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Beam energy dependence for a given collision system:

Ø Initial-state 𝜀! is approximately energy independent

Ø Viscous attenuation (∝ "
#
(𝑇)) is beam energy dependent

Iu. A. Karpenko, et al.
PRC 91, 064901 (2015)

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  20  40  60  80

¡ 2
{p

ar
t}

Centrality%

200 GeV
39  GeV

19.6 GeV
7.7 GeV

Au+Au

ØThe beam-energy dependence of flow and 𝑝! correlations will reflect the respective roles of 𝜖", its fluctuations 
and #

$
as a function of 𝑇 and 𝜇%

Motivation:

The Gavin ansatz: 
Ø The 𝑝$ − 𝑝$ correlation function is sensitive to the dissipative viscous effects that are ensured during 

the transverse and longitudinal expansion of the medium created in the collisions.  
Ø Because such dissipative effects are more prominent for long-lived systems, they lead to longitudinal 

broadening of 𝑝$ 2-P correlation function as collisions become more central.
Ø A proposed estimate of this broadening, Δ𝜎!, can be linked to 𝜂/𝑠 as:

Ø The Pearson correlation, 𝑣% − 𝑝$ correlation, coefficient (PCC) is expected to be 
more susceptible to the initial conditions of heavy-ion collisions.
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variation of the input magnitude of ⌘/s. The AMPT
model, which has been widely employed to study rel-
ativistic heavy-ion collisions [19, 63–75], includes sev-
eral important model ingredients: (i) an initial partonic
state produced by the HIJING model [62, 76], the val-
ues a = 0.55 and b = 0.15 GeV�2 are used in the HI-
JING model for the Lund string fragmentation function
f(z) / z�1(1�z)a exp(�b m2

?/z), where z represents the
light-cone momentum fraction of the generated hadron
of transverse mass m? with respect to that of the frag-
menting string. Also, (ii) partonic scattering with cross
section,

�pp =
9⇡↵2

s

2µ2
, (3)

where ↵s is the QCD coupling constant and µ is the
screening mass. This cross section drives the expansion
dynamics [77]; (iii) handronization via coalescence fol-
lowed by hadronic interactions [78]. For a quark-gluon
plasma of massless quarks and gluons at a given tem-
perature T , the input value of ⌘/s can be varied via an
appropriate choice of µ and/or ↵s [79];

⌘

s
=

3⇡

40↵2
s

1✓
9 +

µ2

T 2

◆
ln

✓
18 + µ2/T 2

µ2/T 2

◆
� 18

, (4)

For the present study we fix ↵s = 0.47 and vary ⌘/s over
the range 0.1–0.3 via an appropriate variation of µ for T
= 378 MeV [79].

The events produced by the HIJING and the AMPT
models were analyzed with the longitudinal two-particle
transverse momentum correlation function C2 [57, 58];

C2 (⌘1,'1, ⌘2,'2) =

*
n1P
i

n2P
j 6=i

pT,i pT,j

+

hn1ihn2i

�

⌧
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i
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n2P
i
pT,i

�

hn1ihn2i
(5)

Following Eq. 1, one can rewrite Eq. 5 as,

C2 (�⌘,�') =

*
n1P
i

n2P
j 6=i

pT,i pT,j

+

⌘1,'1,⌘2,'2

hn1i⌘1,'1hn2i⌘2,'2

� hpT,1i⌘1,'1hpT,2i⌘2,'2 . (6)

The first term of Eq. 5 can be rewritten as,
*

n1P
i

n2P
j 6=i

pT,i pT,j

+

hn1ihn2i
=

*
n1P
i

n2P
j 6=i

pT,i pT,j
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*
n1P
i

n2P
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ni nj

+ r1,2, (7)

where,

r1,2 =

*
n1P
i

n2P
j 6=i

ni nj

+

hn1ihn2i
. (8)

