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High energy photons created from back-scattering of jets in quark gluon plasma are a valuable
probe of the temperature of the plasma, and of the energy loss mechanism of quarks in the plasma.
An unambiguous identification of these photons through single inclusive photon measurements and
photon azimuthal anisotropies has so far been elusive. We estimate the spectra of back-scattering
photons in coincidence with trigger jets for typical kinematic situations at the Large Hadron Collider
and the Relativistic Heavy Ion Collider. We find that the separation of back-scattering photons from
other photon sources using trigger jets depends crucially on our ability to reliably estimate the initial
trigger jet energy. We estimate that jet reconstruction techniques in heavy ion experiments need to
be able to get to jet RAA & 0.7 in central collisions for viable back-scattering signals.
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I. INTRODUCTION

Electromagnetic radiation has a long history as an ex-
cellent probe in high energy nuclear collisions. The long
mean free path of photons and dileptons, an order of
magnitude larger than the transverse size of the colliding
nuclei, allows them to carry information from the earliest
stages of the collision and from deep inside the fireball
to the detector systems. Over the years, several distinct
sources of direct photons have been identified and cal-
culated. They include (i) prompt photons from initial
hard processes between beam partons and from jet frag-
mentation [1–3], (ii) pre-equilibrium photons from the
secondary scatterings between partons before the system
thermalizes [4], (iii) photons from jets interacting with
QGP [5–7], (iv) thermal radiation from equilibrated or
near-equilibrium quark gluon plasma (QGP) [8–11], (v)
photons associated with the hadronization process [12],
and finally (vi) thermal photons from the hot hadronic
gas phase [8, 13]. These direct photons have to be exper-
imentally separated from a large amount of background
photons from hadronic decays (most notably from neu-
tral pions).

Thermal photons, dominant at low transverse mo-
menta pT , are supposed to act as a thermometer of
the hot nuclear matter, and there is mounting evidence
that the early temperatures extracted are above the crit-
ical temperature Tc expected for the phase transition to
quark gluon plasma [14, 15]. Photons from interactions
of jets with QGP carry important complementary infor-
mation. Hence it is critical to experimentally separate
the contributions from different photon sources as much
as possible so each can be analyzed appropriately. The
list of photon sources in the previous paragraph follows
a rough hierarchy of typical transverse momenta of the
source, from high to low pT . Jet-medium photons have
been shown to make significant contributions at inter-
mediate pT around ∼ 4 GeV/c in single inclusive pho-
ton spectra both at the Relativistic Heavy Ion Collider

(RHIC) and the Large Hadron Collider (LHC), but they
compete with prompt hard photons at larger pT and ther-
mal and pre-equilibrium photons at smaller pT . Hence it
has been hard to confirm their existence from measure-
ments of single inclusive photon spectra alone, much less
to exploit their properties. Elliptic flow of jet-medium
photons had been predicted to be negative and it was
expected to serve as a telltale signature [16, 17]. How-
ever experimental studies of direct photon v2 have not
been able to bring conclusive evidence for the existence
of jet-medium photons [18, 19].

In this work we propose to use the correlation of large
momentum photons with jets in the opposite direction
to measure the strength of a part of the jet-medium
photon source, more precisely the photons from back-
scattering kinematics. We will argue that this effec-
tively rids the sample of photons from thermal and pre-
equilibrium sources and vastly reduces the background
from jet fragmentation photons. Furthermore, energy
loss of the parent parton should shift back-scattering pho-
tons toward smaller momenta, exposing them compared
to the remaining background source of prompt hard pho-
tons which are not affected by parton energy loss. On
the other hand, energy loss of the trigger jet, and the
experimental uncertainty measuring jet energies tend to
wash out the signal from back-scattering photons. We
will discuss these effects in detail below. Great oppor-
tunity awaits us if we successfully measure the strength
of the back-scattering process. Besides having a comple-
mentary measure of parton energy loss independent of
hadronic measurements (quarks will lose energy before
converting into photons), one could measure the temper-
ature of the medium (T ∼ 200 MeV) independently using
back-scatter photons with energies of tens of GeV.

