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Introduction Dark matter
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Dark matter

There is a lot of evidence of dark matter.
m Rotation curves of spiral galaxies  \W|MPs are good DM candidate.
m CMB observations
m Gravitational lensing
O

Large scale structure of
the universe

m Collision of bullet cluster
DM existence is crucial.
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Introduction Dark matter

WIMP search status

Direct detection
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(Steigman et al. 2012)
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m Experimental bounds for WIMPs are stronger and stronger.

m Interactions between DM and SM are very weak?
— possibilities other than WIMPs are discussed.
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Pseudo-Goldstone DM

Model of pseudo-Goldstone DM
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Model of pseudo-Goldstone DM

m Introduce complex scalar field S = (s + iy)/v/2
m Global U(1) symmetry is assumed (invariant under S — ¢'“S)

9 9
gy 2 Mg 2 AH
V=—"2\H*— 225"+ —

12
_ (%952 + H.C.) < soft breaking mass term

A
HI + s HP|SIP + LS|

m After H and S get VEVs, ¢ and s mix
Vst st

"= ((vﬂ(z)/\/?)’ R,

@\ [ cost sind hq
s ) \ —sinf cosb ho
msinfd < 0.3 <« Constrained by EWPT, hy direct search at LHC
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Model of pseudo-Goldstone DM

m )\ is mass eigenstate itself mi = '
Invariant under S — ST, = v can be a DM candidate
m Higgs portal DM

m Scalar potential V= i, P1X" + Mgy hoX” + -

m2 sin 6 m? cosf
hl h2

Hhixxy = — v Hhoxxy = 0, ;

m SM Yukawa int. £ Dy, (cos 0hy + sin th)ﬁq

cos? Om? + sin® Om? sin @m3 + cos? Om?
Ny — hi ho \g — hi ho
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RN ELI ST TUBIVI Direct detection (tree level)

Direct detection (tree level)

X X
Dark Matter ~~ o -
. 200km/s Tr-
I
|
Recoil Energy : hla h2
ER I
\ N N
m Scattering amplitude is suppressed by transfer momentum ¢
2 2 2/, 2 2
. . mp,. mp, q (mhl — mhg)
IM ~ — ~ 1
2 _ 2 2 _ 2 2 2
q mh1 q mhz mhlth

— All the interactions are derivative couplings /Jmt((?ﬂx)
m 4 independent parameters (mX, Mp,, SN0, v (As))
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R ELI ST IIWDIYIl Direct detection (1-loop)

Direct detection (1-loop level)

m Compute Feynman diagrams at 1-loop level

(i) (ii)
X X X X X X X X
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@ h17h2 | : hl,hg
hl h2 : hl hg
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q q g g q q g g
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X X X X X X X X
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q q g g q q g g

i) self-energy correction
( ) gy
(.l

ii) vertex correction

(iii) box and triangle — two Yukawa couplings — sub-dominant
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Numerical analysis (1-loop level)

1015 ————— ————— ——— 1015
L Unitarityé
100 £ \-q 100 | Unitarity-
‘Higgs decay S~ T T oI - L LIS T T g
[ 'Higgs decay
<0t < 10
102 10~
I sinf = 0.1 sinf = 0.1
mp, = 300 GeV mp, = 1000 GeV
103 e R T 102 ST ST S
10 102 103 10* 10 102 103 10*
my [GGV] my [GGV]
msind =0.1
m Invisible Higgs decay Br(h; — inv) < 10% at LHC
m Two resonances at (hy, ho), v/vs ~ v/ Agv/myp,
m Perturbative unitarity Ag < 87/3
m Partial region can be tested by DARWIN. of, = O(10~*) cm?
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Numerical analysis (1-loop level)
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msind = 0.2
m Invisible Higgs decay Br(h; — inv) < 10% at LHC
m Two resonances at (hy, ho), v/vs ~ v/ Agv/myp,
m Perturbative unitarity Ag < 87/3
m Partial region can be tested by DARWIN. of, = O(10~*) cm?
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Pseudo-Goldstone DM Indirect detection

Indirect detection
10! — 10! :
Fermi  Unitarity
= -
0 | 0 ol
10 " Higgs decay o 3
= 10 | £ 01
> b F
10—2 7 ] 10_2 *
| sinf = 0.1 sinf = 0.1
| mp, = 150 GeV | - mp, = 300 GeV
103 \ S 103 -
100 150 30 100 300
my [GeV]

30
m,, [GeV]

m Small parameter space is excluded by Fermi-LAT gamma-ray

observation (xx — WW,bb — )
m Thermal WIMP scenarios can be tested only when m, = O(100) GeV

m CTA is sensitive in heavy DM mass region (DM profile dependent)

but Yx — hohs is dominant in this mass range.
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Collider search
m Constraint on hy production cross section at LHC
Oprod = 0(pp — ho) Br(hy — SM) o< sin®6 Br(hy — SM) < #o,

m pp — hy — ZZ mode
When sinf 2 0.2 and my, < 2my,,, parameters are constrained.
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Summary

Thermal WIMP scenarios are strongly constrained by direct DM search.

Pseudo-Goldstone DM can naturally avoid the strong constraint.

Elastic cross section with nucleaon is o&f = O(10™*) cm?* at most.
(1-loop)

The model is testable by indirect detection and collider search.
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