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Abstract: We present a systematic study of the global polarization of Λ and Λ̄ hyperons in Au+Au
collisions at

√
sNN = 19.6 GeV using the viscous hydrodynamic model CCNU-LBNL-Viscous

hydrodynamic model (CLVisc) with a modified 3D optical Glauber model initial condition. The
global polarization splitting as a function of transverse momentum and rapidity is investigated. It
is shown that the magnitude of the net baryon density and its longitudinal titled geometry at the
initial stage both have significant effects on the global polarization splitting of Λ and Λ̄ hyperons.
Specifically, an increase in the magnitude of the net baryon density leads to a corresponding minor
increase in the global polarization splitting. Similarly, alterations in the tilted geometry of net baryon
density results in significant changes in the splitting of the global polarization.

Keywords: global polarization splitting; Λ/Λ̄ hyperons; hydrodynamic model CLVisc; finite net
baryon density

1. Introduction

Under normal conditions, quarks and gluons exist as bound states to form hadrons.
However, under extreme conditions, such as energy densities ≥1 GeV/fm3, they become
deconfined and form a highly excited state of nuclear matter known as the quark–gluon
plasma (QGP) [1–8]. This state is believed to be a key component of the universe’s very
early stages. The study of QGP is important for understanding the properties of strongly
coupled matter and for searching for the existence of a phase transition from hadronic
matter to QCD matter, which provides insights into the formation of galaxies and the
evolution of the universe [9]. Currently, the QGP can be produced in laboratory by the
Relativistic Heavy Ion Collider (RHIC) and the Large Hadron Collider (LHC).

In a typical non-central nucleus–nucleus collisions, large orbital angular momentum
(OAM) is created. This large OAM can induce the polarization of hyperons through
the spin-vorticity coupling [10,11] or spin-orbital coupling [12–17]. Recently, the global
polarization of Λ(Λ̄) hyperons has been successfully observed by STAR Collaboration
in 7.7–200 GeV semi-peripheral Au+Au collisions at RHIC [18–20]. It is found that the
average fluid vorticity achieves ω ≈ (9 ± 1)× 1021 s−1. This is the fastest vortical system
ever created in laboratory and observed in nature to date. Further studies of the global
and local polarization have provided new insights into the vortical properties of QGP at
high energy. Extensive theoretical and phenomenological studies have been devoted to
the influence of vorticity on spin polarization in QGP, including 3+1 D hydrodynamic
framework [21–28] and multistage transport approach [29–32]. These models all provide
good descriptions of the global polarization at RHIC and LHC. However, theoretical
calculations have yielded an opposite sign of azimuthal-angle dependence compared to the
measured data of polarization. Besides the global polarization of Λ/Λ̄, the spin polarization
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can also lead to other effects and observables, such as spin alignment [33] and baryonic
spin hall effect [28,34,35].

In this work, following our previous works [36,37], we perform a study on the Λ
and Λ̄ global polarization in 19.6 GeV Au+Au collisions, using the viscous hydrodynamic
model CLVisc [38] with a modified 3D optical Glauber model initial condition. Such
hydrodynamic models and hybrid approaches have been widely used to simulate the
nucleus–nucleus collisions at RHIC and the LHC energies, which successfully describe
many final state observables such as multiplicity distribution, transverse momentum
distribution, collective flow and spin polarization [24,28,39–43]. Despite numerous studies
on hyperon polarization using hydrodynamic models, the cause of the splitting in the global
polarization of Λ and Λ̄ hyperons remains an open question. While in Refs. [21,31,44,45],
it has been suggested that this behaviour can be related to the net baryon density or the
strong electromagnetic field, detailed analysis is still lacking. In this study, we will further
study the global spin polarization within the CLVisc hydrodynamic model with finite net
baryon density, which nicely describes the measured centrality, rapidity and transverse
momentum dependence of Λ/Λ̄ global polarization in 19.6 GeV Au+Au collisions. In order
to study the splitting of the spin polarization, we focus on investigating the impact of the
magnitude of net baryon density and its tilted geometry on the splitting of hyperons global
polarization along the out-of-plane direction (−Py

(Λ−Λ̄)
).

