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From collisions to measurements
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From collisions to measurements

* Overlap between colliding nuclei:
= |nitial state, geometry & its fluctuations
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From collisions to measurements

* Overlap between colliding nuclei:  Hydrodynamic expansion of QGP:
= Initial state, geometry & its fluctuations => Radial and anisotropic flow, sensitive to initial

state and properties of QGP
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From collisions to measurements

* Overlap between colliding nuclei:  Hydrodynamic expansion of QGP:
= Initial state, geometry & its fluctuations => Radial and anisotropic flow, sensitive to initial

state and properties of QGP
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From collisions to measurements

* Hydrodynamic expansion of QGP;
=> Radial and anisotropic flow, sensitive to initial
state and properties of QGP

* Overlap between colliding nuclei:
= |nitial state, geometry & its fluctuations

What can we learn about the initial state and properties of QGP

S P from the measurements of radial and anisotropic flow?
. _—VOl\j £;50% . Vz{G} -

¢ v,{8}

4 )

Jonah Bernhard, Scott Moreland and Steffen Bass, Nature Phys. 15 (2019) 11, 1113-1117

:  Radial flow: boost of particles in radial
- 0% . : :

j e bt direction by the expanding QGP
: a + ] :

E ; = | Anisotropic flow: azimuthal asymmetries
02 4 e s 1012 14 16 18 20 in particle production, eg elliptic flow v,

Calibrated to:
Pb—Pb 2.76 and 5.02 TeV
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v, of baryons and mesons in Pb—PDb

 Low pr:
— Inverse mass ordering => expected
from hydrodynamics

p_ (GeV/c)

ALICE, arXiv:2206.04587 [nucl-ex]
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v, of baryons and mesons in Pb—PDb

 Low pr:
— |Inverse mass ordering => expected
from hydrodynamics

» Intermediate pr: 0.3
— Crossing point = radial flow and/or
coalescence”?

p_ (GeV/c)

ALICE, arXiv:2206.04587 [nucl-ex]
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v, of baryons and mesons in Pb—Pb

 Low pr:
— |Inverse mass ordering => expected
from hydrodynamics

* |Intermediate pr:
— Crossing point = radial flow and/or
coalescence”?

Vo4}

— Baryon/meson grouping => coalescence?
* High pr: jet quenching [1]

p_ (GeV/c)

ALICE, arXiv:2206.04587 [nucl-ex]
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v, of baryons and mesons in Pb—Pb

comparison to hydro model
» Measurements of v,:

= Baryon/meson ordering and crossing

* Hydro + fragmentation:
X Underestimates the data in most cases
v Baryon/meson crossing predicted
= Arises from species-dependent pTt cut,
where fragmentation dominates over hydro

| | | | | | | | |

Pb-Pb s,y = 5.02 TeV ALICE CoLBT

- Inl <0.8 ‘ :; lei _
40-50% - n ~
y . + = p(P) p(P)

:‘" EL I )

| | | | | | | | ]
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p_(GeV/c)

ALICE, arXiv:2206.04587 [nucl-ex]
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v, of baryons and mesons in Pb—Pb
comparison to hydro model

« Measurements of v, PbI—PbI m = 5|.02 ITeVIALIICE ICOLIBT

=> Baryon/meson ordering and crossing 03M<0.8 ’ :rci ni _
* Hydro + fragmentation: 40-50% ’ K__ K__

X Underestimates the data in most cases " + " pP)  P(P) B

v Baryon/meson crossing predicted

= Arises from species-dependent pr cut, o4

where fragmentation dominates over hydro % horie B .
» Hydro + coalescence + fragmentation: ¥ g

v Significantly better description of data 0 _‘.’;‘ | |'I|ydr(I)+COIaI+fTag L
* But crossing is not unique to coalescence! 0 1 2 3 4 5 6 7 8 9 10

p_ (GeV/c)

ALICE, arXiv:2206.04587 [nucl-ex]
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Vv, fluctuations of baryons and mesons
INn Pb—PDb collisions

 Emerging pt dependence from central
to peripheral collisions

 Baryon/meson grouping in semi-central collisions
= Different from that observed for v,
= Could point to a different origin of this observation
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Vv, fluctuations of charged hadrons
in Pb—PDb collisions

