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Multi Messengers
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Act I •Introduction

Act II •A selection of (recent) results

Act III •Perspectives for the future
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The little big bang

© A. Snoch
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Why EM probes

We want to measure the properties of strongly interacting matter


•Why would we use probes that do not interact strongly?


© A. Snoch
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Why EM probes

Hadronic probes have limited sensitivity to early stages of the collision

© A. Snoch

We want to measure the properties of strongly interacting matter


•Why would we use probes that do not interact strongly?


•
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Why EM probes
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The Sources - Real direct Photons

The different sources of EM radiation


• Thermal (QGP, Hadron gas)


• Hard scattering and pre-equilibrium


Inverse slope of thermal spectrum ∝ T of source


Sources populate different pT ranges

Direct Photons

pT (GeV)

E 
dN

/d
3 p

Hadron G
as

QGP

Pre-equilibrium

Late emission Early emission

31 2

ɣ ɣ

E1 < E2 due to blueshift

T < TEff
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The Sources - Dielectrons

dN/d
mee

mee (GeV/c
2)

Dielectrons

Hadron Gas

QGP

1

The different sources of EM radiation


• Thermal (QGP, Hadron gas)


• Hard scattering and pre-equilibrium


Inverse slope of thermal spectrum ∝ T of source


Sources populate different mass ranges


•Invariant mass unaffected by blueshift


•Structure in hadron gas → sensitivity to in 
medium spectral function of ρ 

e–

e+π

π

ρ

𝜸* Late emission Early emission

Pre-equilibrium
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The Sources
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The Sources and background
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The Backgrounds

•Dileptons: Combinatorial background of “fake” pairs


•Irreducible physical backgrounds 
π0 → 𝜸𝜸 or 𝜸e+e–, η → 𝜸𝜸 or 𝜸ee 
cc ̄→ DD̄ → e+ e– X Y (semi leptonic decays)


•A precice understanding of the sources of these backgrounds is needed to model 
and subtract them 


•In the case of open heavy flavour experimental techniques can be employed to 
reduce them (Use the finite decay length)
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The hadronic Cocktail

•Best possible estimate of the estimate of 
contributions from hadronic decays


•Based on independent measurements


•Parameterised spectra used to model 
contribution in dielectron and photon 
spectra

pT (GeV)

E 
dN

/d
3 p

31 2

π0,η…

Direct Photons
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The hadronic Cocktail

dN/d
mee

mee (GeV/c
2)

Dielectrons

1

𝞍

π0

cc̄

𝞈

J/ψ

•Best possible estimate of the estimate of 
contributions from hadronic decays


•Based on independent measurements


•Parameterised spectra used to model 
contribution in dielectron and photon 
spectra


•Heavy flavour challenging to describe in 
heavy ion collisions  
(cold nuclear matter + energy loss)
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Summary I

Electromagnetic probes are produced in all stages of heavy ion collisions and carry 
their information to the detectors undisturbed


Momentum and mass allow selection of different sources of EM radiation and 
production time in the collision


Dielectrons vs direct photons


•Additional dimension (invariant mass) 


•No blueshift in T measurement


•Smaller statistical precision 


•Additional backgrounds



Where are we now?

Run 3 LS3
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

LS4LS2 Run 4 Run 5
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The direct photon puzzle

Idea:


•Large yield →Early production due to high 
medium temperature (Partonic source)


•Large v2 →Late emission since flow needs 
to build up (hadronic source)


Models are not able to describe yield 
and elliptic flow v2 simultaneously
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The direct photon puzzle

v2,𝜸,dir of direct photons at RHIC (PHENIX) and LHC (ALICE) ~v2,π


Photon production dominated by late stage?

