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Bayesian inference of the path-length dependence of jet energy loss
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A simple model for medium modification of the jet function can be used to extract the jet energy loss
distribution through a parameterized form. We carry out a comprehensive Bayesian analysis of the world data
on single inclusive jet spectra in heavy-ion collisions at both BNL Relativistic Heavy Ion Collider and CERN
Large Hadron Collider energies. We extract the average jet energy loss 〈�E〉 as a function of jet transverse
momentum pT for each collision system and centrality independently. Assuming jet energy loss is proportional
to the initial parton density ρ ∼ dNch/dη/πR2

eff as estimated from the pseudorapidity density of charged hadron
multiplicity dNch/dη and the effective system size Reff ∼ N1/3

part given by the number of participant nucleons
Npart , the scaled average jet energy loss 〈�E〉/ρ ∼ R0.59

eff p0.13
T ln pT for jet cone-size R = 0.4 is found to have

a momentum dependence that is slightly stronger than a logarithmic form while the system size or length
dependence is slower than a linear one. The fluctuation of jet energy loss is, however, independent of the initial
parton density or the system size.

DOI: 10.1103/PhysRevC.108.034911

I. INTRODUCTION

Parton energy loss in dense medium was predicted to lead
to the suppression of large transverse momentum hadrons and
jets, known as jet quenching, in high-energy heavy-ion colli-
sions [1,2]. Jet quenching was indeed observed in experiments
at both the BNL Relativistic Heavy-ion Collider (RHIC) [3–5]
and CERN Large Hadron Collider (LHC) [6–10]. Phe-
nomenological studies have extracted the jet transport coeffi-
cient from comparisons between experimental data and model
calculations [11–17] whose values point to the formation
of the quark-gluon plasma with extremely high tempera-
tures in high-energy heavy-ion collisions. These data-model
comparisons are all based on perturbative quantum chromo-
dynamics (pQCD) calculations of collisional and radiative
parton energy loss inside QGP. In a static and uniform QGP
medium, the total radiative parton energy loss is predicted to
have a quadratic path-length dependence because of the non-
Abelian Landau-Pomeranchuck-Migdal interference in gluon
radiation induced by multiple scattering [18–24]. It is also
proportional to the jet transport coefficient, which is propor-
tional to the local color charge density. Taking into account
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the rapid longitudinal and transverse expansion in high-energy
heavy-ion collisions, the effective total parton energy loss
averaged over the azimuthal angle is approximately linear
in the system size or the average escape time [25]. Such a
system size dependence is consistent with the effective parton
energy loss extracted from the measured suppression of single
inclusive hadrons [26].

One can define the effective energy loss for a reconstructed
jet with a given jet cone size R as the difference between
the energy of a jet in proton+proton (p + p) collisions and
the energy of the final jet in heavy-ion (A + A) collisions that
originates from the same hard process in p + p collisions. The
relation between the jet energy loss and that of an individual
parton is not straightforward since some of the radiated gluons
can end up inside the jet cone as part of the final jet. In
addition, some of the lost energy carried by the recoil medium
partons as part of the jet-induced medium response can also
contribute to the final jet energy with a given jet cone size R.
The momentum and system size dependence of the jet energy
loss can only be studied through calculations that take into
account of both the above effects [27–29].

Since the jet production cross section can be factorized as
the convolution of the hard parton cross section and parton jet
function which can be further expressed as a convolution of jet
function in vacuum (in p + p collisions) and jet energy loss
distribution, one can extract the jet energy loss distribution
from the experimental data with Bayesian inference [30]. In
this study we will follow the same procedure of Bayesian in-
ference in Ref. [30] that extracted the momentum dependence
of the jet energy loss in the most central Pb + Pb collisions at
LHC. We carry out a systematic analysis of world data on the
single inclusive jet cross sections in p + p and A + A colli-
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sions with all possible centrality selections at both RHIC and
LHC energies. We will focus on the system size dependence
of the extracted jet energy loss as well as its scaling behavior
with respect to the charged hadron pseudorapidity density in
the final state.

