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Introduction

Problems not explained by the SM

* Neutrino mass
 Dark matter
« Baryon number asymmetry

A radiative seesaw model with an inert doublet could be such a promising
candidate which can explain these problems.

Radiative seesaw mode| E.Ma Phys. Rev. D73. 077301

SM + ascalar doublet H, + 3 right-handed neutrinos N;

Z, symmetry even odd

L=Lsy+Ls+ Lry
Ls = (DyH) D'Hy — pi3|H1|* — p3|Ha|® — At|Hi[* = Ao|Hal!
A
| HL |2 Ha|? — Aa|HTH,? - = [(ijb)? + h.c.]
ERH = ZNzaNz — (hiaNiﬂ-;rLa + §leN1N% + hC)
SU(2)L U(l)Y Lo

H* )
Hy = . Inert doublet Hy 2 /2 | -1
’ ((Ho +idp)/V2 : Ng 1 0 | -1
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Neutrino mass

Since Dirac mass terms at tree level are forbidden by Z, symmetry, neutrino masses
are radiatively induced.
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P N masses of N; are O(1) TeV.
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Z, symmetry also guarantee the
stability of the lightest Z, odd patrticle.

e
3]

hg=-0.5, 11,=1000 GeV -
0.3 | Ag=0.1,1=1000 GeV

N'CC} Qpyh°=0.11 -----
02}
We assume that the neutral o Y —— ]
component of the inert doublet is the 2 a5 o w5 o ‘2 s
dark matter candidate. 7“'
gt The required value of Qh? can be realized for
= ( mo)/\/i) A3 + A4|~O(1).
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Lepton flavor structure

We assume that the neutrino Yukawa couplings are

Normal hierarchy Inverted hierarchy
hie =0, hijy=hi, hir =qh;, (i=1,2); hei/p1 = —2hy1/q1 = 2hr1 = 2hy;
h3e = h3, hg, = qah3, h3r = —qzh3 hea/P2 = hu2/q2 = —hro = ha;
D.Suematsu, T. Toma and T. Yoshida Phys. Rev. D79.093004 hes =0, hys = h;3 = hs

So that the neutrino mass matrix is diagonalized by tri-bi maximal mixing form of
PMNS matrix if g, , 3(0r q; 2, p12)=1.

my = 1000 GeV q = 0.85 my = 1000 GeV  p; =1.35
my, = 2000 GeV As| = 10~° my, = 8000 GeV  py = 0.75 D.V. Forero, et el.(2012)
— — -8 — 4 parameters 20
my, = 6000 GeV lhi1| = 3.0 x 10 mpy, = 2000 GeV |As5| = 10 Ad 0 eV | Tarson
mpy, = 10000 GeV mpy, = 2000 GeV 11 1 3 % 1078 | 1Amd [10-%eV?] | 220258
m%l Am§2 | 3| sin? 0y, 0.29-0.35
= R S sin? f3 0.39-0.65
3 . . 18
.2 I e '
sin 2912-[ \ il
25 ‘;i Wﬂz 255 - sin® 26019 { 1'17
i ” parameters 2 1
..... | AmZ, [107%ev?] | 727801 % 18
) . |Am3, | [107%eV?] | 2.38-2.68 1.55
sin” 2013 = 0.089 , sin? 012 0.20-0.35 sin? 2015 = 0.104 .
hol = 3.50 x 10~ 0.5 [Nl sin® 2 0.38-0.66 -4
‘h2| 1 10-3 i sin2 03 0.019-0.030 ‘h1| =6.70 x 10 143 ‘ b
[ha] = 1.60 x 10 1 o5 o0 05 1 15 2 |ho| = 7.50 x 10~* o5 o055 06 065 07 075 08 085 09
g, D.V.Forero, et el.(2012)
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Baryon number asymmetry

Baryon number asymmetry can be generated via TeV scale leptogenesis.

