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Motivation

« Standard model should be extended to include neutrino
masses and dark matter (DM) whose existence has been
suggested by experiments.

« Radiative models for neutrino masses present an
Interesting possibility for such an extension. In these models,
neutrino masses are closely related to the existence of DM.
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* One of these Is an extension of the SM with a doublet Minimization of scalar potential

scalar 77, right-handed neutrinos N7 and a Z2 symmetry.
V=Vr+Vp U(1)x

After this symmetry breaking

Faults in this model
* hierarchy problem
 smallness of As
* origin of Z2

To solve these problems

Supersymmetric extension

Nielsen mechanism.
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Chiral superfield contents

MSSM contents  f;, H,, 4
 two additional doublet chiral superfields "lu,d
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Low energy effective model

The low energy effective model is determined through the
spontaneous U(1)x breaking to its Z2 subgroup.
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(1) Effective parameters can be derived from the U(1)x
Invariant nonrenormalizable operators via Froggatto-

)™
y ) Mj =

(2) An anomaly induced Z2 violating interaction is
generated nonperturbatively.

Anomaly of U(1)x is cancelled by the shift of the dilaton
field S associated with the gauge transformation via the
Green-Schwarz mechanism:

{AM%AU—I—@L&

2 2n¢+1

pl

S 2
S S+i-SSa, bdgs = X Trx
2 2 1927
gy IrX 5
ox 19272 F This generates a U(1)x invariant nonperturbative superpotential.
— Z5

0GS

Since (S) = g% is fixed at the low energy regions, this
term can Introduce an extremely weak violation of the Z2
symmetry in the case of b; > 1.

Wnp = CiMple_biLm% b;

ijk = At ? Tk (3) R-parity remains as the exact symmetry.
—Xy,
X+ X Effective model is defined by
— X5, [ Superpotential

- three singlet chiral superfields N7 ] " A W =Wy + Wnp
o i i - OW energy superpotentia %
three singlet chiral superfields ¢, 2+ U dy SUperp 5 - Soft supersymmetry breaking terms (Universality is assumed.)
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Constraints on the model

Hn, :U’¢ MZ Cy, bz

Neutrino mass generation

Neutrino masses are generated through one-loop
diagrams.

Lepton flavor violating processes (LFV)

Even if supersymmetry breaking does not
iInduce the LFV, new additional fields can

Z2 symmetry = the lightest right-handed neutrino wa

Ay =6.5-1078, M3y =6TeV
» Constraints from the LFV
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guaranteed via the Froggatto-Nielsen Mechanism.
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Nature of DM
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PAMELA and Fermi-LAT Characteristic gamma ray

Anomaly has been observed in the flux of charged
cosmic rays. If the lifetime of DM is 0(102%)sec, this

. 8

anomaly can be explained by the DM decay. U X
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on the DM decay+show. Foo AN e 2~

DM B M =2 -4 TeV . X _ _ 500

( o) = DM This line spectrum of gamma rays can be an important signature of
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In the present model, the heavier DM can decay to

the lighter one.
only. ¥,

(DM — 7777) = Mpuy=4—-7 TeV the model.

Direct search of the DM

The heavier DM has a radiative decay mode, which
generates gamma rays with a characteristic line spectrum.
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* Since the heavier DM has no interaction with nuclel at
tree level, Iits direct detection is difficult in near future.

* Detection rate of the neutralino DM X can be smaller

= final states are u™*, 7 . than that in the MSSM depending on its abundance.
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The lifetime becomes very long U - f _ R
for ba > 1. Neutralino abundance
B i A X f Rmssm
C/BMple /8 2500? _

1.(\
This DM decay may explain the anomaly found In 08!
PAMELA and Fermi-LAT as long as bg takes a

suitable value and M7 — m, is large enough.

0.6

04r

Summary and remarks

» The supersymmetric radiative seesaw model for
neutrino masses is an interesting candidate for the
extension of the SM.

» The anomalous U(1)x symmetry can play the important
roles in this model, I.e. give the origin of hierarchical
parameters , the origin of Z2 symmetry and the existence
of decaying DM.

» The model show the discriminative features, for

Detection rate R

mo = 1.3TeV

T 1026, (2 Tev>5 ( m, )4< M3 >4 (1 TeV) " \\ o | mo = 1.2TeV example, in the line spectrum of gamma rays associated
vy M 3 Tev/ \1 Tev B 1080 | 02| X Is DM with the DM decay and in the DM direct detection.
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