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« DM Candidates

QCD axion WDM limit unitarity limit
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non-thermal dark sectors
bosonic fields sterile v
can be thermal arXiv: 1904.07915




Dark Matter Direct Detection

Local density
— 0.3 GeV/cm?

Isothermal velocity distribution
— vy~220 km/s
Nuclear recoil (NR)

Electron recoil (ER)




World-wide Efforts

« Underground laboratories

Cosmic Radiation
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World-wide Efforts

 Various target materials, detecting photon/electron/phonon

« Pushing to lower background and lower threshold
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Noble LXe Time Projection Chamber

« Scintillation light S1 and ionized electron S2

 Three leading xenon detectors =2

— LZ@SURF: 7-ton sensitive target
— XENONNT@LNGS: 6-ton sensitive target
— PandaX-4T@CJPL: 4-ton sensitive target




Noble LXe Time Projection Chamber

« DM-nucleus elastic scattering
— Limits of o reaches 2x10-48 cm2at ~40 GeV/c2 DM
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arXiv:2410.17036

PRL 135, 011802 (2025) L)
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Towards Low Mass Dark Matter

- Sensitivity decreases significantly for DM mass < 10 GeV

— Limited by scintillation light signal detection
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First Indication of Solar 8B Neutrino CEVNS

» Low threshold detection: S2-only CENNS I B CENS
— Threshold 3keV->0.3keV

+MD

PandaX-4T
PRL 133, 191001 (2024)
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« PandaX-4T: 1.0 tonne-year

— S2only and Paired ROls: 2.64c
— Best-fit B yield
» Paired: 3.5 * 1.3 events

»>S2only: 75 + 28 events

« Demonstrating low-mass DM
detection capability
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Low-threshold Detection for Low Mass

- Extending LXe high-sensitive region to 2-6 GeV/c?

— Sl ~10-41-10-44cm?, SD-neutron ~10-3%cm?, SD-proton ~10-38cm?

nin-independent

DM mass [GeV] DM mass [GeV] DM mass [GeV]
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Future Experiment: PandaX-xT

« 200 tonne-year Exposure

— Key tests on WIMP and Dirac/Majorana neutrino

Outer VETO: 3000 m3 of ultrapure water

Middle VETO, 1000m3 of ultrapure water

4
40TLXe |
™C, |
2.5mx2.5m |

Neutrino floor

—  Inner VETO: liquid
scintillator, 30 ton

SI WIMP-nucleon cross section (cm?)

10 102 10° 10* 10°

arXiv:2402.03596, SCPMA 68, 221011 (2025) WIMP mass (GeV/c?) 13




Solid Target Detectors

« Low threshold detectors
— Cryogenic solid target
— Ge, Si, CaWOQ,, Skipper CCD

SuperCDMS
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arXiv:2203.08463

SuperCDMS

* Low threshold heat and ionization \
detector primarily for low mass N~ |||

— Phonon readout via Transition edge sensors

— Charge readout via interleaved electrodes

— Threshold can be lowered to ~100eV NR

“Traditional” NR iZIP, “background free” 2 5GeV
B Low Threshold NR iZIP, limited discrimination > 1GeV
B HV Mode HV, no discrimination ~0.3-10 GeV
| Electron recoil HV, no discrimination ~0.5MeV - 10 GeV
. Absorption (Dark Photons, ALPs) HV, no discrimination ~1 eV -500 keV
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SuperCDMS

- Expected to cover ~1 GeV/c2 DM
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WIMP-Electron Scattering

« WIMP-electron coupling

— Heavy mediaor or light mediator
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* Probing DM mass ~100MeV/c? in LXe
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SENSEI / DAMIC-M

- Skipper-CCDs, probing DM ~MeV/c? e .
— going down to 1e- threshold -

« SENSEI @SNOLAB
— 19 Skipper-CCDs (~40qg)
- DAMIC-M @Modane B 0% ) AT G

E 107

v 107

— 26.49, 2e" to 4e- 07}
107

— exposure ~1.3 kg-day o SENSEl 1e”
1 0_‘.42 K Fpm=(am,/q)*
10—43._.

