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Outline: 
•  Reminder: Electromagnetic probes of the QGP 
•  Status: Yellow report chapter 
•  Updates:  

•  Theory (R. Rapp/pHSD) 
•  Peripheral collisions (Spencer Klein, LBNL) 
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Photons:   measure γ (Calo, PCM)
Dileptons: measure e+e- or µ+µ- pairs 

•  Couple to EM current 
•  very low interaction with QCD 

medium (no strong interaction) 

•  Sensitive to 
Photons: 
•  Thermal radiation 
 
Dileptons: 
•  Thermal radiation 
•  Vector meson spectral shape 
•  Beyond SM particles with 

JPC=1-- (e.g. dark photons) 

2

qT , in terms of (i) an improved treatment of ρ decays
at thermal freezeout (which are subject to maximal blue
shift due to transverse flow), (ii) a component of pri-
mordial (hard-produced) ρ mesons subject to energy loss
when traversing the medium (using high-pT pion spec-
tra as a guideline), (iii) Drell-Yan (DY) annihilation in
primordial N -N collisions which we extrapolate to small
mass by imposing constraints from real photon produc-
tion, and (iv) meson t-channel exchange contributions
to the thermal production rate which are not included
in the many-body vector-meson spectral functions (but
which have been found to be a significant source at high
qT in real photon production [11])1. Another interest-
ing issue which has received little attention thus far is
how uncertainties in the critical temperature and hadro-
chemical evolution of the fireball affect dilepton spectra.
For hadro-chemical freezeout we investigate the sensitiv-
ity to temperatures in the range Tch ≃ 160-175 MeV, rep-
resentative for top SPS energy according to recent ther-
mal model analyses [21, 22]. In connection with updates
of lattice-QCD results indicating a critical temperature
up to Tc ≃ 190-200 MeV [23], this, in particular, opens
the possibility of a chemically equilibrated hot and dense
hadronic phase for, say, T = 160-190 MeV, which we
also consider. We furthermore conduct a quantitative
study of effective slope parameters of the NA60 qT spec-
tra, where the investigations of the fireball chemistry are
supplemented with variations of the transverse flow ve-
locity. Finally, we revisit the consequences of our fireball
refinements on our previous evaluations [24] of dielec-
tron spectra as measured by CERES/NA45 in semicen-
tral Pb-Au collisions [4], as well as recent data in central
Pb-Au [25].

Our article is organized as follows: in Sec. II we recall
the main ingredients of our approach to calculate thermal
emission rates, based on the e.m. spectral function in the
vacuum (Sec. II A), followed by discussing medium effects
on hadronic emission at low mass (due to in-medium ρ,
ω and φ spectral functions; Sec. II B) and at intermedi-
ate mass (due to finite-T chiral mixing; Sec. II C); a new
element not included in previous spectral-function cal-
culations are t-channel meson-exchange reactions which
therefore are elaborated in more detail in Sec. II D, while
we will be brief on partonic emission from a Quark-Gluon
Plasma (Sec. II E). In Sec. III we evaluate nonthermal
dilepton sources: ρ-meson decays at thermal freezeout
(whose decay kinematics differ from thermal radiation;
Sec. III A), an estimate of primordial ρ’s at large qT

(which do not thermalize; Sec. III B), and Drell-Yan an-

1 Note that contributions (ii)-(iv) have little bearing on the inclu-
sive invariant-mass spectra which are predominantly populated
by low-momentum sources with qT ! 1 GeV. Therefore, the in-
clusion of these contributions does not upset our earlier descrip-
tion of inclusive M spectra in terms of thermal radiation and
freezeout ρ’s. Initial results of these studies have been reported
in Refs. [19, 20].

nihilation (with an extrapolation to low mass; Sec. III C).
In Sec. IV we recollect the ingredients to our thermal fire-
ball model for the space-time evolution of the medium in
heavy-ion collisions, including variations in hadrochem-
ical freezeout and critical temperature. In Sec. V we
implement all dilepton sources into the fireball to com-
pute dimuon invariant-mass (Sec. VA) and transverse-
momentum spectra (Sec. VB) in comparison to NA60
data; the effect of hadrochemistry and Tc on NA60 spec-
tra is worked out in Sec. VC, followed by a slope analysis
of qT spectra (Sec. VD) in the context of which we also
investigate different radial flow scenarios; the improve-
ments in the fireball and dilepton source description as
deduced from the NA60 data are confronted with previ-
ous and new CERES/NA45 data in Sec. VE. Sec. VI
contains a summary and conclusions.

II. THERMAL DILEPTON RADIATION

A. Emission Rate and Electromagnetic Spectral
Function

In thermal equilibrium the rate of dilepton emission
per four-volume and four-momentum can be related to
the hadronic e.m. spectral function as [26]

dNll

d4xd4q
= −

α2

3π3

L(M2)

M2
ImΠµ

em,µ(M, q; µB, T )

× fB(q0; T ) ,

(1)

which in this article we will refer to as thermal dilep-
tons (or thermal radiation). The retarded e.m. current-
current correlator is given by

Πµν
em(q) = i

!

d4xeiqσxσ

Θ(x0) ⟨[Jµ
em(x),Jν

em(0)]⟩ , (2)

where α=e2/(4π)=1/137 denotes the fine structure con-
stant, M2 = q2

0 − q2 the dilepton invariant mass squared
with energy q0 and three-momentum q, and fB(q0; T )
the thermal Bose distribution function (T : temperature,
µB: baryon chemical potential). The final-state lepton
phase space factor,

L(M) =

"

1 +
2m2

l

M2

#

$

1 −
4m2

l

M2
, (3)

depends on the lepton mass, ml=0.511(105.6) MeV for
electrons (muons; l = e, µ), but quickly approaches one
above threshold, M = 2ml (e.g., L(M = 0.3 GeV) = 0.89
for dimuons).

In the vacuum, the e.m. spectral function, ImΠem(M),
is well known from e+e− annihilation into hadrons. It
is characterized by the light vector resonances ρ(770),
ω(782) and φ(1020) at low mass (vector dominance model
(VDM)) and a perturbative quark-antiquark continuum

Dilepton emission rate in thermal equilibrium: 
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Photons Dielectrons Dimuons 

Spectra No projections yet ALICE LoI 
Fast simulation 

ALICE LoI 
Improved heavy 

flavour systematics/
lower pT threshold  

Temperature No projections yet ALICE LoI 
Fast simulation See above 

Flow No projections yet ALICE LoI 
Fast simulation ? 

