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Introduction and strategy
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General arguments
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. Voo = Ve, Vy, UVt (Charged lepton massldxt it =L f-basis)
va = Uajvy, v: : mass eigenstates with mass m.
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Am3; = AmZ, = 7.9 x 107° eV?
|[Am3,| = Am2y, = 2.3 x 1073 eV?

Normal hierarchy Inverse hierarchy
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® SMTH=—1—hJ)/EENEHH N®DE A (gauge singlet)
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= WIMP (weakly interacting massive particle)

mpwm = my [~ G%T5 DM J
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Supersymmetric model TD{x%E : the lightest superparticle (LSP)
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Radiative seesaw model e, Suemates
@ Field contents 75 () — ( 0 )

( SM fields 41 S\

! n (SU(2) doublet) (n) =0

| N; (right handedneutrinos)

_ _ EEXVN=R T

@® Z2 invariant model
LN = haiLanN; + 3M;N¢N; + h.c.
V = m2HTH +m3ntn + —(HTIﬂ2 —(n fn)?

+ M(HTH)(n'n) + M (H ) (n"H) +@[(an>2 + h.c]

W A5 < O(1) Z{RE <j U)X FREDHFE( A5 = 0 DIFH)
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)
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O Lepton flavor violationH™ 5 M iR

Neutrino mass

- Neutrino Yukawa couplings h ;.
coysHaints New particle masses M., my,

Dark matter abundance

Lepton flavor violating processes £, — 657
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Various extensions

CDEREIZX T DL DM DR

DM abundance Z@& )7 {E(Z9 %Neutrino Yukawa coupling [Zxt LT
p—r ey ZLynIHFElITELHH

m [o assume degeneracy among right-handed neutrinos

) cancellation in Cpe
@To introduce Z’ interaction

=) enhancement of DM annihilation
m [0 assume a light right-nanded neutrino N1
:> warm dark matter, smaller Yukawa couplings h 1
@To assume special flavor structure of A,

m=) suppression of p — ey
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Special neutrino flavor structure
Radiative seesaw mass
(Mu)ap =D harhsrg
k

Agv2 ( M2 /m3 )[1+(M,§/mg)|n(M,§/mg)]

Ap =

8m2 My \1 — M2/m3 1 — Mg/m3
he; = 0, h,ui = hrj (7’ = 1, 2)
\/ hez = hy3z = —h;3
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Features of the model

® The constraint from 7 — K7 may give a stronger
condition than the constraint from @ — €7y in certain
parameter space.

S My < Mz, mg =) Ni:DM

@ = h; (1=1,2) Relic abundance

63_h,u3__7'3 p—r ey
Relevant Yukawa coupings for each process can be
decoupled.

® The final states of N; annihilation contain ,* and 7+
only, but e are not included.

® Since DM couples only to leptons, its direct detection
Is difficult. One-loop effects



Allowed regions in a typical case
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My /mg = 0.4, M3/mg = 10

® Neutrino oscillation data have
been imposed in the figure.

® If M7 2 0.5TeV is satisfied,
the model can realize the dark
matter abundance successfully.

@ Some additional contributions
are necessary to explain
day, = (30.24+8,2) x 10~ 10

" Neutrino oscillation

WMAP

DM abundance

AL

| LFV constraints
are explained consistently!
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» Neutrino Yukawa®FlavortgZ D& &
XFEFDIRFE = ENEDKRE ?
O ETILINTA—Z(ZEA 9 H#ER
M FAEIRE/L b DEERT—4A2 ? Cosmic ray anomaly
H —> ey EADFErEe (MEGEER)
o Z2XIFMEDFEIR . AsD /NS D A
» Leptogenesis& DAL & AT RETSE
O  two heavy right-handed neutrinosD FE N L E
Z'¥5k ordinary seesaw & radiative seesaw M3 F

M&EELIZTTTIRE L =flavor #:&NDE A A[HE
O BB DB >t FRE (hierarchy &)
2f8FEODM, — A X RFa=H ERIE




" J
Amonaly in PAMELA/Fermi-LAT

m Anomaly in cosmic rays
PAMELA: excess of positron flux at 30 — 100 GeV region
but no excess of antiproton
Fermi-LAT: excess of (positron + electron) flux
at 100 - 900 GeV energy region
m This may be explained by dark matter annihilation.
required conditions
-- final state includes no quarks
-- annihilation cross section
WMAP  {(ov)p, ~ 10726 cm3 - sec
PAMELA (ov) ~ 10724 cm3 . sec

= Model independent analyses for the amonaly suggest p ™
and 777~ are favored as the final states of annihilation,

MDI\/I i 1TeV
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Explanation of PAMELA/Fermi-LAT

Charged final states of the annihilation of this dark
matter consist of leptons (u®,+%) only. ;> 1Tev

An extremely large enhancement O(10°) of cross
section is required for the explanation of positron excess
of PAMELA/Fermi-LAT.

Nkw VLo UE (ov) =a,—|—...

0% diminant contribution
' -
N Aﬂk\ VLB K%F too small value in the present Galaxy

If a singlet scalar is introduced, the Breit-Wigner
enhancement can be applied to improve this fault without
changing the favored features of the model.

j This extended model is potentially interesting

for explanation of this anomaly.



"
U(1)" extension

@® original Z, model D5 5E

(1) =Za—rJ/EBE A5 = O0(107°) DIRENDE
R)EEMEDERFELE L — ey OMiL
=>Yukawaifg & hor DRKESE 1) DE=(T5RVVHIFR

NoZEMI DA EE?

Field contents 22
[ SM fields Q7.(2¢9), L (0),H(0) +1

n (SU(2) doublet) —q —1
{ N7 (right handed neutrino) 0 +1

N> (right handed neutrino) q —1
| ¢ (SM singlet) —2q +1

5 Q. T
wm=(2) m=o  (g#o
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® U(1) invariant model M Effective mass scale

_ 1
LN :hazLanNz-I-QM*Nle_Fh_c.

Vo= m3HH 4 m3ntn+m3sle + “LHTE) + 2nin) + 2 (616)?
+ M (HTH) (') + As(H ) (0 H) + 2’1\\2 + h.c]
+ A7oToHTH + AgoTon'n
(¢) < My U(1) OBFEBIEN

(WU — Zo  BENEOREHERT

F* A8 (¢) < O(1) s in Zp mode

< w Mp, = X(¢) TeVmass = DM

W Mo~ mi + (A + As)v? + Ag(e)?

K Mg = 2v24'q(¢)
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@® Neutrino mass and DM abundance
Neutrino mass

» h2, heazhw heahra
2 Mol (M% _/M2) w = | heahya  hi,  hudhra
(V] N 0
MI/ — ,u(l) ‘I— 22 U /,L(Q) - heahra huahra hga
M 8

hep =0,  hyup = hro;
(Y (Y vx xv het = hy1 = —hr1
N TN herhes + bty + hoyhoo = o}
—— X _,_>L._<‘ \/ U.s # 0 24

Seesaw mass Radiative mass

N 7
=
-

(1), (2) I AL A RE
Dark matter annihilation

® Dominant contributions for the

"I exchange Z'exchange DM annihilation come from Z’
o . exchange. The small neutrino
M;— N f | couplings can be allowed.
ul i _ | ®Quarks are included in the final

W M /| states,
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Summary
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