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TASKS:

Development of Csl cryogenic LN, detector of recoil electrons with SiPM readout;
Development of prototype of detector s module;

Tests of detector' s module prototype;

Importance:

In 2017 XENON1T collaboration published an article, where an abundance of
recoil electrons in low energy range is noted;

One of the possible explanations is non-zero magnetic moment of solar neutrino;
Current threshold of recoil energy detection is several keVs;

Possible threshold of Csl cryogenic LN, detector is ~ 100 eV.




XENONIT energy spectrum in low energy range

Events/(t-y-keV)

The XENON is the dark matter research underground facility comprising several experiments
aimed at dark particles detection. One of them is XENON1T, which was constructed in 2017.
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A discrepancy in low energy spectrum was detected. Possible explanations:

- 3H contamination which is not detected by other means

- Solar axions

- Solar neutrino with non-zero magnetic momentum °

- 3.50 statistical fluctuation -



Magnetic and Weak elastic neutrino scatterings on recoil electron

Scattering on free electron:
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Possible variant of the Setup

Source - Ti tubes with 3H gas

may = 1kg; A = 9.65 kCi/ |

detector module

I [ =50mm I

HAMAMATSU MPPC S14161-3050HS-04

Each module has 2 channel SiPM readout

Design of the experimental setup’s prototype Expected number of channels ~2000
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Previous Results
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Instead of cryogenic PMTs we use Hamamatsu MPPC S14161-3050HS-04
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MPPC parameters at LN, temperature
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Breakdown voltage at LN, temperature (77K):
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Experimental Setup for testing module parameters

Thermostat

Liquid nitrogen

Light insulator

Additional
thermal insulator

Amp1

Amp2

hhhhh

D1, D2 - discriminators (used in the

coincidence scheme)

- Csl (pure) scintillation crystal is
wrapped in Teflon tape.

- First tests were conducted with
one and two SiPM readouts.

- Several y sources were used to test

modules in wide energy range
(Am241, Co57,Cs137, Na22)

- Csl crystals of two different sizes
were tested (15 X 15 X 15mm?3 and
15 X 15 x 25mm?3)



Typical waveforms for different amplifiers
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Spectra for different operating voltages (single SiPM matrix, charge sensitive amplifiers)
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Spectra for single vs double SiPM readout (charge sensitive amplifiers)
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Two SiPM readout gives 50% increased light collection.



Spectra for small vs large CsI crystal (current amplifiers)

Double SiPM
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Spectra for SiPM1
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Spectra for single vs double SiPM readout (current amplifiers)

15 x 15 x 25mm3
Csl crystal

Uop = 36V, C057
single SiPM readout

Uop = 36V,C057
double SiPM readout
Spectra for SiPM1
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Two SiPM readout significantly increases light collection.
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Conclusion

A design of detector's prototype was developed;

Experimental setup to test SiPM parameters was
constructed;

Parameters of HAMAMATSU MPPC S14161-3050HS-04
were tested at cryogenic temperatures;

Experimental setup to test Csl at cryogenic temperature
was constructed;

Light collection for different types of amplifiers and
readout configurations was obtained;

ph.e.

The best light collection of 34.5 was obtained.
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Thank you for your attention
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