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Abstract. In this contribution, we report AMPT model study for the hyperon
global polarization in the heavy ion collision, especially in the interesting
Ô(1 ∼ 10) GeV energy region. We find a non-monotonic trend, with the global
polarization to first increase and then decrease when beam energy is lowered
from 27 GeV down to 3 GeV, with a maximum polarization signal located
around

√
sNN = 7.7 GeV. In addition, local polarization patterns are also com-

puted in the same energy regime.

1 Introduction

Where can one find the fastest spinning fluid in the world? This is a question of general
interest. From a fluid dynamical point of view, the most vortical fluid droplet needs to be large
enough to enable a hydrodynamic behavior while small enough to rotate fast without violating
the speed of light constraint. In 2017, the STAR collaboration reported the measurement of
hyperon global polarization in heavy ion collisions [1], suggesting the subatomic fireball
fluid created in these collisions as the most vortical fluid with an average vorticity on the
order of 1021∼22s−1. This finding was further confirmed by subsequent detailed measurements
in [2–5]. In particular, the measured global spin polarization of produced hadrons can be
quantitatively related to the angular momentum of the colliding system [6–10], which turns
into complex fluid vorticity structures.

One notable feature of the hyperon global polarization measurement results is a strongly
increasing trend from high beam energy at

√
sNN = 200 GeV to low beam energy at

√
sNN =

7.7 GeV. It is tempting to ask whether such a trend would continue further into the Ô(1) GeV
range and at which beam energy the truly most vortical fluid will be located. This beam
energy region is interesting to explore also because it pertains to a likely shift from a partonic-
dominant fluid to a hadronic-dominant fluid. The possible consequence of such change on
the global polarization phenomenon is important to understand. In this contribution, we
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explore these questions by carrying out a systematic study on the beam energy dependence
of hyperon global polarization phenomenon with a transport model calculation, especially in
the most interesting region of Ô(1 ∼ 10) GeV beam energy.

2 Formalism

We use the multi-phase transport (AMPT) model [18, 19] to compute the Λ hyperon spin po-
larization in this work. The AMPT model allows us to collect the parton space-time x = (t, �x)
information and hadron kinematic freeze-out information from AMPT model, and calcu-
late the vorticity by using the finite difference method after averaging a sufficient number of
events. Finally we incorporate the spin polarization effect upon the hadron formation.

The rotational polarization effect on particle spin in a relativistic fluid can be determined
from the thermal vorticity �µν, which is defined as [11]:

�µν = −
1
2

(
∂µβν − ∂νβµ

)
(1)

where βµ = uµ/T with T = 1/β the local temperature. A related quantity is the kinetic vor-
ticity defined by Ωµν = − 1

2 (∂µuν − ∂νuµ). Obviously �µν = β
{
Ωµν −

[
(β∂µT )uν − (β∂νT )uµ

]}
.

The thermal vorticity differs from the Ωµν/T by terms containing gradients of tempera-
ture, ∼ (β∂µT ) = [(∂µT )/T ]. We use the energy density ε to evaluate such terms via
(∂µT )/T = (∂µε)/(4ε) [14–16]. The hyperon global polarization is then determined from
the following ensemble-averaged spin 4-vector of the produced Λ from the local thermal
vorticity at its formation point as [1, 11, 12, 15, 17]:

S µ = − 1
8m
εµνρσpν�ρσ, (2)

where pν and m are the four-momentum and mass of the produced hyperon, respectively.
In the present work, we extend such transport model calculations to the regime of

√
sNN =

(3 ∼ 10) GeV and examining the trend of global polarization observables.

3 Results
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Figure 1. Λ global polarization signal as a function of collision beam energy with |yΛ| < 1.0 and
0.4 GeV < pT < 3.0 GeV, for AuAu collisions at impact parameters b = 5 fm (red), 7 fm (green)
and 8 fm (blue), with the bands representing statistical uncertainty from our simulation. Relevant
measurements are also shown, with the STAR data from Ref.[1] and the HADES data from Ref. [20].

