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1. Motivation

» Goal: Constrain vector portal dark photons by combining dilepton spectra with dark matter (DM) relic density and self-interacting DM (SIDM) constraints.

2. Vector portal with Dark Matter 3. Dark photon production in PHSD . From dilepton excess to a limit on &2
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The total dilepton yield from dark photons is
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= For my < 2m,, the dilepton branching ratio (U —
ete”) remains unsuppressed. For my > 2m,, invis-
ible decays reduce the observable U — e e~ signal.

For each invariant-mass bin dM, the dark-photon yield
scales linearly with kinetic mixing square,

5. PHSD dilepton spectra with dark photons
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PHSD reproduces the Standard Model dilepton
background from SIS to LHC energies. [1-3] R
Dark photons appear as narrow structures in the 52(mU) — Oy dN /dM
Invariant-mass spectra. N;iTU/dM

= Improved experimental precision translates directly

into stronger limits on o2 through smaller C . = Heavy-ion dilepton data probe both visible and in-
visible dark-photon regimes.

This yields the upper bound for the kinetic mixing (2]
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Viable SIDM scenarios require large self-interactions
at dwarf velocities and suppressed scattering at
group and cluster scales.
This typically favors light mediators and compara-
tively heavy dark matter.

8. Combined parameter-space constraints
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: S = Blue/red: Regions compatible with SIDM (effective = BP1: visible sub-GeV mediator and intermediate-
oM Dirac Fermion -0 DM Complex Scalar cross-section and Groups/Cluster constraints) from mass DM, it satisfies SIDM constraints.

Dark Photon Mediator

TR — e Rt —Res —Res —Re10 dwarfs, galaxies, groups, and clusters. = BP2: MeV mediator with heavy DM, typical of
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Dirac, Majorana, and complex scalar DM lead to | | ™ Green: Thermal target points excluded by invisible = BP3: Ultra-light long-lived mediator with my <
distinct thermal target curves. kinetic mixing limits on &2, 2m.: stable dark photon.

Local dips originate from hadronic thresholds and | |®* mu = 2m, Separates the visible and invisible = BP4/BP5: Representative CMB and PHSD ex-

resonance effects in the mediator width. regimes. cluded benchmarks (see orange and green regions).

9. Summary

= We have studied a dark sector in which a kinetically mixed dark photon U is constrained through dilepton production within the PHSD transport approach.
= Combining the kinetic mixing limits with thermal relic targets and self-interaction constraints, we found that large regions of the parameter space are excluded.
= The combined analysis favors light mediators in the MeV-sub-GeV range and comparatively heavy dark matter (DM),
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