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Constraining Dark Photon Kinetic Mixing in Heavy-lon Collisions from SIS to LHC energies

Motivation

Galaxy Rotation Curves Structure Formation Gravitational lensing Cosmic Microwave
Background (CMB)
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arxiv.org/abs/physics/0007025 Granett, Neyrinck, Szapudi NASA ESA and the Planck Collaboration.
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Experiments Figure from D. Bauer et al. 2015, Physics of the Dark Universe, 7, 16
And M. Livio etal,, 2014, J. Physics. Nanwre 507.29-31
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Dark photon production in dilepton experiments in HIC
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Dark photon production in dilepton experiments in HIC

Dalitz Decay Direct Decay
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Theoretical modeling of U-boson production

Parton-Hadron-String Dynamics (PHSD) is a non-equilibrium
microscopic transport approach for the description of strongly-
interacting hadronic and partonic matter created in heavy-ion
collisions

Dynamics: based on the solution of generalized off-shell transport
equations derived from Kadanoff-Baym many-body theory

Initial State: ~ Quark Gluon Plasma: IQCD Dynamical
Au+Au N acp g izati

quasiparticles

Au+Au, 200 GeV,
b=2 fm
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Dark photon production in dilepton experiments in HIC

Dalitz Decay Direct Decay
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Theoretical modeling of U-boson production

Parton-Hadron-String Dynamics (PHSD) is a non-equilibrium
microscopic transport approach for the description of strongly-
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Dilepton mass Spectra Au+Au 200 GeV, min- blasl
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Dilepton mass spectra | Au+Au, 200 GeV, min-bias'
1 y ' y . * | u ’ . ' ’ | s ¥ ' § . | v . ) s !
10 @ STAR PHSD: U . 3
p2> 0.2 GeV D "
I o R —— . g

o ©-

Ee)
o "

—
o
w
T llllll'l'l T llllm‘ T lllul'l" T llllll'l'l T lllll"‘ T llll‘l-“l
s . esssess
4

O pm
o

Dark Matter Conference, 2-6 June 2025, Santander, Spain Adrian William Romero Jorge



Constraining Dark Photon Kinetic Mixing in Heavy-lon Collisions from SIS to LHC energies

Dilepton mass spectra | Au+Au, 200 GeV, min-bias'
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Dilepton mass spectra | Au+Au, 200 GeV, min-bias'
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Dilepton mass spectra | Au+Au, 200 GeV, min-bias'
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Dilepton mass spectra | Au+Au, 200 GeV, min-bias'
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Dilepton spectra from PHSD from SIS to RHIC energies
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Dilepton mass spectra | Au+Au, 200 GeV, min-bias'
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Dilepton mass Spectra Au+Au, 200 GeV min- blasl
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Dilepton mass spectra | Au+Au, 200 GeV min- blasl
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Dilepton mass spectra | Au+Au, 200 GeV, min-bias'
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Dilepton mass spectra Au+Au, 200 GeV, min-biasI
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Kinetic Mixing parameter (M)

The upper limit for the kinetic mixing parameter £?(M,;) of dark photons extracted from the
PHSD dilepton spectra - with ', allowed surplus of the total SM yield
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Kinetic Mixing parameter (M)

The upper limit for the kinetic mixing parameter £?(M,;) of dark photons extracted from the
PHSD dilepton spectra - with ', allowed surplus of the total SM yield
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Kinetic Mixing parameter (M)

The upper limit for the kinetic mixing parameter £?(M,;) of dark photons extracted from the

PHSD dilepton spectra - with ', allowed surplus of the total SM yield
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g?(my) is consistent with
the exp. data from
BaBar, KLOE, HADES, A1

for different C; and /sy y
for M, < 1.2 GeV

Experimental data of high
precision are needed to reduce
the upper limit for &2

Summary

Using C, = 0.3%, the
extracted limits also match
BaBar14 results for M; < 1.5
GeV, indicating a possible 0.3
% dark-photon contribution
to the SM dilepton
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Kinetic Mixing parameter (M)

The upper limit for the kinetic mixing parameter £?(M,;) of dark photons extracted from the

PHSD dilepton spectra - with ', allowed surplus of the total SM yield
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Thank you for your attention !

g?(my) is consistent with
the exp. data from
BaBar, KLOE, HADES, A1

for different C; and /sy y
for M, < 1.2 GeV

Experimental data of high
precision are needed to reduce
the upper limit for &2

Summary

Using C, = 0.3%, the
extracted limits also match
BaBar14 results for M; < 1.5
GeV, indicating a possible 0.3
% dark-photon contribution
to the SM dilepton
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