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The Quark-Gluon Plasma (QGP) phase produ
ed in relativisti
 nu
leus-nu
leus 
olli-

sions is expe
ted to have a transient existen
e and the information about the spa
e-time

evolution and dynami
s this hot and dense matter are obtained from the various �nal state

observables. Photons (real as well as virtual) are emitted from the entire lifetime of the

matter evolution and the weak gauge bosons are produ
ed from the initial hard s
atter-

ings. These ele
troweak probes do not su�er strong intera
tion with the medium, 
arry

undistorted information from their produ
tion point to the dete
tor and thus are regarded

as e�
ient probes to study the initial state and the properties of the strongly intera
ting

matter [1�3℄.

1. Dire
t Photons

Ele
tromagneti
 radiations are known as the thermometer of the medium from early

days of heavy ion 
ollisions and the dire
t photons were initially studied to get the temper-

ature of the system formed in these 
ollisions [4℄.

The experimentally measured in
lusive photon spe
trum 
ontains a huge ba
kground

that originates (mostly) from the 2-γ de
ay of π0
and η mesons. The dire
t photon spe
trum

is obtained by subtra
ting this de
ay ba
kground from the in
lusive photon spe
trum.

Photons produ
ed from the various stages of the matter evolution 
ontribute to the dire
t

photon spe
trum. The prompt photons are produ
ed from the initial hard s
atterings

and the pre-equilibrium photons are emitted before the medium gets thermalized. These

photons dominate the high pT region of the dire
t photon spe
trum. The thermal photons

are radiated from the QGP as well as from the hot hadroni
 matter and populate the

pT < 4 GeV region of the transverse momentum spe
trum. The jet-
onversion pro
ess also


ontributes signi�
antly to the dire
t photon spe
trum.

There has been signi�
ant advan
ement in the de
ay ba
kground subtra
tion methods

in last 
ouple of de
ades. The WA98 Collaboration �rst used the invariant mass analysis

method to subtra
t the de
ay ba
kground from the in
lusive photon spe
trum [5℄. In re
ent

times the PHENIX Collaboration at RHIC and the ALICE Collaboration at the LHC have

used several sophisti
ated methods for the subtra
tion of the de
ay ba
kground.

The experimental data at RHIC and at the LHC have shown an ex
ess of dire
t photon

yield from heavy ion 
ollisions 
ompared to the (s
aled) photon yield from p+p 
ollisions in

the region pT < 4 GeV. This ex
ess yield is 
onsidered as thermal radiation from the hot and

dense medium [6, 7℄. The dire
t photon anisotropi
 �ow has been measured at RHIC and

LHC energies at di�erent 
entrality bins [8, 9℄. It is well known that the thermal radiation


ompletely dominates the photon anisotropi
 �ow parameter [10℄ and the 
ontributions from

other (non-thermal) sour
es to photon vn are negligible. However, the theoreti
al model


al
ulations whi
h explain the 
harged parti
le spe
tra and anisotropi
 �ow su

essfully,

have been found to underpredi
t the experimental data of photon anisotropi
 �ow by a

signi�
ant margin [11℄. This is known as dire
t photon puzzle.

Dire
t photon data from a number of 
ollision systems have been reported by the

PHENIX Collaboration at RHIC in re
ent times. Apart from the Au+Au and Cu+Cu


ollisions at 200A GeV, photons from 62.4 and 39A GeV Au+Au 
ollisions have been

2
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Figure 1: (Color online) Integrated dire
t photon yield (1.0 < pT < 5.0 GeV) s
ales with the


harged parti
le multipli
ity dNch/dη. The �gure is from Ref. [13℄.

measured by PHENIX [12, 13℄. Photon data from p+p, p+Au, and d+Au 
ollisions at 200 A

GeV are also available now. The 0�5% p+Au 
ollisions have indi
ated a thermal produ
tion

from the medium among the small systems at RHIC. The PHENIX Collaboration has also

reported a new analysis method for the dire
t photon measurement where the double ratio

Rγ is 
al
ulated using external 
onversion (that leads to better 
an
ellation of systemati
s).

The results from the new analysis are found to be 
onsistent with the Rγ obtained from

the internal 
onversion, virtual, as well as 
alorimeter methods [12℄.

One important observation in re
ent time is the universal s
aling behaviour of the low

pT photon yield whi
h s
ales with the 
harged parti
le multipli
ity as (dNch/dη)
α
[13℄.

