Pis’ma v ZhETF, vol. 105, iss. 12, pp. 723 – 724 © 2017 June 25

First measeurements in search for keV-sterile neutrino in tritium beta-decay by Troitsk nu-mass experiment

J. N. Abdurashitov^+, A. I. Belesev^+, V. G. Chernov^+, E. V. Geraskin^+, A. A. Golubev^+, P. V. Grigorieva^{+∗}, G. A. Koroteev^∗, N. A. Likhovid^+, A. A. Nozik^{+∗}, V. S. Pantuev^{+1)}, V. I. Parfenov^+, A. K. Skasyrskaya^+, I. I. Tkachev^{+×}, S. V. Zadorozhny^+

+Institute for Nuclear Research RAS, 117312 Moscow, Russia

∗Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia

×Physics Department, Novosibirsk State University, 630090 Novosibirsk, Russia

Submitted 30 March 2017 Resubmitted 11 May 2017

DOI: 10.7868/S0370274X17120013

Neutrino studies nowadays belong to the most active and promising research domain in particle physics. Neutrinos are massive and this property cannot be accommodated in the Standard model. Therefore, studies of the neutrino mass matrix give us unique opportunity to probe a new physics in the laboratory directly. The simplest mechanism to provide neutrino with the mass assumes the existence of new particles – right handed (or “sterile”) neutrinos. Their number, masses and mixing angles with left handed (“active”) neutrinos, apart from the existing observational restrictions, are free parameters of the theory, for the review see [1].

It is important that sterile neutrino in the keV mass range is one of the best motivated [1] dark matter particle candidates. Therefore, sterile neutrino searches in this mass range are of particular interest.

Sterile neutrinos do not have Standard Model interactions (hence the name “sterile”). However, since sterile neutrinos mix with active neutrinos, they are emitted with small probability in every process where active neutrinos can be born. In particular, in the presence of sterile neutrino the spectrum of tritium β-decay is modified in the following way:

S(E) = U^2_{e4}S(E, m^2_4) + (1 − U^2_{e4})S(E, m_1), (1)

where S(E, m) is standard β-spectrum with single neutrino if it has mass m; U_{e4} is relevant element of the neutrino mixing matrix; mass states m_4 and m_1 practically coincide with sterile and electron neutrino correspondingly, if mixing is small. Sterile neutrinos can be searched for by looking for such small β-spectrum distortions.

In this Letter we present the first results of precision measurements of tritium β-decay spectrum in the elec-

1)e-mail: pantuev@inr.ru

Fig. 1. (Color online) Upper limits on U^2_{e4} at 95 % confidence level. Our result is shown by the solid curve. Published data are from [5–9]

tron energy range 16–18.6 keV by the Troitsk nu-mass experiment. The goal is to find distortions which may be caused by the existence of sterile neutrinos in a keV mass range. A signature would correspond to a kink in the spectrum with characteristic shape and end point shifted by the value of a heavy neutrino mass.

Troitsk nu-mass experiment, which had been designed for the active neutrino mass measurements, and where the strongest direct limit on it [2, 3] has been obtained so far, is well suited for the keV sterile neutrino searches. Detailed description of Troitsk nu-mass experiment, hardware, procedures and important systematic errors inherent to the spectrum measurements on this apparatus, can be found in Ref. [4]. Moreover, currently, it is the only installation in operation which is capable for the sterile neutrino searches in the keV mass

Письма в ЖЭТФ том 105 вып. 11 – 12 2017 723 5^∗

724 J. N. Abdurashitov, A. I. Belesev, V. G. Chernov et al.

range. We have started corresponding research program recently.

This Letter also reports on the first physical results and restrictions obtained in searches for sterile neutrinos in the mass range up to a few keV. Our resulting upper limits for allowed U^2_{e4} are shown in Fig. 1 as a function of sterile neutrino mass. In the same figure we also present the existing published limits [5–9]. We have improved the existing limits on their mixing with electron neutrinos by the factor of 2 to 5, depending upon m_x, in the mass range 0.1–2 keV.

We are grateful to D. Gorbunov and A. Lokhov for useful discussions. This work was supported by the RFBR grant numbers 14-22-03069-ofi-m and 14-02- 00570-a. IT also acknowledges the support of the Grant of President of Russian Federation for the Leading Scientific Schools of Russian Federation, NSh-9022-2016.2.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364017120013

1. M. Drewes, T. Lasserre, A. Merle et al. (Collaboration), JCAP 1701, 025 (2017) [arXiv:1602.04816].

2. V. N. Aseev, A. I. Belesev, A. I. Berlev, E. V. Geraskin, A. A. Golubev, N. A. Likhovid, V. M. Lobashev,

A. A. Nozik, V. S. Pantuev, V. I. Panfenov, A. K. Skasyrskaya, F. V. Tkachov, S. V. Zadorozhny [Troitsk Collaboration], Phys. Rev. D 84, 112003 (2011) [arXiv:1108.5034].

3. C. Kraus, B. Bornschein, L. Bornschein, J. Bonn, B. Flatt, A. Kovalik, B. Ostrick, E. W. Otten, J. P. Schall, Th. Thummler, and Ch. Weinheimer, Eur. Phys. J. C 40, 447 (2005) [hep-ex/0412056].

4. D. N. Abdurashitov, A. I. Belesev, A. I. Berlev et al. (Collaboration), JINST 10, T10005 (2015) [arXiv:1504.00544].

5. C. Kraus, A. Singer, K. Valerius, and C. Weinheimer, Eur. Phys. J. C 73, 2323 (2013) [arXiv:1210.4194].

6. A. I. Belesev, A. I. Berlev, E. V. Geraskin, A. A. Golubev, N. A. Likhovid, A. A. Nozik, V. S. Pantuev, V. I. Parfenov, and A. K. Skasyrskaya, JETP Lett. 97, 67 (2013) [arXiv:1211.7193].

7. A. I. Belesev, A. I. Berlev, E. V. Geraskin, A. A. Golubev, N. A. Likhovid, A. A. Nozik, V. S. Pantuev, V. I. Parfenov, and A. K. Skasyrskaya, J. Phys. G 41, 015001 (2014) [arXiv:1307.5687].

8. M. Galeazzi, F. Fontanelli, F. Gatti, and S. Vitale, Phys.

Rev. Lett. 86, 1978 (2001).

9. K. H. Hiddemann, H. Daniel, and O. Schwentker, J.

Phys. G 21, 639 (1995).

Письма в ЖЭТФ том 105 вып. 11 – 12 2017