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Figure 1 A schematic diagram and working principle of the DArTPC
detector. An incident particle interacts in liquid argon, producing
scintillation light (S1) and ionizing some electrons. The electrons drift
toward gaseous argon under the influence of a drift electric field. As
they approach the liquid-gas interface, they are accelerated and induce
electroluminescence in the gaseous argon, producing secondary
scintillation light (S2).
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Figure 2 In the DarkSide-50 experiment, under an electric field of
200 V/em, the numbers of single-scatter S1 signal events for atmo-
spheric argon (AAr, Atmospheric Argon, black) and underground argon
(UAr, Underground Argon, blue) were measured, along with the Monte

Carlo simulated event distributions for “Kr (green) and *Ar (orange)
[21].
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Figure 3  Structural diagram of the DArTPC detector of the DarkSide-
50 experiment [14].
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Figure 4 The fy, vs. S1 distributions obtained from the DarkSide-50
experiment. The region enclosed by the blue line represents the region
of interest for WIMP detection. All background events lie outside the
region of interest [14].
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Figure 5 The cross-section limits on low-mass WIMPs set by
DarkSide-50, “NQ” (No Quenching) represents the scenario without
quenching effects, while “QF” (Quenching Factor) accounts for the
quenching effects [30].
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Figure 6 Schematic diagram of the DEAP-3600 detector. The
spherical acrylic vessel is filled with liquid argon, and photomultiplier
tubes are connected to the exterior of the acrylic vessel. The entire
detector is enclosed within a stainless steel shell [15].
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Figure 7 At 90% confidence level, DEAP-3600’s cross-section limits
on WIMPs have achieved the best sensitivity for detecting high-mass
WIMPs using liquid argon [15].
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Figure 8 Schematic diagram of the DarkSide-20k detector. At the
center is the DArTPC, enclosed within a cylindrical stainless steel
vessel, which is immersed in an outer layer of argon.
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Figure 9 Diagram of the reaction mechanism of gadolinium-doped
acrylic used for neutron veto in DarkSide-20k.
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Figure 10 Expected DarkSide-20k exclusion limits for WIMP at
different exposure levels [37].
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The exploration of dark matter is a hot research field, with argon playing a crucial role in direct detection experiments
due to its superior properties at ultra-low backgrounds. Many experiments have utilized argon for dark matter detection,
achieving significant results, particularly the DarkSide-50 and DEAP-3600 experiments. DEAP-3600 is currently the
largest running single-phase liquid argon dark matter detection experiment, while DarkSide-50 employs a dual-phase
argon time projection chamber, combining multiple innovative technologies to achieve a breakthrough in “background-
free” detection within a high-mass range, providing the strongest constraints on the interaction cross-section between
dark matter and ordinary particles at low-mass regions. The ongoing construction and planning of the DarkSide-20k,
DarkSide-LowMass, and ARGO experiments aim to apply next-generation technologies based on the DarkSide-50 and
DEAP-3600 experiments, striving to reduce the upper limit of the interaction cross-section between dark matter and
ordinary matter to the range of neutrino fog. Among these, the DarkSide-LowMass experiment, led by the Institute of
High Energy Physics of the Chinese Academy of Sciences and set up in the Jinping Underground Laboratory in China,
aims to detect dark matter from sub-GeV/c? to 10 GeV/c? and directly measure the coherent elastic scattering of solar
neutrinos with nucleus. This article will review experiments utilizing liquid argon for direct dark matter detection.

dark matter, liquid argon, neutrino, direct detection
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