— will scale up to ~700g 10° 10! mt“\,:,?\,l 10° 10*

arXiv:2410.18716




PKMu: Probing and Knocking with Muon

« Muon Tomography

— 63-day campaign from Feb 12, 2025, 1.18 million cosmic ray scattering
events recorded.

—f observed = MC_all_particle

) + 1 std. deviation — MC_pu (35.1% * 5.2%)
ASHEF Incoming Muon

MC_e (52.5% + 2.5%) === MC_other (12.3% % 0.2%)
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PKMu: Probing and Knocking with Muon

« Use the scattering angle

----- Asymp;iotic CL, expedted

to scan 0.01~100 GeV/c2 g = Asymptotic CL, bwd

- I + 1 std. deviation

muon p h i I ic D M = J_rzgmdewamn
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Qite Li, Chen Zhou, Qiang Li et.al.
PRL 7136, 157007 (2026)
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Accelerated Low Mass DM

- The Universe is a big accelarator
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Accelerated Low Mass DM

- The Universe is a big accelarator
« Accelerating light DM based on the same interaction

« Covering DM mass ~keV/c?

2¢

~1i 1072

XENONNT

. XENONIT (S2-only)
PandaX-1I (S2-only)

o

XENONI10 (52-only) (Essig)
e Freeze-out
CDEX-SBDM
H.P.An-SBDM
! PandaX-4T (52-only)
RG disf: ed
= This

Sensitivity band (+10)

.—-

o
B
=

Li,etal, M, =107 g

PBH

<
F

Super-K - XENON-1T

(i |
4

1
DM mass [MeV/c?]

m_(MeV)

Solar Axion arXiv:2408.07641 DM from PBH arXiv:2403.20263 Solar boosted DM arXiv:2412.19970
22



DM Interaction Mediator

| Direct detection: Collider search:

Interaction energy too low Study the same interaction, can produce the
to study the mediator mediator
Collider Search

Direct Detection —_—
e

O
<

L3ty e s
Mediator

\LI/

Collider Search

—_—

Collider Search

Mediato
WS R

R
Mediator

%
<
%
<

23



= R -

- - - . _'. =% ] - %, . met, =
BT ey - o ' . -

Large Hadron Collider

- 24



Collider Search
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Constraints on Simplified Model

« Vector mediator: spin independent interaction

 Axial-vector mediator: spin dependent interaction

T

'ATLAS.Prellmlnary
Vs = 13TeV 29.3-140 fb'

Ju

Vector mediator, Dirac DM
g,=0259=09 =1
ATLAS limits at 95% CL, direct detecﬂon limits at 90% CL

— Dijet resonance

« Dijet, 139 fb'
JHEP 03 (2020) 145

* Dijet TLA, 29.3 fo’
PRL 121 (2018) 081801

« Dijet+Lepton, 139 fo'
JHEP 06 (2020) 151

« Dijet+ISR, 140 fb!
arXiv:2403.08547

» Boosted dijet+ISR, 36.1 fb'
PLB 788 (2019) 316

tf resonance

36.1 fo"; EPJC 78 (2018) 565

bb resonance
139 f"; JHEP 03 (2020) 145

ET=+X
« E7%+jet, 139 fb”
PRD 103 (2021) 112006
e E7%4y, 139 10"
JHEP 02 (2021) 226
« ET*%Z(1l), 139 fb!
PLB 829 (2022) 137066
« ET4V(qq), 140 fb
arXiv:2406.01272
—LZ
PRL 131 (2023) 041002
— PandaX-4T
PRL 127 (2021) 261802

— DarkSide-50 QF MIGD
PRL 130 (2023) 101001
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ATLAS limits at 95% CL, direct detecﬂon limits at 90% CL
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— Dilepton
*139 fiy'!
PLB 796 (2019) 68

— Dijet resonance

* Dijet, 139 b’
JHEP 03 (2020) 145

* Dijet TLA, 29.3 fb
PRL 121 (2018) 081801

« Dijet+ISR, 140 fb
arXiv:2403.08547

bb resonance

139 fb"; JHEP 03 (2020) 145

Erniss X

JHEF’ 02 (2021) 226
Miss - -1
B " +jet, 139 fb
PRD 103 (2021) 112006
. E':"“+V{qq'}. 140 fo”
arXiv:2406.01272

— PICO-60 C.F
PRD 100 {zuca h2001




Dark Sector

- Dark quark, dark fermion, dark photon, dark Higgs, etc.
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Dark Baryon

 Strongly coupled dark quarks
— Dark QCD mediated by dark gluon

— Dark quark shower and hadronization

- Stable dark hadrons
— DM candidate

- Unstable dark hadrons decay into
SM quarks

— SM quark shower and hadronization

productlon

& hadronization

Image from M. Strassler

T

-
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shower

decay
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Dark Glueball

Motivation: Why Glueball Dark Matter?

