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Right-handed sneutrino as cold dark matter

Takehiko Asaka, Koji Ishiwata, and Takeo Moroi

Department of Physics, Tohoku University, Sendai 980-8578, Japan
(Received 15 December 2005; published 10 March 2006)

We consider supersymmetric models with right-handed neutrinos where neutrino masses are purely
Dirac-type. In this model, right-handed sneutrino can be the lightest supersymmetric particle and can be a
viable candidate of cold dark matter of the universe. Right-handed sneutrinos are never thermalized in the
early universe because of weakness of Yukawa interaction, but are effectively produced by decays of
various superparticles. We show that the present mass density of right-handed sneutrino can be consistent

with the observed dark matter density.

DOI: 10.1103/PhysRevD.73.051301

In recent years, various experiments have confirmed the
phenomenon of neutrino oscillation. (See, for example, [1-
5].) Those results strongly suggest very small but non-
vanishing neutrino masses. This fact raises serious prob-
lems because the nonvanishing neutrino mass is not
allowed in the standard model of particle physics and
also because suggested values of neutrino masses are ex-
tremely small. The easiest way of generating neutrino
masses 1s to introduce right-handed neutrinos; with this
extension, Yukawa couplings of neutrinos may exist.
Consequently, neutrinos can acquire masses after electro-
weak symmetry breaking.

Even with right-handed neutrinos, there are two differ-
ent classes of scenarios for generating neutrino masses.
Probably, more popular one is with Majorana masses for

PACS numbers: 14.60.Pq, 12.60.Jv, 95.35.4+d, 98.80.Cq

of right-handed sneutrinos are dominantly from effects of
supersymmetry (SUSY) breaking. Then, one should note
that the lightest superparticle (LSP) may be the (lightest)
right-handed neutrino #;. Importantly, since the LSP 7,
becomes stable by the R-parity conservation and also is
very weakly interacting, it can be a viable candidate of cold
dark matter (CDM) provided that its relic density is the
right amount.

In this paper, we consider the minimal supersymmetric
standard model (MSSM) with three generations of right-
handed (s)neutrinos where small neutrino masses are
purely Dirac-type. In particular, we study the case where
the LSP is the lightest right-handed sneutrino and see if the
relic density of 7 can become consistent with the present
CDM density. Since interaction of right-handed sneutrino
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where £; and Q; are left-handed lepton, quark doublets, v
while I?t and l5ﬁ are right-handed lepton, down-quark *T&’%
singlets, respectively. (Here, “hat” is for superfield.) 3/2
Then, in order not to wash out the baryon asymmetry of
the Universe, the coupling constants in the above super-
potential are constrained as [22]

Bi
384w M}

Aijeo Ay = 1077, (3.16)

Ty, =
For example, if we assume that the size of R-parity violat-
ing terms are O(k;) relative to the corresponding R-parity
conserving ones (which are obtained by replacing ﬁ‘, with
L;). and that the size of the SUSY breaking parameters are
typically of the order of the electroweak scale, then the
above constraint is consistent with the one obtained from
the neutrino mass.

m3yy is the gravitino mass

B. Gravitino decay
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and the functions F, G, and H are given by

In the case of RPV, gravitino LSP is no longer stable and

decays to standard-model particles with a finite lifetime _ 1my 1my 1 mi
[23]. Here, we will take a closer look at the gravitino decay. Flmsp,my) =1 - 3m2. 3m. 3
N i . . my m3, ms,,’
In the present scenario, gravitino mainly decays in the - -
two-body decay processes shown in Fig. 1: ¢, — yv;,
Zv;, Wl;, and hv,. (Here and hereafter, s, denotes the G( _, 1! "'x 1 "’x
- ] - f m3o, ) —-
gravitino.) Decay widths of each process are given by’ 2 ml/z 2 ml/z
_osmy 4
Vo = 287 a2, 8265 G171 H(mys, my) =1+ 1075 ’"X X
M m,
- In addition, we define
Bz ":”‘1/2[ 2
T 2| g20%F (m35, my) 4 co0ch
b—Z, 2|4 32 Mz, €0
1287 M3 L°777 vy W,
v "
+ 20,G L m;
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FIG. 1.