Is P

/ | N, < The decay of the lightest
‘ ' - right-handed neutrino

Numerical results

The generated lepton number asymmetry is too small !!
Hll, < Hyls Lepton number
HyH, + 1,15 Violating scatterings

_ T -, T
10° 1 Hily < Haly 77 S~ r‘[“g) _
TS \ﬁN ..........
108 ’ 'I ‘;('\1'3) ]
| Washout effects 1
104 I
z \ arelarge I
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Resonant leptogenesis

We make neutrino Yukawa couplings smaller to suppress the washout processes.
= However, CP asymmetry also becomes smaller.

The contribution from the interference term between tree and self-energy diagram

, _ . 7 2 T .
= LWNim Holo) F(N"‘_)Hﬁl_o‘) (mny mly?’ﬁ)mNQl °_ (Normal hierarchy case)
F(Ni—>H2la)+F(Ni—>H2la) (le —mNz’_)/ +m P

If we make the right-handed neutrino masses almost degenerate, the CP asymmetry
becomes larger value.

Normal hierarch case Inverted hierarch case
10°} % haits 109 ¥ i&ilg o
O Ag|=107 % % Agl=10 * )
10 x Pai=10m E o] X | The required baryon number
10 e EE e 10 ¥
o - o . X \ asymmetry can be generated
- -11 L i — —
10 x | for A~O(107°%) and A~O(1077)
02| s | 2] | respectively.
my, = (1+A)mpy, * my, = (1+ A)mpy,
R L L e
A A

This is rather mild degeneracy compared with the ordinary case.
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Summary

« The radiative seesaw model with an inert doublet could be
such a promising candidate which explains neutrino mass,
dark matter and baryon number asymmetry simultaneously.

« The nearly degenerated right-handed neutrino masses can
realize the observed baryon asymmetry. This degeneracy is
milder than the ordinary resonant leptogenesis.
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Constraints on the model

» Lepton flavor violating processes

oy
Br(p — evy) < 2.4 x 10712
& (h V) (90%C'L)
PR Br(t — uy) < 4.4 x 1078
// \\ Small neutrino Yukawa couplings make it
a— }'l . ;L »—— ¢ possible to escape this constraint easily.
iov i
« Dark matter direct search m_ 4
Inelastic scattering between the dark matter H, ; N
and a nucleus N through Z exchange
N N
2 2 BLINE ~
Miga = Mot Ast At Ay gy TV = TG
6 [ M, § is determined by the minimum velocity
Mol 2 6.7 x 1070 (12t ) (O - nelost
| 5| 1 TeV (200 oV of dark matter which makes the inelastic

scattering possible.
0 = ma, — Mg,
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Dark matter direct search

Elastic scattering process through higgs exchange

Hy _ _Hy
s LT A3+ A+ X5)2 m?2 f2
Y 0'2 = ( 3 5) ann4 |)\5‘ <1
K 8 M, my,
N I N
2.5 T T T T = T XENON1 00 e
..... XENONTT -
,,,,,,,,,, Ag=-1.0 o _ _
2r T - 77t3=-8-? . The required dark matter relic
T l33;;1j0 ) abundance can be realized for
-------- Ag=+0.5 =« Az + A4|~0O(2).
1.5 | . lg=+0.1 ' |23 4l (1)

[Ag+Ay]

We expect the dark matter to be found in
the XENONLT experiment.
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 Inelastic scattering process through Z exchange

CDMSIl ——
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i -
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b p
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o) ~ —GEm2 ~ 7.4 x 107 cm?
z 2m

10_37 ' ' ' '
10_38_‘ ________________________________ /_‘

The minimum velocity of dark matter which
makes the inelastic scattering possible

1 mNER —|—6)
V2myER \ m,

0 =ma, — M,

Umin =

Inelastic scattering is

Umin = Vesc kinematically forbidden.

The inelastic scattering is allowed only in
the restricted parameter region.




