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Where does the high momentum of jets goes?
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Vortex phenomena are ubiquitous in
hydrodynamic-like systems
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Vortex phenomena are ubiquitous in
hydrodynamic-like systems
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Vortex Rings in the QGP

A polarized.out of plane
L‘ L‘ lL l‘ J‘ I‘

6 O AL I‘ .“"i“;"} ‘(

Py Ry by Aty e b I| l‘ J{ .
e NN/ ‘i fjl’ .
4 AP P B A A P R ] L

i Fyr
B
A R R N LA Rt

-
A R A P A A Y AT I
-
FIOW R A A A R P E e @
R T T T T T A

2 N
a L - . .
{ p\) o e R N I i ’}
R A R R e Rt
T .—
0 e e ——
-

y or z [fm]

Flow | =~ sstthin-g SN AR
{‘_ ) e ‘l\"\‘\\\‘\‘, l\\\
p.-'\ Tt NN NN, . N

VRV AN WAL
_4 K Ay n‘\\\s‘-' WA
R R A
Lok kb . AN
T T T A W,
Bob M Y L 1N .
-6 A AR

DA AR

A polarized'itt plane
8 6 -4 -2 0 2 4 6 8
X [fm]

B. Betz et. al., Phys. Rev. C 76, 044901 (2007)

QGP vortex rings as a new probe for jet-induced medium response and longitudinal dynamics @ )V(

Vortical
structure

Unquenched jet
interaction

Partially
quenched jet

s =0, 7=125fm/c

/7 (v = (0.7, 0.7)

0.75

0.5F “ 40.25
£ oof . | 4000
—0.5f . 4-0.25

e U R B
-0.75

-1.00

205 ~1 0 1

x (fm)

]

W. M. Serenone et. al., Phys. Lett. B 820, 136500 (2021)

LY

2023


https://www.sciencedirect.com/science/article/pii/S0370269321004408?via%3Dihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.044901

Objectives

® Systematic phenomenological study with (3+1)D event-by-event simulations in
central and peripheral Pb+Pb collisions at LHC energies (1/syy = 2.76 TeV)
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Hydrodynamic Simulation
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Hydrodynamic Simulation
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Hydrodynamic Simulation

T = 10fm/c
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Hydrodynamic Simulation
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Hydrodynamic Simulation
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Averaged vs Fluctuating Initial Conditions
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Random trigger direction supresses
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Polarization as QGP properties probe
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Dependence with position and orientation of source
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QGP vortex rings as a new probe for jet-induced medium response and longitudinal dynamics 20 3 15
v



Dependence with position

i Ribeiro et. al., arXiv: 2305.02428
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Dependence with orientation

Ribeiro et. al., arXiv: 2305.02428
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Inward vs Outward. Competing effects

Deposition against flow in inward case results in bigger vorticity

Vortex runs away from Particlization hypersurface, giving more time for dissipation
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Fluctuation of position and orientation of thermal current

Ribeiro et. al., arXiv: 2305.02428
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Ring observable averaged over azimuthal angle
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Magnitude of ring observable reported in the

: present work is similar to what was reported by
COﬂClUSIOnS ALICE for global polarization.

Pb-PD, \[syy = 2.76 TeV
ly|]<0.5, 0.5 < Py < 1.5 GeV

R = 0fim . IC) Observable is robust even in EbE simulations

Distributed x (fluc. IC)
R = 0 fm (smooth IC)
Distributed 9, (fuc. IC) Random jet orientation should be enough to decouple

ij (e 10 vortices generated by system expansion and the ones from
= rp (8 0.
" Jets

Could be measured with on-tape data?
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Highly sensitive tool to probe the dynamics of the
QGP and jet-medium interactions.

Medium properties: Shear viscosity and deposition model
via magnitude of the deposited momentum

Location of medium-jet interaction
Jet orientation
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Energy and Momentum choice for source

< 4 @® Pb+Pb Data
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Energy and Momentum choice for source
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Polarization sign problem

® Without jets, thermal vorticity generates

longitudinal polarization with opposite sign
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Polarization sign problem

® Without jets, thermal vorticity generates
longitudinal polarization with opposite sign
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Becattini et. a/. Phys. Rev. Lett. 127, 272302

® 2021: Several groups proposed corrections mostly
relying on correction due to shear tensor
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i fdz dX,pPny

