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25 Years of Dilepton Experiments



42 years and looking forward

My first paper with PBM:

NP A242, 345 (1975)

Our last paper posted to 

the arXiv on April 2016 
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 Dileptons (e+e-, μ+μ-) are sensitive probes of the QGP and in particular 

of Chiral Symmetry Restoration 

 Thermal radiation emitted in the form of real photons or virtual  photons 

(dileptons) provides a direct fingerprint of the matter formed (QGP and 

HG) and a measurement of its temperature.                

QGP:   qq * l+l-

HG:    +-  * l+l-

Motivation
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CERES proposals
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Main emphasis on both proposals: “study the pair continuum in the invariant mass region from 

100 MeV/c2 to beyond 3 GeV/c2” 

“in-medium” modification did not exist in the jargon at the time we proposed the CERES 

experiment
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Chiral Symmetry Restoration

The spontaneous breaking is marked by a non-zero value of an order 

parameter, the quark condensate:
3250MeVqq 

 Chiral symmetry is explicitly and spontaneously broken.

0qq

Chiral symmetry (approximately) restored

Chiral partners (e.g. ρ and a1) become degenerate

How is the degeneracy of the chiral partners achieved?

How is the quark condensate linked to hadron properties (mass and width)? 

 Numerical calculations of QCD on the lattice show that at high temperatures 

(T>TC) or high baryon densities (>C), the quark condensate vanishes:
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Dilepton Experiments
Nuclear Collisions

CERES

DLS 

HELIOS

NA38/50

NA60

PHENIX

ALICE
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STAR

BM@N

CBM

NA60+ 

MPD

Elementary Reactions

CLAS

CBELSA/TAPS

KEK E235

TAGX

JPARC – E16
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Completed  

Runnning

Future  
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Dilepton experiments – energy map
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SPS 
CERES – low masses

NA60 – low and intermediate masses
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CERES Pioneering Dilepton Results

Strong enhancement of 

low-mass e+e- pairs in all 

A-A systems studied

First CERES result 
PRL  75, 1272 (1995)

(renowned paper: 566 citations)

Last dilepton result 
PLB 666, 425 (2008)

Eur. Phys J. C41, 475 (2005) PRL 91, 042301 (2003)

First evidence of thermal 

radiation from the HG

+-  * e+e-



NA60 Low-mass dimuons 

 S/B = 1/7

 Mass resolution:

23 MeV at the  position

In+In 158 A GeV

•   NA60  excess

confirm and consistent with CERES

rising with centrality

more pronounced at low pT

Superb data!

PRL 96, 162302 (2006)
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Low-mass dileptons and CSR

 Excess shape in agreement with 

broadening of the  (Rapp-Wambach)

 Mass shift of the  (Brown-Rho)

ruled out

 Melting of the ρ

* Interpretation: Thermal radiation from HG

+-
 *

 e+e-

CERES, PLB 666, 425 (2008) 

NA60, PRL 96, 162302 (2006) 
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pT distributions 
Low-mass region Intermediate mass region

Fit in 0.5<PT<2 GeV/c

(as in LMR analysis)

• mT spectra exponential

• inverse slopes do not 

depend on mass.

• mT spectra exponential 

• inverse slopes depend 

on mass.

 Radial  Flow 

Thermal radiation 

from partonic phase

Elliptic flow?



Acceptance  corrected invariant 

mass spectrum  

NA60 excess corrected for acceptance in m - pT

 LMR: 

 Thermal radiation from HG

+-    m+m-

 Resonances melt as the 

system approaches  CSR?  

 IMR: 

 Thermal radiation from QGP

qq  m+m-

Rapp and Hees PLB 753, 586 (2016) 
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RHIC
PHENIX and STAR
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PHENIX: p+p, d+Au and Au+Au at 200 Gev

STAR:     p+p and Au+Au at 200 GeV

BES Au+Au at 62.4, 39, 27 and 19.6 GeV
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PHENIX vs. STAR 

Enhancement factor in 0.15<Mee<0.75 Gev/c2

Minimum Bias Central collisions

PHENIX 4.7 ± 0.4 ± 1.5 7.6 ± 0.5 ± 1.3

STAR 1.40 ± 0.06 ±
0.38

1.54 ± 0.09 ±
0.45

Large quantitative differences

STAR   PRL 113, 22301 (2014)PHENIX    PRC 81, 034911 (2010)
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Last PHENIX results 
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PRC 93, 014904 (2016)

 HBD upgrade:

• Improved hadron rejection: 30%  5%

• Improved signal sensitivity 

 New improved analysis

• Neural network for e-id

• Flow modulation incorporated in the 

mixed event using an exact analytical 

method

• Absolutely normalized correlated BG

PHENIX and STAR results are now consistent

Minimum bias data/cocktail
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cc in cocktail
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PHENIX, PRC 93, 014904 (2016)

 c quarks suffer energy loss in the 

medium  effect on the cc 

correlation?

