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Motivation
URHIC’s and photons

as compared to the size of the fireball photons have a long mean free path
→ leave the interaction zone undisturbed

E. Feinberg, Nuovo Cimento A34, 391 (1976), E. Shuryak, Phys. Lett. B 78, 150 (1978)
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Dileptons
theoretical background

dilepton rate: (local thermal equilibrium)

dNl+ l−

d4xd4q
≡ d4R

dq4
= Lµν (q)Wµν (q); Wµν (q) =

1
eω/T − 1

ImΠµνem (ω,~q)

electromagnetic correlator:

Πµνem (ω,~q) = −i
∫

d4x ei(ωt−~x·~q)Θ(t)
〈[

jµem(x), jνem(0)
]〉

electromagnetic current: (below 2mc )

jµem =
2
3

ūγµu − 1
3

ūγµd − 1
3

s̄γµs

vacuum:

R(M) =
σ(e+e− → hadrons)
σ(e+e− → µ+µ−)

= −12π
M2

ImΠvac
em (M)
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Dileptons
e+e−- annihilation in the vacuum

invariant mass (GeV/c2)

quarks : Rq = Nc

∑
i

e2
i = 3

(
4
9

+
1
9

+
1
9

)
= 2
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Low-mass Dileptons
theoretical background

two regimes:

VDM: jµem =
m2
ρ

gρ
ρµ +

m2
ω

gω
ωµ +

m2
φ

gφ
φµ; M < 1 GeV

’partonic’: jµem =
∑

q=u,d ,s

eq q̄γµq; 1.5 < M ≤ 3 GeV

with
jρµ =

1

2

(
ūγµu − d̄γµd

)
; jωµ =

1

6

(
ūγµu + d̄γµd

)
; jφµ = −

1

3

(
s̄γµs

)

→ R ∼
[

ImDρ +
1
9

ImDω +
2
9

ImDφ

]
ρ−meson dominates!

thus

R(M) = −12π
M2


∑

V=ρ,ω,φ

(
m2

V
gV

)2
ImDvac

V (M) , M < 1 GeV,

− M2

12π (1 + αs (M)
π

+ ... ) Nc
∑

q=u,d ,s
(eq)2 , M > 1.5 GeV
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Hadronic medium
Lattice EoS

hot and dense gas of mesons and baryons

A. Bazavov et al. (HOTQCD Collaboration) arXix:1407.6387 [hep-lat]

in-medium modification of propagators described by hadronic many-body theory
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ρ - meson
in the hadronic medium

L/T decomposition relative to the heat bath:

DµνV =
(

M2 −m2
V − ΣL

V (ω,~q)
)−1

︸ ︷︷ ︸
longitudinal: DL

V(ω,q̃)

PµνL +
(

M2 −m2
V − ΣT

V (ω,~q)
)−1

︸ ︷︷ ︸
transverse: DT

V(ω,q̃)

PµνT

ρ-meson selfenergy: ΣL/T
ρ = ΣL/T

ρππ + Σ
L/T
ρM + Σ

L/T
ρB

vertex corrections from dressed pions:

Apr 17, 2015 | TU Darmstadt | Jochen Wambach | Dileptons | 7



ρ - meson
in the hadronic medium

ρ-spectral functions: (low temperature)

W. Peters et al., Nucl. Phys. A632, 109 (1998)
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ρ - meson
photoabsorption as a test

photo-absorption cross section:

σγ
A

= −4πα
ω

m4
ρ

g2
ρ

ImDT
ρ (ω, |~q| = ω)

nucleon nucleus

M. Urban et al., Nucl. Phys. A 641, 433 (1998); R. Rapp et al., Phys. Lett. B 417, 1 (1998)
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Spectral Functions
in hat and dense matter

ρ-meson ω and φ-meson

SPS√
sNN=17 GeV

RHIC√
sNN=200 GeV

H. van Hees and R. Rapp, Nucl. Phys. A 806, 339 (2008)
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Dilepton Rates
SPS and RHIC conditions