II. JET PRODUCTION CROSS SECTION

We first briefly summarize here the pQCD parton model for
jet production that we use to extract jet energy loss distribu-
tions from experimental data. The differential cross section for
single inclusive jet production in p + p collisions can be ex-
pressed in a factorized and schematical form [31,32],

dσ
jet
pp

d pT dη
=

∑
a,b,c

∫
fa/p ⊗ fb/p ⊗ Hc

ab ⊗ Jc(pT , R|pT c), (1)

where fa/p is the parton distribution function of proton, Hc
ab

is the hard function for parton scattering a + b → c + X , and
Jc(pT , R|pT c) is the semi-inclusive jet function that describes
the probability for a parent parton c with initial transverse
momentum pT c to produce a jet with transverse energy pT and
jet-cone size R. Similarly, the single inclusive jet production
cross section in A + A collisions can be written as

dσ
jet
AA

d pT dη
=

∑
a,b,c

∫
d2rd2btA(r)tA(|b − r|)dφc

2π

× fa/A ⊗ fb/A ⊗ Hc
ab ⊗ J̃c(pT , R, r, b, φc|pT c),

(2)

where tA(r) is the nuclear thickness function with normaliza-
tion

∫
d2rtA(r) = A, fa/A is the parton distribution function

per nucleon inside the nucleus A, r is the transverse coordinate
of the hard production vertex of the initial parton (c), φc is
azimuthal angle between its transverse momentum pT c and
the impact parameter b of the nucleus-nucleus collision, and
J̃c(pT , R, r, b, φc|pT c) is the medium-modified semi-inclusive
jet function for a given path of jet propagation in the QGP. The
impact parameter b is integrated over a range that is deter-
mined by the centrality class of the nucleus-nucleus collisions
according to experimental measurements.

The modified jet functions J̃c take into account the jet en-
ergy loss due to induced gluon radiation and collisional energy
loss carried by the medium response outside the jet cone.
Assuming the in-medium jet function can be approximated by
a shift in the jet energy of the vacuum jet function and further
considering event-by-event fluctuates of jet energy loss for a
given propagation path, the medium-modified jet function can
be expressed as the convolution,

J̃c(pT , R, r, b, φc|pT c) =
∫ ∞

0
d�EJc(pT + �E , R|pT c)

× wc(�E , pT + �E , R, r, b, φc ),

(3)

of the jet function in vacuum with transverse energy pT + �E
and a jet energy loss distribution wc for a given path specified
by r, b, and φc. The jet transverse energy loss is defined as

the difference between the jet transverse energy in p + p and
A + A collisions originating from the same initial parton c.

One can define the jet energy loss distribution averaged
over the initial parton production point and propagation
direction,

W c
AA(�E , pT , R) =

∫
d2rd2b

tA(r)tA(|b − r|)
Nbin(b)

×
∫

dφc

2π
wc(�E , pT , R, r, b, φc ), (4)

for a given centrality class of A + A collisions, where
Nbin(b) = ∫

d2rd2btA(r)tA(|b − r|) is the number of binary
collisions. Then, the single inclusive jet production cross sec-
tion in the A + A collision can be written as

dσ
jet
AA

d pT dη
= Nbin(b)

∑
a,b,c

∫
d�EW c

AA(�E , pT + �E , R)

× fa/A ⊗ fb/A ⊗ Hc
ab ⊗ Jc(pT + �E , R|pT c).

(5)

In principle, the nuclear modification of the parton distribu-
tions (nPDF) should be considered in the above jet production
cross section [33]. However, the nuclear modification of PDF
is usually limited to small x or very large x (for EMC effect)
and low Q2 regions [34]. For our analyses in this study, we will
limit the jet transverse momentum to 15 < pT < 30 GeV/c
at RHIC and 50 < pT < 800 GeV/c at LHC which corre-
spond to 0.15 < x ≈ 2pT /

√
s < 0.3 and 0.02 < x < 0.32 in

the central rapidity region (y = 0), respectively. For such large
Q2 ≈ p2

T , the nuclear modification of the PDF is mostly negli-
gible in these regions of x [34]. This is also confirmed by next
to leading order pQCD parton model calculations [35] and in-
dicated by recent experimental data on the single inclusive jet
cross section in minimum-bias p + Pb collisions at LHC [36].
Furthermore, the jet cross sections also do not depend on the
isospin of the initial quark flavors.