The paper is organized as follows. Section 2 gives a brief description of the 3D optical
Glauber model, hydrodynamic model CLVisc and the spin polarization formula in this
work. The impact of the baryon density on the hyperons global polarization splitting is
studied in Section 3. Section 4 concludes and summarizes this paper.

2. Model Framework
2.1. Initial Condition: Modified 3D Optical Glauber Model

We employ a longitudinal tilted initial conditions developed in Refs. [36,37] to generate
initial conditions for the QGP hydrodynamic simulation. Based on the Wood–Saxon
distribution, the nuclear thickness function is given by

T(x, y) =
∫ +∞

−∞
dz

ρ0

1 + e(
√

x2+y2+z2−R0)/d0
. (1)

Here, ρ0 is the average nuelcon density, (x, y, z) are the spatial coordinates, R0 is the nuclear
radius, and d0 is the surface diffusiveness parameter. For 197Au nucleus in this study, we
selected ρ0 = 0.17 fm−3, R = 6.38 fm, d = 0.535 fm. When two nuclei move along the ±ẑ
direction and collide with impact parameter b, their thickness function is

T+(xT) = T(xT − b/2), T−(xT) = T(xT + b/2), (2)

where xT = (x, y) is the transverse plane coordinate. Based on the standard optical
Glauber model, the density distribution of participating nucleons in the projectile and
target nucleus is

T1(xT) = T+(xT)

{
1 −

[
1 − σNNT−(xT)

197

]197
}

,

T2(xT) = T−(xT)

{
1 −

[
1 − σNNT+(xT)

197

]197
}

.

(3)

Here, σNN is the cross-section of inelastic scattering between nucleons [46]. Following our
earlier studies [47–49], the wounded (or participant) nucleon distribution is

WN(x, y, ηs) = T1(x, y) + T2(x, y) + Ht[T1(x, y)− T2(x, y)] tan
(

ηs

ηt

)
, (4)
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where Ht reflects the overall strength of the medium’s tilt deformation relative to the
longitudinal direction. It is a function of the impact parameter. By fitting the directed
flow experimental data from various centrality classes in 19.6 GeV Au+Au collisions, we
parametrize Ht = 2.2b/fm [36]. Additionally, tan

(
ηs
ηt

)
controls the slope of the initial en-

ergy density in the direction of beam rapidity, where ηs =
1
2 ln t+z

t−z represents the spacetime
rapidity. For all collision systems, we set ηt to be 8.0. This leads to a counterclockwise
tilted geometry of the QGP fireball [50,51] in the reaction plane with respect to the beam
direction [47].

The total weight function encompassing both wounded (participant) nucleons and
binary (hard) collisions is

W(x, y, ηs) =
0.95WN(x, y, ηs) + 0.05nBC(x, y)

[0.95WN(0, 0, 0) + 0.05nBC(0, 0)]|b=0
, (5)

where 0.05 is the collision hardness parameter [39,52], which is determined by the cen-
trality dependence of the soft hadron yield. The number of binary collisions nBC =
σNNT+(x, y)T−(x, y) [39,46]. The initial energy density and local baryon density can be
obtained in terms of the Bjorken flow, as follows [39,41]:

ε0(x, y, ηs) = K · W(x, y, ηs) · H(ηs), (6)

n0(x, y, ηs) =
1
N

· W(x, y, ηs) · H(ηs) · HB(ηs), (7)

where K is an overall factor that is constrained by the multiplicity distribution (dNch/dη or
dNch/dy), and N is a normalization factor [53,54].

Following Refs. [36,51,52], we used the H(ηs) function (an empirical formula) to satisfy
the plateau structure of dN/dη for charged hadrons in the most central region:

H(ηs) = exp

[
− (|ηs| − ηω)2

2σ2
η

θ(|ηs| − ηω)

]
, (8)

where ηω is the width of the platform at the middle rapidity, and ση is the width of the
Gaussian decay outside the platform region [36]. Based on the research of Refs. ([36,54]),
the longitudinal distribution of the initial local baryons density is given by

HB(ηs) = exp
[
− (ηs − ηn)2

2σ2
n

]
+ exp

[
− (ηs + ηn)2

2σ2
n

]
, (9)

where ηn and σn can be calibrated using the transverse momentum distribution of identified
particles measured in experiments [25,41]. It is worth noting that although this baryon
density distribution is a phenomenological model [54], it shares similar qualitative features
with the longitudinal distribution given by the string fragmentation model [41,55,56].

