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High energy photons created from back-scattering of jets in quark gluon plasma are considered a valuable

probe of the temperature of the plasma, and of the energy loss mechanism of quarks in the plasma. An

unambiguous identification of this source through the measurement of single inclusive photon spectra

and photon azimuthal anisotropies has not been conclusive so far. We proposed a method to identify this

source by using the correlation with away-side trigger jet at large momentum. We estimate the spectra

and nuclear modification factor of back-scattering photons in coincidence with trigger jets for the heavy

ion collisions at the Large Hadron Collider (LHC) energy. We find the back-scattering photons cause

a promising peak in nuclear modification factor which smears out by including trigger jet energy loss.

Thus separating back-scattering photons from other photon sources using trigger jets depends crucially

on our ability to estimate the initial trigger jet energy in experiment.
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Introduction

The measurement of direct photons (real and virtual) holds great promise for the characterization of quark-

gluon plasma (QGP) created in high energy nuclear collisions. The large mean free path (∼ 100 fm) of these

electromagnetic radiations which is an order of magnitude larger than the transverse size of the colliding nu-

clei, enable them to carry information from the earliest stages of collision. Due to electromagnetic coupling

with matter (αe/αs ∼ 10−2), they are least scattered in the surrounding medium and carry the information

undistorted to the detectors (Feinberg, 1976). Theoretical efforts over the last few decades have been spent

to identify several sources of direct photon which constitute the entire spectrum measured in experiment
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(Chatterjeeet al., 2010). They include;Prompt photons: originated from the initial hard scatterings be-

tween the beam partons and from the fragmentation of large momentum jets,Pre-equilibrium photons:

originated from the secondary scatterings among the partons before the system achieves thermalization,

Jet-medium photons:produced due to elastic back-scattering of high energy jets with thermalized partons

of the medium,Thermal photons: emitted from the elastic and in-elastic scatterings of the constituents of

thermalized QGP and hadronic matter.

The direct photon sources described above, follow a hierarchy in descending order of transverse mo-

menta (pT ) of photons. However it is a challenge for experiment to separate out each contribution, in fact

to distinguish direct photons from the overwhelming background of photons coming from the decay ofπ0

andη mesons. In this proceeding we have discussed the importance of jet-medium photons and proposed

a experimentally feasible way to separate these photons from other sources using the correlation with high

energy trigger jets.

Jet-medium photons are notably produced through Compton back-scattering of fast partons or jets in

the medium and the jets are preferred to produce back-to back for a leading order (LO) process. Thus we

choose a jet of energy few tens of GeV and look for direct photons on the away-side in a narrow azimuthal

(φ) sector of±150. Only the hard prompt photons possess such correlation with away-side jets, thus treated

as ‘Background’for this measurement. Next we look for jet-medium photons having energy (Eγ) very

close to trigger jet transverse energy (ET ). This will help to reduce the background from jet-fragmentation

photons. In the same kinematic situation we have calculated the parton spectra which will scatter to produce

jet-medium photons. The momenta of the photon-jet or the parton-jet pair are perfectly balanced in a LO

kinematics. Thus the back-scattered photon signal is lying under the direct photon peak for an ideal scenario.

The energy loss of partons prior to back-scattering tends to shift the signal towards low momentum region,

thus makes the measurement doable (Frieset al., 2013). However the inclusion of trigger jet energy loss has

been found to dilute the above photon-jet correlation.

Evaluation of Back-Scattered Photon Source

Jet-medium photons are produced through elastic Compton (qg → qγ) and annihilation (qq̄ → gγ) scatter-

ing in quark-gluon plasma. It is found that the cross sections of the above processes are sharply peaked either

at forward or backward directions. This implies when a fast quark annihilates with a thermal anti-quark (of

medium) or Compton scatters of a thermal gluon, the photon carries approximately the same momentum

of the fast quark (Frieset al., 2003). The back-scattering phenomenon is exploited in quantum optics to

produce high energy photon beams through the processe + γ → e + γ (Milburn, 1963).

The rate of production of jet-medium photons from Compton and annihilation process under the as-
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sumption of back-scattering (pγ = pjet
q or pjet

q̄ ) is given by (Frieset al., 2003):
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(ef
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]
, (1)

wheref is running over all active quark flavors. It is found that the total production rate of back-scattered

photons is proportional toT 2 ln(1/T ), thus sensitive to the temperature of the plasma. It can also be noted

that the phase space distribution of the fast quark (fq(p)) enters linearly in the rate equation which leads to

power-law behaviour of the momentum spectrum.

