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The object of interest
QGP vorticity ring
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The object of interest
QGP vorticity ring
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The object of interest Formation of toroidal

. o . “smoke rings”, as in
QGP vorticity ring t everyday fluid dynamics!

Vortical
structure

Unguenched jet

Interaction
Partially
quenched jet

A
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The tool
A hydrodynamic model

e Sy
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The tool
A hydrodynamic model
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The tool
A hydrodynamic model o

y (fm)

Energy Density (GeV/ fm’)

0 5 10
x (fim) (PRC 109, 014905 (2024))
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The tool
A hydrodynamic model o

y (fm)

Energy Density (GeV/ fm’)

0 5 10
x (fim) (PRC 109, 014905 (2024))

e (3+1) Hydro evolution

N
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The tool
A hydrodynamic model .

)

y (fm)

Energy Density (GeV/ fm’

0 5 10
x (fim) (PRC 109, 014905 (2024))

e (3+1) Hydro evolution
e Insertion of a high
momentum bullet

(e.g., from a jet)
(PRC 82, 014903 (2010))
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The tool
A hydrodynamic model .

)

300

y (fm)

Energy Density (GeV/ fm

0 5 10
x (fim) (PRC 109, 014905 (2024))

e (3+1) Hydro evolution
e Insertion of a high
momentum bullet

(e.g., from a jet)
(PRC 82, 014903 (2010))

y (fm)

1 2
x (fm) PLB 820. 136500 (2021)

v Ay
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The tool
A hydrodynamic model

e (3+1) Hydro evolution
e Insertion of a high

momentum bullet

(e.g., from a jet)
(PRC 82, 014903 (2010))

e Hadronization

e \orticity-spin coupling
(CPC 199, 61(2016))

y (fm)

)

Energy Density (GeV/ fm

PRC 109. 014905 (2024

y (fm)

=0,r=1

25 fm/c

......... /) = (07,07

-1.00
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Vorticity induces polarization

(Polarization carries vorticity information!)

[1] PRC 97. 044915 (2018)  [2] Nature LNP. 987 (2021)  [3] Annu. Rev. Nucl. Part. Sci. 70m 395 (2020)  [4] Eur. Phys. J. C 75. 406 (2015) ( \% ] S"’A
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https://www.annualreviews.org/content/journals/10.1146/annurev-nucl-021920-095245
https://link.springer.com/article/10.1140/epjc/s10052-015-3624-1

Vorticity induces polarization
(Polarization carries vorticity information!)
e Define thermal vorticity in each fluid cell [ 2!:

@ = — [0 /T) ~ & (w!/T)

)
[1] PRC 97. 044915 (2018)  [2] Nature LNP, 987 (2021)  [3] Annu. Rev. Nucl. Part. Sci. 70m 395 (2020)  [4] Eur. Phys. J. C 75. 406 (2015)
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Vorticity induces polarization
(Polarization carries vorticity information!)
e Define thermal vorticity in each fluid cell [ 2!:

0"(u”/T) = 0"(u"/T)]

1
oM —
2

e Then calculate the mean spin 4-vector of each A3 4.

SH(p) = _Le,upUTpr dX\p*np(l — NFp)Tpo
de,\pAnF

&m

[1] PRC 97. 044915 (2018)  [2] Nature LNP, 987 (2021)  [3] Annu. Rev. Nucl. Part. Sci. 70m 395 (2020)  [4] Eur. Phys. J. C 75. 406 (2015)
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Vorticity induces polarization
(Polarization carries vorticity information!)
e Define thermal vorticity in each fluid cell [ 2!:

0"(u”/T) = 0"(u"/T)]

w = —

1
2
e Then calculate the mean spin 4-vector of each A3 4.

