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Abstract: We present a systematic study of the elliptic flow   relative to the participant plane (PP) and reaction
plane (RP) in Au+Au collisions at  −200 GeV using the AMPT model (string melting version). The ratio

/  is investigated under different hadronic cascade times (0.6 fm/c, 10 fm/c, and the maximum evolution time)
and across various collision centralities.  The results show that,  at  a fixed collision energy, the ratio exhibits negli-
gible sensitivity to the duration of the hadronic rescattering stage, indicating that hadronic interactions have a minim-
al effect on the relative difference generated by initial-state fluctuations. However, a strong energy dependence is ob-
served: the ratio increases with beam energy and saturates above   GeV, a trend that persists across all
centralities.  These  findings  highlight  the  dominant  role  of  the  partonic  phase  in  converting  initial-state  geometry
fluctuations  into  final-state  momentum anisotropy.  Conversely,  at  lower  energies,  the  reduced  partonic  interaction
strength limits the efficiency of this conversion, weakening the system’s ability to preserve the initial geometric in-
formation. Our results suggest that the conversion of initial geometric fluctuations into final momentum anisotropy
requires sufficient partonic interactions.

Keywords: heavy-ion collisions, elliptic flow, initial-state fluctuations, AMPT model, beam energy scan

DOI: 10.1088/1674-1137/ae1443        CSTR: 32044.14.ChinesePhysicsC.50013001

 

I.  INTRODUCTION

Understanding  the  properties  of  the  quark-gluon
plasma (QGP), a state of strongly interacting matter char-
acterized  by  deconfined  quarks  and  gluons  [1−4],  re-
mains  one  of  the  goals  of  heavy-ion collision   experi-
ments.  Relativistic  heavy-ion  collisions  at  high  energies
create extreme  conditions  under  which  the  QGP  is   cre-
ated [5−9], allowing detailed studies of its transport prop-
erties,  such  as  viscosity  and  equation  of  state.  A  crucial
aspect of such investigations involves exploring the evol-
ution of the system from the initial stage through the par-
tonic phase and eventually to the hadronic phase [10−16].
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The  beam  energy  scan  (BES-I) program  at  the   Re-
lativistic  Heavy  Ion  Collider  (RHIC)  provides  a  unique
opportunity  to  study  the  energy  dependence  of  QGP
formation and the relative roles of partonic and hadronic
interactions. In that program, Au+Au collisions were sys-
tematically  measured  across  a  wide  range  of  center-of-
mass energies (  GeV). At high energies,
the  system  spends  a  longer  time  in  the  partonic  phase

[17], whereas at lower energies, the hadronic phase dom-
inates  owing  to  the  reduced  initial  energy  density  and
shorter-lived  partonic  stage  [18].  Thus,  the  BES-I  pro-
gram enables the study of the transition from partonic to
hadronic dominance and its impact on final-state observ-
ables [19−23].
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Among these  observables,  the  elliptic  flow   coeffi-
cient   serves as a sensitive probe of the system's early-
stage  dynamics  and  its  transport  properties  [24−27].  El-
liptic flow results from the initial spatial anisotropy in the
overlap region of the colliding nuclei, which is converted
into final-state momentum anisotropy during the system's
evolution [28−30]. In principle,   can be measured relat-
ive to different reference planes. The reaction plane (RP),
defined by the beam direction and impact parameter vec-
tor,  represents  the  average  collision  geometry,  whereas
the  participant  plane  (PP)  fluctuates  event-by-event  ow-
ing  to  the  random  distribution  of  participant  nucleons
[31].  Consequently,    measured relative  to  the   parti-
cipant  plane  ( )  is  typically  larger  than  that  relative  to
the  reaction  plane  ( ),  with  their  ratio  ( / )  carry-
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ing  information  about  the  strength  of  initial-state  fluctu-
ations.  The    presented  in  this  paper  is  defined  as  the
second  Fourier  coefficient  of  particle  distribution  in  the
emission azimuthal angle (ϕ) with respect to the RP angle
( ) or PP angle ( ),  and it  can be expressed as [32,
33] 

