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• Ar/Xe detectors are best known for their sensitivities in the keV region and above
• Ar/Xe detectors also lead in the 100s of eV energy regime

• Extremely low radioactive background levels
• Relatively low energy threshold

• Size advantage

Case for noble liquids in the CEvNS regime

SENSEI Collaboration. arXiv:2004.11378
XENON Collaboration. PRL 123, 251801 (2019)
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https://arxiv.org/abs/2004.11378
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.251801
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Taking the extreme example of reactor 
CEvNS detection

§ Reactor CEvNS signals in Ar/Xe/Ge/etc
are all below a few keV 

§ CEvNS signals are nuclear recoils (NRs), 
which suffer quenching effects

§ For a comparable rate with IBD, a 
threshold of 700 eV is needed for Ar, 350 
eV for Xe, or 500 eV for Ge 

(CEvNS from higher-energy neutrino 
sources produces larger signals)

Threshold requirement for CEvNS detection

Predicted CEvNS rate in different detector medium for a 
reactor of 1GWth with 25m standoff
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Xe TPCs have been successfully used in NR 
dark matter searches 
§ One of the few technologies with 

sensitivity to single electrons (SEs) 
§ Can scale up to large size
§ Xenon response calibrated down to 300 

eV recoils (Reactor CEvNS region) 

Ar TPCs for CEvNS
§ Argon recoil energy is higher from CEvNS
§ Argon ionization yield is expected to be 

higher than that of xenon
§ Argon shares many of the xenon benefits

Low-energy performance of Ar/Xe TPCs

Measured electron spectrum of 400 eV xenon recoils 
by the LLNL group

Phys. Rev. Lett. 123, 231106
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§ DarkSide50 would have detected 
reactor CEvNS from a 1GWth 
reactor 25m away (with S/B~10 
for >3e-)  

§ The low-energy spectrum in 
DarkSide50 is measured in a well 
shielded, underground location 

§ A surface detector aiming for 
reactor CEvNS detection requires 
further improvements in detector 
performance

How far are we from observing (reactor) CEvNS?

Expected CEvNS spectrum from a 
1GWth reactor with 25m standoff

DarkSide50 background
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§ Background at 1-2 e- level in Ar/Xe 
is mostly from electrons captured 
and released by impurities (Xu/LUX, 
DarkSide) 
— Reduce use of plastics
— Improve position tagging capability

§ The SE leakage into the higher 
energy region (2+ e-) needs to be 
mitigated
— Improve energy resolution reduces 

background in ROI

§ Multiple electron background is 
mostly from grid events

Where improvements are needed

Expected CEvNS spectrum from a 
1GWth reactor with 25m standoff

DarkSide50 background

Low-energy background being studied

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.081307
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Dual-phase noble liquid TPCs collects 
scintillation and amplifies ionization
§ 1e- can produce hundreds of 

electroluminescence photons
§ Xe light (175nm) can be reflected and directly 

detected by PMTs

How to improve Ar/Xe TPCs at low energies

XeTPC
Performance
(LLNL)

An illustration of signal generation in a dual-phase 
xenon TPC detector. For reactor CEvNS events, only 

charge signals are expected. 

PRL 123, 231106
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Dual-phase noble liquid TPCs collects 
scintillation and amplifies ionization
§ 1e- can produce hundreds of 

electroluminescence photons
§ Xe light (175nm) can be reflected and directly 

detected by PMTs
§ Ar light (128nm) is usually wavelength-shifted 

before reflection or detection

How to improve Ar/Xe TPCs at low energies

An illustration of signal generation in a dual-phase 
xenon TPC detector. For reactor CEvNS events, only 

charge signals are expected. 

ArTPC
Performance
(LLNL)

PRL 121.081307
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Xe-like performance with an Ar target ?
§ Xe can present in the gas phase of an Ar TPC 

at the 10s of ppm level 
§ Xe excitation energy is lower than Ar, so 

electrons will preferably excite Xe
§ We will use VUV SiPMs with direct sensitivity 

to both Ar and Xe light
§ Xe doping may also increase the electron 

yield of Ar recoils

Xe performance with an Ar target?

T Efthimiopoulos et al 1997 J. Phys. D: Appl. Phys. 30 1746
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• Cryogenic system is complicated by mixing Ar and 
Xe in a dual-phases system
§ Issues may rise from Xe freezing, distillation, 

instability, etc
§ A test stand has been designed to address such 

complications
§ System is under fabrication

• VUV SiPMs are being tested
§ Signal readout from single and multiple SiPM 

channels have been demonstrated
§ Investigating use of onboard amplifiers

• System control and data acquisition systems are 
being developed

Progress at LLNL
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§ At LLNL, we strive to improve the low-energy performance of Ar/Xe TPCs for 
both CEvNS and low-mass dark matter searches

§ We are developing a new Ar TPC with Xe doping to improve the energy and 
position resolution at low energies

§ We are building a test stand to address the technical challenges associated 
with Xe doping

§ Experimental demonstration of this new approach will be carried out in the 
next half year. Stay tuned. 

Summary



Disclaimer
This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States government or Lawrence Livermore National 
Security, LLC. The views and opinions of authors expressed herein do not necessarily state or reflect 
those of the United States government or Lawrence Livermore National Security, LLC, and shall not be 
used for advertising or product endorsement purposes.