1 oo T deAp’\nF(l —np)wpa

$*(p) = —=—€"""p,
8m [ dZ\p*nr
e Finally, the A polarization 4-vector is:
M
" S*(p)
P A (p) — .
(S) with (S) = 1/2
[1] PRC 97. 044915 (2018)  [2] Nature LNP, 987 (2021)  [3] Annu. Rev. Nucl. Part. Sci. 70m 395 (2020)  [4] Eur. Phys. J. C 75. 406 (2015) ( \(/’9 ) S")A
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Measuring A Polarization

e
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Measuring A Polarization
Why use A?

e
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Measuring A Polarization
Why use A?

e Parity violating weak-decay, with a daughter anisotropy:

dN 1
d€2* 47T

(14 agPrycos&r)

i A
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Measuring A Polarization
Why use A?

e Parity violating weak-decay, with a daughter anisotropy:

dN 1
d€2* 47T

e High decay parameter (a, = 0.747 + 0.009)

(14 ay Pyycos&)

i A
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Measuring A Polarization
Why use A?

e Parity violating weak-decay, with a daughter anisotropy:

dN 1
d€2* 47T

e High decay parameter (a, = 0.747 + 0.009)

(14 ay Pyycos&)

e Spin Y2 (polarization is described by the mean spin vector)

i A
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Measuring A Polarization
Why use A?

e Parity violating weak-decay, with a daughter anisotropy:

dN 1
d€2* 47T

e High decay parameter (a, = 0.747 + 0.009)

(14 ay Pyycos&)

e Spin Y2 (polarization is described by the mean spin vector)

e Single decay vertex (easier to measure)
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Measuring A Polarization

Ensemble-averaged polarization
e For each particle, the mean polarization along an arbitrary quantization axis ( 7}) is:

A O =, .
<pD'n>:?PH'n
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Measuring A Polarization

Ensemble-averaged polarization
e For each particle, the mean polarization along an arbitrary quantization axis ( 7}) is:

A O =, .
<pD'n>:?PH'n

e Averaging over physically equivalent particles in the same (p_, y, ¢, Ag ) bin:

1 A OH 54 A

Ny Z Ppi ™= 37 H (pry.¢.ny) T
(pT7y7¢7A¢J>
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Measuring A Polarization

Ensemble-averaged polarization
e For each particle, the mean polarization along an arbitrary quantization axis ( 7}) is:

A O =, .
<pD'n>:?PH'n

e Averaging over physically equivalent particles in the same (p_, y, ¢, Ag ) bin:

1 Ak OH 54 A

N D, Dbii= 3 1 H (pryo.A8y) T
(pT7y7¢7A¢J>
e We need to boost P * into the laboratory frame to calculate the ring observable!
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Measuring A Polarization

Ensemble-averaged polarization
e For each particle, the mean polarization along an arbitrary quantization axis ( 7}) is:

g =

Ak A . >k A

<pD'n>__3 P -n

e Averaging over physically equivalent particles in the same (p_, y, ¢, Ag ) bin:
LS py,a=2EE >

N pD,Z W= 3 H (pTay7¢7A¢J) L

A
(pT7y7¢7A¢J>
e We need to boost P * into the laboratory frame to calculate the ring observable!

P[/jf,lab — A/TLL?L <<pl/(>) Pfyl,rest

where (p,*) is the mean 4-momentum of the A in the (p,, y, ¢, Ag,) bin.
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How to correlate polarization
and the vortical structure?

e Sy
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The RI ng Observable How to correlate polarization

and the vortical structure?

e A

~
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The RI ng Observable How to correlate polarization

and the vortical structure?

PT,Y
Where:

° PA : \ polarization in laboratory frame

A

e { :Bullet propagation direction

e DA :Amomentum
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The RI ng Observable How to correlate polarization

and the vortical structure?

PT,Y
Where:

° PA : \ polarization in laboratory frame

A

e { :Bullet propagation direction

e DA :Amomentum
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The RI ng Observable How to correlate polarization

and the vortical structure?

PT,Y
Where:

° PA : \ polarization in laboratory frame

A

e { :Bullet propagation direction

e DA :Amomentum
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The RI ng Observable How to correlate polarization

and the vortical structure?

