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Abstract We study the suppressions of high transverse
momentum single hadron and dihadron productions in high-
energy heavy-ion collisions based on the framework of a
next-to-leading-order perturbative QCD parton model com-
bined with the higher-twist energy loss formalism. Our model
can provide a consistent description for the nuclear modifi-
cation factors of single hadron and dihadron productions in
central and non-central nucleus–nucleus collisions at RHIC
and the LHC energies. We quantitatively extract the value
of jet quenching parameter q̂ via a global χ2 analysis, and
obtain q̂/T 3 = 4.1–4.4 at T = 378 MeV at RHIC and
q̂/T 3 = 2.6–3.3 at T = 486 MeV at the LHC, which are
consistent with the results from JET Collaboration. We also
provide the predictions for the nuclear modification factors
of dihadron productions in Pb + Pb collisions at

√
sNN = 5.02

TeV and in Xe + Xe collisions at
√
sNN = 5.44 TeV.

1 Introduction

The strongly-interacting quark–gluon plasma (QGP) can be
created in high-energy heavy-ion collisions performed at the
Large Hadron Collider (LHC) and the Relativistic Heavy-Ion
Collider (RHIC). Jet quenching [1–3] has been regarded as an
extremely useful tool for studying the properties of such hot
and dense nuclear matter. When hard quarks or gluons tra-
verse the QGP matter, they interact with the medium via mul-
tiple scatterings and medium-induced gluon radiations. The
elastic and inelastic interactions between jet and medium may
cause the energy loss of hard jet and also change the energy
distribution among jet partons. As one of the consequences
of jet quenching and energy loss, the yield of high transverse
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momentum hadrons fragmented from the surviving hard par-
tons is suppressed as compared to that in proton–proton col-
lisions normalized by the number of binary nucleon-nucleon
collisions. Phenomenological studies have been performed
on various jet quenching observables, such as the nuclear
modifications of single hadron productions [4–8], dihadron
and photon–hadron correlations [9–15], as well as the observ-
ables related to fully reconstructed jets in relativistic nuclear
collisions [16–23].

In recent years, jet quenching studies have entered the
quantitative era in that much effort has been devoted to the
quantitative extraction of the so-called jet quenching param-
eter q̂ . This parameter is defined as the transverse momentum
squared per unit length exchanged between the propagating
hard parton and the traversed medium, q̂ = d〈(�pT )2〉/dt ,
and may be directly related to the gluon density of the
nuclear medium [24]. Jet transport parameter q̂ also con-
trols the amount of medium-induced gluon radiation and
thus radiative jet energy loss [24–29]. In addition, the trans-
verse momentum broadening effect as controlled by q̂ may
lead to significant nuclear modification on back-to-back dijet,
dihadron and other jet-related angular correlations [14,15].
Among many quantitative jet quenching studies, one of the
most important steps is performed by JET Collaboration in
Ref. [6] which has compared five different theoretical jet
quenching models with the nuclear modification data on sin-
gle hadron productions in most central collisions at RHIC and
the LHC and quantitatively extracted the temperature depen-
dence of jet quenching parameter q̂ . The values of q̂ temper-
atures available at RHIC and the LHC have been obtained as:
q̂/T 3 = 4.6 ± 1.2 at T ≈ 370 MeV and q̂/T 3 = 3.7 ± 1.4
at T ≈ 470 MeV for a 10 GeV quark jet [30]. Following
this direction, Refs. [30–32] have studied the centrality and
collision energy dependence of q̂ values at both RHIC and
the LHC. Also, Ref. [14] has utilized the nuclear modifica-
tion data on back-to-back dihadron and hadron-jet angular
correlations to extract the value of q̂ at RHIC.
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This paper follows closely the above efforts and study the
nuclear modifications of both single hadron and dihadron
productions at high transverse momenta using a next-to-
leading-order (NLO) perturbative QCD model combined
with the higher-twist energy loss formalism. In particular, we
perform a global χ2 analysis on the nuclear modification data
on single hadron and dihadron productions at RHIC [33–36]
and the LHC [37–45] and quantitatively extract the values of
jet quenching parameter q̂ . Our analysis yields q̂/T 3 = 4.1–
4.4 at T = 378 MeV at RHIC and q̂/T 3 = 2.6–3.3 at
T = 486 MeV at the LHC. These results are quantitatively
consistent with JET Collaboration. We also extract the q̂ val-
ues for Pb + Pb collisions at

√
sNN = 5.02 TeV and Xe + Xe

collisions at
√
sNN = 5.44 TeV using the single hadron

nuclear modification data, and predict the nuclear modifi-
cation factors for dihadron productions for these collisions.

