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Light DM
(LDM)



Dark Matter models (beyond the WIMP)

Rep. Prog. Phys. 85 056201 7

https://doi.org/10.1088/1361-6633/ac5754
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And many more:
● ELDER, 
● SIMP, 
● …

https://doi.org/10.1088/1361-6633/ac5754


Dark Matter models (beyond the WIMP)

Rep. Prog. Phys. 85 056201 9

And many more:
● ELDER, 
● SIMP, 
● …

Inspire “Light Dark Matter”Inspire “WIMP”

https://doi.org/10.1088/1361-6633/ac5754


How to search for LDM?
Basic idea: DM scattering off nucleus or shell electron 

F.S. Queiroz
arXiv:1605.08788
(modified)
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https://arxiv.org/abs/1605.08788
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R. Essig, UCLA Dark Matter 2023
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R. Essig, UCLA Dark Matter 2023
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Principle concepts
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Typical background mitigation 
strategies:
● radiopurity control,
● deep underground labs

Search for excess events above background prediction…
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e.g., XENON1T low-ER excess arXiv:2006.09721
(excluded by XENONnT arXiv:2207.11330)

arXiv:2007.15925

https://arxiv.org/abs/2006.09721
https://arxiv.org/abs/2207.11330
https://arxiv.org/abs/2007.15925


… fit your favorite models …
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e.g., XENON1T low-ER excess arXiv:2006.09721
(excluded by XENONnT arXiv:2207.11330)

fit

https://arxiv.org/abs/2006.09721
https://arxiv.org/abs/2207.11330


… and draw exclusion curves.
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The direct detection 
landscape today
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… and draw exclusion curves.
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… and draw exclusion curves.

The direct detection 
landscape today



Disclaimer

To keep it simple, I will focus on DM-nucleon SI cross-sections only.

● DM-e scattering is often kinematically favorable,
● absolute numbers are subject to change,
● but overall trend similar,
● and hopefully story clearer.
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(Liquid) nobles
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Liquid-gas TPCs: DarkSide-LowMass
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Liquid-gas TPCs: DarkSide-LowMass
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Phys. Rev. D 107, 112006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.112006


Gas spherical proportional counters: NEWS-G
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Gas spherical proportional counters: NEWS-G
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● Lowest surface to volume ratio
● Light and variable target
● Pulse-shape (Risetime and 

Asymmetry):
○ Event classification
○ Position reconstruction 
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● Lowest surface to volume ratio
● Light and variable target
● Pulse-shape (Risetime and 

Asymmetry):
○ Event classification
○ Position reconstruction 

ACHINOS 
anode design



Gas spherical proportional counters: NEWS-G
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S140 “SNOWGLOBE” taking data at SNOWLAB 
since 2022



Gas spherical proportional counters: NEWS-G

34

S140 “SNOWGLOBE” taking data at SNOWLAB 
since 2022

arXiv:2301.05183

https://arxiv.org/abs/2301.05183


Semiconductors
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Cryogenic Bolometers
SuperCDMS, EDELWEISS, CRESST 

Heat + Charge

CRESST (new results @TAUP’23)SuperCDMS 
EDELWEISS

Heat + Charge

Lite/HV-mode: 
Charge mediated phonon amplification 
(Neganov-Trofimov-Luke Effect)



SuperCDMS @ SNOLAB
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Phys. Rev. D 95, 082002

iZIP towers: 
10 Ge + 2 Si crystals
low background

HV towers: 
8 Ge + 4 Si crystals
low threshold

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.082002


SuperCDMS @ SNOLAB
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Phys. Rev. D 95, 082002

Start data taking 2024

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.082002


DM would create one or a few electrons in a pixel
39

Skipper-CCDs
SENSEI, DAMIC, OSCURA



DM would create one or a few electrons in a pixel
40

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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Skipper-CCDs
SENSEI, DAMIC, OSCURA



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 
44

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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DAMIC @ SNOLAB
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arXiv:2306.01717

https://arxiv.org/abs/2306.01717


DAMIC @ SNOLAB “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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arXiv:2306.01717

Avoid bounds: arXiv:2308.12176

https://arxiv.org/abs/2306.01717
https://arxiv.org/abs/2308.12176


Superfluids
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Superfluid He-4
HeRALD, DELight 

HeRALD paper:
● Phys. Rev. D 100, 092007 (2019)
● arXiv:2307.11877

https://doi.org/10.1103/PhysRevD.100.092007
https://arxiv.org/abs/2307.11877


50

Superfluid He-4
HeRALD, DELight 
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Superfluid He-4
HeRALD, DELight 

