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Introduction

Vortex In the nature

Vorticity: w = curlv =V X v
reflects the local angular velocity of fluid
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Introduction
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Introduction

The polarization vector for spin-1/2 particles: Recovered:
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8m 8m
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S#(X,p)=—=—€"*"p @ _(X)
A - % o
T(p)= — 1 oy J dZpn,(1 — np)w,, 8m p

8m ¢ [dXp'n,

1
=508 -0,8)

e#vot - |_evi-Civita symbol (+1)

p ---- four-momentum B=u/T
2’ ---- hypersurface of freeze-out S ---- inverse temperature 4-vector field
ne ---- Fermi-Dirac distribution u ---- four velocity of fluid

w ---- thermal vorticity Aug, 2021, ICNFP 2021 5



Introduction

STAR, Nature 548, 62 (2017)
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Motivation

STAR. Nature 548, 62 (2017)
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The energy dependence of A polarization
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STAR. Nature 548, 62 (2017)
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The energy dependence of A polarization
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Motivation
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Motivation
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Motivation

The ““spin puzzle” of
the longitudinal A polarization

On the transverse momentum plane

( azimuthal angle ) :

Experiment: (+ - +, +)

Theoretical predictions: (-, +, - +)
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Motivation

* Non-relativistic vorticity
1
wi]\}R: _E(ai Vi~ o)
« Kinematic vorticity:
w_ 1
W= E( d,u, —ou,)
* Thermal vorticity:
1
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e Temperature vorticity :
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Fig. 12 Longitudinal polarization based on T-vorticity
and other three types of vorticities
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Motivation

* Non-relativistic vorticity

1
wil\J{R: _E(ai Vi~ 0 %)

 Kinematic vorticity:

K 1
W = —E(éuuv — 8vu|.l)

uv

Behaviors of four types of vorticities?

 Thermal vorticity: _ _
Non-monotonic trend in other models?

wih=— 1[a (u/T)=06,(u,/T)]
2 M v v M

uv

o Temperature vorticity:

1
wZv: _E[ap( T uv) - av( T up) ]
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PACIAE model

PACIAE: a microscopic parton and hadron Sketch for pp dynamic simulation
transport model ( based on PYTHIA) (PYTHIA & PACIAE)
. Final state h“dm”_
parton T
initialization ©
N J T >(2 ©
4 A parton distri‘éution i O
partOn ﬁmction‘_—u > O (i:_%
rescatterring — P Detay
\_ J O
~ Rt P parton iH cE"on izati::n
rescattering
hadronization
J Fig. 13 Sketch of PYTHIA and PACIAE
g
hadron ) -
rescatterring ) T, K, p, 0, p(@), A, A, 2, B, QIF
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PACIAE model: fluidization

« Coarse-graining: the partons are divided into cell
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Vee = Peen/ €cen | B j%\' gl | §

[Y. Jiang, et al., Phys. Rev. C 94, 044901 (2016) | N L. = O |

o Temperature : B-E & F-D distribution for partons T P i }

— 2 4 Fig. 14 The cell division in the transport model
€ceu =M (16 T 10'5Nf)TC3”/30 [V, Jiang, et al., Phys. Rev. C 94, 044901 (2016) ]

N; — the number of quark flavors (3; u, d, s) e Another method: smearing function

[ Phys. Rev. C 93, 064907 (2016) ]

[ Z. W. Lin, Physical Review C, 2014, 90: 014904 ]
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PACIAE model: fluidization

 Generalized coarse-graining: r==-Tr==Tr==-"I

- . | | |
add €,,,; and P, of each nearest side and corner | | ,
cells into the central one, then do average

%

]

]

I ]

r l
=~ 1 = I ]
Pcell — 27 Zicell Picell ] — 1 ]

I ]
_ 1 t
€cell = 27 Zicell €icell :- /I(' | \:\ :
Veell = Pcell/gcell : | : :

I I | I
Eqen = T4(16 + 10.5Nf) T2, /30

» Another method: smearing function
N, — the number of quark flavors (3; u, d, s) [ Phys. Rev. C 93, 064907 (2016) ]

[ Z. W. Lin, Physical Review C, 2014, 90: 0149041 U9, 2021 ICNFP 2021 16
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Results: time and energy dependence

The energy-density-weighted
average vorticity:
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Fig. 17 Results of K-vorticity from AMPT
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Results: centrality dependence

The energy-density-weighted
average vorticity:
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Fig. 19 Results of K-vorticity from AMPT
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Results: spatial distribution

7. 7 GeV

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

5 -4-3-2-10 1 2 3 4 5
x(fm)

Fig. 21 Thermal vorticity from AMPT

e
€ o[ AutAu @ 7.7 GeV, UrQMD-3.4
< [ b=61m,t=15fm/c .