Jet-medium photons have most notably been calcu-
lated in two limits: as electromagnetic bremsstrahlung
to jet quenching [7, 11], e.g. in the Arnold-Moore and
Yaffe (AMY) approach, and as an elastic back scattering
process [5]. The latter is based on the fact that 2 → 2
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Compton and annihilation scattering with a photon in
the final state, q+g → γ+q and q+ q̄ → γ+g both have
a sharp peak at backward angles. In other words, when
a fast quark annihilates with a slow antiquark, or Comp-
ton scatters off a slow gluon from the thermal medium,
in most of the cases (Compton) or in about half the cases
(annihilation) the photon created carries approximately
the momentum of the fast quark. Back-scattering pro-
cesses of this type are well known and are exploited in
numerous ways, e.g. to create high energy photon beams.
In photon beam facilities laser photons (typically ∼ 1
eV) are Compton back-scattered from a high energy elec-
tron beam (in the MeV to GeV range) to create colli-
mated beams of MeV to GeV photons [20, 21]. The QCD
Compton analogue that we use here consists of a thermal
gluon (∼ 200 MeV) scattering off a quark (∼ 20 GeV)
to produce a ∼ 20 GeV photon. Both bremsstrahlung
and back-scattering calculations are often carried out in
a leading parton approximation to jets in a medium [5]
however more general calculations using the parton dy-
namics inside a jet shower in a medium have recently
become available [22].

II. CALCULATING PHOTON SOURCES

In Ref. [5] the rate of Compton and annihilation pro-
cesses between one parton from a set of fast quarks sub-
ject to energy loss, and another from a fireball with a
temperature profile T (x) = T (τ, η,x⊥) was calculated in
the backward peak approximation (pγ ≈ pfast q) to be
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=
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e
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where C = −1.916. Here α and αs are the electromag-
netic and strong coupling constant respectively. fq is the
phase space distribution of fast quarks interacting with
the medium and eq is the electric charge of a quark with
the index q running over all active quark flavors. This
formula is easily generalized to the rate of photons as-
sociated with a trigger jet whose energy, pseudorapidity
and relative azimuthal angle, ET , yj , φj , fall within a
trigger window Tj in ET -yj-φj space. For the latter we
replace the single inclusive parton distribution fq(pγ , x)
by the parton-jet pair distribution integrated over Tj ,
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Here x = (τ, η,x⊥) and pq are the position and mo-
mentum of the quark at the time of the back scatter-

ing and x0 = (τ0, η,x
0
⊥
) and p0

q are the original position
and momentum when the quark was created in a hard
process. Propagation is assumed to be along straight
lines in the direction of pq with the speed of light, i.e.
x⊥ = x0

⊥
+ (τ − τ0)p̂

0
q. ∆pq = p0

q − pq is the energy lost

between x0
⊥

and x⊥. Straight line propagation implies
that ∆pq is collinear with the original momentum of the
quark. Similarly ∆ET is the energy lost by the trigger jet
in the medium. ∆ET will strongly depend on the cone
size chosen in the experimental reconstruction of the jet.
gq = 6 is the spin and color degeneracy factor of quarks
and ρ is the density of nucleon-nucleon collisions in the
transverse plane.
We have to consider the background from prompt hard

photons and fragmentation photons with an awayside jet
in the same trigger window Tj . We will not consider trig-
ger windows with jet ET smaller than 20 GeV. The pre-
equilibrium and thermal photons do not possess back-
to back correlation with an away-side jet, hence can be
eliminated from the background. We can thus compute
the nuclear modification factor RAA of photons with an
awayside high energy trigger jet as:

RAA =
(backscat. + prompt hard + fragment.)A+A

Ncoll × (prompt hard + fragment.)p+p

(3)

where Ncoll as usual is the total number of binary
nucleon-nucleon collisions.
Our calculation comprises two stages. At the first stage

we calculate the background (prompt hard and frag-
mentation) photon and parton (prior to back-scattering)
cross sections at leading order (LO) or next-to-leading
order (NLO) in αs in the code JETPHOX (version 1.2.2)
[2, 3]. The default will be LO cross sections unless ex-
plicitly stated otherwise. We use CTEQ6M [23] parton
distributions for protons and EPS09 modifications for nu-
clei [24] in JETPHOX.
For the second stage we use the code package PPM