L ——— ]
« Emerging pt dependence from central . ALICE Preliminary S
to peripheral collisions : :
0.5 o/ —
 Baryon/meson grouping in semi-central collisions ¢ 1og } |
= Different from that observed for v, z o) ESSSSSSSSRSRRSSUU I IS P WO - WO
= Could point to a different origin of this observation : =
» Higher moments of the PDF (charged hadrons): 051" Pb-Pb, Sy = 5.02 TeV ~
=> Show evolution with py in the same range as F(v,) - VOM 30-40%
= WIll be interesting to study for identified particles -1(; e é e é_

with Run3 datal
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Anisotropic flow in p—Pb collisions
for identified particles

» pr-differential measurements of v2 in p—PDb

collisions for identified particles:

— Inverse mass ordering at low pr

— Baryon/meson grouping at intermediate

p1 with 3o
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Anisotropic flow in p—Pb collisions
for identified particles

» pr-differential measurements of v2 in p—PDb
collisions for identified particles:

ALICE Preliminary Improved template fit

0217 p—Pb |5, = 5.02 TeV
VOA, 0-20% H

— Inverse mass ordering at low pr
— Baryon/meson grouping at intermediate

p1 with 3o

 Comparison to models:

— Hydro + fragmentation: largely 0.1

v, {2PC, 1.4 < |An]| < 6.8}
-
o

underestimates data at intermediate pr

0.05
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Anisotropic flow in p—Pb collisions
for identified particles

» pr-differential measurements of v2 in p—PDb
collisions for identified particles:

ALICE Preliminary Improved template fit

02 p—Pb (s, = 5.02 TeV
VOA, 0-20%

— Inverse mass ordering at low pr

— Baryon/meson grouping at intermediate

p1 with 3o
 Comparison to models:

— Hydro + fragmentation: largely 0.1

v, {2PC, 1.4 < |An]| < 6.8}
O
o

underestimates data at intermediate pr
— Hydro + coalescence + fragmentation: 0.05

good description of data at intermediate pr

= Presence of partonic collectivity in p—PDb
= ... but down to which multiplicity?
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Anisotropic flow in pp collisions
for identified particles

* |nverse mass ordering at low pr Hydrodynamics—Ilike trends observed
e Clear separation ( > 30 ) between protons and /K in pp and p—Pb. Are they of the same origin?

at intermediate pr! = Need to study the initial state
- —_ | | | | |
0 15CMS' b 12213 Te'v EETE e % ALICE Preliminary Template fit method
o + An| > 2 v \ pp Vs =13 TeV _
h — 0.15
- 0 CMS . 5 VOM, 0-0.1% | A
Lo : v -
P @ A/K B — |.!,‘ :l
. 0.10— ++ I = — 'i' ® B
N B * + o+ . ¢y 0.1 s % _
= g + . O .
N B - * " — N
= B L ] = g ©
; '|i+' g 005 g _
: : o o|7t olh*
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CMS, Phys. Lett. B 765 (2017) 193 P (GeV/c) P- ( )
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Correlation between [p+| and v,

» Shape of the fireball: anisotropic flow, €, — v,

» Size of the fireball: radial flow, [o1], 1/R — [py]

* |nitial state: geometry and fluctuations
of shape and size

» Final state: correlation between v, and [py]

= Study with Pearson correlation coefficient:
cov (v2, [pr] )
Pn (Vr%, [pT]) —
\/Var (v,%) \/Var ( [pT] )
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Correlation between [p+| and v,
at low multiplicity

» Shape of the fireball: anisotropic flow, €, — v,

+ Size of the fireball: radial flow, [o1], 1/R — [py] /2: A collicions. sketch E
e Initial state: geometry and fluctuations e g E
. ~ - ]
of shape and size ~— -
Q\ B o m wm mmmEECE
» Final state: correlation between v, and |pr] = =" - -
B < |
= Study with Pearson correlation coefficient: . ;-v"' ---------------------------------------------------------- e
- ¢ E
COV (v,%, [pT] ) - 4 -
D, (v,f [PT]) — — 4= IP-Glasma, geometry-only —;
\/Var (v,%)\/var ( 7] ) x -
8|||| |||||||||||| Lo b b b b fa E

dN,,/dn
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Correlation between [p+| and v,
at low multiplicity

» Shape of the fireball: anisotropic flow, €, — v,

A~ [T T ]
- Size of the fireball: radial flow, [o1], 1/R — [py] E C AA collisions. sketch -
e |nitial state: geometry and fluctuations ; s E
: N B i

of shape and size ~ [eesssssss=ss=s========= -
N N - ===

e Final state: correlation between v, and [py] ~ : LT = -
B g _

= Study with Pearson correlation coefficient: . ;-v"' ---------------------------------------------------------- e
-~ ’ ]