Note that r1,2 is a number correlation that will be unity
when the particle pairs are independent (i.e., the pair
distribution will factor into the product of single-particle
distributions). Experimentally the r1,2 correlations can
be impacted by (i) the detector acceptance and (ii) the
centrality definition. The latter is especially important
for measurements which employ charged particle multi-
plicity to calibrate the collision centrality. That is, if the
particles used to determine C2 (�⌘,�') are also used to
define the event centrality, a residual self-correlation ap-
pears in r1,2 which can serve to distort the correlator and
hence, the value of the extracted longitudinal broaden-
ing. Such an e↵ect can be reduced by separating the par-
ticles used to to determine C2 (�⌘,�') and those use in
the centrality definition [31]. This can also be achieved
via randomly sampling 50% of the charged particles in
an event to be used for the centrality definition and the
other 50% to participate in measuring the C2 (�⌘,�').
The latter method could be used experimentally when
the detector has a limited ⌘ acceptance. The e�cacy of
this method can be studied in models by comparing the
results with those using the impact parameter to define
centrality.
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FIG. 1. Comparison of the C2 (�⌘,�') correlators obtained
from 10-20%, 30-40% and 50-60% central HIJING events for
Au+Au collisions at 200 GeV.

The influence of the self-correlations were studied us-
ing HIJING events. First, C2 (�⌘,�') was generated
for these events; Fig. 1 shows representative correlators
for 10-20%, 30-40%, and 50-60% central Au+Au colli-
sions. They indicate a sizable near side peak which show
a weak centrality dependence. Second, in Fig. 2 the
C2 (�⌘,�') correlators were projected onto the �⌘ axis
for |��| < 1.0, to facilitate the extraction of the RMS of
C2 (�⌘) [30]. Subsequently, the set of RMS values [for
C2(�⌘)] for the respective centrality selections were ob-
tained for three separate centrality definitions; (i) Set-A
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FIG. 1. Comparison of the C2 (�⌘,�') correlators obtained
from 10-20%, 30-40% and 50-60% central HIJING events for
Au+Au collisions at 200 GeV.

The influence of the self-correlations were studied us-
ing HIJING events. First, C2 (�⌘,�') was generated
for these events; Fig. 1 shows representative correlators
for 10-20%, 30-40%, and 50-60% central Au+Au colli-
sions. They indicate a sizable near side peak which show
a weak centrality dependence. Second, in Fig. 2 the
C2 (�⌘,�') correlators were projected onto the �⌘ axis
for |��| < 1.0, to facilitate the extraction of the RMS of
C2 (�⌘) [30]. Subsequently, the set of RMS values [for
C2(�⌘)] for the respective centrality selections were ob-
tained for three separate centrality definitions; (i) Set-A

The 𝑝% − 𝑝% correlator: STAR Collaboration
PLB 704 (2011) 467–473
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event-by-event, according to

G2 (h1,j1,h2,j2) =

*
n1
Â
i

n2
Â
j6=i

pT,i pT,j

+

hn1ihn2i
(10)

�hpT,1ih1,j1
hpT,2ih2,j2

where n1 ⌘ n(h1,j1) and n2 ⌘ n(h2,j2) are event-wise mul-
tiplicities of charged particles in bins h1,j1 and h2,j2 re-
spectively; pT,i and pT, j are the transverse momenta of parti-
cles ith and jth in their respective bins; and hOi represents an
event-ensemble average of the quantity O. More extensive
descriptions of the G2 correlation function and its properties
are presented in Refs. [60–62].

The G2(Dh ,Df ) correlators studied in this work were
first constructed as functions of Dh and Df using 40- and
60-bins, respectively. However, given our specific interest
on the azimuthal dependence of G2 for large pseudorapid-
ity gaps (i.e. long range behavior), we used a pseudorapidity
gap requirement of |Dh |> 0.7 and projected G2 correlation
functions onto the Df axis. The selection of this specific
h-gap was in part motivated by observations by the ALICE
collaboration [73] which reported that short-range correla-
tions become essentially negligible beyond |Dh |' 0.7.