dN
dϕ
∝ 1+2v2cos(2(ϕ−Ψ)). (1)
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Experimental  results  from  the  STAR  collaboration
have reported elliptic flow for inclusive charged hadrons
in  Au+Au  collisions  across    GeV  [34],
comparing    obtained with  respect  to  event  planes   re-
constructed from different detectors, such as the TPC and
BBC, which are sensitive to the PP and RP, respectively.
These studies suggested a measurable difference between
the two  methods,  underscoring  the  role  of  initial   geo-
metry fluctuations and their evolution [35−38].
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Motivated  by  these  observations,  we  systematically
investigate the  /  ratio using a multi-phase transport
model (AMPT) with a  string melting mechanism,   focus-
ing  on  Au+Au  collisions  at    GeV.  By
varying the  hadronic  cascade  time  while  fixing  the   par-
tonic  interaction  cross  section,  we  explore  the  influence
of  hadronic  rescattering  on  this  ratio  and  its  dependence
on  collision  energy  and  centrality  [39,  40].  Our  study
aims to explore the interplay between initial-state fluctu-
ations and the system's evolution across the energy range
covered by the RHIC BES program.
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The  remainder  of  this  paper  is  organized  as  follows.
In  Sec.  II,  we  briefly  describe  the  basic  features  of  the
AMPT model.  Sec.  III  presents  the  transverse   mo-
mentum  ( )  dependence  of  ,  ,  and  their  ratio

/ , along with discussions on the centrality and colli-
sion energy dependence of  the ratio.  Finally,  a  summary
of the main finding is provided in Sec. IV. 

II.  AMPT MODEL

We employ the AMPT model with the string melting
and  a  parton-parton  cross  section  of  3  mb.  The  AMPT
model has been widely used and successfully describes a
variety  of  experimental  observables,  including  particle
production,  as  well  as  the  collective  flow  over  a  broad
range  of  collision  energies  [41−45].  The  AMPT  model
consists  of  four  main  components:  the  initial  conditions,
partonic interactions,  hadronization,  and hadronic rescat-
tering. The initial conditions are provided by the HIJING
model [46], which employs Glauber nuclear geometry to
simulate the spatial and momentum distributions of min-
ijet  partons  from  hard  scattering  and  strings  from  soft
processes.  Partonic  interactions  are  simulated  using
Zhang's  Parton  Cascade  (ZPC)  framework  [47],  which
models the scatterings among partons. When partonic in-

teractions cease, hadronization occurs through a combina-
tion of quark coalescence and string fragmentation mech-
anisms. The  subsequent  interactions  among  hadrons,   in-
cluding both elastic and inelastic scatterings, are then de-
scribed  by  A  Relativistic  Transport  (ART)  model  [48].
Here,  the  hadronic  cascade  time  denotes  the  maximum
evolution time allowed for hadronic rescatterings in ART.
After this time (fm/c), no further hadronic scatterings are
evolved.

v2In this study, the elliptic flow coefficient   is calcu-
lated using the definition 

v2 = ⟨cos[2(ϕ−Ψ)]⟩, (2)

where the average is taken over all particles in all events.
Here,  ϕ  represents  the  azimuthal  angle  of  emitted
particles, and Ψ denotes the azimuthal angle of the refer-
ence plane, which can be either the reaction plane or the
PP. In this analysis, the reaction plane angle is set to zero.
The PP is determined by the spatial distribution of initial
partons  in  the  transverse  plane.  The  azimuthal  angle  of
the second-order PP is defined as 

ΨPP
2 =

atan2(⟨r2
inisin(2ϕini)⟩⟨r2

inicos(2ϕini)⟩)+π
2

, (3)

and  the  eccentricity  with  respect  to  second-order  parti-
cipant plane and reaction plane is defined as 

ϵPP2 =

√
⟨r2

inicos(2ϕini)⟩2+ ⟨r2
inisin(2ϕini)⟩2

⟨r2
ini⟩

(4)

 

ϵRP =
σ2

y −σ2
x

σ2
y −σ2

x
;σ2

x = ⟨x2⟩− ⟨x⟩2,σ2
y = ⟨y2⟩− ⟨y⟩2; (5)

rini ϕiniwhere    and    are  the  polar  coordinate  positions  of
each  nucleon,  the  average  brackets  are  density  weighted
in the initial state, and x and y are the positions of parti-
cipant nucleons. 

