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“Just as a glass Iens will bend light

rays that pass through it, a powerful

* . gravitational field will cause light rays
~ passing nearby to hecome hent,

- causing a "lensing effect.”




DM self interaction
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4 goes through cooling 1o form into combine with hydrogen and cluster 0 !
o asuperfast cOSMOos permits atoms, charged protons and helium gas topether under
“inflation,' guarks to electrons and neutrons to formt  coalesce to form gravity, the first - _
‘ clump into protons prevent atoms, mostly the giant clouds stars dic and spew my =100 GeV
protons and light from hydrogen and that will become heavy elements
neutrons shining: the helium. Light galaxies; smaller into space: these
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superhot fog shine collapse to form form into new
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WIMP miracle % WIMPless miracle
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* We know almost nothing about dark matter except
for:
* Equation of state ~ Non-relativistic particles

* Total energy density

* 23% of the total energy density

* About five times of the energy density of baryons
* Its velocity around the earth

* About 200 km/sec
* Energy density around the earth

* 0.4 GeV/cm? 22.4 mol/L ~ 1Pa
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1974:

¢ quark observed (SLAC,BNL)

1974-77: v lepton observed (SLAC)

1977:
1983:
1995:
2000:
2012:
2024.

o IEENABEHATANEIFR
® [HE—HIIREY
o RFIERFREFE

b quark observed (FNAL)
W and Z observed (CERN)
t quark observed (FNAL)
v, observed FNAL)

H observed (CERN)

dark matter ?
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2016:

Binary Pulsar

Supernova
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Universe expanding
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o VAN T () W7 A EYIRAHE/EHG?

What makes dark matter 7

Atoms: 3 forces and many fund. particles
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Sterile L1ght DM

Microlensing lower limit on MACHOS
Ultra-light Bosons, Axions Neutrinosl WIMPs

Planck Scale '

Fuzzy
DM
v

10%kg
107 1074 10710

Electroweak Primordial Black Holes

Tyow Scale Solar Mass

[R¥IEEE (1040 -10°° GeV )
. FBEEREYIRR : WIMPzilla 105 GeV
« B WIMPs EE¥IEIEICHREY ( GeV- 1 TeV)
e.g MSSM, Extral dimension, Little Higgs, Singlet DM models
« 12DM #IF (keV) Sterile neutrinos

o TRIRESHIRR (10°10-1022 eV) Axion and Axion-like particles , Fuzzy DM
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« SS{EFXEERF WIMPs : tHE{FR&EMssEEFRAREER.

« [BMERTRIF Sterile neutrinos @ BR3 | NIMSINERERIFERRPHEEREF.

% FMERIF Neutralinos : ERSERIFRNBIEHIXT MAEXS FRIMFRIES.

w FEXIFREENIT Asymmetric dark matter @ REBYIBRRAIBRIFRIERIREHIER.
w M. ST Axions : ARERQCDHIRCPIRIEHPeccei-QuinnigHAYAI T
% &3¢+ Dark photon : AILARIY FAREREHIU (1) FERF

« SEEEEYIER Mirror world dark matter : SITSLYIERAZ AR EGHITH RP R,
w ZMEERSYIE Extra dimensional dark matter : ZRYMEZSBIFRF=ERIRIF .
« SE{EFREEN T SIMPs : EER(ERBIERINKREN F.