@ A pure dark Yang—Mills sector is arguably the P .

simplest confining dark sector. Minimal logic |
@ Once the theory confines, it inevitably produces a

tower of glueball bound states. pure SU(N)p Yang-Mills

@ In the absence of dark fermions, the glueballs are
cleanly defined: there are no mesons, baryons,
or fermionic bound states that can mix with them. { confinement

This makes the low-energy spectrum theoretically

simple, predictive, and directly tied to the glueball tower
confinement scale.

Lattice studies indicate that the scalar 0* 0+ lightest
glueball is the lightest state in the spectrum.
Therefore, in a sufficiently secluded dark sector,

the lightest 0™ glueball naturally becomes the
leading dark-matter candidate.

—> DM candidate

Take-home message

Glueball dark matter is minimal, clean, and predictive: confinement alone is enough to
generate a well-defined dark-matter candidate.

ey = - - e

Zhi-Wei Wang E&f% (UESTC BB FRIEEAE) Glueball Dark Matter Apr. 7th, 2026 29/1

Talk to &4, if interested

arXiv:2602.18753
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Dark Matter and Higgs

- Higgs may connect to the dark sector
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DARK MATTER
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Two-Higgs-Doublet-Model

« Type-ll 2HDM (h, H° H<, A) with additional pseudo-scalar

mediator a

arXiv:2306.00641, Science Bulletin

— rich phenomenology at LHC

2HDM+a, Dirac DM, sin6 = 0.35, tanp=1,m =10GeV,g =1, m =my=m,

Limits at 95% CL
—  Observed
Expected

ET"*+h(tt), 139 fb’

arXiv:23 2938

ET™+h(yy), 139 fb™

JHEP 10 (2021) 13

ET"*+Z(qq), 36.1 fb”'

JHEP 10 (2018) 180

PRD 103 {2021) 112006

— titf, 139 fb’

arXivi2211.01136

nvisible, 139 fb™

arxiv:2301.10731

— Combination

ET*+h(bb), ET**+Z(1l), toH(tb)
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Two-Higgs-Doublet-Model

" 2HDM+a, Dirac DM
\ ma=my=my==1000GeV/c?
sin@=0.35,tanff=1,g,=1

m, =400GeV/c?

HIIHI‘ L L

PandaX-4T (1.54 tonne-year)
EMss + h(bb) (ATLAS)
tbH*(tb) (ATLAS)

combination (ATLAS)
Relic density
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arXiv:2408.00664
PRL 134, 011805 (2025)
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DarkSHINE Experiment

INVISIBLE DECAY MODE  m'y > 2mx

* Fixed target experiment searching for
light dark matter

— Electron energy: 8 GeV, frequency: TMHz

— ~3x10% electrons-on-target (EOT)

LS FEL L B | ! e
DARK SHINE
Beam Energy 8 GeV
5.0x 10° EOT
Sig Yields: 0.5x 107'* (x 10
Bkg Yields: 5.0x 10°

=
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w
S
g
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=
S
s

Reconstructed Energy [GeV]
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DarkShine Experiment

Detector key technology R&D is ongoing
— CDR is released arXiv:2411.09345

Target(Tungsten)

Tracker ©~

Electromagnetic Calorimeter(ECAL)

o Hadronll: Calorlmeter{HCAL}

Sci. China-Phys. Mech. Astron., 66(1): 211062 (2023)
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Indirect Detection

WIMP Dark
Matter Particles
Ecm~1 00GeV

Neutrinos |

\e_}%ﬁ’e

+ a few p/p, d/d
Anti-matter

N
-V

g £
g~
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GeV Excess in the Galaxy Center

Total Flux Residual Model (x3)
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GeV gamma Excess in Galaxy Center
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Space Particle Detectors

« AMS-023C38: BEgin+=ilbiREs, EnRiFBiE
- DAMPEE=S3CES: SEE6F. BF. RFFF
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Anti-electron/Electron Excess

 TeV scale dark matter?

