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Motivation

» Nal and Csl crystals are being used with photomultiplier tube (PMT) in dark matter search experiment.
Absolute light yield of COSINE-100 (Nal(Tl)) is 15 photoelectron(PE)/keV and KIMS (CsI(Tl)) is 5-6 PE/keV.
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» However, the PMT is one of the major source of the external background while the silicon photomultiplier (SiPM)
consists of radio pure material. The SiPM also can be a good alternative photosensor instead of PMT.
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» However, the PMT is one of the major source of the external background while the silicon photomultiplier (SiPM)
consists of radio pure material. The SiPM also can be a good alternative photosensor instead of PMT.

> It has been reported that the high absolute light yields of Csl crystals at liquid nitrogen temperature (77 K) are
above 80,000 photons/MeV.
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» However, the PMT is one of the major source of the external background while the silicon photomultiplier (SiPM)
consists of radio pure material. The SiPM also can be a good alternative photosensor instead of PMT.

> It has been reported that the high absolute light yields of Csl crystals at liquid nitrogen temperature (77 K) are
above 80,000 photons/MeV.

» There are some results about operation of pure Csl with SiPM at 77 K. One of the results got light yield of

43.0 PE/keV without considering cross-talk and the other results is 30.1 PE/keV using wavelength shifter.
Liu et al. Eur. Phys. J. C (2022) 82:344, Wang et al. Eur. Phys. J. C (2024) 84:440
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Silicon Photomultipliers

» Emission spectrum of pure Csl and PDE of SiPM
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Experimental Setup

HV Power SUppW Operation Tem p. > E .‘ -R‘eadout Board
(KEITHLEY 2635B -

86 K~ 293K
SYSTEM SourceMeter)
LN2 Dewar

Pre-amp Power Supply
(KEYSIGHT E3630A) —‘ PC

I
Readout EADC
Temperature & Copper (NOTICE FADC125 MHz)
i Pre-amp Heater
Controller

(Lake Shore Model336) PT1000

/
Insulator e ) Vacuum
Radiation Shield Pump

Vacuum Chamber

® Turbo pump maintained the vacuum inside the chamber.
=  We fill up the tank with liguid nitrogen to cool down.

= Two temperature sensors (PT1000) and heaters were used for monitoring and
controlling the temperature.
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Measurements & Results

» Dark Count Rate (DCR)
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» Cross-talk probability
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3 11.94+0.3 7.6+ 0.4
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5 27.53+0.3 81+0.2
6 545+ 0.4 10.6+0.2
7 71.2+22 142+0.3
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Increase
voltage

*Cross-talk  Electrons in a cell enter and fire a neighboring cell.

= Data was taken with 6 different bias voltages. Over-voltage (AV = Vs — Voreakdown) from 3 V to 8 V for each temperature points.

That means 6 different gains (we defined gain is the height of single photoelectron (SPE)).
= The highest DCR is 700 kHz at 293 K. However, DCR is dramatically decreases as the temperature decreases and reached to 0.2 kHz.
= Cross-talk probability is known to be independent of the temperature at the same AV. We measured at room temperature (293 K).
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Measurements & Results

» Energy spectrum of 109¢q

» Energy Resolution for 23 keV peak (AV = 5)
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= Temperature > 220K : 88 keV y-ray peak
Temperature < 220 K : 23 keV X-ray peak for calibration.
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= Energy resolution (o/m) of 23 keV peak was obtained as 9.3 * 0.2 % at 86 K and 20.7 * 1.0 % at 220 K.

Won Kyung Kim

2025 TAUP @ Xichang

11



Measurements & Results

» Light Yield of pure Csl
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Measurements & Results

» Decay Time of pure Csl
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= Because of undershoot of the signal, we used a single exponential function for the waveform fitting.
= At the low temperature, decay time likewise increases. From 293 K to 86 K, the decay time increases by roughly 8

times, increasing from 76.0 ns to 605.2 ns.

Won Kyung Kim

2025 TAUP @ Xichang

13



Measurements & Results

» Limits on the WIMP-proton Spin-Dependent interaction with the Migdal effect
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The expected 90% confidence level limits for Csl 200kg,
1-year exposure using the Migdal effect on the WIMP-
proton spin-dependent cross-section.

Simulated spectrum based on a background-only
hypothesis,

1 count/kg/keV/day background rate, and a 5 NPE energy
threshold.

Furthermore, light yield of 30 PE/keV were assumed (red
dotted line). Wang et al. Eur. Phys. J. C (2024) 84:440

The undoped Csl crystal have potential to explore low-mass
dark matter between 60 MeV/c? and 2 GeV/c? with the
world’s best sensitivities.
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New SiPM Test

» Emission spectrum of pure Csl and PDE of SiPM
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» Emission spectrum of pure Csl and PDE of SiPM

New SiPM Test

» Measured light yield ‘_
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Wavelength (nm) = The new SiPM recorded the light yield about 27 PE/keV @ 87 K.
Showing improvement of about 1.7 times.
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Summary

» Detector of pure Csl-SiPMs characteristics were investigated at various temperature points from 293 K to 86 K.
» The light yield increases from 293 K to 86 K. We obtained maximum light yield of 26.2 * 1.3 PE/keV at 86 K.
» The temperature decreases also result in an improvement in energy resolution and dark count rate.

» This detector can achieve world-competitive sensitivity for low-mass dark matter detection, particularly in the

context of dark matter-proton spin-dependent interactions.

» New Hamamatsu SiPM with 1.5 times higher photon detection efficiency

is currently being tested at IBS.
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