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We consider the production of right-handed (RH) sneutrino dark matter in « ~odel of Dirac
neutrino where neutrino Yukawa coupling constants are very small. Dark m. *er Ki. sneutrinos
are produced by scatterings and decays of thermal particles in the early U- " -arse w “hout reaching
thermal equilibrium due to the small Yukawa couplings. We show that r bt o1 - decays of thermal
particles but also the thermal scatterings can be a dominant source as we' as ns .a-thermal production
in a scenario with light sneutrinos and charged sleptons while other supe. mmetric particles are
heavy. We also discuss the cosmological implications of this scenaric
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I. INTRODUCTION

Many experiments have established that neutrinos
have non-vanishing masses, while the standard model
(SM) was constructed assuming massless neutrinos. One
of the simplest extension of the standard model for hav-
ing massive neutrinos is to introduce the right-handed
(RH) neutrinos and their Yukawa couplings. In the
see-saw mechanism [1-3], heavy Majorana masses (>
100 GeV) of RH neutrinos are introduced and the light
neutrino masses (< eV) are obtained by the mass ' "~r-
archy. However, even without the see-saw mechanis 1,
the light neutrino mass can be obtained from the Dirac
mass, as in the same way of quarks and lepuv. s, .
the neutrino Yukawa coupling constants are very smi '
of O(10713 — 10712). After the electroweak symmetry
breaking, the small Yukawa couplings give Jirac nasses
to the neutrinos.

In the theory of supersymmetry (SUTY), v. ~re oxists
the superpartner of the RH neutrin/ s, B'I sneatrinos
(). Their masses come from the « ft & JSY oreaking
and in many cases are of the order f the ~~av ¢ino mass.
Therefore, it is possible that the » RH sneutrino is the
lightest SUSY particle (LSP), st .ble « e to the R-parity
conservation and a good candi”~te for da.k matter.

The possibility of the RF sne trino as dark matter
in the pure Dirac type neu.. mc and those productions
through decays of various -herma.’ ~ed superparticles was
pointed out by Asaka ¢ al '.]. RH sneutrinos are not
thermalized in the ear., TJ" ivers ;, because the interac-
tions of RH sneutrines are o v mely weak. However, it
has been shown tha the right amount of dark matter can
be produced in the paramei :r region where left-handed
(LH) and RH sneuti. ns ar degenerate and sleptons are
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fairly ligh. [«]. T" e dark matter abundance estimation
was exte. led L, .ncluding the non-thermal production of
RH sneutrin. 5 from decays of the next-to LSP (NLSP)
afte. +s freeze out [5, 6]. Such a long-lived NLSP scenario
is ~mstic "~ 4 by the big bang nucleosynthesis (BBN) [7].
Possiu. > collider signatures for the stau NLSP have been
ovevugaved [8; 9]. For the long-lived stau NLSP case,
t.. lower mass bound for the stau (slepton) is reported
as 2 230 (380) GeV by the ATLAS [10] and 2> 340 GeV
by we CMS [11, 12]. However this is not applicable to
our scenario which we will describe below.

In this article, we consider the production of RH sneu-
trinos by scatterings in the thermal plazma. Usually and
in previous studies [4-6], it has been considered that the
scattering contribution is subdominant compared to the
thermal production from decays or non-thermal produc-
tion by decay of freeze out particles. However, we find
that it can be comparable or even a dominant source, be-
cause there are huge number of scattering modes for the
production of RH sneutrinos. Especially, such a dom-
inant thermal production from scatterings realizes un-
der the mass spectrum where the charged sleptons and
sneutrinos are light and other SUSY particles are heavy,
which is indicated by the observation of the SM-like Higgs
boson with the mass of 125 GeV [13, 14]. In our analy-
sis, for the illustration, we adopt the mass spectrum that
one of the RH sneutrinos is the LSP, whose mass is close
to those of the LH sneutrinos, LH charged sleptons and
as light as around O(10%) GeV and other SUSY parti-
cles are as heavy as about 1 — 5 TeVexcept one light
Higgsino-like neutralino around 700 GeV.

We also consider the cosmological issues in this sce-
nario. Since the LH sneutrinos are slightly heavier than
RH sneutrinos, LH sneutrinos may decay relatively late
around or after the BBN, in which case strong constraint
can be imposed on the model. Heavier RH sneutrinos
may decay in the present Universe to the lightest RH
sneutrinos with possible observational signals in the cos-
mic ray observation.
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