Other 
Comparison to 
virtual photon 

method 

HF cross section/ 
DCA method? 

Available 
In preparation 

Not for yellow report? 

Other items (to be put to other chapter/WG?): 
•  Dark photons 
•  Peripheral collisions 
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Addendum to the ALICE Upgrade LoI 65
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Figure 2.36: Expected low mass dimuon spectrum in 0-10 % central Pb–Pb collisions at psNN =
5.5 TeV after subtraction of the combinatorial background, normalised to an integrated luminosity
of 10 nb�1 without (left panel) and with (right panel) the addition of the MFT to the ALICE Muon
Spectrometer.
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Figure 2.37: Expected sensitivity to the measurement of QGP signatures in 0-10 % central Pb–Pb
collisions at psNN = 5.5 TeV in a Lint = 10 nb�1 scenario without (left panel) and with (right panel)
the MFT.
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Figure 2.36: Expected low mass dimuon spectrum in 0-10 % central Pb–Pb collisions at psNN =
5.5 TeV after subtraction of the combinatorial background, normalised to an integrated luminosity
of 10 nb�1 without (left panel) and with (right panel) the addition of the MFT to the ALICE Muon
Spectrometer.
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Figure 2.37: Expected sensitivity to the measurement of QGP signatures in 0-10 % central Pb–Pb
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•  Low mass spectral function with ~20% uncertainty 
•  Thermal radiation (M > 1GeV/c2) difficult due to large HF systematic 

uncertainty 

After subtraction of long-
lived light- and heavy-
flavour sources 
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Figure 2.56: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 2 (new ITS, 2.5 · 107 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution .
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Figure 2.57: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 3 (new ITS, 2.5 · 109 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.
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Figure 2.57: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 3 (new ITS, 2.5 · 109 events). Tight DCA cuts are applied. The
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After subtraction of long-
lived light- and heavy-
flavour sources 

•  Low mass spectral function with ~20% uncertainty 
•  Temperature and flow with ~10% uncertainty 
•  Results from fast simulation with more realistic geometry and photon 

conversion in preparation 
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•  Run 1/2: 
•  use combined mee,pT,ee fit for heavy flavour cross section 
•  Pair DCA as tool to distinguish between prompt and non-prompt sources 

•  Projections for Run3/4 missing:  
•  better DCAee resolution 
•  combined fit of mee,pT,ee,DCAee 
•  pT,ee reach 

S. Scheid [ALICE], QM17 
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Production of low pT e+e- pairs  
in peripheral collisions at HL-LHC 

 
New input for discussion from Spencer Klein, LBNL 

(full set of slides in the backup)  
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•  J/ψ excess for pΤ < 100 MeV/c in peripheral collisions 
–  Magnitude is significant 70-90% centrality larger RAA 

•  Low pT peak not expected for any hadronic mechanism 
–  Consistent with coherent photoproduction 

•  Seen at forward rapidity, 2.5  y < 4 (muon pairs) 



STAR LOW PT E+E- EXCESS IN AU-AU & U-U 
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•  Excess over hadronic cocktail for pT < 150 MeV/c 
•  Continuum also at LHC? 

–  No measurement yet 
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•  Ultra-peripheral collisions tell us what to expect 
–  Photons ala Weizsacker-Williams 

•  Crossed E and B fields  
–  Coherent J/ψ à ee photoproduction 

•  Peaked at Mee= J/ψ mass 
–  γγ -> ee  

•  Broadband emission, peaked at low M ee 
•  Individual lepton rapidity distribution is very very broad 

–  Cross-section is very large, but mostly invisible in central detectors 
–  Individual lepton pT spectrum much softer than from J/ψ

–  Both have emission peaked with pair pT < 100 MeV/c 
•  Two mechanisms, but surprisingly similar pair pT spectra 

•  What can we learn from these reactions? 

PRODUCTION OF LOW PT E+E- PAIRS IN 
PERIPHERAL COLLISIONS AT HL-LHC 
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•  Spectrum is consistent with UPC J/ψ photoproduction data 
–  Drop at low pT due to interference between two directions 

•  Smaller |b|, so interference extends to higher pT than for UPCs 
•  Could reduce total cross-section 

•  Spectator-only target  has a different matter distribution than full nucleus target. 
–  Different pT spectrum + some azimuthal anisotropy 

•  pT spectrum depends on size of the coherence region 

Z. Zhou [ALICE], QM17 
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•  Most of J/ψ photoproduction amplitude is from spectator region 
–  Expanding plasma might destroy long-lived (10-20 s) J/ψ

•  Rate measurement is interesting, but more precise 
measurements, theory needed! 

•  J/ψ pT angular distribution is Fourier transform of coherent 
production region 
–  I. e. region A  minus region B 
 

•  The azimuthal distribution is sensitive to the event plane 

•  Other items connected to low mass dilepton physics ( short 
lived ρ meson)? 

•  Continuum? 

A B



SINGLE LEPTON PT DISTRIBUTIONS 

HL-LHC WG5 meeting | 06.03.2018 | Michael Weber (SMI) 15 

•  J/ψ (or ρ/ω/φ) -> ee and γγ-> ee share many characteristics 
–  Similar pair pT spectra 
–  Hard to distinguish rapidity distributions in central detectors 

•  The angular distribution of the final state l+l- is very different 
-> Very different lepton rapidity and pT distributions 
–  With pTµ > 1 GeV/c cut, ALICE sees J/ψ -> µµ only 

Lepton pT w/ STAR cuts            
  STAR γγ-> ee   
  STAR J/ψ -> ee 
  STAR γγ->ee w/ Mee > 2 GeV/c   
J/ψ are in UPC, but this doesn’t affect 
lepton spectra much 
 
Arbitrary normalization 

γγ->ee 

γγ->ee 
Mee > 2 GeV 
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•  STAR and ALICE have observed an excess of dilepton pairs with pT < ~ 100 MeV/c 
in peripheral heavy ion collisions 
–  STAR sees J/ψ + a mass continuum 
–  ALICE sees only J/ψ

•  The rate and kinematics are consistent with expectations from coherent 
photoproduction and γγ -> l+l- 

•  HL-LHC will collect samples 140 times larger than the current ALICE measurement.  
–  The J/ψ rate and cross-section are sensitive to the size of the production region, 

and the possible destruction of spectator-region J/ψ by the expanding fireball. 
–  The J/ψ pT distribution might be used to provide an independent determination of 

the reaction plane, allowing for cross-checks with other methods. 
–  More theoretical work is needed to fully benefit from this data.  

