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Abstract: We intend to study collider signals of feebly interacting massive particle (FIMP) dark
matter. We focus on scenarios with low reheat temperatures where the mediator particle connecting
the dark matter to the Standard Model is too heavy to be produced in the early Universe, but can
be produced at the LHC.
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We are interested in studying scenarios of dark matter freeze in, which are characterized by
gradual production of dark matter particles via feeble couplings with the thermal bath1. Due to
such feeble couplings, the collider phenomenology of such setups generally involve production
of long-lived parent particles that give displaced decays, see, e.g.2–11 for existing studies in the
literature.

In traditional studies of FIMP dark matter, dark matter is produced via decays of a heavy parent
particle present in the early Universe, and the correct relic density from such gradual freeze in is
obtained for couplings ∼ 10−10. In contrast, our focus is on scenarios where the feeble interaction
is a consequence of a mediator whose mass is significantly higher than the reheat temperature of
the Universe. As a consequence, the mediator abundance in the early Universe is negligible, and
DM-SM interactions arise from integrating out the propagator, giving rise to higher dimensional
operators that drive UV-freeze in production of dark matter12. We assume scenarios where the
mediator is nevertheless within reach of high energy colliders such as the LHC, enabling collider
probes of such freeze-in models, which are otherwise difficult to probe experimentally.

While there are interesting cosmological aspects of such scenarios, the collider signatures of
such frameworks are quite interesting, and qualitatively very different from those expected from
standard freeze-in scenarios. In particular, since the effective feeble coupling is a consequence
of the mediator integrated out, the mediator-dark matter coupling is much larger than the typical
∼ 10−10 traditionally associated with FIMP scenarios, and can in principle be arbitrarily larger,
depending on the reheat temperature. Such scenarios therefore allow for a wide range of displaced
vertex lengths and a wide array of collider phenomenology.

We intend to study various realizations of the above setup, considering both s- and t-channel
mediators, with several SM charge assignments. This can give rise to a wide variety of signals at
the LHC, including fully visible, semi-invisible, and fully invisible final states. Since the mediators
can be SM charged or neutral, this also gives rise to a variety of signatures, including possibilities
of, e.g. disappearing charged tracks.

We also intend to explore realistic particle physics models where this framework can be natu-
rally realized. This seems to occur in a diverse class of models, including supersymmetric models
and neutrino portal models of hidden sector dark matter.
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