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DARK MATTER – NUCLEUS SCATTERING
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WIMPs, 
neutrons

WIMPs, 
neutrons
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DM particle (mass: GeV-TeV) scatters 
elastically of nucleus causing a nuclear recoil
¡ Rare events (< 0.0001 evt/kg/day)
¡ Low energy (~ keV scattering)
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DM particle (mass: GeV-TeV) scatters 
elastically of nucleus causing a nuclear recoil
¡ Rare events (< 0.0001 evt/kg/day)
¡ Low energy (~ keV scattering)

We need to:
¡ Reduce backgrounds
¡ Achieve low energy thresholds
¡ Maximise exposure
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DM particle (mass: GeV-TeV) scatters 
elastically of nucleus causing a nuclear recoil
¡ Rare events (< 0.0001 evt/kg/day)
¡ Low energy (~ keV scattering)

We need to:
¡ Reduce backgrounds
¡ Achieve low energy thresholds
¡ Maximize exposure

DARK MATTER – NUCLEUS SCATTERING
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DM particle (mass: GeV-TeV) scatters 
elastically of nucleus causing a nuclear recoil
¡ Rare events (< 0.0001 evt/kg/day)
¡ Low energy (~ keV scattering)

We need to:
¡ Reduce backgrounds
¡ Achieve low energy thresholds
¡ Maximize exposure
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DM particle (mass: GeV-TeV) scatters 
elastically of nucleus causing a nuclear recoil
¡ Rare events (< 0.0001 evt/kg/day)
¡ Low energy (~ keV scattering)

We need to:
¡ Reduce backgrounds
¡ Achieve low energy thresholds
¡ Maximize exposure

DARK MATTER – NUCLEUS SCATTERING
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PUSHING TO LOWER ENERGIES
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𝐷𝑀	𝑘𝑖𝑛𝑒𝑡𝑖𝑐	𝑒𝑛𝑒𝑟𝑔𝑦 =
1
2
𝑚!𝑣

TASI lectures on DM (Tongyan Lin) https://arxiv.org/pdf/1904.07915.pdf

https://arxiv.org/pdf/1904.07915.pdf
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PUSHING TO LOWER ENERGIES
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https://arxiv.org/pdf/2203.08297.pdf 

Inelastic interactions:
• DM – electron scattering
• DM – nucleus scattering with Migdal
• DM scattering with collective modes

https://arxiv.org/pdf/2203.08297.pdf
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APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf

*almost – a few updates since as we will find later in this talk TH
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Liquid Noble 

Detectors

https://arxiv.org/pdf/2104.07634.pdf
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Solid-state detectors
& Searches using Migdal effect

https://arxiv.org/pdf/2104.07634.pdf
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APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf
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NaI efforts 

https://arxiv.org/pdf/2104.07634.pdf
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APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf

Liquid Noble 

Detectors
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https://arxiv.org/pdf/2104.07634.pdf
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APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf

Solid-state detectors
& Searches using Migdal effect
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Diverse experimental 
approaches to push to 
lower energies

WHERE ARE WE GOING?

https://arxiv.org/pdf/2104.07634.pdf
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APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf

Solid-state detectors
& Searches using Migdal effect
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Calibrating/measuring 
the MIGDAL effect

WHERE ARE WE GOING?

https://arxiv.org/pdf/2104.07634.pdf
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LIQUID NOBLE DETECTORS

¡ Noble Liquids: Xe, Ar
¡ Good scintillators and easily ionized
¡ Scintillation signal & electroluminescence 

from ionization charge (in TPC 
configuration)

¡ Large target volume, fiducialisation
possible

¡ Event-by-event discrimination by S2/S1 
ratio (Xe) or pulse-shape (Ar)

TH
ER

ES
A

 F
RU

TH
, C

YG
N

U
S 

20
23



22

LIQUID NOBLE DETECTORS

¡ Noble Liquids: Xe, Ar
¡ Good scintillators and easily ionized
¡ Scintillation signal & electroluminescence 

from ionization charge (in TPC 
configuration)

¡ Large target volume, fiducialisation
possible

¡ Event-by-event discrimination by S2/S1 
ratio (Xe) or pulse-shape (Ar)

Xenon - Fiducialisation

Argon - PSD
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PandaX-4t XENONnT LZ

• 3.7 tonnes of Xe 
(active volume)

• 368 PMTs
• Status: running

• 5.9 tonnes of Xe 
(active volume)

• 494 PMTs
• Status: running

• 7 tonnes of Xe 
(active volume)

• 494 PMTs
• Status: running

Xenon detectors
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https://arxiv.org/abs/2107.13438
https://arxiv.org/abs/2207.11330
https://arxiv.org/pdf/2207.03764.pdf
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Xenon detectors
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CH3T  (β source)

DD neutrons 
(2.45 MeV) PandaX-4T: Phys. Rev. Lett. 127, 261802

LZ: Phys. Rev. Lett. 131, 041002 (2023)
XENONnT: Phys. Rev. Lett. 131, 041003 (2023)