–  Technical: should go to this subchapter or somewhere else? 
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Photons Dielectrons Dimuons 

Spectra No projections yet ALICE LoI 
Fast simulation 

ALICE LoI 
Improved heavy 

flavour systematics/
lower pT threshold  

Temperature No projections yet ALICE LoI 
Fast simulation See above 

Flow No projections yet ALICE LoI 
Fast simulation ? 

Other 
Comparison to 
virtual photon 

method 

HF cross section/ 
DCA method? 

Available 
In preparation 

Not for yellow report? 

Other items (to be put to other chapter/WG?): 
•  Dark photons 
•  Peripheral collisions 
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Figure 2.56: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 2 (new ITS, 2.5 · 107 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution .
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Figure 2.57: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 3 (new ITS, 2.5 · 109 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

•  Current ITS 
•  Current readout 
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Figure 2.54: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 · 107 events). No tight DCA cuts are applied.

The green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta
boxes indicate systematic errors related to the subtraction of the cocktail and charm contribution.
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Figure 2.55: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 ·107 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

Figure 2.56 shows the inclusive e+e� invariant mass spectrum (left panel) and the excess spectrum (right
panel) in 0–10% most central Pb–Pb collisions in Scenario 2 (new ITS, 2.5 ·107 events). Tight DCA cuts
to reject displaced electrons are applied. The enhanced low–pT tracking capability of the new ITS leads
to significantly improved rejection of combinatorial background, and consequently reduced systematic
uncertainties, as compared to the current ITS system (see Figure 2.55). Further reduction of systematic
uncertainties related to charm subtraction is also achieved. However, the statistical limitations of the
measurement would not allow for a quantitative analysis of the thermal dilepton excess.

A key element of the ALICE upgrade strategy is therefore a concept for a continuously operated TPC,

•  New ITS: less conversion, better DCA resolution 
•  New readout: x100 statistics 
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Figure 2.54: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 · 107 events). No tight DCA cuts are applied.

The green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta
boxes indicate systematic errors related to the subtraction of the cocktail and charm contribution.
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Figure 2.55: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 ·107 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

Figure 2.56 shows the inclusive e+e� invariant mass spectrum (left panel) and the excess spectrum (right
panel) in 0–10% most central Pb–Pb collisions in Scenario 2 (new ITS, 2.5 ·107 events). Tight DCA cuts
to reject displaced electrons are applied. The enhanced low–pT tracking capability of the new ITS leads
to significantly improved rejection of combinatorial background, and consequently reduced systematic
uncertainties, as compared to the current ITS system (see Figure 2.55). Further reduction of systematic
uncertainties related to charm subtraction is also achieved. However, the statistical limitations of the
measurement would not allow for a quantitative analysis of the thermal dilepton excess.

A key element of the ALICE upgrade strategy is therefore a concept for a continuously operated TPC,
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Figure 2.56: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 2 (new ITS, 2.5 · 107 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution .
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Figure 2.57: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 3 (new ITS, 2.5 · 109 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

After subtraction of long-lived light- 
and heavy-flavour sources 

Low mass spectral function 
with ~20% uncertainty 
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Figure 2.61: Expected relative uncertainty on the extraction of the T parameter from a fit to the invariant mass
excess spectrum in 1.1 <Mee< 1.5 GeV/c2 (see text). The results are shown for Scenarios 1, 2, and 3 with tight
DCA cuts, and for 0–10% and 40–60% event centrality. Error bars show the statistical uncertainties. The green
boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes indi-
cate systematic errors related to the subtraction of the cocktail and charm contribution.

– Several mechanisms of the parton-medium interaction exist, which in practice also can occur in
parallel, e.g. elastic and radiative energy loss.

Thus, the measurement of hard probes and the modified fragmentation process into observable hadrons
provides not only access to the mechanisms of partonic energy loss, it also puts additional and com-
plementary constraints on the hydrodynamic evolution of the system and its initial conditions (see
e.g. [111]). Furthermore, the presence of the underlying event in heavy-ion collisions and its structure
has a direct impact on jet reconstruction and thereby the measured jet observables such as the differ-
ential jet yield, jet shape, longitudinal and transverse fragmentation. These effects need to be carefully
separated from the true medium modification of the parton fragmentation.

The advantage of the ALICE detector in this context is that it provides the measurement of jets with a
minimal bias, in a sense that it allows jet reconstruction and background characterization on the individ-
ual (charged) particle level due to its excellent track separation as well as high and uniform efficiency
from high (> 100 GeV/c) down to low momentum (150 MeV/c). From there on biases can be gradually
introduced to study the evolution of jet observables under different constraints, such as minimum particle
pT , recoil jets off a certain trigger particle type or topology etc.

The proposed upgrade will enable additional, unique contributions of ALICE to the differential study
of medium modification of jet probes via three major techniques: direct reconstruction of jets and jet
structure observables, (identified) particle – jet correlations, (identified) particle – particle correlations. It

From a fit to the invariant mass 
spectrum from 1.1 to 1.5 GeV/c2 
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Figure 2.59: e+e� excess spectra in 40–60% centrality Pb–Pb collisions at
p

sNN= 5.5 TeV in Scenario 1
(left panel) and Scenario 3 (right panel). Tight DCA cuts are applied. The green boxes show the systematic
uncertainties from the combinatorial background subtraction, the magenta boxes indicate systematic errors related
to the subtraction of the cocktail and charm contribution.
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Figure 2.60: Expected absolute statistical uncertainty of the elliptic flow coefficient v2 of the e+e� excess spec-
trum as a function of Mee. Results are shown for Pb–Pb collisions at 40–60% centrality in Scenario 1 (current ITS,
5 ·107 events, left panel) and Scenario 3 (new ITS, 5 ·109 events, right panel). Tight DCA cuts are applied.

