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Photons from relativistic heavy ion collisions 

Electromagnetic radiation is known as the thermometer of the 
medium from early days of heavy ion collision and initially direct 
photons were studied in order to get the temperature of the 
system.
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The main sources of production of decay photons are π0 and η mesons. ω, η′ etc. 
also contribute to the decay photon spectrum marginally. Subtraction of the decay 
background from inclusive photon spectrum is a very challenging task.

Direct Photons:

Prompt

Pre-equilibrium

Jet-conversion

Thermal (QGP & hadronic)



Direct photon puzzle

Elliptic flow of thermal photons
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Direct
photon 
scaling

Photon yield 
dominated by 

thermal radiation for 
pT > 1 GeV 

prompt radiation for pT 
> 5 GeV
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Jean Cleymans, Krzysztof Redlich, & Dinesh Kumar Srivastava 
Phys.Lett. B420 (1998) 261-266
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Illuminating the early stages of relativistic heavy-ion collisions: 
the pre-hydro phase as seen through photons and hadrons

Talk by Jean-François Paquet
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Photon emission at 
hadronization from 
quark-gluon plasma

Chiho Nonaka



Directed flow of photons in Cu+Au collisions at RHIC

The directed flow (v1) of photons is found to be non-zero and significantly large.

 v1 shows a different nature compared to the elliptic  and triangular flow 
parameters.

Photon v1 is completely dominated by QGP radiation. 

The v1 is more sensitive to the initial formation time compared to v2 and v3.

P. Dasgupta, RC, D.K. Srivastava
J Phys G (2020)



Phys. Rev. C 98, 024911 (2018)

At FCC the central temperature (more than 1 
GeV) is significantly larger than the maximum 
central temperatures at the LHC energies. 

The prompt photons production  increases by a 
factor of 5  to 15  at 39A TeV in the pT region 2 to 
15 GeV  compared to 2.76A TeV .

The relative enhancement in the production of 
thermal photons is found to be more compared 
to prompt photons at FCC than at the LHC 
energies.

P. Dasgupta et al PRC98, 024911 (2018)



★ Photon production from U+U collisions can be complementary to the results from 
Au+AU collisions at RHIC.  Phys. Rev. C 95, 064907 (2017) 

★ Fluctuations in the initial density distribution results in larger anisotropic flow  in 
Cu+Cu collisions than in Au+Au collisions. 

★ The inclusion of initial state nucleon shadowing enhances  the anisotropic flow of 
thermal photons significantly. Phys. Rev. C 97, 034902 (2018) 

Effect of initial state nucleon 
shadowing on elliptic flow of 
thermal photons

Anisotropic flow of thermal 
photons from Au+Au and Cu+Cu 
collisions at RHIC

Phys. Rev. C 96, 014911 (2017)

Thermal photons from fully 
overlapping  U+U collisions 
at RHIC



Photon 
Interferometry
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Photon interferometry
P. Dasgupta & RC 
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Study of 
in-medium 
momentum 
broadening with 
photon-jet 
momentum 
correlations in 
PbPb collisions 
at 5.02 TeV with 
the CMS 
experiment

M. Taylor



Ralf-Arno Tripolt, Quark Matter 2019

Dileptons

R. Rapp, J. Wambach 1999

Dileptons have an advantage over real photons: 
an additional variable, the invariant pair mass Mll
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DCA studies for separating prompt and non-prompt dielectrons in 
p–Pb collisions at √sNN = 5.02 TeV with ALICE 

Sebastian Scheid for the ALICE Collaboration



A significant μ+μ- enhancement w.r.t. cocktail is observed at very low pT in peripheral 
Au+Au collisions at 200 GeV

Measured in high mass region 3.2 < Mμμ< 10 GeV/c2

Excess entirely happens below pT≈ 0.15 GeV/c 
Compatible with the theoretical calculation.

Zaochen Ye



Observation of b dependence of 𝜇+𝜇- acoplanarity in 
ultra-peripheral PbPb collisions

Shuai Yang (for the CMS 
Collaboration)



Dominik Derendarz

Production of muon-pairs from photon photon 
scattering in Non-Ultra Peripheral Pb+Pb collisions
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Excellent tool to constrain the initial state effects, 

sensitive probes of the nuclear modifications of 
the Partonic Distribution Functions (PDF)

nPDFs are obtained by multiplying free PDFs with
a nuclear modification factor Ri

A (x, Q2 ):

data are well described by nPDF calculations!

Produced by initial hard processes:



arXiv:2003.11856Talk by Mikko Kuha



Mikko Kuha



Shan-Liang Zhang



Electroweak probes in heavy-ion collisions with ATLAS
Talk by Iwona 
Grabowska-Bold

Measurements of long-range correlations in small systems with ATLAS

● azimuthal anisotropy in Z-tagged 𝑝𝑝 collisions at 8 and 13 TeV.

● Collectivity in pp collisions tagged by Z-boson production. Z-tagged and inclusive pp v2 are 
consistent.

Talk by Blair Daniel 
Seidlitz



Z bosons in PbPb and Drell-Yan in pPb (CMS)
Austin Alan Baty
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Measurement of electroweak-boson production in p-Pb and Pb-Pb 
collisions at the LHC with ALICE

Talk by Y. Mao



Talk by
Iwona Grabowska-Bold



Jamal Jalilian-Marian

Kirill Tuchin

Open charm and dileptons from relativistic heavy-ion 
collisions  Elena Bratkovskaya
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