[25, 26] to calculate (i) the energy loss of partons, (ii)
the energy loss of jets, and (iii) the back-scattering pho-
ton rate according to Eq. (1). PPM propagates partons
and jets (represented by their leading parton) through a
fireball model. Here this is done pairwise, i.e. photon-jet
pairs and quark-jet pairs propagate from their point of
creation though a hard parton-parton scattering. The
spatial distribution ρ of hard processes is given by the
nucleon-nucleon collision density from a Glauber calcu-
lation. For photon-jet pairs the energy loss of the jet
due to its path through the medium is calculated, and
all photon-jet pairs with a final jet energy within Tj are
counted as part of the background. We do not take into
account energy loss of partons before fragmentation into
photons which will lead to a lower bound for the sig-
nal to background ratio. If energy loss of partons for
photon fragmentation were taken into account in addi-
tion, it would help to suppress the fragmentation back-
ground at high photon-z. For quark-jet pairs the en-
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ergy loss of the jet and of the parton are computed while
the back-scattering probability of the parton is also com-
puted along the way. All final photons from this source
which lie in Tj are counted as part of the photon signal.
Our fireball model describes a longitudinally expand-

ing, boost-invariant QGP phase. The transverse profile
of the entropy density is fixed by the participant density
of nucleons from a Glauber calculation. We do not ex-
pect our main conclusions to change much if transverse
expansion or fluctuations in the fireball are taken into
account. The normalization of the entropy density is
fixed by data from RHIC [27] and scaled up to describe
multiplicity data in Pb+Pb collisions at the LHC. We
use a relativistic ideal gas equation of state for 3 light
quark flavors to calculate the temperature needed in the
photon conversion formula. This procedure will slightly
underestimates the real temperature and thus the photon
production rate at a given value of the entropy density s,
in particular close to the pseudo-critical temperature Tc.
The energy loss of quarks and gluons is calculated from

a simple LPM-inspired approximation (called sLPM in
Ref. [25]) which uses dpT /dτ = −q̂(τ − τ0) where the
value of q̂ is proportional to the local entropy density s of
the fireball at that space-time point. The proportionality
constant is fitted to simultaneously describe RHIC and
LHC data on single inclusive hadron suppression. De-
spite its simplicity, this model describes basic features of
high momentum hadron production at RHIC reasonably
well [25]. The resulting initial value of q̂ ≈ 1.2 GeV2/fm
in the center of Au+Au collisions at RHIC energy is con-
sistent with recent findings of the JET collaboration [28].
Jet energy loss is much less under theoretical control.

A consistent calculation can only be done with a full
jet shower simulation in the medium, e.g. [22]. Here we
choose a simple model of the path length and energy de-
pendence to reproduce gross features of jet energy loss.
We parameterize that the energy loss (i.e. the amount
of energy outside of a given jet cone) is proportional
to path length, and we add a small energy dependence,
dET /dτ = −r̂ ln(ET /Λ) where Λ = 0.2 GeV. r̂ is pro-
portional to the local entropy density s as in the case of
leading parton energy loss.The linear path length depen-
dence appears more appropriate both for the stochastic
process of stripping partons off the jet cone as the jet
goes through the medium, and for the large angle ra-
diation with short formation times that plays a role as
well. The normalization of r̂ is varied to obtain different
inclusive jet RAA.

III. RESULTS

In order to calibrate jet energy loss we calculate the
nuclear modification factor RAA of single inclusive jets
for both central Au+Au collisions at RHIC energy and
central Pb+Pb collisions at LHC energy in our jet energy
loss model. This allows us to scale the normalization of
the parameter r̂ to reproduce a certain inclusive jet RAA.
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FIG. 1: (Color online) Upper Panel: RAA of single inclusive
jets as a function of jet pT in central Au+Au collisions at
RHIC for two values of r̂ corresponding to “raa” values of
roughly 1.0 (r̂ = 0) and 0.7 at 30 GeV respectively. Lower
Panel: The same for central collisions of lead nuclei at LHC
energy, for four values of r̂, corresponding to raa values of
roughly 1.0, 0.9, 0.7 and 0.5 at 100 GeV respectively. Data
from the STAR [29], ALICE [30] and CMS [31] collaborations
for jet cone radii of 0.4, 0.2 and 0.4 respectively, are also
shown for comparison.