The s
ale fa
tor α (is about 1.25) indi
ates that the photon multipli
ity grows faster than

the 
harged parti
le multipli
ity. The s
aling behaviour is found to be independent of the

energy, 
entrality, and system size (see Fig. 1). The STAR data also show a similar s
aling

however, the magnitude is smaller than PHENIX.

It is to be noted that a theory 
al
ulation by Cleymans et al . [14℄ predi
ted similar

s
aling behaviour between photons and 
harged parti
le multipli
ity long before where they

estimated the s
aling 
oe�
ient to be about 1.2, 
lose to the α value by PHENIX.

New prompt photon data at LHC have been reported by the ALICE Collaboration.

Isolated prompt photons from 7 TeV p+p 
ollisions are available in the range 10 < pT < 60

GeV where an isolation 
ut is used to redu
e the fragmentation photons. The data is found

to be in good agreement with the JETPHOX NLO pQCD 
al
ulations [15℄.

There has been signi�
ant advan
ement in the theory 
al
ulation of dire
t photon spe
-

tra and anisotropi
 �ow from relativisti
 nu
lear 
ollisions in re
ent years. Paquet et al . [16℄

have shown that the radiation from pre-hydro phase 
an be a substantial 
ontribution to

the photon and hadroni
 observables. They introdu
ed a pre-hydro phase KOMPOST be-

3
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tween the CGC initial state and the hydrodynami
al model evolution to study the e�e
t

on photon spe
tra and ellipti
 �ow parameter. The in
lusion of this new phase enhan
es

the photon produ
tion signi�
antly whi
h is re�e
ted in the pT > 3 GeV region of the

spe
trum. However, the anisotropi
 �ow parameter is found to 
hange only marginally by

the in
lusion of the pre hydro phase.

The dire
t photon puzzle still remains as one of the interesting unsolved problems

in relativisti
 heavy ion 
ollisions. The experimental data from a number of small and

large systems as well as from di�erent beam energies have opened up the possibility of

understanding the initial state as well as the photon puzzle better. Additionally, photon

produ
tion from asymmetri
 
ollisions (C+Au) [17℄ and also from 
ollisions of deformed

nu
lei (U+U) [18℄ 
an play an important role in this regard.

The fully overlapping U+U 
ollisions 
an lead to di�erent 
ollision geometry depending

on the orientation of the 
olliding nu
lei. A re
ent study using hydrodynami
al model 
al-


ulation has shown that the photon produ
tion from tip-tip 
on�guration of U+U 
ollisions

is 
omparable to the produ
tion from most 
entral Au+Au 
ollisions at RHIC [18℄. On the

other hand, the ellipti
 �ow from body-body 
on�guration of uranium nu
lei is found to

be 
lose to the photon v2 from mid-
entral Au+Au 
ollisions. The dire
ted �ow of photons

from a hydrodynami
al model 
al
ulation has been found to be signi�
antly large and it

shows di�erent behaviour 
ompared to the ellipti
 and triangular �ow parameters [17℄. The

v1(pT ) is found to be negative at smaller pT values unlike the higher order �ow 
oe�
ients

and it is also found to be dominated by the QGP radiation in the entire pT region.

It has been shown in a re
ent study that the initial state nu
leon shadowing in the

Monte Carlo Glauber model in
reases the anisotropi
 �ow of photons signi�
antly. The

e�e
t of this initial state nu
leon shadowing is found to be more prominent for photon

observables 
ompared to the hadroni
 observables [19℄.

A radiative re
ombination model is used by Nonaka et al . [20℄ to study photon pro-

du
tion from heavy ion 
ollisions. In a re
ombination model, the hadrons are formed by


oales
en
e of valen
e quarks. The model is modi�ed to allow photon emission and pro
esses

su
h as qq̄ → π0γ are 
onsidered when the QGP hadronizes. They obtain an exponential pT
distribution for the photons similar to a thermal distribution with an e�e
tive temperature

given by the (blue-shifted) re
ombination temperature.

The photon-jet 
orrelations 
an play an important role in understanding the initial

state produ
ed in relativisti
 nu
lear 
ollisions. The photon jet transverse momentum im-

balan
e and azimuthal 
orrelations have been studied using JETSCAPE framework in p+p

and heavy ion 
ollisions at LHC energy by Sirimanna et al . [21℄ . The JETSCAPE is a

multistage framework whi
h uses several modules to simulate di�erent stages of jet prop-

agation through the QGP medium. A signi�
antly improved agreement with the photon

data has been observed 
ompared to the earlier 
al
ulations.

