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Abstract. In these proceedings, we present the measurements of inclusive J/ψ6

production at mid-rapidity region (|y| < 1.0) in Au+Au collisions at
√

sNN =7

54.4 GeV by the STAR experiment. The dependences of nuclear modification8

factor (RAA) on centrality and transverse momentum (pT ) are presented and9

compared to model calculations. No significant energy dependence of RAA is10

found within uncertainties. We also report the distribution of z(J/ψ) = pJ/ψ
T /p jet

T11

and the fraction of J/ψ produced within a charged jet at mid-pseudorapidity12

(|η| < 0.6) with kinematic cuts of p jet
T > 10 GeV/c and pJ/ψ

T > 5 GeV/c in p+p13

collisions at
√

s = 500 GeV. Comparisons to model calculations are presented14

and physics implications are discussed.15

1 Introduction16

Heavy quarks (charm and beauty) are ideal probes to study the properties of the Quark-Gluon17

Plasma (QGP), because they are mainly produced via initial hard partonic scatterings and18

thus experience the entire evolution of the QGP created in high-energy heavy-ion collisions.19

Quarkonia are bound states of heavy quarks and their anti-quarks, such as charm-anticharm20

and bottom-antibottom, and potential holding these bound states could be screened by par-21

tons in the QGP [1]. Therefore, the cross-section of quarkonia would be reduced in heavy-ion22

collisions with respect to those in p+p collisions scaled by the number of binary nucleon-23

nucleon collisions, Ncoll, at the same energy. Suppression of the J/ψ meson production has24

been observed in different collision systems at SPS, RHIC, and LHC energies [2–7]. In pre-25

vious measurements by the STAR Collaboration [5], the collision energy (
√

sNN) dependence26

of the J/ψ suppression between 39 and 200 GeV was studied and found to be insignificant27

within uncertainties. In 2017, about ten times more statistics for Au+Au collisions at 54.428

GeV, compared to that used for previous STAR measurement at 62.4 GeV, was collected by29

the STAR experiment. This will help to understand the collision energy dependence of the30

J/ψ suppression with improved precision.31

The production mechanism of J/ψ mesons involves both perturbative quantum chromo-32

dynamics (QCD) process - the production of charm and anti-charm pairs, and nonperturba-33

tive QCD process - the evolution of charm and anti-charm pair to a J/ψ. The latter is still not34

fully understood [8]. The nonrelativistic QCD (NRQCD) factorization formalism is one of35

the most successful approaches to describe the J/ψ production [9], which parameterizes the36
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nonperturbative hadronization process with long-distance matrix elements (LDMEs). How-37

ever, there exist significant differences in values of LDMEs extracted by different groups [10].38

Measurements of the J/ψ production within a jet are predicated to exhibit strong distinguish-39

ing power among different models [11]. LHCb and CMS collaborations have reported their40

measurements of the J/ψ production within a jet [12, 13]. The observed z(J/ψ) = pJ/ψ
T /p jet

T41

distributions for prompt J/ψ, where pJ/ψ
T and p jet

T are the transverse momenta for J/ψ and42

jet, do not agree with the predictions from PYTHIA 8 [12], but can be well described by43

LDMEs from fits to high pT data [14]. Measuring the J/ψ production within a jet at RHIC44

will provide complementary information on the J/ψ production mechanism.

0 50 100 150 200 250 300 350 400 450
〉

part
N〈

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

A
A

R Au + Au <1y
STAR Preliminary

p+p uncertainty

<0.5y > 0.15 GeV/c, 
T

200 GeV, p

 > 0.2 GeV/c
T

54.4 GeV, p

 > 0 GeV/c
T

62.4 GeV, p

 > 0 GeV/c
T

39 GeV, p

210 310
 (GeV)NNs

0

0.2

0.4

0.6

0.8

1

1.2

A
A

R

 > 0.2 GeV/c
T

This analysis: p

Theoretical curve
Total
Primordial
Regeneration

STAR Preliminary

Pb+Pb 0-10%

Pb+Pb 0-5%

Au+Au 0-10%

Au+Au 0-20%

Pb+Pb 0-20%

Figure 1: Left panel: The RAA of inclusive J/ψ as a function of
〈
Npart

〉
in Au+Au collisions

at different collision energies at mid-rapidity [5, 6]. The error bars represent the statistical
uncertainties. The boxes represent the systematic uncertainties. The shaded bands on the data
points indicate the uncertainties from the nuclear overlap function 〈TAA〉 [15]. The bands
around unity indicate the uncertainties from the p+p baselines. Right panel: The RAA of J/ψ
as a function of collision energy for central collisions, in comparison with model calculations
[16]. The SPS result at

√
sNN = 17.2 GeV is from [2, 3]; the STAR points at

√
sNN = 39, 62.4

and 200 GeV are from [5, 6]; the ALICE points at
√

sNN = 2.76 and 5.02 TeV are from [4, 7].
The error bars represent the statistical uncertainties and the boxes represent the systematic
uncertainties, including those from p+p baselines and uncertainties from 〈TAA〉.