We will refer to different values of jet energy loss by quot-
ing the approximate value of RAA at ET = 30 GeV for
RHIC and ET = 100 GeV at LHC, respectively. We
will quote this number in plots as “raa”. Fig. 1 shows
the single inclusive RAA for jets corresponding to values
of raa of roughly 1, 0.9, 0.7 and 0.5 for central Pb+Pb
collisions at LHC and 1.0 and 0.7 for central Au+Au
collisions at RHIC, respectively. We also show the data
from STAR, ALICE and CMS that use rather small jet
cone radii of 0.4, 0.2 and 0.4, respectively. Without a full
jet shower simulation we can not make a rigorous connec-
tion between jet cone radius, jet quenching, and jet RAA.
Rather we will present our results using a set of different
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values of “raa” (and thus r̂). As can be seen from the
figure the lowest values of raa for both RHIC (0.7) and
LHC (0.5) roughly correspond to the suppression seen in
current data with small cone radii. With improving jet
reconstruction techniques and larger jet cone radii larger
values of “raa” might become feasible. Small jet cones
in heavy ion experiments are mostly dictated by the rel-
atively large background that needs to be subtracted.
The value of r̂ needed to reproduce raa of 0.7 at RHIC
is about 0.24 GeV/fm initially in the center of head-on
Au+Au collisions which corresponds to an initial energy
loss of ∼ 1.2 GeV/fm for 30 GeV jets.

We can now proceed to calculate photon spectra op-
posite of trigger jets in several scenarios. For this pre-
liminary study we choose the trigger window Tj for the
jet to be defined as −1 < yj < 1 and 30–35 GeV in
ET for RHIC, and −2 < yj < 2 and 60–65 GeV in ET

for LHC. We define the away-side as an angle between
165 and 195 degrees in relative azimuthal angle. Let us
briefly discuss the choice of trigger window. The yield of
single-inclusive back-scattering photons falls faster with
pT than prompt hard photons (similar to a higher twist
contribution in perturbative QCD), thus the signal will
become stronger with smaller pT . However, experiments
need to be able to reconstruct jets in a reliable man-
ner. This puts a lower bound on the trigger window ET .
Our choice is an attempt to maximize the back-scattering
yield while keeping jet reconstruction feasible. We would
also like to make our back-scattering signals as sharply
defined as possible, which is ideally achieved with very
narrow trigger windows. However, uncertainties in the
jet energy reconstruction put constraints on the energy
resolution achieved in experiments. We have chosen a
trigger window width of 5 GeV for this study.

Fig. 2 shows our results for jet-triggered photon spectra
in central Au+Au collisions at RHIC for scenarios with
jet raa 1.0 and 0.7 at leading-order (LO) accuracy. At
LO and without trigger energy loss (raa 1.0) the prompt
hard photon kinematics is completely determined by the
trigger jet energy and leads to a well-defined band of
photons between 30 and 35 GeV in transverse momen-
tum. Fragmentation photons generally provide a low-
level background just below the trigger window (they cor-
respond to very high z photons where z is the momentum
fraction in the fragmentation function). We use BFG-II
fragmentation function for photons [32]. The kinematic
range of back-scattering photons (the signal) calculated
under the same assumptions (LO, raa 1.0) and without
energy loss of partons, coincide with those of prompt hard
photons, as expected, although their strength is lower
by about an order of magnitude. If parton energy loss
is switched on with parameters determined from single
hadron suppression, the back-scattering signal develops
a shoulder of about 4 GeV width, indicating that quarks
have lost up to 4 GeV of energy before conversion to pho-
tons. This pushes some back-scattering photon strength
into the region of fragmentation photons which makes
for a much better signal/background ratio just below the
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FIG. 2: (Color online) Upper Panel: Yield dN/d2pT dy of
photons opposite of a jet with energy between 30 and 35 GeV
in central Au+Au collisions at

√

sNN = 200 GeV. We show
the sum of prompt hard photons and fragmentation photons
(solid and dashed line) and back-scattering photons (solid
lines with marks) at LO accuracy for the hard process for
different parton and trigger energy loss scenarios. Triangles:
signal for no parton energy loss and no trigger jet energy loss
(raa 1.0). Squares: parton energy loss on, no trigger jet energy
loss (raa 1.0). Circles: both parton energy loss and trigger jet
energy loss at realistic strength (raa 0.7). Lower Panel: The
same as upper panel, however background (prompt hard +
fragmentation) calculated at NLO accuracy for the case raa
1.0 (solid line). Back-scattering photons for raa 1.0 (dashed
line) at LO accuracy multiplied by a K-factor.

trigger window.