This is because the spin polarization is not only sensitive to the QGP geometric shape,
but also to the initial flow velocity field of the QGP medium. Following Refs. [25,27,57,58],
the initial energy-momentum current is given by

Tττ = ε0(x, y, ηs) cosh(yL), (10)

Tτηs =
1
τ0

ε0(x, y, ηs) sinh(yL), (11)

where yL = fvyCM, the central-of-mass rapidity yCM = arctanh
[

T1−T2
T1+T2

tanh(ybeam)
]
,

ybeam = arccosh
[√

sNN/(2mN)
]

and mN denotes the nucleon mass. The free parame-
ter fv ∈ [0, 1] controls the longitudinal flow velocity gradient. When fv = 0, one recovers
the Bjorken flow scenario. In this work, fv is set to 0.15 [25,36]. We do not consider the
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initial velocity of QGP in the transverse plane at the initial proper time τ0; thus, Tτx and
Tτy are both assumed to be zero at τ = τ0.

With above initial condition settings, Figure 1 shows the distribution of the initial
energy density (left plane) and local (net) baryon density (right plane) on the ηs − x plane
for 10–40% centrality class Au+Au collisions at

√
sNN = 19.6 GeV. Their values are derived

from Equations (10) and (11). One may clearly find that both the energy density and local
baryon density exhibit a counterclockwise tilted geometry with respect to the longitudinal
(beam) direction. The net baryon density shows a more pronounced shift towards large
rapidity and a greater tilt compared to the energy density. This can be explained using
the string models of the initial state [55,56,59]: while the baryon density deposition is
mainly caused by the valence quarks from the participating nucleons, the energy density
deposition arises from the melting of strings that involve both valence and sea quarks.
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Figure 1. (Color online) Distribution of the initial energy density (left) and net baryon density (right)
on the ηs-x plane for 10–40% Au+Au collisions at

√
sNN = 19.6 GeV. The arrows (cyan color) sketch

propagation towards the forward and backward rapidity directions.

2.2. (3+1)D Hydrodynamic Evolution: CLVisc

In this work, we use the (3+1)-dimensional relativistic viscous hydrodynamic model
CLVisc [39,41] to simulate the evolution of the system’s energy, momentum and net
baryon density,

∇µTµν = 0, (12)

∇µ Jµ
B = 0, (13)

where the energy-momentum tensor Tµν and the net baryon current Jµ
B are given by

Tµv = εUµUν − P∆µν + πµν,

Jµ
B = nUµ + Vµ,

(14)

where ε is the local energy density, Uµ is the flow velocity field, P is the pressure, πµν is the
shear viscosity tensor, n is the net baryon density, and Vµ is the baryon diffusion current.
The spatial projection tensor is defined as ∆µν = gµν − UµUν. In this study, we follow the
approaches of Refs. [41,53,55,57,60] and consider only the shear viscosity effect, leaving the
impact of bulk viscosity for future investigation. Hydrodynamic equations are solved using
a lattice QCD-based Equation of State (EoS) at finite baryon density, known as NEOS-BQS
[a QCD equation of state model (NEOS) with multiple charges: net baryon (B), strangeness
(S) and electric charge (Q)] [61,62]. This EoS provides a smooth crossover between the QGP
and the hadron phase under strangeness neutrality and electric charge density nQ = 0.4nB.

As the system evolves below the switching energy density (efrz = 0.4 GeV/fm3), we
use the Cooper–Frye formalism to obtain the hardon momentum distribution [36]. We take
into account the resonance decay contributions, as performed in Ref. [39], when calculating
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the yields and anisotropic flow observables for identified particles. However, the Λ spin
polarization is still computed directly on the freeze-out hypersurface, as discussed in the
next subsection, without contributions from these resonance decays. Effects of hadronic
scatterings after the QGP phase have not been included in this study.