C
. G

ale et al., Phys.Rev.C
 105 (2022) 1, 014909A
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Measurement of dielectron v2 would be helpful

Au–Au @ 200 GeV

Pb–Pb @ 2.76 TeV
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ALICE - Direct Photons
Data in agreement with models


Teff results from 2.76 TeV:

0-20%: 297 ± 12 (stat) ± 41 (syst)

Pb–Pb @ 5.02 TeV

Pb–Pb @ 2.76 TeV
Phys. Lett. B 754 (2016) 235-248
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PHENIX - Direct Photons

PHENIX, arXiv: 2203.17187

Teff extracted from direct photon measurement in 
different pT ranges


•Increases with pT


•Earlier emission? Different source?

pT [GeV/c]
2 4 6 8

Au–Au @ 200 GeV
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STAR - Dielectrons I
Za

oc
he

n 
Ye

, Q
M

20
22 STAR sees clear enhancement wrt to 

hadronic cocktail


Fit of ρ Lineshape (Breit-Wigner) + thermal


Similar result with fit to NA60 In–In data 
at 17.3 GeV (165±4 MeV)

Late emission Early emission
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T extracted at higher mass significantly 
higher


NA60 = 205 ± 15 MeV

Za
oc

he
n 

Ye
, Q

M
20

22

Late emission Early emission

STAR - Dielectrons II
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ALICE - Dielectrons
Comparison of dielectron spectrum with 
hadronic cocktail


HF cross section much higher than at RHIC


Two different approaches for HF


•Ncoll scaled from pp measurement


•Additional RAA of c/b→e


Handeling HF contribution crucial

Pb–Pb @ 5.02 TeV
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Heavy flavour hadrons have a finite decay length 
(150 - 500 μm) 

  

with DCA1/2 normalised to respective resolution


First steps in pp in Pb–Pb collisions by ALICE

𝖣𝖢𝖠𝖾𝖾 =
𝖣𝖢𝖠𝟤

𝟣 + 𝖣𝖢𝖠𝟤
𝟤

𝟤

25

Distance of Closest Approach (DCA)

DCA1 DCA2

Resolution
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Summary II
Possibility to extract temperature in different mass and momentum regions at RHIC 
energies


•Higher mass/pT yields in all cases higher temperature


•Can be attributed to earlier emission and possibly pre-equilibrium sources


•High temperature in IMR (300 MeV) by STAR could be due pre-equilibrium


Measurements at LHC challenging 


•Small signal to background ratio 


•Large heavy-flavour background (dielectrons)



What is in the near future?
Now – End of LHC Run 4 (2032)

Run 3 LS3
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

LS4LS2 Run 4 Run 5

ALICE 2
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The situation end of Run 4

Precise measurements of heavy 
flavour hadron spectra

C
ERN

-LH
C

C
-2019-018

NA60, AIP Conf.Proc. 1322 (2010) 1, 1-10

HADES, Nature Physics 15 (2019) 10, 1040-1045

ALICE, CERN-LHCC-2019-018

CBM, Nucl. Phys. A 982 (2019) 163

NA60+, SPSC-EOI-019

R. Rapp et al., Phys. Lett. B 753 (2016) 568

T. Galatyuk et al., Eur. Phys. J. A52 (5) (2016) 131

Lattice QCD, Phys. Lett. B 795 (2019) 15

SHM, Nature 561 (2018) 7723, 321-330

Inclusive temperature measurement of the QGP 
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The situation end of Run 4
Direct photon HBT correlations


• Sensitivity to size of emitting source (production time)


• Not clear if precision sufficient to disentangle sources 
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Earlier emission

ɣ1

ɣ2

K

q

0-20% Pb–Pb @ 2.76 TeV

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.024915


Where to keep looking?
In the 2030s

Run 3 LS3
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

LS4LS2 Run 4 Run 5
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Dileptons from earliest collision stage more abundant than the QGP contribution at higher masses


Sensitivity to initial anisotropies and η/s, not accessible with hadronic probes 
→ Sensitivity not reached in RUN 3/4 (Now - 2032)

32

B. S. Kasmaei and M. Strickland, PRD 99 (2019) 3, 034015M. Coquet, et al, PLB 821 (2021) 136626

Forward rapidity (y = 2)

The pre-equilibrium
High mass and pT
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Where to keep looking?