If jet energy loss is taken into account in addition, with
cone radii currently available (raa 0.7), both the hard
prompt photon background and the back-scattering pho-
ton spectra become slightly more diffuse and tend to be
shifted to higher pT since a trigger jet measured between
30-35 GeV might have originated as a jet with larger en-
ergy. The jet triggered photon spectra thus carry fairly
obvious information about the energy loss of partons and
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FIG. 3: (Color online) Upper Panel: Nuclear modification
factor RAA calculated from the results in Fig. 2 for back-
ground and signal at LO accuracy for (i) jet raa 1.0 and
(ii) jet raa 0.7 (scaled by 0.5 for better visibility). In
both cases (signal+background)/background and the refer-
ence background/background are shown. Lower Panel: The
same as the upper panel but for raa 1.0 at NLO accuracy.

trigger jets in their broadening around the trigger win-
dow.

These strong kinematic correlations are washed out by
NLO corrections to the hard process in which another
hard parton can be emitted in the final state. The effect
is estimated in the lower panel of Fig. 2 where the back-
ground is now calculated at NLO accuracy and raa 1.0.
We also show the back-scattering photons at LO accuracy
but with a K factor. Our calculation of back-scattering
photons in its current form is not suitable to deal with ra-
diative corrections as it is not clear how to treat medium
induced radiation of a collinear pair of quarks that would
end up in the same jet cone. However our results seem
to indicate that the decorrelation of the signal with the
trigger window that comes from radiative corrections to
the hard process is generally weaker than the decorrela-

tion that is induced by parton and trigger jet energy loss.
This is even more the case at LHC energies where energy
loss is large. Here the K factor is determined from the
ratio (background at NLO)/(background at LO) in the
fragmentation dominated region of the background. We
chose to determine K at 20 GeV for RHIC and 40 GeV
for LHC.

We proceed to show the results for the nuclear modi-
fication factor RAA. Experimentally, RAA can be deter-
mined with smaller systematic uncertainties compared
to spectra, and might thus be a more promising observ-
able. Fig. 3 shows RAA as defined in Eq. (3) for central
Au+Au collisions at RHIC for (i) raa 1.0 and (ii) raa 0.7
(scaled by 0.5). For comparison we also show the result
one would obtain if back-scattering photons were absent
(i.e. the ratio of fragmentation and prompt hard photons
for Au+Au and p+ p). The difference between the RAA

with and without inclusion of signal, is the signature for
jet-triggered back-scattering photons.

Let us understand the key features of RAA. First, we
note that the nuclear modification factor of background
photons (i.e. background photons in A+A vs background
photons in p + p) is not around 1. This is because
background photons at RHIC probe hard processes with
quarks in the initial wave function. In A+A those pro-
cesses are suppressed due to the larger fraction of d va-
lence quarks compared to u valence quarks in nuclei and
their smaller electric charge. We notice that trigger jet
energy loss can lead to suppression of RAA in the trigger
window due to the shift of strength of background pho-
tons to larger energies. In fact the width of such a dip
is related to the size of the typical jet energy loss. The
signal of back-scattering photons on the other hand cre-
ates an enhancement in RAA which is peaked just below
the trigger window. Both the dips in the background and
the enhancement due to the signal are typical effects that
will also appear at LHC. In contrast, radiative effects on
the distribution of background photons in the NLO cal-
culation generally tends to smear out an enhancement
due to the signal.

Fig. 4 shows the jet-triggered photon spectrum for cen-
tral Pb+Pb collisions at LHC for the 60–65 GeV trigger
window discussed above. We show both signal and back-
ground for the four jet energy loss scenarios (raa 1.0, 0.9,
0.7 and 0.5) at LO kinematics with parton energy loss
included. All the features discussed for the RHIC case
are qualitatively present at LHC as well. However, the
diffusion of signal strength both due to parton energy loss
and jet energy loss is much larger than at RHIC for the
raa 0.7 and 0.5 scenarios, creating shoulders up to 15–20
GeV wide on both sides of the trigger window.