Fourier decompositions of the G2(Df ) correlator projec-
tions were computed for each collision centrality class using
the fit function

f (Dj) = a
pT
0 +2

6

Â
n=1

A
pT
n cos(n Dj), (11)

and the flow-like coefficients a
pT
n were computed according

to

a
pT
n = A

pT
n /

q
|ApT

n |. (12)

Nominally, the coefficients A
pT
n may be either negative, pos-

itive, or null. We found, however, that fit values obtained
from G2 correlators computed, in this work, with the UrQMD,
AMPT, and EPOS models were always non-negative.

2.2.2 Flow coefficients vn

The flow coefficients, vn, were computed based on the two-
particle cumulant technique using the sub-event method pre-
sented in Refs. [88–91]. The sub-event method is used with
an h-gap > 0.7 to reduce non-flow correlations arising from
resonance decays, Bose-Einstein correlations, as well as con-
tributions from jet constituents. Particles from each event
were grouped into two sub-events A and B belonging to
two non-overlapping h-interval with hA > 0.35 and hB <
�0.35, and the flow coefficients were computed according
to

vn = hhcos(n(jA

1 �jB

2 ))ii1/2. (13)

Flow harmonic coefficients v2 and v3, discussed in sec. 3,
were obtained from the events produced with UrQMD, AMPT,
and EPOS, for particles within the kinematic range |Dh | >
0.7, and 0.2 < pT < 2.0 GeV/c to match measurements of
these coefficients by the STAR [48] and ALICE [92] exper-
iments. The STAR measurements [52, 93] were conducted
for Au–Au collisions at

p
sNN = 200 GeV with |h | < 1.0,

|Dh | > 0.7, and 0.2 < pT < 2.0 GeV/c, whereas the AL-
ICE measurements [73] were obtained based on Pb–Pb col-
lisions at

p
sNN = 2760 GeV with |h | < 0.8, |Dh | > 0.9,

and 0.2 < pT < 2.0 GeV/c.

3 Results and discussion
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Fig. 1 Centrality dependence of the harmonic coefficients vn, n =
2,3, computed with UrQMD, AMPT and EPOS for Au–Au colli-
sions at

p
sNN = 200 GeV in panels (a,c) and for Pb–Pb collisions

at
p

sNN = 2760 GeV in panels (b,d). The solid points are the exper-
imental data reported by STAR [52, 93] and ALICE [73] whereas the
shaded areas represent the vn values obtained in this work.

We compare the collision centrality dependence of the v2
and v3 coefficients obtained with the three models with mea-
surements reported by STAR and ALICE collaborations [48,
92] in Fig. 1. We find that the AMPT and EPOS models
quantitatively reproduce both the magnitude and collision
centrality evolution of the v2 and v3 coefficients reported by
STAR for Au–Au collisions: the coefficients are somewhat
large in quasi-peripheral collisions (70% centrality bin), rise
to maximum values in the centrality range 40-50%, and de-
crease monotonically towards zero in most central collisions.
We note, however, that UrQMD tends to grossly underesti-
mate the magnitude of both the v2 and v3 coefficients re-
ported by STAR.

The UrQMD version (version 3.3) used in this work to
simulate Au–Au collisions features only hadron collisions

Niseem Magdy WPCF-2022 

Comparison of the 𝐺!(Δ𝜂) correlators 
( Δ𝜑 < 1) obtained from 10-20%, 
30-40% and 50-60% central HIJING 
events for Au+Au collisions at 200 
GeV.

Excluding the POI from the collision centrality definition, serves to reduce the 
possible self-correlations.

(i) Set-A: with centrality defined using all charged particles in an event, 
(ii) Set-B: with centrality defined using random sampling of charged particles in an event
(iii) Set-C: with centrality defined using the impact parameter distribution.