High mass and pT

Early collision stages & 
initial quark momentum anisotropy

mee (GeV/c2)1 20

B. S. Kasmaei, M. Strickland, PRD 99 (2019) 3, 034015M. Coquet, et al, PLB 821 (2021) 136626
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The hadronic phase
The in medium ρ

Can we learn something from more precision in 
the ρ spectral function?


•Chiral mixing of ρ-a1 changes the shape of 
dielectron spectrum in 0.9 < mee 1.4 GeV/c2


•Measurement with precision higher >10% 
necessary

C
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Where to keep looking?

High mass and pT

Early collision stages & 
initial quark momentum anisotropy

mee (GeV/c2)1 20

Intermediate mass

Chiral restoration and 
medium temperature
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ALICE 3 Study
 = 5.02 TeVNNs0-10% Pb-Pb, 
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B. S. Kasmaei, M. Strickland, PRD 99 (2019) 3, 034015M. Coquet, et al, PLB 821 (2021) 136626

R. Rapp, private communication
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Electric conductivity of the medium


Fundamental property of the medium


• Wide range of theoretical values around


• Input for CME calculations


Connected to dielectron spectral function




Transport peak in the limit of very low mass and pT


σ𝖤𝖬 = − 𝖾𝟤 lim
𝗊𝟢→𝟢 ( ∂

∂𝗊𝗈
𝖨𝗆Π(𝗊𝟢, 𝗊 = 𝟢, 𝖳))

36

Electric Conductivity
Small mass and pT

G. D. Moore and J.-M. Robert, arXiv:hep-ph/0607172

σEM
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Electric conductivity of the medium


Fundamental property of the medium


• Wide range of theoretical values around


• Input for CME calculations


Connected to dielectron spectral function




Transport peak in the limit of very low mass and pT


Sensitivity of spectral function to conductivity not 
only at q0→0 limit

σ𝖤𝖬 = − 𝖾𝟤 lim
𝗊𝟢→𝟢 ( ∂

∂𝗊𝗈
𝖨𝗆Π(𝗊𝟢, 𝗊 = 𝟢, 𝖳))

37

Electric Conductivity
Small mass and pT

R. Rapp, EMMI RRTF, 13.9.2021

Change in conductivity
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Soft Dielectrons
pp collisions at √s = 13 TeV


• Lower B field than nominal → smaller pT possible


• Excess of low pT dielectrons observed


• Not described by thermal radiation/hadronic 
bremsstrahlung


At very low pT: γ produced mainly via inner 
Bremsstrahlung


Can be calculated via Low theorem if in- and out-
going particles can be measured
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Where to keep looking?
The softest Photons

Experiment Year Collision energy Photon pT Photon/Brems Ratio Detection method Reference

π+p 1979 10.5 GeV pT < 30 MeV/c 1.25 ± 0.25 Bubble chamber Goshawk et al., 
PRL 43,1065 (1979)

K+p 
WA27, CERN 1984 70 GeV pT < 60 MeV/c 4.0 ± 0.8 Bubble chamber 

(BEBC)
Chiliapnikov et al., 

PLB 141, 276 (1984)
π+p 

CERN, EHS, NA22 1991 250 GeV pT < 40 MeV/c 6.4 ± 1.6 Bubble chamber

(RCBC)

Botterweck et al., 
Z. Phys. C 51, 541 (1991)

K+p 
CERN, EHS, NA22 1991 250 GeV pT < 40 MeV/c 6.9 ± 1.3 Bubble chamber


(RCBC)
Botterweck et al., 

Z. Phys. C 51, 541 (1991)
π–p 

CERN, WA83, OMEGA 1993 280 GeV pT < 10 MeV/c 
(0. 2 < E𝜸 < 1 GeV) 7.9 ± 1.4 Calorimeter Banerjee et al., 