Our paper is organized as follows. In Sect. 2, we briefly
introduce our framework to study the productions of single
hadrons and dihadrons at high transverse momenta in proton–
proton and nucleus–nucleus collisions. In Sect. 3, we per-
form a global χ2 analysis and extract jet quenching param-
eter q̂ from the nuclear modification data on single hadron
and dihadron productions at RHIC and the LHC. We also
provide our predictions for the nuclear modification factors
of dihadron productions in central and non-central Pb + Pb
collisions at

√
sNN = 5.02 TeV and Xe + Xe collisions at√

sNN = 5.44 TeV at the LHC. Sect. 4 contains our sum-
mary.

2 Framework

In high-energy proton–proton collisions, the production
cross section of high transverse momentum hadrons can be
factorized into a convolution of parton distribution functions
(PDFs), the cross section of hard partonic scatterings, and
fragmentation functions (FFs),

dσ h
pp

dyd2 pT
=

∑

abcd

∫
dxadxb fa/p(xa, μ

2) fb/p(xb, μ
2)

× 1

π

dσab→cd

dt̂

Dh
c (zc, μ2)

zc
+ O(α3

s ). (1)

Here, fa(xa, μ2) and fb(xb, μ2) are parton distribution
functions which we take from CT14 [46]; Dh

c (zc, μ2) is
fragmentation function which we take from Refs. [47,48];
dσab→cd/dt̂ is the tree-level 2 → 2 partonic scattering cross
section. The NLO correction atO(α3

s ) contains 2 → 2 virtual
diagrams and 2 → 3 tree diagrams, and has been included
in our calculation. It has been shown in Ref. [9] that NLO
perturbative QCD calculation for single π0 production in
proton–proton collisions agrees well with the experimental
data at RHIC.

Similarly, the production cross section for high transverse
momentum dihadrons in high-energy proton–proton colli-
sions can be written as,

dσ
h1h2
pp

d PS
=

∑

abcd

∫
dzc
z2
c

dzd
z2
d

xa fa/p(xa, μ
2)xb fb/p(xb, μ

2)

× 1

π

dσab→cd

dt̂
Dh1
c (zc, μ

2)Dh2
d (zd , μ

2)

×δ2

(
�ph1
T

zc
+ �ph2

T

zd

)
+ O(α3

s ), (2)

where the phase space is dPS = dyh1d2 ph1
T dyh2d2 ph2

T .
In relativistic nucleus–nucleus collisions, one has to con-

sider both cold nuclear matter effect in the initial state and
hot nuclear matter effect in the final state. The yield of sin-
gle hadron production at high transverse momentum may be
obtained as [9,10],

dNh
AB

dyd2 pT
=

∑

abcd

∫
dxadxbd

2r tA(�r)tB(�r + �b)

× fa/A(xa, μ
2, �r) fb/B(xb, μ

2, �r + �b)

× 1

π

dσab→cd

dt̂

D̃h
c (zc, μ2,�Ec)

zc
+ O(α3

s ). (3)

Similarly, the yield of dihadron production at high transverse
momentum in nucleus–nucleus collisions may be calculated
as [9,10,49]

dNh1h2
AB

dPS
=

∑

abcd

∫
dzc
z2
c

dzd
z2
d

d2r tA(�r)tB(�r + �b)

×xa fa/A(xa, μ
2, �r)xb fb/B(xb, μ

2, �r + �b)
× 1

π

dσab→cd

dt̂
D̃h1
c (zc, μ

2,�Ec)D̃
h2
d (zd , μ

2,�Ed)

