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Spin Polarization
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Polarization induced by different sources

»Spin polarization at local equilibrium

SH ( ) Stherma Sshear + Sgcc Schemlcal + SEB

h
St (p) = [ =5, FO(1 - “)!ewﬁ 0.

Thermal vorticity
SmAN

" oEm or oEm s mm o Em o Em o Ewm o oEm

" _ 45 - pfO(1 — O e Du, Shear Inc_luced
Sstear (P) 4mAN/ Piv{ v) (’u p)T QPF[(.&_H. fa_“_)_'“ P.u_,! Polarization (SIP)

1 ---------
Sacer(P) = —SmAN/dE-pf (1 - (0))Te”"“5py{ _(1_7’1_15;9_—___357_7)_ Fluid Acceleration
- (0) 1 . .u:ﬁ ..... E \ .
Siemica(P) = 4mAN / 4% pfy’ (1= fy VTt Pl Spin Hall Effect (SHE)
[T e .
Sgp(p) = 4mAN/dE'pr 1 - £ (Wﬁ” [BpauﬁEy+?D: ( EM Field

Hidaka, Pu, Yang, PRD 97, 016004 (2018) ; Liu, Yin, PRD 104, 054043 (2021) ; Becattini, Buzzegoli, Palermo,
PLB 820, 136519 (2021) ; Liu, Yin, JHEP 07,188 (2021); CY, Pu, Yang, PRC 04, 064901(2021)

Cong Yi Hydrodynamic effects on Spin polarization in AA and pA collisions 4/34



Shear induced polarization(SIP)

> Hydrodynamic contribution to the local spin polarization osf — i, 200 GV | ]
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Considering SIP under some assumptions,

“the theoretical calculations qualitatively/

guantitatively agree with the experimental
data at RHIC top energy and 5.02 TeV
Pb+Pb collision.

Palermo, et al. EPJC 84 9, 920 (2024)
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» These hydrodynamic effects on spin polarization have been well studied by many works
at high energy large collision systems.

» How about hydrodynamic contributions to spin polarization at lower energies and p+Pb
collisions?
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Setup of simulation

> (3+1) dimensional viscous hydrodynamic framework CLVisc

Solve the Energy-momentum conservation and net baryon current:

vV, 7" =0 " = eUYU” — PA* + n*

RHIC-BES
V#J’u = O JF — HU‘“ 4 VH

Equation of motion for dissipative currents:
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af T 3 7 70 e + P

Pang, Wang, and Wang, PRC 86, 024911 .

] 3
APUDVP = — — (V‘u _— KBV’U%) - V,ug_ Evﬁw
Wu, Qin, Pang, and Wang, PRC 105, 034909.
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Initial Condition

> AMPT initial condition (Patron level)

A+B

HIJING energy in nucleon
excited strings and minijet partons  spectators

fragment into partons

ZPC (Zhang’s Parton Cascade)
till parton freezeout

> SMASH initial condition (Hadron level)

It solves the relativistic Boltzmann equation effectively.

pHouf +mF"0,, (f) = C[f]

The collision kernel includes elastic collisions, resonance formation and decays,
string fragmentation for all mesons and baryons up to mass 2.35 GeV.
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Gaussian smearing

» Initial T*Y and J* at 1
At the initial proper time 7y , the initial energy momentum tensor and the initial

baryon current can be constructed at Melin coordinate via the local space-time
formations of partons and hadrons,

T“’U(TO, x,Y, 778) =K Z %G(Toj 0 T]S)j

H
JM(7-07$7y7T]8) — ZQZ‘%G(T(),CU»%??S):

where G denotes the Gaussian smearing:
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207 207
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Spin Polarization

In the experiment, the polarization of A are measured in their own rest frames. Therefore,
we express the polarization pseudo vector in the rest frame of A, by taking the Lorenz

transformation,

hermal shear accT
. ﬂ Pp)-7
P = P(p) — : Hlp) = -S*
(p) = P(p) 000 1 m)” P"(p) 85 (p),

Finally, the local and global polarization is given by the averaging over momentum and

rapidity.

. fymax dy PTmax p de [@(p)ﬁ* (p)] / o
min (:D — dei e
<P(¢P)> fymax dy meax p de®(p) (p) pl‘l’f q

min
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Global Polarization

» The influence of these new effects on the global polarization is small. The theoretical
calculations are consistent with the experimental results.