III.  RESULTS AND DISCUSSIONS
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In the  following  sections,  we  present  a   comprehens-
ive analysis of the elliptic flow coefficient   of charged
hadrons relative to both the PP and RP using the AMPT
model  with  the  string  melting  version.  Specifically,  we
show  the  transverse  momentum  ( )  dependence  of 
and    for  charged  hadrons  across  different  collision
centralities  and  collision  energies.  The  ratio  /   is
also  analyzed  as  a  function  of  , and  its  centrality   de-
pendence is quantified using the linear fits to the   dif-
ferential results. Furthermore, we investigate the effect of
hadronic rescattering on the ratio at each collision energy.
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Finally,  we  provide  a  detailed  discussion  of  the  energy
and centrality dependence of the   ratio.
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Following the experimental analysis procedures [18],
the  collision  centrality  is  determined  from  the  reference
multiplicity defined as  the number of  charged pions,  ka-
ons, and protons within the pseudorapidity range  0.5
and  transverse  momentum  range    GeV/c.
Centrality  classes  [49]  are  determined  by  percentile  cuts
on the reference multiplicity distribution from the minim-
um-bias AMPT events for each energy. The top panels of
Fig.  1  display  the  transverse  momentum  ( )  depend-
ence  of  the    for  charged  hadrons  in  20%-30%  central
Au+Au  collisions  at  mid-rapidity  ( 1),  for  collision
energies of 7.7, 19.6, 39, 62.4, and 200 GeV, shown from
left  to  right.  The  open  circles  and  squares  represent  the
results of   relative to the PP ( ) and RP ( ), respect-
ively. Both   and   exhibit a similar   dependence,
increasing with   and reaching a maximum at higher 
region. Notably,   is consistently larger than   across
the entire   range, in agreement with theoretical expect-
ations. Moreover, the difference between   and   ap-
pears to exhibit an energy dependence.
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To quantify the difference between   and   across
collision energies, we evaluate their ratio  /  in each
 bin, as shown by the solid circles in the lower panels

of Fig. 1. Note that both   and   are calculated from
the same set of particles within each event, which inevit-
ably  introduces  statistical  correlations  between  the  two
observables. Therefore,  a  simple  propagation  of   uncer-
tainties or a straightforward fitting procedure would over-
estimate  the  true  errors  of  the  ratio.  To properly  address
this issue, we employ a bootstrap resampling technique to
estimate the statistical uncertainties of  /  throughout
this  study [50].  The bootstrap method provides  a  robust,
non-parametric method of evaluating uncertainties by re-
peatedly resampling the particle ensemble and recalculat-
ing the observables. This approach naturally preserves the
inherent correlations between   and   while avoiding
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biases  that  occur  in  conventional  error  propagation.  A
clear energy dependence is observed that the ratio  /
increases with increasing collision energy. This behavior
is  also  consistent  with  the  experimental  measurements
from the STAR BES-I experiment [34].
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The  centrality  dependence  of  the  ratio  /   is
shown by  black  open  circles  in Fig.  2. At  a  given  colli-
sion energy, the ratio exhibits a non-monotonic centrality
dependence,  where  it  reaches  a  minimum in  mid-central
collisions and increases toward both central and peripher-
al  collisions.  To  further  investigate  the  role  of  initial-
stage fluctuations,  we  also  calculate  the  centrality   de-
pendence  of  the  ratio  ,  shown  as  the  red  open
squares. Both ratios are consistently larger than unity and
display  similar  centrality  and  energy  dependence.  These
observations indicate  that  the  effects  of  initial   fluctu-
ations  on  elliptic  flow  are  influenced  by  both  the  initial
eccentricity (or system size) and/or the dynamical evolu-
tion mechanisms that vary with beam energy.