PLB 305, 182 (1993)

p–Be 1993 450 GeV pT < 20 MeV/c < 2 Pair conversion, 
calorimeter

Antos et al., 
Z. Phys. C 59, 547 (1993)

p–Be, p–W 1996 18 GeV pT < 50 MeV/c < 2.65 Calorimeter Lissauer et al., 
PRC 54, 1918 (1996)

π–p 
CERN, WA91, OMEGA 1997 280 GeV pT < 20 MeV/c 

(0. 2 < E𝜸 < 1 GeV) 7.8 ± 1.5 Pair conversion Belogianni et al., 
PLB 408, 487 (1997)

π–p  
CERN, WA91, OMEGA 2002 280 GeV pT < 20 MeV/c 

(0. 2 < E𝜸 < 1 GeV) 5.3 ± 1.0 Pair conversion Belogianni et al., 
PLB 548, 122 (2002)

pp  
CERN, WA102, OMEGA 2002 450 GeV pT < 20 MeV/c 

(0. 2 < E𝜸 < 1 GeV) 4.2 ± 0.8 Pair conversion Belogianni et al., 
PLB 548, 129 (2002)

e+e–→2 jets 
CERN, Delphi 2006 91 GeV (CM) pT < 80 MeV/c 

(0. 2 < E𝜸 < 1 GeV) 4.0 ± 0.3 ± 1.0 Pair conversion DELPHI, 
EPJC 47, 273 (2006)

e+e–→μ+μ– 
CERN, Delphi 2008 91 GeV (CM) pT < 80 MeV/c 

(0. 2 < E𝜸 < 1 GeV)
~1 Pair conversion DELPHI, 

EPJC 57, 499 (2008)
K. Reygers EMMI RRTF, Sep 14th 2021

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.43.1065
https://www.sciencedirect.com/science/article/pii/0370269384902168?via=ihub
https://doi.org/10.1007/BF01565578
https://doi.org/10.1007/BF01565578
https://doi-org.ezproxy.cern.ch/10.1016/0370-2693(93)91126-8
https://doi.org/10.1007/BF01562546
https://doi.org/10.1103/PhysRevC.54.1918
https://doi.org/10.1016/S0370-2693(97)00762-4
https://doi.org/10.1016/S0370-2693(02)02836-8
https://doi.org/10.1016/S0370-2693(02)02837-X
https://doi.org/10.1140/epjc/s2006-02568-8
https://doi.org/10.1140/epjc/s10052-008-0779-z
https://indico.gsi.de/event/12990/
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Where to keep looking?

Very low mass and pair pT

Electric conductivity and soft  
(virtual) photons

High mass and pT

Early collision stages & 
initial quark momentum anisotropy

mee (GeV/c2)1 20

Intermediate mass

Chiral restoration and 
medium temperature
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ALICE 3 Study
 = 5.02 TeVNNs0-10% Pb-Pb, 

| < 0.8eη, |c < 4 GeV/
T,e

p0.2 < 

0.2 0.4 0.6 0.8 1 1.2 1.4
)2c (GeV/eem

0.6
0.8

1
1.2
1.4

-m
ix

in
g

χ
X 

/ w
ith

 

G. D. Moore and J.-M. Robert, arXiv:hep-ph/0607172

B. S. Kasmaei, M. Strickland, PRD 99 (2019) 3, 034015M. Coquet, et al, PLB 821 (2021) 136626

R. Rapp, private communication
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Thinking about an experiment

What do we need?


•Sufficient statistics for multi dimensional analysis


•Measure photons and electrons with high efficiency and accuracy


•Rejection of heavy flavour contribution in dielectrons


•Low pT photon reconstruction


How do we get that?