×δ2

(
�ph1
T

zc
+ �ph2

T

zd

)
+ O(α3

s ). (4)

In the above two equations, tA(�r) is the nuclear thickness
function, normalized as

∫
d2r tA(�r) = A, with A the mass

number of the nucleus. Here we use the Woods–Saxon form
for the nuclear density distribution. fa/A(xa, μ2, �r) is the
nuclear modified PDF, which we calculate as follows [50,51]:

fa/A(xa, μ
2, �r) = Sa/A(xa, μ

2, �r)
[
Z

A
fa/p(xa, μ

2)

+
(

1 − Z

A

)
fa/n(xa, μ

2)

]
, (5)

where Z is the proton number of the nucleus. Here,
Sa/A(xa, μ2, �r) is called the nuclear shadowing factor and
denotes the nuclear modification to the PDF in a free pro-
ton fa/p(xa, μ2). The shadowing factor Sa/A(xa, μ2, �r) is
calculated using the following form [52,53],
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Sa/A(xa, μ
2, �r) = 1 + [Sa/A(xa, μ

2) − 1] AtA(�r)∫
d2r [tA(�r)]2

,

(6)

where Sa/A(xa, μ2) is taken from the EPPS16 [54].
D̃h
c (zc,�Ec) is the medium-modified fragmentation func-

tion and is calculated as follows [9,10,48]:

D̃h
c (zc, μ

2,�Ec) = (1 − e−〈Ng〉)
[
z′c
zc

Dh
c (z′c, μ2)

+ 〈Ng〉 zg
′

zc
Dh
g (zg

′, μ2)

]

+e−〈Ng〉Dh
c (zc, μ

2), (7)

where �Ec is the energy loss of parton c, zc = pT /pTc,
z′c = pT /(pTc − �Ec), z′g = 〈Ng〉pT /�Ec and 〈Ng〉
is the average number of gluons radiated by parton c. The
above equation includes the effect of multiple gluon emis-
sions assuming a Poisson distribution for the number of emit-
ted gluons. The Poisson assumption has also been used in
GLV and ASW models to construct the energy loss distri-
bution [55,56]. Note that transport and DGLAP evolutions
are the two other popular methods to resum multiple gluon
emissions from single gluon emission kernel [28,57–59]. In
this work, we use the higher twist formalism [28,60–62] to
calculate medium-induced gluon radiation and parton energy
loss. For a quark with initial energy E , the total energy loss
�E can be calculated as,

�E

E
= 2CAαs

π

∫
dτ

∫
dl2T
l4T

∫
dz

×
[
1 + (1 − z)2

]
q̂ sin2

(
l2T τ

4z(1 − z)E

)
, (8)

where CA = 3, and lT is the transverse momentum of radi-
ated gluon. We assume the energy loss of a gluon is simply
9/4 times that of a quark [60]. The average number of radi-
ated gluons from the propagating hard parton is calculated
as [63],

〈Ng〉 = 2CAαs

π

∫
dτ

∫
dl2T
l4T

∫
dz

z

×
[
1 + (1 − z)2

]
q̂ sin2

(
l2T τ

4z(1 − z)E

)
. (9)

The parton energy loss is controlled by jet transport param-
eter q̂ [24], for which we take the following form:

q̂ = q̂0
T 3

T 3
0

pμuμ

p0
, (10)

where T is the local temperature of the medium, T0 is a ref-
erence temperature which is usually taken as the temperature
at the center of the medium at the hydrodynamics initial time
τ0 = 0.6 fm in central nucleus–nucleus collisions, and uμ

is the four flow velocity of the fluid. In our calculation, the
dynamical evolution of the QGP medium is obtained using
the OSU (2 + 1)-dimensional viscous hydrodynamics model
(VISH2 + 1) [64–67].

