NATIONAL SCIENCE CENTRE e
| 3 ’ B ) Wroctawski

h POLAND

Supported by IFJ PAN and ST "
T Jd CSSKF

NCN Grants No. 2016/23/B/ST2/00717 and No. 2018/30/E/ST2/00432 | o'y :

Relativistic perfect-fluid spin hydrodynamics b

THE HENRYK NIEWODNICZANSKI
INSTITUTE OF NUCLEAR PHYSICS

POLISH ACADEMY OF SCIENCES

THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

First observation ’
nffluid!onices
formed by heavy- -
ion collisions =
w»p
£
= o . ol
. 58t K Winter School
- . arpacz 1NETr DCNOO
?‘ 3 Y [ E < : ; L -
_ - _ 2 NfTURF.FOM!NATURE B :
PARIS SUMMER YOUTHFUL s e 685
- AGREEMENT SELECTION SECRETS " 19 2 5 J
Time for nations to match Recommended reading for How the hypothalamus helps — l Ine

words with deeds the holiday season to control the ageing process
PAGE 25 PAGE28 PAGE 52



Spin polarization in heavy-ion collisions: a new sensitive probe! y

Non-central heavy-ion collisions create fireballs
with large global orbital angular momenta

F. Becattini, F. Piccinini, J. Rizzo, PRC 77 (2008) 024906
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Part of the angular momentum can be
transferred from the orbital to the spin part
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Emitted particles are
expected to be globally
polarized along the
system’s angular
momentum
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Experimental measurement of A(/_\) spin polarization in heavy-ion

collisions
~DO0/. _
L. Adamczyk et al. (STAR) (2017), Nature 548 (2017) 62-65 2% - small but measurable effect
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due to initial magnetic field
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Spin polarization in equilibrated QGP - spin-thermal approach

In local thermodynamic equilibrium at iy el
O((w"")?) one can establish a link R A
between spin and thermal vorticity

relativistic heavy-ion collision

Becattini F, Piccinini F. Ann. Phys. 323:2452 (2008) B w RAER c | Y
Becattini F, Chandra V, Del Zanna L, Grossi E. Ann. Phys. 338:32 2013‘5; *‘ ' P
Fang R, Pang L,Wang Q,Wang X. Phys. Rev. C 94:024904 (2016) R n f Y4
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Global polarization

Global polarization data supports the
spin-thermal approach

Signal is pretty robust and agrees for both
multiphase transport model (AMPT) and viscous
hydrodynamics (UrQMD+vHLLE)

Azimuthal modulation is not captured

), rest frame
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Local (momentum-differential) polarization
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Y. Tachibana and T. Hirano,
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longitudinal polarization
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gecattini and |. Karpenko, PRL120.012302 (2018)
S. Voloshin, EPJ Web Conf.171, 07002 (2018)
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How to describe dynamics of spin?

Relativistic fluid dynamics forms
the basis of HIC models

NP3 - APV WA IR -0 T F B - TN Y . WA e S o & o < —a

Spin-thermal approach does not capture
differential observables

Time—-

Is spin polarization always enslaved to thermal vorticity?

Non-trivial space-time dynamics of spin? - B 2

Energy Stopping Hydrodynamic

Initial state Hard Collisions Evolution Hadron Freezeout

Most of the time
close to equilibrium
but the dissipation
IS also important
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X Perfect-fluid spin hydrodynamics

Relativistic kinetic theory
formulation of ideal fluid ,

il

For dilute systems, the derivation of fluid
dynamics can be done starting from the
underlying kinetic theory

Quantum RKT

(;/ﬂK/" — m) W (x,k) = CIW (x,k)] weip

l
Kt =k + = (ho*)

k40, F oo, k) = O
k49, (x, k) = O

‘ Moments method

Semi-classical expansion
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Conservation laws
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Classical spin treatment - perfect fluid o 1% =0.1 bj = Cly cosh()
-- Interpolation o- - /00000000000 - - o
W. Florkowski, R. Ryblewski, A. Kumar, Prog. Part. Nucl. Phys. 108 (2019) 103709 1.5
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For |w,| <1 one obtains the formalism that agrees with that based on oy o j o 2 as———
the quantum description of spin (in the GLW version). (7,) = "
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lorkowski, A. Kumar, R. Ryblewski, R. S., Phys.Rev.C 99 (2019) 4, 044910
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M. Shokri, R. Ryblewski, Phys.Rev.D 103 (2021) 9, 094034
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