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light dark matter in LA Mixture of DarkSide studies and my own musings
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e-

Drawing of DarkSide-50

S1

S2

Dual-phase LArTPCs
S1: Prompt scintillation, energy, PSD

Detect ~20% of photons
S2: Ionization electrons, position, n scatters

Detect nearly all electrons
Strong probe of ~100 GeV WIMPs, great bkgd discrimination

Δt→z 
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e-

Drawing of DarkSide-50

S1

S2

As a consequence, S2 can access lower energies than 
S1 → Low-threshold LArTPC via S2-only channel
Challenges:

Cannot measure Δt → Can’t fiducialize in z
Timing resolution limited by max e- drift time
No PSD → No ER discrimination
Spurious electron backgrounds

Δt→z 
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Assuming no 
quenching 
fluctuations 
or binomial 
fluctuations

DM scattering on nuclei

DarkSide Collab. Phys. Rev. D 107, 063001 (2023)
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DM w/ e-’s in final state

Scattering

Absorption

DarkSide Collab. Phys. Rev. Lett. 130, 101001 (2023)
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Low-threshold S2-only analyses, but lose 
PSD and z position reconstruction

DarkSide Collab. Phys. Rev. D 104, 082005 (2021)

Need ex situ calibration to measure Qy at low energies
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Low-threshold S2-only analyses 

    

Spurious e-’s dominate lowest energy bins
Full origin being investigated
Correlations between SE and preceding S2 
(time, xy position, S2 charge and tdrift vs. PSE)
Possibly due to drifting electrons capturing 
on impurities and forming metastable states
Follow preceding S2 by O(5-50 ms)

Loss of pulse shape discrimination (PSD)
Electromagnetic backgrounds dominate, from

γ-rays from internal radioactivity
β-decays from 39Ar and 85Kr
   ^Use underground/depleted Ar

DarkSide Collab. Phys. Rev. D 107, 063001 (2023)
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How do we lower the threshold?

Threshold is set by
Electromagnetic backgrounds 
(39Ar+85Kr β’s, photosensor & 
cryostat γ’s)
Spurious electrons
Medium’s ionization energy
Partitioning between ionization & 

scintillation photons
heat

All of these are pathways for 
lowering the energy threshold

DarkSide Collab. Phys. Rev. Lett. 121, 081307 (2018)
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DarkSide-LowMass: Optimized for 
S2-only analyses

Cryostat immersed in water tank (not shown)

Active (fiducial) mass: 1.5 (1) tonnes underground argon
Better 1e- reco: Stronger EEL-field & uniform wire extraction grid
39Ar depletion: 10–100× less than DS-50 w/ Urania & Aria
Decreased γ activity: Low-radioactivity SiPMs and stainless 
steel from DS-20k, ultrapure acrylic from DEAP
Two-fold γ veto: Extra 10× γ bkgd suppression w/ PDM buffer 
veto & bath veto: tag γ’s from dominant sources en route to TPC
Lower spurious e- background rate: Through improved Ar purity, 
& targeted removal of impurities, pending R&D

Global Argon Dark Matter Collaboration Phys. Rev. D 107, 112006 (2023)
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DarkSide-LowMass: Optimized for 
S2-only analyses

Low-radioactivity SiPMs discussed in Paolo Salomone’s poster Not shown: spurious electron backgrounds
Global Argon Dark Matter Collaboration Phys. Rev. D 107, 112006 (2023) R&D to understand SEs in LAr (Ar&D?)
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DarkSide-LowMass: Optimized for 
S2-only analyses

Cryostat immersed in water tank (not shown)
Details on Urania UAr extraction & Aria UAr purification & other DS-20k technology in talks by Cristiano Galbiati & Alessio Caminata

39Ar can be suppressed by 
10–100× with 1 or 2 passes 
through the Aria distillation 
column at 10 kg/day 
throughput
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DarkSide-LowMass: Sensitivity to 
the ν fog in 1 tonne year exposure

Global Argon Dark Matter Collaboration Phys. Rev. D 107, 112006 (2023)
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DarkSide Collaboration. “Search for dark matter-nucleon interactions via 
Migdal effect with DarkSide-50”. arXiv:2207.11967 (2022)

DarkSide Collaboration. “Search for dark matter particle interactions with 
electron final states with DarkSide-50”. arXiv:2207.11968 (2022)
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Nuclear couplings: Sensitivity to GeV-scale candidates 
down into the neutrino fog