In practice several distinct differences of jet tomography to the familiar medical X-ray imaging exist,
which put limitations on the direct, quantitative tomographic interpretation:

– The probed medium itself expands, depending on initial conditions and its hydrodynamic proper-
ties.

– The origin of the probe is only known on average.

– The (partonic) probe cannot be observed as a free particle, hence no direct attenuation can be
defined.

•  Current ITS 
•  Current readout 

•  New ITS: less conversion, better DCA resolution 
•  New readout: x100 statistics 
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•  Thermal radiation in small systems? 
•  R. Rapp, IS2014:  

•  10% thermal contribution in MB p-Pb collisions 

3.1.3 Dilepton Spectra in p-Pb (5.02GeV) 

• Thermal radiation at <10% of cocktail 
• factor ~10 increase in Pb-Pb  
• fits systematics of excess vs. lifetime relation 

3.1.2 Low-Mass Dileptons in p-Pb (5.02GeV) 

• Thermal radiation at ~ 10% of cocktail 
• fits excess vs. lifetime relation 
• large QGP component probe of initial stages?! 
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σstat=1%	
σstat=0.8%	

(p-Pb, 50 nb-1) 

•  Run 1 results based on  
 Lint ~ 50 µb-1.  

•  Stat. uncertainties 
•  In the interesting mass 

regions (0.3<mee<0.7 
GeV/c2) and (1<mee<3 
GeV/c2):  

•  σstat ~ 20 - 50% 
 

•  For Run 3/4 (50 nb-1) 
•  σstat ~ 1 - 2% 

•  Measurement will not be 
limited by stat. uncertainties  

From Run 1 performance: 
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Figure 2.36: Expected low mass dimuon spectrum in 0-10 % central Pb–Pb collisions at psNN =
5.5 TeV after subtraction of the combinatorial background, normalised to an integrated luminosity
of 10 nb�1 without (left panel) and with (right panel) the addition of the MFT to the ALICE Muon
Spectrometer.
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Figure 2.37: Expected sensitivity to the measurement of QGP signatures in 0-10 % central Pb–Pb
collisions at psNN = 5.5 TeV in a Lint = 10 nb�1 scenario without (left panel) and with (right panel)
the MFT.
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•  MUON 
spectrometer only 

•  MUON+MFT: better mass resolution, 
less background 

(Pb-Pb) 



After subtraction of long-lived light- 
and heavy-flavour sources 

Addendum to the ALICE Upgrade LoI 65
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Figure 2.36: Expected low mass dimuon spectrum in 0-10 % central Pb–Pb collisions at psNN =
5.5 TeV after subtraction of the combinatorial background, normalised to an integrated luminosity
of 10 nb�1 without (left panel) and with (right panel) the addition of the MFT to the ALICE Muon
Spectrometer.
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Figure 2.37: Expected sensitivity to the measurement of QGP signatures in 0-10 % central Pb–Pb
collisions at psNN = 5.5 TeV in a Lint = 10 nb�1 scenario without (left panel) and with (right panel)
the MFT.
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•  Low mass spectral function with ~20% uncertainty 
•  Thermal radiation (M > 1GeV/c2) difficult 
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•  Light scalar or vector BSM bosons could be observed in high-energy 
(with large QGP volumes produced), high-luminosity nuclear 
collisions  J. Ellis & P. Salati, Nuclear Physics B342 (1990) J. Davis & C. Böhm, arXiv:1306.3653 

 
•  Resonance in the thermal dilepton production from the QGP for 

masses up to 3 GeV/c2: dilepton measurements in ALICE could set limits 
on quark- and lepton-couplings of light BSM bosons 

 
•  ALICE: feasibility studies on dark photons of mass < 100 MeV/c2 Antonio&Uras&15&

&
/16&

Light&BSM&Bosons&from&QGP:&a&Case&for&HL8LHC?&

Heavy&Ions&at&HL8LHC&

Light$scalar$or$vector$BSM$bosons$could&be&observed&in$high3energy$$$$
(with$large$QGP$volumes$produced),$high3luminosity$nuclear$collisions$

!  Resonance$in$the$thermal$dilepton$
produc0on$from$the$QGP&for&masses&up&
to&3&GeV/c2:&dilepton&measurements&in&
ALICE&could&set&limits&on&quark8&and&
lepton8couplings&of&light&BSM&bosons&

!  Heavier$bosons$would&mainly&decay&into&
mulFparFcle&states&involving&cc&and&τ&τ&
pairs,&and&are$no$longer$detectable$in$
the$ee$or$μμ$channels$

J.&Ellis&&&P.&SalaF,&Nuclear&Physics&B342&(1990)&
J.&Davis&&&C.&Böhm,&arXiv:1306.3653&&

!  ALICE:$feasibility$studies$on$dark$photons$of$mass$<$100$MeV/c2$$$
hNp://www.ge.infn.it/~ldma2015/presentaFons/wednesday8morning/05_gunji.pdf&
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Dark Sector Community Report 2016 
arXiv:1608.08632 

GeV scale? 
J. Davis, C. Boehm, arXiv:1306.3653 
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 LHCb, arXiv:1710.02867 [hep-ex]  

•  intermediate-mass dileptons: precision temperature measurement above 
the ϕ mass via thermal radiation to be checked also in high-multiplicity p-
Pb, pp 

•  masses below to be seen, current minimal pµ with ID 3 GeV/c:                    
pT = 200, 400 MeV/c (η = 4.0, 2.5) 
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Figure 1: Prompt-like mass spectrum, where the categorization of the data as prompt µ+µ�,
µ
Q

µ
Q

, and hh+ hµ
Q

is determined using the fits described in the text.

to 0.7GeV at m(µ+µ�) = 70GeV.
The prompt-like A0 search strategy involves determining the observed A0!µ+µ� yields

from fits to them(µ+µ�) spectrum, and normalizing them using Eq. 1 to obtain constraints
on "2. To determine n�

⇤

ob

[m(A0)] for use in Eq. 1, binned extended maximum likelihood
fits are performed using the dimuon vertex-fit quality, �2

VF

(µ+µ�), and min[�2

IP

(µ±)]
distributions, where �2

IP

(µ) is defined as the di↵erence in �2

VF

(PV) when the PV is
reconstructed with and without the muon track. The �2

VF

(µ+µ�) and min[�2

IP

(µ±)] fits
are performed independently at each mass, with the mean of the n�

⇤

ob

[m(A0)] results used
as the nominal value and half the di↵erence assigned as a systematic uncertainty.