To further investigate the impact of hadronic interac-
tions on the initial-state fluctuations in elliptic flow meas-
urements,  we  performed  AMPT  simulations  of  Au+Au
collisions  with  a  fixed  parton-parton  cross  section  of  3
mb. The hadronic cascade time was varied as 0.6, 10, and
30  fm/c,  where  30  fm/c  corresponds  to  the  maximum
evolution  time  allowed  for  hadronic  rescatterings  in
AMPT at these energies. A larger hadronic cascade time
corresponds  to  stronger  hadronic  rescattering  effects.  In
the  following,  this  setting  is  simply  referred  to  as  the
maximum evolution time.
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Figure 3 shows the   dependence of   and   for
charged  hadrons  in  20%−30%  central  Au+Au  collisions
at   GeV. The results are presented for hadron-
ic cascade times of 0.6 fm/c,  10 fm/c,  and the maximum
evolution  time,  corresponding  to  the  left,  middle,  and
right  panels,  respectively.  The  lower  panels  display  the
ratio  /  as a function of  , shown by the black sol-
id circles. At each cascade time,   and   exhibit simil-
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Fig. 1.      The top panels show   of charged hadrons as a function of   for Au+Au 20%−30% collisions at 
and 200 GeV from the AMPT model at midrapidity ( 1). The results are shown with a parton-parton cross section of 3 mb and a
hadronic cascade evolved to the maximum evolution time. The open circles and squares represent the results of   and  , respect-
ively. The bottom panels show the ratio  /  as a function of   for all centralities.
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ar    dependence,  and  the  ratio  remains  above  unity
across  the  entire    range,  with    consistently  larger
than  .  A constant fit  to the ratio (red line) shows that
the  fitted  values  remain  nearly  unchanged  with  different
hadronic cascade times.
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We  also  observe  that,  within  the  given  centrality
range,  the  ratio  /   remains  nearly  constant  as  the
hadronic  cascade  time  increases.  Although  the  absolute
magnitudes of   and   increase with hadronic evolu-
tion, their  changes  are  comparable,  leaving  the  ratio   es-
sentially unaffected. This stability indicates that while the
hadronic  stage  modifies  the  overall  magnitude  of  ,  it
has  only  a  slight  impact  on  the  relative  difference
between   and  . Therefore,  the ratio is  likely estab-
lished during the partonic phase.
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Figure 4 presents  the collision energy dependence of
the ratio  /  for charged hadrons in 20%-30% central
collisions, along with the effects of hadronic rescattering
at  each  collision  energy.  The  results  are  obtained  with  a
parton-parton  cross  section  of  3  mb  and  three  different
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values of hadronic cascade time of 0.6 fm/c, 10 fm/c, and
the maximum evolution time, shown by the solid circles,
squares, and triangles, respectively. As shown in the fig-
ure, at a given collision energy, the ratio  /  remains
nearly constant when varying the hadronic cascade time,
indicating that hadronic rescatterings have a negligible ef-
fect on  the  ratio.  In  contrast,  a  pronounced  collision  en-
ergy  dependence  is  observed  in  that  the  ratio  increases
with collision energy and tends to  saturate  between 62.4
and  200  GeV,  suggesting  a  possible  upper  limit  of  the
partonic interaction effect on the initial-state fluctuations
of elliptic flow. These results imply that the contribution
of fluctuations  from  the  partonic  phase  becomes   satur-
ated at high energies.
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The  negligible  sensitivity  of  the    ratio to  the   had-
ronic  cascade  time  suggests  that  the  difference  between

 and   is primarily established during the early par-
tonic  stage  of  the  collision.  The  preservation  of  initial
geometry  information  requires  a  sufficiently  long-lived
and dominant partonic stage. As the collision energy de-

 

vPP2 vRP2 ϵ2(PP)/ϵ(RP)
√

sNN = 7.7,19.6,39,62.4,

|η| <
vPP2 vRP2 ϵ2(PP)/ϵ(RP)

Fig. 2.    (color online) Ratio of elliptic flow coefficients  /  and corresponding eccentricity ratio   of charged hadrons
as a function of collision centrality for Au+Au collisions at   and 200 GeV from the AMPT model at midrapid-
ity ( 1). The results are shown for a parton-parton cross section of 3 mb and a hadronic cascade evolved to the maximum evolution
time. The black open circles represent the  /  ratios, whereas the red open squares denote the   ratios.

 

v2 pT
√

sNN = 39

|η| <
vPP2 vRP2

vPP2 vRP2 pT

Fig. 3.    (color online) The top panels show   of charged hadrons as a function of   for Au+Au 20%−30% collisions at 
GeV from the AMPT model at midrapidity ( 1). The results are shown for a parton-parton cross section of 3 mb and three different
values of hadronic cascade time periods. The open circles and squares represent the results of   and  ,  respectively. The bottom
panels show the ratio of  /  as a function of   for the three different values of hadronic cascade time. The red line represents the
constant fit to the ratios.
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v2

creases, both the duration and significance of the parton-
ic phase diminish, whereas hadronic interactions become
increasingly important.  Consequently,  the  medium's   ca-
pacity to preserve the initial-stage geometry is weakened,
leading  to  changes  in  the    values  relative  to  different
reference planes.