● Noise-free gain ≳10 in the TES (HeRALD) / MMC (DELight) 
as binding energy He-He is smaller than He-absorber

● MMCs in vacuum need to be He-4 film-free
 → Cs film (HeRALD) / film burner (DELight)

F. Toschi, TAUP 2023
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Superfluid He-4
HeRALD, DELight 

F. Toschi, TAUP 2023 Phys. Rev. D 100, 092007 (2019)

1) 1 kg-d, 40 eV 2) 1 kg-yr, 10 eV
3) 10 kg-yr, 0.1 eV 4) 100 kg-yr, 1 meV

https://doi.org/10.1103/PhysRevD.100.092007


LDM direct detection summary 
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● Today’s direct detection experiments can 
probe sensationally low WIMP-nucleon 
scattering cross sections.

● Searching for Light Dark Matter (LDM) is physically motivated.
● Moving beyond nuclear recoils is crucial to access broader areas 

of DM parameter space.
● Target diversity essential. 
● Many more ideas on the way.



LDM direct detection summary 
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B. von Krosigk, modified after arXiv:1608.08632

NR 
signals

ER 
signals

https://arxiv.org/abs/1608.08632


Backup
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Migdal effect
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Migdal effect
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We carried out a direct search for the Migdal 
effect in liquid xenon and achieved a lower 
background rate than the expected signal rate 

● Analysis of experimental data suggests 
that we do not observe events at the 
predicted rate in our expected signal region

● Xenon recombination physics may explain 
the null result

● If enhance recombination is the correct 
explanation, low-mass dark matter 
searches could still benefit from the Migdal 
effect (negligible NR component)

arXiv:2307.12952

https://arxiv.org/abs/2307.12952


WIMP Dark Matter constraints
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M. Cirelli, TAUP 2023



CRESST
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D. Fuchs, TAUP 2023



Nuclear recoils in skipper-CCDs
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Skipper-CCDs
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From Brenda Cervantes, UCLA Dark Matter 2023



TESSERACT
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Dirac Materials: Example Yb3PbO
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R. M. Geilhufe, F. Kahlhoefer, 
M. W. Winkler
Phys. Rev. D 101, 055005 (2020)

Because of their tiny band gaps Dirac materials promise to improve the sensitivity for dark matter particles in the sub-MeV mass range by 
many orders of magnitude. We study several candidate materials and calculate the expected rates for dark matter scattering via light and 
heavy dark photons as well as for dark photon absorption. A particular emphasis is placed on how to distinguish a dark matter signal from 
background by searching for the characteristic daily modulation of the signal, which arises from the directional sensitivity of anisotropic 
materials in combination with the rotation of Earth. We revisit and improve previous calculations and propose two new candidate Dirac 
materials: bis(naphthoquinone)-tetrathiafulvalene (BNQ-TTF) and Yb3 PbO. We perform detailed calculations of the band structures of 
these materials and of ZrTe5 based on density functional theory and determine the band gap, the Fermi velocities, and the dielectric 
tensor. We show that in both ZrTe5 and BNQ-TTF the amplitude of the daily modulation can be larger than 10% of the total rate, allowing 
us to probe the preferred regions of parameter space even in the presence of sizable backgrounds. BNQ-TTF is found to be particularly 
sensitive to small dark matter masses (below 100 keV for scattering and below 50 meV for absorption), while Yb3 PbO performs best for 
heavier particles.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.055005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.055005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.055005


Polar Crystals: Example GaAs
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S. Knapen, T. Lin, M. Pyle, K. M. Zurek,
Phys. Lett. B 785, 386-390 (2020)

The scope of dark matter (DM) searches in recent years has dramatically broadened beyond traditional candidates such as 
the weakly interacting massive particle (WIMP) and axion. Theoretically compelling candidates exist in hidden sectors 
consisting of DM and new light mediators, with numerous mechanisms for setting the DM relic density. These models have 
motivated a suite of new direct detection experiments, aimed at sub-GeV DM. SuperCDMS [1–3], DAMIC [4], SENSEI [5], 
NEWS-G [6] and CRESST [7] are working to detect energy depositions as small as an eV from scattering of MeV mass 
DM, or absorption of eV mass DM. There are also proposals for eV-scale detection with e.g. atoms [8], graphene [9], liquid 
helium [10], scintillators [11], molecular bonds [12], and crystal defects [13,14].

https://doi.org/10.1016/j.physletb.2018.08.064
https://doi.org/10.1016/j.physletb.2018.08.064