Under the assumption that jet cross section in the con-
sidered kinematic region is not sensitive to the nuclear
modification of parton distribution, the single inclusive jet
cross section in A + A collisions can be expressed as the
convolution of jet cross section in p + p collisions and a
flavor-averaged (quarks and gluon) jet energy loss distribution
WAA. The suppression factor for single inclusive jet production
in A + A collisions can be written as

RAA(pT ) ≈ 1

dσ
jet
pp (pT )

∫
d�Edσ jet

pp (pT + �E )

× WAA(�E , pT + �E , R). (6)

This formula has been used for the study of jet suppres-
sion [37,38] and similar approximate expression for single
inclusive hadron spectra has been used in Refs. [26,39,40]
assuming a constant average momentum fraction of hadrons
zh = pT h/pT in the energy loss distribution. This is also the
expression we use to extract jet energy loss distribution from
experimental data through Bayesian inference in this study. In
this study, we will use PYTHIA8 [41] simulations to calculate
the jet production cross sections in p + p collisions which
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are shown to describe the experimental data very well at both
RHIC and LHC energies.

In the above equation the jet energy loss distribution is
averaged over parton flavors (quark versus gluon) weighted
by their respective cross sections. It is possible to extend
this analysis to include the flavor dependence with given
fractions of the total jet cross section by the pQCD parton
model calculations [42–44]. This will double the number of
parameters in the jet energy loss distributions. Investigation of
such flavor-dependent Bayesian inference and the correspond-
ing constraints on the momentum and path-length dependence
from single inclusive jet modification is beyond the scope of
this study and will be left for future studies.

III. BAYESIAN ANALYSIS OF SINGLE JET
SUPPRESSION RAA

Using Eq. (6) that relates the nuclear modification factor
RAA of single inclusive jet cross section and the jet energy loss
distribution WAA, we attempt to reverse engineer WAA from
experimental data on RAA. Though an exact inversion of the
convolution problem can be ill-defined, one can determine the
probability distribution of WAA using Bayesian inference. This
method has found a broad application in heavy-ion collisions,
including the extraction of the QCD equation of state at high
temperature [45], the QGP shear and bulk viscosity [46–53],
the heavy quark diffusion constant [14,54,55], and the jet
transport coefficient in the QGP [13,14,16,17,56]. We will
follow Ref. [30] and carry out a comprehensive Bayesian
analysis of the world data on single inclusive jet spectra in
heavy-ion collisions with different centralities at both RHIC
and LHC energies and extract the colliding energy, jet mo-
mentum, and system size dependence of the jet energy loss
and its fluctuations.

We assume that the average jet energy loss 〈�E〉i in a given
colliding system and centrality (collectively labeled by i) is
given by

〈�E〉i = βi

(
pT

pT ref

)γi

ln

(
pT

pT ref

)
(7)

with pT ref = 1 GeV/c as a reference momentum. γi > 0 guar-
antees that the jet energy loss vanishes when jet momentum
goes to zero. The jet energy loss distribution is assumed to
only depend on the self-normalized energy loss fluctuation
x = �E/〈�E〉, i.e., WAA(�E , pT , R) ≈ WAA(x, R). Such an
approximate feature was corroborated in the previously study
using the linear Boltzmann transport (LBT) model simula-
tions [29]. We parametrize the energy loss fluctuation as

WAA(x) = α
αi
i xαi−1e−αix

�(αi )
. (8)

From now on, we will omit the label of the jet cone size R
dependence of WAA as we will only use jet measurements with
R = 0.4 for the rest of this study.