vPP
2 vRP

2

√
sNN = 62.4

Similarly, Fig.  5  shows the  collision  energy  depend-
ence of the ratio  /  for charged hadrons, along with
its  centrality  dependence  at  each  energy.  The  results  are
obtained with a parton-parton cross section of 3 mb and a
hadronic  cascade  evolved  to  the  maximum  evolution
time.  The  solid  circle,  triangles,  and  squares  correspond
to  the  0%−10%,  10%−40%,  and  40%−80%  centrality
classes, respectively.  A  significant  collision  energy   de-
pendence  is  observed  across  all  centrality  classes  in  that
the  ratio  increases  with  increasing  collision  energy  and
tends to saturate above   GeV. In addition, the
ratio exhibits a clear centrality dependence at  each colli-
sion  energy.  Specifically,  it  reaches  the  largest  value  in
the  most  central  collisions,  decreases  gradually  towards
peripheral  collisions,  and exhibits  a  distinct  minimum in
mid-central collisions.

vPP
2 vRP

2

vPP
2

vRP
2

This  pronounced  centrality  dependence  of  the  ratio
/  results from the interplay between the initial geo-

metric  eccentricity  and  fluctuations  in  the  PP.  In  most
central collisions, the overlap region of the colliding nuc-
lei is  nearly  symmetric,  yielding  a  small  geometric   ec-
centricity.  In  this  regime,  event-by-event  fluctuations
dominate,  leading  to  a  significant  deviation  between  the
participant and reaction planes. Thus,   becomes signi-
ficantly  larger  than  ,  producing  a  high  ratio.  In  mid-
central collisions, where the initial geometric eccentricity
is well-defined, the relative importance of fluctuations is
reduced. This improves the alignment between the parti-
cipant and  reaction  planes,  leading  to  a  lower  ratio   ap-
proaching  unity.  In  peripheral  collisions,  although  the

vPP
2 vRP

2

geometric eccentricity  remains  finite,  the  reduced   num-
ber of  participant  nucleons  enhances  statistical   fluctu-
ations, which  again  increases  the  ratio.  Overall,  the   ob-
served centrality  dependence of  the  ratio  /   reflects
the competition  between  the  geometric  shape  of  the   ini-
tial overlap region and the magnitude of initial-state fluc-
tuations, both of which vary systematically with collision
centrality. 

IV.  SUMMARY

vPP
2 vRP

2

√
sNN = 7.7,19.6,

39,62.4

We have  systematically  investigated  the  ratio  of   el-
liptic  flow  coefficients  /   for  charged  hadrons  in
Au+Au collisions  over  a  broad  range  of  collision   ener-
gies  using  the  AMPT  model  (string  melting  version).
Simulations  are  performed  at 

  and  200  GeV,  with  a  fixed  parton-parton  cross
section of 3 mb and hadronic cascade times of 0.6 fm/c,
10 fm/c, and the maximum evolution time.

v2

√
sNN ≈

The results show that the   ratio is essentially insens-
itive to the hadronic cascade time aross all collision ener-
gies,  indicating  that  it  is  primary  determined  during  the
early partonic  phase  of  the  system  evolution.  A   pro-
nounced energy dependence is  observed in  that  the  ratio
increases  with  collision  energy  and  saturates  above

  62.4 GeV.  This  behavior  suggests  that  the   con-
version of  initial  geometric  fluctuations  into  final   mo-
mentum anisotropy  requires  sufficient  partonic   interac-
tions.

A strong centrality dependence is also observed. The
ratio  reaches  its  maximum in  the  most  central  collisions
owing  to  the  dominance  of  initial-state  fluctuations  in
nearly  symmetric  overlap  regions.  In  mid-central  colli-
sions,  the  geometric  eccentricity  is  well-defined  and  the
ratio reaches its minimum. In peripheral collisions, the re-
duced number of participating nucleon increases the relat-

 

vPP2 vRP2Fig.  4.      Ratio  /   of  charged  hadrons  as  a  function  of
collision  energy  for  Au+Au  20%−30%  collisions  from  the
AMPT model. The results are shown for a parton-parton cross
section of 3 mb and three different values of hadronic cascade
time: 0.6, 10, and 30 fm/c.

