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Outline: 
•  Introduction/Theory 
•  Photons  
•  Dileptons  
•  Other items 

•  Peripheral collisions 
•  Dark photons 

•  Summary and discussion 
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Yellow report - WG5 - thermal radiation | 02.05.2018 | Michael Weber (SMI) 2 

Standard 
•  Thermal radiation and photons 

•  Do we have (updated) predictions? 
•  Dileptons 

•  Expectations from R.Rapp and pHSD (also for small systems) 
 
Extension 
•  Dilepton radiation and bulk viscosity 

•  Expectations from Vujanovic et al. (see e.g. arXiv:1703.06164)? 
•  Virtual photon polarization 

•  See e.g. Baym et al. (Phys. Rev. C 95, 044907 (2017))? 
 

•  At LHC: direct connection to Lattice QCD 
•  Thermal dilepton rates and electrical conductivity (e.g. Phys. Rev. D 

94, 034504 (2016) or JHEP02 (2015) 186) 
•  Discuss additional observables that might be accessible in Run 3/4?   
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•  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) 

•  Projections for Run3/4 missing 
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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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•  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

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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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 



DIELECTRONS – HF CROSS SECTION 

Yellow report - WG5 - thermal radiation | 02.05.2018 | Michael Weber (SMI) 7 

•  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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FIG. 3. Pair invariant mass spectra for (top) Au-Au (black
solid histogram), U-U (green dashed histogram), and Pb-Pb
(red dot-dashed histogram) and (bottom) 60-80% centrality
(black solid histogram), 40-60 % centrality (red dashed his-
togram), and 10-40% centrality (blue dot-dashed histogram).
The bottom three histograms are indistinguishable.

two-photon cross-section depends mostly on the width
of the centrality bin. The cross-section is higher for Pb-
Pb collisions, because of the higher LHC collision energy;
the increase in �� cross-section with energy is much faster
than the rise in hadronic cross-section. This increase is
reflected in the higher number of visible ee pairs for Pb-
Pb collisions than for the lower energy RHIC systems.

The restricted cross-section is 40% larger for U-U cross-
sections than for Au-Au collisions. This is again less
than the 54% increase expected from the Z4 scaling, but
larger than the increase in the all-rapidity cross-section,
because, for the heavier nucleus, production is more con-
centrated at small |y|.

The fraction of lepton pairs that pass the individual
lepton cuts is about 3.4%, almost independent of the col-
lision conditions, with only a small rise for the higher-
energy Pb-Pb collisions. This acceptance is so low be-
cause, per Eq. 4, the pairs from two-photon interactions
prefer a forward-backward geometry, and so avoid the
central region.

Figure 3 shows the pair invariant mass distributions
for events within the STAR acceptance. The Pb-Pb
data spectrum is harder than the Au-Au and U-U dis-
tributions, because of the higher beam energy. The U-U
spectrum is slightly softer than the Au-Au distribution,
because of the slightly larger nuclear size and lower per-
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FIG. 4. Pair p2T spectra for (top) Au-Au (black solid his-
togram), U-U (green dashed histogram), and Pb-Pb (red
dot-dashed histogram) and (bottom) for three invariant mass
ranges: 0.4 to 0.76 GeV/c2 (black solid histogram), 0.76-1.2
GeV/c2 (red dashed histogram), and 1.2-2.6 GeV/c2 (blue
dot-dashed histogram). The bottom three histograms show a
clear mass ordering. The lines in the bottom plot are fits to
Eq. 6 in the displayed region, as discussed in the text.

nucleon collision energy. The shape of these distributions
are similar to the STAR data presented in Ref. [11]; The
number of events drops by roughly a factor of 10 as the
pair mass doubles from 0.5 GeV to 1.0 GeV, in at least
rough agreement with the STAR data.
Figure 4 shows the distribution of lepton-pair p

2

T for
the three species (top), and the three Au-Au centralities
(bottom). A significant upturn is seen for p

2

T < 0.002
(GeV/c)2, while at higher energies, the distribution looks
quasi-exponential. The p

2

T scale is lowest for Pb-Pb
because, for a fixed photon energy k, the photon kT

drops with increasing ion energy. The U-U distribution
is slightly softer than the Au-Au spectrum because the
larger nuclear size softens the energy distribution.
At low pT , the equivalent photon approach used here

di↵ers from a lowest-order QED calculation, which pre-
dicts a drop-o↵ at low pT . Data from �� ! ee in ultra-
peripheral collisions also does not show this increase [7].
The peak of the pair pT distribution scales roughly asp
1.5Mee/� [19]. In Ref. [7], the data diverged from the

equivalent photon calculation for pT < 20 MeV/c, for
a sample with Mee > 140 MeV/c2. If the

p
Mee scal-

ing holds, the calculated p

2

T spectrum should be OK for
pT > 35 MeV/c, or p2T > 0.001 (GeV/c)2.
Following the STAR Collaboration [11], these curves

•  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- 

•  Expectations for ALICE acceptance, Run 3/4? 

Spencer Klein, arXiv:1801.04320 

Pb-Pb 
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•  Preliminary Run1 results from ALICE 
•  Missing updated projections for Run 3/4 (also should this stay in this 

section?) 
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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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•  Organize as presented here (theory and then experimental expectations) 
or by topics 

•  Responsibles for subsections (a GitHub repository is prepared already), so 
far no written text 

•  Are we missing possible topics related to this section? 
•  Contact other theorists (see first slide) for expectations/discussions? 

Organize a dedicated meeting? 
•  Move topics to other sections (dark photons, peripheral collisions, small 

systems) 

•  Will we have updates on expectations? 
•  Photons (projections on ALICE performance) 
•  Dileptons (fast/full simulation, systematics, hadronic cocktail, virtual 

photon method, heavy flavour extraction, dimuons) 
•  Peripheral collisions (calculations for ALICE acceptance) 
•  Dark photons  

•  Are we statistics limited for some of the observables?  
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•  Timeline: 
•  end May/beginning June: next meeting for this section (with updates 

from the different topics) 
•  mid June: all figures placeholders 
•  end July: full text draft 
•  end September: final version of draft 

•  See also: 
https://indico.cern.ch/event/698005/contributions/2902627/attachments/
1611619/2559334/Dainese_HLLHC_WG5_Mar2018.pdf 
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