PT,Y
Where:

° PA : \ polarization in laboratory frame Measures the component of

O : : : polarization circulating the jet
e { :Bullet propagation direction (A signature of the “smoke ring’)

e DA :Amomentum

e A
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A simplistic bullet (X=y=n,=0;]y| <0.5 ¢, < [0, 2m])
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A simplistic bullet (X=y=n,=0;]y| <0.5 ¢, < [0, 2m])

Injected in the
center of the fireball

8 Cicero Muncinelli | 9th Conference on Chirality, Vorticity and Magnetic Fields in Quantum Matter | ICTP-SAIFR «v)?  a¥

UNICAMP



A simplistic bullet (X=y=n,=0;]y| <0.5 ¢, < [0, 2m])

Injected in the Transverse
center of the fireball  bullets only
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A simplistic bullet (X=y=n,=0;]y| <0.5 ¢, < [0, 2m])

Injected in the Transverse Uniformly
center of the fireball  bullets only distributed in ¢
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A simplistic bullet

x=y=n.=0;]y| <0.5 ¢, € [0, 2m])

| IR e T PR LS SR [ T R ST R
0.121~ Pb-Pb, \sy = 2.76 TeV, 0-5%
L |y[<0.5, 0.5 <p, <15GeV

0 1“ -=== Smooth (Without Jet) ---- EbE (Without Jet)
T — Smooth (With jet) — EDbE (With jet)

LI

T T T T

Statistical error |

Injected in the
center of the fireball

- . . -'
“o g ‘eee’
002 " FR G SR SR VSN ST S LA N W SO VI N T W (N | | BT

-
-

-3 -2 -1 0 1
(¢-9 ) (rad)

Transverse Uniformly
bullets only distributed in ¢
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A simplistic bullet (X=y=n,=0;]y| <0.5 ¢, < [0, 2m])

0.12F pp.pb, {5 = 276 TeV, 0-5% Injected in the Transverse Uniformly
| » YONN T & ’ 2] o o o o
[ y<0.5, 0.5 <p, < 1.5GeV ] center of the fireball  bullets only distributed in ¢
" ---- Smooth (Without Jet) ---- EbE (Without Jet) Statistical error |
0.1+ Y
+ = Smooth (With jet) — EDbE (With jet) / \

Event-by-Event

_0_02k PRI A i T T » Pl 1 T P
cT _(1 ¢(j)) (rad1) i ’ Smooth IC (10Kk)
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A simplistic bullet

R S LR UL 5 SR Z B.
0.121 Pb-Pb, \syy = 2.76 TeV, 0-5%
|y <0.5, 0.5 < p, < 1.5GeV

0.1+
+ = Smooth (With jet) — EDbE (With jet)

0.02}-

LI S e

" === Smooth (Without Jet) ---- EbE (Without Jet) Statistical error |

S . *. o*
o ~'-." ‘eee’
_0 02 J F G R SR VSN ST S LA W W SO W I GO VA (N (R0 BT PRI PRt

-3 -2 -1 0 1 2

(¢-9 ) (rad)

x=y=n.=0;]y| <0.5 ¢, € [0, 2m])

Injected in the Transverse
center of the fireball  bullets only

e Smooth IC approximates well
(faster to compute!)

Uniformly
distributed in ¢

/

~

Event-by-Event

Smooth IC (10k)
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A simplistic bullet

T ———
0.121~ Pb-Pb, \sy = 2.76 TeV, 0-5%
|y <0.5, 0.5 < p, < 1.5GeV

0.1+
+ = Smooth (With jet) — EDbE (With jet)

0.02

LE L e e

I ---- Smooth (Without Jet) ---- EbE (Without Jet) Statistical error |

_0.021..11.-.A.“..‘A..Al.‘Al‘.A

-3 -2 -1 0 1 2

(¢-9 ) (rad)

x=y=n.=0;]y| <0.5 ¢, € [0, 2m])

Injected in the Transverse
center of the fireball  bullets only

e Smooth IC approximates well
(faster to compute!)

e Clear distinction between
With-jet and No-jet events

Uniformly
distributed in ¢

/

~

Event-by-Event

Smooth IC (10k)

L
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A simplistic bullet

———r— r—r—r
0.121 Pb-Pb, \syy = 2.76 TeV, 0-5%
- [y<0.5, 0.5 <p, < 15GeV

0 1‘ === Smooth (Without Jet) ---- EbE (Without Jet)

+ = Smooth (With jet)

—— EbE (With jet)

T T TT L R Y TR e e L s )