2.3. Spin Polarization of Hyperons

In non-central heavy-ion collisions, a huge initial orbital angular momentum is pro-
duced, the presence of fluid vorticity polarizes the spin of fermions through the spin-orbital
coupling or spin-vorticity coupling [12,14]. Based on Refs. [63,64], the spin polarization
pseudo-vector at thermal equilibrium can be obtained from the modified Cooper–Frye
formalism, as follows:

Sµ(p) =

∫
dΣ · pJ µ

5 (p, X)

2m
∫

dΣ · N (p, X)
. (15)

Here, m is the mass of fermions. The dΣµ is the hypersurface element determined by the
projection method. The J µ

5 is the axial charge current density. The N µ(p, X) is the number
density of fermions in the phase space. According to the decomposition of the vector
product between the thermal vorticity tensor and the four-momentum vector [65] or the
quantum kinetic theory [26,66,67], Sµ(p) can be decomposed into several sources:

Sµ(p) = Sµ
thermal(p) + Sµ

shear(p) + Sµ
accT(p) + Sµ

chemical(p) + Sµ
EB(p), (16)

where

Sµ
thermal(p) =

∫
dΣσFσϵµναβ pν∂α

uβ

T
,

Sµ
shear(p) =

∫
dΣσFσ

ϵµναβ pνuβ

(u · p)T
pρ(∂ρuα + ∂αuρ − uρDuα),

Sµ
accT(p) = −

∫
dΣσFσ

ϵµναβ pνuα

T

(
Duβ −

∂βT
T

)
,

Sµ
chemical(p) = 2

∫
dΣσFσ

1
(u · p)

ϵµναβ pαuβ∂ν
µ

T
,

Sµ
EB(p) = 2

∫
dΣσFσ

[
ϵµναβ pαuβEν

(u · p)T
+

Bµ

T

]
, (17)

where

Fµ =
h̄

8mΛΦ(p)
pµ feq(1 − feq),

Φ(p) =
∫

dΣµ pµ feq, (18)

where the thermal distribution feq = 1
exp[(pµUµ−BµB)/Tf ]∓1

. Here, µB is the net baryon chem-

ical potential, B is the baryon number for the identified baryon, Tf is the chemical freeze-out
temperature. Since the net baryon density is not zero, the value of µB and Tf are different
for each hypersurface cell [41]. The above equation represents the thermal vorticity polar-
ization vector (Sµ

thermal), shear tensor polarization vector (Sµ
shear), fluid acceleration minus

temperature gradient polarization vector (Sµ
accT), gradient polarization vector of chemical

potential with temperature (Sµ
chemical), and external electromagnetic field polarization (Sµ

EB).
Usually, Sµ

shear and Sµ
chemical are also known as the Shear Induced Polarization (SIP) and the

Spin Hall Effect (SHE). For detailed investigations of these polarization vectors, please see
references [26,28,34,35,66–70]. Due to the rapid decay of the electromagnetic field and the
lack of a good understanding of its profile in heavy-ion collisions, we consider only the
first four terms while neglecting the contribution from Sµ

EB.
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In the rest frame of Λ (or Λ̄) baryons, the formula of spin polarization vector is

P⃗∗(p) = P⃗(p)− P⃗(p) · p⃗
p0(p0 + m)

p⃗, (19)

with

Pµ(p) ≡ 1
s
Sµ(p), (20)

where s = 1/2 represents the spin of the particle. Averaging its transverse momentum and
rapidity, one can derive the local polarization of hyperons,

⟨P⃗(ϕp)⟩ =

∫ ymax
ymin

dy
∫ pTmax

pTmin
pTdpT[Φ(p)P⃗∗(p)]∫ ymax

ymin
dy

∫ pTmax
pTmin

pTdpTΦ(p)
. (21)

Here, ϕp represents the azimuthal angle, Φ(p) is an integration on the freeze-out hypersur-
face defined in Equation (18). In this study, we set the masses of Λ and Λ̄ hyperons to be
m = 1.116 GeV. Finally, by performing azimuthal integration on Equation (21) and taking its
−ŷ component, the global polarization along the out-of-plane direction can be obtained. We
have not taken into account the contributions to Λ hyperons polarization from resonance
decays in this study, which can be incorporated based on Ref. [71] in future work.