45

2 J/ψ production in Au+Au collisions at
√

sNN = 54.4 GeV46

The data sample used in this measurement is 1.3 billion minimum-bias Au+Au events at47
√

sNN = 54.4 GeV collected in 2017 by the STAR experiment. A J/ψ candidate is recon-48

structed through its decay into an electron-positron pair, and electron candidates are recon-49

structed and identified using information from the Time Projection Chamber (TPC) [17],50

Time-of-Flight (TOF) [18], and the Barrel Electromagnetic Calorimeter (BEMC) [19].51

The nuclear modification factor, RAA, is defined as follows:

RAA =
1
〈TAA〉

d2NAA/dpT dy
d2σINEL

pp /dpT dy
,

where d2NAA/dpT dy is the J/ψ yield in A+A collisions and d2σINEL
pp /dpT dy is the J/ψ52

cross section in p+p collisions. The nuclear overlap function is defined as TAA(b) =53 ∫
TA(s)TA(s - b)d2s, where TA(s) is the transverse nucleon density and b is the impact pa-54

rameter.55



The pT -integrated RAA as a function of the mean number of participants
〈
Npart

〉
in Au+Au56

collisions of different collision energies is shown in the left panel of Fig. 1. Since there57

are no measurements of inclusive J/ψ cross section available in p+p collisions at 39, 54.458

and 62.4 GeV, the p+p baselines are extracted from interpolations of world data [15]. The59

p+p baseline at 17.2 GeV is established by the data collected with lighter projectiles [20];60

the p+p baseline at 200 GeV is obtained by combining STAR and PHENIX measurements61

[21, 22]; the p+p baseline at 2.76 TeV is obtained by interpolating the inclusive J/ψ cross-62

sections at mid-rapidity measured by PHENIX [23], CDF [24] and ALICE [25–27]; the p+p63

baseline at 5.02 TeV is measured by ALICE [28]. Suppression of the J/ψ production is64

observed in Au+Au collisions at 54.4 GeV with improved precision compared to previous65

results at 39 and 62.4 GeV. The right panel of Fig. 1 shows the RAA as a function of collision66

energy for different collision systems in central collisions. There is no significant energy67

dependence within uncertainties up to 200 GeV. The solid line is a theoretical calculation of68

J/ψ RAA from [16], in which the blue dash-dotted line represents the suppressed primordial69

production due to cold nuclear matter effects (CNM) and dissociation in the QGP medium,70

while the red dashed line denotes the regeneration contribution. The theoretical calculation is71

consistent with the observed energy dependence, indicating that the J/ψ production in high-72

energy heavy-ion collisions is affected by several effects, such as CNM, dissociation in the73

QGP medium, and regeneration.74

Figure 2 shows the J/ψ RAA as a function of pT at different collision energies (left) and75

centralities (right). A larger suppression is observed at lower pT and towards more central76

collisions.
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Figure 2: The inclusive J/ψ RAA as a function of pT in Au+Au collisions [5, 6]. The error
bars represent the statistical uncertainties. The boxes represent the systematic uncertainties.
The bands around unity indicate the uncertainties from the 〈TAA〉 and the p+p baselines.

77

3 J/ψ production in jets in p+p collisions at
√

s = 500 GeV78

The data sample used in this measurement was collected from p+p collisions at
√

s = 50079

GeV in 2011 and the integrated luminosity of this sample is 22.1 pb−1. Events are triggered80

by the BEMC requiring an energy deposition larger than 4.3 GeV in at least one BEMC tower.81

The J/ψ candidates are reconstructed through their decays into electron-positron pairs, and82

the electron candidates are reconstructed and identified using information from the TPC and83

BEMC. The jet reconstruction is performed for events with a J/ψ candidate by clustering84

the J/ψ candidate with charged particles using the anti-kT algorithm as implemented in the85

FASTJET package [30].86
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Figure 3: Left panel: The z distribution of inclusive J/ψ produced within a jet, normalized
by the number of J/ψ with z from 0.6 to 1.0, and compared to prediction from PYTHIA 8
(gray filled histogram). The vertical lines represent statistical uncertainties and the blue boxes
display systematic uncertainties. The data point for isolated J/ψ (z = 1) is placed at 1.05 for
clarity. Right panel: The ratio of inclusive J/ψ produced within a jet to the total J/ψ yield
[29] as a function of z, compared to PYTHIA 8 prediction.

The left panel of Fig. 3 shows the self-normalized z(J/ψ) = pJ/ψ
T /p jet

T distribution for87

inclusive J/ψ mesons with pJ/ψ
T > 5 GeV/c produced within a charged jet of p jet

T > 10 GeV/c.88

No significant z(J/ψ) dependence for z < 1 is observed within uncertainties. The experimental89

results are compared to the leading-order NRQCD-based PYTHIA 8 calculation [31], and a90

different trend is observed in data and PYTHIA prediction. The less isolated production of91

J/ψ in data than that predicted by PYTHIA 8 is similar to the LHC measurements [12, 13].92

The right panel of Fig. 3 shows the ratio of the number of J/ψ within a charged jet for pJ/ψ
T93

> 5 GeV/c and p jet
T > 10 GeV/c to the total number of J/ψ with pJ/ψ

T > 5 GeV/c [29]. The94

fraction is measured to be 3.7% ± 0.3% (stat.) ± 0.2% (sys.), significantly larger than the95

PYTHIA 8 predicition.96

4 Summary97

In this contribution, the recent results on J/ψ production in p+p and Au+Au collisions from98

STAR are discussed. Newly measured RAA for J/ψ meson at
√

sNN = 54.4 GeV is shown99

as a function of
〈
Npart

〉
and pT with improved precision compared to previous measurements100

at 39 and 62.4 GeV. There is no significant energy dependence of RAA in central collisions101

from 17.2 to 200 GeV within uncertainties. The first measurement of J/ψ production within102

a charged jet in p+p collisions at RHIC (
√

s = 500 GeV) is shown and compared to PYTHIA103

8 predictions. The J/ψ production is less isolated in data compared to that in PYTHIA 8 and104

more probable to be produced in jets.105
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