Analysis procedure:
Niseem Magdy, et al. 
Eur.Phys.J.C 81 (2021) 8, 779
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Investigations of the 𝑝% − 𝑝%correlations
Ø The longitudinal correlations using AMPT model for Au+Au at 200 GeV

ØThe 𝜎∆' 𝐺( is sensitive to the  𝜂/𝑠 change  
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FIG. 4. Comparison of the simulated C2(�⌘) correlators for 10-20% (a), 30-40% (b) and 50-60% (c) Au+Au collisions at
200 GeV, obtained with the AMPT model using set-B of centrality definition. Results are compared for two values of ⌘/s as
indicated; the distributions are peak-normalized. Panel (d) compares the extracted centrality-dependent RMS values for the
two indicated values of ⌘/s.
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and 0.3. They indicate narrower distributions for the
correlators obtained with ⌘/s = 0.3. The RMS values
extracted from such distributions for a more detailed set
of centrality selections, are shown as a function of Nch

in Fig. 4 (d). They indicate the characteristic increase
of the RMS values with log(hNchi) but with a smaller
slope for ⌘/s = 0.3. This reduction in the magnitude of
the RMS values with increasing ⌘/s suggests that, in the
AMPT model, an increase in ⌘/s (for a fixed value of
↵s) serves to dampen the magnitude of the longitudinal
fluctuations.

To further investigate the influence of ⌘/s on the lon-
gitudinal broadening, we estimated ��2 from the simu-
lated centrality-dependent data set for each value of ⌘/s
as follows. First, �2 was extracted and plotted as a func-
tion of centrality for each value of ⌘/s. Second, for a given
value of ⌘/s the di↵erence of the RMS values (��2) for
the most central and the most peripheral collisions was
obtained. Fig. 5 shows the dependence of ��2 on ⌘/s.
It indicates a monotonic decrease of ��2 with ⌘/s over
the range studied. This observed sensitivity of ��2 to
the magnitude of ⌘/s, suggests that experimental stud-
ies of the longitudinal broadening of the transverse mo-
mentum two-particle correlator could provide additional
constraints for precision extraction of ⌘/s.

In summary, we have studied the sensitivity of the lon-

gitudinal broadening of the transverse momentum two-
particle correlator C2(�⌘), to varying degrees of spe-
cific viscosity using the AMPT model. We find that
reliable extraction of C2(�⌘) requires the avoidance or
suppression of self-correlations associated with the com-
mon practice of including the particles used to determine
C2(�⌘) in the set used to characterize the centrality. The
RMS values extracted from the C2(�⌘) distributions, in-
dicate a characteristic linear dependence on log(hNchi)
with slopes that vary with ⌘/s. Furthermore, the es-
timated values of the longitudinal broadening ��2, in-
dicate a monotonic decrease with ⌘/s. This sensitivity
to ⌘/s, suggests that new experimental measurements
of the longitudinal broadening of the transverse momen-
tum two-particle correlator could provide additional con-
straints for precision extraction of ⌘/s(T ).
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slope for ⌘/s = 0.3. This reduction in the magnitude of
the RMS values with increasing ⌘/s suggests that, in the
AMPT model, an increase in ⌘/s (for a fixed value of
↵s) serves to dampen the magnitude of the longitudinal
fluctuations.

To further investigate the influence of ⌘/s on the lon-
gitudinal broadening, we estimated ��2 from the simu-
lated centrality-dependent data set for each value of ⌘/s
as follows. First, �2 was extracted and plotted as a func-
tion of centrality for each value of ⌘/s. Second, for a given
value of ⌘/s the di↵erence of the RMS values (��2) for
the most central and the most peripheral collisions was
obtained. Fig. 5 shows the dependence of ��2 on ⌘/s.
It indicates a monotonic decrease of ��2 with ⌘/s over
the range studied. This observed sensitivity of ��2 to
the magnitude of ⌘/s, suggests that experimental stud-
ies of the longitudinal broadening of the transverse mo-
mentum two-particle correlator could provide additional
constraints for precision extraction of ⌘/s.