The photon HBT interferometry 
an be useful to get information about the spatio-

temporal evolution of the system produ
ed in relativisti
 nu
lear 
ollisions [22℄. The feasi-

bility of su
h study at LHC energy has been estimated by Gar
ia-Montero et al . [23℄ where

they show that the HBT 
orrelation at low kT (< 1 GeV) 
an be statisti
ally signi�
ant.
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Figure 2: (Color online) Ellipti
 �ow of thermal dileptons is sensitive to the shear vis
osity parameter

η/s(T ). The �gure is from Ref. [29℄.

2. Dileptons

The virtual photons or dileptons are also produ
ed from all stages of the �reball evolu-

tion similar to the real photons and are 
onsidered as a potential probe to study the prop-

erties of the strongly intera
ting matter produ
ed in relativisti
 nu
lear 
ollisions [24, 25℄.

The dileptons are massive unlike the the real photons. The invariant mass Mll of the dilep-

ton pair and the transverse momentum pT , both are tuned to a

ess the di�erent stages of

the matter evolution.

In a dilepton mass spe
trum, the region below φ mass is known as the low mass region,

φ mass to J/Ψ mass is known as intermediate mass region and above that is 
alled the high

mass region. The dilepton pairs having large Mll and pT are mostly emitted from the hot

and dense early stages of the 
ollisions and those having relatively smaller pT and Mll are

emitted from the later stages of the evolving system when the �ow is strong.

It has been shown that dileptons with Mll > 1 GeV are dominated by QGP radiation

whereas, Mll < 1 GeV dileptons are mostly due to hadroni
 matter radiation and are

important to study the 
hiral symmetry breaking/restoration. The anisotropi
 �ow of

dileptons using a hydrodynami
al model 
al
ulation shows ri
h stru
ture as a fun
tion of

pT as well as invariant mass due to the interplay of the emission from �uid elements at

di�erent temperatures with varying radial �ow pattern [26℄.

Re
ent studies have shown that Bayesian analysis simulating the soft hadroni
 observ-

ables from various stages of heavy ion 
ollisions 
an be useful to 
onstrain the transport


oe�
ients. The preliminary results by JETSCAPE simulation group show that the high

temperature behaviour of the η/s and ζ/s are not very 
lear and the anisotropi
 �ow of

dileptons 
an be used to 
onstrain these shear and bulk vis
osity 
oe�
ients [2℄. Transport

models su
h as 
oarse grained URQMD [27℄ and SMASH [28℄ are used to study the dilep-

ton produ
tion at lower beam energies. Vujanovi
 et al . [29℄ have shown that the dilepton

v2 at large invariant masses 
an be a probe for QGP and the results are sensitive to the

relaxation time.

The new results of dilepton produ
tion from photon-photon intera
tions have gathered

5
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a lot of attention in re
ent times [30℄. The intense ele
tromagneti
 �eld surrounding a

highly 
harged heavy nu
leus in relativisti
 
ollisions provides a �ux of quasi-real photons

where the photon �ux in
reases with (square of) nu
lear 
harge. The dileptons produ
ed

through the γγ → l+l− pro
ess are measured in ultra-peripheral 
ollisions. The STAR and

ATLAS experiments have also measured the dilepton produ
tion from photon intera
tions

in hadroni
 
ollisions 
omplementing the results from ultra-peripheral 
ollisions.

The new low mass preliminary STAR diele
tron data from Au+Au 
ollisions at 27 and

54.4 GeV signi�
antly enhan
e the pre
ision of the in medium rho modi�
ation measure-

ments 
ompared to the STAR BES-I results [31℄. The ALICE Collaboration has reported

high statisti
al pre
ision diele
tron spe
tra from Pb+Pb and p+p 
ollisions at 5.02A TeV

at LHC analyzing the 2018 data and also soft diele
trons from p+p 
ollisions at 13 TeV

with B=0.2 T [32℄.

The STAR experiment at RHIC has reported the invariant mass and yield distribution

of in
lusive dimuons in the low pT region for di�erent 
entralities of Au+Au 
ollisions. The

measurement is done in the mass range 3.2 to 10 GeV/c2 utilizing the Muon Teles
ope

Dete
tor. They observe a signi�
ant enhan
ement with respe
t to the 
o
ktail in the 60�

80% 
entrality bin and data are found to be 
onsistent with theoreti
al 
al
ulations [33℄.

Interesting new data on the impa
t parameter dependen
e of dimuon a
oplanarity in

ultra-peripheral Pb+Pb 
ollisions have been reported by the CMS Collaboration. The

a
oplanarity is basi
ally the relative angular de�e
tion of the dimuon pair. They show

that the 
entrality dependent γγ → µ+µ−
produ
tion provide valuable insight about the

origin of observed broadening of lepton pairs produ
ed from γγ s
atterings in hadroni



ollisions [34℄.

