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Direct detection of dark matter
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Direct detection of dark matter
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What is a WIMP?
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Vanilla (= standard thermal) WIMP
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The broader view: general thermal WIMPs and beyond

Rep. Prog. Phys. 85 056201 9
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How to search for WIMPs?
Basic idea: DM-nucleus scattering

Three options:
1. Excess in NR rate
2. Annual modulation of NR rate
3. Dipole-shaped recoil distribution 

(directionality)

F.S. Queiroz
arXiv:1605.08788
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Slides from R. Essigs talk at 
UCLA Dark Matter 2023
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Check: optical phonons
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Fighting backgrounds
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Shielding against cosmics
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World map showing labs and experiments

Front. Phys., 23 February 2021 26
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World map showing labs and experiments

Front. Phys., 23 February 2021

SNOLAB: SuperCDMS, 
DAMIC, SENSEI, Oscura

LSM: Edelweiss, 
DAMIC-M, NEWS-G

Canfranc: Anais

LNGS: XENON, DarkSide,  
DAMA/LIBRA, CRESST, 
SABRE North, COSINUS

JinPing: CDEX

Y2L: COSINE

SUPL: SABRE South

Sanford: LZ

27

https://doi.org/10.3389/fphy.2021.612417


Radio assay techniques for bulk contamination screening

(HR)-ICP-MS: Atom counting (232Th, 238U and 40K @pg/g ≃ 1e-5 Bq/kg sensitivities)
High Resolution Inductively Coupled Plasma – Mass Spectrometry

HPGe: Gamma spectrometer (226Ra, 228Th @ (high) 1e-5 Bq/kg sensitivities)
High Purity Germanium

NAA: activation and gamma counting
Neutron Activation Analysis

Alpha/beta counting: probing surfaces; late part of chain, e.g., 210Pb daughters
e.g., radon emanation and XIA or beta cage

-> early part of chains

-> later part of chains

28
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High Resolution Inductively Coupled Plasma – Mass Spectrometry
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Neutron Activation Analysis
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XENON TPCs
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Liquid xenon (argon) TPCs: detection principle
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Liquid xenon TPCs: state of the art
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Liquid xenon TPCs: state of the art

Jim Dobson

(Monday)
Carla Macolino 

(Thursday)
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Liquid xenon TPCs: state of the art
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What’s next – Future liquid xenon TPCs at the 50+ tonne scale
PandaX-xT

Ning Zhou, UCLA Dark Matter 2023
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What’s next – Future liquid xenon TPCs at the 50+ tonne scale
DARWIN

arXiv.:1606.07001

Benchmark Configuration:

● 1,910 3” PMTs 
● 50t LXe detector volume
● 0.1 μBq/kg Rn-222
● Gran Sasso National Laboratory
● Exposure goal: 200 t x y

Bottleneck: xenon procurement

● Current overall (world-wide) xenon 
production: ca. 65 t / year

36
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What’s next – Future liquid xenon TPCs at the 50+ tonne scale
XLZD (xlzd.org)
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Consortium of XENON, LUX-ZEPLIN & 
DARWIN 

→ MOU signed July 2021

Explore to neutrino fog in the 2030s
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https://xlzd.org/
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ARGON TPCs
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The Global Argon Dark Matter Collaboration (GADMC)

Tom Thorpe, UCLA Dark Matter 2023
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● 8 - 10 orders of magnitude suppression of ER backgrounds
using pulse shape discrimination (PSD)

● BUT: Ar39 rate sufficiently low (pile up)

-> Underground argon (UAr)
-> Cryogenic Ar39/Ar40 distillation

Liquid argon TPCs
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http://doi.org/10.1140/epjc/s10052-021-09514-w


Large-scale underground argon (UAr) production
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DarkSide-20k @ LNGS

Tom Thorpe, UCLA Dark Matter 2023
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DarkSide-20k @ LNGS

NOA @ LNGS

JINST 12, P09030 (2070)
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http://doi.org/10.1088/1748-0221/12/09/P09030


DarkSide-50 (ionization signal-only analysis)
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https://doi.org/10.1103/PhysRevLett.130.101002


Liquid-gas TPCs summary

PandaX-4T (recast) ‘21

LZ (recast) ‘22 
XENONnT ‘23
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The broader view – going sub-GeV
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Reminder

47

Cryogenic bolometers
(SuperCDMS, CRESST, 
EDELWEISS) 

Skipper CCDs 
(SENSEI,  DAMIC, 
OSCURA)



Heat + Light/Charge readout

Phonon readout e.g. using TES

Lite/HV-mode

Charge mediated phonon amplification 
(Neganov-Trofimov-Luke Effect)

