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Search for dark photons in heavy-ion collisions

Structure of Universe

O Dark matter (DM) ~26%
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arxiv.org/abs/physics/0007025 Granett, Neyrinck, Szapudi ESA and the Planck Collaboration.
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Dark Matter Detection

Dark Matter

Leptons
electrons, muons,
taus, neutrinos
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LUX,CoGeNT, CTA,HESS,AMS,
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Star and galaxy,

Experiments LHC
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Figure from D. Bauer et al. 2015, Physics of the Dark Universe, 7, 16
And M. Livio et al., 2014, J. Physics. Nature 507, 29-31
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Dark Matter Portals
Search for non-gravitational dark matter interactions with normal matter, i.e. with standard model
(SM) partiCIeS Figure from Brian Battel
, DM SM Portal
Indlrec.t x Standard - Dark
Detection o - Model Sector
Mediator
Qee0 (" B F'™  vector portal
L L LIV Zeosby
2 '
'Y Y Q Lo (po + \o*)H'H . Higgs portal
Mediator .
'Y Y Q ok Yo LHN | neutrino portal
sector a (I .
Standard model \ fa FW I ) ax10ll portal.
Credit: Warie Cassing
J. Alexander et al. (2016), 1608.08632
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Vector Portal

The 'vector' portal assumes the mixing of SM and DM via a U(1)-U(1)" gauge

symmetry group mixing L.B. Okun, Sov. Phys. 56 JETP (1982);
B. Holdom, Phys. Lett. B 166, 196 (1986)

1 Ty ! £ wv ! 1 2 AT AT
Ly =—=F"WEl, +-B*E,, —~mjA'*A]

4 2 2
Dark photon field strength: SM hypercharge field strength:
! o ! ‘ / . ‘
F,u,u — d,u,Au T duA I} B‘,_w — %By — d,B;_,,
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Vector Portal

The 'vector' portal assumes the mixing of SM and DM via a U(1)-U(1)" gauge

symmetry group mixing L.B. Okun, Sov. Phys. 56 JETP (1982);
B. Holdom, Phys. Lett. B 166, 196 (1986)

1 g 1
— __ruvpg! —_puwg' _ 2 AT AT
Ly = =7 F"™WEy + - BYWE, —SmjAtA)
Dark photon field strength: SM hypercharge field strength:
Ff,u,u = 8,u,Afu T 31»14";;, BPW — 8,u.Bv — 81,8”
& = Kinetic mixing parameter U € I

m, = Dark photon mass g2=a’lo

Due to the kinetic mixing the dark photon (U-boson) couples to the electromagnetic current
with strength &e

Unknown: kinetic mixing parameter & and mass my

* Notation in literature for the ‘dark photon’ or ‘ U- boson’: A’, V, U
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Dalitz decay of the dark photon to dileptons

[ Dalitz decays of pseudoscalar mesons n®,n and A-resonances to dileptons via the U-boson
mediator

Standard model Beyond SM: DM scenario

# » .
@  U()-uAy -
kinetic mixing

B. Batell, M. Pospelov, and A. Ritz, PRD 80,095024 (2009)
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Dalitz decay of the dark photon to dileptons
O Dalitz decays of pseudoscalar mesons n®,n and A-resonances to dileptons via the U-boson
mediator
Standard model Beyond SM: DM scenario
= :
¥ 1
™ , - : 6
U(1)-U(1) : ©®
kinetic mixing :
\
70 > y+y*, n° > y+U,
n > vyt yete n > y+U, USe'e
A > N+y*, A > N+U,
M[T M [GeV/cZ] mn B. Batell, M. Pospelov, and A. Ritz, PRD 80,095024 (2009)
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Possible dark photon observation by dilepton experiments

X}
p+A O—@ JPPRT < :g\q

( Dilepton spectra from SM sources are well
studied by dilepton experiments from SIS to
LHC energies (HADES, STAR,...)

Tr", n,p, 0,0, A..