Statistical error |

_0.021.‘11‘.A‘.A. a0V N o T O S D
2

3 =2 =1 0 1
(¢-9 ) (rad)

x=y=n.=0;]y| <0.5 ¢, € [0, 2m])

Transverse
bullets only

Injected in the
center of the fireball

e Smooth IC approximates well
(faster to compute!)

e Clear distinction between
With-jet and No-jet events

e Background signal integrates
to zero (polarization due to RP

expansion averages out with
the random ¢ | trigger direction)

Uniformly
distributed in ¢

/

~

Event-by-Event

Smooth IC (10k)
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A more realistic setting <
0.5; 0,2
(Free bullet radius) (Y] ¢y < [0 2m)
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A more realistic setting <05
0.5 0, 2
(Free bullet radius) Iyl <059, < [0 2]

L (LR L B L B L TR | TET SO e CRO [ P o
0.16[- Pb-Pb, \syy = 2.76 TeV . 0_15—Pb Pb \{_\\ 276 Tev .
<05, 05<p <1.5GeV - Y <0.5, 0.0<p_<15GeV

014 OQutward

: Inward
012._ — R = 4.0fm k 0.42f —R= 4.0fm ki
"t —R= 20fm ’ —R= 2.0fm

[ —R= 00fm —R= 0.0fm

0.1f 0.1
S )
Tgoos Eooa
0.06f 0.06
0.04 0.04f
0.02} 0.02f
oF oF
Doy B o p W g g gy | g g g 5 1 A T (| |
-3 ) 4 0 1 2 3 -3 -2 -1 0 1 2 3
(¢-9¢,) (rad) (¢-9¢,) (rad)

i
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A more realistic setting <05
0.5 0, 2
(Free bullet radius) Iyl <059, < [0 2]

(B T S R Y PR [ SRR PR L | LI A SR A LIRS T RN B
0.16] Pb-Pb, |5y = 2.76 TeV ] L Pb-Pb, {5y = 276 TeV

- MI<05, 05<p, < 15GeV L y<0.5, 0.0<p, < 15GeV,
0141 Qutward

[ —R= 4.0fm
012 __R= 20fm
L —R= 0.0fm

Inward 8’ | e External bullets have
—R= 4.0fm 1 . ..
—R= 20fm ' ] less time to dissipate,
—R= 0.0fm -

g thus stronger rings

N SRS S PN SRS SR i Ceaq ¢ e s v aail v e ad Ve y wilis il ey i)

10 1 3
(¢-¢,) (rad) (¢-¢,) (rad)

o g,
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A more realistic setting <05
0.5 0, 2
(Free bullet radius) Iyl <059, < [0 2]

0AGL PbPh (5= 276TeV a1 otefPbPb (= 276Tev ]
- y<0.5, 05 <p, < 1.5GeV ] L [y <0.5, 0.0<p, < 15GeV
014F Outward ] Inward 1 e External bullets have
- ——R= 4.0fm g —R= 4.0fm | ) ..
0128 __ 2 _ 20fm ] 0.121 —R= 20fm ' ] less time to dissipate,
. —R= 0.0fm I —R= 0.0fm ] .
o o § thus stronger rings
IS I 1SS C ang .
~ =008 ~ < 0.08} e Deposition against flow
& 0.06] e 0.06] leads to larger gradients
0.04f 0.04] and larger polarization
0.02} 0.02f
o A of _
R N R N
(¢-¢,) (rad) (¢-9,) (rad)

o g,
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A more realistic setting <
0.5; 0,2
(Free bullet radius) Iyl <059, < [0 2]

L LA L L R R R L U |
0.16[~ Pb-Pb, \syy = 2.76 TeV
- |y|<0.5, 0.5 <p,<15GeV

] R ERRATEREL AT EAE AR E BEEERN
- 0.161 Pb-Pb, VSNN =2.76 TeV -
F <05, 0.0<p, < 1.5GeV ]

o1 0“’;"”"2 5 ] s Inward | = e External bullets have
. — R= 4.0fm —R= 4.0fm 1 0 . .
0120 —R=20/m 1 ¥ —R= 20fm 1 less time to dissipate,

