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New connection between dark matter direct detections,
astrophysical and cosmological observations with self-interacting

dark matter

The self-interacting dark matter (SIDM) model is an ideal candidate for explaining the discrepancy between small-scale
structure observations and predictions by the prevailing collisionless cold dark matter (CDM) model. SIDM indicates the
existence of a light mediator with a typical mass of 10 MeV. Searching for SIDM particles has therefore become one important
alternative to the traditional weakly interacting massive particles (WIMPs) in direct detection experiments such as PandaX. Of
note, the constraints obtained from direct detections are associated with the unknown mixing parameter (such as photon kinetic
mixing) that describes the strength of the coupling between the mediator and ordinary particles. As previously reported, this
makes it difficult to directly compare the direct detection constraints with the astrophysical constraints on SIDM models [1].
Recently, a team led by Prof. Yong Yang at Shanghai Jiao Tong University and Prof. Hai-Bo Yu [2] at the University of

California, Riverside, proposed a new way to connect the results from direct detection experiments, astrophysical observations
and cosmological observations. The null SIDM signals obtained in direct detection experiments set limits on the dark matter
(DM) mass, mediator mass and mixing parameter. The astrophysical observations put constraints on DM vs. mediator mass.
The standard Big Bang Nucleosynthesis (BBN) scenario successfully predicts light element abundances, which might be
changed if the mediator decays to ordinary particles via the kinetic mixing portal.
Using the constraints derived from the full DM dataset of PandaX-II experiment, the favored DM vs. mediator mass region by

observations of DM halos from dwarf galaxies to galaxy clusters [3], and the benchmark BBN constraints on mediator lifetime [4],
they showed that, overall, the dark sector needs to be colder than the visible sector in the early universe for the DM masses
ranging from about 10 to 200 GeV. This work also demonstrates that direct detections, astrophysical and cosmological
observations provide complementary tools for probing the self-interacting nature of DM particles.
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