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The Gamma-ray Large Area Space Telescope (GLAST) will study the cosmos in the 10 keV - 300 GeV energy range. The Large Area Telescope (LAT) is the main instrument, and will
cover the 20 MeV - 300 GeV energy range. A second instrument, the GLAST Burst Monitor (GBM), is designed to provide wide field of view observations of gamma-ray bursts from 10
keV to 25 MeV, overlapping with the lower limit of the LAT range. The GBM is composed of twelve Nal and two BGO detectors that are widely dispersed about the GLAST spacecraft.
Reconstructing burst locations and energy spectra from these separated detectors requires detailed knowledge of the response to direct and scattered burst radiation. A simulation
software package based on the GEANT4 Monte Carlo toolset is being developed to fulfill this requirement. Our main task is to understand the GBM detector response for direct source
photons, photons scattering from the instrument and spacecraft body, and photons scattering from the earth's atmosphere. We will discuss the architecture of our simulation system,
present preliminary comparisons between simulation results and laboratory measurements, and use these results to evaluate the scientific capabilities of the GBM.

The simulation software must determine the response of the GBM detectors from several possible
sources: 1) source photons which hit the detector directly and may scatter inside the detector itself,

2) source photons which scatter off the spacecraft before entering the detector, 3) source photons
which scatter off the earth's atmosphere (and possibly the spacecraft also) before entering the detector.

