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Introduction

e The detectors for searching light particles of dark matter are actively discussed
in the literature. To achieve the sensitivity to low-energy signals at a level of
<100 meV, condensed matter targets are proposed |[1].

e Such detectors can also be used to study the low-energy neutrino scattering, in

particular to observe for the first time the coherent elastic neutrino-atom
scattering (CEVAS) [2].

e We inspect the sensitivity of the CEvAS processes in the case of light atomic
systems to such neutrino electromagnetic properties as millicharge e, and
magnetic moment p,, [3].

Background

Kinematical regime
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where T’ is the energy transfer, m is the atomic mass, and R, is the nuclear radius.
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The CEVAS differential cross section
According to (2,4,5,6]:
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dT ~  dT dT
The weak interaction and millicharge contribution:
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where ¢ is the momentum transfer, with ¢ = 2mT, the plus (minus) stands for
v =1, (Vv =1,,), and Z (N) is the number of protons (neutrons). Fy(g?) is
the Fourier transform of the electron density, g4 = 1.25, Z+ and N (L) are the
numbers of protons and neutrons (electrons) with spin parallel (+) or antiparallel
(—) to the nucleus spin (the total electron spin), and the neutrino millicahrge e,, is
in units of e.

The magnetic moment contribution:
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where the neutrino magnetic moment g, is in units of up.
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Results for £, = 10 keV
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Conclusions

e We accounted for the neutrino millicharge and magnetic moment in the theory

of CEVAS.

o It is shown that the atomic recoil spectra in CEvAS processes on the H, ?H,
‘He, “He and C atomic systems are very sensitive to the neutrino millicharge
and magnetic moment. Measuring these spectra may allow us to test the e, and
1, values at a level of 107e and 10721 p, respectively, or even below that level.

e The obtained results will be used in the search for the electromagnetic
properties of neutrinos in the experiment involving an intense tritium neutrino
source and a superfluid *He target. This experiment is currently being prepared
in the framework of the research program of the National Center for Physics
and Mathematics in Sarov, Russia (parallel talk, presentation #775).

References

1] H.J. Maris et al., Dark matter detection using helium evaporation and field
ionization, Phys. Rev. Lett. 119 (2017) 181303,

2] M. Cadeddu, F. Dordei, C. Giunti, K. Kouzakov, E. Picciau, A. Studenikin,

Potentialities of a low-energy detector based on “He evaporation to observe
atomic effects in coherent neutrino scattering and physics perspectives, Phys.

Rev. D 100, 073014 (2019).

3] C. Giunti, A. Studenikin, Neutrino electromagnetic interactions: a window to
new physics, Rev. Mod. Phys. 87, 531 (2015).

4] K. Kouzakov, A. Studenikin, Electromagnetic properties of massive neutrinos
in low-energy elastic neutrino-electron scattering, Phys. Rev. D, 95(5) (2017)

050013.

5] G. Donchenko, K. Kouzakov, A. Studenikin, Neutrino magnetic moments in
low-energy neutrino scattering on condensed matter systems, J. Phys.: Conf.

Ser. 2156 (2021) 012231.

6] G. Donchenko, K. Kouzakov, A. Studenikin, Collective effects in neutrino
scattering on solid and liquid targets, PoS (EPS-HEP2021) 398 (2022) 204.

Acknowledgments

The work is done within the program of the Interdisciplinary Scientific and Edu-
cational School of Moscow University “Fundamental and Applied Space Research”

and is supported by the Russian Science Foundation under grant No. 22-22-00384.

Contacts

e Konstantin Kouzakov: kouzakov@gmail.com


https://arxiv.org/pdf/1706.00117.pdf
https://arxiv.org/pdf/1706.00117.pdf
https://arxiv.org/pdf/1907.03302.pdf
https://arxiv.org/pdf/1907.03302.pdf
https://arxiv.org/pdf/1907.03302.pdf
https://arxiv.org/pdf/1907.03302.pdf
https://arxiv.org/pdf/1403.6344.pdf
https://arxiv.org/pdf/1403.6344.pdf
https://arxiv.org/pdf/1703.00401.pdf
https://arxiv.org/pdf/1703.00401.pdf
https://arxiv.org/pdf/1703.00401.pdf
https://arxiv.org/pdf/arXiv:2111.03331.pdf
https://arxiv.org/pdf/arXiv:2111.03331.pdf
https://arxiv.org/pdf/arXiv:2111.03331.pdf
https://pos.sissa.it/398/204/pdf
https://pos.sissa.it/398/204/pdf
mailto: kouzakov@gmail.com 

