
Other Rare Event Detectors
-- Other than SuperCDMS… 
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Phonons
10 meV/ph

100% energy

Ionization
~ 10 eV/e

20% energy

Scintillation
~ 1 keV/γ

few % energy

Reminder



CRESST

● CRESST: phonon + light
● Thermal TES sensors
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CRESST
● CRESST III detectors focused on low-mass WIMPs

● Design Goal: Threshold of 100 eV. How? Smaller Crystals!

● Going from 250g in CRESST II to 24g in CRESST III
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EDELWEISS
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• EDELWEISS: phonon + charge

• 36 x 800 g detectors

• “Fully Inter-Digitized” charge sensors -- instrumented on the sidewalls

• NTD as heat sensor -- thermal detector
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Slide from Nicolas MARTINI, 
Magnificent CEvNS, 2024
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Slide from Nicolas MARTINI, 
Magnificent CEvNS, 2024
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Slide from Nicolas MARTINI, 
Magnificent CEvNS, 2024



Modular TES detector
● Thermally couple a TES thermometer onto 

an arbitrary target
● Target can be almost any solid: 

semiconductor, metal, superconductor, etc
○ 12 eV resolution achieved on 1 gram silicon
○ 0.85 keV resolution on 21 gram Li2MoO4

■ Excellent detector also for neutrinoless 
double beta decay!

● Further improvements to come
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NIM A 1057 (2023) 168765

J.Low Temp.Phys. 211 (2023) 5

https://arxiv.org/pdf/2406.02025



DAMA/LIBRA Experiment

● Using an array of 25 radiopure 
NaI(Tl) crystals, DAMA/NaI reported 
an annual modulation in event rate 
consistent with dark matter, 
observed over 7 annual cycles.
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Eur. Phys. J. C
(2010) 67: 39–49

Eur. Phys. J. C
(2013) 73:2648

Have we already detected dark matter?



Checking DAMA with NaI Detectors

Note: Annual Modulation is also being looked for with other detector technologies!



DM-ICE 17
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Noble Liquid Time Projection Chambers
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Slide courtesy of Rafael Lang

• Obtain vertex position 
from S2 hit pattern and 
drift time 

• Ratio of S2/S1 provides 
nuclear/electron recoil 
discrimination

https://xenonexperiment.org/time-pr
ojection-chamber/ 

https://xenonexperiment.org/time-projection-chamber/
https://xenonexperiment.org/time-projection-chamber/


Noble Liquid Time Projection Chambers
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• Obtain vertex position from 
S2 hit pattern and drift time 

• Ratio of S2/S1 provides 
nuclear/electron recoil 
discrimination

drift time



Signal Production in Noble Liquids
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Signal Production in Noble Liquids
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Signal Production in Noble Liquids
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Signal Production in Noble Liquids

● Electron Recoils and Nuclear Recoils are 
Separated in Log(S2/S1) vs S1 plane

● Look for WIMPs below the mean of the 
nuclear recoil distribution (the red line in 
the plot)
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Noble Liquid Time Projection Chambers

20NOT TO SCALE!

ArDM XENON1T LUX DarkSide-50
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https://indico.cern.ch/
event/1188759/contri
butions/5044010/



The DarkSide Program: Liquid Argon TPC

● 46 kg active Ar, 36.9 kg Fiducial

● Active neutron veto (borated liquid scintillator)

● Using underground Ar obtained 1400x less 39Ar 
events that atmospheric Ar
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DarkSide-50 DarkSide-20k

SiPMs

• 23 Ton Ar, 20 Ton fiducial

• 100 Ton-yr background-free exposure

• Gd-loaded Water Cherenkov active veto

• Timeline: TBD



Dual Phase Liquid Argon TPC
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Dual Phase Liquid Argon TPC
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Dual Phase Liquid Argon TPC
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Lowering 39Ar background using Underground Ar
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Single phase TPC

● nEXO
● LXe
● Single phase TPC

easier to build
● Measure charge directly 

on electrode
○ No amplification 

like S2
● Maybe will go to 

SNOLAB soon?
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Single-phase Noble Liquid Detectors
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DEAP3600

• 3600 kg Ar, 1000 kg Fiducial

• 3 Ton-yr exposure

• Scintillator detector
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http://deap3600.ca/w
p-content/uploads/20
22/08/ICHEP2022_J
McLaughlin_DEAP_fi
nal.pdf 

http://deap3600.ca/wp-content/uploads/2022/08/ICHEP2022_JMcLaughlin_DEAP_final.pdf
http://deap3600.ca/wp-content/uploads/2022/08/ICHEP2022_JMcLaughlin_DEAP_final.pdf
http://deap3600.ca/wp-content/uploads/2022/08/ICHEP2022_JMcLaughlin_DEAP_final.pdf
http://deap3600.ca/wp-content/uploads/2022/08/ICHEP2022_JMcLaughlin_DEAP_final.pdf
http://deap3600.ca/wp-content/uploads/2022/08/ICHEP2022_JMcLaughlin_DEAP_final.pdf


Freeze it up?

● To reject Radon…
● Can associate multiple decay daughters 

at the same location
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https://indico.fnal.gov/event/6424/contributions/96002/attachments/6
2734/75184/pahlka_lidine_sxenon_052913_1.pdf



Other Nuclear Detection Technologies
● Silicon CCDs: DAMIC

● Bubble Chamber Experiments

○ PICO 

■ Excellent SD Sensitivity 

■ (currently running at SNOLAB)

○ Scintillating Bubble Chamber

● Directional Detection Experiments

○ DRIFT, DMTPC, NEWAGE, MIMAC
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PICO Bubble Chamber

● Insensitive to gamma backgrounds 
due to dE/dx needed to nucleate a 
bubble.

● Slow detector, but OK for rare event 
searches

● Alpha discrimination by acoustic
○ Alpha popping is x4 louder
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https://kicp.uchicago.edu/depot/talk
s/2016-01-19-colloquium.pdf
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https://kicp.uchicago.edu/depot/talk
s/2016-01-19-colloquium.pdf
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https://kicp.uchicago.edu/depot/talk
s/2016-01-19-colloquium.pdf