By systematic comparing to data set Di with Ni data points,
the posterior probability distributions of the parameters

θi ≡ [αi, βi, γi] are given by the Bayesian theorem

P(θi|Di ) = P(Di|θi )P(θi )

P(Di )
, (9)

where P(θi|Di ) is the posterior distribution after model-data
comparison. P(θi ) is the prior distribution of model parame-
ters. P(Di|θi ) is the likelihood function between experimental
data and model (M ) calculations using parameter θi. The
likelihood is assumed to take a Gaussian form,

ln P(Di|θi ) = −Ni

2
ln(2π ) − 1

2
ln |
i| − 1

2
[M(θi )

− Di]
T 
−1[M(θi ) − Di]. (10)

M(θi ) − Di is the discrepancy vector between model calcula-
tion and data. The covariance matrix 
i contains experimental
and computational uncertainty. Uncertainties of the experi-
mental data are assumed to be uncorrelated between different
data points. The normalization P(Di ) = ∫

dθiP(Di|θi )P(θi ) is
called the evidence. The properties of the posterior distribu-
tion can be explored with importance sampling. The common
practice is the Markov chain Monte Carlo (MCMC) [57]
method that performs importance sampling θi according
to P(Di|θi)P(θi ). Here, we use the affine-invariant MCMC
algorithm [58] as implemented in the EMCEE package [59].
Projecting the posterior samples to lower dimensions is
equivalent to the marginalization of the high-dimensional dis-
tribution. From the marginalization procedure one can define
the one-parameter posterior distributions and the pairwise cor-
relations. However, the physically meaningful quantify is not
individual parameter but the functional form of the average
energy loss. We can marginalize all three parameters to obtain
the posterior distribution of the averaged energy loss func-
tional as

P[〈�Ei〉(pT )] =
∫

〈�E〉(pT ; βi, γi )P(θi|Di )dθi. (11)

Then, one can define the median, and percentile credible in-
terval (C.I.) of the posterior energy loss at each jet energy.

It is important to note that we do not impose the parame-
ters [αi, βi, γi] to be the same for different colliding systems
(colliding energy and centrality). They will be extracted in-
dependently for each experimental data set “i”. We will then
analyze this “piecewise” information to study the momentum
dependence extracted from different colliding systems and
check whether they are consistent with each other. Eventu-
ally, we will determine the path-length dependence of the jet
energy loss by correlating the extracted jet energy loss with
the averaged path-length for each centrality class of collisions
at each colliding energy.

IV. EXTRACT ENERGY LOSS PARAMETERS

Using the above Bayesian method we have carried out
analyses of experimental data on the nuclear modification
of single inclusive jet spectra and extract the jet energy loss
distributions in Pb + Pb collisions at

√
s = 5.02 and 2.76 TeV

and Au + Au collisions at
√

s = 200 GeV for all available
centrality classes. The experimental data on single inclusive
jet spectra are from ATLAS [60,61] for Pb + Pb collisions
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TABLE I. List of experimental data used in this analysis.

System Centrality pT range [GeV/c] Refs. 〈Npart〉1/3

Pb+Pb 0–10% (100, 1000) ATLAS [61] 7.11
5.02 TeV 10–20% (100, 630) 6.41

20–30% (79, 630) 5.73
30–40% (79, 630) 5.08
40–50% (50, 398) 4.42
50–60% (50, 398) 3.77
60–70% (50, 398) 3.12
70–80% (50, 251) 2.50
0–10% (60,140) ALICE [10] 7.11

Pb+Pb 0–10% (50, 398) ATLAS [60] 7.09
2.76 TeV 10–20% (50, 316) 6.38

20–30% (50, 316)) 5.71
30–40% (39, 316) 5.05
40–50% (39, 316) 4.39
50–60% (39, 316) 3.61
60–70% (39, 251) 3.10
70–80% (39, 199) 2.48

Au+Au 0–10% (15.57, 29.14) STAR [62] 6.86
200 GeV 60–80% (14, 24.52) 2.62

at
√

s = 5.02 and 2.76 TeV with eight centrality classes (0–
10%,10–20%,20–30%,30–40%, 40–50%, 50–60%, 60–70%,
and 70–80%), ALICE [10] for Pb + Pb collisions at

√
s =

5.02 TeV with 0–10% centrality class and STAR [62] for
Au + Au collisions at

√
s = 200 GeV with two centrality

class (0–10%, 60–80%). These experimental measurements
are all at the central rapidity region with jet cone size R =
0.4. In Table I, we list these data sets along with the range
of transverse momentum of jet measurements and the value
of 〈Npart〉1/3 which is proportional to the system size or the
averaged path length for a given centrality class. Values of
〈Npart〉 are obtained from the Glauber model that are used in
experimental analysis [63–65]. We have not included the jet
data from the CMS experiment [9]. Nevertheless, given the
relatively larger experimental uncertainty of CMS data than
that from ATLAS in a similar range of the jet transverse mo-
mentum pT , we do not expect a significant change of accuracy
for the present Bayesian analysis.