 

vPP2 vRP2Fig.  5.      Ratio  /   of  charged  hadrons  as  a  function  of
collision energy for Au+Au collisions at 0%−10%, 10%−40%,
and 40%−80% from the AMPT model. The results are shown
for a parton-parton cross section of 3 mb and a hadronic cas-
cade time of 30 fm/c.
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ive contribution of statistical fluctuations, causing the ra-
tio to increase again.

vPP
2 vRP

2These  findings  demonstrate  that  the  ratio  /
provides a sensitive probe of the interplay between initial

geometry and the subsequent dynamical evolution of the
medium, thereby offering valuable insights into the relat-
ive  role  of  partonic  and hadronic  phases  across  different
collision energies and centralities.

 

 

References 

 P. Braun-Munzinger and J. Stachel, Nature 448, 302 (2007)[1]
 J.  Chen  et  al.,  Nucl.  Sci.  Tech.  35,  214  (2024),  arXiv:
2407.02935

[2]

 A.  Bzdak,  S.  Esumi,  V.  Koch  et  al.,  Phys.  Rept.  853,  1
(2020), arXiv: 1906.00936

[3]

 E. V. Shuryak, Phys. Lett. B 78, 150 (1978)[4]
 J.  Adams  et  al.  (STAR),  Nucl.  Phys.  A  757,  102  (2005),
arXiv: nucl-ex/0501009

[5]

 I.  Arsene et  al.  (BRAHMS), Nucl.  Phys.  A 757,  1  (2005),
arXiv: nucl-ex/0410020

[6]

 K. Adcox et al. (PHENIX), Nucl. Phys. A 757, 184 (2005),
arXiv: nucl-ex/0410003

[7]

 B. B. Back et al. (PHOBOS), Nucl. Phys. A 757, 28 (2005),
arXiv: nucl-ex/0410022

[8]

 STAR  Note  0598:  BES-II  whitepaper,
http://drupal.star.bnl.gov/STAR/starnotes/public/sn0598.

[9]

 U.  Heinz  and  R.  Snellings, Ann.  Rev.  Nucl.  Part.  Sci. 63,
123 (2013), arXiv: 1301.2826

[10]

 N.  Magdy,  Phys.  Rev.  C  107,  024905  (2023),  arXiv:
2210.14091

[11]

 P.  Bozek,  Phys.  Rev.  C  81,  034909  (2010),  arXiv:
0911.2397

[12]

 Z. Qiu and U. W. Heinz, Phys. Rev. C 84, 024911 (2011),
arXiv: 1104.0650

[13]

 H. Niemi, G. S. Denicol, H. Holopainen et al., Phys. Rev. C
87, 054901 (2013), arXiv: 1212.1008

[14]

 B. Alver et al. (PHOBOS), Phys. Rev. C 77, 014906 (2008),
arXiv: 0711.3724

[15]

 J.  Wang,  Y.  G.  Ma,  G.  Q.  Zhang et  al.,  Phys.  Rev.  C 90,
054601 (2014), arXiv: 1411.1812

[16]

 L. Adamczyk et  al.  (STAR), Phys.  Rev.  Lett. 116, 062301
(2016), arXiv: 1507.05247

[17]

 L.  Adamczyk  et  al.  (STAR),  Phys.  Rev.  C  88,  014902
(2013), arXiv: 1301.2348

[18]

 L. Adamczyk et  al.  (STAR), Phys.  Rev.  Lett. 110, 142301
(2013), arXiv: 1301.2347

[19]

 L. Adamczyk et  al.  (STAR), Phys.  Rev.  Lett. 120, 062301
(2018), arXiv: 1708.07132

[20]

 L. Adamczyk et  al.  (STAR), Phys.  Rev.  Lett. 112, 162301
(2014), arXiv: 1401.3043

[21]

 J.  Adam  et  al.  (STAR),  Phys.  Rev.  Lett.  126,  092301
(2021),  [Erratum:  Phys.Rev.Lett.  134,  139902  (2025)],
2001.02852.

[22]

 S.-W. Lan and S.-S. Shi, Nucl. Sci. Tech. 33, 21 (2022)[23]
 P.  Romatschke  and  U.  Romatschke,  Phys.  Rev.  Lett.  99,
172301 (2007), arXiv: 0706.1522

[24]

 C.  Gale,  S.  Jeon,  B.  Schenke  et  al.,  Phys.  Rev.  Lett. 110,
012302 (2013), arXiv: 1209.6330

[25]

 H. Song, S. A. Bass, and U. Heinz, Phys. Rev. C 83, 054912
(2011),  [Erratum:  Phys.Rev.C  87,  019902  (2013)],
1103.2380.

