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Imagine a detector that has

✓a large mass, a low background, and a high 
single-electron sensitivity (Ar and Xe)

✓good light collection properties (Xe)

✓discrimination power at low energies (Xe) 

✓a low atomic mass (Ar)

✓a high chemical purity (Ar)

Is it possible?

A Xe detector and an Ar detector in one
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• Xenon doping gives liquid argon some 
xenon properties

• O(10ppm) of Xe in LAr converts Ar light 
into Xe wavelength
✓easier to collect
✓ low attenuation
o loss of PSD

Xenon doping in liquid argon

Spectra of scintillation light emission in liquid argon-xenon mixtures

A. Neumeier et al., Europhys. Lett. 109 12001 (2015)

Replace it with S1/S2 
discrimination?
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• Dual-phase TPCs get low-energy sensitivities from S2s, or gas electroluminescence (EL)

• O(10) ppm of Xe in Ar gas also converts Ar EL (partially) to Xe wavelengths

• However, Xe vapor pressure at LAr temperature is very low

o Heavy Xe doping (%-level) in LAr is needed to produce O(10) ppm in the gas

Xenon doping in gaseous argon

Spectra of light emission in xenon-argon mixture gas (T Efthimiopoulos et al 1997 J. Phys. D: Appl. Phys. 30 1746)
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Good news

Xenon can efficiently dissolve in liquid 
argon at ~5% level 

Bad news

Xenon-doped liquid argon is highly 
unstable at %-level

Xenon doping in gaseous argon

Xenon solubility in liquid argon

Y. H. Yunker and G. D. Halsey, J. Phys. Chem., 64, 484 (1960)
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• Goals
➢Develop the technology to stably dope LAr 

with high levels of Xe
➢Study the benefits of heavy Xe doping in LAr 

for low-energy ionization signals

• Approach
➢ Innovative cryogenics
➢Extensive monitoring instruments
➢Direct VUV light detection

CHILLAX: dual-phase xenon-doped argon R&D
J. Kingston

J. Qi
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We can create, and mitigate, mixture instability

Controlling thermal profile of the detector greatly enhances xenon stability in detector volume
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We reached 2.4% Xe doping, and then 5%

CHILLAX cryogenics works

o Many prior efforts reported Xe freezing 
at O(1000)ppm or higher

✓ We achieved stable operation at 2.4% 
in 2022, and 5% in 2024 (mostly stable)

✓ We measured up to 65ppm of Xe 
presence in the gas

CHILLAX doping test to 2.35% Xe (by mol fraction)

E.P. Bernard, et al, Phys. Rev. C 108, 045503 (2023)

Xe injection
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A Simple TPC for Electroluminescence Study
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Gains in electroluminescence signals

Using 2 x [3 SiPMs] to study gas EL

✓The endpoint of 241Am EL signal 
increases by >2X from pure LAr 
to 2% Xe doping

Due to the small photocathode coverage in the test setup, we only measure the end point of 241Am-induced S2 signals

Higher detection 

efficiency of 175nm 

light by SiPMs
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Gains in electroluminescence signals

Using 2 x [3 SiPMs] to study gas EL

✓The endpoint of 241Am EL signal 
increases by >2X from pure LAr 
to 2% Xe doping

o At >2% Xe doping, the EL 
response decreases modestly 
(under investigation)

Due to the small photocathode coverage in the test setup, we only measure the end point of 241Am-induced S2 signals

?
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Xe-doped Ar Electroluminescence characteristics
Xe doping substantially changes the EL production process

✓1% Xe doping appears to shift most EL light to Xe*2 light (175nm)

✓EL pulses widens from 0->2% Xe doping, and then narrows

SiPM w/o 
quartz 
window

SiPM w/ quartz window
Only sensitive to 175nm light

1%

4%
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Summary and Outlook

Xe detector characteristics
✓Uniform light collection

✓Accurate ionization energy

✓Precise 3-D position

✓Scintillation/ionization 
discrimination

Ar detector characteristics
✓Low atomic mass

✓High purity

✓Low outgassing 

✓Low electron background rates

Can CHILLAX have it all for a dark matter search?

Can CHILLAX count individual electrons* for low-mass dark matter?
*See Essig, 5pm Monday
           Gibbons, Sorensen, 9am Thursday
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