In Figs. 1 and 2, we show the prior and posterior observ-
ables and posterior distribution of parameters by calibrating
to the measured single jet RAA in 0–10% Pb + Pb collisions
at

√
s = 5.02 TeV from the ATLAS Collaboration [61]. The

prior ranges of parameters are 0 < α < 10, 0 < β < 3.5, and
0 < γ < 0.3, which provide a good prior coverage (green
lines) of the experimental data. Calculations using the poste-
rior distributions of parameters at 90% credible interval (C.I.)
(solid red band) are in good agreement with the experimental
data.

Similarly, independent calibrations have been performed
for each data set in Table I. Shown in Figs. 3–5 are the final fits
to the single inclusive jet suppression factor RAA as functions
of the final jet transverse momentum pT in A + A collisions
with different centrality classes at three different colliding
energies. The solid lines are the mean averages of the fit and

FIG. 1. A demonstration of calibration to the ATLAS data on
single inclusive jet RAA in 0–10% Pb + Pb collisions at

√
s = 5.02

TeV [61]. RAA calculated with the prior samples of the parameters
[α, β, γ ] for the jet energy loss distribution are shown as green
lines. The posterior of RAA at 90% credible interval (C.I.) after the
calibration is shown as the red band. The same procedure has been
performed for each data set listed in Table I.

shaded bands are uncertainties at 65% C.I. We observe that
errors at 65% C.I. are consistent with the experimental un-
certainties. Note that the STAR experiment measures charged
jets and uses PYTHIA8 simulations as the p + p baseline, while
ALICE and ATLAS measures full jets with experimental data

FIG. 2. The posterior distribution of [α, β, γ ] after calibrating
to the ATLAS data on single inclusive jet RAA in 0–10% Pb + Pb
collisions at

√
s = 5.02 TeV [61]. The same procedure has been

performed for each data set listed in Table I.
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FIG. 3. Posterior predictions with median (colored lines) and
65% credible intervals (shaded bands) compared to the experimental
data [10,61] on single inclusive jet (R = 0.4) RAA in Pb + Pb colli-
sions at

√
s = 5.02 TeV with different centralities.

as the p + p baseline. Therefore, we have scaled the jet trans-
verse momentum by two-thirds when Eq. (6) is used to fit the
STAR data on charged jets. Furthermore, STAR charged jets
covers relatively low pjet

T region, a leading charged particle
trigger ph±

T > 5 GeV/c is used to suppress “fake jet” contribu-
tions. However, the leading particle trigger also biases the jet
suppression. Therefore, we will only calibrate to the highest
three pjet

T bins where the bias effects are negligible [62].
From Fig. 2, one can notice that the posterior distribu-

tions of β and γ are highly correlated, therefore it is more

FIG. 4. The same as Fig. 3 except for Pb + Pb collisions at
√

s =
2.76 TeV with data from Ref. [60].

FIG. 5. The same as Fig. 3 except for Au + Au collisions at√
s = 200 GeV with data from Ref. [62].

unambiguous to study the posterior of the averaged energy
loss 〈�E〉. We plot 〈�E〉 at 65% C.I. as a function of the
jet transverse momentum in Figs. 6–8 for A + A collisions
with different centrality classes at three different colliding
energies. The jet energy loss from each extraction is plotted
only within the jet pjet

T range of the data set. It increases slowly
with the jet transverse momentum. It is bigger in more central
collisions and at higher colliding energies, implying that the
jet energy loss increases with the medium density and system
size or averaged propagation length. As we will show in the

FIG. 6. The posterior of the average jet energy loss (R = 0.4)
with the median (solid lines) with 65% C.I. (solid bands) as a
function of the initial jet transverse momentum pT extracted from
experimental data for Pb + Pb collisions at

√
s = 5.02 TeV with

different centralities.
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FIG. 7. The same as Fig. 6 except for Pb + Pb collisions at
√

s =
2.76 TeV.

next section, the extracted parameter α for the jet energy loss
fluctuation in Eq. (8) is approximately a constant within the
accuracy of this analysis, independent of the colliding energy
and centrality within the uncertainties at 65% C.I.