Dilepton spectra at low M
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Search for dark photons in heavy-ion collisions

Possible dark photon observation by dilepton experiments
( Dilepton spectra from SM sources are well
™, n,p, 00, A.. studied by dilepton experiments from SIS to

@9
LHC energies (HADES, STAR,...)
‘Q\E m
p+A &— @ T 2 “‘é
’ = Dilepton spectra at low M

. (‘cocktail’)
p+rp ®— ® o e 5 e
—e— p+Nb 3.5 GeV -
S B 3 5 GeV ) f;,,sscev _
0 Hadron production by p+p, p+A, A+A G107k 3 p+Nb s e .
B g .. - n° - e'ey :
O Dark photon production in hadronic decays %10'2 : TR - oen
by m,n,A w, ¢, p, K, .. decays 5104 - . ..,.,,% ~° j
. . '8 p+pou. *:0 % ]
O Dalitz n°n and A decays are the dominant 10§ Sove, M to oty 3
dilepton sources at low M R M s ““j,hj’ H]
—> 10) I[ il ,: ”' e vtt
| i e
=>» Possibility for an experimental 10 Wl B T;i i |
observation of dark photons | ok h' H b, m‘]
- = I WL gl e
by electromagnetic decays U—> e e W s 63 86 b6 4 4o
in heavy-ion experiments M., [GeV/c?]
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Search for dark photons in heavy-ion collisions
Theoretical modeling of U-boson production

Goal: estimate the upper limit for the kinetic mixing parameter £?(m)) of the U-boson from the
theoretical calculation of the dilepton spectra using the microscopic PHSD transport approach

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

PHSD: W. Cassing, E. Bratkovskaya, PRC 78 (2008) 034919; NPA831 (2009) 215; W. Cassing, EPJ ST 168 (2009)
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Search for dark photons in heavy-ion collisions

Theoretical modeling of U-boson production

Goal: estimate the upper limit for the kinetic mixing parameter £?(m)) of the U-boson from the
theoretical calculation of the dilepton spectra using the microscopic PHSD transport approach

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 Hadronic interactions: Final hadrons+ leptons
Au+Au EoS. Non-perturbative QCD Hadronization
quasiparticles
200 GeV, b=2 fm
Baryons
Y Antibaryons

Mesons

= PHSD provides a good description of ‘bulk’ hadronic observables as well as dilepton spectra from SIS to

Quarks

Gluons

LHC energies _ .
PHSD: W. Cassing, E. Bratkovskaya, PRC 78 (2008) 034919; NPA831 (2009) 215; W. Cassing, EPJ ST 168 (2009)
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Dark photon production in PHSD

Dalitz Decay

n’,n - yU
A-> NU
w - U

Kt - ntU
Direct Decay

p.ow->U

U-ete
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Dark photon production in PHSD

Dalitz Deca Production of hadron =» decay to U = dilepton yield from U-boson decay of mass m;:
y y y U
71'0;77 - yU U—ete™ U—-ete~ U—ete™ U—ete™
N =N%°® + N + o+ NY
A4A- NU
0 —
ﬁ — + cee
“om +U = | BrUve'e” X (Npoyy +Nyyy + -+ Neoy)
K"-»>n"U
- — A-BU
Direct Decay U- ete Nyopy = Ny Br
w->U
P, ¢’ m? 3 Based on the model
0 ] ] Br(P -»yU) =&*Br(P->yy)|1-— P=mn B. Batel, et al. (2009) PRD 80, 095024
o £ 1 n —>yU E mp
10 5 —n—>7U 2307 ) G. Agakishiev et al. (2014) PLB, 731, 265
o —o=>7Ud | Br(A - NU) = £2Br(A > Ny)[ A AN T |
% 101§ — KU r(A - NU) (A > Ny)[ A(ma) 2372 (ma,mp,0) ;Sﬁgmfmgg PRD 104 (2021) 015008
@ 107 E - 2 3/2 -
E || Brw ') = e2Br(w — nty) (B0 el > b ot
£ . mé—mi) 138599
% 5 2 .
5 : N fy @8 my 1/2 M. Pospelov (2009 Chann
@ E Br(K™ - n"U) 2 T (K) mKW (my) A= (my, mye, ) PRDOSSg,eO%\é(gOZ o+ e
1 _ag’my V= 5 B Battel, etal (2009)
] Br(V - U) = 30,V =p, P, PRD 79, 115008 |
: 0.8 1.0
M A(m,) — Breit — Wiegner Func
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Dark photon production in PHSD