3 Numerical results

In this section, we present our numerical results for sin-
gle hadron and dihadron nuclear modification factors in
Au + Au collisions at

√
sNN = 0.2 TeV, Pb + Pb collisions

at
√
sNN = 2.76 TeV and 5.02 TeV, and Xe + Xe collisions

at
√
sNN = 5.44 TeV. A global χ2 analysis is performed

to extract the jet quenching parameter q̂ in different colli-
sion systems and different collision energies at RHIC and the
LHC. Based on our analysis, we also provide the predictions
for the nuclear modification factors of dihadron productions
in Pb + Pb collisions at

√
sNN = 5.02 TeV and Xe + Xe col-

lisions at
√
sNN = 5.44 TeV.

The nuclear modification factor RAA for single hadron
production in heavy-ion collisions is defined as [48],

RAA = dNh
AB/dyd2 pT

〈TAA〉dσ h
pp/dyd

2 pT
, (11)

where TAA(�b) = ∫
d2r tA(�r)tB(�r+ �b) is the overlap function

of two colliding nuclei and the average in the equation is taken
for a given centrality class.

As for dihadron production at high transverse momentum
in heavy-ion collisions, the nuclear modification factor IAA
can be defined either as a function of passocT or as a function

of zT = passocT /ptrigT [9]

IAA(passocT ) = DAA(passocT )

Dpp(passocT )
,

IAA(zT ) = DAA(zT )

Dpp(zT )
, (12)

where DAA(zT ) = ptrigT DAA(passocT ) is called hadron-
triggered fragmentation function [68],

DAA(zT ) = ptrigT

dNh1h2
AA /dytrigdptrigT dyassocdpassocT

〈TAA〉dσ
h1
AA/dytrigdptrigT

.

(13)

3.1 Au + Au collisions at
√
sNN = 0.2 TeV at RHIC

Figure 1 shows our calculations for single hadron and
dihadron nuclear modification factors in central (0–10%)
Au + Au collisions at

√
sNN = 0.2 TeV at RHIC com-

pared with the experimental data taken from PHENIX
[33,34] and STAR [36] Collaborations. In each plot, differ-
ent lines represent our model calculations for RAA or IAA
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Fig. 1 The single hadron and dihadron suppression factors in central
0–10% Au + Au collisions at

√
sNN = 0.2 TeV compared with PHENIX

[33,34] and STAR [36] data

Fig. 2 Global χ2 analysis for single hadron and (or) dihadron nuclear
suppression factors in Au + Au collisions at

√
sNN = 0.2 TeV at RHIC

using different values of jet quenching parameter q̂0. The
solid line in the middle denotes the result using the best
value of q̂0 obtained from our global χ2 analysis, which
is shown in Fig. 2. Note that our χ2 is defined as follows,

χ2 = ∑N
i=1

[
(Vth − Vexp)

2/(σ 2
sys + σ 2

stat)
]
, where Vexp and

Vth denote the experimental and theory values, and σsys and
σstat represent systematic and statistical errors of the experi-
mental data. In the figure, we also show χ2/d.o.f as a func-
tion of q̂0 using only RAA data or only IAA data. We can see
that two fitting results are consistent with each other. This
means that with the similar value of q̂0, both single hadron
and dihadron nuclear suppression factors can be described

Fig. 3 The single hadron and dihadron suppression factors in mid-
central Au + Au collisions at

√
sNN = 0.2 TeV compared with PHENIX

[33,34] and STAR [35] data

consistently within our jet energy loss model. Our global χ2

analysis renders: q̂0 = 1.1– 1.2 GeV2/fm at T0 = 378 MeV.
In terms of the scaled dimensionless jet quenching parame-
ter, it reads, q̂/T 3 = 4.1–4.4 at T = 378 MeV. These values
are consistent with the results obtained by JET Collaboration
[6].

To test the quality of our approach, we use the same q̂0

value obtained above to calculate the nuclear modification
factors RAA and IAA in mid-central Au + Au collision at√
sNN = 0.2 TeV at RHIC. The result is shown in Fig. 3,

where the solid lines in the middle denote the results using
the best q̂0 value (i.e, q̂0 = 1.2 GeV2/fm at T0 = 378 MeV),
while the other two lines represent the uncertainty for the
extracted q̂0 value (q̂0 = 1.1 or 1.3 GeV2/fm for the two
lines). We can see that with the similar q̂0 value, our model
can provide a good description of experimental data on sin-
gle and dihadron nuclear modification in both central and
non-central Au + Au collisions at

√
sNN = 0.2 TeV at RHIC.