Both fit quantities are built from features that approximately follow �2 probability
density functions (PDFs) with minimal mass dependence. The prompt-dimuon PDFs are
taken directly from data at m(J/ ) and m(Z), where prompt resonances are dominant
(see Fig. 1). Small p

T

-dependent corrections are applied to obtain the PDFs at all other
masses. These PDFs are validated near threshold, at m(�), and at m(⌥ (1S)), where the
data predominantly consist of prompt dimuons. The sum of the hh and hµ

Q

contributions,
which each involve misidentified prompt hadrons, is determined using same-sign µ±µ±

candidates that satisfy all of the prompt-like criteria. A correction is applied to the
observed µ±µ± yield at each mass to account for the di↵erence in the production rates of
⇡+⇡� and ⇡±⇡±, since double misidentified ⇡+⇡� pairs are the dominant source of the
hh background. This correction, which is derived using a prompt-like dipion data sample
weighted by p

T

-dependent muon-misidentification probabilities, is as large as a factor of
two near m(⇢) but negligible for m(µ+µ�) & 2GeV. The PDFs for the µ

Q

µ
Q

background,
which involves muon pairs produced in Q-hadron decays that occur displaced from the
PV, are obtained from simulation. These muons are rarely produced at the same spatial
point unless the decay chain involves charmonium. Example min[�2

IP

(µ±)] fit results are
provided in Ref. [61], while Fig. 1 shows the resulting data categorizations. Finally, the
n�

⇤

ob

[m(A0)] yields are corrected for bin migration due to bremsstrahlung, and the small
expected Bethe-Heitler contribution is subtracted [52].

The prompt-like mass spectrum is scanned in steps of �[m(µ+µ�)]/2 searching for
A0!µ+µ� contributions. At each mass, a binned extended maximum likelihood fit is
performed using all prompt-like candidates in a ±12.5�[m(µ+µ�)] window around m(A0).
The profile likelihood is used to determine the p-value and the confidence interval for

3

e.g. LHCb 
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 LHCb, arXiv:1710.02867 [hep-ex]  
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Figure 2: Regions of the [m(A0), "2] parameter space excluded at 90% CL by the prompt-like A0

search compared to the best existing limits [27, 38].

nA

0
ob

[m(A0)], from which an upper limit at 90% confidence level (CL) is obtained. The
signal PDFs are determined using a combination of simulated A0 ! µ+µ� decays and
the widths of the large resonance peaks observed in the data. The strategy proposed in
Ref. [65] is used to select the background model and assign its uncertainty. This method
takes as input a large set of potential background components, which here includes all
Legendre modes up to tenth order and dedicated terms for known resonances, and then
performs a data-driven model-selection process whose uncertainty is included in the
profile likelihood following Ref. [66]. More details about the fits, including discussion on
peaking backgrounds, are provided in Ref. [61]. The most significant excess is 3.3� at
m(A0) ⇡ 5.8GeV, corresponding to a p-value of 38% after accounting for the trials factor
due to the number of prompt-like signal hypotheses.

Regions of the [m(A0), "2] parameter space where the upper limit on nA

0
ob

[m(A0)] is
less than nA

0
ex

[m(A0), "2] are excluded at 90% CL. Figure 2 shows that the constraints
placed on prompt-like dark photons are comparable to the best existing limits below
0.5GeV, and are the most stringent for 10.6 < m(A0) < 70GeV. In the latter mass
range, a nonnegligible model-dependent mixing with the Z boson introduces additional
kinetic-mixing parameters altering Eq. 1; however, the expanded A0 model space is highly
constrained by precision electroweak measurements. This search adopts the parameter
values suggested in Refs. [67,68]. The LHCb detector response is found to be independent
of which quark-annihilation process produces the dark photon above 10GeV, making it
easy to recast the results in Fig. 2 for other models.

For the long-lived dark photon search, the stringent criteria applied in the trigger
make contamination from prompt muon candidates negligible. The dominant background
contributions to the long-lived A0 search are as follows: photon conversions to µ+µ� in
the silicon-strip vertex detector (the VELO) that surrounds the pp interaction region [69];
b-hadron decays where two muons are produced in the decay chain; and the low-mass
tail from K0

S ! ⇡+⇡� decays, where both pions are misidentified as muons. Additional
sources of background are negligible, e.g. kaon and hyperon decays, and Q-hadron decays
producing a muon and a hadron that is misidentified as a muon.

Photon conversions in the VELO dominate the long-lived data sample at low masses. A

4

•  Possibility to measure below 100 MeV? 

e.g. LHCb 
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158 8 Physics performance

Table 8.6: Summary of the physics reach: minimum accessible p

T

and relative statistical un-
certainty in Pb–Pb collisions for an integrated luminosity of 10 nb�1. For heavy flavour, the
statistical uncertainties are given at the maximum between p

T

= 2GeV/c and p
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. For elliptic
flow measurements, the value of v

2

used to calculate the relative statistical uncertainty �
v

2

/v

2

is given in parenthesis. The case of the programme up to Long Shutdown 2, with a luminosity
of 0.1 nb�1 collected with minimum-bias trigger, is shown for comparison.
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•  Low mass dielectrons: 

•  Low mass dimuons: 
•  Higher statistics (10 nb-1), but higher pT cut and larger HF 

background than dielectrons 
•  prompt signals from QGP measurable within 20% uncertainty  

•  Small systems: 
•  Thermal radiation from high multiplicity pp and p-Pb collisions?  
•  Will not be limited by stat. uncertainties  

•  Dark photons: 
•  Sensitivity ε2~10-7 for 20<Mee<90 MeV/c2 
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•  Measure thermal radiation (black body photons) 
•  First measurement at LHC from soft exponential component of photon pT 

spectrum (ALICE, Phys.Lett. B754 (2016) 235): T ~ 300 MeV (effective 
temperature averaged over system evolution) 