Dalitz Decay

', n - yU
A—-> NU
w — U

Kt ->ntU

Direct Decay

p.pw—->U

U—-ete

L BrU—>e+e‘ J

B. Batel, et al. (2009) PRD 80, 095024
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Branching ratio for the decay of U-bosons to ete~
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Search for dark photons in heavy-ion collisions

Procedure to obtain constraints on %(my)

1) For each bin [m,m, +dm] calculate the sum of all U->e+e- contributions (kinematically
possible in this mass bin)

dNSumU dNU()_>6+e_ any-ete” aNU—-ete” dNswmu dNSZu_TnU
— T + n 4+ 4+ w :EZ e“=1
dM dM dM dM dM dM (1)

2) Calculate the sum of all SM contributions and ‘dark matter’ (DM) contributions :

dntotal dNSumSM  gysumU  gpysumSM +@ deS:w_nlU 5
- + = _c =_
dM dM adM dM dM ( )
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Search for dark photons in heavy-ion collisions

Procedure to obtain constraints on %(my)

1) For each bin [m,m, +dm] calculate the sum of all U->e+e- contributions (kinematically
possible in this mass bin)

dNsuvmu dNUO_’e-l-e_ dNU—>e+e_ dNU—>e+e_ stumU dN;%L_ﬂllU
=—= + — +o =2 ———=g? =
dM dM dM dM dM dM (1)
2) Calculate the sum of all SM contributions and ‘dark matter’ (DM) contributions :
U
antotal ANSUMSM  gysumU g pnsumSM dNSY™
- . _ W) et 2)
am am am am am

3) Obtain constraints by requesting that dNt@/dM (SM+DM) cannot exceed the sum of SM channels
(i.e. exp. data!) by more than a factor C; in each bin dm, i.e.

dNtotal \ dNSumsM C, controls the allowed "surplus” dilepton yield resulting
(3) = At ) =) from dark photons on top of the total SM yield

4) Calculate €?(m ) by assuming C, : e.g. C;,=0.1 -> 10% DM extra yield to the SM yield

sumU
e2(my) = C,, - (N2 [ W2y
v/ —*=Uu dM dM
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Dilepton spectra from U-boson decays at SIS18 energies vs. HADES data

= The HADES data, i.e. SM contributions (including
exp. acceptance) are well described by the PHSD

1 PHSD PHSD:
10— p+p, 3.5 GeV R 10° Ar+KCL 1.76 AGeV — _ _"0)" b
— Y @ HADES . —-—- 7 Dalitz — . L. === Dalitz
T (1l A o —-=+ A Dalitz || - @ HADES 22U A Dalie ]
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- SN o A= U ° = . o A=yl @
é 100 Lot S « SumU 3 0 * SumU J— E
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= - = = Brems. NN
Sum S 10
E ]u-‘ - Sum SM E e Brems. nN
= % . ——Sum SM
. 10 - i
= s i
~ 10 } -
=} Ve
= z ]
10°
P - L L EIN 10° L Ll .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 10
2 2
rev/c
M [GeV/e M [GeV/
p PHSD:
10" A P .
- utAu, 1.23 A GeV, min. bias — — ' Dalit
W] ptNb,35Gev |  ruso - ’ - I N 4
—_ . = = == Dalitz - PR .
N L PR, . o @ HADES n* oyl === =A Dalitz
H—-U. , A @ HADES 7’-“" rtU —= Dah.tz T, ¢ el [ Dalitz
> 10" ; s ' U =--=- A Dalitz | | > o AU ©
LEJ s o A= yrU || oo ® Dalitz TRt + SumU ]
< * + SumU ® <) B - Sum SM+U b
= E o Sum SMAU [| sereeeep = 1wt = = Brems. NN
E 2 | —l?rnmf.nl\'
= Sum SM| z 1w e Sum SM
Z
= S -
6 - /A L ¥,
= E z 1 ! P I N
4 . N
. Y% =%
10 L= T SRR L m e éﬁﬁ 10” L L i L S i
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0
2
M [GeV/c'] M [GeV/eT]