COV (v,%, [pT] ) SR -

D, (v,f [PT]) — S IP-Glasma, geometry-only -
\/Var (v,%)\/var ( [pT]> —: = = |P-Glasma, initial momentum —;

EI [ 1 | | IIIIIIIIIIII | [ 1 1 1 | [ 1 1 1 | IIIIIIIIIIIIIIII E

O
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Correlation between [p+| and v,
at low multiplicity

» Shape of the fireball: anisotropic flow, €, — v,

» Size of the fireball: radial flow, [o1], 1/R — [py]

* |nitial state: geometry and fluctuations

of shape and size

P, (v3, [prl)

» Final state: correlation between v, and [py]

= Study with Pearson correlation coefficient:
cov (v2, [pr] )
Pn (V,%, [pT]) —
\/Var (v,%) \/Var < [pT] >

Low multiplicity: geometry — initial momentum correlations dN,,/dny
= Change of slope sign — presence of CGC?

:' = = |P-Glasma, geometry-only

q
= =|P-Glasma, initial momentum
]

O
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Correlation between [p+| and v,
INn Po—Pb at low multiplicity

p(v3, [prl) in Pb—Pb:

* Decreasing + increasing trend at low
multiplicity

22

0.1

-0.1

p(C2} [P.])

CMS, CMS-PAS-HIN-21-012

Pbe 5 02 TeV

T ' T
_ ATLASO5<p <SOGeV ® -

( [P ]) |n|>0 75

CMS Preliminary
O.5<pT<5GeV -

mi>0.75 for c {2}
e In|>1.0 for 02{2}

0

100 200 300 400

Neh (0.5 <p_< 5.0 GeV, il <2.4)

ATLAS, Eur. Phys. J. C 79 (2019) 985
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Correlation between [p+| and v,
INn Pob—Pb at low multiplicity

) | Q- - Three-subevent method ATLAS -
p(v3,pr]) in Pb—Pb:  Pb+Pb 5.02 TeV, 22ub™ >E -based _
* Decreasing + increasing trend at low i ml < 2.5 o B I'III...'. _

0
multiplicit . B gocssyy W
|.o. y | 0.2 - OQO

e Sensitive to pr interval... _ R @

= 0.5< b 5.0 GeV _
=-0.5< P 2.0 GeV -

PP e
40 20 0
ATLAS, 2205.00039 [nucl-ex] Ce ntrality [%]
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Correlation between [p+| and v,
INn Pob—Pb at low multiplicity

) " Bh_ Ph: Q. +~ Three-subevent method ATLAS .
p(vs5, [pr]) in Pb—Pb: 0.3[" pp+Pb 5.02 TeV, 22ub™
* Decreasing + increasing trend at low - 0.5<p_<35.0GeV
multiplicity 0.2‘_
* Sensitive to pr interval... E
* and pseudorapidity range... i
0.1
or-1-
_+ | | | | | | | | | | | | | | | |
80 60 40 20 0
ATLAS, 2205.00039 [nucl-ex] Centrality [%]
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Correlation between [p+| and v,
INn Pob—Pb at low multiplicity

, | Q. | Three-subevent method ATLAS
p(vy, [prl) in Po—Pb: Pb+Pb 5.02 TeV, 22ub”
* Decreasing + increasing trend at low . %f <2pg < 9.0 Gev
e < 7
multiplicit
4 0.2

* Sensitive to pr interval...

* and pseudorapidity range...

* and even the multiplicity estimator

- >E -based -
=== N -based -

.
40 20 0

ATLAS, 2205.00039 [nucl-ex] Central |ty [%]
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Correlation between [p+| and v,
comparison to models ;
e Pb—Pb, |5, = 5.02 TeV

2 - :
p(V29 [pT]) in Pb—Pb: 0.4/ ™= PP, Vs =13 TeV, VOM 0-0.7%

_ : - open markers = standard method
* 1P glasma+MUS|C+UrQMD' - full markers = subevent method

O.6_IIII|IIII|IIII|IIII||||||||
- ALICE Preliminary

i 0.2<pT<3.O GeV/c, [n| < 0.8

05 [p J: Inl < 0.4, v,: |An| > 0.8

p(v_, [p_])

