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Global Spin Polarization

»Spin-Orbital Coupling

STAR, Nature 548, 62 (2017).
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Phenomenological models for global polarization

0.018 T T T

0.0161-* Au-Au, 20-50% central
0014l
0012

0.010

&

0.008

0.006

0.004

0.002

0,000k

. . 1
77 19.6 39.0 624

Vo [GeV

Karpenko, Becattini, EPJC(2017)

sl Au+Au 20-50%
[hiE

© A STAR2017
# A STAR2017
6 1 A STAR2018

e MPT * A STAR2018 |
=2 —@— A & A this work
\.’}4 - -
ol edd
2+ %* i §
0-_____?_(}1_(_}_\%j—_ \_-\_5::“_ -
‘IIO 160
Vs, (GeV)

Wei, Deng, Huang, PRC(2019

Cong Yi

18 I o—e AMPT primary 4
-=-- AMPT primary + feed-down
al @ @ ASTAR
$ & ASTAR

Vsnn (GeV)
Li,Pang,Wang,Xia PRC(2017)

8| JAu+Au,20-50% * A, STAR 1
Y] <1 # A, STAR
—— A, AMPT + MUSIC
6| -==< A, AMPT + MUSIC A
I3
—4 1
o
i %% |
0+ TiE 1T i
(a) . . s
10 100
Vs [GeV]

Fu, Xu, Huang, Song, PRC (2021)

50+
45] & - @-PICR model
: A A inSTAR
4.0+ w R inSTAR
S 35
o U] -
Ay 251 \‘ v
S 20] %o v
N 151 am \: z
1.0 SR
05- P T W o -
0.0+~ : w
Vs(GeV)

Xie, Wang, Csernai, PRC(2017)

T
20-50 %

12 -
- ¢ STARA
10— —
¢ STARA
gl ]
< — AMPTA, A
3 6 3
o

| I 1 |

10 20 50 100 200

Vsun (GeV)

Shi, Li, Liao, PLB(2018)

Hydrodynamic effects on spin polarization in AA and pA collisions

=’ (7o)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Au+Au, 20-50%

—a—Aand A
® A STAR
A STAR

10 ” 100
() (GeV)

Sun, Ko, PRC(2017)

T T[T I T[T T [T T[T T[T [TrTT

—— N AMPT +CLVisc
—— A SMASH + CLVisc
-+~- AAMPT +CLVisc
---- ASMASH +CLVisc
¢ STARA
STAR A

a RN EEENE SN NENR ARNNE ENERE R

v snn [GeV]
Wu, CY, Qin, Pu, PRC(2022)

4/21



Experimental Facilities
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at a few GeV.
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Global Polarization at a few GeV

> Theoretical prediction

20

> Experimental results
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» Will the polarization of A keep rising with
decreasing energy?
» If not, how large will the turning energy be.
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Global Polarization with URQMD

» Thermal vorticity > Polarization
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SMASH Model

> SMASH

» It solves the relativistic Boltzmann equation

effectively.

pHouf +mF 9, (f) = Clf]

The collision kernel includes elastic collisions,

string fragmentation, resonance formation

Mass (GeV)
03 07 1 14 and decays for all mesons and baryons up to

Time: 6.8 fm h\ LLLLCLLILL L .w..*‘;.)“
mass 2.35 GeV.

SMASH, Phys. Rev. C 94 (2016) 5, 054905
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Polarization induced by different sources

»Spin polarization at local equilibrium
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Thermalization Assumption

> Freeze-out time distribution

» Last interaction time mostly around t =

6x1'07"2
E [ SMASH /syn =3 GeV b=5fm E 1Ofm/C
51 =
= - »\We assume most of the lambda
S F . hyperons reach the local equilibrium at
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o o ]
21 =
£ E E » Then we can calculate the spin
B - 1 polarization at lower energy by the
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Thermal Vorticity

At such low collision energies, hydrodynamic models may no longer be applicable.

» Flow velocity » Thermal Vorticity
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Equation

of State

» Hadron Resonance Gas
Grand canonical partition function
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As the net baryon density increases, the
extracted temperature at a given energy
density will decrease.
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Vorticity Vs collision energy

» Kinetic vorticity
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» Thermal vorticity
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» Kinetic vorticity peaks and then decreases as collision energy falls to a few GeV

» Including net baryon density leads to stronger thermal vorticity without a decrease at

the energy is larger than 2.4 GeV ,unlike results that ignore baryon density
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Global Polarization at a few GeV

»Equation of State »-Py Vs collision energy
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» The behavior of spin polarization at low energies is sensitive to the baryonic density
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Global Polarization at 3 GeV

»Rapidity dependence »pT dependence
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» Our results also have a good description of Global spin polarization at 3 GeV
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CMS Measurements

> Polarlzatlon along the beam direction in p+Pb collisions
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» The magnitude of polarization is the same order of magnitude as that in AA collisions
> Its dependence on multiplicity is inconsistent with that of v2
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» Shear induced polarization always gives a positive contribution
» Polarization induced by the thermal vorticity is negative
» The results in the three scenarios are inconsistent with the data from the LHC-CMS experiments.
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Summary and Outlook

1.0 T T T - : . A and A Polarization (ory = 0.732) 1.5 C
T ' ' ' ' ' ' === A quark equilibrium

-#%- SMASH+ng=ng=0b=9fm — -~ s quark equilibrium

--o-- thermal vorticity ng=0 SMASH . 04me b7t ]
- 0=0.4ng b=

0o
L
1
L]

0.8 *— thermal vorticity with ng — r A ] 1.0— = Iso-thermal equilibrium —
i ] 5 s A 1 B I CMSA+A ]
- 6 — - B
. _ L
a T L Al 9 i
5 061~ . — T ar\i S °:- 0.5 —
—~e— = -~ L
=t —— S Tw Tl ] & B =
3 .- __ - e kS . Tl g - i $ = ]
T 04 USandE Rl R et S E — — o - =
------- =) <, i ] » 00— —
( 2 [ Q_N -
i ] FSMASH: A 0.5 <pr <3 GeV |yen < 1 g 4 i
02 = oF 3 it S —— |
i 0.5 —— N
0ol s - L : 2 E; Qx K3 AN \,\6; \bf’ ®§ q\ : (b) p+Pb@8.16 TeV Trento-3D + CLVsic 1
VS [GeV] Colision Energy [GeV] 1003550 75 100 125 150 175 200 225

<Nch>

A\

The kinematic vorticity will peak at low energies.

When finite net baryon density is included, both the thermal vorticity and the global

spin polarization increase as the collision energy decreases down to 2.4 GeV.

> The behavior of global polarization at low energies is sensitive to the temperature
extracted from the equation of state.

» The results from hydrodynamics are inconsistent with the data from CMS.

A\
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Evolution of Vorticity
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» Higher collision energies lead to faster vorticity deposition and decay.
> Kinetic vorticity: Peak value shows a non-monotonic dependence on decreasing collision energy.
» Thermal vorticity: For energies > 2.4 GeV, the peak value increases as collision energy decreases.
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Spin Polarization Vector

We follow the modified Cooper-Frye formula to compute the polarization pseudo-vector
Including the contribution from thermal vorticity and thermal shear tensor and neglect
the spin hall effect:
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