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Figure 1 (Color online) Dark matter spin-independent scattering
rates in a liquid xenon detector for three different types of dark matter.
The solid and dashed lines are for elastic scattering of 100 GeV/c?
and 10 GeV/c® dark matter. The dot-dashed line is for an inelastic
dark matter of 100 GeV/c? mass and with 100 keV mass-splitting
energy.
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Figure 2 (Color online) Event rates in natural liquid xenon for a
spin-dependent dark matter interaction as a function of coupling
constants a, and a,.
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Figure 3 (Color online) Ionization and scintillation signals genera-
tion principle in liquid xenon. Ordinary particles and WIMPs will
interact with Xe atoms and produce electron recoils or nuclear recoils,
which will ionize and excite Xe atoms to produce detectable signals.
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Figure 4 (Color online) Principle of operation of a two-phase
Xenon detector. Dark matter will collide with Xe atoms to produce
primary scintillation light (S1) and ionization electrons. These
electrons will drift in a drift field E4 into the gas phase, exciting more
Xe atoms in the gas with a strong field E, to produce secondary
scintillation light (S2). S1 and S2 are both detected by the two arrays
of PMTs.
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Figure 5 (Color online) Background from Kr-85 for two different
concentrations of Kr in Xe, compared with a signal for a 100 GeV/c?,
107 cm? dark matter. Here keVee is the electron equivalent energy.
For nuclear recoils from dark matter, we use 20% as the quenching
factor.
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Dark matter direct detection based on liquid xenon

NI KaiXuan~ & WEI YueHuan

Department of Physics, Shanghai Jiao Tong University, Shanghai 200240, China

Direct detection of dark matter is a method to uncover the nature of dark matter. Recent year, the development of
liquid xenon detection technology keeps improving the sensitivity of dark matter detection by increasing the target
mass. In this article, we first calculate the expected dark matter interaction rate in a xenon target. We then describe
the principles of dark matter detection using liquid xenon and the key techniques to achieve a sensitive detection,
including how to detect the signals and how to control the background from various sources. The current best
sensitivity achieved by liquid xenon dark matter detector is about 107** cm? for interaction of dark matter with the
nucleon. We expect the sensitivity will be improved by 2-3 orders of magnitude in the next couple of years.
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