to the differences obtained with the different PSBsvever,several systematic trends
are clearly apparent.

1) Source fluxes based on the neWw P&Fsarelower (by about3-5%)than thoseobtained
with the old PSFs, with no obvious dependence on energy range.

2) Source fluxes based dhe new 40 PSFsare lower (by about 14-40%)than those
obtained with the old PSFs, with the difference being most pronounced in the 3-10 and 10-30 MeV
energy ranges.

3) In the0.75-1 MeV range, source fluxéased orthe modelPSFsare lower (by atleast
25%) than those obtained with any of the SIM PSFs.

4) In the 3-10 and 10-30 MeV ranges, source fluxes basdideomodelPSFsare higher (by
at least 2-12%) than those obtained with any of the SIM PSFs.

These trendsare consistentvith those observed hgirectly comparing théSFs as irsection 3.
As expectedthe systematic effects of including secondary-particle-induced events RStheare
much smaller than the change in total integrated efficiencghdtld be stressdtiat theseesults
are preliminary and need to be repeatdtth a revised mass modeHowever,the revised mass
model is not expected to make the systematic differences significantly larger.

Given the minimal (~5%) effect on 2l@SFsand the large computationakpense, it does
not appear advantageous to re-generate the standard SIM PSFs. It may, however, \whileorth
to consider a PSF library for sourcedaatje zenithangles, wher¢he systematic effects are more
pronounced.