I. Schmidt et al., PRD 104 (2021) 015008
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Search for dark photons in heavy-ion collisions

Dilepton spectra from U-boson decays at SIS18 energies vs. HADES data

Dark Photon Channels = The HADES data, i.e. SM contributions (including

p+p, e = 3.5 GeV I PHSD5.2 exp. acceptance) are well described by the PHSD

-1
10" — .
0 1 PHSD PHSD:
T ->Y U 07— p+p, 3.5 GeV R 10* Ar+KCL 1.76 A GeV J— _ 0"
2 — TN ° : 3 —-—- 7 Dalitz —_ 0 —=-—n Dalitz
1 0 ' n - YU & HADES n: U o it o [ @ HADES st el (]
= e ST o palite < g:rf:U” === o Dalitz
A -> NU é 107 ] -';"\, . SumU @ w10 * Sum U __:
3 0 = ,’; 5 o sumsmu || "; g < Sum SM+U &
—_ 1 0 oW - T UI "E Sum SM| = 10" = = Brems. NN
> = ]u“ = = Brems. nN
GJ % :l % - | = Sum SM
- = 1wl -
Q 10* C o
o] = PR
=0
E 10 P E L L EIN P 10° L Ll .
5 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 10
- 2
= 10 M [GeV/c'] M [GeVic)]
o PHSD:
~— 10" A " . o
= utAu, 1.23 A GeV, min. bias — — ' Dalit
o W1 pNb,35Gev |—— s e : ’ I T Dl
© 10 = P T or baie - @ HADES s U || oeeos Dalie
o . 5 @ HADES 7’-“ ¥ == Dah.tz T o s U o= » Dalitz
> 10" y s ' U =--=- A Dalitz | | > o AU ©
cﬁ s o A= yrU || oo ® Dalitz R + Sum U rresseney
1 0_7 __E :‘ " :um U ) o \‘U: b )
. um SM+U FRameean = = Brems. NN
E 2 ——Brems. =N
= = — Summ SM
Z,
= =
o -
- *u
Z

108 L—— 2L A1 /X u I o T e,
0.0 / 02 04 06 . . . 1Nk AWETI N TE A A
0.0 012 = [ll4 = l}iﬁ ‘ I]iﬂ \1|] 1.2 0.0 I 0.2 I 0.4 I 0.6 . 0.8 l 1.0
M (GeV) M [GeV/c] M [GeV/c)]
Gray lines d|Sp|ay I. Schmidt et al., PRD 104 (2021) 015008
SM decay
channels

The contributions from U>e*e™ are added with C;;,=10% allowed surplus of the total SM yield
= the total sum is still in a good agreement with exp. data
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Search for dark photons in heavy-ion collisions

Dilepton spectra from U-boson decays at RHIC energies vs. STAR data

42nd International Conference onHigh Energy Physics, 18-24 July 2024

Dark Photon Channels

Au+Au, sw =1

9 GeV, min-bias

STAR

I > 1

=== sumU
— S UM S M

«  sumU+SM

C,=10 %

PHSD5.2
n° -> yU
n->yU
A ->NU
o -> 7°U
p->U
o->U
b->U

e K-> 17U

0.4

08 1.2

M (GeV)

Au+Au, Vsw = 200 GeV, min-bias'

STAR

== sumU
— S UMSM
*  sumU+SM

C,=10 %

PHSD5.2

n° ->yU
n->yU
A->NU
o ->n°U
p->U
o->U
9->U

M (GeV)
The STAR data, i.e. SM contributions (including exp. acceptance) are well described by the PHSD

The contributions from U~>e*e™ are added with C;,=10% allowed surplus of the total SM yield = the
total sum is still in a good agreement with exp. data
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Search for dark photons in heavy-ion collisions

Mixing parameter g?(M,)

The upper limit for the kinetic mixing parameter (M) of light dark photons extracted from the
PHSD dilepton spectra - with €, allowed surplus of the total SM yield