Diagrams of gravitino decay.
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where Mp = 2.4 X 10'® GeV is the reduced Planck mass,
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FIG. 5 (color online). Gamma-ray flux (left figure) and positron
2.2 X 10% sec. and MSSM parameters as Fig. 2.

flux, and o,  is the error of xgp, ;. In addition, N is number
of bins; N = 10 for EGRET. In Fig. 8, we show the region
with x> <183 on the my; vs 73, plane, which is
95% C.L. allowed region. As one can see, the present
scenario could well explain the EGRET anomaly in a
wide parameter region, 10° sec = 73, = 102’ sec and
myj, = 90 GeV. From Fig. 2, it can be seen that 10710 =
k; = 107% is favored. In Fig. 8, we also show the parameter
region, which is consistent with the HEAT data (N = 9) at
95% C.L. (i.e., x> < 16.9).

As one can see, the present scenario can simultaneously
explain the observed gamma and positron fluxes.

C. Future prospects

In the previous subsection, we have shown that the
gamma-ray and positron fluxes from decaying gravitinos
can successfully explain the results of the past observa-
tions. As we have seen, however, the energy ranges of the
past observations are limited up to O(10 GeV) although
the signal from the gravitino decay may significantly affect
the cosmic-ray spectra up to the energy of O(100 GeV). In
addition, it is also true that the uncertainties of the cosmic-
ray spectra observed by the past observations are relatively
large at the energy range of E ~ O(10 GeV). Thus, it is

s
105 gy T

fraction (right figure). Here, we take my/, = 150 GeV, 73, =

desirable to test the scenario of gravitino dark matter with
RPV with better observations.

Fortunately, in the near future, new observations of
cosmic rays, Gamma-ray Large Area Space Telescope
(GLAST) and Payload for Antimatter Matter Exploration
and Light nuclei Astrophysics (PAMELA) , are expected to
provide results of new measurements of the cosmic-ray
fluxes. These experiments are designed to detect cosmic
rays with energy up to a few hundreds GeV. Thus, they will
give us better test of the scenario. Since GLAST
(PAMELA) has better energy range and resolution than
EGRET (HEAT) in the measurement of gamma-ray (posi-
tron) flux, they should confirm the anomalies if they really
exist.

Even if the fluxes of the cosmic rays are smaller than the
best-fit value of those observed by EGRET and HEAT, we
still have a chance to see signals from the decay of dark-
matter gravitino. To see expected constraints on the pa-
rameter space, we calculate the expectation value of the x>
variable defined as

L] — Nig
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FIG. 6 (color online).
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Same as Fig. 5, except for my;; = 300 GeV and 73/, = 1.5 X 10% sec.

The solutions of the RGEs are given as follows:

CB0) = C3) — 10 () 520 30 = 7000 (242)
oo Bla) @)
FO0="02) Blasuop) > 1) @4)

Eq. (2.42) shows that the anomalous dimension at O(ay), i.e. Eq. (2.38), is enough for
the NLO calculation.

Next, we consider the RGEs for the twist-2 operators.
mension matrix of the operators is evaluated as [46,47)

The two-loop anomalous di-

d
u@(c%, Cf) = (C4,.CF) I'r (2.44)
with I'p a (N + 1) x (Ny + 1) matrix:
Yag O 0 0
0 7gq
Iy = 0 , (2.45)
0 - 0 v e
Ygq Yoa  Vag
where
16, a, 208 224 a,\?
=2Cp =2 S CrNy = SCh+ 520N, ) (2
Ta =g F47r+( 27 ! 2 r >(47r> '
4 a, (148 2
7“9’§‘E+( CF+27N)(47T> '
16, a, , 752 a,\?
Yoo = 5O 4 CF+27CFN>(47T> '
Sy, ey ATEAN (2.46)
Tas = 3N g Nar ) - :

Finally we give the threshold corrections at the scale where heavy quarks are integrated
out. For example, in the vicinity of the bottom-quark threshold s, =~ my, we match the
strong gauge coupling constant and the Wilson coefficients as

1 1

Mo
+ -
as(m)|ny=s 37

lu(—) s
my

X I (247)
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