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There are so many DM
models Llocaked ok
different mass scales.

A few p_article dark

axion
sterile neutrino
SUSY DM
¢ neutralino in MSSM
* Bino/Wino/Higgsino/Photino
* sneutrino
* gravitino
* decaying gravitino
* gravitino with large messenger
mass
» split SUSY DM

* bound states for Sommerfeld
enhancement

* bino in E;SSMwith massless
inert singlets
* neutralino from axion decay
* NMSSM DM
* mixed axion/neutralino
* invisible photino
* etc., etc. etc.
Kaluza-Klein DM
leptophilic DM

leptophilic from non-abelian discrete

symmetry
asymmetric DM

scalar singlet DM
superGUT unified

mirror DM

matter theories:

* non-thermal from decay of moduli
* resonance with momentum
dependence

* helicity modification due to QED
corrections

* dipole moment interacting DM

» dark instanton

* bosonic gas DM

* anti-baryonic

» ultra-light bosonic DM

« invisible photino

* T13 flavor symmetry decaying DM
* hydrodynamic vacuum DM

« dilatation anomaly DM

* bulk viscous unified DM

* ELKO field DM

* two singlet DM

» cosmic braneworld ultra-light DM
» superheavy quark clusters

* luxino

* non-canonical kinetic term DM

* branes filled with scalar fields

« real gauge singlet

* Higgs portal

* number theory DM

* asymmetric sneutrino

 modified Ricci model DM

* vacuum solitons

« complex singlet scalar

* D4 x Z2 flavor group DM

* non-minimal KK DM

» axion portal cascade

«light (MeV mass) DM

,——‘/ :
two singlet DM
“interacting DM
isospin violating DM

mnert Higgs

skyrmion in littlest Higgs
model

techni-dilaton DM

type-1I seesaw mSUGRA DM
vector DM

goldsini

WIMPless DM

inert triplet DM

vacuum solitons

BEC from U(1) symmetry
breaking

eXciting DM (XDM)

inelastic DM (iDM)

flavor SU(3)Q triplet/singlet
isospin violating

axion-like repulsive DM

D6 flavor symmetry

warped Radion

G2-MSSM

gauged right-handed neutrino

integration constant Horava
DM

tensor-four-scalar

scalarons in R2 gravity
secluded DM

etc., etc., etc., etc., etc.

Taleen ﬂfrom Crriest (2,014-)1




The strategy of DM hunting
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o ® SM SM > DM DM.
LR Measurement of the
SM DM missing energy at the DM DM
colliders
@® SM DM > SM DM.
Measurement of the
recoll energy of SM
particles.
@ DM DM > SM SM
M OM Measurement of the DM DM
flux of cosmic ray.
5% @ DM DM > DM DM. an
Astrophysical -
structure
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®Dark Matter is EXPECTED to have wealk inkeraction bebween SM and DM but it is not
necessary to be,

®However, without weale interaction bebtween DM and SM, mebthod 1-3 are useless,

OWIMPs search in this era is very important but it is also time to be prepared for non-WIMF.




The

e Beliet 1: DM cannok strongly couple to SM
atoms, obtherwise we should see i
atreadj.

of the WIMP “Miracle”

Mediator Sector

e Belief 2: The early universe was at very
high temperature and thermal
equitibrium.

e I+ the DM has no inkerackion wikth SM
particles, HOW does the momentum
exchanhge or kemrerad:ure transter to
mainbkain therma equiubriuw\ i the T —————

earl.j u,hi.verse? Dark Matter Sector Standard Model Sector




The of the WIMP “Miracle”
& If Eke DM has weale COQP“.V\S ::::': o @ !" ‘ ’\/ m%
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dev\si.&j requires the DM
mass scale “0(100 GeV)!
-—= Miracle claimed bv
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e The DM dAirect detection is
alalproaching the corner.

WIMP-nucleon cross section |
WIMP - nucleon cross section |

e We can E’f‘v ko Produce DM ol 1 10 100 | 1000
Fhe colliders. WIMP Mass [GeV/c?



Notk WIMP? Is ik Ehermal DM?

o Strongly or super weakly e Relic demsi&v likelthood qgives
interacting? the Map of DM search.

DM could be detected atr@.aciv oF| |o 1f ot thermal DM, what is the
still hidden, assumyﬁoms? Could we just g0
to next to mininum saﬁup or

Non-~WIMP is hard ko be detected nexb-to-next minimum?

(in colliders and D) without
cosmological or asErophvsw&L

OMIARTS. o Based own such assumptions,

can one find other powerful

Hu,ge Aaka nfrc)m c:osm(;.i,gsv and Lilkkelthoods Likke relic d@MSEEj?

astrophysics buk totally unknown
systematic uncertainties. ¢ How to madbfv DM Likelihoods?
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Experimental side: Theoretical side:

e TOO wealke tou[vuv\g‘sﬁ Mokivakions.

o Larger exposure, Higher/Lower
enerqgy,

¢ Model CQMCEL@'XE“&:) and Faputariﬁvj

o Backqgroun svsﬁemo&wsa

Too many scenarios (relic).
EFT almost qomne,
Model imd@[vemd@_v\% appraaﬂka

° f?;equi;red khowledge more than DM, CVOSS“{E@.LGK s%udj oﬂf F?m“ﬁc;‘i.@.
and askro rhysical theory,

Global fikking:
Precision and conservative estimation,
Fast Likelihood campu&aﬁom Like
Model comparison (skakiskics). @
Fair adjoin analysis (weight?).
Machine learning seems ko be tricky to be used.

® ® ® ® ®



What is the hext well-motivated

Thawnlk vou,!



Summary

104 102

Could y@exclude WIMP DM in 20 years?
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The wost Fmpui&r model is WIMPs but
Lk seems ko be killed scomn,
The DM underground detector plays unexpectedly well.
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Summary

Could we find/exclude WIMP DM in 20~30 years?
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Too low coupling -> WIMPless
Non-thermal relic density scenario
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' Too low coupling ¢

. Too heavy mass

. -> Composite DM
o
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