AutAu, min.bias. C =10 %
200 GeV

— 27 GeV
19 GeV

J. Alexander et al. (2016), 1608.08632

g?(my) for C; = 10% is consistent with the exp. data
- from
107 [ CMS BaBar (0.2 <m;< 0.9 GeV)

3 KLOE (0.2<m <1 GeV)

10—8 - PN [ SN T S S S RS S S S S — ]
00 02 04 06 08 10 12 14 16 1.8 2.0 Experimental data of high precision are
M (GeV) needed to reduce the upper limit for &
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Search for dark photons in heavy-ion collisions

Limits for the mixing parameter g(m)

0 The PHSD predictions for £2(my) with 1% and 10% allowed surplus of the U-boson contributions
over the total SM yield and fixed €2(my) = 107> and 107

Fixed &’
10°

Au+Au, Vs» = 200 GeV, min-bias

10° M : i I 12_ 5
: e STAR PHSD5.2 €=10
10° — SUMSM sumu
Y : © sumSM+U o
107 £=10"
S Fas M
8 107 sumSM+U 33
=2 3 .
q’Z 10'8 L 1 L 1 N 1 N 1 M 1 N | N 1 N | N 1 " |
© 00 02 04 06 08 10 1.2 14 16 18 2.0

M (GeV)
Al (0.01<m;<0.3GeV) Au+Au 27 GeV for C; = 1%

The theoretically extracted upper limit of the kinetic mixing parameter
g?(m) of light dark photons from dark photon decays:

- strongly reduces by lowering the allowed ,surplus*

=» exp. data of high precision are needed to reduce the upper limit for
g% (My)

42nd International Conference onHigh Energy Physics, 18-24 July 2024 Adrian William Romero Jorge




Search for dark photons in heavy-ion collisions

Summary

O We presented microscopic transport calculations, based on the PHSD approach, for the dilepton yield
from the decay of hypothetical dark photons (or U-bosons), U>e+e- from p + p and A + A collisions from
SIS18 up to RHIC energies

O For that we incorporated in the PHSD the production of U-bosons by the Dalitz decay of n%,n —» yU,A -
NU,w —» U, K* - ntU and the direct decay of p, ¢, w » U with further dilepton decays U — e*e™,
which describes the interaction of DM and SM particles by the U(1)-U(1)" mixing

O We found that the extracted upper limit of €?(M,)) is consistent with the experimental results of the
BaBar, KLOE experiment between 0.2 <m <1 GeV with Cy = 10% and Al exp. for 0.01 <my < 0.3 GeV
with Cy = 1%, as well as with the world-wide experimental compilation

O We introduced a procedure to define theoretical constraints on the upper limit of the kinetic mixing
parameter g2(m) : 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
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Search for dark photons in heavy-ion collisions

Summary

O We presented microscopic transport calculations, based on the PHSD approach, for the dilepton yield
from the decay of hypothetical dark photons (or U-bosons), U>e+e- from p + p and A + A collisions from
SIS18 up to RHIC energies

O For that we incorporated in the PHSD the production of U-bosons by the Dalitz decay of n%,n —» yU,A -
NU,w —» U, K* - ntU and the direct decay of p, ¢, w » U with further dilepton decays U — e*e™,
which describes the interaction of DM and SM particles by the U(1)-U(1)" mixing

O We found that the extracted upper limit of €?(M,)) is consistent with the experimental results of the
BaBar, KLOE experiment between 0.2 <m <1 GeV with Cy = 10% and Al exp. for 0.01 <my < 0.3 GeV
with Cy = 1%, as well as with the world-wide experimental compilation

O We introduced a procedure to define theoretical constraints on the upper limit of the kinetic mixing
parameter g2(m) : 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

= Perspectives:
= Include dark photon decays from other possible channels = Look for constraints in astrophysics
= Explore the axion portal and cosmology
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Search for dark photons in heavy-ion collisions

Thanks to the Organizers !