[26]

 C. Shen and L. Yan, Nucl. Sci. Tech. 31, 122 (2020), arXiv:
2010.12377

[27]

 H.  Sorge,  Phys.  Rev.  Lett.  82,  2048  (1999),  arXiv:  nucl-
th/9812057

[28]

 J.-Y. Ollitrault, Phys. Rev. D 46, 229 (1992)[29]
 R.  Snellings,  New  J.  Phys.  13,  055008  (2011),  arXiv:
1102.3010

[30]

 F. G. Gardim, F. Grassi,  M. Luzum et al., Phys. Rev. Lett.
109, 202302 (2012), arXiv: 1203.2882

[31]

 A. M. Poskanzer and S. A. Voloshin, Phys. Rev. C 58, 1671
(1998), arXiv: nucl-ex/9805001

[32]

 S.  Voloshin  and  Y.  Zhang,  Z.  Phys.  C  70,  665  (1996),
arXiv: hep-ph/9407282

[33]

 L.  Adamczyk  et  al.  (STAR),  Phys.  Rev.  C  86,  054908
(2012), arXiv: 1206.5528

[34]

 T.  Renk  and  H.  Niemi,  Phys.  Rev.  C  89,  064907  (2014),
arXiv: 1401.2069

[35]

 J.  Jia  and  S.  Mohapatra,  Eur.  Phys.  J.  C 73,  2510  (2013),
arXiv: 1203.5095

[36]

 B. Schenke, P. Tribedy, and R. Venugopalan, Phys. Rev. C
89, 064908 (2014), arXiv: 1403.2232

[37]

 M.  Abdallah  et  al.  (STAR),  Phys.  Rev.  C  105,  014901
(2022), arXiv: 2109.00131

[38]

 M.  Nasim,  B.  Mohanty,  and  N.  Xu,  Phys.  Rev.  C  87,
014903 (2013), arXiv: 1301.1375

[39]

 S.  Zhou  and  S.  Shi,  Chin.  Phys.  Lett.  42,  021201  (2025),
arXiv: 2410.20765

[40]

 Z.-W.  Lin,  C.  M.  Ko,  B.-A.  Li  et  al.,  Phys.  Rev.  C  72,
064901 (2005), arXiv: nucl-th/0411110

[41]

 A.  Bzdak  and  G.-L.  Ma,  Phys.  Rev.  Lett.  113,  252301
(2014), arXiv: 1406.2804

[42]

 S.  Lan,  Z.-W.  Lin,  S.  Shi  et  al.,  Phys.  Lett.  B  780,  319
(2018), arXiv: 1710.03895

[43]

 N.  M.  MacKay  and  Z.-W.  Lin,  Eur.  Phys.  J.  C  82,  918
(2022), arXiv: 2208.06027

[44]

 Z.-W.  Lin  and  L.  Zheng, Nucl.  Sci.  Tech. 32,  113  (2021),
arXiv: 2110.02989

[45]

 X.-N.  Wang  and  M.  Gyulassy,  Phys.  Rev.  D  44,  3501
(1991)

[46]

 B. Zhang, Comput. Phys. Commun. 109, 193 (1998), arXiv:
nucl-th/9709009

[47]

 B.-A.  Li  and  C.  M.  Ko,  Phys.  Rev.  C  52,  2037  (1995),
arXiv: nucl-th/9505016

[48]

 D. Kharzeev and M. Nardi, Phys.  Lett.  B 507, 121 (2001),
arXiv: nucl-th/0012025

[49]

 B. Efron and R. Tibshirani, Statist. Sci. 57, 54 (1986)[50]

Shaowei Lan, Qiuhua Liu, Yong Li et al. Chin. Phys. C 50, 013001 (2026)