Cryogenic Bolometers
SuperCDMS, CRESST, EDELWEISS
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SuperCDMS @ SNOLAB
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DM would create one or a few electrons in a pixel
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Skipper-CCDs
SENSEI, DAMIC, OSCURA



DM would create one or a few electrons in a pixel
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Skipper-CCDs
SENSEI, DAMIC, OSCURA

Exp Astron 34, 43–64 (2012)

Readout noise < 1e-

https://link.springer.com/article/10.1007/s10686-012-9298-x
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Skipper-CCDs
SENSEI, DAMIC, OSCURA
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SENSEI, DAMIC, OSCURA



● Detectors operating at Fermilab & SNOLAB

SENSEI
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● Detectors operating at Fermilab & SNOLAB
● 3 science results w/ detector at Fermilab

SENSEI
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● Detectors operating at Fermilab & SNOLAB
● 3 science results w/ detector at Fermilab
● First results from SNOLAB expected soon

SENSEI
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DAMIC-M LBC

● Laboratoire Souterrain de Modane
● Low Background Chamber (LBC)
● 6k × 4k pixel skipper CCDs ( × 2)
● Total mass of active target ∼18 g

○ Goal: ~700 g 
● Integrated exposure of 85.23 g days
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DAMIC-M LBC

arXiv:2302.02372 
58

https://arxiv.org/abs/2302.02372


DAMIC-M

● Laboratoire Souterrain de Modane
● Full mass of ~700 g 
● Expected exposure of 1 kg y
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Skipper-CCDs

60
From Brenda Cervantes, UCLA Dark Matter 2023



DAMIC @ SNOLAB

arXiv:2306.01717 61
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DAMIC @ SNOLAB

arXiv:2306.01717

“The observed excess ionization events 
likely arise from an unidentified source 
of radiation …”

“The only known interactions that could 
give rise to the observed excess 
spectrum are those from neutrons …” 

“No such source of neutrons has been 
identified.”

“… the excess corresponds to a WIMP 
with mass ∼2.5 GeV/c2 and a WIMP- 
nucleon scattering cross section 
~3x10−40 cm2. This interpretation is 
nominally excluded by results from 
CDMSlite and DarkSide-50.”
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The EXCESS initiative

SciPost Phys. Proc. 9, 001 (2022)

EXCESS2023@TAUP coming up!
Aug. 26, 2023

https://indico.cern.ch/event/1213348/
63

https://scipost.org/SciPostPhysProc.9.001
https://indico.cern.ch/event/1213348/


The EXCESS initiative

SciPost Phys. Proc. 9, 001 (2022)

EXCESS2023@TAUP coming up!
Aug. 26, 2023

https://indico.cern.ch/event/1213348/
64

https://scipost.org/SciPostPhysProc.9.001
https://indico.cern.ch/event/1213348/


Many more promising technologies/detectors

65

● Gas prop. counter (NEWS-G)
● Threshold detectors (PICO)
● Qubits (see poster by Rakshya 

Khatiwada)
● SNSPD
● Supercooled water (Snowball)
● Superfluid helium (HeRALD)
● HydroX
● …



Resolving DAMA

Three options:
1. Excess in NR rate
2. Annual modulation of NR rate
3. Dipole-shaped recoil distribution 

(directionality)
F.S. Queiroz
arXiv:1605.08788
(modified) 66
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Modulation signals

Yearly modulated signal: Daily modulated signal:

Expected change in rate:  1-10 %
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DAMA/Libra

68(see also: Nucl.Phys.Atom.Energy 19 (2018) 4, 307-325)from Pierluigi Belli, UCLA Dark Matter 2023

https://doi.org/10.15407/jnpae2018.04.307


69from Govinda Adhikari, UCLA Dark Matter 2023



Are we nearing a solution?

70from Reina Maruyama, UCLA Dark Matter 2023

from María Martínez, 
UCLA Dark Matter 2023

today



Going beyond the neutrino fog

Three options:
1. Excess in NR rate
2. Annual modulation of NR rate
3. Dipole-shaped recoil 

distribution (directionality)
F.S. Queiroz
arXiv:1605.08788
(modified) 71
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Directional detectors

● DMTPC (Phys. Lett. B, 695 (2011), p. 124)

● Drift (Astropart. Phys., 91 (2017), p. 65 )

● Newage (arXiv:2301.04779 (2023))

● CYGNO (arXiv:2202.05480 (2022))
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10-L DMTPC directional dark matter detector

https://doi.org/10.1016/j.physletb.2010.11.041
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https://arxiv.org/abs/2301.04779


Delve Deep, Search Wide
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Credit: Dark Matter Limit Plotter

Thank you for 
your attention! 



Backup

74



Working principles of direct detection experiments
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TESSERACT

76



Direct detection experiments overview

77



78


