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The Calorimeter (CAL) of the GLAST Large Area Telescope (LAT) is designed to measure the energy of cosmic gamma rays.
The CAL is comprised of a segmented, hodoscopic array of Csl(TIl) scintillating crystals totaling 8.3 radiation lengths in
depth. This design allows the CAL to image the development of gamma ray showers and reconstruct their incident energy
with greater accuracy, and it makes the CAL a powerful tool in background rejection. The performance of the sixteen CAL
Modules has remained stable from subsystem environmental testing through LAT integration and environmental testing. In
combination with simulations, this test program has demonstrated that the CAL meets its design requirements.

Calorimeter Design and Assembly Calorimeter performance trending

Throughout the CAL assembly, LAT integration, and environmental test programs, we
verified the functional performance of each CAL Module with a standard suite of tests - the
Comprehensive Performance Test (CPT) — and we calibrated the response with cosmic
muons and electronic charge injection. To assess the stability of the CAL performance, we
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electronics chain with preamp, shaper, and dual track-
and-hold. The four-channel readout of each crystal end
can then support the large 2 MeV - 60 GeV dynamic

In the CPT, we measured a number of electronic performance parameters, e.qg. the pedestal
centroid and width (which is a measure of noise), the front-end electronic gain and linearity,
and the trigger and zero suppression threshold gains. Each test in the CPT reported its
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The segmentation of the CAL allows it to image photon temperature for a sample of four of the 3072 channels.
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From the muon and charge injection data sets, we calibrated the energy scale and position
response of each CDE. While the full set of calibration coefficients includes optical and
electronic gain, front-end linearity, and maps of a representation differential light yield in
each crystal, for presentation purposes we can summarize the stability of the calibration
with a single quantity, the overall gain of each channel, expressed as energy per ADC bin.
Figure 5 shows the percentage change in the overall gain at the time the LAT completed its
environmental test program relative to the overall gain prior to the start of that program.
Collectively, the overall gain is quite stable — the average is unchanged to within 0.1% -
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Step 1: Crystal Detector Elements
(CDEs) are assembled by bonding
PIN diodes to CsI(Tl) and
enclosing in reflective wrap. Each
is then optically tested.
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The performance of the CAL was evaluated using a combination of cosmic muon
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thresholds of 100 MeV and 1 GeV per crystal.

Parameter Requirement Verification Expected Performance
Energy Range 20 MeV - 300 GeV Simulation, Beam Tests Required performance
20 MeV -1 TeV (goal)
Energy Resolution (1 sigma) | <20% (20 MeV < E < 100 MeV) Simulations, Simulations demonstrate
<10% (100 MeV < E <10 GeV) EM and Calib Unit beam tests required contribution from
Calorimeter Status <6% (10 GeV < E < 300 GeV, incident angle > CAL
60
Energy Range 5 MeV — 60 GeV ~2 MeV to >60 GeV
. . . . . o Single Crystal
The CaIOrImeter IS fU”y Integrated IntO the LA T InStrument and IS In Ener.gy Resolution (1 sigma) | <2% for .Carbon lons of energy >100 MeV/nuc EM and Calib Unit beam tests < 0.5% (correlation of ends
reqular operation while the GLAST Observatory is being assembled Single Crystal ata point removes Landau)
and teSted at General DynamiCS C4 SyStemS in Gllbert, AZ Refe re n ces Emlarrlggglllla?allisnueraem;nt, m?);g::;t:z;\e(f:rt?::‘ linearity < 2% of full scale, Test ~1% of full scale
Position Resolution < 3 cm in 3 dims, min ionizing particles, Test with cosmic muons, < 1.5 cm in longitudinal
0 . o 0L incid le <45 deg. | dul
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; ) Ampe, J. et al., “The calibration and environmental testing of the Engineering Model GLAST Low Energy Trigger > 90% efficiency for 1 GeV photons traversing | Simulations > 93%
*All channels are alive and calibrated Csl calorimeter,” IEEE TNS 51, 2008 (2004). 6 RL of Cs| <1ps
. . iy < 2 us trigger latency
*Noise performance is within spec and stable Chekhtman, A., “Status of the GLAST Calorimeter,” in CALORIMETRY IN PARTICLE . , — — — ——
. PHYSICS. Proceedings of the Twelfth International Conference, AIP Conference High Energy Trigger g 9:):/" eftf'ﬂ,egc’\’,f” 20 GeV photons depositing ts '“:“'at'°"s’ Calib Unit beam | > ?1%
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—Trigger Proceedings Series, 867, 151 (2006). < 2 s trigger latency =" *

All discriminators are alive and can be set to flight thresholds
—Data suppression
All discriminators are alive and can be set to flight thresholds

Mass <1440 kg (90.0 kg/Module) Test 1376 kg

Active Area > 1050 cm? per module Inspection 1080 cm? per module
< 16% of total mass is passive mtrl. <14% is passive
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