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Large OAM in non-central heavy-ion collision

arXiv:0910.4114

Nuclei carry a large orbital angular
momentum (OAM),
L0 = pb ≃ A√sNNb/2.

e.g. for √sNN = 200 GeV and b = 5
fm, L0 ∼ 5 × 105.

A fraction of L0 is transferred to QGP
fireball.



Initial angular momentum of the fireball is then

Jy ∼
∫

dx
∫

dy x dP
dxdy =

∫
dx

∫
dy x [T (x − b/2, y) − T (x + b/2, y)]

√sNN

2

PRC77, 024906 (2008)

Jy ∼ 0.29L0 at b = 2.5 fm



Spin polarization of hadrons

Parton scattering polarizes quarks along the OAM direction due to
spin-orbital coupling in QCD, Pq ∼ −0.3 at RHIC.

One distinctive signature of an OAM would be the polarization of the
emitted hadrons. Considering hadronization via quark recombination,
PΛ = Ps ≈ Pq, for example.



Experimental observation of Λ-polarization



Cooper-Frye formula for particles with spin
Momentum spectrum of of i th hadron is given by

E dNi
d3p =

∫
Σ

(dΣ.p) fi(x , p) → Cooper-Frye prescription

Polarization vector for spin-1/2 particles

Pµ(x , p) = − 1
8m ϵµρστ (1 − nF )ϖρσpτ + O(ϖ2)

where
ϖρσ = 1

2(∂σβρ − ∂ρβσ) with βρ = uρ

T
Ann. Phys. 338:32 (2013)

Space-integrated mean polarization vector

Pµ(p) =
∫

Σ (dΣ.p) Pµ(x , p)nF (x , p)∫
Σ (dΣ.p) nF (x , p)



Hydrodynamic simulation for global polarization

Initial condition : UrQMD string/hadron cascade, all components of thermal vorticity
tensor are initially non-vanishing. Simulation on a constant energy density hypersurface
(0.5 GeV/fm3).



Why consider EoS?

The spin polarization vector in the rest frame of a hyperon at some point
in the fluid is given by (Ann. Rev. Nucl. Part. Sci. 70 (2020) 395)

S⃗∗(x , p) ∝ γ

T 2 v⃗ × ∇T + 1
T (ω⃗ − (ω⃗ · v⃗)v⃗) + 1

T γA⃗ × v⃗

S⃗∗ depends on ∇T , ω⃗ = ∇ × v⃗ and acceleration of fluid cell.

In nutshell, gradients of temperature and flow-velocity.

Gradients depend on the expansion dynamics of the system.

Expansion depends on the EoS.



Description of model
Initial condition

We study Λ-hyperon spin polarization.

Sy ∝ [pτ ϖηx + pxϖτη + pηϖxτ ] where ϖµν = 1
2

[
∂ν

(uµ

T
)

− ∂µ
(uν

T
)]

.

Need an IC with non-zero ∂ηux or ∂xuη. Simple Glauber model will
not work.

Glauber model for transverse profile along with symmetric rapidity
profile for energy density has zero ϖηx at all times.

We use Glauber model + symmetric rapidity profile + local
energy-momentum conservation. C. Shen et al. PRC 102 (2020)
014909



PRC 102, 014909 (2020)



Description of model
Equation of state & transport coefficients

EoS model of BEST collaboration PRC 101, 034901 (2020).

PQCD(µB, T ) = T 4 ∑
n c2n(T )

(µB
T

)2n

T 4cn(T ) → T 4cNon-Ising
n (T ) + T 4

c c Ising
n (T ) or

PQCD(µB, T ) = P reg(µB, T ) + Pcrit(µB, T ).

Obtain Pcrit by mapping to 3D-Ising model.

Choose and adjust P reg such that PQCD(0, T ) = PLAT(T ).



Near the critical point, the transport coefficients diverge as

ζ ∼ ξ3 , η ∼ ξ0.05

The critical behavior of these transport coefficients can be modeled as

ζ = ζ0

(
ξ

ξ0

)3
, η = η0

(
ξ

ξ0

)0.05

ξ0 is a parameter for deciding the boundary of the critical region. We
choose ξ0 = 1.75 fm (mostly taken as 1 fm). ζ0 and η0 taken as

η0(µB, T ) = 0.08
(

ε + p
T

)
ζ0(µB, T ) = 15η0(µB, T )

(1
3 − c2

s

)2



Hydrodynamic trajectories in phase diagram
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Evolution of thermal vorticity
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Suppression of spin polarization of Λ-hyperons

Polarization calculated on constant energy density hypersurface 0.3
GeV/fm3. No afterburner.
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Comparison with experimental data

In S. Ryu et al., PRC 104, 054908 (2021), non-zero initial vorticity is
obtained by introducing a parameter f that controls the fraction of
longitudinal momentum that can be attributed to the flow velocity.
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Prediction near critical point

Au+Au collisions at √sNN = 14.5 GeV with b = 5.6 fm
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We also find that the other bulk observables like elliptic flow,
pT -spectra etc. are not much affected due to the CP. SKS and J.
Alam, arXiv:2205.14469.



A non-relativistic analogy

For a non-relativistic fluid with constant η and ζ

FreeImages & ScienceAlert



Summary

Observables dependent on gradients are more sensitive to the EoS.

We observe a suppression in thermal vorticity and hence, polarization
of Λ-hyperons, as the CP is approached.

Suppression in the rapidity distribution of spin polarization may be
useful for locating CP. Further study needed.



Thank You !!!



(Backup) Testing relativistic hydrodynamic code
Comparison with experimental data
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