•  Direct photon flow larger than available theory predictions 
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Temperature evolution:�
low-mass di-electrons

u  Measurement of low-mass di-electrons allows to map the 
temperature during the system evolution 

SIF2016, Padova, 26-30.09.16                                Andrea Dainese | ALICE 36

Di-leptons from real and virtual 
photons γàe+e- 
 

High masses à high T, early stage 
Intermediate masses 
Low masses à low T, late stage 

THERMAL RADIATION (DILEPTONS) 
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•  Measure thermal radiation (black body photons) 
•  First measurement at LHC from soft exponential component of photon pT 

spectrum (ALICE, Phys.Lett. B754 (2016) 235): T ~ 300 MeV (effective 
temperature averaged over system evolution) 

•  Dileptons: 
•  Map temperature during system evolution 
•  Invariant mass method not sensitive to “blue-shift” from radial flow 
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QCD Lagrangian and symmetries
Flavor symmetry and multiplets

Chiral symmetry, spontaneous symmetry breaking
Color group, gauge invariance

Axial anomaly and η
′

Symmetry pattern of QCD

symmetry SUV (2) SUA(2) center symmetry

vacuum unbroken broken unbroken

high temperature unbroken unbroken broken

multiplets (n,p), . . . (N, {N, π}), . . . —

order parameter — ⟨q̄q⟩ ⟨L⟩

Stefan Leupold QCD, Chiral Symmetry and Hadrons in Matter

“Isospin” “Parity” 

spectrum in the quark-gluon regime. While we also observe
this behavior here, it is much more pronounced in [16],
where gluon fluctuations were explicitly included. As a
consequence, the scaling of the a1 mass in the vicinity of
kχSB is qualitatively different.
The phase diagram of themodel we use, which is a quark-

meson model on the level of the effective potential, is
depicted in Fig. 5 (see also [27,30] for earlier studies on the
quark-meson model). It is obtained by the location of the
global minimum of the effective potential at the IR scale
σ0 ≡ σ0ðT; μÞ.With the parameters given inTable Iwe find a
critical endpoint at around ðμCEP; TCEPÞ ≈ ð298; 10Þ MeV,
which divides a crossover region from a first-order phase
transition at lower temperatures. We note that the slope
dT=dμ of the first-order line is very different from the one
observed in mean-field studies (see e.g. [50]). In fact, the
regime to the right of the first-order line, i.e., at large
chemical potentials and low temperatures, is likely to be
dominated by an inhomogeneous ground state which leads
to unphysical effects like a negative entropy density in the
present truncation. We therefore avoid this regime in the
following and refer to [51] for further details.
The same Euclidean curvature masses of the mesons,

plotted together with the constituent quark mass over
temperature at μ ¼ 0 MeV in Fig. 4, are shown along
the μ-axis at a constant temperature of T ¼ 10 MeV across
the CEP in Fig. 6. They behave as expected in a model
based on chiral symmetry. For vanishing chemical poten-
tial, the Euclidean curvature masses of the chiral partners
mσ , mπ and mρ, ma1 become degenerate at high temper-
atures, T ≳ 200 MeV. The quark mass mψ decreases,
indicating the gradual restoration of chiral symmetry. For

a fixed temperature of T ¼ 10 MeV the masses do not
really change over a wide range of chemical potential, as
expected from the Silver Blaze property [52]. Near the CEP
at around μCEP ≈ 298 MeV, the sigma mass drops signifi-
cantly as expected at this second-order phase transition. In
addition, the chiral condensate as well as the vector-meson
masses decrease when crossing the CEP. For very high
chemical potentials the masses of the chiral partners
coincide again and the quark mass decreases, similar to
the case of high temperature and vanishing chemical
potential.

C. In-medium spectral functions at j~pj= 0
Before turning to the ρ and a1 spectral functions at finite

temperature and chemical potential, in this subsection for
vanishing external spatial momentum, j~pj ¼ 0, we will
discuss the temperature dependence of the physically
relevant vector-meson pole masses. They are obtained
from the zero crossing of the real part of the two-point
functions and are shown in Fig. 7 vs T at μ ¼ 0.

FIG. 5. Phase diagram of the quark-meson model as a contour
plot of the order parameter for chiral symmetry σ0ðT; μÞ. The
value of σ0ðT; μÞ decreases with increasing temperature and
chemical potential as indicated with a darker color. The CEP is
indicated as a red dot, whereas the first-order phase boundary is
indicated by a black line.

FIG. 6. Euclidean curvature masses of mesons and constituent
quark mass vs chemical potential at T ¼ 10 MeV.

FIG. 7. Pole masses of ρ and a1 mesons vs temperature at
μ ¼ 0 MeV.

IN-MEDIUM SPECTRAL FUNCTIONS OF VECTOR- AND … PHYSICAL REVIEW D 95, 036020 (2017)

036020-7

 
 

Jung et al., Phys. Rev. D 95, 036020 (2017) 

Hohler, Rapp, Physics Letters B 731 (2014) 103–109 
108 P.M. Hohler, R. Rapp / Physics Letters B 731 (2014) 103–109

Fig. 3. Finite-temperature vector (black curve) and axial-vector (red curve) spectral functions. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

Fig. 4. Regions of axial-vector spectral functions at T = 150 MeV when requiring
agreement with the QCDSR only at dA = 1% (dashed lines), and additionally with
WSR-1 at |dWSR1| ! 1% (dotted lines). The solid line corresponds to a minimal f
value from Eq. (27).

merges into the ρ while the excited states degenerate somewhat
earlier through chiral mixing. The ρ–a1 merging is largely dictated
by the WSRs, but the concrete shape close to chiral restoration is
more sensitive to the QCDSRs. Note that our analysis not only com-
plies with a “trivial” degeneracy at the restoration point, but rather
provides a systematic temperature evolution, starting from the vac-
uum, compatible with current best estimates for the T dependent
chiral order parameters and condensates (at T = 170 MeV, our
condensates are close to zero, undershooting the lQCD data for
the 2-quark condensate; our axial-vector spectral function at this
temperature is thus more of an illustration of the expected de-
generacy at higher T where ⟨q̄q⟩T ≃ 0). The in-medium a1 mass
shift is consistent with a leading T 4 behavior, in line with model-
independent constraints from the chiral Lagrangian. Our analysis
also suggests that the approach toward restoration “burns off” the
chiral mass splitting between the ρ and a1, while “bare” masses of
m0 ≃ 0.8 GeV essentially persist, similar to Ref. [7].