3.2 Pb + Pb collisions at
√
sNN = 2.76 TeV at the LHC

Now we present our numerical results for Pb + Pb collisions
at

√
sNN = 2.76 TeV at the LHC. Figure 4 shows our

calculations for single hadron and dihadron nuclear mod-
ification factors in central (0–10%) Pb + Pb collisions at√
sNN = 2.76 TeV compared with the experimental data

from ALICE [37,43,44] and CMS [38,45] Collaborations.
In each plot, different lines represent our model calcula-
tions for RAA and (or) IAA using different q̂0 values. The
solid line in the middle denotes the results using the best
q̂0 value obtained from our global χ2 analysis. Also shown
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Fig. 4 The single hadron and dihadron suppression factors in 0–10% Pb + Pb collisions at
√
sNN = 2.76 TeV compared with CMS [38,45] and

ALICE [37,43,44] data

Fig. 5 Global χ2 analysis for single hadron and (or) dihadron nuclear
suppression factors in Pb + Pb collisions at

√
sNN = 2.76 TeV at the

LHC

in Fig. 5 is the χ2 analysis of q̂0 value using only RAA

data or IAA data. Although there is some small difference
between two fitting results, they are quantitatively consistent
with each other within the uncertainties. Such consistency
implies that with the similar values of q̂0, our jet energy loss

model can provide a consistent description of both single
hadron and dihadron nuclear suppression factors in Pb + Pb
collisions at

√
sNN = 2.76 TeV. From Fig. 5, we obtain:

q̂0 = 1.5–1.9 GeV2/fm at T0 = 486 MeV, which translates
into the scaled jet quenching parameter, q̂/T 3 = 2.6–3.3
at T = 486 MeV. This values are also consistent with JET
Collaboration [6].

We also test our approach by using the same q̂0 value
obtained above to calculate the nuclear modification factors
RAA and IAA in the non-central (50–60%) Pb + Pb collisions
at

√
sNN = 2.76 TeV. The result is shown in Fig. 6: the solid

lines in the middle denote the results using the best q̂0 value
(i.e., q̂0 = 1.6 GeV2/fm at T0 = 486 MeV), while the other
two lines (using q̂0 = 1.5 and 1.9 GeV2/fm) represent the
uncertainty for our extracted q̂0 value. We can see that with
the same q̂0 value, our jet energy loss model can also describe
the experimental data on single and dihadron nuclear modifi-
cation in non-central Pb + Pb collisions at

√
sNN = 2.76 TeV.

Another interesting result is that for both Au + Au collisions
at RHIC and Pb + Pb collision at the LHC, the nuclear modi-
fication factors IAA for dihadron productions are typically
larger than single hadron suppression factors RAA given
the same nucleus–nucleus collision conditions. As shown in
Refs. [9,69,70], high pT single hadrons mainly come from
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Fig. 6 The single hadron and dihadron suppression factors in non-
central (50–60%) Pb + Pb collisions at

√
sNN = 2.76 TeV compared

with ALICE [37] and CMS [38,45] data

jets that are initially produced in the outer corona of the over-
lap region (usually called surface bias emission), while high
pT dihadrons come from a combination of surfacial and tan-
gential jets as well as punching-through jets. Surface bias
means a large amount of jets produced at the central region
of the medium lose most of their energies and do not con-
tribute to final observed hadrons. On average in a A + A
event, since the total energy loss for jets in the surface bias

case is larger than in the case with punching-through jets,
typically RAA < IAA.