3. Numerical Results

Our phenomenological study will first present the dependence of the global polariza-
tion of Λ and Λ̄ hyperons on centrality, transverse momentum, and rapidity in 19.6 GeV
Au+Au collisions. We then discuss how the magnitude of the net baryon density influences
the splitting of the global polarization of hyperons. We close this section by performing the
impact of the tilt geometry of the net baryon density on the global polarization splitting.

3.1. Global Polarization of Λ and Λ̄ Hyperons

In Figure 2, we show the global polarization of Λ and Λ̄ hyperons analyzed within
transverse momentum pT ∈ [0.5 GeV/c, 3.0 GeV/c] and rapidity y ∈ [−1, 1] in 19.6 GeV
Au+Au collisions. Because we have defined the +x direction to align with the impact
parameter, the global momentum is directed towards the negative y direction. Therefore,
we present the global polarization along the out-of-plane direction (−Py) in this and all
subsequent figures. In the Figure 2 left plane, we compare different contributions, that is,
different terms in Equation (17), as a function of collision centrality. It is observed that the
spin polarization induced by the thermal vorticity plays a dominant contributor for both Λ
and Λ̄ hyperons polarization. As collision systems transition from central to non-central
to peripheral, the splitting between the Λ and Λ̄ hyperons increases. This behaviour is
due to the tilted geometry of the net baryon density and a finite baryon chemical potential
µB [21,36,45], with the splitting of global polarization ranging from zero in the most central
collisions to 0.3% in peripheral collisions. In the Figure 2 right plane, we present the sum of
the four spin polarization vectors of Λ and Λ̄ hyperons (Total = thermal + shear + accT +
chemical) and compared the results with experimental data. One finds that our calculation
gives the same trend as the STAR experimental data from central to non-central collisions
and a little bit underestimate for the experimental data at peripheral collision. One possible
reason is the use of constant flow velocity gradient parameter fv in this study [25]. We
emphasize that the presence of a strong electromagnetic field will leas an increase of the
splitting of global polarization [31].
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Figure 2. (Color online) The global polarization −Py of Λ and Λ̄ hyperons as a function of
centrality in Au+Au collisions at

√
sNN = 19.6 GeV, analyzed within transverse momentum

pT ∈ [0.5 GeV/c, 3.0 GeV/c] and rapidity y ∈ [−1, 1]. Left plane: global polarization induced
by different terms. Right: the global polarization of Λ and Λ̄ (Total = thermal + shear + accT +
chemical). The experimental data are from the RHIC-STAR Collaboration [20].

In Figure 3 left plane, we present the −Py of Λ and Λ̄ hyperons as a function of
transverse momentum pT in 20–50% centrality Au+Au collisions. The rapidity region
|y| < 1 of hyperons is used for the analysis. One observe that our model calculations,
which combine the four contributions (labeled as “Total”), provide a satisfactory description
of the Λ’s (and Λ̄’s) global polarization as compared to the STAR data [20]. A minor
difference is observed between Λ and Λ̄. Furthermore, the combination of thermal vorticity
and shear tensor contributions results in a non-montonic pT dependence of −Py, due to
their opposing effects [37]. This feature can be further investigated using more precise
experimental data in the future.

0.0 0.5 1.0 1.5 2.0 2.5
pT (GeV)

0

1

2

3

-P
y  (

%
)

Au+Au 
√

sNN  = 19.6 GeV
cen 20-50%, |y| < 1

Total, 
Total, 
STAR, 
STAR, 

1 0 1
y

0

1

2

3 Au+Au 
√

sNN  = 19.6 GeV 
cen 20-50%,  0.5 < pT < 3 GeV/c 

Total, 
Total, 
STAR, 
STAR, 

Figure 3. (Color online) The global polarization Py of Λ and Λ̄ as a function of transverse momentum
pT (left) and rapidity y (right) in 20–50% Au+Au collisions at

√
sNN = 19.6 GeV, analyzed within

y ∈ [−1, 1] (left), pT ∈ [0.5 GeV/c, 3 GeV/c] (right) and compared to the STAR data [20].