6. Conclusion

The objective of this work was to test whether in-medium vec-
tor spectral functions which describe dilepton data in heavy-ion
collisions are compatible with chiral symmetry restoration. To-

ward this end, we deployed QCD and Weinberg sum rules in a
combined analysis of vector and axial-vector spectral functions,
using lattice-QCD and the hadron resonance gas to estimate the
in-medium condensates and chiral order parameters, and chiral
mixing to treat the T dependence of excited states. We first found
that the QCDSR in the vector channel is satisfied with a small (or-
der 5%) amendment of vector dominance. We then introduced a
4-parameter ansatz for the in-medium a1 spectral function and
found that a smooth reduction of its mass (approaching the ρ
mass) and large increase in width (accompanied by a low-mass
shoulder) can satisfy the axial-vector QCDSR and 3 WSRs over the
entire temperature range from T = 0–170 MeV, ultimately merg-
ing with the vector channel. This establishes a direct connection
between dileptons and chiral restoration, and thus the answer to
the originally raised question is positive. Our findings remain to be
scrutinized by microscopic calculations of the a1 spectral function.
Work in this direction is ongoing.
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INVARIANT MASS SPECTRA 
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FIGURE 10. Dielectron invariant-mass spectra from thermal radiation in 0-40% central Pb-
Pb(2.76ATeV) (left panel) and 0-10% central Pb-Pb(5.5ATeV) (right panel), including single-electron
cuts to simulate the ALICE acceptance. Hadronic (with in-medium or vacuum EM spectral function) and
QGP contributions are shown separately along with the sum of in-medium hadronic plus QGP. Here and
in the following LHC plots, both vacuum and in-medium hadronic emission rates in the LMR have been
supplemented with the vacuum spectral function in the LMR, i.e., no in-medium effects due to chiral
mixing have been included (for all RHIC calculations shown in the previous sections full chiral mixing
was included).

experimental capabilities that are anticipated with a planned major upgrade program of
the ALICE detector [81]. In addition, ALICE can measure in the dimuon channel, albeit
with somewhat more restrictive cuts whose impact will be illustrated in Sec. 3.5.2.

3.5.1. Dielectrons

The invariant-mass spectra of thermal radiation at LHC energies show a very similar
shape and hadronic/QGP composition as at RHIC energy, see Fig. 10. This may not
be surprising given the virtually identical in-medium hadronic and QGP rates along the
thermodynamic trajectories at RHIC and LHC (where µB ≪ T at chemical freezeout). It
also implies that the thermal radiation into the LMR is still dominated by temperatures
around Tpc, with little (if any) sensitivity to the earliest phases. The total yield, on the
other hand, increases substantially due to the much larger fireball volumes created by
the larger multiplicities. More quantitatively, the (Nch-normalized) enhancement around,
e.g.,M=0.4GeV, approximately scales as NαE

ch with αE ≃ 0.8 relative to central Au-Au at
full RHIC energy. This is a significantly stronger increase than the centrality dependent
enhancement at fixed collision energy, αc ≃ 0.45 as quoted in Sec. 3.3.1.
Detailed simulation studies of a proposed major upgrade of the ALICE detector have

been conducted in the context of a pertinent letter of intent [81]. The final results after
subtraction of uncorrelated (combinatorial) background are summarized in Fig. 11,

R. Rapp, arXiv:1304.2309 [hep-ph] 

At LHC energies: 
•  Vanishing µB: direct comparability to Lattice QCD  
•  Sizeable in-medium modification of ρ
•  Large thermal radiation contribution above 1 GeV/c2 

0-40% central Pb-Pb √sNN= 2.76 TeV central Pb-Pb √sNN= 5.5 TeV     



ALICE AFTER 2020 
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•  Improved vertex resolution 
•  Better separation of electrons 

from charm and bottom decays  
•  Reduced material budget and 

improved low pT efficiency 
•  Smaller background from 

conversion electrons 
•  Dedicated low B field run  

•  Recover low pT tracks  
•  3 nb-1 at B = 0.2 T 

•  Higher rate capability 
•  50 kHz Pb-Pb 

•  Muon forward tracker (MFT) in 
addition to muon spectrometer 

•  Improved mass resolution 
•  Reduced background 



Production of low pT e+e- pairs in peripheral 
collisions at HL-LHC 
Spencer Klein, LBNL 

■  Ultra-peripheral collisions tell us what to expect 
◆  Photons ala  Weizsacker-Williams 

✦  Crossed E and B fields  
◆  Coherent J/ψ à ee photoproduction 

✦  Peaked at Mee= J/ψ mass 
◆  γγ -> ee  

✦  Broadband emission, peaked at low M ee 

✦  Individual lepton rapidity distribution is very very broad 
•  Cross-section is very large, but mostly invisible in central detectors 
•  Individual lepton pT spectrum must softer than from J/ψ

◆  Both have emission peaked with pair pT < 100 MeV/c 
✦  Two mechanisms, but surprisingly similar pair pT spectra 

■  What can we learn from these reactions? HL-LHC WG5 meeting | 06.03.2018 | Michael Weber (SMI) 42 



■  J/ψ excess for pΤ < 100 MeV/c in peripheral collisions 
◆  Magnitude is significant 70-90% centrality larger RAA 

■  Low pT peak not expected for any hadronic mechanism 
◆  Consistent with coherent photoproduction 

■  Seen at forward rapidity, 2.5  y < 4 

ALICE J/ψ-> µ+µ- excess 

43 ALICE, PRL 116, 222301 (2016) HL-LHC WG5 meeting | 06.03.2018 | Michael Weber (SMI) 



■  Excess over hadronic  cocktail for pT < 150 MeV/c 
■  pT spectrum similar to ALICE 
■  Mass spectrum peaked at J/ψ, but continuum also visible. 