3.3 Pb + Pb collisions at
√
sNN = 5.02 TeV and Xe + Xe

collisions at
√
sNN = 5.44 TeV at the LHC

Recently, ALICE [41,42] and CMS [39,40] Collaborations
have published their measurements on the nuclear modifi-
cation factor RAA for single hadron productions in Pb + Pb
collisions at

√
sNN = 5.02 TeV and Xe + Xe collisions

at
√
sNN = 5.44 TeV. These new results provide a good

opportunity for studying the collision energy and system
size dependencies of jet quenching in relativistic heavy-ion
collisions. Since no experimental data on dihadron nuclear
modification factor IAA are available for these collisions, we
will extract the q̂0 values only using the available RAA data.
Given that our model can provide a consistent description
of both single hadron and dihadron nuclear modifications in
Au + Au collisions at

√
sNN = 0.2 TeV and Pb + Pb collisions

at
√
sNN = 2.76 TeV, we then use the extracted q̂0 values to

predict dihadron nuclear modification factor IAA in Pb + Pb
collisions at

√
sNN = 5.02 TeV and Xe + Xe collisions at√

sNN = 5.44 TeV.
Our numerical results are shown in Figs. 7 and 8, in

which the left panels show the result for Pb + Pb collisions
at

√
sNN = 5.02 TeV and the right for Xe + Xe collisions

at
√
sNN = 5.44 TeV. Figure 7 shows the nuclear modifica-

tion factor RAA (in the upper panels) together with the χ2

analysis (in the lower panels). Again, the solid lines are the
results using the best fit q̂0 values. From our χ2 analysis, we
obtain: q̂0 ≈ 1.7 GeV2/fm at T0 = 516 MeV (q̂/T 3 ≈ 2.5)
for central Pb + Pb collisions at

√
sNN = 5.02 TeV and

q̂0 ≈ 1.8 GeV2/fm at T0 = 469 MeV (q̂/T 3 ≈ 3.5) for
central Xe + Xe collisions at

√
sNN = 5.44 TeV. Using the

extracted q̂0 values from fitting RAA data, we present in
Fig. 8 our predictions for dihadron nuclear modification fac-
tor IAA in central Pb + Pb collisions at

√
sNN = 5.02 TeV

(left) and central Xe + Xe collisions at
√
sNN = 5.44 TeV

(right). Different panels are the results with different trans-
verse momenta for trigger hadrons. In each plot, the solid
lines in the middle are the results using the best q̂0 values,
while the other two lines represent the theoretical which we
take ±0.1 GeV2/fm around the best q̂0 values fitted from
RAA data. One interesting observation is that as the values of
IAA also increase as one increases the trigger hadron trans-
verse momentum. Similar to why RAA < IAA, this can also
be understood as follows. With increasing trigger hadron
pT , the contribution from punching-through jets increases
(as shown in [69]), thus the average total energy loss of jets
decreases, which explains why IAA increases with increasing
hadron pT .
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Fig. 7 The single hadron suppression factors in central Pb + Pb collisions at
√
sNN = 5.02 TeV and in central Xe + Xe collisions at

√
sNN = 5.44 TeV

compared with CMS [39,40] and ALICE [41,42] data

Fig. 8 The predictions of dihadron suppression factors in central Pb + Pb collisions at
√
sNN = 5.02 TeV and in central Xe + Xe collisions at√

sNN = 5.44 TeV
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Fig. 9 The scaled jet quenching parameter q̂/T 3 extracted via single
hadron and dihadron suppression data at RHIC and the LHC. The boxes
are Jet Collaboration results

3.4 q̂ from single hadron and dihadron nuclear
suppressions at RHIC and the LHC

In previous subsections, we have quantitatively extracted the
jet quenching parameter q̂ by performing a detailed χ2 anal-
ysis on the comparison of our jet energy loss model calcu-
lations to single hadron and dihadron nuclear modification
data at RHIC and the LHC. Here we summarize the main
results for the extracted q̂ values, in terms of the scaled jet
quenching parameter q̂/T 3:

q̂

T 3 = 4.1–4.4, T = 378 MeV, Au + Au 0.2A TeV;
q̂

T 3 = 3.5, T = 469 MeV, Xe + Xe 5.44A TeV;
q̂

T 3 = 2.6–3.3, T = 486 MeV, Pb + Pb 2.76A TeV;
q̂

T 3 = 2.5, T = 516 MeV, Pb + Pb 5.02A TeV.