— Slope change around 20 charged tracks, 0.3
significantly lower than in data 1 or
 AMPT:
— Change of slope also observed, although at 0.1 |} .

il
[o]

significantly higher Ncn

. 0
= Slope change not exclusive to IP-Glasma

[]
[
1l
[
-
-
_m__
.
—@-

Pb—Pb, |5, = 5.02 TeV:

—0.1 IP-Glasma+MUSIC+UrQMD
g) : . JAMPT, b>11 fm
p(vy, [prl) in pp: 05 PYTHIAS Monash:
. : : L . = [Jpp, Vs =13 TeV, VOM 0-0.7%
Consistent with Pb—Pb at similar Nch - AMPT. pp. (5 13 TeV
* Underestimated by AMPT, overestimated by PYTHIA o L b b L ey 1
0 50 100 150 200 250 300
N, (|7 < 0.8)
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Summary

» pr-differential v, of identified hadrons in pp and p—Pb collisions show remarkable

similarities to Pb—PDb collisions
=> Suggests dynamical evolution similar to that in Po—Pb

* Relative flow fluctuations: emerging pt dependence in peripheral collisions

» Higher moments of v, PDF: evolution with centrality and prt suggests sensitivity

to initial geometry and transport properties of QGP

« Correlations between [p| and v,:

= Highly sensitive to kinematic cuts and multiplicity estimator
=> Data better described by models with IP-Glasma in initial conditions

=> Observed decreasing trend at small /V,, in Pbo—Pb collisions

=> Change of slope at low /V_, not unique to models with IP-Glasma
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Backup



Vv, fluctuations: skewness and kurtosis CMS Preliminary  PbPb 5.02 TeV (0.58 b

. L OF
In Pb—PDb collisions : - 0.5<p_<3.0 GeV/c
01 o g nl<2.4
Measure v, with multiparticle cumulants: e T =
= Sensitive to underlying v, probability 5;_0'35_ < S o
density function (PDF) and thus initial geometry _0'4; : :
 Skewness (y1) decreasing with centrality, PDF '0'5;
becoming less symmetric 06 o, B
« Kurtosis (y2) increasing with centrality, tails 035_ *y," ,i=123 (standardized) :
become “fatter” F Oyixfm ,i=1,2,3 (cleaned) °
Do v1, y2 probe initial geometry exclusively? .0 o f SRF
S « - Ql (o
— e ¢
O— o W %
_0'1_§
0 10 20 30 40 50 60

Centrality (%)

CMS, CMS-PAS-HIN-21-010
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Is QGP produced exclusively in heavy-ion collisions®?

“Standard” paradigm:
 QGP in heavy-ion collisions
* Cold nuclear matter in proton-ion collisions

 Reference in
PP Is v, measured in pp and p—Pb collisions QGP-like?

Study it in pr-differential way
Pandora’s box since 2013:

* Near-side ridge in p-Pb, reminiscent of QGP S Fa - | =
- - - - > 0.08— RS %’% —

* Particle production mechanism in pp and p—Pb = P ® 5 & W -
0.06— Sl T D e K -

. . . — A Z» i & ke —]
similar to that in Pb—Pb . * | % 0, N
. T pp p-Pb Xe-Xe Pb-Pb .

e Non-zero Vh coefficients 0.02 13 5.02 5.44 5.02 |sy (TeV) ¥
= NeN mo B 90 v{4) -

0l——open = without n-subevent & < [E5 [AA v,{6} ’%j__

— solid = with n-subevent 530 YV v,{8) 2

10° 10° N (il <0.8)

ALICE, Phys. Rev. Lett. 123, 142301 (2019)
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Correlation between [p+| and v,
comparison to models ;

O6| I IIIIIII| I

- ALICE Preliminary
- 0.2 < p_ < 3.0 GeV/c, |n| < 0.8

L))

2

>
T OO0 1< O.\A/f,ivz: An| > 0.8
2 - _ Dh- " e Pb-Pb, \[s,, = 5.02 TeV
p(vy,pr]) in Pb—Pb: 0.4 pp, Vs = 13 TeV, VOM 0-0.7%
» |P-glasma+MUSIC+UrQMD: [ = pp, Vs =13TeV
- open markers = standard method
— Slope change around 20 charged tracks, 0.3 full markers = subevent method
significantly lower than in data
02
 AMPT;: ' .
= [
— Change of slope also observed, although at 0.1 DE "
- ® @

significantly higher Ncn P

. 0

= Slope change not exclusive to IP-Glasma Pb—Pb, |5, = 5.02 TeV:
IP-Glasma+MUSIC+UrQMD