Now the phase-space distribution of the quark jetsfq(p) is related to their invariant yield as (Lin and

Gyulassy, 1995):

fq(p) =
(2π)3

gqπR2τpq
T

dN q

d2pq
T dy

, (2)

wheregq=6 is the spin-color degeneracy of the quarks andR is the transverse dimension of the fireball.

Next we consider the trigger jets whose energy (ET ), psudo-rapidity (yj) and azimuthal angle (φj) fall

within a windowΓj . To calculate back-scattering photon associated with a trigger jet, we replace single

parton distribution (Eq. 2) by parton-jet pair distribution integrated overΓj ,

f
Γj
q (pq) =

(2π)3

gqτpT
δ(y − η)ρ(τ, r⊥)×

∫
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dET dyjetdφjEq
dN
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∣∣∣
pq+∆pq
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(3)

wherer = (τ, η, r⊥) andpq are the position and momentum of the quark at the time of back-scattering.

∆pq and∆ET are energy lost by the parent quark and the trigger jet in the medium respectively.ρ(τ, r⊥)

gives the density of hard collisions in the transverse plane.

Results

Our calculation is divided in two stages. First we have calculated the prompt photon (direct + fragmentation)

spectra and the fast quark spectra at LO of strong coupling (αs) with the code JETPHOX (Aurencheet al.,

2006). Next we have used the fireball model PPM (Rodriguezet al., 2010) to evaluate the back-scattering

photon yield while accounting for (i) the energy loss of partons and (ii) the energy loss trigger of jets.

To identify the back-scattering photon signal, we propose to measure the nuclear modification of photon

production around the trigger jetpT window. The nuclear modification (Rγ
AA ) is defined as:

Rγ
AA (pT ) =

(Signal+Background)AA

Ncoll × (Background)pp
, (4)

where ‘Signal’refers to the jet-medium back-scattered photons andNcoll is the total number of binary colli-

sions.
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For this exploratory study, we have considered central collisions of Pb nuclei at the LHC energy (2.76A

TeV). First we consider no energy loss suffered by the trigger jets. The correlated yield and nuclear mod-

ification factor of back-scattered photons opposite to trigger jets of energy (60 < ET < 65) GeV and

psudo-rapidity−2 < yj < 2 are displayed in Fig. 1.

We see that for no energy loss suffered by the leading quark, back-scattered photons are lying within

the trigger jet window (blue circles). However energy loss of leading quark before back-scattering shifts the

signal (red dashed line) about 10–15 GeV away from the trigger window. This causes a sharp peak inRγ
AA

just below the trigger window, could be considered as a potential signature of back-scattering photons. The

nuclear modification factor of background photons (black dashed line) has also displayed in Fig. 1, which

could serve as baseline for this measurement.

Fig. 1: Invariant yield (A) and the nuclear modification factor (B) of back-scattering photons and only background

photons for central Pb+Pb collisions at LHC in opposite to 60-65 GeV trigger jets for LO kinematics

Next we consider trigger jet energy loss in our calculation which has recently been measured at LHC.

We followed a simple model of the path length and energy dependence to reproduce average features of jet

energy loss (Deet al., 2014). To calibrate our energy loss model, we have calculated the nuclear modification

factor (RAA ) of single inclusive jets for central Pb+Pb collisions at LHC (Deet al., 2014). We will refer to

different jet energy loss scenarios by quoting the value ofRAA atET = 100 GeV. This number is mentioned

in plots as “raa”.
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Fig. 2: Invariant yield (A) and the nuclear modification factor (B) of back-scattering photons and background photons for

central Pb+Pb collisions at LHC for three different trigger jet energy loss scenarios

We have shown the back-scattering photon and the background photon spectra for three jet energy

loss scenarios (raa 1.0, 0.7, 0.5) at LO kinematics in Fig. 2. We have checked that the scenario ‘raa

1.0’reproduces our old result of only parton energy loss. It can be seen that both the signal and background

spectra developed a shoulder∼ 10-15 GeV towards large momentum side of the trigger window. This is due

to the fact that a trigger jet counted in 60-65 GeV window might have originated as a jet of larger energy.

We found that the energy loss suffered by trigger jets leads to suppression inRγ
AA due to shift of background

photons towards higherpT . The back-scattering signal causes a local enhancement inRγ
AA just below the

trigger window. However this is not very distinct for the current jet reconstruction scenario (raa 0.5) used at

the LHC.

Conclusions

The jet-medium back-scattered photons are found sensitive to the temperature of QGP and parton energy

loss mechanism in QGP. We have shown that measuring nuclear modification factor in coincidence with the

away-side leading jet offers an unique opportunity to identify these photons in experiment. However with

available jet reconstruction technique used at the LHC, this is not yet feasible.
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