L —R= 0.0fm —R= 0.0fm

I o thus stronger rings
IS i IS . .
~ =008 ~< 008 e Deposition against flow
R ®
0.06

leads to larger gradients

and larger polarization
e Angular aperture is a

proxy for ring size

N SRS S PN SRS SR i Lt &0 s ¢ el voas lad s vlia gasl sgny i)

-1 0 1
(¢-9,) (rad)

Y
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An even more realistic bullet (Ilyl <0.5,¢,=0)
(Free, mixed/unknown, bullet radii)
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An even more realistic bullet (lyl <0.5; ¢, =0)
(Free, mixed/unknown, bullet radii)

0.7

] L T RLL I L LT B LR i AL I A L LG S N LA B U
b Pb-Pb, \fsNN =2.76 TeV .
0.6 |y|<0.5, 0.5 <p_ < 1.5GeV 7
E z 20 ]

0.08

0.06

-0.02

N\
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An even more realistic bullet
(Free, mixed/unknown, bullet radii)

0.081

-0.02

0.06

----------------

Pb Pb, \{sw 276T£’V
[ [y[<0.5, 0.5<p, <15GeV,

0.7

0.6

e
Pbe \/?NN 276TeV
_|\|<05 05<p < 1.5 GeV

70,

(ly| < 0.5; ¢, = 0)

e Double peak signal is
lost with the varying
radii, but...

7 \\")
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An even more realistic bullet
(Free, mixed/unknown, bullet radii

0.0

oo

-0.02

0.06

| SELINL O LI L L
r Pb-Pb, VSNN =2.76 TeV
_—|_\'|<0.5, 0.5 <p.< 1.5 GeV,

T

0.7

0.6

- Pb-Pb,

0.5F

PR LI [ B i it 2

VsNN =2.76 TeV

Ey<0.5, 05<p, < 1.5GeV

0,

o[;)Qco

(ly| < 0.5; ¢, = 0)

e Double peak signal is
lost with the varying
radii, but...

e Integrated signal is
consistently zero for
background, and
non-zero for jets!
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An even more realistic bullet
(Free, mixed/unknown, bullet radii)

R O R S TR B TN L L TR e 2 L 0.7 11 T
[ Pb-Pb, \syy = 2.76 TeV 2 ] E Pb- Pb \{?_ 276 Tev
0081 |)1<0.5, 0.5 <p, < 1.5GeV, Ty ] o
[ M<0.5, 0.5 <p, < 15Ge s 06 |y|<0.5, 0.5<p, < 1.5GeV
B 40:)* ]
0.5F = ]

0.06

-0.02

(ly| < 0.5; ¢, = 0)

e Double peak signal is
lost with the varying
radii, but...

e Integrated signal is
consistently zero for
background, and
non-zero for jets!

e Signal increases with
centrality
(shorter-lived fireball)

SN» \\"’)

10 Cicero Muncinelli

| 9th Conference on Chirality, Vorticity and Magnetic Fields in Quantum Matter | ICTP-SAIFR

o)

T

f.\’ 2

UNICAMP



Probing QGP properties with polarization
(Integrated signal dependencies)

. A
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Probing QGP properties with polarization
(Integrated signal dependencies)

0.0 T Sensitiveness to
Pb-Pb, \[syy = 2.76 TeV, 0-5% . .
008 DI<0.S, 05 <p, < 15Gev shear viscosity:

e Stronger vortex-ring
dissipation at higher

llllllllllllllllllllllllllllllll

O—IIII]IIIIIIIII{IIII]IIIIll[llllll—

viscosities
0.35
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Probing QGP properties with polarization
(Integrated signal dependencies)

009 Sensitiveness to AL
L Pb-Pb, \[syy = 2.76 TeV, 0-5% ] h . . 5§ f’;’; b;%i”éf]"‘;g'i . ]
0.08:— [y|<0.5, 0.5 L7 1.5 GeV _: sShear VISCOSIty - [y|<0.5, 0. p, < 1.5Ge ]
- 1 e Stronger vortex-ring : ]
aa . . . . 0.07F .
- - dissipation at higher : ;
g 0 E viscosities S 1
~< r ] S ]
& o005 4| ——T—-— -~ ————— R oost ]
- ] Sensitiveness to sl ]
0.04— — ] |
: 5 bullet velocity: ol :
0 1 e A possible guide to : ]
r ] . . . 0.02[ .
002 G 0o 02 025 03 035 furthering jet-medium 04 05 06 07 08 09
/s interaction models Vier (€)