LZ

XENONnT

https://arxiv.org/pdf/2207.03764.pdf
https://arxiv.org/abs/2207.11330
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• Consortium formed by XENONnT, 
LUX-ZEPLIN and DARWIN

• MoU signed in 2021

• 350+ members, 60+ institutions

• 60-80t detector

• Search for WIMP dark matter down 
to the neutrino fog

• Definitive search in accessible 
parameter space

NEXT GENERATION

XLZD

https://xlzd.org/
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DEAP-3600

• 3.3 t of Argon
• 255 PMTs & light 

guides
• Status: running

• 46 kg of UAr
• 38 PMTs 
• Status: ended

DarkSide-50

Argon detectors
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https://arxiv.org/abs/1902.04048
https://arxiv.org/abs/1802.07198
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NEXT GENERATION

DarkSide – 20k ARGO

Global Argon Dark Matter Community
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https://arxiv.org/abs/1707.08145
https://indico.cern.ch/event/949705/contributions/4555514/attachments/2370966/4049321/LeptonPhoton2021.pdf
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PUSHING TO LOWER DM MASSES

1XENON1T, https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.123.241803

Migdal effect & Bremsstrahlung1
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DarkSide 50 (PRL, 130, 101001 2023)

DarkSide-LowMass proposal, PRD 107 112006 (2023):
1 tonne scale optimised for low threshold

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.123.241803
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EFFORTS TOWARDS MEASURING THE MIGDAL EFFECT

Preliminary LZ study presented by Jeanne Bang, UCLA DM 2023

Liquid Xenon with tagged neutron scatters (7keV)

Jingke Xu et al. 2023 arXiv:2307.12952

MIGDAL collaboration
H.M. Araújo et al.  2023
Astroparticle Physics, 
Volume 151,102853

https://indico.cern.ch/event/1188759/contributions/5222299/attachments/2622583/4534820/UCLA%202023%20Dark%20Matter%20-%20Migdal%20Search%20in%20LZ%20-%20Jeanne%20Bang.pdf
https://arxiv.org/abs/2307.12952
https://www.sciencedirect.com/science/article/pii/S0927650523000397
https://www.sciencedirect.com/science/article/pii/S0927650523000397
https://www.sciencedirect.com/science/article/pii/S0927650523000397
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BUBBLE CHAMBERS

¡ Bubble chambers using superheated 
liquids (Freon-based).

¡ Threshold detector, ER background 
suppression by energy tuning

¡ 3D event reconstruction

Guillaume Giroux 2021 J. Phys.: Conf. Ser. 2156 012068 TH
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https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012068/pdf
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BUBBLE CHAMBERS

¡ Leading WIMP-proton spin-dependent 
limits with PICO-60 

¡ Next generation: PICO-500
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1 First dark matter search result from the LZ Experiment (https://arxiv.org/abs/2207.03764)
2 Guillaume Giroux 2021 J. Phys.: Conf. Ser. 2156 012068

https://arxiv.org/abs/2207.03764
https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012068/pdf


DAMA/LIBRA

¡ Phase 2 setup (since 2011): 
¡ 250 kg high-purity NaI(Tl) crystals

¡ Total exposure: 2.86 ton x yr over 22 
annual cycles

¡ Claiming 13.7 sigma

https://scipost.org/SciPostPhysProc.12.025 

https://scipost.org/SciPostPhysProc.12.025
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NaI experiments

ANAIS COSINE

• 112.5 kg total
• Status: data taking since 

2017, 3 years analysed
• Incompatible with DAMA at 

2.5 σ

• 106 kg total
• Liquid scintillator & muon veto
• Status: Upgrade & moving labs 
• First results are consistent with 

DAMA and no modulation

SABRE

• North & South detectors 
with 35-50kg each

• Focus on ultra radio-pure 
crystals

• Status: In preparation

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjv0bWb1IODAxUeaGwGHVVZBQAQFnoECBYQAQ&url=https%3A%2F%2Fgifna.unizar.es%2Fanais%2F&usg=AOvVaw16gXybQlQRlEDPUSVrik9z&opi=89978449
https://cosine.yale.edu/home
https://www.sabre-experiment.org.au/


¡ Detector:
¡ Scintillating cryogenic calorimeter:

¡ Phonon and scintillation signal 

¡ TES technology from CESST

¡ Event-by-event background discrimination 

¡ Plan:

¡ Data taking to start in 2024 

¡ 100 kg days in 2025

https://indico.cern.ch/event/1199289/contributions/5449514/at
tachments/2705060/4695810/COSINUS_TAUP23.pdf 

NaI experiments
COSINUS

https://indico.cern.ch/event/1199289/contributions/5449514/attachments/2705060/4695810/COSINUS_TAUP23.pdf
https://indico.cern.ch/event/1199289/contributions/5449514/attachments/2705060/4695810/COSINUS_TAUP23.pdf
https://www.lngs.infn.it/en/cosinus-eng
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CRYOGENIC BOLOMETERS