Thank you for your attention !
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Searrh for dark phatons in be~w
S_ Al DNEeroies - A

=

=inn collisions

J HADES: dilepton yield dN/dM scaled

with the number of pions Ny >
<

[ Dominant hadronic sources for M>m,; 2
. z

= 1, A Dalitz decays =
Z=

= NN bremsstrahlung

= direct p decay
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Search for dark photons in heavy-ion collisions

from the three data sets separately. Evidently, the p + Nb data pro-
vide the strongest constraint. However, as the three data sets are
of comparable statistical quality and result hence in upper limits of
similar magnitude, it is natural to join them into a combined upper
limit [49]. Since all experiments have been executed under very
similar conditions, we use the following statistics-driven ansatz:

gl 1
UL(14243) = \/ (UL + UL +ULS) . (8)

The combined upper limit UL(14+243) is overall about 10 to 20%
lower than the p + Nb value taken alone. This is indeed ex-
pected from the moderate increase in pair statistics achieved by

cumulating the data from all experiments and is consistent with a
UL < 1/+/N behavior.
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Search for dark photons in heavy-ion collisions

Number of particles in Au+Au collision

Time evolution of the number of particles in phsd at low energy (SIS18)
p+p,\sm = 3.5 GeVI

10— —_— ——rr 10* F— —
35 ........ - L == 7 PHSD5.2 ] 35 PHSD5.2 ;
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Number of particles in Au+Au collision

Search for dark photons in heavy-ion collisions

Time evolution of the number of particles in phsd at high energy (RHIC)

10%

RN
o
w

-
o
N

AU+AU, sw= 200 GeV, b=3 fm I

PHSD5.2: ]

Number of mesons

t (fm/c)

, 1, K dominate and alarge number of

w,p,¢P,n’ are created

Au+Au, Vsw=200 GeV, b=3 fm I

10% .
F —_—p = =N= = A =-=- Al A e AT
[ ——N°(1440) = — N*(1440) —— A" ——3
1035‘—-20 ------ Y o—3 = = 50 v -
E |eeeeeee = =’ N -e=e B ——
[\

—_—
o
(%]
T
.
S |
.
.
o '
|
)
1

Number of baryons

PHSD5.2: |

10
t (fm/c)

100

p,n dominate and an large number of

A, A Y are created

42nd International Conference onHigh Energy Physics, 18-24 July 2024

Adrian William Romero Jorge



Search for dark photons in heavy-ion collisions

Dark photon production in PHSD

Dalitz Decay m2\> Based on the model
Br(P - yU) = €*Br(P - yy) (1 — —g) P=mn
m
T[O n N )/U P HADES Col. (2014) PLB, 731, 265
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+ + (my=mz)
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+ + _ U 1/2 I :
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Search for dark photons in heavy-ion collisions

Search for dark photons with HADES

HADES: Phys. Lett. B 731 (2014) 265

G. Agakishiev et al. (HADES), Phys. Lett. B 731, 265 (2014) T
Upper limit on the mixing parameter &?
"F 2014
i Ar+KCl o 10°F
102 p+p
p+Nb
10°E
v ! = '-1J. Alexander et al. (2016), 1608.08632
10 |
10° . _
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- [ . ol L | Ll 1
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Search for dark photons in heavy-ion collisions

Search for dark photons with HADES (GSI)

HADES data:
p+p, p+Nb at 3.5 GeV, Ar+KCl| at 1.76 A GeV

1) Search for a peak structure in the raw dN/dM spectrum taking into account mass resolution
2) If no peak found, get an UL (upper limit) on peak

. . .. HADES: Phys. Lett. B 731 (2014) 265
Upper limit on the mixing parameter &2 — : —r
107 104: —
B e T SRy LA LEL SR :
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M, [GeV/c?] Dark photons are not observed so far!
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3) Transform this UL into an UL on the mixing parameter €2 based on the modelling of

the U-boson production rate (B. Batell, M. Pospelov, and A. Ritz, PRD 80,095024 (2009)) G. Agakishiev et al. (HADES), Phys. Lett. B 731, 265 (2014)
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Dark photon

Search for dark photons in heavy-ion collisions

production in PHSD

Dalitz Decay Production of hadron =» decay to U = dilepton yield from U-boson decay of mass M:
0 U—oete™ _ pU-ete” U—ete™ | ... U—ete™
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Search for dark photons in heavy-ion collisions

Limits for the mixing parameter €(M)

