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“The particle physicists’ assignment is to learn
whether the dark matter is detectable.” 

Jim Peebles, Nuclear Physics B (Proc. Suppl.) 138 (2005) 5–9

• Typical orbital vel. = 230 km/sec
~ 0.1% speed of light

• Density: ~ 300 GeV / liter

• For particle mass of 100 GeV, 
every liter of space has 3 WIMPs.
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“Generation 3”



‘We should not want our 
experimental colleagues to be 
too downcast by the long road 
they appear to have to cover…. 
However, we think it best to 
have in mind a plausible and 
realistic target sensitivity….’

Historical perspective:  Ellis, Ferstl, Olive (2000); 
‘Re-Evaluation of the Elastic Scattering of Supersymmetric Dark Matter’; hep-ph/0001005.

CMSSM

‘Our results fall considerably 
below many of the possible 
predictions in the literature [10], 
and may discourage some faint- 
hearted experimentalists. ’ 





Generation 2 WIMP searches: 5 to 10 tonnes of Liquid Xenon
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Search for anomalous low-energy nuclear recoils

Requirements: large target mass + low energy threshold + background control.
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Initial WIMP Search Data from LZ – only 60 days
Final dataset will be 10 times larger

40 GeV WIMP

37Ar 



Notable background reduction even within the last five years

Gamma backgrounds are now negligible (self-shielding)
Radon daughters (214Pb) are currently the largest contributor. 
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Events per tonne*year



Rn222 (µBq/kg) Pb214 (µBq/kg) Po214 (µBq/kg)

4.37 ± 0.31 (stat) 3.26 ± 0.13(stat)
± 0.57(sys) 2.56 ± 0.21 (stat)

Cold LXe in

Slightly warmer 
LXe at top

Slowly moving, 
semi-isolated LXe

LZ data: 218Po LZ   data: 214Po

R2 (cm2) R2 (cm2)

z (cm)

222Rn and its daughters are not fully mixed in LZ:
This enables event-by-event rejection of Rn daughters.



Radon removal via distillation: the XenonNT experiment

Credit: Koke, D, et al. ‘Radon Removal System for the XENONnT experiment and 
beyond’, Topics in Astroparticle and Underground Physics 2023 (poster)



• New Xe production capacity comes online in response to market demand.
• As a large customer, XLZD can sign a favorable long-term contract.
• Xe procurement for XLZD may take 8 – 10 years.

• Other large Xe customers are the electronics industry; aerospace; and the 
lighting industry.

Global Xe production: 60 tonnes/year and increasing.



If a thermal WIMP exists above the neutrino fog, XLZD will see it

XLZD:
60 tonne
 fiducial, 
80 tonnes 

total



Credit: Aaron Chou, Snowmass 2022

‘Light, 
DM



2018 – Basic Research Needs – Dark Matter New Initiatives

Priority Research Direction  #2: Detect individual galactic dark matter particles 
below the proton mass.

Priority Research Direction  #3: Detect wave dark matter using innovative 
technologies with emphasis on resolving a decades-old mystery of the physics 
inside the nucleus, the so-called “QCD axion.”



Credit: Tongyan Lin, TASI 2018 lectures; arXiv:1904.07915

Kinematics of momentum transfer for light dark matter below 1 GeV



SPICE: TES on Crystals. 
Sapphire, GaAs, Si

Transition Edge Sensors: The TESSERACT project

HERALD: TES on Silicon, 
observing superfluid liquid 
helium.

To be hosted at the Modane Underground Lab in France.



HEARLD: Superfluid liquid helium as a dark matter target



OSCURA: light dark matter scattering on electrons
10 kg of skipper CCDs.

Joint effort of the DAMIC + SENSEI collaborations

Credit: Nate Saffold, TAUP 2023



Oscura sensitivity: light mediator scenario



Credit: Aaron Chou, Snowmass 2022



A. Berlin and others

arXiv:2110.06096

The pioneering ADMX Axion Haloscope



ADMX-G2 Axion Haloscope



ADMX – Extended Frequency Range (EFR)



Phys.Rev.D 106 (2022) 11, 112003, arXiv:2203.11246



The DMRadio-m3 

experiment
arxiv:2302.1408 



Recommendation 2d: An ultimate Generation 3 (G3) dark matter direct 
detection experiment reaching the neutrino fog.

Recommendation 3a: Implement a new small-project portfolio at DOE 
(ASTAE)….. This program should start with the construction of experiments 
from the Dark Matter New Initiatives (DMNI) by DOE-HEP.

P5 recommendations



BACKUP SLIDES









LZ WIMP Search Result
60 days – July 2022



tritium
(β source)

Neutrons 
(nuclear recoils)

LZ calibration data – April 2022





GADMC: Future LAr TPCs → DS20k → ARGO

3.6 m

DarkSide-20k @ LNGS ARGO @ SNOLAB
Construction 2030-203
Operations 2035-2051
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