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In these proceedings, we present our recent prediction on the local net
Lambda polarization to search for the baryonic spin Hall effect (SHE) at
RHIC BES energies. The baryonic SHE is induced by the gradients of
baryon chemical potential, which leads to local polarization separation be-
tween baryons and anti-baryons. Based on hydrodynamic simulations with
the spin Cooper–Fryer formula, we propose to use P net

2,y and P net
2,z , the sec-

ond Fourier coefficients of net spin polarization to quantify this baryonic
SHE. Future experimental observation of their non-trivial signatures could
strongly support the existence of the baryon SHE in hot and dense QCD
matter.
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1. Introduction

In relativistic heavy-ion collisions, the produced quark–gluon plasma
(QGP) carries a large amount of orbital angular momentum, which induces
the spin polarization of quarks and final hadrons through the spin-orbital
coupling [1, 2]. Within the hydrodynamic approach with equilibrium as-
sumption, the thermal vorticity developed during the system evolution leads
to the hyperon spin polarization at the freeze-out surface described by the
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spin Cooper–Frye formula [3]. The related model calculations successfully
describe the global Λ polarization but fail to reproduce its azimuthal angle
dependence, which is known as the “local spin polarization puzzle” [4–7]. Re-
cently, it was found that, besides the widely studied thermal vorticity effect,
the spin polarization can also be induced by the shear stress tensor [8–11].
Hydrodynamic simulations demonstrate that such shear-induced polariza-
tion (SIP) is always opposite to the thermal vorticity effect and could lead
to the right sign of local polarization as experimental data in some certain
freeze-out conditions [9, 11].

If we focus on the collisions at RHIC BES energies, another spin po-
larization mechanism induced by the gradient of baryon chemical potential
(∇µB-IP) becomes relevant. Such an effect is also called the baryonic spin
Hall effect, which can be derived from the quantum kinetic theory [8, 12–16],
but has not been fully explored phenomenally. In these proceedings, we will
briefly introduce our recent prediction on the second Fourier coefficients of
net spin polarization to search for the baryonic spin Hall effect (SHE) at
RHIC BES energies. For more details, see our recent works [9, 17].

2. Method

In a many-body system of fermions, the spin polarization vector is de-
scribed by the axial Wigner function Aµ(x, p). To the first order, Aµ can be
expressed by the gradients of temperature T , flow velocity uµ, and baryon
chemical potential µB [8, 18] (see also Refs. [14, 16])

Aµ(x, p) = βf0(x, p)(1− f0(x, p))ε
µναρ

×
( 1

2
pν∂

⊥
α uρ︸ ︷︷ ︸

vorticity

− 1

T
uνpα∂ρT︸ ︷︷ ︸

T-gradient

−
p2⊥
ε0

uνQ
λ
ασρλ︸ ︷︷ ︸

SIP

− qB
ε0β

uνpα∂ρ(βµB)︸ ︷︷ ︸
baryonic SHE

)
,

(1)

where f0(x, p) = (e(ε0−qBµB)β+1)−1 is the Fermi–Dirac distribution function
with ε0 = p · u, qB is the baryon number, and β = 1/T is the inverse
temperature. Here, the transverse projection is defined as ∂µ

⊥ ≡ ∆µν∂ν and
pµ⊥ ≡ ∆µνpν with ∆µν = gµν − uµuν . After combining the first two terms
with the ideal hydrodynamic equation (u · ∂)uα = −β−1∂⊥

α β + O(∂2), we
will get the widely known “thermal vorticity” term 1

2βpν∂α(βuρ).
The third term of Eq. (1) denotes the shear-induced polarization, where

the generalized momentum quadrupole tensor and shear stress tensor are de-
fined as Qµν = −pµ⊥p

ν
⊥/p

2
⊥+∆µν/3 and σµν = ∂

(µ
⊥ uν)−(1/3)∆µν(∂ ·u). This

expression can be obtained from chiral kinetic theory or linear response the-
ory [8, 9]. In [10, 11], the statistical method also gives a similar form. Such
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a shear term induces similar differential polarization Pz(ϕ) and Py(ϕ) [9, 11]
as observed in experiment, which is essential to solve the “local spin polariza-
tion puzzle”, see [16, 19–22] for recent developments in the phenomenological
study. The last term of Eq. (1) is the baryon spin Hall effect (SHE), which
is induced by the gradients of baryon chemical potential and becomes sig-
nificant at RHIC BES energies.

To calculate the differential Λ spin polarization Pµ(p), we employ the
“spin Cooper–Frye” formula that averages Aµ(x, p) over the freeze-out hyper-
surface

Pµ(p) =

∫
dΣαpαAµ(x,p;m)

2m
∫
dΣαpαf0(x, p)

. (2)

Here, we consider two scenarios — “Lambda equilibrium” and “strange mem-
ory” for the spin polarization at freeze-out, which correspond to two extreme
conditions of the spin relaxation time during hadronic evolution [1, 3, 9]. In
the model calculation, we set m = 1.116 GeV, qB = ±1 for the “Lambda
equilibrium” scenario, and m = 0.3 GeV, qB = ±1/3 in Eq. (2) for the
“strange memory” scenario, respectively.

