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Core-corona approach to describe hyperon global polarization
in semi-central relativistic heavy-ion collisions
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We report on the core-corona model developed to describe the main features of hyperon global polarization in semi-central relativistic heavy-
ion collisions as a function of the collision energy. We first neglect the contribution to polarization from hyperons produced in the corona. In
this scenario, the global polarization turns out to be described by a delicate balance between the vorticity-to-spin transferring reactions in the
core and the predominance of corona over core matter at low energies. We show how this last feature provides a key ingredient missing in
our original model that helps to better describe the excitation function forΛ andΛ̄ global polarization. To improve the description, we then
introduce the contribution to the global polarization coming from the transverse polarization ofΛs produced in the corona, which is hereby
assumed to be similar to the well-known polarization produced in p + p reactions. The results show a small positive contribution to the global
polarization, however, they are not yet conclusive due to the small size of the MC sample used in the analysis.
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1. Introduction

Studies of hyperon polarization have been part of the stan-
dard tool kit of high-energy proton and heavy-ion collisions
aiming to better characterize the role played by spin in strong
interactions. In fact, the difference of hyperon polarization,
in central vs. peripheral heavy-ion collisions, was put for-
ward some time ago as a means to identify the production of
QGP formation [1]. Nowadays, the study of hyperon global
polarization is an integral part of the QGP characterization
program, linked to QGP properties such as viscosity, vortic-
ity and flow. Recent results on global hyperon polarization,
reported by STAR and HADES, for mid-central heavy-ion
collisions, show that the global polarization increases with
the decrease of collision energy, and that this effect is larger
for Λ̄s than forΛs [2–4].

In recent works [5, 6] we have developed a two-
component model to describe theΛ andΛ̄ polarization. The
properties of the polarization excitation functions are linked
to the relative abundance ofΛs coming from the two dis-
tinct regions of the system created in the collision: a low-
density corona and a high-density core. Core-corona ap-
proaches have been previously used in different contexts, for
instance, to explain the production of strange particles, the
dependence of elliptic flow and the average of the mean trans-

verse momentum as functions of centrality at RHIC and SPS
energies [7,8].

The model does a good average description of the global
polarization obtained in semi-central collisions of heavy sys-
tems, as a function of the collision energy. However, as
discussed in Ref. [9], for the description of the polarization
arising in collisions of smaller systems, such as Ag + Ag
at
√

sNN = 2.55 GeV, in the 10-40% centrality class, or
for large systems such as Au + Au at

√
sNN = 3 GeV, for

centralities larger than 40%, the model has limitations. To
improve, we have argued the necessity to include in the de-
scription the polarization ofΛs andΛ̄s created in the corona
PΛ/Λ̄

REC , that were taken in the original approach as unpolar-
ized.

In our previous works [5, 6] we have expressed the po-
larizations as functions of the number ofΛs produced in the
core and in the corona,NΛ QGP, NΛ REC, respectively, as

PΛ =
PΛ

REC + z NΛ QGP

NΛ REC(
1 + NΛ QGP

NΛ REC

) ,

PΛ =
PΛ

REC + z̄
(

w′
w

)
NΛ QGP

NΛ REC(
1 +

(
w′
w

) NΛ QGP

NΛ REC

) , (1)
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where the ratio of the number ofΛ̄s andΛs, in the core and in
the corona arew′ = NΛ QGP

/NΛ QGP andw′ = NΛ REC
/NΛ REC,

respectively, andz andz are the intrinsic polarizations forΛ
andΛ, respectively [10, 11]. In this work, we propose a way
to estimate the contribution to the global polarization from
Λs andΛ̄s created in the corona, as well as the feasibility to
measure these quantities using the MPD experiment [12].