The GBM complements the LAT in the low-ener : :
region allowirlljg for comparison between the Wgﬁ’ The detector response matrix (DRM) describes how the detector responds to a source photon The simulation uses full-scale, detailed models of the Nal and BGO detectors, the spacecraft (currently
understood low-energy region and the unknown spectrum. Accurate simulation of the DRM is critical for the data analysis process, where the in preparation), and the earth's atmosphere. When full-scale simulation production begins, we will
high- : DRM is used to unfold the original source spectrum from the measured spectrum. The quality simulate the detector, spacecraft, and atmospheric response for a range of energies and incident
1gh-enetgy region. of scientific return from the GBM relies on this simulation. directions.
« Typical" Prompt GRE Spectrum Measured Spectrum
10 , }"PI : , P , , P : : GRB Photon Spectrum Instrument Response (background spubtracted)
"||:F"E GEM [ T 1 I a 1000 T T T gag]mat'ray
- B —— 1 ' T urs
" . ._. aEnnn [ 3
i 107 LAT - = L 4 3
E ~.; : > 100 F
o 107L i % 1 k :;: — ‘g
@ I X I - 8
T “ x 10 5
2 LLLA S L = E s 10 F
K K ' 4 = - Nalf DRV
b I 1 S d 0 ] a
’ 10° T 1
*||'_'|'“:I I I | | | | I 1 L SEFETET B B S E—— ’ . , X . 1
1 D,_j 1 D.g 1 D.1 1|:|ﬂ 1|:|1 1|:|2 1|:|:| 1['.1 “E[IE 10 100 1000 10 10 10 10 10 100 1000
Photon Energy (keV) Measured Energy (keV) Measured Energy (keV)
Photon Energy (MeY)
N\ ( )
Software architecture Earth atmosphere model (s it Rt Amoher, 961
The simulation relies on GEANT4 for radiation transport monte carlo and the ROOT data anaysis package for data A full le simulati fth B h dqf ‘ COSPAR
files and data analysis. The Nal and BGO instrument simulation is separate from the earth atmosphere simulation. Data ull-scale SlIﬁlU_ gtl(l)nho 111: e galll"t S Etr?loTl]g)h ere was constructed from wol- atmosphere
After calibration and instrumental effects (e.g. - energy resolution) are applied to the instrument data, a database VS concentric sp derlcg shells, wit egc 1 shell having a.u.nlqurl(qeh b i
stores the detector and atmospheric response matrices. For data analysis, a database tool will access the database, analysis tergplell_“aliéure, ijniltyl, pressure ?;1 € emeélt Co.rirlpolslltlon. q Tehnum er L
combine the detector and atmospheric responses, and generate a DRM for a particular burst event, based on its software and thickness of the ayers 1s ar ltr_al”y and easily changed. The 5
location. NRLMSISE-00 atmospheric model is used, and covers from 0-1000 km. ..l
1 The density, pressure, temperature, and composition of the simulation I
mass mode atmosphere, shown below, agree well with the COSPAR and US 00|
¢ h Standard atmosphere data.
[ 0 | — | 1 [ H |
4 ) Instrumental . T S e e
IIlStFllmeIlt a.nd. ROOT effects and 2 pp]'lcat]'on 155200 2£?-Emiéu:;iou_?ﬁalﬁ?:n 4607800
Spacecraft Monte fﬂeS Calibration S%eRC]if/jl::lC 500 500 500 ?l é LOl?G Nll:?ruaEllé oerlulzsrrvllanrnlésr 1|5 llﬁ
Carlo simulation ’ ™| simulation, data e\ . simulation wr \ . simulation |t simulation | DENSITY (kg *)
(GEANT 4) packager -\ atmosphere ] - atmosphere = 1000107 107" 10° 10
(ROOT) W0 density: 400 400 temperature 1o — gool | US standard
\_ J - 350 SIS SHS S — — 350 BB0E- bbb & gool | atmosphere
1 Application ) £ e g300; UEJ 700 1976
3 250- §250f §250§ = 600
mass model —f Spectrum calibration specific DRM %2002 = 200 = 200; S 500
database gel.lerator/ 150 150F 150F £, 4007
¢ K retrieval tool o0k oot : S 300"
4 ) - / 50? : : : : : : : 50§ r : : : : . : 50§ _ : : : ; _ “ Emi' "o DENSITY
' 4 R S A . 100} PRESSURE ==
Earth'’s ROOT Atmospheric / + o b N | SR RS PRV PR PPN I o N S N N VTN BN A oL e
atmosphere . 16 14 12 10 ) 3 4 -2 £ -4 -2 0 2 4 6 200 400 600 800 1000 1200 10 10~ 10° 10* 10°
files data log,, Density (g/cm™) log,, Pressure (Pa) Temperature (K) PRESSURE (N m~)
Monte Carlo —> K Source ) : )
T packager ARM location 00, e | Elemental composition Simulated atmospheric response matrix.
(ROOT) dat C \ Ar of earth's atmosphere,
(GEANT 4) - / ata- software 450;— . w50 from Zombeck.
- g pase ~o T
- 02 4001 19.3
— N n
350{— — N, 50— :;eﬂé
T 300 simulation 00— ;é? >
=3 atmosphere o )
J 3 =0 composition 20- e 3
% by element n 2
2 5 Y]
NaI detECtOI‘S External view of the Nal detector =01 68. E
simulation model. . E g
There are 12 Nal detectors distributed | e 2 £
around the spacecraft in groups of three. Each -
Nal crystal is 12.7 cm in diameter and 1.27 cm oben b b ben b Lok Lo N 0 e e S

o 2 4 6 8 10 12 14 16 18 20 012345678 9101121314151 17181820 (06 10 10° 10° 10°
Scattered Photon Energy (keV)

thick. The Nal detectors cover the 10 keV to 1 MeV o
\ 9400 )

range. To generate a proper DRM, a high
degree of precision and accuracy is required in
the simulation model of these detectors,
particularly around the Nal crystal and its
interface to the photomultiplier tube.

! Preliminary comparison to calibration data

Americium-241 spectrum taken with a prototype Nal detector (left), and spectrum obtained with the simulation (right). The
prototype model is similar but not identical to the simulation model, so only general agreement is to be expected. The
simulation included the 59.5 keV (36%) and 26.3 keV (2.4%) lines, and Neptunium-237 L shell x-rays (38%) modeled as one
line at 16.2 keV. The Iodine x-ray escape peak is visible near 30 keV.
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