Y
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Summary and Outlook

e A new way of looking at how the medium responds to thermalized jets:
Vorticity rings!

e An observable that:
o Decouples anisotropic expansion and jet thermalization contributions
o Is sensitive to medium properties, such as the specific shear-viscosity of the QGP
o Is sensitive to jet properties (position, alignment, velocity...)
e It is possible to experimentally reconstruct the 3D polarization vector
e Predicted signal is of the same order of magnitude as the global A polarization
measured by STAR and ALICE, so it is feasible

Will be proposed to the ALICE collaboration soon, so...

..Stay tuned to a brand new vorticity measurement!
. W
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Full simulation chain

Bullet ExTrEMe Hybrid Model

IC Pre-Equilibrium drod ) Hydro
Early Stage Generator Initial Dynamics yemR }lr\am|ca Model
. Initial
Model Profile : i3
TRENTo KeMPeST Condition MUSIC
(PRC92, (PRL122, PRC82, 014903
011901 (2015)) 122302 (2019)) (2010).
Sampler Transport Data
Particlisation Code Discrete Model Final Analysis
H p , " — .| Observables
ypersurface oS articles UrQND articles —
(CPC 199, 61 (PPNP 41, 255
(2016)) (1998).)

Extreme Hydro workshop 2021

LA
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https://indico.cern.ch/event/1009763/contributions/4258093/attachments/2208650/3737474/Fundamentals.pdf

Jet thermalization

specifics
: ] T =10 fmfc
T = 025fmjc T = 1.0 fm/c « 2=0085=0 SiHaeDEsE T < 151 MeV
*  No baryonic densit
E— 4 . i : >
mj/c
Relativistic Viscous Hydrodynamics (MUSIC) it
U mitarey (x_i-“)Z_’_(y_y“)Z (Z_ZO)Z ) e -
TRENTo 3D jH @ x,y,m5) = p;6(T — 744,)8 = e, This is just one possible
z = Tsinhn; : realization of jet energy
zy = tsinh 7, thermalization, used to
R, = t[sinh(no + R,)) — sinh(ny — R, )] phenomenologically
introduce a bullet!
Instantaneous source term carrying total Others may be better!

U i ime T, position X
momentum py,,, placed at time 7, position %,

Sliceatn =0 2 /(L8
- and with an ellipsoidal shape

QM 2023: QGP vortex rings as a new probe for jet-induced medium response and longitudinal dynamics

v Ay
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https://indico.cern.ch/event/1139644/contributions/5453466/attachments/2708405/4702561/TalkQM2023-Serenone.pdf

Chain summary

Hydrodynamic Simulation

T=10fm/c

To = U25fmic iiiia, = 1.0fmc - 21=008f=0 suliii i T < 151 MeV
[ n *  No baryonic density
d

Relativistic Viscous Hydrodynamics (MUSIC)

] —Xp 2+ T20 e — 2
TRENTo 3D 2, y,m5) = 8 — 1,)0 (SO Bt

Rxy Rz
z = tsinhny
zy = tsinhn,
R, = t[sinh(ny + R,)) — sinh(n — R,))]

Instantaneous source term carrying total 2
i dip'ne(l—n¢)w
momentum pj;, placed at time 7.y, position ¥, = SH = — — HpoT Tf APy ( : ) @po
~ and with an ellipsoidal shape 8m J dz;pny
PH = SE/(S), (S)=1/2

.. i l . JI l| .“ Becattini et. al., Annals Phys. 338 (2013)

QM 2023: QGP vortex rings as a new _probe for jet-induced medium response and longitudinal dynamics

Sliceatn =0

o A
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P_(p; Ag)