3. Results and discussions

In this work, we implement 3+1-d hydrodynamics MUSIC with AMPT
initial conditions [23–25] to simulate Au+Au collisions at

√
sNN = 7.7–

200 GeV. The spin Cooper–Frye formula (Eq. (2)) is implemented on the
hyper-surface with constant energy density, which roughly matches the chem-
ical freeze-out temperature from the statistical model. For more details of
the model and parameter set-ups, please refer to [5].

Figure 1 shows the contributions from the vorticity, T -gradient, shear,
and baryonic SHE to the differential spin polarization in Au+Au collisions
at

√
sNN = 7.7 GeV. Analogous to the results of high-energy collisions [9, 11,

16], the shape of Pz(ϕ) and Py(ϕ) is mostly determined by the competition
between the T-gradient and SIP effects. In the strange memory scenario, the
SIP becomes more important due to the smaller mass of the spin carrier. On
the other hand, with the large chemical potential, the baryonic SHE shows
a significant contribution to differential polarization, especially for Pz(ϕ) in
both scenarios at 7.7 GeV. For baryons and anti-baryons, since the sign of
the baryonic SHE is opposite, a sizeable separation between their differential
polarization is anticipated [17].

To characterize this separation and probe the baryon SHE signal, we con-
struct the second harmonic component of polarization for the net lambda/
strangeness

P net
2,z ≡ ⟨P net

z (ϕ) sin 2ϕ⟩ , P net
2,y ≡ −⟨P net

y (ϕ) cos 2ϕ⟩ , (3)
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where P net
z,y (ϕ) ≡ Pz,y(ϕ) − P̄z,y(ϕ) denotes the net spin polarization with

Pz,y(ϕ) and P̄z,y(ϕ) denotes the differential polarization along the longitudi-
nal direction (z) and out-of-plane direction (y) for baryons and anti-baryons,
respectively. Here, ⟨...⟩ is the average over the azimuthal angle. Figure 2
shows P net

2,z and P net
2,y in Lambda equilibrium and strange memory scenario.
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Fig. 1. (Color on-line) Differential spin polarization Pz(ϕ) and −Py(ϕ) in 7.7 GeV
Au+Au collisions from Lambda equilibrium scenario and strange memory scenario,
respectively. The colored curves show the contributions from the vorticity, T -
gradient, shear, and baryonic SHE.

1 0 1 0 0
- 0 . 5

0

0 . 5

1

1 . 5

1 0 1 0 0- 0 . 2

0

0 . 2

0 . 4
P  n e t   2 ,  z  

√ s N N  [ G e V ]

( a )

( % )      Λ −  Λ
  w i t h  S H E  
  w / o   S H E  

      s  −  s
  w i t h  S H E
  w / o   S H E

A u + A u ,  2 0 - 5 0 %

P  n e t   2 ,  y  

√ s N N  [ G e V ]

( b )

( % )      Λ −  Λ
  w i t h  S H E  
  w / o   S H E  

      s  −  s
  w i t h  S H E
  w / o   S H E

A u + A u ,  2 0 - 5 0 %

Fig. 2. The second Fourier coefficients of net spin polarization, P net
2,z and P net

2,y as a
function of collision energy in Lambda equilibrium and strange memory scenarios.
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When including SHE, the longitudinal component P net
2,z increases with

the decrease of collision energy, corresponding to the increasing separation
between Pz(ϕ) and P̄z(ϕ). On the other hand, P net

2,y shows an interesting
non-monotonic dependence with the collision energy, which is insensitive to
the choice of scenario. Such non-trivial energy dependence is related to the
net baryon density distribution correspondingly: nB(x, y) in the transverse
plane shows a similar almond shape in all energies, while its reaction plane
profile nB(x, ηs) shows different peak structure from baryon stopping. See
our discussion in [17] for details.

4. Summary

In these proceedings, we briefly summarize our recent study on the bary-
onic spin Hall effect (SHE) for the local Lambda spin polarization. Based on
MUSIC simulations with AMPT initial condition and spin Cooper–Fryer on
the freeze-out surface, we found the baryonic SHE shows a sizeable effect on
Pz(ϕ) and Py(ϕ) at RHIC BES energies, which leads to the local polariza-
tion separation between baryons and anti-baryons at 7.7 GeV. To isolate the
baryonic SHE contribution, we predict the second Fourier coefficients of net
spin polarization in the longitudinal and transverse directions, which show
non-trivial collision energy dependence and can be used as possible signals
to detect baryonic SHE in future experiments.
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