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1. Introduction

Dark Matter (DM) require the physics beyond the SM

**DM candidate as new particle from BSM
<+*What is a nature of dark matter?

**How can DM be stable?

Non-Abelian( SU(2), ) DM has interesting properties
“»Stability of DM is guaranteed by Z, as its subgroup

**We can get resonant annihilation
== |nteresting in estimating Relic density of DM

We consider Pair annihilation mediated by new gauge boson

It is interesting if we get resonant annihilation naturally



2. Our model

The structure of our model

“Gauge symmetry m) G, xSUQ), xU(l),_,

<*New particles [SU(2)y(U(1)g,)]

*Fermion
vy, 1(1)

¢ Stability of DM

SSB

SUQR)y —Z,

*Scalar
D, :512) S:1(2)

*Gauge boson

SUQ2), :(X,,X5,C,), U, , :E

The lightest Z, odd particle can be a DM candidate

**Quantum number assignments

T5(SU(2)y) even(odd) components is Z, even(odd)
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2. Our model

Abstract of our scenario
“*Singlet under SU(2), “*Singlet under Gg),
“*Fermions have U(1)g, charge “*®. have U(1)g, charge

Visible sector
SM + gauged U(1)g,

Hidden
SU(2), sector

nteract through mixing of
U(1)g, and SU(2), gauge bosens

e Symmetry breaking

<q>5> <(I)5> - (Vcb ’O’O’O’O)’(q)s = (¢2,¢1,¢0,¢_1,¢_2))
SU(2), — Z; *SSB of SU(2), through VEV of 5-plet scalar
(S) (S)=v

U)z_, ———— *SSB of (1), through VEV of S



2. Our model
New gauge bosons in the model

o X, XT
From SU(2)X gauge fields ( Z, odd )

[C1 —iC? ]
\/_
i\z Candidate of dark matter
7,7,

From linear combination of U(1)z, and SU(2), gauge fields ( Z, even )

Z" =cosO CY +sinO E 2 R

L 3 u tan(26) = ngzB—L v
Zy =-sinf C5 +cosO E , 8xR, -85 (1+R,)

R =(<®,>/<S8>)°

i\z Mediate interaction between DM and SM fermions



2. Our model

Masses of new gauge bosons

“*Masses of new gauge bosons (Z,, is linear combination of C and E)

A AR
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my ~4m,(1-R))
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0 = Rng /gB_L Mixing angle of C and E
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2. Our model

Masses of new gauge bosons
“*Masses of new gauge bosons (Z,, is linear combination of C and E)

My = 8xVe 4 2 )
) , Ve S>>V, Rv=;q2)<<1
my ~4m,(1-R)) Vg
2 0 = Rvg /g _7 Mixing angle of Cand E
m2 Wam? SBL (14 R) e
8x K, \_ Y,
m, =2my

This relation gives resonant pair annihilation of DM

It is due to SSB of SU(2), by 5-plet VEV {mi T +D-T ]
m2 -

<*Masses of neutrinos = 2Ty,

M, = v, 2, M, = Av /2



2. Our model

Constraints on new gauge coupling
U(1)g, gauge coupling is constrained by experimental data
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3. Dark matter phenomenology

Estimation of relic density of X

*k

X
X X* pair annihilate into SM particles as 2w

= Z, contribution is dominant e
due to resonant effect (m, ~2m,)

Thermal average of annihilation cross section (8x =8z_.)

\/,
](Bf)LgX i X o (S+2mf)(5 4mx)2 s — 4m 2
E ———[ " .d
i mX 4

(K, (x)] K, 8467m;, ﬁ (s—4m? +R)* +4miT? my

Relic density is estimated by approximated solution of Boltzmann eq.

Search for the parameter region satisfying observed relic density

Planck data (90% C.L.) 0.1159 <Q_h’ <0.1215

P.A.R. Ade et al [Planck Collaboration] (2013)



3. Dark matter phenomenology

The parameter region giving observed relic density
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**The parameter region is more constrained by LEP |l
“*m, > 420(220) GeV region is allowed for Rv=102(103)

*+0(1) gauge coupling constant is required



3. Dark matter phenomenology

DM-nucleon scattering cross section

Scattering Process: .
= O gy8y_, COS Osin”0/m;

m; <<z, ﬁ Z, contribution dominates the scattering

4 p2, 2 m 8x = 8p-
i 8x R, Uyy My My X bt
" Opy = =
Cross section:  Opw =~ am’ (MXN m, + mN) {mZL ~4m, }

Applying the allowed parameter region from relic density

Compare the cross section with DM direct detection search



3. Dark matter phenomenology

DM-nucleon scattering cross section
Comparison with the constraints from direct detection
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Most of the allowed parameter region escape the constraints
Future experiment like XENONILT will probe the region



Summary

**We constructed a model for DM as new massive gauge boson

» DM candidate is new massive gauge boson from extra SU(2),
»Stability of DM : Z, symmetry as a subgroup of SU(2),

>V, is required by anomaly cancellation for U(1)g,

»Neutrino masses would be given by Type-l seesaw

»The relation m,, ~ 2m, is obtained from SSB of SU(2), through

VEV of b-plet scalar field
**We discussed phenomenology regarding DM

»The parameter giving observed DM relic density is extracted

»DM-nucleon scattering cross section is estimated



Direct detection search experiments

DM-Nucleon scattering cross section is constrained by the data
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2. Our model

The Lagrangian
W Ly waw = (D, @) (D"®,)+(D,S) (D"S) -V

/ D ®, =9 @, +ig,C,I,”'®, +ig, , E P, \
D®,=3,S+i2g,  E,S
V=i l® P +A NS —u)ISF
\ + (A, |HP —u:) | H ¥ +(quartic terms) /

. 1 . — .
Y L =ir,vieH'T,L, = A Vi (Vi) S + Ho



Determination of relic density

®LEstimated by Boltzmann equation

d
?r; + 3Hn = —<Gvrel>(n2 — nfq)

Thermal average of DM annihilation cross section x DM relative velocity

Annihilation cross section control the relic density

® Approximated solution of Boltzmann equation

1.07 x 10’ J=f°° SV >

Q h2 = — T
? \/Emplf GeV *s x’ STy

X, = 1n[0.038geﬁmDmp, <ovrel>(g * xf)"l/z]



Corresponding parameter region for vs-my plane
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[ VEV of S is about 5~10 TeV scale

;, =4 Mass of vy is also same order

Compatible with TeV scale seesaw



