Constraining Dark Photon Kinetic Mixing in Heavy-lon Collisions from

SIS to LHC energies GOETHE

A. W. Romero Jorge'??, E. Bratkovskaya®>* T. Song*, Laura Sagunski? UNIVERSITAT
L Frankfurt Institute for Advanced Studies (FIAS), ?Institute for Theoretical Physics, Goethe University, 3Helmholtz Research Academy Hessen FRANKFURT AM MAIN

for FAIR (HFHF), *GSI Helmholtzzentrum fiir Schwerionenforschung.

1. Motivation

Explore for a possible dark photon (U-boson) observation by dilepton experiments in heavy-ion collisions from SIS to LHC energies.
Estimate the upper limit for the kinetic mixing parameter 52(MU) of the U-boson from the theoretically calculated in dilepton spectra using the PHSD approach.

2. U-boson in dilepton experiments 3. Dark Photon in the Vector Portal

Dilepton spectra from SM sources in p+p,p+A, A+ || o The 'vector’ portal assumes the mixing of SM and DM via U(1) — U(1)’ gauge symmetry group mixing
A collisions are well studied by experiments from SIS

' L, / S / 1 2 Al !
to LHC energies. [/U — __F,LLVF g + = B,uyF Py — My AMA H
Dark photon production by hadronic decays 4 2 2
(7%, n, A, w,d, K, ...) and partonic decays. o Due to kinetic mixing, the dark photon couples to the electromagnetic current
o ' . . - : : ;2
Possibility for an experimental observation of U- with strength € e and effective fine structure constant o’ = .
hosons by electromagnetic decays U — eTe™ in
neavy-ion experiments. Standard model Beyond SM: DM scenario — 104 . . o
1t +A-\ - BI’ —> X U
z Br(U—>ee)§ 10° (_no_>yu)
u()-u(1y - A —h oy
6 I:> kinetic mixing |:> .......... 5\10' —w —>T1U
e —n >W
/,\\ 45 fee™ o 6 LE . E 3
\"" kY / ,b H B 10° - / F “‘ --=-- Batell:2009yf §40 ]
T V79 51 N .| / | [ i e Liu:2014cma ] @ | m
. ‘ 0 > vy, \ﬁ\_\ n0 > y+U, i ‘\\ - --- Fradette:2015xka | | 107 F
[ | N>y, et | D [n > yty, Udete j D R et | BT
: 800 1000 1200 1400 1600 A > N+, e (A2 N 0.01f R —— .
Dark Photon Mass (MeV) 107 - e 100ttt L
. 0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.2 0.4 0.6 0.8 1.0
" M. MGevrd) m, M, [GeV/ c’] M, [GeV/ ]

4. PHSD Transport Approach
6. Dilepton spectra from U-boson decays from SIS to LHC energies

Parton-Hadron-String Dynamics (PHSD) is a non-
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Standard Model (SM) contributions are well described by the PHSD transport model |3, 4].

The contributions from U — eTe™ are added with an allowed surplus Cyy of the total SM yield, the total sum
is still in good agreement with experimental data.
Increasing collisional energy enhances the contribution of dark photon channels
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7. Theoretical constraints on (M)

The total yield from all possible dilepton sources, 8. Kinetic Mixing Parameter % (M;;)

AN total AN sumS M | AN sumU

| C,=10 % Au+Au, min.bias. C =10 %
dM dM S dM mererywou | Wegeinetiarnd SRR | RNELN - mmpiriegl |
p+Nb, 3.5 AGeV | |= = = Au+Au, 1.23 AGeV |4 [ = = = 7.7 GeV
Au+Au, 1.23 AGeV § 107 '
U -3
AN =vmU AN 10
dM —° TAM " 107
: 10°
Requesting that the total sum cannot surplus the sum \ | :
. : . 10° 107 pavgeeee--- e bty GoBarin
of SM channels by more than a fraction Cy in each bin : ‘ VSaggm o BoBate ]
d M 10—7 E BaBarl4 4 ':\.;l‘.'\:':' 10-7 10—7 ?
-8 P R SRR TR SR ST SR TN S N T S R S 10-8 P R SRS SR A ST SN SN SN T S R S 10-8 A R T TR T T R S SR S
00 02 04 06 08 1.0 12 14 16 1.8 20 00 02 04 06 08 1.0 1.2 14 16 1.8 20 00 02 04 06 08 1.0 1.2 14 16 1.8 20
dN total (1 L C ) dN svmsSM M, [GeVic?] M, [GeVic?] M, [GeVic?]
— U ; o . . . .
dM dM o 52(MU) calculated within PHSD is consistent with the experimental results of the HADES, Al and BaBar for
AN suvmsSM dN;“mU My < 1.2 GeV for differents Cyy and /sy .

2 —
e =0v | = :

dM dM o Experimental data of high precision is needed to reduce the upper limit for £°.

9. Summary

o We presented first microscopic transport calculations, based on the PHSD approach, for the dilepton yield from the decay of U-bosons from p+p, p+ A and A+ A
collisions from SIS up to RHIC energies.

o Since dark photons are not observed in dilepton experiments so far, we can require that their contribution can not exceed some limit which would make them visible in
experimental data.

o Using Cy = 0.3%, the extracted limits also match BaBarl4 results in 0.2 < My < 1.5,GeV, indicating a possible 0.3 % dark-photon contribution to the SM dilepton
yield, consistent with global experimental compilations.

KEY REFERENCES ACKNOWLEDGEMENT AND PARTNERS
[1] W. Cassing, E. Bratkovskaya, PRC 78 [3] Romero  Jorge et al.  (2025), [5] J. Alexander, et al., Dark Sectors Workshop:
(2008) 034919 arXiv:2503.05253. Community Rep. (2016) FIAS Frankfurt Institute £ HF _ D A
for Ad(/aannclérd gtsuld?eg A CRC'TR 211y 8 8§ | H F }ﬁmﬁ§dl-."s$? rrrrrrrrrrrrrrrrrrrrr [-= 5 ][ TA B
[2] 1. Schmidt, E. Bratkovskaya, et al., PRD 104 [4] Song et al. (2018), PRC 97, 6, 064907. [6] B. Battel, M. Pospelov, et al., PRD 80 (2009)
095024

(2021) 015008