•Possibility to run at high rates


•Particle identification and tracking over a broad momentum range and large acceptance


•Photon measurements via conversion and calorimetry
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ALICE 3

High precision tracking


Electron Identification


Electromagnetic Calorimeter


Forward Photon Converter


Talk by Jochen Klein

Superconducting 
magnet system

RICH Tracker
TOF

FCT
ECal

Vertex 
Detector

Muon

Chambers

Absorber
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ALICE 3 Study

 = 5.02 TeVNNs0-10% Pb-Pb, 

 = 0.5 TB rej), πσTOF+RICH (4

| < 0.8
e
η, |c < 4 GeV/

T,e
p0.2 < 

No bremsstrahlung included

ALI-SIMUL-498024

43

Dielectrons

Use pair distance of closest approach (DCAee) to 
reject heavy-flavour backgrounds

𝖣𝖢𝖠𝖾𝖾 =
𝖣𝖢𝖠𝟤

𝟣 + 𝖣𝖢𝖠𝟤
𝟤

𝟤DCA1

DCA2

CERN-LHCC-2022-009

No DCAee selection



SEBASTIAN SCHEID – GOETHE-UNIVERSITÄT FRANKFURT – EM PROBES

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
)2c  (GeV/eem

4−10

3−10

2−10

1−10

1

10

210

310

410-1 )2
c 

 (G
eV

/
yd

ee
m

/d2
N

 
 d

ev
N

1/

Sum
Rapp in-medium SF
Rapp QGP

ρcocktail w/o 
 ee→ cc
 ee→ bb

ALICE 3 Study
 = 5.02 TeVNNs0-10% Pb-Pb, 

 = 0.5 TB rej), πσTOF+RICH (4
| < 0.8eη, |c < 4 GeV/

T,e
p0.2 < 

No bremsstrahlung included
σ 1.2≤ eeDCA

44

Dielectrons

Use pair distance of closest approach (DCAee) to 
reject heavy-flavour backgrounds

Thermal dielectron contributions dominant 
at mee > 400 MeV/c2 (except peak of 𝞈/ɸ)

𝖣𝖢𝖠𝖾𝖾 =
𝖣𝖢𝖠𝟤

𝟣 + 𝖣𝖢𝖠𝟤
𝟤

𝟤DCA1

DCA2

Dashed: Run 4 ITS

Solid: ALICE 3

CERN-LHCC-2022-009

With DCAee selection
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Thermal spectrum from QGP and hadron gas 
after subtraction of hadronic components


Temperature estimation via exponential fit 



In region dominated by QGP radiation 

∝ (𝗆𝖾𝖾𝖳)𝟥
𝟤𝖾𝗑𝗉(−𝗆𝖾𝖾/𝖳)

45

Excess yield
The Temperature fit

ALI-SIMUL-499194

CERN-LHCC-2022-009
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Differential analysis in pT gives access to 
early phase of the collision


Probe time evolution of the QGP


Complementary measurement to photon 
spectrum

Integrated:  
±1.5% stat. ±2% syst. uncertainty  
(ITS 3: ±4% stat.  syst. uncertainty)+4%

−10%

46

Excess yield
The Temperature fits
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Elliptic flow
Projection for dielectron v2 in mass regions with dominant thermal contributions
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Statistical significant measurements possible
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Very low pair pT selection enhances thermal 
contributions wrt hadronic cocktail


Width of thermal contribution sensitive to 
electric conductivity


Acceptance at very low pT,ee and low 
mee needed


Crucial: precise measurement of η (π0) to 
smallest pT


What are other backgrounds?
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Electric conductivity
A first look
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Mid rapidity:


•Photons are required to have pT > 0.1 GeV/c


Limited to low pT


Forward:


•Photon p > 0.1 Gev/c


No limitation at low pT


Drastic reduction of uncertainties of 
direct photon measurements expected
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η meson acceptance
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At low pT bremsstrahlung dominant over 
decay photons


Electron veto reduces contribution from 
material


Additional modification of beam pipe 
possible to reduce material contribution
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Signal and Background
Soft photons
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Conclusion

Electromagnetic probes are real multi messengers 
of heavy ion collisions


Measurements give constraints to modelling of the 
space time evolution of heavy ion collisions


•Necessary to disentangle different sources of 
EM probes


Still open questions (direct photon puzzle, soft 
photons)


Compelling physics cases to continue 
measurements of EM probes
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ALICE 3
A selection of topics
Precision measurements of dileptons

