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. Introduction

Many observation indicate the existence of dark matter
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One motivation to consider new physics ToDAY



1. Introduction

Non-zero neutrino masses also indicate new physics

» Mass generation mechanism could relate to DM




1. Introduction
Non-zero neutrino masses also indicate new physics
- Mass generation mechanism could relate to DM

Ex) Scotogenic Model (Ma Model)

E. Ma, PRD 73 (2006) 077301

v’ Z, odd particle inside loop
n n v' There are DM candidates

v There are many extension of the model

DM is stabilized by the Z, symmetry

But Z, is arbitrary introduced in many models — \What is origin?




1. Introduction

One attractive scenario for DM stability

# Remnant Z, symmetry from extra gauge symmetry

(Ex.) Extra local U(1) gives simple picture

v U(1) is broken by some scalar filed with charge 2

v" A particle with odd charge (1,3,5...) is odd under remnant Z,

“*Lager arbitrariness in choosing extra U(1) charge

=) we consider extra SU(2) symmetry giving remnant Z,

v" Choice of representation is more limited

v" Remnant Z, remains by choosing reps. of SU(2) breaking scalar
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2. Our Model
Construction of our model

O Gauge symmetry: SU(3)xSU(2),xSU(2),xU(1)y

O Particle contents (including SM lepton sector):

Lepton Fields||Scalar Fields <:, Slnglet under SU(3)
Ly |er | F || Hy | H | A
SU2)|l 2 |1 ]2 2|11 % All SM fermions are singlet under SU(2),

SU@2)s|l 1] 1| 2 3

B[ = ()
Bol= | DN

Ul)y | —3|—-1] 0 1

O Gauge symmetry breaking

SUR2), xSU2),xU1), =U1),, xZ, | Q=TSU2))+T;(SU2),)+Y
v' By VEVs of H, and A

v" Discrete Z, symmetry remains from SU(2),




2. Our Model

Scalar sector in our model

Scalar potential:
V= —m%{lHIH1 - m?{QHgHQ — mATr[ATA] 4+ p[HT (i19) ATHy + h.c ]
Ay | HHL? + Aty | H Ho? + Aa[Tr(ATA)]2 + Xy Tr[(ATA)] 4 Ay (HHy) TH[ATA]

3
+ Amoa (HYHy) Te[ATA] + Ny, 0 Y (Him Hy) Tr[ATRA],

i=1

Components of scalar fields:

G+ H+ LG+ ATt
1 2 5 A
H, = _ . Hy= A= V2
v+hi+iGy ho+ias ‘ vA+O0R+iGA 1 Cv-i-
o S § — .
V2 V2 V2 V2T A

G: NG bosons absorbed by gauge bosons

v" H, does not develop a VEV: it becomes Z, odd inert scalar




2. Our Model

Gauge symmetry breaking

% SU(2),xSU(2),xU(1)y symmetry is broken by VEVs of H, and A

Q UuQd), xZ, (Component of A with T5;(SU(2),)=1 get VEV)
v' Particles with eigenvalue of T;(SU(2),) is 1,2,3... — Z, even
v' Particles with eigenvalue of T5(SU(2),) is 1/2,3/2,5/2... — Z, odd
We have new gauge bosons Z', W't

» Here we omit detailed discussion of these gauge bosons

» The mass scale is assumed to be M,, > O(TeV) to avoid constraints




2. Our Model

Fermion sector in our model

& Bi-doublet fermion F

N, E, > It has lepton number(LN) 1

E N, > Positively charged E, has LN 1
L(R)

F

L(R) —

€ Mass term and Yukawa interaction with F

LDM,Tr(F,F)+M./Tr[F F,|+ M, Tr[F F,] G o H
_ _ . — i » = 10,11,
+ (V) ap Liary + folpo Py + ' Ly B Hy + hc. F® =io,Ffio,
v Terms with M, and Mg, violate lepton number

v" Yukawa interaction with f and f’ are source of neutrino mixing




2. Our Model

Fermion sector in our model

€ Mass eigenstates of exotic neutral fermion

YR - Mp —-M N :
NJ[.\’]\"TZ(I\TIL,]\TQC;%)( b L)( 1R) Lece. v' Mass matrix

— Vi N/ T ] ,'C

l It can be diagonalized as...

