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1. Introduction

Existence and nature of DM is mystery in physics

DM as new particle is one of the attractive scenario

— <~No electric charge, no color, Non-baryonic

— <Weakly interacting

<Stable in cosmological scale

—

A DM model with hidden gauge symmetry is interesting
> DM stability from hidden gauge symmetry

» Dark gauge symmetry provide DM or Z’ or dark photon
» Vector DM + Z’ mediator from non-Abelian case
Natural resonant annihilation is realized for vector DM
2my = my : when SU(2), is broken by quintet scalar VEV
SU(2)yxU(1)g, model C.W. Chiang, T. N, J. Tandean, (JHEP 01, 2014 )




1. Introduction

Structure of our scenario

“*Singlet under SU(2), “Singlet under Gg),

Hidden
SU(2),, sector

Visible sector
SM

Portal

Two sector can interact via scalar mixing and/or gauge boson mixing

We consider kinetic mixing associated with SU(2),,and U(1)y

% In previous work we consider mass mixing in U(1)g, and SU(2),




2. Model
A model

 GgxSU(2), gauge symmetry

“* New field contents: SU(2),,
*Scalar fields *Gauge boson

0"
Quintet: (I)=(¢29¢1a¢09¢_19¢—2) TI’ipth: ¢=q0 2 SU(2)H (X;,Xi,XZ)

*» Scalar VEV and symmetry breaking

1 1% 0)
<®>=(v, /4/2,0,0,0,0) <@>= 2&[ g . J
SU2), 2 Z,
Eigen value of 03/2 is even(odd) - Parity even(odd)

< X'and X? are Z, odd and our DM candidate




2. Model

Hidden Gauge Sector with SM U(1),

To connect SU(2), and U(1)y we introduce dim 5 operator

C
¢ __a~wauv
—XQOXMBW

It can be generated introducing field charged under SU(2),, and U(1)y

/e.g. SU(2),,doublet fermion L with U(1)g charge -1 \

©

1-loop diagrams |

|
| |
|

X Work in progress

-
1 1 &

We use the Lagrangian : L=—X"X* ——B"B

4 v~ 4 weA ¢"X""B,,




2. Model

Hidden Gauge Sector with SM U(1),

L= I Yy 1B‘”B S ‘X“'B
__Z wv _Z uv _Xw uv [ SinX = \/§C§9U§0/A ]

1 . _
+D"®D, @ + Tr[D"¢pD,¢] > Lku= —5 sinx X, B

Diagonalizing kinetic terms
3
B, — B, —tan x X
1
COS X

For tiny x SR _ 3
3 | > B,— B, - xX,
X, X, = X;

3
—>
Xu

Gauge boson mass term after symmetry breaking X; = (X, ¥ X;)/~2

1 , = 5 : ~ 1 :
— a2 2 , o ) 3 a2 3 v 3u 2 + Y —H
Ly = 5 M Zsns Z,Z +my  xsinbyZ, X + QmX:;XuX +myx. X7 X7H,
v? v
2 2, 2 2 2,2 2 2,2 ¢
Mz = Z( +9p), mxs =4gxvs, Mmx: = gxVs (1 + ,U_z) ’
&




2. Model
Hidden gauge boson masses and interactions

® /,/' masses and Z-Z' mixing:

1 1 .
m%,z' = 5(7"3(3 + mzzSM) + 5\/("@(3 - mzzSM )%+ 4x? sin’ 9Wm4zsw

: 2
2sin Oy xmy .

tan 207z = — 5 3
Mz — Mxs

1
Uy ) |:> My =~ 2mx+ (1 + Rm)—g

® DM mass: m)(i = ng¢, (1 +
RM = vg/vé
® Relevant DM interactions:

L > igxCyry [(a“X;L —9,XNX 2" — (9,X; —8,X;)X 2"

+ %(aﬂz;, — 9, ZL) (XX — X‘“X“’)] ,
(CZZ/(SZZ") = cosb,, (sinb,,.)]

Ly = Z' f'y [ Sz7:(Ts — Qsin® Oy ) + szfosinﬁw] f.

COS 0




3. DM phenomenology

DM annihilation and interaction with nucleon

' SM
Z' exchange is dominant for DM annihilation
YAVA
:: > Resonant enhancement
X- SM Relic density is estimated by micrOMEGAs

DM-Nucleon scattering cross section
2 2
. 20%9° ( Mx+ My ) (SZZ'C}\/er N CZZ,C}(,NZ,)

ONX =

mecos? By \ mx +mpy m2 m2,
~ 1 1 )
C;J;Z = CZZ’ (Z — SiI'l2 Ow) ) Cr‘zfnZ = CZZ’ (_Z) )
v 1 . 9 3 _ . v 1 1 i X
\CppZ’ = —Syz Z —sin“ Oy | + §CZZ’ sin By 0, CnnZ’ = ZSZZ, + §CZZ’ sin By 0. )



3. DM phenomenology

Parameter region realizing observed relic density
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» 0(0.01)-O(1) gauge coupling for 100 GeV — 5500 GeV DM mass
» Larger Ry, = larger gauge coupling




3. DM phenomenology

DM-Nucleon scattering cross section
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Compared with Xenon1T constraint
XENON (2018)

» Most of parameter region is allowed
>t is difficult to detect DM when kinetic mixing parameter is small




Summary and discussion

Construction of model with dark SU(2) model

<Remnant Z, symmetry as a subgroup of SU(2)
<>DM candidate is hidden SU(2) gauge bosons
<DM interaction with SM through kinetic mixing

Application to DM phenomenology
<Relic density of DM

<-Constraints from direct detection




Appendix




Z, symmetry as a remnant of SU(2),,

Suppose SU(2) quintet and triplet scalars ®,®’ get VEVs as
<¢,>=0,<¢',>=0 For components with eigenvalue of T;is 0 and 2

exp[iT,j,Jr]|Vacuum> = |Vacuum> Remaining discrete symmetry

Then for any particle with odd T, value

exp|iTyw | X =expli@n+ )7 |X =-X
|:> Z, symmetry: odd/even for field with odd/even T, value

The lightest Z, odd particle in dark sector is DM




Scalar VEV and hidden gauge boson masses

When a component of scalar SU(2),, multiplet (characterized by I,m) gets VEV

2 2
X (C)? + (Co)?] XX H 4 -‘%‘m‘zvgxgxf*ﬂ

1 £m
_ 1
=M XEX G, e s
p = \Pp p

Cim=vV{l—m)(l+m+1)and C;,, = /({+m)({ —m+1)

Mass relation

2 2

mys 4m B 4m
my:  (C7)?+(Cr)? (E—m)(l+m+1)+({+m)(f—m+1)




Z-Z' mixing
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FIG. 1: sinflzz: as a function of my+ for x = 1072 and 10— where we fix 2v<2p/v§, = (0.01.