3_[ T TR T B B T 3 !
C 0.4
o 0-5% L
2.5 25
C ly[<0.5 C ot
B L 0.2
2_— 2_—
s I g £ f S
S 15¢ 0 © S e
Lk oLk a
T =T -0.1
i 1
N N -0.2
osf- 0sf- -0.3
C C -0.4
L L -—3&
03 2 3 0 1 2 3 03 2 - 0 1 2 3
(¢-9,)(rad) (¢-9,)(rad)
1.5 T T T T T T
Pb-Pb, \syy = 2.76 TeV = (b
<05, 0.0<p, <3.0Gev — 20:30%
1~ Smooth IC — 40-50% i
No jet — 60-70%
s |
S 150
0.5 40-50%
E |y[<0.5 s
03 2 = 0 1 2 3 B e e T
(¢-¥,,)(rad) (¢-%¥,) (rad)
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0.6 I I I I I I I
Dijet ring observable

05k —— Double ~ Single |
' quenched jet quenched jet

| Superimposed _
' quenched jets

03k ly| < 0.5, 0.5 < pr < 3.00 GeV/c )

(%)

—0.2 1 1 1 1 1 ]

(¢ — ;) (rad)
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2 T 71 T 7 | L L L T 7 T 177 T 177 1 ]
5 PL V_‘ s 76'T ' ! ! L Centrality dependence
S eV -y . :
<05, 0.5 <p_ < 1.5Gev 60-70% (integrated signal)
. 5; ® R=0/fmfluc. IC) o
! Jet B Distributed x (fluc. IC) J
1N A R =0fm(smoothIC) il
" O Distributed ¢J (fluc. IC) A
xS 1l No jet g = Yep (fluc. IC) 1
g = 1__ & @ = Wgp (smooth IC) i
& -
I [ul
E 40-50% |
0.5 =)
L 0-5% 2030% & i
It A il
O ﬂ & Y -
Ll 1l l L1 1 l 11 1 l L1l 1l l L1 1 l 1 1 1 l L1 1 l 1
0 2 4 6 8 10 12 14

N

b (fin)
. - . " - . '@4@% g J
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Smooth IC searches
(x=y=n,=0)

0,09 0.2———T T L A S LR LR S

I i i | 0.09f _ 3

T Pb-Pb, M =2.76 TeV, 0-5% 7 | Pb-Pb, VSNN =276 TeV, 0-5% ] r Pb-Pb, m = 2.76 TeV, 0-5% B

008 <05, 0.5<p <15Gev # L DI<0.5, 0.5 <p, <15GeV ] 0081_|Y|<0'5' 0.5 <p,<15GeV ]

0.07: —: 0.07- ]

S 0061 B = 0.06]- .

i C ] e ]

& 0.05 . & 0.05 .

L - 0.04F ]

0.04— ] 7 i ]

C ] 0.03}- ]

0.03— | I ]

- | oF 4 0.02F ]

002T....I....l..,.l....l....l..,.l....— PP PR RS B SR R PR RN B (PSS BT s Sy
Y20 005 01 015 02 025 03 035 0 50 100 150 200 250 04 05 06 07 08 09

/s E, Vier (€)
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1.30 fm/c, n =0

T=

=0

1.30 fm/e, 1,

T =

1.30 fm/c, n =0

T=

Realistic case

random jet
direction and
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0.06F

0.04

R\ (%)
o

-0.02}

-0.04

0.02}

Pb-Pb, Vsl\w =2.76 TeV .

[y]<0.5, 0.5 DS 3.0GeV ... 9, = random
Thermal vorticity

L L L L L

0.06F

0.04

R\ (%)

-0.04

0.02-

-0.02F

Thermal vorticity + LY — o=
- 9= e

=9 =random

0.06

0.04

R (%)
o

-0.02}

0.02-

~0.04f

Thermal vorticity $,= ¥e
+BBP e ¢, = random
R (¢,= ¥y) - (9, = random)

1 1 1 1

-

-

= 0 1
(¢-9) (rad)

Shear-induced
polarization +
Longitudinal expansion
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Global angular momentum polarization

QM 2023: QGP vortex rings as a new _probe for jet-induced medium response and longitudinal dynamics
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0.4F
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(0.2

0.1

0.0

.. Kinetic w
—— Kinetic ——-- : /
L spatial proj. )
----- Thermal T
emperature
ly| < 0.5, 0.5 < pr < 3.00 GeV/c :
% F %
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Varying vorticity definitions
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