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« 2.1 Direct detection of particle like dark matter

ws 2.1.1 Introduction: drivers for underground dark matter experiments

wss  Refer to Cosmic Frontier report and reiterate the prime science driver of the search for dark matter.

ws 2.1.2  Current experiments

wss The current classes of experiments and their solutions for the experimental needs.

w7 2.1.3 Future experiments and their need

wss  General needs for dark matter experiments include:

1089 e depth, space

1090 e environmental radiation monitoring (muon, neutron, radon, Kr/Ar etc.)
1001 e muon and neutron veto: water or liquid scintillator

1002 e calibration sources, including gaseous source, neutrons

1003 e material screening (this is covered in UF4)

1004 e local support, machine shop, living accommodation
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Below are needs for specific type of experiments: large noble liquids experiments, cryogenic bolometers and
other technologies.

2.1.3.1 Noble liquids

The next generation noble liquid experiments will use 50 to 300 tons of liquid xenon or argon to probe
heavy WIMPs into the “neutrino fog”. Maintaining this large amount of cryogenic liquid in a stable cold
liquid and its supporting systems, such as distillation columns, require a significant continuous cooling
power, which can result in heat-loads to the underground facility which must be carefully considered. Liquid
nitrogen cooling can be supplied in addition to industrial cryogenic cooling. For example, the XENONnT
infrastructure features a 30 tonne LNy tank underground, serving several subsystems. A ten times larger
LN, tank supplying the need for the next generation liquid xenon will be needed.

The future noble liquid dark matter experiments, both LAr and LXe, would benefit greatly from on-site
isotopic separation ability, to mitigate for example a small air leak or cosmogenically-activated radioisotopes
at surface, introducing a trace amount of noble radioisotopes (e.g. 37Ar, 3%Ar, or 8Kr), and to reduce the
radioactive radon emanating from the detector inner surfaces. This can be achieved using on-site cryogenic
distillation columns, such as use in XENONI1T [1] and XENONnT. The XENONIT/nT distillation column,
requires 5.5m of height, and releases some 10s of kW of heat into the cavern. The XENONnT radon
distillation column [5] is 3.8 m in height and requires a few kW of cooling power. Both the height and heat
load requirement of a distillation column should be considered when siting future large noble liquid DM
experiments.

Muon-induced neutron background should be reduced to a negligible level combining the deep underground
rock overburden and sufficiently-thick active shield. Both LZ and XENON1T/nT [6] liquid xenon detectors
use water, with about 10 m in diameter and height, as the shield for external and muon-induced neutrons.
Further neutron background from the detector material is realized by using either liquid scintillator or
gadolinium doped in the water. Safe handling of these shielding liquids shall be taken into consideration in
regard of the environmental concerns.

At a shallow depth, cosmogenic activation of certain isotopes, such as Xe-137, will be a concern if the liquid
xenon target will be used to search for *Xe O0v3f signals. Typically, 37 Ar activation in liquid xenon at the
surface will decay away in several months of storage at underground. Further reduction of 37Ar in xenon
can be achieved using cryogenic distillation column as used in XENON1T/nT.

2.1.3.2 Cryogenic bolometers

Many future experiments will focus on DM nuclear recoils of sub-keV energy, with a signal either largely
or entirely in the phonon or heat channel. Such experiments rely on mK temperatures for this sensitivity,
achieved via 3He/4He dilution refrigeration. The 3He/4He dilution refrigeration technology enforces a space
constraint on such experiments, particularly in the vertical direction. Even if the target masses themselves
are small (e.g., <1 kg) the experiment as a whole requires significant vertical space for the opening and
closing of the fridge and the shielding external to the cryostat. A vertical space of at least 4m is highly
beneficial. It is possible to configure a dilution-refrigerator-based experiment to require less vertical space,
but at the cost of increased complexity and decreased cooling power.

The vibration environment is a second item of concern for many cryogenic bolometer technologies. The
target mass of such experiments are held in some fashion to the support structure, and a slip in this holding,
even a slip at the atomic scale, can induce a visible ‘dark rate’ of signal into the phonon system. While
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multiple groups are investigating mitigation methods either through alternative target holding methods or
vibrational isolation [2], the environment itself must also be considered. A typical environmental goal may
be to keep these vibrations below 10~7gv/Hz at all frequencies.

Many bolometric sensors require a quiet electromagnetic environment as well. Superconducting electronics
(e.g. SQUID amplifiers) are highly sensitive to noise across a wide range of frequencies, and are also sensitive
to a DC magnetic field. Faraday cage mitigations and cold filtering can help, but the E&M environment
should be kept in mind when selecting underground sites and what experiments can share a facility.

