Energy Calibration of The Gamma-ray Transients Monitor
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Abstract

The Gamma-ray Transients Monitor (GTM) Is a science payload on the Taiwanese satellite Formosat-8B, designed to detect GRBs and other
gamma-ray transients in the 50 keV to 2 MeV range. It consists of two detector units, each with four sensor modules using GAGG(Ce) scintillators
and Silicon Photomultipliers (SIPMs), providing all-sky coverage.

In this report, we present the energy calibration of GTM, which is essential for accurately interpreting the detector readout signals. We performed
radiation measurements using multiple i1sotopes to establish the ADC to-energy relationship for all channels. Finally, we obtained the energy
resolution as a function of energy for all detectors.

V¥V Formosat-8B

V¥V Formosat-8B

Instrument Design

The GTM consists of two parts: a Master module
and a Slave module. Each part includes four
detectors made with GAGG scintillators. These
two modules are mounted on opposite sides of the
Formosat-8B satellite, as illustrated in the figure
on the right. This configuration allows for full-sky
coverage and facilitates the localization of GRB
events.
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Energy Calibration Test setting & ADC to energy relation
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0. LYSO Source Peak [keV] LG/HG HV [V] DAC
101 LYSO(Ce) 202 & 307 both 55 certain

> 0.0 133 .
2 Ba 81 & 356 2120 55 certain
§ ) BCs 662 both 55 certain
1 “Na 511 & 1274 1/10 55 certain
00 1000 1500 “Co 1173 & 1332 1/10 55 certain

To accurately convert readout ADC values to energy, we can only rely on isotopes with
well-known peaks to establish the mapping. In real measurements, these peaks appear as
Gaussian distributions due to uncertainties. By analyzing the widths of these peaks from

various radioactive sources, we can evaluate the energy resolution of the GTM detectors.

Energy Resolution

The table lists the isotope peaks used in our measurements, as
well as the applied voltage and DAC settings for each test. The
"certain" DAC setting ensures that all channels operate with

nearly identical gain values.
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The Gamma-ray Transients Monitor (GTM) on
board Formosat-8B and its GRB detection
efficiency , Advances in Space Research, 2022

The energy resolution as a function of energy shows a consistent trend among the
GTM's GAGG detectors, yielding approximately 15% resolution at 662 keV. This value
IS notably higher than the 7.6% reported in the literature. The difference may be
explained by the detector setup, in which combined 4 SIPM pixels into a single readout
channel.
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