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Global Spin Polarization

»Spin-Orbital Coupling
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Local Spin Polarization

»Local Vortical Structure
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Polarization induced by different sources

»Spin polarization at local equilibrium
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Shear induced polarization(SIP)

» Hydrodynamic contribution to the local spin polarization
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P, , across collision energy
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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 W. Ke, J. S. Moreland, J. E. Bernhard, and S. A. Bass, PRC 96, 044912 (2017),

We implement the parameterized TRENT0-3D model as initial conditions and consider
the constituents
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IP-Glasma like entropy deposition with a =0. For the longitudinal direction,
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We construct the function from of g by parameterizing its cumulant generating
function.
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CLVisc Framework

. Pang, Wang, and Wang, PRC 86, 024911 .
» CLVisc Framework Wu, Qin, Pang, and Wang, PRC 105, 034909.

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

We just focus on the energy-momentum conservation equations
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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 is given by the HotQCD collaboration and freeze-out
temperature T, = 154 MeV.
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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:
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thermal vorticity: Wag = 5 Do (?) — 0 (?) :
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thermal shear tensor: §ap = 9 O (7) +86 (?)
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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,

s _ By PB) T By b
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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:  Fu etal PRL127, 142301

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:  Becattini et al, PRL 127, 272302

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.
Wap = (Oatip — Ogua)/(2T)
Eap = (Optn + Onuy)/(2T)
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Multiplicity (centrality) dependence
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Multiplicity dependence

» 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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Azimuthal angle and pseudo-rapidity dependence
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Summary and Outlook

=== A quark equilibrium
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» Shear induced polarization always gives a positive contribution.

» Polarization induced by the thermal vorticity is negative.

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

» New effects need to be considered for the polarization at pPb collisions in the future work.
> We will explore the correlation between v2 and P2z across collision system and energy.
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Thanks for your time !
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Test for AMPT initial conditions
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Different initial conditions

= 1L.UUI- U 1
025" — TRENT0-3D + CLVsic + SMASH 7 15E- (c) R = 2ol 1 (b) e 7 gresgs v g
E ® CMSA 185<Ng, <250 E :o\? D s =&+ § shear i CMSA+A B =&+ A iso_shear i CMS A+A
020 Pb@8.16 Tev E ~ 10 S~ I+
[ +. . [ | = =
;/:: i p1<mo<1 an>1 1 § 05; [ ] -6-___«)__0__-0 —:__ M‘-." %—-— E
L ] = 4F e s a
5% - T L S S S e el
= o0.10f B S - 3 s \ :
< 0 . | E—0.5:— T E S -.-.""-- — ]
5 1 GN = e e ———— B,
0.05 - -1.0F rwmmmgm———t E
L 1 v F e mm=m— a——- o
C ] -15 o s quark equilibri = iso-thermal equilibrium 3
0.00— 1 - . . . hqudlr equ‘ll nu‘m g . I $ q ]
00 05 10 15 20 25 30 0 25 50 75 100 125 150 175 200 C i o st
PT < Nen >
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.
-04F - . ‘ : : : :
_ 15F —= sth —— swoul =t Aiso_th == Atoal ] 025 ___ AuPT 4 OLVsic -
& 1oF S~ =o: sshear  § CMSA+A It =%+ Aisoshear @ CMSA+A [ § CMSA 185¢Ngiim ¢ 250 ]
LU "~ . A L _
s o e T — N *2F hiPb@8.16 Tev ]
a 0.55— @Lﬁ‘z‘_::___:g —E 1 ~ 0_15:, —1<mapet An> é
J: e . S ; L
: —pmm———d ] Zm 0.10F =
T ot e Tt + : = : é
&)\' -1.02— T ke _E; ; 0.05? M
v b A+ — - -
_1'5? . . ‘squalrk eQ“JilibriUIm ‘ . _} J . J . l . ‘ . . O-OSE 0.5 70 15 2.0 25 30
0 25 50 75 100 125 150 175 200 ¢ (24

<Nch>

Cong Yi Hydrodynamic effects on spin polarization in p+Pb collisions 22/19



Without bulk viscosity
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Event Plane

The event plane is constructed by the flow vector

Qn,ac — Zwi COS (nqﬁ%)
: 0.3 < pr < 3 GeV

Doy = Zw@ sin (ng;) n| < 2.4

1 n
U, = — arctan (Q ’y)
n Qn,z
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