(14)

For better visualization, we also plot the above values in
Fig. 9. Also shown are the results from JET Collaboration
on q̂/T 3 for Au + Au collisions at

√
sNN = 0.2 TeV and

Pb + Pb collisions at
√
sNN = 2.76 TeV. We can see that our

extracted values for the scaled jet quenching parameter q̂/T 3

are consistent with the JET Collaboration results [6].
The above analysis shows that the scaled jet quench-

ing parameter q̂/T 3 has some temperature dependence: it
decreases as one increases the temperature, which can be
understood as decreasing jet-medium interaction strength
with increasing temperature. Such temperature dependence

has also been found (used) in other calculations. For exam-
ple, in MARTINI and MCGILL-AMY [58,71] models, jet-
medium interaction strength is characterized by the strong
coupling αs . The detailed comparison to single inclusive
hadron RAA data renders that the averaged strong coupling
at the LHC is smaller than that at RHIC [6]. Recent stud-
ies based on CUJET model [72,73] employ a Gaussian-like
form for the temperature dependence of q̂/T 3 to calculate
RAA and v2 for charged hadrons.

Another interesting result is that the same q̂/T 3 value
extracted from central collisions can describe the nuclear
modification data in non-central collisions reasonably well.
This means that the scaled jet quenching parameter q̂/T 3

from our study has weak dependence on the collision cen-
trality. Such result is very similar to the finding reported in an
earlier study [30] in which the scaled jet quenching parameter
quantified by K = q̂/(2ε3/4) shows strong dependence on
the collision energy, but weak dependence on collision cen-
trality. This puzzling result has not been fully understood yet
(from our calculation). But it may be related to jet energy
dependences of jet quenching parameter, which has been
neglected in a lot of studies reported here.

4 Summary

In this work, we have studied the nuclear suppressions of
single hadron and dihadron productions at high transverse
momentum regimes in high-energy heavy-ion collisions at
RHIC and the LHC. We compute the cross section of sin-
gle hadron and dihadron productions in relativistic nuclear
collisions based on the NLO perturbative QCD framework.
For hadron production in heavy-ion collisions, we include
both initial-state cold nuclear matter effect and final-state
hot nuclear matter effect. The effect of jet energy loss in hot
QGP medium is taken into account using medium-modified
fragmentation functions, which are calculated based on the
higher-twist formalism. The numerical results from our jet
energy loss model calculations show consistent descriptions
of the nuclear modifications of single hadron and dihadron
productions in central and non-central nucleus–nucleus col-
lisions at RHIC and the LHC.

We have further performed a detailed χ2 analysis by
comparing our jet energy loss model calculations with the
experimental data on single hadron and dihadron nuclear
modifications at RHIC and the LHC. From the global χ2

analysis, we have quantitatively extracted the values of q̂0

for different collision systems and collision energies. For
Au + Au collisions at

√
sNN = 0.2 TeV at RHIC, we obtain

q̂0 = 1.1–1.2 GeV2/fm at T0 = 378 MeV (i.e., q̂/T 3 = 4.1–
4.4). For Pb + Pb collisions at

√
sNN = 2.76 TeV at the

LHC, we obtain q̂0 = 1.5–1.9 GeV2/fm at T0 = 486 MeV
(i.e., q̂/T 3 = 2.6–3.3). These results are consistent with
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the previous JET Collaboration results. As for Pb + Pb col-
lisions at

√
sNN = 5.02 TeV and Xe + Xe collisions at√

sNN = 5.44 TeV, we have used single hadron RAA data
to extract the q̂ values. These extracted values are then used
to predict the nuclear modification effects in dihadron pro-
ductions in these collisions. Our work provides an important
contribution to our quantitative extraction of the temperature
dependence of jet quenching parameter by using multiple jet
quenching observables from different collision systems and
energies, and is helpful to achieve a consistent understanding
of jet quenching in heavy-ion collisions.
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