SPS RHIC

R. Rapp, Pramana 60, 675 (2003)
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Dilepton Rates
LQCD-HTL comparison

O. Kaczmarek and M. Müller, PoS (Lattice 2013) 175

H.-T. Ding et al., Phys. Rev. D83 034504 (2011)
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Space-time Evolution

dNl+ l−

d4xd4q
(x) has to be integrated over the space-time history

I blast-wave parametrizations

I ideal and viscous hydrodynamics

I transport descriptions

I coarse-grained transport theory

Apr 17, 2015 | TU Darmstadt | Jochen Wambach | Dileptons | 13



Dilepton Data
CERES

G. Agakichiev et al. (CERES/NA45 Collaboration), Eur. Phys. J. C 41, 475 (2005)
D. Adamova et al. (CERES/NA45 Collaboration), Phys. Lett. B 666, 425 (2008)

H. van Hees and R. Rapp, Nucl. Phys. A 806, 339 (2008)
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Dilepton Data
STAR

 

Dielectron Production in Au+Au-
Collisions at √sNN = 39 & 62.4 GeV

Patrick Huck for the STAR Collaboration
Central China Normal University and Lawrence Berkeley National Laboratory

Summary & Conclusions
• Dielectron invariant mass spectra from Au+Au collisions measured in STAR 

at √sNN = 19.6, 39, 62.4 & 200 GeV and compared to cocktail calculations.
• No significant energy dependence observed for LMR enhancement factor.
• LMR excess yield can be described by in-medium modifications to the ! 

spectral function across a wide range of energies.

Outlook: Charm continuum contribution and its possible in-medium modifica-
tion need better understanding in Au+Au " STAR HFT & MTD upgrades. 

Abstract:
Due to their negligible strong interaction with the dense medium created at RHIC, leptons can escape the interaction region undistorted and thus, carry direct information about the space-time evolution of the 
fireball created in relativistic heavy-ion collisions. In the special case of dileptons, their invariant mass (Mee) serves as an additional observable: For the RHIC BES energies, later dielectron creation times are 
accessible in the Low-Mass-Region (LMR, Mee < 1.1 GeV/c2) where the in-medium vector meson properties and possibly its connection to chiral symmetry restauration can be measured. Earlier creation 
times, on the other hand, can be studied in the Intermediate-Mass-Region (IMR, 1.1 < Mee < 3 GeV/c2) in which the continuum yield is expected to serve as a direct measure of the effective QGP temperature. 
In this regard, the dependence of these observables on the collision energy is of special interest. These aspects, in particular, make dielectrons favorable as a clean penetration probe for the bulk.

STAR Detector & Datasets
Excellent electron identification 
feasible in STAR with large ac-
ceptance via

• Time-Of-Flight Detector
• Time Projection Chamber

High-Statistics Runs of 2010:

energy analyzed MB events
39 GeV 99.4 M

62.4 GeV 54.6 M

nσel ∝ ln
�
dE/dx|meas

�
dE/dx|electron

�
Electron Identification
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1) Like-Sign Same Event Method
All like-sign pairs of one event are combined 
and the two charge combinations averaged. 
This method reproduces the background from 
all correlated sources. The acceptance differ-
ence of like-sign to unlike-sign pairs is corrected 
using the Mixed Event Technique.

2) Unlike-Sign Mixed Event Method
All charges from two different events within the 
same event class (event vertex, reference mul-
tiplicity & event plane) are combined. This 
method describes the background caused by 
the combination of uncorrelated pairs.

The STAR Collaboration: 
http://drupal.star.bnl.gov/STAR/presentations

Cocktail Simulation
‣ Unknown pT distributions are taken from AMPT model calcula-

tions. The according dN/dy is extrapolated from measurements 
at 200 GeV based on the energy dependence given by AMPT.

‣ Contributions due to correlated pairs from semi-leptonic decays 
of charmed mesons are simulated using PYTHIA and scaled to 
Au+Au by the number of binary collisions.

‣ Corresponding charm cross sections are not measured at 
these energies. FONLL predictions are used as lower and !2 
fits to the IMR data as upper limits of the charm continuum con-
tributions, respectively.