'

&
-

sl bl
10 15 20
z [fm]

FHEH RN NEWT PR NS TR e
=20 -15 -10 -5 0 5

Fig. 22 Thermal vorticity from UrQMD

NR [§a-1
10 . . . wz.x (fm )
AutAu @ 11.5 GeV 1.00
P =7 fm, t=4 fm/c 0.75
5F 0.50
. 0.25
£o 0.00
=
0.25
sl 0.50
0.75
_10 L L L 1.00
-10 -5 0 5
Z (fm)
ol (fm?)
10 - ; Tty 0-50
Au+Au @ 11.5 GeV ’
b=7 fm, t=4 fm/c 0.38
5 / L @ 0.25
0.13
£ / “
£ 0 / 0.00
=
0{ 4 013
5 ’ J -0.25
-0.38
-10 . -0.50
-10 -5 0 5

Aug, 2021, ICNFP 2021

Fig. 23 Results from PACIAE

o o (i)
Au%Au @ 11.5 GeV £:00
= , , t=4 fm/c 0.45
SF 0.30
s 1 v
= @ 0.15
=0 0.00
<
-0.15
5} -0.30
-0.45
-10 L -0.60
-10 5 0 5
Z (fm)
th
10 a’zx
T T 5.25
Au+Au @ 11.5 GeV
Tfm t=4 fm/c 3.94
5t '//\/ 263
_ 1.31
é ]2 0.00
<
-1.31
5t \W /\/ -2.63
-3.94
-10 -5.25
-10 —5 0 5 10
Z (fm)
20



Results: initial vorticity
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Results: initial vorticity
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Results: initial vorticity of Hadronic Matter

UrQMD: hadron transport model,
hadron only (Mean-Field, resonances...)

without parton

AMPT (version string-melting) :
parton & hadron mixed phase, without gluon

PACIAE: with quark & gluon, but instant freeze-out

1

close the partonic evolution stage at low energies

1

Pure Hadronic Matter
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Results: initial vorticity of Hadronic Matter
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Fig. 26 Results from PACIAE
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Summary

®\\/e gave a systematic study of four types of vorticities in PACIAE.

® The non-monotonic dependence of the initial vorticities
on the collision energies was reconfirmed. ~ 10-15 GeV

® The Initial vorticities of pure Hadronic Matter (Hadron Gas)
at 5-15 GeV were studied.
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PACIAE 2.0b
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Backup: extracting temperature in PACIAE b

 multiplicity weighted p, distribution fitting  p(,

1 dN
POJsys = 5
fitting
) Pt
PT(pt)sys — A@Xp[— ?]

A . normalization factor
p, . transverse momentum of particles
T . average temperature of the system
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Backup: extracting temperature in PACIAE b

1 dN D¢ M, M, M,
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T Aexp] T] Psys = 37~ P P+ 37— PPy + 3PP

Mot = Mq + Mg + MH quark + gluon + hadron

A . normalization factor

In single cell,

. —DPt . . . ooy T
Tl — 10~'r-." :Z;¢;:fgo1?;\fi- j:— E\u;:: 200?(?:: j:, ..-__ RAL AU, ;00;5?!
1 dN ol . cell(0, 0, 0) ] 10: J— o 10: .; 15l
(=22 /a) i - 1. 1
Pe dpe); I T el e
i) Sinl B RV "
_ p, [GeVic] Z [fm] ” Z [fm] N
cell — § AT
: N p, spectrum in cell (0,0,0) , temperature distribution on the reaction

plane at diffirent time

i, N: the selected distribution point of p, ~ #vo “V=4 /NP 2021 29



Backup: vorticity in PACIAE b
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