V. MOMENTUM, DENSITY, AND SYSTEM SIZE
DEPENDENCE OF JET ENERGY LOSS

The extraction of the averaged jet energy loss and its fluc-
tuation from experimental data on RAA in the last section is
independently performed for each data set with the assumed

FIG. 8. The same as Fig. 6 except for Au + Au collisions at√
s = 200 GeV.

convolution form of the jet suppression factor RAA in Eq. (6)
without specifying the system size and medium density de-
pendence of the jet energy loss. In this section, we will
interpret the inferred jet energy loss distribution and discuss
its dependence on jet momentum, initial medium density, and
system size or path-length of the collision system.

We first focus on the medium density and jet momentum
dependence of the average jet energy loss 〈�E〉. The averaged
jet energy loss are extracted in different jet momentum range
from systems with different beam energy and centrality. To
factor out the system-size dependence from the discussion,
we can first look at the collection of averaged jet energy
loss in heavy-ion collisions at different beam energies but
only in 0–10% centrality class, where the averaged system
sizes are expected to be similar. To be more precise, the av-
eraged path-lengths in A + A collisions at RHIC and LHC are
slightly different due to several reasons, including 1) different
mass number of the colliding nuclei 197Au versus 208Pb, 2)
larger inelastic nucleon-nucleon cross section σ inel

NN ≈ 70mb at√
s = 5.02 TeV than σ inel

NN ≈ 42 mb at
√

s = 200 GeV, and 3)
longer lifetime of the QGP fireballs at the LHC energies than
at RHIC. However, these are all subleading effects and can
be estimated through dynamic simulations. For our discussion
here, we assume the average path length (including both QGP
and hot hadronic matter) is proportional to the average system
size, which is related to the average number of participant
nucleons in each centrality class by Reff ∼ N1/3

part . The estimates
of the system size for 0–10% centrality at three beam energies
are in good agreement as shown in Table I.

In order to exam the colliding energy dependence of the jet
energy loss distributions, we first plot in the left panel of Fig. 9
the experimental data and posterior predictions at 90% C.I.
of the jet suppression factor RAA with jet cone size R = 0.4
as a function of jet pT in 0–10% central Au + Au at RHIC
and Pb + Pb collisions at LHC energies. Across the range
of colliding energies from RHIC and LHC, the suppression
factor RAA seems to follow a common trend in its transverse
momentum dependence in the respective kinematic ranges,
increasing with pT . The increase also seems to taper off at the
respective upper bound of the kinematic region, correspond-
ing to xT = 2pT /

√
s > 0.3.

Since the parton energy loss is proportional to the initial
value of the jet transport coefficient or initial parton den-
sity [18–24] which in turn is proportional to the rapidity
density dNch/dη of final charged multiplicity, we factor out
such colliding energy loss dependence when compare the
extracted jet energy loss from experimental data at different
colliding energies. Shown in the right panel of Fig. 9 is the
extracted average jet energy loss scaled by the charged mul-
tiplicity density dNch(

√
s)/dNch(2.76 TeV) in central 0–10%

Au + Au collisions at
√

s = 200 GeV and Pb + Pb collisions
at

√
s = 2.76 and 5.02 TeV [64–66]. The colored solid lines

are the median energy loss and shaded bands are the 90%
C.I. We can see the scaled jet energy loss has a common
momentum dependence which increases a little faster than a
simple logarithmic dependence.