√sNN 
(GeV)

Vector Meson Yields Vector Meson Yields Vector Meson Yields Vector Meson Yields (30% uncertainty assigned)(30% uncertainty assigned) σcc̄
pp (mb)

Ncoll√sNN 
(GeV) !0 ! " ! # $ J/%

σpp (mb)

± sys. Ncoll
bin

39 57 9.37 4.42 1.39 4.8 × 10-4 0.19 ± 0.11 243

62.4 72.9 11.4 5.38 1.79 1.2 × 10-3 0.40 ± 0.25 253
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pT distributions w/o corresponding data points are from AMPT only, 
others are fits of Levy/Tsallis functions to STAR data.
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Single track efficiencies are calculated from Embedding and 
propagated to pair efficiencies via a MC !!e+e- simulation.
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RESULTS: Energy-Dependent Measurements of Dielectron Production
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200 GeV " 200
62 GeV " 20
39 GeV " 1
19.6 GeV " 0.05

Dielectron production for invariant masses Mee < 3.5 GeV/c2 has 
systematically been measured in STAR from !sNN = 19.6 GeV up to 
top RHIC energy. A visible excess over a cocktail of hadronic 
sources (excl. "#e+e-) is observed in the LMR for all energies.
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200 GeVIn-medium !
Systematic comparisons of 
LMR dielectron production to 
in-medium " calculations for 
three different energies. The 
additional yield caused by in-
medium radiation is added on 
top of the yield from hadronic 
sources. Within systematic 
uncertaint ies, in-medium 
modifications to the " spectral 
function are able to describe 
the LMR excess yield over a 
wide energy range.

Rapp & Wambach, Adv. Nucl.Phys. 25, 1 (2000) Phys. Rept. 363, 85 (2002)! ! displayed energies through priv. comm.

Systematic measurement of the LMR enhance-
ment factor and comparison to published data.
• Magnitude of the enhancement in agreement 

with the CERES result within uncertainties.

F. Geurts et al. (STARColl.), Nucl.Phys.A904-905 2013, 217c (2013)
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Dilepton Data
NA60

H. van Hees and R. Rapp, Phys. Rev. Lett. 97, 102301 (2006)

S. Damjanovic, Nucl.Phys. A774, 715 (2006)
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Dilepton Data
NA60

R. Rapp and H. van Hees, arXiv:1411.4612 [hep-ph]

R. Arnaldi et al. (NA60 Collaboration), Eur. Phys. J. C 61, 711 (2009)

H. J. Specht (NA60 Collaboration), AIP Conf.Proc. 1322, 1 (2010)
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Dilepton Data
NA60

S. Endres et al. arXiv: 1502.01948 [nucl-th]

R. Arnaldi et al. (NA60 Collaboration), Phys. Rev. Lett. 96, 162302 (2006)
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Dilepton Data
NA60

S. Endres et al. arXiv: 1502.01948 [nucl-th]

R. Arnaldi et al. (NA60 Collaboration), Phys. Rev. Lett. 96, 162302 (2006)
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Dilepton Data
LHC

R. Rapp, arXiv:1304.2309 [hep-ph]
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Broken Chiral Symmetry
VA-splitting

R. Barate et al. (ALEPH Collaboration), Eur. Phys. J. C 4, 409 (1998)
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Broken Chiral Symmetry
temperature dependence of the chiral condensate

A. Bazavov et al. (HOTQCD collaboration), Phys. Rev. D85, 054503 (2012)

S. Borsanyi et al. (Wuppertal-Budapest Collaboration), JHEP 1009, 073 (2010)
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Restoration through V-A mixing
M. Dey, V. L. Eletsky and B. L. Ioffe, Phys. Lett. B252 620 (1990)

V-A mixing:

through low-momentum pions in the heat bath

ΠV ,A(M) = (1− ε)Π0
V ,A(M) + εΠ0

A,V (M)

in the chiral limit:

ε = T 2/6f 2
π

∆(M) = ΠV (M)− ΠA(M)

= (1− 2ε)∆0(M)

ε =
1
2
→ Tc =

√
3fπ = 160 MeV
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Chiral Reduction Formalism
J. V. Steele, H. Yamagishi and I. Zahed, Phys. Rev. D 56 5605 (1997)

H. van Hees and R. Rapp, Phys. Rev. Lett. 97, 102301 (2006)

S. Damjanovic Nucl.Phys. A774, 715 (2006)
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Dropping Masses
G. E. Brown and M. Rho, Phys. Rev. Lett. 66, 2720 (1991)

m∗
ρ = m0

ρ

[
1− 0.15ρB/ρ0

] [
1− (T/Tc)2]α

H. van Hees and R. Rapp, Phys. Rev. Lett. 97, 102301 (2006)

S. Damjanovic Nucl.Phys. A774, 715 (2006)
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Spectral Functions from the FRG
R.-A. Tripolt, L. von Smekal and J. Wambach, Phys. Rev. D 90, 074031 (2014)
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Happy birthday Johanna!
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