➟ mechanisms of chiral symmetry 

restoration in the quark-gluon plasma


➟ evolution of the quark-gluon plasma


Systematic measurements of 
(multi-)heavy-flavour hadrons

➟ transport properties in the quark-

gluon plasma


➟ mechanisms of hadronisation  from 
the quark-gluon plasma


Hadron correlations

Super Soft Photon Conversions

Superconducting 
magnet system

RICH Tracker
TOF

FCT
ECal

Vertex 
Detector

Muon

Chambers

Absorber
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At very low pT: γ produced mainly via 
inner Bremsstrahlung 


Can be calculated via Low theorem if in- 
and out-going particles can be measured


Previous measurements:  
Factor 5 difference  
→ no discrepancies seen in ee→μμγ


To measure lowest pT → measure in 
forward direction

54

Soft photons
Motivation

e+

e-

FCT
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ITS3

Use ALPIDE telescope to test different devices:

NIM-A 1028, 2022, 166280

Beam

Device under
test

Reference planes

r

Reference planes

99.99%

99.9%

Working Point

Bent ALPIDE (180nm) efficiency > 99.9%


Digital pixel test structure (65 nm) 
efficiency > 99 %

Bent ALPIDE
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A possible ALICE 3 setup
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ALICE 3

Separation power 


• distance and time resolution crucial

• larger radius results in lower pT bound


• 2 barrel + 1 forward TOF layers 
• outer TOF at R ≈ 85 cm

• inner TOF at R ≈ 19 cm

• forward TOF at z ≈ 405 cm


• Silicon timing sensors (σTOF ≈ 20 ps)

∝
L

σtof

Particle identification TOF e/π

π/K
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ALICE 3
Particle identification

•Extend PID reach of outer TOF to higher  
pT with Cherenkov


•aerogel radiator  
to ensure continuous coverage from TOF 
→ refractive index n = 1.03 (barrel) 
→ refractive index n = 1.006 (forward)

e/π

π/K

Single layer aerogel Photodetector

L = 2 cm d = 20 cm
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Thermal spectrum from QGP and hadron gas 
after subtraction of hadronic components


Compared to different ρ spectral functions:


• Including ρ-a1 mixing (reference)


• Without mixing of ρ and a1


• Vacuum ρ spectral function


Dominated by systematic uncertainties


Precision of data sufficient to measure 
15% effect in ρ–a1 mixing region
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Excess yield

ALI-SIMUL-499224

CERN-LHCC-2022-009
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Cocktail ingredients:


•Light flavour:  
Measurements of particle spectra


•Correlated HF pairs:  
Measurement in pp + Ncoll scaling + CNM 
(EPS09)


•Thermal radiation: 
Calculations by Ralf Rapp


Large charm contribution of wide mass 
range 
→ dominant mee > 0.9 GeV/c2
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Dielectron cocktail
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DCAee templates for prompt, charm and beauty 
contributions


Ordering by decay length of mother particles as 
expected:


Prompt < Charm < Beauty


Changing hadron chemistry in the charm sector 
can change the shape of the template
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Distance of Closest Approach
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Sensitivity can be demonstrated on the level of different 
decay length of charm hadron species


cτ (Λc) = 60μm 


cτ (D0) = 150 μm


cτ (D+) = 300μm


Final template for charm from weighted sum of single 
contributions


Input are the measured branching ratios and fragmentation 
functions


Estimation of uncertainty underinvetigation
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Distance of Closest Approach
Charm hadron contributions
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Expected raw DCAee contribution


Good separation of prompt and HF contributions


Selection at 1.2σ rejects: 


27% prompt, 94% charm, and 98% of beauty


ITS 3: 27% prompt, 83% charm
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Distance of Closest Approach
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Distance of Closest Approach
Comparison with RUN1/3 performance
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Elliptic flow
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Yield and elliptic flow v2 in semi-central 
(30–50%) Pb–Pb collisions for 6 years


Important measurement together with 
photon v2


Elliptic flow (hadronic and thermal) based 
on calculations by Gojko Vojanovic et al


Differential measurement statistical possible


Look at regions with large contributions 
from hadron gas or QGP
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Photon v2 in ALICE
Subtitle

ALICE, Phys.Lett.B 789 (2019) 308-322
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Acceptance Correction

Generate pairs with given mass and pT


(|y| < 0.8)


Let decay into dielectron


Reject based on kinematic cuts


(pT > 0.2 GeV/c, |η| < 0.8)


This would be applied by dividing the 
spectrum by the given values.