0.1 [JAMPT, Pb—Pb
2 : ] PYTHIA8 Monash:
p(v29 [pT]) N PP. 05 [pp, Vs = 13 TeV
e Consistent with Pb—Pb at similar Ncn | Di‘ﬁh F\CT',zp:) 3 EZ}XOT“Z 3-0.7%5
» Underestimated by AMPT, overestimated by PYTHIA _0.31 vl 0 -
10 102 10°
N, (Inl < 0.8)
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Flow vector fluctuations in Pb—Pb
(v@vicos[n (‘PZ — ‘P;)])

Flow factorisation ratio r, =
(trigger and associated) \/ (Va2 ) (V%)
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Flow vector fluctuations in Pb—Pb
(v@vicos[n (‘PZ — ‘P;)])

Flow factorisation ratio r, =
(trigger and associated) \/ (Va2 ) (V%)

ALICE preliminary VOM: 0-5%

Pb— Pb VSNN =5.02 TeV
n| < 0.8

0.2 < pL. < 0.6 GeV/c

Largest fluctuations in central Pb—PDb

collisions at high pt=> large event-by-event
fluctuations in the initial state

=z TRENTO-IC, n/s(T), /s(T
AM PT-lC, 1]/ Sn= 82)8 ( )

s 3 15 =& 5 3 55
pi (GeV/c)
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Flow vector fluctuations in Pb—Pb
(v@vicos[n (‘PZ — ‘I’;)])

Flow factorisation ratio r, =
(trigger and associated) \/ (Va2 ) (V%)

ALICE preliminary VOM: 0-5%

Pb— Pb VSNN =5.02 leV
n| < 0.8

0.2 < pL. < 0.6 GeV/c

Largest fluctuations in central Pb—PDb

collisions at high pt=> large event-by-event
fluctuations in the initial state

Deviations from r, = 1 can be due to:
* Flow angle fluctuations,

(cos ln (P2 — ‘I’f/l)]) + 1 ' B8 .{2, |An| > 0.8}
EEYSN o
* Flow magnitude fluctuations, . — AMPT-I%, n;gjg_g’g o
O\ /1,2
Vava) 7 \/<"3’ ) 05 1 15 2 25 3 35
» Cannot be measured directly, but p? (GeV/c)

upper/lower limits can be estimated
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Flow vector fluctuations in Pb—Pb
(v@vicos[n (‘PZ — ‘I’;)])

Flow factorisation ratio r, = Flow angle fluctuations
(trigger and associated) \/ (Va2 ) (V%)  GLAUBER+MUSIC, 1/s = 0.08
TRENTO-+HEBE-VISHNU, n/s(T)

ALICE

Largest fluctuations in central Pb—PDb Pb—Pb Y5,y = 5.02 TeV

collisions at high pt=> large event-by-event
fluctuations in the initial state

Deviations from r, = 1 can be due to:
® ALICE

AMPT

* Flow angle fluctuations,
(cos ln (P2 — ‘PZ)]) # 1

* Flow magnitude fluctuations,

0.2< p_rref <5 GeV/c

05 1 15 2 25 3 35 4 05 1 15 2 25 3 35 4

ALICE, arXiv:2206.04574 [nucl-ex] Ps (GEV/C) p2 (GeV/c)

4 ,2 1,2 . " . C ey ,

(vihv' ) # \/ (Ve Vve) SenS.It.IV.e to fluctuations in initial state, little
sensitivity to n/s

 Cannot be measured directly, but

upper/lower limits can be estimated
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Flow vector fluctuations in Pb—Pb

(v@vicos[n (‘PZ — ‘I’;)])

Flow factorisation ratio r, =
(trigger and associated)

V (D 2)

Largest fluctuations in central Pb—PDb

collisions at high pt=> large event-by-event
fluctuations in the initial state

Deviations from r, = 1 can be due to:
* Flow angle fluctuations,

(cos ln (P2 — ‘I’,Z)]) # 1
* Flow magnitude fluctuations,

(vivhy # ) () (i)

 Cannot be measured directly, but

upper/lower limits can be estimated

w— Q

Flow magnitude fluctuations

~~ GLAUBER+MUSIC, 1/s = 0.08
TRENTO+EBE-VISHNU, 1/s(T)
pid o) =
= 1 1} ALICE =1
Pb=Pb |5, = 5.02 TeV
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ALICE, arXiv:2206.04574 [nucl-ex] P (GEV/C) p2 (GeVic)