013001-6

https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1038/nature06080
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://doi.org/10.1007/s41365-024-01591-2
https://arxiv.org/abs/2407.02935
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://doi.org/10.1016/j.physrep.2020.01.005
https://arxiv.org/abs/1906.00936
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/0370-2693(78)90370-2
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://arxiv.org/abs/0501009
https://arxiv.org/abs/0501009
https://arxiv.org/abs/0501009
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://arxiv.org/abs/0410020
https://arxiv.org/abs/0410020
https://arxiv.org/abs/0410020
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://arxiv.org/abs/0410003
https://arxiv.org/abs/0410003
https://arxiv.org/abs/0410003
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://arxiv.org/abs/0410022
https://arxiv.org/abs/0410022
https://arxiv.org/abs/0410022
http://drupal.star.bnl.gov/STAR/starnotes/public/sn0598
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://doi.org/10.1146/annurev-nucl-102212-170540
https://arxiv.org/abs/1301.2826
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://doi.org/10.1103/PhysRevC.107.024905
https://arxiv.org/abs/2210.14091
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://doi.org/10.1103/PhysRevC.81.034909
https://arxiv.org/abs/0911.2397
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://doi.org/10.1103/PhysRevC.84.024911
https://arxiv.org/abs/1104.0650
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://doi.org/10.1103/PhysRevC.87.054901
https://arxiv.org/abs/1212.1008
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://doi.org/10.1103/PhysRevC.77.014906
https://arxiv.org/abs/0711.3724
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://doi.org/10.1103/PhysRevC.90.054601
https://arxiv.org/abs/1411.1812
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://doi.org/10.1103/PhysRevLett.116.062301
https://arxiv.org/abs/1507.05247
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://arxiv.org/abs/1301.2348
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://arxiv.org/abs/1301.2347
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://doi.org/10.1103/PhysRevLett.120.062301
https://arxiv.org/abs/1708.07132
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://doi.org/10.1103/PhysRevLett.112.162301
https://arxiv.org/abs/1401.3043
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1103/PhysRevLett.126.092301
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1007/s41365-022-01006-0
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://doi.org/10.1103/PhysRevLett.99.172301
https://arxiv.org/abs/0706.1522
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://arxiv.org/abs/1209.6330
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1103/PhysRevC.83.054912
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://doi.org/10.1007/s41365-020-00829-z
https://arxiv.org/abs/2010.12377
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://doi.org/10.1103/PhysRevLett.82.2048
https://arxiv.org/abs/9812057
https://arxiv.org/abs/9812057
https://arxiv.org/abs/9812057
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1103/PhysRevD.46.229
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://doi.org/10.1088/1367-2630/13/5/055008
https://arxiv.org/abs/1102.3010
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://doi.org/10.1103/PhysRevLett.109.202302
https://arxiv.org/abs/1203.2882
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://arxiv.org/abs/9805001
https://arxiv.org/abs/9805001
https://arxiv.org/abs/9805001
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://doi.org/10.1007/s002880050141
https://arxiv.org/abs/9407282
https://arxiv.org/abs/9407282
https://arxiv.org/abs/9407282
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://arxiv.org/abs/1206.5528
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://doi.org/10.1103/PhysRevC.89.064907
https://arxiv.org/abs/1401.2069
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://doi.org/10.1140/epjc/s10052-013-2510-y
https://arxiv.org/abs/1203.5095
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://doi.org/10.1103/PhysRevC.89.064908
https://arxiv.org/abs/1403.2232
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://doi.org/10.1103/PhysRevC.105.014901
https://arxiv.org/abs/2109.00131
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://doi.org/10.1103/PhysRevC.87.014903
https://arxiv.org/abs/1301.1375
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://doi.org/10.1088/0256-307X/42/2/021201
https://arxiv.org/abs/2410.20765
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.72.064901
https://arxiv.org/abs/0411110
https://arxiv.org/abs/0411110
https://arxiv.org/abs/0411110
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevLett.113.252301
https://arxiv.org/abs/1406.2804
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://doi.org/10.1016/j.physletb.2018.02.076
https://arxiv.org/abs/1710.03895
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://doi.org/10.1140/epjc/s10052-022-10892-y
https://arxiv.org/abs/2208.06027
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://doi.org/10.1007/s41365-021-00944-5
https://arxiv.org/abs/2110.02989
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1016/S0010-4655(98)00010-1
https://arxiv.org/abs/9709009
https://arxiv.org/abs/9709009
https://arxiv.org/abs/9709009
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.52.2037
https://arxiv.org/abs/9505016
https://arxiv.org/abs/9505016
https://arxiv.org/abs/9505016
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://doi.org/10.1016/S0370-2693(01)00457-9
https://arxiv.org/abs/0012025
https://arxiv.org/abs/0012025
https://arxiv.org/abs/0012025

	I INTRODUCTION
	II AMPT MODEL
	III RESULTS AND DISCUSSIONS
	IV SUMMARY
	REFERENCES

