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Introduction:  We report on the development of 

the thallium-doped cesium iodide (CsI:Tl) calorimeter 

subsystem for the All-Sky Medium-Energy Gamma-ray 

Observatory (AMEGO) [1].  

AMEGO is a Probe-class mission concept to per-

form a high-sensitivity survey of the γ-ray sky from 

~0.3 MeV to ~10 GeV. It will survey the medium-

energy sky in γ rays, with particular emphasis on con-

tinuum sensitivity, spectroscopy, and polarization. The 

main science objects that AMEGO will concentrate on 

are: (1) understanding the formation, evolution, and 

physics of astrophysical jets, (2) identifying the physi-

cal processes in the extreme conditions around com-

pact objects, (3) testing predictions of Dark Matter, 

and, (4) studying the life cycle of matter in the nearby 

universe. 

Instrument: AMEGO was designed to provide a 

dramatic increase in sensitivity relative to previous 

instruments in this energy range (predominantly 

INTEGRAL/SPI [2] and CGRO COMPTEL [3]), with 

the same transformative sensitivity increase – and cor-

responding scientific return – that the Fermi LAT [4] 

provided relative to CGRO EGRET [5].  To enable 

transformative science over a broad range of MeV en-

ergies and with a wide field of view, AMEGO is a 

combined Compton telescope and pair telescope em-

ploying a silicon-strip tracker (for Compton scattering 

and pair conversion and tracking) and a solid-state 

CdZnTe calorimeter (for Compton absorption) and CsI 

calorimeter (for pair calorimetry), surrounded by a 

plastic scintillator anti-coincidence detector (ACD), 

see Fig. 1. 

 

 
Fig. 1.  Sketch of the AMEGO Probe-class mission concept. 

The focus of our work is the CsI:Tl calorimeter, shown in blue. 

 

Prototype Study: With funding from the NASA 

Astrophysics and Analysis (APRA) program, we have 

built and tested a hodoscopic calorimeter for a medi-

um-energy γ-ray Compton and pair telescope. The de-

sign and technical approach for this calorimeter relies 

deeply on heritage from the Fermi Large Area Tele-

scope (LAT) CsI:Tl Calorimeter [6], but it dramatically 

improves the low-energy performance of that design by 

reading out the scintillation light with silicon photo-

multipliers (SiPMs) [7], making the technology devel-

oped for Fermi applicable in the Compton regime. 

We have tested the performance of the reconstruct-

ed energy and interaction location as a function of en-

ergy, and compared to Fermi LAT. Fig. 2 shows the 

energy resolution, yielding a factor 3 increase in per-

formance, and an order of magnitude lower threshold 

compared to a Fermi LAT crystal.  

 
Fig. 2.  Comparison of the energy resolution as a function of en-

ergy for a Fermi LAT crystal with PIN diode (red) compared to a 

CsI:Tl bar with SiPM readout (green). SiPMs improves both the 

energy resolution (3% compared to 10% with PIN diodes) at 662 

keV and threshold (from 662 keV with PIN diodes to 60 keV). 

 

Future Work: We are currently in the process of 

investigating flight-like readout electronics, preparing 

for a beam test at the end of 2019, and ultimately a 

balloon flight with the other subsystems in 2020.  
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