In summary, we have studied the sensitivity of the lon-

gitudinal broadening of the transverse momentum two-
particle correlator C2(�⌘), to varying degrees of spe-
cific viscosity using the AMPT model. We find that
reliable extraction of C2(�⌘) requires the avoidance or
suppression of self-correlations associated with the com-
mon practice of including the particles used to determine
C2(�⌘) in the set used to characterize the centrality. The
RMS values extracted from the C2(�⌘) distributions, in-
dicate a characteristic linear dependence on log(hNchi)
with slopes that vary with ⌘/s. Furthermore, the es-
timated values of the longitudinal broadening ��2, in-
dicate a monotonic decrease with ⌘/s. This sensitivity
to ⌘/s, suggests that new experimental measurements
of the longitudinal broadening of the transverse momen-
tum two-particle correlator could provide additional con-
straints for precision extraction of ⌘/s(T ).
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Investigations of the 𝑝% − 𝑝% correlations from STAR
Ø The azimuthal correlations for Au+Au at 200 GeV
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ü Models do not describe the data
ü Event shape dependent 

ü Decrease with harmonic order 

 0.1

 1

 10

 100

 1000

 0  1  2  3  4  5

C
ou

nt
s

q2

(a)
×103

Au+Au 200 GeV

0-20 %
20-40 %
40-60 %
60-80 %

80-100 %

 0.04

 0.05

 0.06

 0.07

 0  20  40  60  80  100
 0.04

 0.05

 0.06

 0.07

 

q2 (%)

(b) 30-40%
apT

2  (GeV/c)STAR Preliminary

STAR Preliminary

Slope

𝑎&
'! 8.60e-05  +/- 1.0e-05

Niseem Magdy WPCF-2022 



6

Investigations of the 𝑝% − 𝑝%correlations from STAR
Ø The longitudinal correlations for Au+Au at 200 GeV

Ø The slope of 𝜎∆" 𝐺# vs. 
𝑁$% is softer for RHIC
ü Smaller 𝜂/𝑠 for RHIC

Ø The 𝜎∆" 𝐺# is event 
shape independent 
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Analysis procedure:

c
|∆𝜂| > 0.7
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vTransverse momentum-flow correlations:
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Niseem Magdy, Roy Lacey
PLB 821 136625 (2021) 

The Pearson correlation coefficient (PCC) measures the strength 
of the 𝑣@, 𝑝% correlation.
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Ø 𝐶./ 𝑝- shows no change with beam energy

ØThe Pearson correlation, 𝜌 𝑣((, 𝑝%
shows no change with beam energy

Ø 𝑉𝑎𝑟 𝑣## *+) decreases  with beam-energy

Ø 𝑐𝑜𝑣 𝑣##, 𝑝- decreases with beam-energy

The beam-energy dependance of the transverse momentum-flow correlations 
using hydro model

∆𝜂2 32 > 0.2

vTransverse momentum-flow correlations:

8

 0

 0.1

 0.2

 0.3

 0.4

 0  20  40  60

V
ar

(v
2 2)

dy
n

Centrality (%)

×10-4

(a)
Hydro Au+Au 200 GeV

 0

 0.1

 0.2

 0.3

 0.4

 0  20  40  60

co
v(

v2 2,[
p T

])

Centrality (%)

(c)
 0

 2

 4

 6

 0  20  40  60  0

 2

 4

 6

3C
k /
�p

T�

Centrality (%)

(b)
×10-2

200   GeV
62.4  GeV
27.0  GeV
19.6  GeV

 0

 0.2

 0.4

 0.6

 0.8

 0  20  40  60

 0

 0.2

 0.4

 0.6

 0.8

l(
v2 2,[

p T
])

Centrality (%)

(d)