So the correction would make the spectra 
harder at larger pT, thus resulting in higher 
Temperatures.

0.5 GeV/c

1.0 GeV/c

2.0 GeV/c

3.0 GeV/c
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The SPS - CERES

Comparison of e+e– data with hadronic 
cocktail shows excess


Enhancement at low mass attributed to  
ππ annihilation?


Spectral shape dominated by ρ


Possible contributions:


Vacuum ρ (just more than in pp, 
disfavoured)


Medium modified ρ


Dropping mass


Melting of the spectral function
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The SPS - CERES 2.0

Upgrade of the CERES experiment 
with a TPC 


Better in momentum/mass resolution


dE/dx gives possibility for better 
electron identification

New results from CERES 2

beam

UV detector 2

UV detector 1

W-shield

target

SiDC1/SiDC2

radiator 1 mirror 1

main coils

correction coils

radiator 2
mirror 2

8o

15o

TPC drift gas volume

TPC read-out chamber

TPC coils

-1 0 1 2 3 4 5m

magnetic field lines

1/r electric field

voltage divider

HV cathode

Figure 1. Cross section through the upgraded setup of the CERES spectrometer

downstream of a segmented Au target, provides a precise vertex reconstruction, angle
measurement for charged particles and rejection of close pairs from γ conversions and
π0 Dalitz decays. Two Ring Imaging CHerenkov (RICH) detectors, operated at a high
threshold (γth=32), are used for electron identification in a large hadronic background.
The new radial-drift TPC, positioned downstream of the original spectrometer, has
an active length of 2 m and a diameter of 2.6 m. A gas mixture of Ne (80%) and
CO2 (20%) is used. It is operated inside a magnetic field ( #B, indicated by the dashed
field lines inside the TPC in Fig. 1) with a maximal radial component of 0.5 T and
provides up to 20 space points for each charged particle track. This is sufficient for the
momentum determination and for additional electron identification via dE/dx in the
TPC. In the configuration with the TPC, the magnetic field between the two RICH
detectors is switched off and there is thus no deflection between them, allowing to use
them in a combined mode resulting in an increased electron efficiency. Moreover, the
TPC opens new possibilities to study hadronic observables [8, 9, 10, 11, 12].

3. Calibration of the TPC

One of the main tasks of the TPC calibration was to understand the electric field
( #E) which is dominantly radial with Er ∼ 1/r but has a small azimuthal component
due to the polygonal shape of the TPC and small longitudinal components at the end
caps. A custom program based on the relaxation method was developed for calculating
the electric field including the proper knowledge of the field cage resistors, the field
distortions caused by slightly displaced chambers and the leakage of the amplification
field through the cathode wire plane.

The magnetic field in the TPC is generated by two coils running with opposite
currents (Fig.1). The two main components Bz and Br change with r and z. A
field map was measured before the installation of the TPC in the experimental area.
Compared to the nominal magnetic field calculated with the POISSON program the
measured field deviates from azimuthal symmetry by a few %. These deviations are
now included as corrections to the nominal field map.
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The SPS - CERES

Persistance of previous results


Vacuum ρ not enough to reproduce data


In medium modification:


•Broadening ρ spectral function 
(Rapp and Wambach)


•Dropping ρ mass 
(Brown et al.)