In Figure 3 right plane, we show the −Py as a function of rapidity y in 20–50% centrality
Au+Au collisions within the transverse momentum region pT ∈ [0.5 GeV/c, 3 GeV/c]. Our
calculation gives a suitable estimation of the experimental measurements in rapidity region
y ∈ [−1.5, 1.5]. The global polarization of Λ̄ hyperons is a little bit larger than the Λ
hyperons within rapidity greater than 0.5 in the forward and backward. We note here
that the experimental data currently shown in Figure 3 have large uncertainly. Precise
experimental measurements in the future, when compared to results in this study, may
provide more constraints on the net baryon density distribution at the initial stage.



Universe 2024, 10, 8 8 of 12

3.2. Effect of the Magnitude of the Net Baryon Density on the Global Polarization Splitting

After studying the global polarization of Λ and Λ̄ hyperons, we now investigate the
splitting of the global polarization −Py

(Λ−Λ̄)
in Au+Au collisions at

√
sNN = 19.6 GeV. We

vary the magnitude of the net baryon density at the initial stage in Equation (7) to examine
its impact on the splitting of the global polarization of Λ and Λ̄ hyperons.

In the left plane of Figure 4, we present the −Py
(Λ−Λ̄)

as a function of the transverse
momentum pT for different initial net baryon densities (0.0n0, 0.5n0, 1.0n0, 1.5n0) in
collision centrality 20–50%. One observes that when the net baryon density is zero (i.e., no
net baryon density), the splitting of the global polarization −Py

(Λ−Λ̄)
remains zero as the

transverse momentum pT increases. As the initial net baryon density increases, the value
of splitting −Py

(Λ−Λ̄)
also increases. One can observe that a higher magnitude of initial net

baryon density leads to a larger splitting of the global polarization. The value of −Py
(Λ−Λ̄)

for all cases crosses zero at a transverse momentum pT ≈ 1.45 GeV/c.
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Figure 4. (Color online) The global polarization splitting −Py
(Λ−Λ̄)

is studied as a function of trans-
verse momentum PT (left) and rapidity y (right) for different magnitudes of net baryon densities
(0.0n0, 0.5n0, 1.0n0, 1.5n0) in Au+Au collisions at

√
sNN = 19.6 GeV with centrality of 20–50%, an-

alyzed within y ∈ [−1, 1] (left), pT ∈ [0.5 GeV/c, 3.0 GeV/c] (right) and compared to the STAR
data [20].

In the right plane of Figure 4, we show −Py
(Λ−Λ̄)

as a function of the rapidity y for a
different initial net baryon density. One can see that when the initial net baryon density
is zero, the global polarization splitting of hyperons remains zero with respect to rapidity
y. As the magnitude of net baryon density increases, a slight change in the splitting
of the global polarization can be observed at both the forward and backward rapidity
regions. Our calculations tend to underestimate the experimental data, and the splitting
of the global polarization is approximately zero at mid-rapidity regions for all four cases
(0.0n0, 0.5n0, 1.0n0, 1.5n0).

We find that both the −Py
(Λ−Λ̄)

. vs. pT and −Py
(Λ−Λ̄)

. vs. y are non-zero when there is
a non-zero net baryon density at the initial stage. Additionally, a larger net baryon density
leads to a larger splitting of the global polarization. We emphasize that it is still difficult to
determine the magnitude of the net baryon density based on the experimental data due to
their large uncertainties. Further measurements may help to improve our understanding
of the magnitude of the net baryon density in heavy ion collisions.

3.3. Effect of the Tilted Geometry of the Net Baryon Density on the Global Polarization Splitting

Now, we shift our focus to the effect of the tilted geometry of the net baryon density
on the global polarization splitting of Λ and Λ̄ hyperons in centrality 20–50% Au+Au
collisions at

√
sNN = 19.6 GeV.