The key finding of this work is shown in Fig. 1, where the hyperon global polarization
signal is computed as a function of collision beam energy, for AuAu collisions at three dif-
ferent impact parameters b = 5 fm (red), 7 fm (green) and 8 fm (blue). The plot includes
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Figure 1. Λ global polarization signal as a function of collision beam energy with |yΛ| < 1.0 and
0.4 GeV < pT < 3.0 GeV, for AuAu collisions at impact parameters b = 5 fm (red), 7 fm (green)
and 8 fm (blue), with the bands representing statistical uncertainty from our simulation. Relevant
measurements are also shown, with the STAR data from Ref.[1] and the HADES data from Ref. [20].

The key finding of this work is shown in Fig. 1, where the hyperon global polarization
signal is computed as a function of collision beam energy, for AuAu collisions at three dif-
ferent impact parameters b = 5 fm (red), 7 fm (green) and 8 fm (blue). The plot includes

our calculations done for
√

sNN = 3, 4, 5, 6, 7.7, 9, 10, 11.5, 14.5, 19.6, 27 GeV. This detailed
and systematic scan in beam energy has allowed us to clearly identify a non-monotonic trend,
with the global polarization to first increase and then decrease when beam energy is lowered
from 27 GeV down to 3 GeV. The maximum polarization signal is found to locate around√

sNN = 7.7 GeV. The decrease toward 3 GeV is the combined effect of the decrease in both
the vorticity itself and the average energy of produced hyperons at very low energy.
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Figure 2. Λ global polarization signal for AuAu collisions at impact parameter b = 8 fm for a variety of
collision beam energy from 200GeV down to 3GeV, with the bands representing statistical uncertainty
from our simulation. Left: as a function of rapidity y; Right: as a function of transverse momentum pT .

We’ve also computed the differential observables, with the dependence on rapidity and
transverse momentum shown in the left and right panel of Fig. 2. A barely visible increase
with rapidity at 200 GeV changes into a strong rising behavior at low energy down to 5 GeV,
which then turns into a strong decrease with rapidity at 3 GeV. The dependence on the
transverse momentum in the right panel of Fig. 2 also shows a similar pattern, in which the
different beam energy dependence of vorticity and radial flow may play a role.
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Figure 3. The dependence of hyperon local polarization components on the azimuthal angle φp for col-
lisions with impact parameter b = 5, 8 fm and with beam energy

√
sNN = 3, 7.7, 200 GeV, respectively.

The bands (for b = 5fm) or error bars (for b = 8fm) represent statistical uncertainty from simulation.

In addition to global polarization, the local polarization patterns of produced hyperons
provide another category of interesting observables [3, 21]. In Fig. 3, we show the depen-
dence of all three components of the hyperon local polarization on the azimuthal angle φp

with impact parameter b = 5, 8 fm, which are the first results of its kind for collision beam
energies at 3 and 7.7 GeV. The results suggest that these azimuthal angular patterns are
relatively insensitive to the collisional beam energy.
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4 Summary and Discussion

In summary, we’ve performed a transport model (AMPT) study for the hyperon global polar-
ization as well as local polarization patterns in the heavy ion collision. A systematic scan of
the Ô(1 ∼ 10) GeV energy region shows a non-monotonic trend with a maximum polarization
signal located around

√
sNN = 7.7 GeV. These results are of course model dependent. As the

results were first reported, no experimental data between 3 ∼ 7 GeV were available yet. An
agreement between this calculation and measurements could be an important confirmation of
the fluid-vorticity-polarization scenario established at higher energy. On the other hand, if
experimental data and the model results show discrepancy, it could be a very interesting indi-
cation of either a possible alternative mechanism of polarization generation or a possible shift
of the dominant source hyperon production at those extremely low energies. In this sense,
the hyperon polarization signal could offer valuable insights into such intriguing issues.
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