Electronic couplings: Sensitivity to sub-GeV candidates 
covering cross sections that explain the relic abundance 
in freeze-in and freeze-out production mechanisms

Global Argon Dark Matter Collaboration Phys. Rev. D 107, 112006 (2023)
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Comparing to DarkSide-20k’s 
projected sensitivity

With existing technology, 
lower background rate lets 
DS-LM probe lighter DM, 
assuming same threshold
R&D may further reduce energy 
threshold and enhance sensitivity by,

● Reducing spurious electrons
● Doping LAr with additives that 

● Enhance ionization yield
● Lower ionization threshold
● Convert S1 to S2
● Provide hydrogen targets

DarkSide-20k sensitivity: See talk by Alessio Caminata
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SE rate changes over time and 
appears to be related to impurities

From DarkSide-50
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SEs appear to be correlated in time, 
space, and charge with ordinary events

e-

e-
e-

e-
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Hypothesis: Dominant SE production 
mechanism from impurities trapping e-

e-
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Hypothesis: Dominant SE production 
mechanism from impurities trapping e-

e-

Need dedicated R&D to test hypothesis & identify impurities

Once we know the culprits, we can figure out how to avoid 
or remove them
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Other ideas: enhance detector 
response by doping LAr

Kubota et al. Phys. Lett. 49A, 5 (1974): 933
Idea: 

Xe ionization energy is 12.1 eV 
Ar ionization energy is 15.8 eV, W-value ~ 24 eV
Xe-doped LAr effective ionization potential ~ 10.7 eV
[B. Raz and J. Jortner, Proc. Roy. Sot. London A 317 (1970) 113.]

Even at low Xe concentration, each ionization takes less 
energy from the nucleus, and nuclei can continue to 
produce ions even down to lower energies
Nuclear recoils produce ionization through a cascade (one 
nucleus colliding with others, and so on) → effects may be 
non-linear

R&D needs:
Need to measure Qy of low-energy NRs as a function of Xe 
concentration to see the effect side
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Other ideas: Photo-sensitive dopants—
potentially great improvements, more R&D

D. F. Anderson, Nucl. Instrum. Methods Phys. Res. A 245, 
361 (1986).

 P. Cennini et al., Nucl. Instrum. Methods Phys. Res. A 355, 660 (1995).

Dopants with 7.5–9.5 eV ionization energies have previously been studied in LAr, in the context of 
improving the resolution of high-energy ionization chambers
Larger effects at higher ionization energies → energy otherwise lost as heat goes into ionization
Turns inefficiently detected S1 into efficiently detected S2!
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Challenge for photosensitive 
dopants: S2 feedback

e-

Need to prevent S2 from re-entering liquid or shift S2 to below dopant’s ionization energy
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Challenge for photosensitive 
dopants: Testing a solution

e-

Two GEM-like structures (without the Gas and without the Electron Multiplication) 
to form a “grid” that is transparent to electrons but opaque to VUV photons

Crudely adapted from 
F. Sauli NIM A 805 (2016) 
pp 2–24

PEN “GEM” test by Letty Ramos 
(UCR PhD student) with Marcin 
Kuzniak, AFV Cortez, A. Gnat, M. 
Kuzwa, G. Nieradka, T. Sworobowicz 
at AstroCent & Warsaw UniTech

“GEM” in LAr at voltage too 
low for electroluminescence 
just directs electron traffic
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R&D prospects
Modeling and reducing SEs

Dedicated R&D to identify primary mechanisms
Improved chemical purity, likely at the ppb level and better
Investigate other subdominant SE production mechanisms

Calibration
Calibrate charge and scintillation yield of low-energy ERs and NRs
Need to understand the fluctuations about mean yields at low energy

Doping LAr
Calibrate doped LArTPCs to low-energy ERs and NRs vs. dopant concentration
Develop high-purity doping techniques—need to add dopant w/o adding impurities
Assess and improve the stability of dopant in LAr
For photo-sensitive dopants, need to prevent S2 feedback
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END



  28

Some potential dopants

D. F. Anderson, NIM. A 245, 361 (1986). 
TMG studied by ICARUS, Allene studied by Doke, Hitachi, Masuda, Ichinose, LaVerne et al.
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