Additional mass resolution and statistical 
precision needed to conclude on 
modification

428 CERES Collaboration / Physics Letters B 666 (2008) 425–429

Fig. 2. (a) Invariant e+e− mass spectrum compared to the expectation from hadronic decays. (b) The same data compared to calculations including a dropping ρ mass
(dashed) and a broadened ρ-spectral function (long-dashed). Systematic errors are indicated by horizontal ticks.

Fig. 3. e+e− pair yield after subtraction of the hadronic cocktail. In addition to the statistical error bars, systematic errors of the data (horizontal ticks) and the systematic
uncertainty of the subtracted cocktail (shaded boxes) are indicated. The broadening scenario (long-dashed line) is compared to a calculation assuming a density dependent
dropping ρ mass (dotted line in (a)) and to a broadening scenario excluding baryon effects (dotted line in (b)).

Table 1
Di-electron excess in 0.12 < mee < 1.1 GeV/c2 compared to model calculations

Data (± stat.)
(± syst.)

In-medium
hadronic

Dropping
ρ mass

Mean (GeV/c2) 0.54 ± 0.07 ± 0.01 0.54 0.55
Yield (10−6) 3.58 ± 0.42 ± 1.01 3.88 2.41
RMS (GeV/c2) 0.26 ± 0.02 ± 0.01 0.25 0.18

in-medium hadronic spectral function approach and PDRM = 10.1%
for the dropping ρ mass scenario, the latter implying that the
dropping ρ mass scenario can be excluded on the 1.6σ -level only.
We note that, despite the statistical limitations of the present data,
the discrimination power among the present model calculations is
predominantly limited by systematic uncertainties.

A more detailed view may be derived by comparing the gross
features of the data in Fig. 3(a) to the model calculations, see
Table 1. The systematic errors on these quantities have been es-
timated by shifting each data point up or down by one standard
deviation of its total systematic error. The mean values of the mass
distributions of both calculations are in very good agreement with
the measured excess data. The integrated yield in 0.12 < mee <
1.1 GeV/c2 agrees well with the in-medium hadronic spectral

function approach, however, the systematic uncertainty does not
exclude the dropping ρ mass scenario either. In contrast, a com-
parison of the RMS widths clearly favors the in-medium hadronic
spectral function approach, as the width of the data distribution
is quite insensitive to systematic errors in scale of both data and
cocktail. On this note, it is the large width observed in the data
which drives the discrimination power among the model calcula-
tions.

The agreement of the data with the broadening scenario is
strong evidence that the resonance structure of the ρ meson is
significantly modified in the hot and dense medium [16,25]. That
ρ-related pair production is indeed a manifestation of the hot
and dense matter created is supported by observing a particular
mechanism at work which plays a dominant role in the hadronic
spectral function approach: The strong coupling to baryons which
adds strength to the di-electron yield at low masses [13]. The im-
portance of this mechanism is demonstrated in Fig. 3(b), where
the data are compared to in-medium hadronic spectral function
calculations with and without baryon-induced interactions [16,24].
The calculations differ most in the mass range below 0.5 GeV/c2,
which is accessible with good efficiency by the present e+e− data.
The calculation omitting baryon effects falls short of the data for
masses below 0.5 GeV/c2 while inclusion of baryon interactions

dropping

broadening

CERES, PLB 666 (2008) 425
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The SPS - NA60

Muons instead of electrons → Trigger possible


Addition of vertex telescope to NA50 muon spectrometer gives possibility to match 
muons to tracks in the tracker → Higher mass resolution and information of muon 
origin
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SPS - NA60

Muons instead of electrons → Trigger possible


Addition of vertex telescope to NA50 muon spectrometer gives possibility to match muons 
to tracks in the tracker → Higher mass resolution and information of muon origin

J.Phys.G35:104036,2008
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SPS - NA60

NA60 also measured the effective 
temprature as a function of mass


Fit of mT inverse slope in mass intervals


Low mass:


Teff rises with mass, comparable with 
hadron → Hadronic Source


Intermediate mass:


Drop and almost constant value of ~200 
MeV → Partonic source

J.Phys.G35:104036,2008
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The Sources
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