 Lack of appropriate modeling of 

cc correlation 
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Comparison to Rapp’s model

 Mass and pT dependencies of excess well reproduced by Rapp’s model

 In-medium ρ broadening due to the scattering of the ρ off baryons in the HG

 Significant contribution from the QGP at low masses

Centrality dependence consistent 

with           as predicted by model. 
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STAR beam energy scan

STAR Preliminary

 Systematic study of the 

dielectron continuum at:

19.6, 27, 39, 62.4 and 200 

GeV

 Low mass excess 

observed at all energies

 Higher statistics are 

needed: BES II

200 GeV

62.4 GeV

39 GeV

27GeV

19.6GeV

Same model that describes the SPS data 

reproduces the dilepton excess all the way 

up to top RHIC energy  
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Connection with CSR?

 In-medium broadening of the ρ meson (mainly by scattering off baryons) explains 

the dilepton excess in the LMR – The ρ meson “melts” in the high density 

medium. 

 Is this connected to CSR? The measurement of the chiral partner a1 is very 

difficult

 Recent calculations by Hohler and Rapp (PLB 731 (2014) 103) show that ρ and a1 

become degenerate at high temperatures: the ρ broadens as T increases, 

whereas  a1 mass drops and the spectral shapes of ρ and a1 coincide at high T.
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IMR as thermometer and LMR as 
chronometer

Rapp and Hees, PLB 753, 586 (2016)

T given by inverse slope of 

the acceptance corrected 

mass spectrum in the IMR.

Itzhak Tserruya 23

The thermal radiation integrated in 

the LMR m = 0.3 – 0.7 GeV/c2

tracks the fireball lifetime quite well
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First results on Dielectron v2

Challenge: isolate the v2 of the excess 

dileptons 

Inclusive dielectron v2 consistent with 

simulated v2 from cocktail sources 

STAR PRC 90, 64904 (2014)
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LHC 
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Dileptons in ALICE 

 Cocktail consistent with data over the entire 

mass range up to m = 3.5 GeV/c2, but 

systematic overprediction?  
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ALICE Run-3 (>2020)

 New ITS systems (MAPS): veto cc contribution

 Replace TPC MWPC readout  by GEMs: increase data taking 

rates up to x100 (50 KHz in Pb+Pb)

 Muon forward tracker: improve mass resolution

27

Forward rapidity muons Mid-rapidity electrons
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Lower – energies: 
HADES at GSI

CBM at FAIR

MPD, BM@N at NICA

NA60+ at SPS

STAR – BES at RHIC
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Dilepton experiments – energy map
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Matter at low energy collisions 

Evolution of average B

Elab=2 AGeV

Elab=11 AGeV

Elab=30 AGeV

Composition of a hot DN gas

Rapp, Wambach, Adv.Nucl.Phys. 25, 1 (2000)

 Sizable densities 3-6 ρ0

 T < 100 MeV

 Long lifetime

 Baryon dominated matter

 Very low pion density
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Study dileptons under highest baryon density

 Unveil onset of excess? 

 Onset of phase transition? Effect of critical point? 



Au+Au collisions at 1.23 AGeV

x 8-10!

 Main source of dileptons: N* decay

 Excess reasonably well explained by broadening of the ρ  

Coarse grained transport calculations:
CG Fra: PRC 92, 014911 (2015)

CG GSI-Texas A&M: Eur. Phys. J A52, 131 (2016)

 Main source of dileptons: N* decay



Summary 
 All systems at all energies studied show an enhancement of dileptons.

 The same model explains the excess in the LMR from √sNN ~ 2.4 GeV 

all  the way up to the top RHIC energy of 200 GeV. Emerging picture for 

the realization of CSR: the ρ meson melts (broadens) in the medium, 

the a1 mass drops and becomes degenerate with the ρ.

 The thermal radiation from the HG dominates the dilepton excess in the 

LMR.  Seem to track the medium lifetime.

 The thermal radiation from the QGP dominates the dilepton excess in 

the IMR. Provides a measurement of the average temperature of the 

medium in the QGP phase.

 Missing: precise measurements of IMR with vertex detector (veto cc 

contribution).   v2 measurements of the excess dileptons.

 Clear predictions at LHC energies to be tested by ALICE in the next few 

years.

 Very strong experimental program to study dileptons at low energies.