O The PHSD predictions for €2(My) with 0.1%, 5%, 10%, and 15% allowed surplus
of the U-boson contributions over the total SM yield
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The theoretically extracted upper limit of the kinetic mixing parameter g2(M)) of light
dark photons from Dalitz decays of n°,n mesons and A-resonances:

- strongly reduces by lowering the allowed ,surplus’

=» exp. data of high precision is needed to reduce the upper limit for &2(M,)
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_Search for dark photons in heavy-ion r_c:ollisions
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Search for dark photons in heavy-ion collisions

G. Agakishiev et al. (HADES), Phys. Lett. B 731, 265 (2014)

L . 2
Upper limit on the mixing parameter ¢ HADES: Phys. Lett. B 731 (2014) 265
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HADES coverage : 0.02 < Mu< 0.6 GeV

Dark photons are not observed so far!
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Search for dark photons in heavy-ion collisions
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Search for dark photons in heavy-ion collisions
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= The contributions from U->e+e- are added with C,=10% and alternatively 50%
allowed surplus of the total SM yield

= With increasing beam energy other channels are getting important at M > 0.5 GeV
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Search for dark prbotn_s in heayy-ign colllsmns_ .

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

In't'él '_A‘+A from Kadanoff-Baym many-body theory
collision
Q Initial A+A collisions : LUND string model
N+N - string formation = decay to pre-hadrons + leading hadrons
) Formation of QGP stage if local & > eqitical L.
Partonic phase dissolution of pre-hadrons - partons

»1GeV]

L Partonic phase - QGP: o
QGP is described by the Dynamical QuasiParticle Model (DQPM) J‘
matched to reproduce lattice QCD EoS for finite T and pg (crossover)

“%e =
°°v/A . %
A

- Degrees-of-freedom: strongly interacting quasiparticles:
massive quarks and gluons (g,q,9,,,) With sizeable collisional
widths in a self-generated mean-field potential

......

- Interactions: (quasi-)elastic and inelastic collisions of partons

off-shell
meson

Hadronlc phase o
[ Hadronization to colorless off-shell mesons and baryons:

’“’?‘«»'&s . :
'- Strict 4-momentum and quantum number conservation

...og g
{8

 Hadronic phase: hadron-hadron interactions — off-shell HSD




Search for dark photons in heavy-ion collisions
A0 esS C O Oon I FARAsSU

t=0.05fm/c

Au + Au /syny = 200 GeV

b=22fm - Section view

@ Baryons (394)
. Antibaryons ( 0)
. Mesons( 0)
@ auarks( 0

@ Gluons( 0)
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Search for dark photons in heavy-ion collisions
A0 esS C O Oon I FARAsSU

t=1.6512 fm/c

Au + Au /syny = 200 GeV

b=22fm - Section view

@ Baryons (394)
. Antibaryons ( 0)
@ Mesons (1523)
@ Quarks (4553)

@ Gluons (368)

P.Moreau
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Search for dark photons in heavy-ion collisions
A0 esS C O Oon I FARAsSU

t =3.91921 fm/c

Au + Au /syny = 200 GeV

b=22fm - Section view

@ Baryons (426)
@ Antibaryons ( 29)

@ Mesons (1189)

@ Quarks (4459

@ Gluons (783)

P.Moreau
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Search for dark photons in heavy-ion collisions
A0 esS C O Oon I FARAsSU

t=7.31921 fm/c

Au + Au /syN = 200 GeV

b=2.2fm - Section view

@ Baryons (540)
@ Antibaryons (120)
@ Mesons (2481)

@ Quarks (2901)

@ Gluons (492)

P.Moreau
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Search for dark photons in heavy-ion collisions
A0 esS C 0 Oon I FARAsSU

t=12.0192 fm/c

Au + Au /syy = 200 GeV

b=2.2fm - Section view

Baryons (626)

Antibaryons (202)

Mesons (3357)

Quarks (1835)

Gluons (269)

P.Moreau
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200 GeV

Adrian William Romero Jorge

=2.2fm - Section view
@ Antibaryons (272)

@ Mesons (4343)
@ Quarks ( 899)
‘ Gluons ( 46)

Au + Au /syn
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