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Abstract

ADAPT is a suborbital pathfinder for the future gamma-ray/cosmic-ray mission con-

cept called the Advanced Particle-astrophysics Telescope (APT). The ADAPT instru-

ment is scheduled for an Antarctic flight in 2025. Like the larger APT instrument,

ADAPT combines a pair tracker and Compton telescope in a single monolithic design.
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By using scintillating fibers for the tracker and

wavelength-shifting fibers to readout Na-doped

CsI detectors, the APT instrument could achieve

an order of magnitude improvement in sensitivity

compared with Fermi at GeV energies, and several

orders ofmagnitude improvement inMeVsensitiv-

ity compared with existing experiments. ADAPT

combines 4 layers of CsI:Na imaging calorimeter

(ICC) detectors with 4 layers of Scintillating fiber

tracker (hodoscope) followed by an electromag-

netic tail counter consisting of 4 additional layers

of integrating CsI counters. ADAPT has an active

cross-sectional area of 0.45m×0.45m that is par-

tially covered with a layer of Silicon Strip Detec-

tors to provide CR charge measurements through

wide-dynamic range readout on the Ohmic side as

well as a low-noise readout (based on NRLASICs).

The instrument makes use of a new low-power

ASICs to readout Silicon photomultipleirs (SiPMs)

including the SMART preamplifiers and new AL-

PHAASICs that use a switched capacitor array for waveform capture from the ICC and tracker SiPMs.

With 2.2 radiation lengths of CsI:Na

the instrument will provide some sensitivity up to GeV energies for pair-production event reconstruc-

tion. While smaller than Fermi, the use of all-active converter layers provides higher instantaneous

sensitivity at tens of MeV for transients (e.g., low-energy peaked Blazars). The primary objective of the

flight is to demonstrate prompt localization of several GRBs during a (nominal) 30 day flight. A real-

time computational pipeline will be used to provide prompt localizations to ground-based telescopes.

Measurements could provide new polarization and spectral measurements of several bright bursts.
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The APT mission would: (1) Either detect or con-

strain WIMP dark matter over the entire natural

parameter space, extending Fermi Dwarf galaxy

limits from 100 GeV up to TeV energies. (2) Pro-

vide an all-sky MeV-TeV instrument with 20 times

the geometry factor of Fermi in the GeV-TeV range

and a nearly 4Π-str instantaneous field of view

to provide prompt localizations of MeV transients

for multimessenger astrophysics. ADAPT, like the

larger APT mission, will demonstrate the multi-

messenger capabilities by providing real-time lo-

calizations of GRBs with degree-scale uncertainty.
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Simulation Results
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The above simulations were obtained using GEANT4 and detailed model of the APT and ADAPT instruments. The circled regions on these plots

indicate the improved performance of ADAPT over Fermi in the sensitivity of transients and energy resolution at 10s of MeV.
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Detector Schematic

The ADAPT instrument is currently under construction, with the second version of the ALPHA ASIC

under production (right), and the readout electronics (consisting of SiPM carrier boards, 3:1 pas-

sive multiplexers, and SMART-ASIC preamplifiers) have been produced and testing, and ready forALPHA soldering 
• QP tops really are “taped on” 
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production. Other significant progress has been made on

the real-time Compton reconstruction including both front-

end (FPGA-based calculation) and higher level source recon-

struction (see Posters “Design of Front-end Signal Processing

for the Advanced Particle-astrophysics Telescope”, 103.27,

“Prompt, Accurate Localization of Gamma-Ray Bursts in the

Advanced Particle-astrophysics Telescope” 103.29, and “The

Advanced Particle-astrophysics Telescope: Reconstruction of the MeV gamma-ray sky and estimation

of point-source sensitivity in the presence of the background” 103.32.

ADAPT Hardware Development

In 2018 a prototype of the ICC and silicon strip detector was tested at CERN, using fragmentation of

a 150 GeV/N Pb beam to show the charge resolution for ultraheavy cosmic rays (upper right panel). A

piggyback Antarctic flight (2019) of the APTlite instrument demonstrated the performance of a larger

ICC module, with a 150mm square CsI tile, readout by 64 2mmWLS fibers and SiPMs in the x and y
directions. Each channel was readout by a CTC 1Gsps analog pipelineASIC (the predecessor of theAL-

PHAdeveloped for the CTAproject). Results fromCR events showed the position reconstruction of the

ICC module, and the ability to use waveform data to reconstruct charge for saturated events to extend

dynamic. A 4-layer prototype instrument was constructed and taken to the Fermilab MTEST facillity,

using a 120 GeV proton beam to demonstrate both the tracker and ICC for event reconstruction.

Laboratory tests using Cs137 (662 keV X-rays) demonstrate the performance in the Compton regime.
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Chapter 5. CERN beamtest

light form the crystal was possible. To the posterior of the box, directly adjacent to the

APT prototype, a Hamamatsu R1398HA PMT was mounted to the box to collect the total

integrated light escaping the from the bottom of the CsI:Na crystal. In the field, a Tyvek

enclosure was constructed around the crystal holder in order better confine the scintillation

light.

The light box itself was constructed of white powder-coated aluminium panels connected

together with L-brackets. Due to the low temperature created within the box from the

Peltier cooler there was a risk of condensation developing on electronic components. To

alleviate this, two copper pig-tail connections where made on the box to allow for nitrogen

gas to flow into the box and purge any moisture present.

Fig. 5.3: A solid model of the APT prototype detector box. The CsI:Na (left) is bonded to
red-green WLS fibers that mechanically couple to SiPM carrier boards and their electonics
stack (right).
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CERN measurements of 150 GeV/nucleon Pb beam, ICC versus SSD charge

Fermilab beam test instrument Charge resolution from CERN heavy ion beam
Chapter 6. APTlite balloon flight

Fig. 6.17: An APTliteevent plotted in channel-space showing the two-sided Voigt fit (blue)
in both the x- (black) and y-planes (red). The inset shows the individual WLS fiber channel
signals and the corresponding pulse profile fits (green).

derived from the two-sided Voigt fit and the trajectory information.

After all the APTliteevents are been saturation corrected and fit the Voigt profile ampli-

tude is found in both planes of the data. The values from both planes are averaged together

to get the mean signal amplitude. In order to correct for the path length di�erences caused

by di�ering trajectories, the aforementioned amplitudes are multiplied by cos ◊, where ◊ is

the angle the trajectory makes with the normal vector of the APTlitedetector.

Additional integrity cuts are made on the data set. First, an edge cut is applied such that

only events falling within the central 53 fibers of either plane are kept. This cuts events that

may have entered at acute angles or which interacted with the WLS fibers that overhang

the detector when connection to the SiPM read outs. Second, an amplitude consistency cut

is done on the data set. This cut requires that the signal amplitude in both planes are with

50% of each other. This is a fairly loose criteria and serves to cut out events that similarly

interact in only one plane of the detector.
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