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Neutrino magnetic moment (NMM) and millicharge

In minimal extensions of Standard Model which include massive neutrinos, neutrino has
non-zero magnetic moment given by
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This value is many orders of magnitude lower than sensitivity of modern experiments.

Nevertheless there are extensions to Standard Model which allow NMM to be up to
10~ 5 for Dirac neutrinos and 10~z for Majorana neutrinos.
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In Standard Model neutrinos have exactly zero electric charge. However some models
allow neutrinos to have very small electric charge, usually referred to as millicharge.

Neutrino-electron elastic scattering

Neutrino electromagnetic properties may be investigated using elastic scattering of neu-
trinos off electrons. This process is known from the Standard Model, its cross section
equals to
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To take into account non-zero NMM one should add to the differential cross section an
extra term
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If neutrinos have electric charges, the neutrino-electron elastic scattering cross section
becomes
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Figure 1. Neutrino-electron elastic scattering differential cross sections for different values of NMM and
millicharge, calculated for £, =5 MeV .

In the experiment the effective values of electromagnetic properties are measured - p,,
for the NMM and ¢,,,, ¢, for neutrino millicharges.

The vGeN experiment

The vGeN experimental setup is deployed at the Kalinin Nuclear Power Plant. The data is

Experimental data

= The estimate is performed based on the energy deposition spectrum corresponding
to 69.2 days exposition time in the reactor OFF regime. The exposition time in the
reactor ON regime is assumed to be 140.2 days.

— fit,1

Chi”*2 / ndf =145/ 157 (p = 76.4%) -+ OFF data
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The typical reactor regime is 18 months ON

and 45 days OFF. Because of that statistical

errors of the ON spectrum are significantly

lower than statistical errors of the OFF

: spectrum, so the powerful method to improve

e o sensitivity is to make an approximation of the
EEE N OFF spectrum.
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Figure 4. OFF energy deposition spectrum.

= We fit OFF spectrum with function fr(T) = exp + exp + 3Gauss. Some of the
parameters are fixed by table values or are related to each other.

Sensitivity estimation

To estimate sensitivity we calculate confidence belts for the studied parameters: value
of amplitude of a signal, corresponding to NMM: values of amplitude of a signal, corre-
sponding to off-diagonal millicharges; a value of diagonal millicharge.

With the vGeN data we can probe |u,,

and q,,..
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The amplitude on the graphs below equals to |u,,|[* x 10%u3.
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Figure 5. NMM signal amplitude 20 % C.L. belts with
and without background fit.
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Figure /. Off-diagonal millicharges signal amplitude
90 % C.L. belts with and without background fit. The
amplitude equals to |g,,,|* x 10*%e.
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Figure 6. NMM signal amplitude 90 % C.L. belt for
/55 days ON (equal to GEMMA experiment ON
exposition time) and ideal background model.
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Figure 8. Diagonal millicharges signal amplitude
90 % C.L. belts with and without background fit.

collected with the help of a 1.4 kg high purity germanium detector located at a distance

Results and discussion
of 11 meters from the reactor core. The anti-neutrino flux is about 4 x 10%s™! x em 2.

= Estimated sensitivities are presented in the table below:
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Figure 3. P-type HPGe detector

Figure 2. Reactor block shielding

The vGeN experiment aims to:

= Study of coherent elastic neutrino-nucleous scattering
= Study of neutrino electromagnetic properties

Gy, X107 e/ |q, |, |qv..| X107 e |w, | x 10" pup
Without OFF fit| (-1.6, 1.9) <1.7 <54
N, With OFF fit (-1.3, 1.6) <13 <43

= |[ncreasing the exposure time allows to achieve the value of sensitivity to the NMM:
1y, | < 2.7 x 107 up
= Some of the experimental constraints on the studied values are presented below:

Limit, 107" up | C.L. | Experiment
/7.4 90% | TEXONO
2.9 90% | GEMMA
0.64 90% | XENONRNT

Limit, 10~'? e | C.L. | Experiment
0.224 ?0% L/
2.1 90% | TEXONO
2.7 920% | GEMMA

= The vGeN experiment has been operating since 2020 and the total exposure now
is more than 1500 kgxdays. The usage of all available data will allow to improve

sensitivity.
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