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Dark Matter



Dark Matter

Many Evidences for DM Gl e

Galaxy Rotation Curve

Velocity Dispersion of Galaxies /7 4 :_ 3;%.;$ 3
Galaxy Clusters and Gravitational Lensing i 4 «* R
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Sky surveys and baryon acoustic oscillations e ;‘.,'-'? Sy , ,

Cosmic Microwave Background (CMB) \
ents

Type la supernovae distance measurem
Lyman-Alpha Forest
Structure Formation
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Dark Matter
Many Candidates for DM

® Primordial Black Hole

o—Neuytrine{Hot}

WIMP [ Weakly Interacting Massive Particle ]
SIMP [ Strongly Interacting Massive Particle ]
Axion, Axion cluster

Soliton (Q-ball, B-ball, ...)

Super Massive Relic (WIMPxzilla, .. : %bg{,

Some Dark Matter Candidate Particles

neutrinos WIMPs :
neutralino
KK photon

branon
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4 axino
Super WIMPs :

l gravitino

1010107 1010*'10™10"°10™ 10° 10° 10° 10° 10° 10° 10° 10" 10" 10™®

mass (GeV)




WIMP Paradigm

A promising candidate for Thermal DM
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WIMP Miracle

A promising candidate for Thermal DM

Annihilation

DM

Ciorsy
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Weak int. + TeV (WIMP Miracle)
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Hochberg, Kuflik, Volansky, Wacker (14)

SIMP Paradigm

New promising candidate for Thermal DM
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SIMP Miracle

New promising candidate for Thermal DM

Annihilation

DM

Mpm = as_o X 100MeV

DM
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Strong int. + Agcp (SIMP Miracle)
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3=>2 annihilation in DM sector
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SIMP Stablllty’? Strong Cubic int.
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Hot DM 7

- DM DM 7
Cold 9 DM - Hot Excluded by Structure Formation
L DM DM -

No SM int. & No Cooling by radiations  Tpy # Tgu  Carlson, Machacek, Hall (92)

Need connection with SM to keep it in Thermal Equilibrium

DM DM Fkin = Nsm <O-kinv> = Ngm <O-annv>
SM SM New portal int. DM DM
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SIMP Condition

DM

Keep SIMP in Thermal Bath D\Y Non WIMP condition

o DM
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Neutrino



Neutrino

Moz e i R0

~ 0.1eV = 2.46 x 10! eV

M, S O(107)

= 511 X 1026V
| I SKOGIREE
; (a big architecture)
=90 et
Mt. Fuji

(a big mountain)

~ 0.1¢t
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Seesaw Mechanism

Neutrinos can be Majorana Particle
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Neutrinos Meet DM

SCOtO"geniC : MOdel ( Scotos = Darkness )
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Can we construct a model with SIMP DM?



S-Y Ho, T. Toma, KT, JHEP1708, 101 (2017) [arXiv:1705.00592]
“A Radiative Neutrino Mass Model with SIMP Dark Matter”
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MDM o K 100M€V
Relic Abundance k< g3—2Mpwm
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Requiring the correct DM relic abundance

Strong Self-int. of DM
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ReSOnaﬂt SIM P Choi, Lee ‘16

Large o055, While keeping 0,5, small by Resonance
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Radiative M,

From SIMP Condition
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Relic Abundance

SIMP Condition: ' > I's_,o(~ Hp) > I'g_,9

my =40MeV, mg =128 MeV

Resonant Mechanism Works e
To keep SIMP condition

M2

—— — ~1TeV
(Y 525)2

Stability : p, < 100MeV = Y s,. 5 0.01



| epton Flavor Violation

Z kysk

Without considering the specific structure of Yukawa

i) (SOOGeV)

My
Conflict with SIMP condition
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An easy solution : ‘~" Q'

Yoo Yeo Yes
Y = Y,ul Yu2 Y,u3

YTl YT2 YT3

Structure of M, can be adjusted by Y, YR



Energy/Precision Frontier



Higgs Invisible Decay

[ hi25 2 x°x°] Is induced by mixing
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The latest data : B(h=> x°x°) < 0.16
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Slepton Direct Search

n has the same quantum charge with left-handed slepton ATLAS  pserved it (1025
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summary

® v & DM are evidences of BSM

e vSIMP
® M, may be generated by SIMP
® SIMP may be thermalized by v
® Collider search is powerful probe of vSIMP
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