Niseem Magdy WPCF-2022 

Niseem Magdy, et al. 
PRC 105 (2022) 4, 044901



Ø 𝐶./ 𝑝- shows no change with 𝜂/𝑠

ØThe Pearson correlation, 𝜌 𝑣22, 𝑝𝑇
shows little change with 𝜂/𝑠

Ø 𝑉𝑎𝑟 𝑣## *+) decreases  with  increasing 𝜂/𝑠

Ø 𝑐𝑜𝑣 𝑣##, 𝑝- decreases with increasing 𝜂/𝑠

The beam-energy dependance of the transverse momentum-flow correlations 
using hydro model

vTransverse momentum-flow correlations:

9
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Ø 𝐶. shows a good agreement with Hydro-A from 
central to mid central

Ø 𝑉𝑎𝑟 𝑣## *+) shows a good agreement with Hydro-A

Ø Hydro-A overestimate 𝑐𝑜𝑣 𝑣##, 𝑝-

Transverse momentum-flow correlations measurements:
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v Hydro comparisons 

Ø Hydro models can qualitatively describe the data
ü Both Hydro-A and -B overestimates 𝜌 𝑣22, 𝑝𝑇
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Ø 𝐶. shows a good agreement with Hydro-A from 
central to mid central

Ø 𝑉𝑎𝑟 𝑣/# *+) shows a good agreement with Hydro-A

Ø Hydro-A within the uncertainty shows a good 
agreement with 𝑐𝑜𝑣 𝑣/#, 𝑝-

Transverse momentum-flow correlations measurements:
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Ø (B) P. Alba, et al.  
PRC 98 , 034909 (2018)

Ø (A) B.Schenke, C.Shen, and P.Tribedy
PRC 99, 044908 (2019)

v Hydro comparisons 

Ø Hydro models can qualitatively describe the data
ü Both Hydro-A and -B overestimates 𝜌 𝑣32, 𝑝𝑇 in more central collisions
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Ø 𝐶. decreases with beam-energy

Ø The Pearson correlation, 𝜌 𝑣22, 𝑝𝑇 , shows no 
significant energy dependence within the 

systematic uncertainties

Ø 𝑉𝑎𝑟 𝑣## *+) decreases  with beam-energy

Ø 𝑐𝑜𝑣 𝑣##, 𝑝- decreases with beam-energy

v The beam-energy dependence of the transverse momentum-
flow correlations

Transverse momentum-flow correlations measurements:
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Ø 𝐶. decreases with beam-energy

Ø 𝑉𝑎𝑟 𝑣/# *+) decreases  with beam-energy

Ø 𝑐𝑜𝑣 𝑣/#, 𝑝- decreases with beam-energy
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Transverse momentum-flow correlations measurements:
v The beam-energy dependance of the transverse 

momentum-flow correlations
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Ø The Pearson correlation, 𝜌 𝑣/2, 𝑝𝑇 , show no 
significant energy dependence within the 

systematic uncertainties
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Conclusions

Ø The extracted 𝑎#
25:

ü Decrease with harmonic order 
ü Models don't describe the 𝑎#

25 data
ü Event shape dependent 

Ø The slope of 𝜎∆" 𝐺# vs multiplicity is:
ü Softer for RHIC (indicating smaller 𝜂/𝑠

for RHIC) than LHC
ü Event shape independent

These comparisons are reflecting the efficacy 
of the 𝐺2(Δ𝜂,Δ𝜑) correlator to differentiate 

among theoretical models as well as to 
constrain the 𝜂/𝑠.

We studied the transverse momentum and the transverse momentum-flow correlations 
as a function centrality for different beam energies

Ø Transverse momentum-flow correlations:
ü The 𝑐𝑜𝑣 𝑣3#, 𝑝- increases with beam energy 
ü The normalized  𝜌 𝑣)#, 𝑝- :

Show little, if any, change with beam energy

The 𝜌 𝑣n2, 𝑝𝑇 measurements show little, if 
any, change with beam energy, suggesting 

that 𝜌 𝑣n2, 𝑝𝑇 is dominated by initial state 
effects.


