Longitudinal Spin Polarization
in a Thermal Model with Dissipation

Soham Banerjee
(with Samapan Bhadury, Wojciech Florkowski,
Amaresh Jaiswal, Radoslaw Ryblewski)

Based on arxiv:2405.05089

January 15, 2025



Outline

1. Introduction

2. Spin Hydrodynamics

3. Thermal Model

4. Results

5. Summary and Outlook

NISER ¢ ATHIC 2025, IISER Berhampur 1/10



Barnett Effect
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Figure: Mechanical rotation induces spin alignment. (Credit: Mike Lisa,
OSU)

Barnett Effect

Mechanical rotation — Spin alignment
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Einstein—de Haas Effect
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Figure: Magnetic field induces spin alignment. (Credit: Mike Lisa, OSU)

Einstein—de Haas Effect

Magnetic field — Spin alignment
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Angular Momentum Deposition

Nature548.62 (2017)

Py [%]

oA oA

PRC76.024915 (2007)

2 - m +A DA
: ﬂ " this analysis
L . ) *A KA
L Tf

1=

| STAR AusAu 20% so % i

E

UrQMD+VHLLE, A

[ —primary ---primary+feed-down
[ AMPT, A

primary primary+feed-down

10 10?
s\ [GEV]

Figure: Global angular momentum. STAR, 2019. Phys. Rev. C 98,
014910
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Local Polarization
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Thermal Vorticity
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Spin Hydrodynamics

® 0, T" =0 (Energy-momentum conservation)
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Spin Hydrodynamics

® 0, T" =0 (Energy-momentum conservation)

® 0yt =0 (Number density conservation)
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Spin Hydrodynamics

® 0, T" =0 (Energy-momentum conservation)
® 0yt =0 (Number density conservation)

e Total angular momentum:
I},L,)\V _ X?\ T Y T],H\ + Su,)ﬂ/,

au]u)\v = TVH_TH 4 E)uS”’)‘V -0
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Spin Hydrodynamics

0, T" =0 (Energy-momentum conservation)

0,j* =0 (Number density conservation)

Total angular momentum:
]},L,)\V _ X?\ T Y T],O\ + Su,?ﬂ/,

au]u,?\v = TVH_TH 4 augu,?\v -0

0SSP =0 (Spin conservation)
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Pauli—-Lubanski and the Polarization
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Thermal Model Setup

Single freeze out model.

=12 —x? —y? 2%, withx* +y> <12 ..
. Asymmetrlc fireball boundary:

X =Tmax V] —€ 0SSP, Y =TmaxV 1+ € sind.

¢ Asymmetric hydrodynamic flow:

(t xV1+38, yv1—19,z), N= \/Tz 2)5.

Ref: W. Broniowski, A. Baran, and W. Florkowski
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Spin Polarization Results

NISER
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Figure: (Left) Comparison with STAR data for A and A hyperons.
(Right) Predictions for different centralities.
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Summary and Outlook

Dissipative terms play a significant role in spin
polarization.

We have extracted the spin relaxation time.

Ongoing work: full (3 + 1)-dimensional hydrodynamic
evolution with spin.

Study of polarization in spin-1 particles.
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