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There is an urgent need in high-energy astronomy for a medium-energy gamma-ray mission covering the energy range from approximately 0.4 - 20 MeV to follow the success of the COMPTEL instrument on CGRO.
We Dbelieve that directly building on the legacy of COMPTEL, using relatively robust, low-cost, off-the-shelf technologies, is the most promising path for such a mission to become reality. High-performance
scintillators, such as Lanthanum Bromide (LaBr3), Cerium Bromide (CeBrs), and p-terphenyl, and compact readout devices, such as silicon photomultipliers (SiPMs), are now commercially available. We have
conducted two balloon flights of prototype instruments to test these technologies. The first, in 2011, demonstrated that a Compton telescope consisting of a liquid organic scintillator scattering layer and a LaBr3
calorimeter effectively rejects background under balloon-flight conditions using time-of-flight (ToF) discrimination. The second, in 2014, showed that a telescope using an organic stilbene crystal scattering element
and a LaBr3 calorimeter with SiPM readouts can achieve similar ToF performance. We are now beginning work on a much larger balloon instrument, an Advanced Scintillator Compton Telescope (ASCOT), with the
goal of imaging the Crab Nebula at MeV energies in a one-day flight. If successful, this will demonstrate that the energy, timing, and position resolution of this technology are sufficient to achieve an order of
magnitude improvement in sensitivity in the medium-energy gamma-ray band, were it to be applied to a ~1 cubic meter instrument on a ULDB or Explorer platform.

CGRO / COMPTEL and ToF ASCOT Balloon Instrument (2017)

/ VETO Panel gStB!(:
" e nstrument/m/ Payload otator
| : L E Module A D1 L |
. Limited ToF resolution of N/ (pterpheny) GPS

COMPTEL made it difficult

4x10°*)

- L Cover 4« _—FRP Frame T Antenna
L d Scintillat - "G R . : :
iquid Scintillators « amma Ray : to |solate backgrogmd _ L
, 3x10%F camponents. 3 15 o Elevation
< : 5 5 5 Drive
_ Gamma Ray Scattered S : : ]
Photomultipliers <~ ~  Light Emitted 3 E D2 Layer 1.8 m

2x10°F

2.4 ns FWHM (CeBr3)

SiPM (2x2)

Y E Instrument : ' o Batteri
Gamma Ray Absorbed 1x10°E _—SIiPM Array Electronics : 4 atteries
Crystal —._ Light Emitted : Flight

>Board

Scintillators

<
-
)
=
)
-
A
@
)

<

} Computer :
/\ | ) Board

The COMPTEL instrument on CGRO was a double-scatter instrument ¢ Imprlmt/_ed TO'II:I Advanced Scintillator Compton Telescope (ASCOT)

(D1 - liquid scintillator D1 / D2 - Nal(Tl)) capable of imaging 0.75-30 resolution wi i Sy g -

MeV gamma rays. With a D1-D2 separation of 1.5 m, it relied on both _ 3x10°E greatly reduce Sclentific Validation of the Des:gn . . . .

oulse shape discrimination (PSD) and Time-of-Flight (ToF) to identify § back_ground ina : Balloon payloaclzl (.to be launched in 2017) WI||. be capable of measuring the Crab in a 1-day flight. Compton
and reject various background components (e.g., neutrons and © axtotf ﬁ straightforward telescopg consisting of twg D1 layers (organic p-terphenyl crystal with 3 ns <_je_cay time) ar_ld one _D2 layer
activation of passive materials). The ToF proved to be a crucial aspect : {\ manner. (CeBrs W|th 16_3 ns decay time) separated by 15 cm. CeBrs qhos_en because it is more ea_sny obtained and
of COMPTEL data analysis. We believe that ToF techniques utilizing has Iowe_r intrinsic backgrngd than LaBrs. Slmall_er separation increases both the effectlv_e area and the
the latest technologies offer a significant advantage for future AEE s FoV. Estlm.at_ed Crab sensitivity for a 1-o_|ay _fllght Is about 40. Each c?let_ector modul.e consists of an 8 x 8
Compton telescopes. L‘;BrSToF & 8 10 array of scintillator elements (each of which is 15 x 15 x 25 mm3). Scintillator array is read out by an 8 x 8

SiPM array (composed of 8 x 8 array of 2 x 2 SensL SiPM subarrays). Each detector layer consists of a 2 x
2 array of detector modules. Laboratory test results from single detector elements are shown below:
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