As the threshold of bolometric technologies continues to be pushed to lower and lower energies, the reduction
of backgrounds specific to sub-keV energies is now an active complementary research area. At these low
energies, backgrounds include Cherenkov or luminescence backgrounds from insulators near the detectors [3],
and also heat-only events which are still mysterious in origin [4]. Given that very low-threshold experiments
are currently dominated by non-cosmogenic backgrounds, it is difficult to assess the depth requirement of
future low-threshold experiments until that R&D is more mature.

2.1.3.3 Other technologies

This part needs community input.

2.2 Conclusions

COMMUNITY PLANNING EXERCISE: SNowMASS 2021 — UF DRAFT 18 JULY 2202



1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

46 BIBLIOGRAPHY

Bibliography
[1] Aprile, E., Aalbers, J., Agostini, F. et al. “Removing krypton from xenon by cryogenic distillation to
the ppq level”, Eur. Phys. J. C 77, 275 (2017).

[2] R. Maisonobe, J. Billard, M. De Jesus, A. Juillard, D. Misiak, E. Olivieri, S. Sayah and L. Vagneron.
“Vibration decoupling system for massive bolometers in dry cryostats”, 2018 JINST 13 T08009

[3] Peizhi Du, Daniel Egana-Ugrinovic, Rouven Essig, and Mukul Sholapurkar. Phys. Rev. X 12, 011009 —
Published 13 January 2022

[4] Adari, et al. “EXCESS workshop: Descriptions  of rising low-energy  spectra”,
https://arxiv.org/abs/2202.05097 2022

[5] M. Murra, D. Schulte, C. Huhmann and C. Weinheimer, “Design, construction and commissioning of a
high-flow radon removal system for XENONnT,” [arXiv:2205.11492 [physics.ins-det]].

[6] E. Aprile et al. [XENON], Eur. Phys. J. C 77, no.12, 881 (2017) doi:10.1140/epjc/s10052-017-5326-3
[arXiv:1708.07051 [astro-ph.IM]].

COMMUNITY PLANNING EXERCISE: SNOwMASS 2021 — UF DRAFT 18 JULY 2202



	Summary of the 2021 US Community Study on the Future of Particle Physics
	Underground Facilities
	Introduction
	Taking stock from Snowmass 2013
	Evolving landscape

	Underground Facilities & Infrastructure Topical Report Summaries
	Underground Facilities for the Neutrinos
	Underground Facilities for the Cosmic Frontier
	Supporting Capabilities for Underground Science
	Underground Detectors & Synergistic Research
	Underground Facilities & Infrastructure

	Outlook
	Conclusion & Recommendations

	Conclusions
	Glossary
	Underground Facilities
	Underground Facilities for Neutrinos
	Accelerator neutrinos
	Neutrinoless double beta decay
	Progress Since 2013
	Underground Facilities for 0
	Infrastructure
	Underground geological survey
	Muon veto systems
	Clean environments for materials
	Clean environments for detector construction
	Material Assay Facilities
	Storage facilities
	Environmental monitoring and safety

	Goals

	Astrophysical neutrinos
	Conclusions

	Underground Facilities for the Cosmic Frontier
	Direct detection of particle like dark matter 
	Introduction: drivers for underground dark matter experiments
	Current experiments
	Future experiments and their need
	Noble liquids
	Cryogenic bolometers
	Other technologies


	Conclusions

	Underground Detectors
	Supporting Capabilities for Underground Facilities
	Supporting Facilities for Low-Radioactivity Fabrication and Assembly
	Cleanroom Capabilities
	Radon-reduced Cleanrooms and Other Spaces

	Assay needs
	High-Purity Germanium Gamma-Ray Spectroscopy
	Mass Spectrometry
	Alpha Screening
	Radon Emanation Assays

	Other Underground Support Needs
	Conclusions

	Synergies in Research at Underground Facilities
	Introduction
	Accelerator-based nuclear astrophysics
	Science goals
	Current underground-based research
	Underground usage and needs
	Outlook

	Experiments in fundamental symmetries
	Science goals
	Current underground-based research
	Underground usage and needs
	Outlook

	Gravitational wave detection
	Science goals
	Current underground-based research
	Underground usage and needs
	Outlook

	Geology and geophysics
	Science goals
	Current underground-based research
	Underground usage and needs
	Outlook

	Quantum Information Science
	Science goals
	Current underground-based research
	Underground usage and needs
	Outlook


	An Integrated Strategy for Underground Facilities and Infrastructure
	Introduction
	Status of Underground Facilities
	Considerations
	Conclusion