Since the initial parton density can be estimated as pro-
portional to ρ ∼ (dNch/dη)/πR2

eff and the effective system
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FIG. 9. (Left) The posterior single inclusive jet suppression factor RAA with R = 0.4 at 90% C.I. in 0–10% central Pb + Pb collisions at√
s = 2.76 and 5.02 TeV and Au + Au collisions at

√
s = 200 GeV, as compared to experimental data [10,61,62]. (Right) The corresponding

posterior jet energy loss scaled by the charge multiplicity density (dNch(
√

s)/dη)/(dNch(2.76TeV)/dη). The black solid line ∼p0.13
T ln pT is a

fit to the scaled posterior jet energy loss from all systems shown in this figure.

size can be related to the average number of participant nu-
cleons for a given centrality class Reff ∼ 〈Npart〉1/3, we can
parametrize the jet energy loss as

〈�E〉 = dNch(
√

s)

dη

1

〈Npart〉2/3
f
(〈Npart〉1/3)g(pT ), (12)

where f (〈Npart〉1/3) and g(pT ) are now assumed to be universal
functions for all collision systems and centralities. Fitting to
the momentum dependence of the extracted jet energy loss in

the right panel of Fig. 9 for central 0–10% Au + Au and Pb +
Pb collisions, we find g(pT ) ≈ p0.13

T ln pT which is slightly
stronger than a logarithmic dependence. This is consistent
with the earlier Bayesian analysis [30]. The pT ranges of
available experimental data on single inclusive jet spectra with
other centralities are smaller than the most central collisions in
Fig. 9. The extracted pT dependence of the jet energy loss for
these semicentral and semiperipheral collisions is consistent
with the above functional form.

FIG. 10. The posterior (left) average jet energy loss scaled by the initial medium density (dNch/dη)/〈Npart〉2/3 and (right) the parameter α

for jet energy loss fluctuations as a function of 〈Npart〉1/3. The solid line is a power-law fit (〈Npart〉1/3)0.557 excluding the peripheral collisions
with 〈Npart〉1/3 < 3.3.
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To find out the system size dependence of the extracted
jet energy loss, we plot in the left panel of Fig. 10 the
scaled jet energy loss 〈Npart〉2/3〈�E〉/(dNch/dη) as a function
of 〈Npart〉1/3 for final jet pT = 60–100 GeV/c in Au + Au
collisions at RHIC and Pb + Pb collisions at LHC ener-
gies with different centrality classes. The values of 〈Npart〉1/3

from Glauber model are listed in Table I. Excluding the ex-
tracted values in very (60–80%) peripheral collisions where
the Bayesian fitting does not do well, the extracted jet en-
ergy loss has an approximate f (〈Npart〉1/3) ∼ (〈Npart〉1/3)0.59

dependence on the system size. This is quite different from
the approximate linear dependence on the system size for the
energy loss of a single parton in an expanding system [25],
which is needed to explain system size dependence of the
suppression of single inclusive hadron spectra [26]. Jet energy
loss, however, is not proportional to energy loss of individ-
ual shower partons. Energy carried by radiated gluons and
medium response within the jet cone is recovered by the
jet, reducing the jet energy loss. This will both lead to the
weaker system size dependence as shown by the LBT model
simulations [29,30].

We also extract the parameters α for the jet energy loss
fluctuations in Eq. (8) and they are shown in the right panel of
Fig. 10 as a function of 〈Npart〉1/3. Within the larger errors at
65% C.I., the jet energy loss fluctuation parameter α ≈ 5.0 ±
3 does not depend on the system size and the initial parton
density (or colliding energy).

VI. SUMMARY

Employing a Bayesian inference, we have analyzed the
world data on the nuclear suppression of single inclusive
jet spectra in heavy-ion collisions at both RHIC and LHC
energies with a wide selection of centrality classes. We have
extracted the average jet energy loss as a function of the jet
transverse momentum for each centrality class of collisions
at each colliding energy and the jet energy loss fluctuations.
We found that the extracted average jet energy loss scales
with the initial parton density ρ ∝ (dNch/dη)/〈Npart〉2/3. The
average jet energy loss scaled by the initial parton density
has a jet momentum dependence 〈�E〉/ρ ∝ p0.13

T ln pT that is
slightly stronger than a logarithmic form. It has a system size
dependence 〈�E〉/ρ ∝ (〈Npart〉1/3)0.59. This behavior of jet
energy loss is different from that of a single energetic parton.
Such a difference can be attributed to energy loss carried by
the radiated gluons and medium response outside the jet cone.
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