Wy P+t
Agpp = EWGT( V; =+ Etvfa,lp’lpr>

A%KP)::—

F. Beccatini, M. Buzzegoli, A. Palermo, Phys. Lett. B 820, 136519 (2021)
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AQLY T Euvar( szpr + _uvga/’lpipr>

Ei

S.Y.F. Liy,Y.Yin; J. High Energy Phys. 2021, 188 (2021)
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Polarization sign problem and the ring
observable

Pb-Pb, 55y = 2.76 TeV

- V<05, 05 <p, <3.0GeV ___¢::,andom
[ Thermal vorticity

® Longitudinal and transverse anisotropic
expansion gives rise to ring-like structures

® Possible to filter out these contributions by 82‘;: ,
selecting different trigger directions o Thermal vorticity + LY —1-re
® Averaging over random directions on the <002
transverse plane allows for only longitudinal §< o<~ T N
contributions to survive 002
-0.04 , . . ]
® Forthermal only and LY shear-induced 0.08C Thermat vorticity —— 9.= Yoo
corrections, transverse polarization dominates 004 + BBP o f;,z:a;:,jr?m,:random)

® BBP shear-induced correction much more
sensitive to longitudinal expansion

= 0 1 2 3
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Ribeiro et. al., arXiv: 2305.02428
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Fluctuation of position and orientation of thermal current

[ Pb-Pb, sy =

12 y<05, 05<p, <15GeV

- OQutward

R (%)

it —R=40fm
[ —R= 2.0fn
= R= 0.0fm

S AL D T P

2.76 TeV

P R

40-50 %

PR IR B

-1 0
(¢-9,)

1 2

rad)

1.2

T

| Pb-Pb, @:2.76 TeV
- <05, 0.5<p, <1.5GeV

— R = 4.0fm
—R= 2.0fm
—R= 0.0fm

T

Inward

T T T T T

40-50 %

QGP vortex rings as a new probe for jet-induced medium response and longitudinal dynamics @ N

Polarization magnitude increased in
peripherical systems (6-10 factor)

* Due to shorter evolution time (less
time to dissipate jet) and smaller
background

Change of hierarchy between R = 4.0 fm
and R = 2.0 fm in outward edge

* Due to smallerinteraction between
source term and medium

Otherwise, the qualitative behavior
remains unchanged
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Transverse momentum dependency of longitudinal
polarization

Background event only Background+Source term
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Transverse momentum dependency of longitudinal
polarization

Background event only Background+Source term
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Transverse momentum dependency of longitudinal
polarization

Background event only Background+Source term

Motivates cut
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pr < 1.5GeV/c
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Fluctuation of position and orientation of thermal current
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* Polarization magnitude increased in
peripherical systems (6-10 factor)
* Due to shorter evolution time (less
time to dissipate jet)
* Change of hierarchy between R = 4.0 fm
and R = 2.0 fm in outward edge
* Due to smallerinteraction between
source term and medium
* Otherwise, the qualitative behavior
remains unchanged

* Depositionin a direction transverse to flow
deforms the vortex ring and significantly
reduces the signal observed



Fluctuation of position and orientation of thermal current

LA S S S B B B B

016l Prpn e 257670 aame 1 ox6f Poph iy = 276 TeV ] ¢ Jets positioned in the outer layers
[ D1<05, 05 <p, <15 Gev | PI<0. 00 <p, <13 Ger ! generates stronger vorticity due to

Z: (ﬁfég'ézz : :::_ ?Eégﬁn ” : prOXimit.y with particlization surface.
b —R= oopm o ke oo * Competing effects:
g | g * Inward deposition generate larger
roa S gradients, hence larger polarization
0.06 0.06F (blue vs black curve)
0.04f 004t * Meanwhile, particlization surface
02| 002 takes longer to reach it, giving more
of I _ time to dissipation
= = ¢?) hed  © ° s ¢?) I . Oppo§|’Fe is true to outward
deposition
» Distance between peaks is proxy of vortex size * Vortex s clustered around jet direction in outward
» Jets “inside” the event are subject to system scenario vs in its opposite direction due to angle
expansion longer and results in bigger vortices between particlization surface and vortex ring
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Fluctuation of position and orientation of thermal current
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ALICE Data on Polarization
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Vortex phenomena is ubiquitous in hydrodynamic-
like systems
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Vortex phenomena is ubiquitous in hydrodynamic-
like systems
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