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Abstract

The Terzina instrument has the scientific goal of detecting Ultra High Energy Cosmic Rays (UHECRSs) surpassing 100 PeV and producing atmospheric showers (EAS). The instrument will
be installed onboard a LEO (Low Earth Orbit) sun-synchronous orbit satellite in a space mission called NUSES, developed by a collaboration between universities, research institutes and
private companies. A second challenging goal of the instrument is the detection of Earth-skimming neutrinos with energies above ~10 PeV. In order to detect such rare events, the SiPM
(Silicon Photomultiplier - SiPM) sensor technology has been chosen to cover the foreseen dynamic range of the Cherenkov radiation (~320 to 550 nm). We present an overview of the
innovative and custom front-end (FE) electronics and data acquisition (DAQ) system developed for the readout of the SiPM’s output signals in Terzina.
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m Observation of astrophysical neutrinos at 3 x 3 mm2 pixel size,
energies > few PeV (only possible from space).
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m Detection of high-energy cosmic rays
(E > 1 PeV) through EAS Cherenkov emission.
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m All sky monitor active in the range 10 keV -
30 MeV.

Low Earth Orbit (LEO) with high m Total weight of the Terzina payload: ~35 kg.
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(10 arrays of 8 x 8 SiPMs) (connection SiPMs <> FE electronics) AD7357

m Custom electronics fully developed with commercially available off-the-shelf (COTS) devices.

SRS LD S ety oy PenskZiens SINESEAEN m 32-channel front-end ASIC (Citiroc 1A) designed to readout SiPM for scientific applications.
e s Bl SCDU SIDO = 5%, crosstalk = 5%:= 20% a Differential input, dual-channel 14-bit SAR ADC with 4.2 MSPS througput rate at 36 mW power dissipation.
m PDE (Photon Detection Efficiency) > 40% in the wavelength range 300 nm — 500 nm
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m Provide triggering down to 1/3 photoelectron and charge measurement with good noise
rejection.

m Adjustment of each SiPM high-voltage is possible using a channel-by-channel Citiroc DAC.
m Two measurements paths with different gains (1 to 10 ratio) work in parallel to maximize
the dynamic range — from 160 fC to 400 fC.

m A variable shaper circuit, with adjustable time constant, filter the input signal bandwidth and
optimize the signal-to-noise ratio (SNR).

m The signal can be sampled using either a Sample & Hold, controlled by an external signal, 5
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or a Peak Detector disabled by an external signal.
m The Citiroc output signals (Low and High gain) follow to a voltage follower for buffering, a

: : : : : —r , Top view Bottom view
single-to-differential conversion stage and finally the analog-to-digital conversion (ADC).

(5 Citiroc’s, 1 Artix FPGA)
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