◆  Continuum not seen by ALICE 
✦  ALICE FMS imposes pT,single µ > 1 Gev/c 

STAR low pT e+e- excess in AuAu & UU 

44 S. Yang [STAR], QM17 HL-LHC WG5 meeting | 06.03.2018 | Michael Weber (SMI) 



Photoproduction  cross-section in PCs 
■  σ depends on coherence for photon emission and in the target 

◆  Entire target, or just spectator region? 
■  Photons are emitted before collision, at retarded time t ~ k/γ

◆  They come from the whole nucleus 
■   Participant nucleons may lose energy via hadronic interaction, 

before or after the photoproduction interaction 
◆  If they lose energy first, σ(γp->J/ψ p) drops 

✦  Time ordering matters – consider diagrams with both possibilities 

■  Photon flux striking participant nucleons is lower (Gauss’ law) 
■  Participants are at very small |b|, so destructive                  

interference reduces the cross-section 
◆  Small contribution to cross-section 

■  J/ψ produced just outside the reaction                                          
zone should be destroyed by expanding                                    
fireball. 
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RAA for photonic interactions 
■  RAA not optimum term 

◆  Different production mechanisms have 
different scaling 
✦  γγ -> ee scales as Z4 

✦  γA -> J/ψ A scales as Z2A2 

■  Photon flux is highest around nuclear 
periphery 

■  Photoproduction is largest in the most 
peripheral collisions 
◆  Drops sharply with decreasing radii 
◆  Drops more slowly with increasing radii 
◆  γγ-> ee has fairly little |b| dependence 

■  RAA varies rapidly with centrality 
R
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b 
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σ For J/ψ photoproduction 
■  Four possibilities: 

◆  photon emission from the whole nucleus or spectators only 
◆  Targets: whole nucleus, or just spectators 

■  Should bracket the actual cross-section 
◆  Photon emission from nucleus expected 

■  Predictions consistent with STAR & ALICE data 
◆  “Nucleus+Nucleus,” “ Spectator+Spectator” slightly disfavored 
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W. Zha et al. (SK),  

arXiv:1705.01460  
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pT spectrum for γA->J/ψ in PCs 
■  Spectrum is consistent with UPC J/ψ photoproduction data 

◆  Drop at low pT due to interference between two directions 
✦  Smaller |b|, so interference extends to higher pT than for UPCs 
✦  Could reduce total cross-section 

■  Spectator-only target  has a different matter distribution than 
full nucleus target. 
◆  Different pT spectrum + some azimuthal anisotropy 

■  pT spectrum depends on size of the coherence region 
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Z. Zhou [ALICE],  

QM17 
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What can we learn about hadronic 
collisions? 

■  Most of J/ψ photoproduction amplitude is from spectator region 
◆  Expanding plasma might destroy long-lived (10-20 s) J/ψ

✦  Rate measurement is interesting, but more precise measurements, 
theory needed! 

■  J/ψ pT angular distribution is Fourier transform of coherent 
production region 
◆  I. e. region A  minus region B 

■  The azimuthal distribution is sensitive to the event plane 

W. Zha et al. (SK), arXiv:1705.01460 

Z. Xu (Pers. Comm.)  

A B
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Single-lepton pT distributions 
■  J/ψ (or ρ/ω/φ) -> ee and γγ-> ee share many characteristics 

◆  Similar pair pT spectra 
◆  Hard to distinguish rapidity distributions in central detectors 

■  The angular distribution of the final state l+l- is very different 
◆  -> Very different lepton rapidity and pT distributions 
◆  With pTµ > 1 GeV/c cut, ALICE sees J/ψ -> ee only 

Lepton pT 

Lepton pT w/ STAR cuts            
  STAR γγ-> ee   
  STAR J/ψ -> ee 
  STAR γγ->ee w/ Mee > 2 GeV/c   
J/ψ are in UPC, but this doesn’t affect 
lepton spectra much 
 
Arbitrary normalization 

γγ->ee 

γγ->ee 
Mee > 2 GeV 
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Conclusions 
■  STAR and ALICE have observed an excess of dilepton pairs 

with pT < ~ 100 MeV/c in peripheral heavy ion collisions 
◆  STAR sees J/ψ + a mass continuum 
◆  ALICE sees only J/ψ

■  The rate and kinematics are consistent with expectations from 
coherent photoproduction and γγ -> l+l- 

■  HL-LHC will collect samples 140 times larger than the current 
ALICE measurement.  
◆  The J/ψ rate and cross-section are sensitive to the size of the 

production region, and the possible destruction of spectator-region 
J/ψ by the expanding fireball. 

◆  The J/ψ pT distribution might be used to provide an independent 
determination of the reaction plane, allowing for cross-checks with 
other methods. 

◆  More theoretical work is needed to fully benefit from this data.  
■    
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Individual track pT &  pseudorapidity 
■  Rapidity is heavily forward/backward peaked 

◆  Moderated by cut pT track > 0.2 GeV/c 
■  pT is peaked near 0 

◆  After cut |y|<1, <pT> 0.2 GeV/c 
■  Very few leptons with pT > 1 GeV/c à ALICE sees no continuum 

signal 
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Mee spectrum 
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Low pTee paper did not make a fit to the mass spectrum & the  
right-hand plot is hard to read 
Both decrease about a factor of 10 going from 
 Mee=0.5 GeV to Mee=1.0 GeV & from Mee=1.0 GeV to Mee=2.0 GeV  
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STARlight STAR data 

HL-LHC WG5 meeting | 06.03.2018 | Michael Weber (SMI) 53 



Pair pT
2 

■  Histogram pT
2 in 3 mass bins, ala STAR 

◆  Fit 0.002 < pT
2 < 0.02 (GeV/c)2 range to dN/dpT

2 = A exp(-BpT
2) 

✦  Not a good fit to the data, but follows STAR procedure 
✦  Same slope (B) trend as STAR data 

pT
2 (GeV2) 

0.4 – 0.76 GeV/c2 3 mass ranges 

pT
2 (GeV2) 

Mee (GeV/c2) 
 

Fits to STARlight 
Distributions for AuAu 

Preliminary STAR 
data 
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The low pT drop 
■  The STAR pTee spectrum drops for pTee < 40 MeV/c 

◆  Looks similar to interference dip in vector meson photoproduction 
■  Photon emission with pT < photon energy/ion Lorentz boost is 

suppressed 
◆  Dip width should scale with photon energy, i. e. with Mee 

✦  Scaling from previous STAR result pT peak @ 25 MeV -> pT peak @ 
75 MeV/c – reasonably close  
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