¡ Crystal targets (Ge, CaWO4) operated 
< 50mK

¡ Phonon readout via NTD or transition 
edge sensors

¡ Simultaneous readout of ionization or 
scintillation signal allows background 
discrimination

¡ Excellent energy resolution 

1 APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf
2 E. Armengaud et al 2017 JINST 12 P08010, https://arxiv.org/pdf/1706.01070.pdf TH
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ES

A
 F

RU
TH

, C
YG

N
U

S 
20

23

https://indico.cern.ch/event/699961/contributions/3043401/attachments/1694491/2727119/2018_IDM_BvKrosigk.pdf
https://arxiv.org/pdf/2104.07634.pdf
https://indico.cern.ch/event/699961/contributions/3043401/attachments/1694491/2727119/2018_IDM_BvKrosigk.pdf
https://arxiv.org/pdf/1706.01070.pdf
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¡ Crystal targets (Ge, CaWO4) operated 
< 50mK 

¡ Phonon readout via NTD or transition 
edge sensors

¡ Simultaneous readout of ionization or 
scintillation signal allows background 
discrimination

¡ Excellent energy resolution 
¡ Neganov-Trofimov-Luke effect allows 

lower thresholds

1 APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf
2 B Krosigk IDM 2018

CRYOGENIC BOLOMETERS
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https://indico.cern.ch/event/699961/contributions/3043401/attachments/1694491/2727119/2018_IDM_BvKrosigk.pdf
https://arxiv.org/pdf/2104.07634.pdf
https://indico.cern.ch/event/699961/contributions/3043401/attachments/1694491/2727119/2018_IDM_BvKrosigk.pdf
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superCDMS
(SNOLAB)

CRESST-III (LNGS)

CRYOGENIC BOLOMETERS

EDELWEISS-subGeV
(LSM)

• Germanium crystals
• Phonons: new NbSI TES
• Charge: Al electrodes
• Status: running, R&D for 

CRYOSEL module

• Si and Ge crystals
• Phonons: QETES, Charge: 

interleaved electrodes 
• Optimisation: low threshold or 

background discrimination
• Status: Construction ongoing

• CaWO4, Al2O3 LiAlO2, Si
• Phonons: W-TES 
• Light: Silicon-on-Sapphire wafer
• Status: Upgrade work ongoing
• New: diamond crystal above 

ground tests

https://arxiv.org/abs/2203.08463
https://arxiv.org/abs/2203.08463
https://arxiv.org/abs/1904.00498
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.062004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.062004


38

CRESST recent results

Low energy Spin-dependent

From TAUP: https://indico.cern.ch/event/1199289/contributions/5449631/ 

https://arxiv.org/abs/1904.00498
https://indico.cern.ch/event/1199289/contributions/5449631/
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SILICON CCDs

¡ DM-electron scattering in silicon CCDs 
(Charge coupled devices)

¡ Charge is drifted to pixel gates (readout)
¡ Position reconstruction form diffusion
¡ Spatial resolution allows particle ID

https://damic.uchicago.edu/detector.php TH
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https://damic.uchicago.edu/detector.php
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DAMIC-M (Modane)

SILICON CCDs

SENSEI (MINOS, FNAL)

• 2-gram 
• high-resistivity Skipper-CCD 

(charge readout)
• Status: second science run of 

100-gram version at SNOLAB 
starting soon
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• 1kg Si 
• High resistivity CCD-

Skipper (charge 
readout)

• Status: construction

Oscura

• 10 kg
• R&D needed to increase mass 

and reduce backgrounds (2 
orders of magnitude)

• Status: R&D/Design

https://damic.uchicago.edu/
https://sensei-skipper.github.io/
https://astro.fnal.gov/science/dark-matter/oscura/
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https://indico.cern.ch/event/1199289/contributions/5449602/attachments/2705775/4697202/SENSEI@TAUP.pdf 
DAMIC 2023: PRL 130, 171003 (2023)

SILICON CCDs

https://indico.cern.ch/event/1199289/contributions/5449602/attachments/2705775/4697202/SENSEI@TAUP.pdf
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UNIFYING R&D EFFORTS ACROSS EXPERIMENTS
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¡ Understand and minimize Low-energy 
excess 
¡ EXCESS workshop series
¡ long-lived metastable states releasing 

energy into systems
¡ Pushing TES to meV thresholds

¡ Reduce heat capacity and lower 
temperature

¡ Resulting sensors can be used for different 
target materials:
¡ SPICE, HeRALD

TESSERACT

https://indico.cern.ch/event/1213348/
https://tesseract.lbl.gov/
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PROSPECTS
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Lowering thresholds & better E resolution

APPEC Committee Report 2021, https://arxiv.org/pdf/2104.07634.pdf TH
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https://arxiv.org/pdf/2104.07634.pdf
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Thank you!
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Exciting time for dark matter direct detection with 
many more results expected in the coming years and 
promising R&D ongoing!
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SNOWMASS 2021, Cosmic Frontiers Report

https://arxiv.org/pdf/2104.07634.pdf
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SNOWMASS 2021, Cosmic Frontiers Report

https://arxiv.org/pdf/2104.07634.pdf

