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A polarization in spin-thermal approach

In the assumption of local thermal equilibrium one can find expression
for spin 4-vector: [PRC 95, 054902 (2017)]

| L, 1/ uk u?
SH(p, x) z—%eﬂ p pvaa(x); wh =E d ?_aﬂ?
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A polarization in spin-thermal approach

In the assumption of local thermal equilibrium one can find expression
for spin 4-vector: [PRC 95, 054902 (2017)]

Sﬂ(p x) ~ _LEIJVPUP w0 (x) wﬂv =1 avu_u — aﬂu_v
’ 8m vopa R 2 T T
From this one can find A polarization:
o _e (B8 .
ST =S g
- 1 =
(S)== ) i upd)
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A polarization in spin-thermal approach

In the assumption of local thermal equilibrium one can find expression
for spin 4-vector: [PRC 95, 054902 (2017)]

1 1 uM uV
SH(p,x) = —=—e"Pp,@,,(x), otV = 5 0V — — ot —

8m T T
From this one can find A polarization: S Natures4sc2 2017
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PRC76.024915 (2007)
+A A

- - a F B
=§ (p.S) . g A A STAR A ASTAR g 2| )

UrQMD-3.4, Au+Au, b =6 fm "7 this analysis

* A A

----- A UrQMD = A UrQMD

UrQMD-3.4, Au+Au, b = 9 fm

9
8
7k i
- g i ; 1_
<S> — _zsl* (xi'pi) 52_ - AURQMD  —- X UrQMD _i
40
I
2
1
0

~ - . | STAR Au+Au 20%-50% || -

N f
PA - 2(5) ‘n é— - é.‘l\i . A —; : :I_:P';Jir[{)r;n\a:l_lrs primary+feed-down
- . ._',Br‘"'ﬂ‘ A _; primary primary+feed-down
[PRC 98 (2018) 14910; PLB 803, 135298 (2020)] T ST Fonl
10 102 10 107

/s [GeV] \'syy [GeV]

Oleksandr Vitiuk Lambda Polarization



Central collisions
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Ultrarelativistic Quantum Molecular Dynamics (UrQMD)

Represents a Monte Carlo method for the time evolution of the various phase
space densities of particle species

Based on the covariant propagation of all hadrons on classical trajectories,
stochastic binary scatterings, resonance and string formation with their
subsequent decay

|deologically based on the Boltzmann equation

The collision criterion (black disk approximation): d < dy = \/a(\/E, type)/m

55 baryons and 32 mesons are included. All antiparticles and isospin-projected
states are implemented

Cross sections are taken from PDG

Resonances are implemented in Breit—=Wigner form

[S. A. Bass et al, Prog. Part. Nucl. Phys. 41 (1998) 255-369, / 521?5?7
M. Bleicher et al, J. Phys. G: Nucl. Part. Phys. 25 (1999) 1859-1896] UrQMD Duke
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A polarization in UrQMD

In the assumption of local thermal equilibrium one can find expression
for spin 4-vector: [PRC 95, 054902 (2017)]

T L, 1/ uk u?
S”(p,x)z—%eﬂp pvaa(x); wh =E d ?_au?

From this one can find A polarization:

- - ﬁ‘§ > - 1 = —
S*(x,p) =8 — E((m +17) D, (S) = Nz S; (%, pi), Py =2(S)-n
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A polarization in UrQMD

In the assumption of local thermal equilibrium one can find expression
for spin 4-vector: [PRC 95, 054902 (2017)]

T L, 1/ uk u?
S”(p,x)z—%eﬂp pvaa(x); wh =E d ?—a”?

From this one can find A polarization:

. . (B3-S . L INO ., oL
S*(x,p) =8 — E((m +17) D, (S) = Nz S; (%, pi), Py =2(S)-n

How to calculate it in the transport model?
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A polarization in UrQMD

In the assumption of local thermal equilibrium one can find expression
for spin 4-vector: [PRC 95, 054902 (2017)]

T L, 1/ uk u?
SH(p,x) = _%Eﬂ P pvaa(x); wh’ = 5 0 T aﬂ?
From this one can find A polarization:
= - (ﬁ'S_)) N - 1 = - R
S (x;p)ZS_E(m_I_E)p; <S>=stl (xi;pi)» PA=2<S>.n

How to calculate it in the transport model?

Solution: Coarse-graining approach + HRG Model
[PLB 803, 135298 (2020)]
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A polarization in UrQMD

1. Data generated with timestep At = 1 fm/c
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A polarization in UrQMD

1. Data generated with timestep At = 1 fm/c
2. For each timestep, whole space was subdivided into cubic cells with volume V = 1 fm3
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A polarization in UrQMD

1. Data generated with timestep At = 1 fm/c
2. For each timestep, whole space was subdivided into cubic cells with volume V = 1 fm3
3. Collective velocity as well as &, ng, ng, nyin the rest frame of each cell were calculated

T
C AutAu, \s, = 2.42 GeV, UrQMD-3.4
- b=3.0fm,t=15fm/c

10—

X [fm]
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A polarization in UrQMD

1. Data generated with timestep At = 1 fm/c
2. For each timestep, whole space was subdivided into cubic cells with volume V = 1 fm3
3. Collective velocity as well as &, ng, ng, nyin the rest frame of each cell were calculated
4. Temperature field extracted with the help of HRG Model
N — Y LY Lo )
E S o a2 ae ramn s 07 E T AurAu, (s, = 2.42 GeV, UrQMD-3.4 o
><10i b=3.0fm, t=15fm/c 06 % 3 xmi b=3.0"fm,t=15fm/c N
: | cUrQMD _ i Ed’p : 7
: nh)d | eE0T +a, % .