The yield and distributions of dimuons from γγ → µ+µ−
pro
esses in Pb+Pb 
olli-

sions have been measured by ATLAS 
ollaboration in ultra-peripheral as well as non-ultra

peripheral 
ollisions. The distribution of a
oplanarity and kT show signi�
ant 
entrality

dependen
e in the preliminary ATLAS data [35℄.

3. W

±
and Z bosons

The massive ve
tor bosons are produ
ed from the initial state in heavy ion 
ollisions

before the QGP is formed and are 
onsidered as valuable probes to study the nu
lear

modi�
ations of the parton distribution fun
tions (PDF).

The e�e
t of nu
lear shadowing on the inelasti
 nu
leon nu
leon 
ross-se
tion σNN has

been studied by Eskola et .al . [36℄ in an interesting work using the high pre
ision ATLAS

W±
and Z data from Pb+Pb 
ollisions at 5.02A TeV [37, 38℄. The Glauber model formalism

is widely used in 
entrality dependent 
al
ulations in heavy ion 
ollisions where the beam

energy dependen
e is in
orporated using the σNN obtained from the p+p measurements.

Thus, a suppression in the value of σNN is expe
ted due to shadowing and saturation

phenomena at small x values for larger nu
lei 
ompared to protons. The NNLO QCD


al
ulations and nu
lear PDFs are used to estimate the σNN in [36℄ and a signi�
antly

suppressed value (about 41.5 mb down from 71 mb at 5.02A TeV) is obtained whi
h is

expe
ted to a�e
t the experimental analysis of the nu
lear modi�
ation fa
tor.
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Figure 3: (Color online) The nu
lear modi�
ation fa
tor RPbPb as a fun
tion of rapidity 
al
ulated

using nu
lear-suppressed σinel
nn

=41.5 mb from Ref. [36℄. ATLAS data points are from [37, 38℄.

Gauge boson asso
iated with jet produ
tion 
an provide valuable information about jet-

quen
hing and parton energy loss in the hot and dense medium. The W±
+jets produ
tion

at LHC energy has been studied by Zhang et al . [39℄ using a Monte Carlo event generator

SHERPA (a sharp and smooth algorithm), the Linear Boltzmann transport model and a

parton shower. The W±
+jets, whi
h are dominated by quark jets are expe
ted to provide


omplementary information on jet quen
hing along with Z+jets and γ-jets.

There has been signi�
ant development in the W±
and Z boson measurements from

p+p, p+Pb, and Pb+Pb 
ollisions at di�erent LHC energies. The ATLAS Collaboration

has measured the W±
and Z bosons from p+p and Pb+Pb 
ollisions at 5.02A TeV where

the produ
tion yields are observed via their leptoni
 de
ay 
hannels [40℄. The p+p data

are found to be in good agreement with the NNPDF3.1 and the Pb+Pb data mat
h well

with all the theory predi
tions. They also show that the isospin e�e
t plays an important

role in the analysis of W±
data.

The CMS Collaboration has re
ently reported preliminary Z boson data from Drell-

Yan pro
ess at 8.16A TeV p+Pb 
ollisions at LHC and the new measurement is extended

to a lower mass region where the data are found to be explained well by EPPS16 with

shadowing 
ompared to free nu
leon PDFs [41℄. The Z boson yield at various 
entrality

bins are 
ompared to the HG-PYTHIA model. Additionally, a high pre
ision Z boson

azimuthal anisotropy measurement from Pb+Pb 
ollisions by CMS Collaboration shows

that the v2 is 
onsistent with zero.

The produ
tion of Z boson from 8.16A TeV p+Pb 
ollision is also reported by LHCb

experiment where the predi
tions at the forward and ba
kward rapidities are found to be

sensitive to the nPDFs in a unique kinemati
 domain [42℄. The stru
ture of the nu
leus 
an

be studied in a 
omplementary fashion from the LHCb results.

The ALICE W

±
data from Pb+Pb 
ollisions at 5.02A TeV show that the RAA does

7
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not depend on the 
ollision 
entrality signi�
antly. The Z boson RAA by ALICE is found

to be 
onsistent with theoreti
al 
al
ulations and only at large rapidities the value deviates

from 1 [43℄.

All these new high pre
ision data and the sophisti
ated theory 
al
ulations promise a

bright future for the ele
troweak probes in relativisti
 nu
lear 
ollisions.
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