Wou, CY, Qin, and Pu, PRC 105 6, 064909 (2022)
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Whether the global polarization will continue to increase as the collision energy decreases further.
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> Theoretical prediction
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Global Polarization at a few GeV

> Experimental results
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» Will the polarization of A keep rising with

e m e decreasing energy?
» If not, how large will the turning energy be.
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Global Polarization at a few GeV

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

» Thermal Vorticity
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Global Polarization at a few GeV
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» The turning energy depends on the impact parameter
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Local Polarization at RHIC-BES
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X.Y. Wu, CY, G.Y. Qin, S. Pu Phys. Rev. C 105, 064909

» The longitudinal polarization induced by baryonic chemical gradient depends on initial
conditions strongly
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P,,and P,, across BES
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Prediction: Wu, CY, Qin, Pu PRC 105, 064909 (2022)

» The current mode can not describe the experiment data at RHIC-BES
» Dose it imply there are some new effects we have not considered ?
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Anomalous (spin) Hall effects

Intrinsic spin

: Hall effect
(Shear : — Spin
force, e A _____ _ _ current
orV (E) R
T New effect

Charge (particle) current

By replacing the electric field with shear force or gradient of baryon chemical potential, our results
align consistently with findings in condensed matter physics. Valet, Raimondi, PRB Lett. (2024)

d¥-p oo
5P5),shear = / ﬂ:J-QZ p*‘f'u P ppuaavap )

ﬁ2 dE P Y wno
(YP(HI),Chem = _4N B gl( )’# 4 ppugv,,ao.

gl and g2 come from scatterings but do NOT depend on coupling constant explicitly. They correspond
to anomalous (spin) Hall effects in condensed matter.
Fang, SP, PRD (2024) for QED type scattering in Hard-Thermal-Loop approximation.

Can we observe the anomalous (spin) Hall effect in HIC?
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Anomalous (spin) Hall effects
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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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Initial Condition

> Initial condition

We implement the parameterized TRENT0-3D model as initial conditions and consider
the constituents

Nazp g me (i —x =) /207

| 2
Ta/p(x1) = Z R—CZ% 202

i=1 q=1

s(x1) o (Tj—lz—Tg ) 1/a

IP-Glasma like entropy deposition with a =0. For the longitudinal direction,

dy
dns’

S(X_]_, 773)|T:To — KS(XJ_)Q(XJ_: y)

We construct the function from of g by parameterizing its cumulant generating
function.
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Bulk Viscosity

» CLVisc Framework

The subsequent evolution of the system is simulated by the 3+1D CLVisc
hydrodynamics model.

We just focus on the energy-momentum conservation equations
0,T"" =0,
THDH + 11 = —CQ — 51—[1‘[1_19 = AHWTT“UO'MV
TﬂAggD'ﬁaﬁ + " = nyot’ — OpemH O + TWW’JTA<”O';>

TR S 2l

We use the temperature dependent shear and bulk viscosity given by Bayesian
parameter estimation in Phys. Rev. C 94, 024907 (2016) .

The equations of state are provided by the HotQCD collaboration and freeze-out
temperature T, = 154 MeV.

Cong Yi Hydrodynamic effects on Spin polarization in AA and pA collisions 24/34



Fitting Multiplicity and v2

»Bulk properties
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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: y y
Sﬂ(p) — Sthermal(p) _I—Sth—shear(p)?

1
o) = 1 [ 5.2 075

thermal
. Epuaﬁpynﬁ .
Sth—shear(p) = h d. - Np (n ) p) p £0'0m
- - () ()
thermal vorticity: WaB = 5 Y2\ 7 B\ )|
1 ug U \
thermal shear tensor: Eap = 5 Oa (?) + Op (T)
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Different scenarios

We consider three different scenarios:

» N equilibrium .
It is assumed that A hyperons reach the local (thermal) equilibrium at the
freeze-out hyper-surface

» S quark equilibrium:
The spin of A hyperons is assumed to be carried by the constituent s quark.
We take the s quark’s mass instead of A’s mass in the simulation

» Iso-thermal equilibrium:

The temperature of the system at the freeze-out hyper-surface is assumed to
be constant. The time unit vector is taken as fluid velocity for simplicity.
Was — (Oatg — Opua)/(2T)
Y (Ootle + Oaus)/(2T)
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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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Without bulk viscosity
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Test for AMPT Initial conditions
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The parameters can describe spin polarization at
the s quark equilibrium and iso-thermal equilibrium
can not fit the multiplicity of charged particles and
v2 of A.
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Different initial conditions
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The P2z of A hyperons is not only induced by the v2 in the p+Pb collisions.
New effects need to be considered in the polarization at p+Pb collisions.
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Outline

»Introduction
»Global and local polarization at AA systems

»Spin polarization at pA system

» Summary
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Summary

> Spin Polarization in Au+Au collision

» The influence of these new effects on the global polarization is small.
» Theturning energy for global polarization depends on the impact parameter.
» The (anomalous) spin hall effect plays an important role in the low energy collisions.

» Spin Polarization in p+Pb collision

» Shear induced polarization always gives a positive contribution.

» Polarization induced by the thermal vorticity is negative.

» Theresults from hydrodynamics are inconsistent with the data from CMS.
> New effects need to be considered in the polarization at pPb collisions.
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