. »< 9iXi j d°p » 1

UrQMD _
02 " (2nh)3 ) eE-WI/T 4 g,
\
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A polarization in UrQMD

1. Data generated with timestep At = 1 fm/c
2. For each timestep, whole space was subdivided into cubic cells with volume V = 1 fm3
3. Collective velocity as well as &, ng, ng, nyin the rest frame of each cell were calculated
4. Temperature field extracted with the help of HRG Model
5. With 4-velocity and T fields thermal vorticity field was obtained
N [fr ] '—'1+f"fl'H'lf"fl'f'fI'f'w"'fT[MEV]
E T AurAu, (5= 242 Gev, UraMD3.4 j o7 E "L Aurhu, {5 =2.42 GeV, UraMD-3.4 o
><10i b=3.0fm, t=15fmic f 3 "10;b=3.0fm,t=15fmlc .
: cUTrQMD _ gi j Ed’p : o
i3 ; (2mh)3 ) eE-W/T 4 g, 3 60
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A polarization in UrQMD

1. Data generated with timestep At = 1 fm/c
2. For each timestep, whole space was subdivided into cubic cells with volume V = 1 fm3
3. Collective velocity as well as &, ng, ng, nyin the rest frame of each cell were calculated
4. Temperature field extracted with the help of HRG Model
5. With 4-velocity and T fields thermal vorticity field was obtained
6. For each A-hyperon we found spin 4-vector at its freeze-out position at its freeze-out time
ng [fm™] _ T [MeV]
E" murau (s =242GeV, UMD 34 j o7 E P s o-2s2ov, wawoas | ik
’<10;b=3.0fm,t=15fm/c 10_7b—3.0fm,t—‘15fmlc "
: rgUrQMD _ gi j Ed°p : o
i3 ; (2mh)3 ) eE-W/T 4 g, i 60
L s s, W )
o | B LUTQMD _ giXi j d’p 4 "
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A polarization in UrQMD

1. Data generated with timestep At = 1 fm/c

2. For each timestep, whole space was subdivided into cubic cells with volume V = 1 fm3

3. Collective velocity as well as &, ng, ng, nyin the rest frame of each cell were calculated

4. Temperature field extracted with the help of HRG Model

5. With 4-velocity and T fields thermal vorticity field was obtained

6. For each A-hyperon we found spin 4-vector at its freeze-out position at its freeze-out time

7. Finally, polarization and other observables can be calculated

ng [fm™] _ T [MeV]

E" murau (s =242GeV, UMD 34 j o7 E P s o-2s2ov, wawoas | ik
’<10;b=3.0fm,t=15fmlc 10_7b—3.0fm,t—‘15fmlc . "

5|

( 3
cUrQMD _ i j Ed°p :
@2rh)? ) eEOIT +q,
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A polarization in UrQMD
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A polarization in UrQMD
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A polarization in UrQMD
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A polarization in UrQMD
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A polarization in UrQMD
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The A polarization clearly exhibits oscillatory behaviour as a function of the hyperon

azimuthal angle.
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A polarization in UrQMD
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« The A polarization clearly exhibits oscillatory behaviour as a function of the hyperon
azimuthal angle.

« We fit the azimuthal angle dependence with a periodic function to extract magnitude of

6I.
(I)A

the local hyperon polarization P, as a function of rapidity:

Oleksandr Vitiuk

P, = Py cos ¢,

Lambda Polarization

~ e B ]
- m. oA -
SR A ]
— - -
- RN ]
n m .
B \.._:\\ _
- S 7
: "\-.\ :
- L BN _‘
B AN, ]
- LN ]
- .
L [ ] a
— | | I | | | I . | | I T | | 1111 | 111 | | | I 1111 | 111 I 4
2 15 -1 05 0 05 1 15 2

<



» The thermal vorticity field has a structure which effectively resembles two vortex rings in
the forward and backward hemispheres. The structure is stable in time, but the vorticity
magnitude decreases due to system expansion.

» The polarization of A-hyperons exhibits oscillatory behaviour as a function of the
hyperon azimuthal angle.

» The magnitude of the local A polarization is decreasing function of rapidity.

A\

The A and A hyperons polarization are consistent with each other.

» The measurement of the azimuthal-angle dependence of local polarization can serve as
a novel probe to investigate the internal structure and evolution of the fireball in
central and semi-central heavy-ion collisions.
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