In the left plane of Figure 5, we present the −Py
(Λ−Λ̄)

as a function of the transverse
momentum pT in collision centrality 20–50% Au+Au collisions for a different longitudinal
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tilted geometry of the net baryon densities (0.9 Ht, 1.0 Ht, 1.2 Ht, 1.5 Ht). We use the value
of 1.2 Ht to indicate that the initial net baryon density is 1.2 times more tilted than the initial
energy density. One can observe that when the net baryon density becomes more tilted, the
global polarization splitting −Py

(Λ−Λ̄)
increases from negative towards positive. We find

that the global polarization splitting −Py
(Λ−Λ̄)

.vs. pT is very sensitive to the geometry of
the net baryon density.
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Figure 5. (Color online) The splitting of the global polarization Py
(Λ−Λ̄)

as a function of transverse
momentum pT (left) and rapidity y (right) for different tilted geometry (0.9 Ht, 1.0 Ht, 1.2 Ht,
1.5 Ht) in 20–50% Au+Au collisions at

√
sNN = 19.6 GeV, analyzed within y ∈ [−1, 1] (left),

pT ∈ [0.5 GeV/c, 3.0 GeV/c] (right) and compared to the STAR data [20].

In the right plane of Figure 5, we show the −Py
(Λ−Λ̄)

as a function of the rapidity y
for a different longitudinal tilted geometry of the net baryon densities within transverse
momentum pT ∈ [0.5 GeV/c, 3.0 GeV/c]. One can find that when the net bayon density
becomes more tilted, the value of the global polarization splitting of hyperons increases
from negative to positive. Contrary to the impact of the net baryon density magnitude,
a more tilted geometry of net baryon density results in a greater separation of the global
polarization of Λ and Λ̄ hyperons in the mid-rapidity and forward/backward rapidity
regions. Due to the large uncertainties present in experimental data, additional measure-
ments could help to enhance our understanding of both the magnitude and geometry of
the initial net baryon density.

4. Conclusions

In this work, we used the viscous hydrodynamic model CLVisc with a modified 3D
optical Glauber model initial condition to study the hyperon spin polarization in Au+Au
collisions at

√
sNN = 19.6 GeV. With a finite net baryon density, our hydrodynamic model

nicely describes the global polarization −Py of Λ and Λ̄ hyperons as a function of centrality,
transverse momentum, and rapidity.

With CLVisc hydrodynamic simulation, we study how the net baryon density influence
the global polarization splitting of Λ and Λ̄ hyperons. We find that the global polarization
splitting shows strong sensitivities to both the magnitude and tilted geometry of the
net baryon density. In the meantime, we observe that the tilted geometry of the net
baryon density has a greater influence on −Py

(Λ−Λ̄)
(pT) and −Py

(Λ−Λ̄)
(y) compared to

its magnitude. Therefore, the global polarization of Λ and Λ̄ hyperons could serve as
a robust and promising observable for studying the properties of the baryon density in
heavy ion collision at RHIC-BES (Beam Energy Scan) energies. Due to the inconspicuous
splitting behavior observed in many other experimental data above 19.6 GeV and the lack
of data below 19.6 GeV, we chose to focus our study on 19.6 GeV and did not include
comparisons with results at other energies in this work. In our future study, we will
explore the splitting behavior at energy range below 19.6 GeV. We also note that utilizing a
uniform distribution of nucleon density yields polarization results that are not substantially
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dissimilar to those acquired through the Wood–Saxon distribution [58]. Additionally, since
the global polarization is currently constrained to contributions from primary Λ particles,
the effects of hadronic scatterings after the QGP phase have not been included in the present
work. This limitation results in a degree of uncertainty in our current calculations. The
impacts of hadron scattering and resonance decay on the polarization of Λ hyperons will be
explored in our upcoming efforts. Future studies will include more precise measurements,
the spin polarization observables [33,72–74], in conjunction with the QGP anisotropic flow
observables [75], and will provide strong constraints on the 3-dimensional dynamics (e.g.,
electromagnetic field [76]) of the hot and dense QGP formed in heavy-ion collisions.
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