Fig. 5 shows RAA for trigger energy loss scenarios raa
1.0, raa 0.7, and raa 0.5. The baseline suppression due
to d valence quarks is not present at LHC where hard
processes are dominated by gluon fusion. We again find
dips in the background RAA in the trigger window due
to trigger energy loss, and enhancement in RAA, peaked
below the trigger window, from back-scattering photons.
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FIG. 4: (Color online) Upper panel: The same as Fig. 2
for trigger jets between 60 and 65 GeV energy in central
Pb+Pb collisions at

√

sNN = 2760 GeV for four different
trigger jet energy loss scenarios: raa 1.0 (solid line, circles),
raa 0.9 (dashed line, diamonds), raa 0.7 (dash-dotted line,
triangles), 0.5 (dotted line, squares). Both background and
back-scattering signal are calculated at LO accuracy for the
hard process. All scenarios have parton energy loss taken into
account. Lower panel: Background (prompt hard + fragmen-
tation) is calculated at NLO accuracy for the case raa 1.0
(solid line) while back-scattering photons are estimated at LO
accuracy for raa 1.0 (dashed line), multiplied by a K-factor.

While raa 1.0 shows a rather promising signature peak
the signal for the more realistic raa 0.5 and raa 0.7 jet
energy loss scenarios are small.

IV. SUMMARY AND DISCUSSION

We have, for the first time, calculated the correlation
of medium-induced photon radiation from jets with trig-
ger jets. We have focused on back-scattering photons
from the Compton process. Our numerical studies indi-
cate that there is a potential signal from back-scattering
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FIG. 5: (Color online) Upper panel: Nuclear modification
factor RAA for central collisions of lead nuclei at LHC at LO
accuracy for raa 1.0, raa 0.7 and raa 0.5. We again show
RAA with and without the inclusion of back-scattering pho-
tons. Lower panel: The same calculated for raa 1.0 at NLO
accuracy.

photons in the RAA of photons opposite of trigger jets
in high energy nuclear collisions. The signal is mostly
due to a downward shift of back-scattering photons in
momentum due to parton energy loss before the back-
scattering occurs. This reduces the background from
prompt hard photons significantly. However, trigger jet
energy loss and radiative corrections to the underlying
hard processes tend to wash out the correlation. The
decorrelation of signal and trigger due to jet energy loss
dominates over those due to NLO corrections at LHC en-
ergies. With the currently used small jet cone radii and
the typical trigger jet RAA measured at RHIC and LHC
the signal is visible in our calculation, but it would be
too small to be seen experimentally.

We should emphasize here that many features of our
calculation are designed to establish a lower bound on
the signal strength and a more detailed follow-up calcu-
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lation could lead to a more promising result. Here are
the main points that establish a lower bound: (i) The
simple equation of state underestimates the temperature
and thus the back-scattering rate. (ii) We omitted in-
duced photon bremsstrahlung, which will generally in-
crease the signal photon rate below the trigger window.
Obviously back-scattering photons have the advantage
of a rather sharp feature in RAA, while additional yield
which simply scales up RAA in a pT -independent way
will be harder to find experimentally. (iii) Photon frag-
mentation might happen partially or fully outside of the
medium. In that case fragmentation photons are subject
to energy loss which is neglected here. This effect will
shift the background from fragmentation towards smaller
pT , effectively decreasing the background. We have also
not systematically explored different kinematic cuts on
the trigger jet or the photon that could possibly improve
the signal over background ratio. Nevertheless we con-
clude that single inclusive jet RAA of 0.7 or larger in
central collisions will likely be necessary to carry out this
measurement.
Going beyond the back-scattering peak approximation

in Eq. (1) leads to decorrelation of the trigger and back-
scattering photon, however, it will also tend to push some
of the signal strength to lower pT , away from the prompt

hard photon background. The net effect might thus not
be simply a loss of signal due to decorrelation. In princi-
ple our proof-of-principle calculation could be improved
in several ways. A full jet shower Monte-Carlo would
remove the need for a leading parton approximation. It
could also mimic NLO kinematics which we have only
employed when final state effects leading to energy loss
is absent since no consistent theory is available in that
case.
One could consider the use of high-pT trigger hadrons

instead of trigger jets. They will be subject to the parton
energy loss and jet energy loss which leads to smearing
of the back-to-back energy correlation as discussed in the
jet-photon case. In addition, there is smearing due to
the fragmentation of the hadron which by itself already
almost completely destroys the correlation in energy with
the photon on the other side, see e.g. [33]. Therefore
hadron triggered photons have not been considered here.
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