1 1 \/ . 4 1 M —
O]\fN OT _ NoRRS) M D MmrRr /2 o) _ M D mrr 0
— % % —MLR M D ﬁ % 0 1"”[D + MLR

Mass eigenstate y, and g, are Majorana fermion which are given by
1 1
NlL:TP (T/J1+7~/J2) N2R=TP (1./)1 )

v' Mass eigenstate of exotic charged scalar is given by similar way
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3. Phenomenology of our model

Generating neutrino mass matrix

» The mass matrix is generated at one loop level
» We consider interaction in mass eigenbasis

-LD (YaVLazle +Y" VLaWzR)(hz —ia,)+c.c.
f/_i Y=(f+f)/2,Y =(f-f)/2
- ™ L
7 \
/ \
/
/ \\ v" Majorana mass of W is source of LNV
: \
> l > ‘a3 < l .
Va wl,z Vb

m mh Ma:
Y,my, Y, m m,h In (m—;’-) +m2 m,h In (m ) + le 2 a, In (_l>
o LaTy 0 5
(771.,/)0(, = — 2 L (

(47)2 . My
> ) )

I‘J

L]

) - &
my —mj, )(my, —m2,)
2 m,
Q}Gmw_zyg m mh, ( ) +m mh’ln (m 2) + m 2, 1N (m‘;:
(4)? (

my, —my, ) (m3, — mai)

N
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3. Phenomenology of our model

Relic density of our DM candidate

In our scenario, DM candidate is Z, odd CP-even boson h, from H,

Interaction for DM annihilation (x=h,):

_ o Y+Y")e- ., _ o Y -Y
—L> [YaVLawlR + Y., or + %Qa [Vir + Yag] + (T)fL (V1) — (o) | x
N /(v X~
X . (v) . o
‘ Wy + Y D< DM annihilating into leptons
5. ) X/// f(v) (we assume small Higgs portal coupling)
m6L41 t i
Urel A X re A AN St
|<Y + Y’)a(YT +Y N2+ (Y = Y)a(YT = Y"T)y|?
+
128
10.7 x 109:1:f v' The cross section is d-wave dominant

QOgi/ z\Jpl[GeV] off [Ul'rel ~ defflrel]




3. Phenomenology of our model
Allowed parameter regions

Numerical analysis to search for parameter sets satisfying:

v Neutrino oscillation data
v" Relic density of DM
v' LFV constraints (such as p—ey)

00— 3000 e g e
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I .g:o : K ] Q% i N .0.°0.:.:‘"’ . .: o. .
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z R R I AR
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T \\(0 | § ST
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150 R < . 150 - ~°
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m,pl[GeV] my»

v" We can obtain allowed parameter space with O(100) GeV mass

v" More phenomenology could be considered




Summary and Discussions

O A Model of neutrino mass & DM with local SU(2),xSU(2),

v Residual Z, symmetry form second SU(2)
v DM stability is guaranteed by the Z, symmetry

v' Lepton number violation from bi-doublet fermion mass term

O Analysis of our model

v" Neutrino mass matrix induced by bi-doublet fermion loop
v' Constraints from LFV
v Relic density of DM

Thanks for your attention !
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Mass matrix of neutral gauge bosons

1 (I-’VLS \ T ( ’U% gg 0 —'v§ G20y \ / MﬂBM\
tu=g | W R T

\ Bu | \ —v3gagy —viggy (vi+ud)gy | \ B* )

Mass eigenstates of neutral gauge bosons

(I.-Vf\ (090—39\ (1 0 o\ /092 S, 0\ (Z;\

l’Vj’ — 0O 1 O 0 ecw sw —Sg, Cg, 0 Zy,

\Bﬂ) \390 09/ \0—sw cw/ \ 0 0 1) \AH/




Mass eigenstates of exotic charged leptons

1 1

EX = —P; (W +13), Ey = —(bF +107) P,
1L \/§ L(dl 7/2), 1L \/5( 1 QVz) R;
c)+ 1 . . =(c)* 1 T r

Eyp =ﬁPR(wf—w§), iy :ﬁ(f—%i)PL

Mass matrix for CP-even scalar (Z, even)

2 / )
A[H . Wlhlhl —\/i(AHlA -+ /\\HIA)’UZ/A
/ 2
—ﬂ(AHlA — )\HIA)UUA MA LA,
2 — 9 2 1)\ 12 2 — 9 2 ]'/\ 2
mhlhl — mHl 5 HlAl’A? WZARAR — mA 5 HIA'U .




