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Recent developments and future directions in dark matter detection technology
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[ Abstract] Dark matter, as one of the most important but not yet directly detected components in the universe,
accounts for the vast majority of the total amount of matter in the universe, and its existence has been indirectly
confirmed by gravitational effects. However, the microscopic properties, particle types, and interaction mechanisms
of dark matter remain the most critical unsolved mysteries in fundamental physics and cosmology today. In recent
years, with the continuous development of experimental physics, quantum precision measurement, materials science
and deep space exploration technology, significant progress has been made in dark matter detection technology. On
the one hand, cryogenic detectors based on liquid xenon, liquid argon and high purity germanium have made
breakthroughs in sensitivity and background suppression, providing new experimental basis for the search of light
dark matter and weakly interacting massive particles (WIMPs). On the other hand, the application of quantum
precision measurement, atomic interferometer and new magnetometer makes it possible to detect ultra-light scalar
dark matter and axial dark matter, which provides a new way to explore a wider parameter space. At the same time,
indirect detection technology continuously expands the understanding of dark matter distribution and annihilation
mechanism by observing high-energy cosmic rays, gamma rays and neutrinos, while collider experiment explores
the generation mechanism of dark matter candidate particles under extremely high energy conditions, forming a
multi-channel complementary research pattern. Based on a systematic review of the latest advances in dark matter

detection techniques, this paper analyzes the experimental challenges and theoretical dilemmas faced by dark matter
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detection techniques, and looks forward to possible research directions in the future. It is expected that with the

introduction of quantum information technology, the development of ultra-large-scale low-background experiments

and the application of space experimental platforms, dark matter detection will usher in a new round of leapfrog

development. This will not only help to reveal the basic composition and evolution of the universe, but also promote

the integration and application of multidisciplinary technologies, bringing far-reaching influence to basic science and

cutting-edge engineering.

[ Keywords] Dark matter; Direct detection; Indirect detection; Quantum precision measurement; Future
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