* Sensitive to fluctuations in initial state, little
sensitivity to n/s

e Strong sensitivity to shear viscosity, but only
INn the most central collisions
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Flow vector fluctuation limits in Pb
(v@vicos[n (‘PZ — ‘I’;)])

—Pb

Flow factorisation ratio r, =
(trigger and associated) \/ (Va2 ) (V%)

Largest fluctuations in central Pb—PDb

collisions at high pt=> large event-by-event
fluctuations in the initial state

* At least 40% of fluctuations in central
collisions originate from flow angle fluctuations

 Above 30% centrality, flow magnitude
fluctuations are suppressed

First measurement separating flow angle and
magnitude fluctuations => Challenges the

assumption of a common symmetry plane

ALICE a _
...... 3< p?<4GeV/ic _Z
02— -Pb |5 = ! -
N Pb-Pb |s,, =5.02 TeV Data AMPT =
(cos 2[W (p2)-Wy)) o

VPV VPNV W
VA2 V2] ¢

Absolute Cc):on’[ribution
o

)
—h
rrrryprrrryprrrrjprrrrypirl
| | | |
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s o .
o 08 =
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ALICE, arXiv:2206.04574 [nucl-ex] Centrality (%)
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Flow vector fluctuations in Pb—Pb

V. (P& pl (viicos[n (P4 — ¥ )])
Define flow factorisation as r, = s (P1-P1) = ( )
Vs P - Vaslphopt) /082 (2)
Deviations from r, = 1 can be due to: - | ALICE preliminary VOM: 0-5%
* Flow magnitude fluctuations, Iptl)— '(D)bBVSNN =5.02 TeV
n| < 0.
(Vava) # \/ (VY (vi?) 'F 02<pl<0.6GeVic
* Flow angle fluctuations,
(cos ln (P2 — ‘PZ)]) #* 1
- r2{2: Anl > 08}
 Cannot measure directly, but can EBE-VISHNU
measure upper/lower limits! | AMPTIC, eVt g

05 1 15 2 25 3 35

p? (GeV/c)
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Correlation between [p+| and v,
and deformation of nuclel

» Shape of the fireball: anisotropic flow, €, — v,

» Size of the fireball: radial flow, [o1], 1/R — [py]

* |nitial state: geometry and fluctuations
of shape and size

» Final state: correlation between v, and [py]

= Study with Pearson correlation coefficient:

cov (v2, [pr] )
\/Var (v,%) \/Var < [pT] >

= P IS significantly smaller in central collisions
of deformed Xe nuclei (deformation parameter
P, ~ 0.16) compared to spherical Pb (5, ~ 0)

Pn (v,%, [PT]) =

39

0.3

Trento

0.2
S 01}
= 0.0H
Q
0.1
—0.2;

G. Giacalone, Phys. Rev. C 102, 024901 (2020)

20 40 60
centrality [%]
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Correlation between [p+| and v,
iIn Pb—Pb and Xe—Xe collisions

* p, slightly larger in Pb—Pb compared to Xe—Xe

 Comparison to models:

.
~,
.....
'~
~,

— Below 20% centrality, all models provide a -0.2—..". Trajoctum (ISE) — V-USPhydro (ISE) S —
. l Trajectum ~~~ v-USPhydro

decent description - -.-. JETSCAPE (ISE) & IP-Glasma+MUSIC+UrQMD -
_ _ —0.4~ . JETSCAPE IP-Glasma+MUSIC+UrQMD (FSE only) -

— More peripheral = best described by models S e
Q .4/ XeXe 5.44 TeV (b)

with IP-Glasma

e Xe—Xe:

_ — - v-USPhydro, B = 0.0 X

— B2 = 0.162 gives better description in most ~0-27 . v-USPhydro, B = 0.16 Va: JA| > 0.8 R
o o . - IP-Glasma+MUSIC+UrQMD, [32= 0.0 [pT]: In| <0.4 ]

central collisions, similarto B2 = 0 in —0.4—  IP-Glasma+MUSIC+UrQMD, B = 0.162 —
S T N T SN NN SR SR SN S SN S S S S N S S S S S S S S S S S S S S

: 0 10 20 30 40 50 60

more pe”pheral ALICE, arXiv:2111.06106 [nucl-ex] Centrality (%)
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