— Alternative explanations from pulsars (PRD 2017), but challenged by the

HAWC observation (SCIENCE 2017).

Positron Spectrum

« AMS-02
= Fit with Eq.(5) and
68% C.L. band

Source term

‘\\ /'!_.

 Diftuse term >
_’___//..-""""'M"’ \Energy [G eV]

= AMS-02 Collaboration, Phys. Rep., Vol 894 (2021)

E3 x Flux (m2 s7" sr! GeV?

L

e

Gabtbeas, .
TR00°8 SN ae

—e— DAMPE (this work)
H.E.S.S. (2008)
H.E.S.S. (2009)
AMS-02 (2014)

—— Fermi-LAT (2017)

Energy (GeV)
= DAMPE Collaboration, Nature (2017

)
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Anti-proton Excess

The AMS Antiproton-to-Proton ratio

* AMS

Dark matter

Momentum [GeV]

G. Giesen, et al., JCAP (2015)

¢ PAMELA 2012
$ AMS-02 2015

— Fiducial
Uncertainty from: Cross-sections
Propagation
Primary slopes
Solar modulation
5 10 50 100
Kinetic energy T [GeV]
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Anti-Helium/Deuteron

« 2018: “To date, we have observed eight

events... with Z = -2. All eight events are
[] L] L] ” 9 T T T T T T T
in the helium mass region. R MR
. g 108 5 Monte-Carlo-
— Prof. Ting (La Palma, AMS overview) W 7E B P Memacaro-.|
. anti_.-‘He track in YZ bending pl_ane _ 105
10° & *
omenuﬁ= .6+2.5GeV/c _..:E p
g\arge t = -322.0651?(5;.35\{ 107 o b )
_Mass = 3.81% 0.29 GeV/c 10 7d: ., 8
Mass (*He) = 3.73 GeV/c? : [ ) |n,J|.]
—— 5 E i :H _ [n_l""
1: 1 | I I: 1 -IH I!l i I!'! 1 1 1 I 1 1 1 1 I | 1 1 1 I 1 1 |
—2 —1 0 1 P

Charge Sign * Mass [GeV/c?]

1 Several antideuterons with large 8

Cherenkov con: |n RICH (X-Y plaﬁe] m e a S u re d

Date: June 22, 2017 06:11:40
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Low Energy Anti-Deuteron Measurement

 Low-energy cosmic are essentially background-
free signature of dark matter, and MEASURABLE!!

From B’
Plastic Scintillator

TOF Umbrell ime-of-Fli . ,
b ' = Limesof-rlaht Time-of-flight system: measures velocity,
incoming angle and dE/dx, fast trigger,
tracks of outgoing particles

Si(Li) tracker acts as:

::(f) g;{fi;s « Target to slow/capture an incoming antiparticle
detectors into an exotic atom
« X-ray Spectrometer to measure the decay
’ X-rays
. TOF Cube . )
rerRcacting. L HeCaiing « Particle Tracker to measure the resulting
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GAPS BiREESIKIE

« GAPS=(eneral “ ntiarticle - pectrometer
— B3 AEIBEI% Si(Li) Tracker

Time-of-Flight
(TOF) Umbrella

~ Radiator &<

Si(Li) Tracker
(within TOF Cube)

TOF Cortina
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GAPS BiREESIKIE

+ 2025512316k BBREZERASHBUHE, REatRAREMAE, 25
REERER

- SRS ITHITHR. .

L P T T TR T
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*

*
thermal freeze-out (early Univ.)
indirect detection (now) ;
-
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Summary

* The detectlon of dark matter |s a cruaal component in the
exploratlon of new phy5|cs =

- Experlments are developmg rapldly, presentmg Slgnlflcant
C’IC’PC""CU“l’tlﬁ's for lmportant dlscoverles ha

. Further develop flagshlp experlments and unlock thelr new
~ potential | |

* Actively expand new detectlon methods to cover a broader

parameter space Tha n kYOu ! _
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