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you are here

 Local DM mass density:

v!" ≈ 220	km/s

Non-relativistic wind of Dark 
Matter waves or particles
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90 orders of magnitude

Dark Matter candidates
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Particle Dark Matter: “physics in collision”

non-relativistic

eV GeV MPlanckkeV MeV

DM 𝐸!"#$ = 2
𝜇%&' 𝑣'

𝑚&

𝑣 ≈ 10!"𝑐

• Galactic DM speed: • Elastic scatter:
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Thermal relic: direct baryon/photon 
coupling in primordial thermal bath

WIMP miracle: weak DM pair 
annihilation cross section predicts 
correct relic abundance

May solve the naturalness and 
hierarchy problem. 

WIMP (Weakly Interacting Massive Particle)

Time

1204.3622
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Independent crosschecks: 
COSINE, ANAIS, SABRE, PICO-LON, DM-ICE…

Sinusoidal modulation from DAMA data, DM signal?

See Hyun Su Lee’s poster
25 NaI(Tl) scintillators
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Dual-phase Time Projection Chamber (TPC)

Redundant readout:
S1: scintillation signal (prompt)

S2: ionization signal (delayed)

3D position information:
S2 hit pattern + drift time
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Self-shielding + fiducialization:
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Other “Big Bucket” WIMP detectors

DEAP-3600

MiniCLEAN

DarkSide-50

ARDM

PICO-60 leading WIMP-proton limits (19F)
PICO-40L running now
PICO-500 under construction

PICO Bubble Chambers 
(superheated C3F8 fluid)

Darkside-20k
20t fiducial, 
~700t total Ar

construction@LNGS
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Xe
H2O+Gd

H2Oneutron 65%-87% ↓

muon 99.5% ↓

5.9 t 

Online distillation
222Rn 0.9 μBq/kg
Lowest, 15-fold ↓

Xe purification
e- lifetime = 15ms
86% bottom e- survive
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XENONnT PRL 129, 161805 (2022) 

PandaX-4T PRL 129, 161804 (2022)

1/5 background

XENON1T PRD 102, 072004 (2020)

LZ PRL 131, 041002 (2023)

0.8μBq/kg

1.8μBq/kg
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XEN
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 2205.11492

Improved limits
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2203.08084

Factor of 10 every 3.3 years, 
Z-boson, Higgs interacting:
NMSSM-1 (2102.08986) 
NMSSM-2 (2011.12848)
Triplet Majorana (1801.08551)
Pseudo-Goldstone（2008.09605）

Neutrinos (solar, atm) 
degenerate in momentum --
“neutrino fog” 
Now sees ~10 MeV 8B solar 
neutrino via coherent elastic 
v-N scattering (CEvNS)

WIMP search results

PDG 2023

See talks from
 M. Lindner and M. Chen

8B

WIMP gap
Current program leaves a 
WIMP gap: final push with 
Gen-3 detectors (e.g., XLZD)
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2024 milestone: 8B neutrino signal

XENON Preliminary

calibrate

ENR< 4.6 keV
En =152 keV

PandaX 

2407.10892 (2024)

2.64 sigma

XENONnT 

2408.02877 (2024)

2.73 sigma

First measurements

precise modeling 
enables discovery

• Smallest solar neutrino detector
• First CEvNS in Xe
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Essential step for future ~6 GeV DM search!
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WIMP detectors in 2030s

PandaX-xT (Xe)
47 tonne total
43 tonne sensitive volume

ARGO (UAr)
400 tonnes total 
300 tonnes fiducial 
250 m2 photon readout

XLZD (Xe)
XENON-LUX-ZEPLIN-DARWIN
78 tonne total
60 tonne fiducial

Underground Astro-particle Observatory
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“Search wide” with existing detectors

Ultraheavy DM near Planck-scale (1019GeV):
Well-motivated, low flux, clean signal

Multi-scatter
track

Also: DEAP 2108.09405, LZ 2402.08865

XENON 2304.10931

𝑝 = 𝑚𝑣

Large 𝑚, 
suppressed q in 
C.O.M 

Large 𝑣, large q, 
ER>Eth
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Cosmic rays boosted DM

Blazar boosted DM

1810.10543

2111.13644

Check your neutrino detectors!
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Sub-GeV DM: lowering detection threshold

eV GeV MPlanckkeV MeV

Absorption
 (inelastic)
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SENSEI / DAMIC-M / Oscura: Skipper-CCDs

C
R

: A. Botti C
oSSU

R
F22

charge measured repeatedly 
-> sub-electron readout noise

SENSEI

DAMIC-M

16

2 CCDs, 4k x 6k pixels

6k x 1k pixels, mass 2.19 g
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Skipper-CCD results

SENSEI 2023 SNOLAB result
Also, heavy mediator, Migdal, dark photon results

plan

2312.13342

Push orders of magnitude into “freeze-in”
SENSEI(100g) DAMIC-M(1kg) Oscura(10kg)
Need: understand low-energy “excess” 
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2 g x 7 month
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Wave Dark Matter: coherent resonance

meV ≈ m 

eV GeV10-21eV kg

Dark Oscillating Field
(axion, dark photon)

Force

E&M

Spin Precession

Direct / interferometric 
readout

Dark force impulses
(long-range, unscreened, gravity?)

Force

MPlanck

18

observables
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ADMX haloscope: galactic axions search

Primakov Effect (axion coupling with photons)

Tunable resonant cavity
Scanning one frequency at a time, but can lock-in signal7T, 100mK
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QCD axion:

solves strong-CP problem

Post-inflation
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QCD axion:

solves strong-CP problem

Axion-like particles:
generic scheme and wider 
parameter space

New search techniques to 
search post-inflation and 
GUT-scale axions

MADMAXDM Radio

21



Shengchao Li: DM Direct Detection

Westlake University | DM and neutrino lab
Quantum-enhanced DM force sensor
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Optic Magnetic
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Macroscopic sensor measured:
• DM recoils
• DM force wave (axion, DP, B-L)

2111.03597
2409.03814

readout
Vision: 109 array to probe 
~6 orders better, even 
“gravitational floor”

Windchime: 2203.07242

𝜔+ = 𝑘/𝑚

beyond SQL
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COSINE

ADMX
ABRACADABRA

NEWS-G

DarkSide-20k
Deap3600

CRESST-II
XMASS

XENON100
LUX

XENON1T
XENONnT LZ

XLZD/DARWIN

DAMADAMIC
SENSEI
SF-He

XENON10

SuperCDMS

Eöt-Wash
MAGIS

PICO

CASPEr
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Sabre
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CRESST-III
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eV GeV MPlanck10-21eV

bosonic/field fermionic/particle

Windchime
LAMPOST

Delve Deep, Search Wide

CDMX
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• Direct Detection uses the Physics in 
Collision to understand DM nature

• By working principle, we look for 
“nonrelativistic kicks” or “collective 
resonance” in our DM detectors 

• Rapid progress made for priority 
DM candidates (WIMP, QCD axion), 
next-gen experiments on the way

• Wide spectrum experimentally:   
ton-scale vs. table-top, many 
creative ideas turning into reality

• Pre-Socratic period for discovery