« SEIEYIHE Composite dark matter : FZRERESHIRSHIEHRIF
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Dark
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Dark Matter
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Dark Matter

Leptons
Nuclear Matter P Photons, Other dark
electrons, muons,

uarks, gluons : W, Z, h bosons articles
g & taus, neutrinos P

DM DM

. DM. DM . : SM DM :
Direct Indirect Particle Astrophysical
Detection Detection Colliders Probes

SM SM

M DM DM Y

tension = anomaly s no evidence s many facts w#=s
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Many International Efforts Over Last 20 Years
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SNOLab
DEAP/CLEAN '

PICO
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Picasso
COUPP

arada

Homestake
LUX

Soudan L7

SuperCDMS
CoGeNT

Dark Matter Searches

Boulby
ZEPLIN
DRIFT
Modane
EDELWEISS

Canfranc
ArDM e
Rosebud
ANAIS

Gran Sasso
XENON
CRESST
'DAMA/LIBRA
'%. DarkSide
WARP

South Pole
DM Ice

YangYang
KIMS

Kamioka
~ e XMASS
T Newage
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South Korea

Jinping
Panda-X
CDEX

Rick Gaitskell, Brown University, LUX / DOE



Comparison of rock overburden of these UL
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modulation amplitude
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EXCITING MYSTERY FROM ERS

EXCESS OF ELECTRONIC RECOIL EVENTS AT LOW ENERCY
Phys. Rev. D 102, 072004
12 October 2020

76 + 2 events/(t.y. kev)
Fitted background in [1, 30] keV

232 +15 285
Eventsin [1, 7] keV expected observed

Would be a 3.50 fluctuation

o

s
Q
x
N

Events

5 100 125
Energy [keV]
XENGNIT

BOCk M e Cageeend Pl Bovids Filus) Fmss
modegl " JOES RESULTS
I JCAPO4(20160027
fit to data:
very good across
most of the
energy range
[1, 210] keV

Search in 1 1 LXe fiducial mass and 226 9 live days
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ICHEP2020: PandaX-4T, and new results for PandaX-Il,with roughly

similar excess in low energy ER spectrum as XENONI1T - by N. Zhou
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Dark Matter Searches: Past, Present & Future
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Searching for DM in cosmic rays

DAMEPE (&%)
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Fermi y-ray Bubbles as foreground
for DM search from Galactic center
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HACALETS{EH20185 8 K IIRT
AMS-02&1E2H(2021 Phys. Rep. 894, 1):
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LHC at CERN

SM particles DM particles
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Implications for DM trends

* Few years ago * Now

PBH

By Adri Ch
PARTICLE PHYSICS v Adrian Cho Science 351 , 1376 ( 2016 )

Crunch time for dark matter hunt

Little confidence that biggest WIMP detector ever will find hypothesized particles

End of the road for WIMP searches

The quest for weakly interacting massive particles (WIMPs) likely will end when increasingly sensitive detectors
run into interference from neutrinos. They've already ruled out some of the range for supersymmetric WIMPs.
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‘ A HD * Higgs boson search at the LHC:
‘ M most of mass range ruled out before

discovery was made in a “'tiny” ~15 GeV
window (predicted by SUSY)

® (HrEf A A1 TeV ReXIRIREA K I

® 7 g Ik 1tk BAR SE U T E BEIX, e fER A B AL

® [ i s = SR, A A B AR S T LA R RR. .



o YIRS IRE 2RI 5| 773 B F- AT H

® #IIK IRZIRZAE....
® FRXFRE A PRI BR EACA IR K HIAH €

® 5|1 FHR T A0 B RIBE N LIRS
® 5| ISR AR FIER S W7 ] T B

® BYIFAERL LOERI T
® 515 IR S I AR AN o A 2 B S A IR R BE




M/

Tsinghua University

® 5| JURMRERERTHIAR K= ALK R JE !

liquid noble gas

single-phase (sci'n)

(a) . scintillating crystal (b) . bolometer (c)
Y Crystal Target T-Sensor », |

# E NG

.~
. -0
A .
Ny
-

Thermal Bath

pvr—[BARBBBA]
(RIS S —
Phase se _—|,—
%;?;éil - giF=--<B.L. > readout

...................................... I— -

(wpwawiw i iwiw, Y v |y . -

liquid noble gas bubble chamber directional M. Sch
. Schumann
dual-phase TPC

(sci’n S1 +ion’n $2) Main search: nuclear recoil

Lower DM mass: electron recoil
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