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96% of the Universe is 
Dark Matter and Dark 
Energy!

We did not know the 
power of the dark 

side…
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A Beautiful Problem in Physics
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40 Orders of Magnitude!
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The low-mass DM Direct Detection Challenge
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Many new technologies under development!
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arXiv:1707.0459

Scintillating bubble chambers
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Noble Liquid Time Projection Chambers

• S1: initial light from scintillation of liquid


• S2: Signal from drifted electrons creating a 
second avalanche of scintillation when 
crossing from the liquid to gas phase.


• Can also get some particle ID from pulse 
shape


• XENON10/100/1T/nT, LZ, DarkSide, 
PandaX, … 
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Cryogenic Crystal Detectors 

VNTL

Sensors measure phonons/charge/light

B.	S.	Neganov	and	V.	N.	Trofimov,	Otkryt.	Izobret.,	146,	215	(1985)

P.	N.	Luke,	J.	Applied	Phys.	64,6858	(1988)

21
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Diamond 

SiO2 
…

SuperCDMS, EDELWIESS, CRESST, etc.

TES, NTD, MKID, MagCal, SNSPD…
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TESSERACT
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SENSEI, DAMIC-M, OSCURA
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NEWS-G
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Single e- ionization threshold! 
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Scintillating Bubble Chambers
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Many other technologies

• SNSPDs


• Qubits


• MKIDs


• Quantum Charge Parity Detectors


• Narrow-gap Semiconductors (SPLENDOR) 


• Supercooled water (Snowball chamber) 


• Hydrogen-doped Liquid Xenon 
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Huge Progress of the last 11 years…
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Challenges: Low-energy excess and other backgrounds

28

https://scipost.org/SciPostPhysProc.9.001

CRESST-III (2019) EDELWEISS (2019/20)

NUCLEUS (2017)

SuperCDMS HVeV (2021)

SuperCDMS CPD (2021)
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Challenges: Calibrating low-energy processes

29

Migdal, Cherenkov, 
radiative recombination, 
transition radiation, 
molecular excitations, 
collective phonon modes, 
mignons, etc…  
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Lots more parameter space left to explore!
Electron RecoilsAbsorption Nuclear Recoils

arXiv:2211.09978,1707.0459
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Conclusions
• Dark Matter remains one of the great questions in physics


• New theoretical and experimental advances have opened up new 
parameter space to search for dark matter


• The next ten years will see rapid improvement in the sensitivity of 
experiments over orders of magnitude of parameter space


• Many interesting benchmark models for low-mass dark matter will be 
reached in this time frame


• A positive signal would herald a new chapter in our search for physics 
beyond the standard model!
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