The angular distribution of protons produced in the weak
decays ofΛ’s, which are used to experimentally measure the
polarization, is given by

dN

dΩ
=

N

4π
(1 + αP cosΘ∗) , (2)

whereα ≈ 0.732 [13] is the decay asymmetry parameter,P
is theΛ polarization andΘ∗ is the angle between the pro-
ton and total angular momentum direction, measured in the
Λ rest frame. The work is organized as follows: In Sec. 2,
we use the set-up provided by Eq. (2) to estimate the contri-
bution to global polarization fromΛs produced in the corona.
In Sec. 3, we study the implementation of this estimate within
the MPD framework to determine the experimental feasibility
measurement. We finally summarize and discuss our results
in Sec. 4.

2. Hyperons from the corona and their contri-
bution to the global polarization

The core-corona model assumes that in peripheral heavy-ion
collisions, when the critical density of participants to pro-
duce a QGP is barely or not achieved, particles are instead
produced by nucleon-nucleon interactions. Consequently, the
polarization ofΛ hyperons is produced during the hadroniza-
tion process by an as yet unknown mechanism, for instance,
the DeGrand–Miettinen spin precession mechanism [14–17].
Although possibly small, this polarization may not com-
pletely be ignored. Then, its projection along the direction
of the total angular momentum could be different from zero,
therefore contributing to the global polarization.

It is well-know that theΛ’s transverse polarizationPT in
p + p collisions is different from zero and that in average it
can take on values between -10% and -40%. This is summa-
rized in Table I for different collision energies.

Assuming that theΛs produced in the corona show a sim-
ilar transverse polarization with respect to its production

TABLE I. Average transverse polarization measured in p + p colli-
sions [18–21].

√
s (GeV) P
19.6 -0.25± 0.26

26.0 -0.24± 0.09

53 -0.34± 0.07

62 -0.40± 0.20

plane, we project this polarization along the global polariza-
tion direction and estimate whether its contribution is differ-
ent from zero.

First, we consider that eachΛ is produced in a p + p colli-
sion from the participants in the corona and that its polariza-
tion points along the direction of the production plane, which
is defined by the direction of the incoming proton~pbeam and
theΛ direction,~pΛ

n̂ ≡ ~pbeam × ~pΛ

|~pbeam × ~pΛ| . (3)

Assuming that the beam direction is parallel toẑ, we can ex-
presŝn in terms of the transverse momentum components of
the producedΛ, namely,

n̂ =
1

pTΛ

(−pyΛ , pxΛ , 0). (4)

For the sake of simplicity, we consider that the polarization
PREC is only different from zero alonĝn. Therefore, its con-
tribution to the global polarization can be determined using
Eq. (2) written as

dN

dΩ
=

N

4π
(1 + αPREC cos σ∗) , (5)

where σ∗ is the angle between̂n and the direction
of the angular momentumL̂ = b̂ × p̂beam =
(sinΨRP ,− cosΨRP , 0).

Therefore,cos σ∗ is given by

cos σ∗ = n̂ · L̂ =
1

pTΛ

(−pyΛ sinΨRP − pxΛ cos ΨRP ) .

(6)

Substituting

pxΛ = pΛ sin θΛ cos φΛ,

pyΛ = pΛ sin θΛ sin φΛ,

pTΛ = pΛ sin θΛ, (7)

we obtain

cos σ∗ = − sin φΛ sinΨRP − cosφΛ cosΨRP

= − cos (φΛ −ΨRP ). (8)

The angular distribution can be written as

dN

dΩ
=

N

4π
(1− αPT cos (φΛ −ΨRP )) . (9)

Integrating over the polar angleθ, we get

dN

dφ
=

∫ π

0

[
N

4π
(1− αPT cos (φΛ −ΨRP ))

]
sin θdθ

=
N

2π
(1− αPT cos (φΛ −ΨRP )), (10)

from where we can compute the mean angular distribution
〈cos (φΛ −ΨRP )〉, which is given by

〈cos (φΛ −ΨRP )〉 = −αPT

2
. (11)
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The transverse polarization projected along the angular mo-
mentum is thus given by

PT =
−2〈cos (φΛ −ΨRP )〉

α
, (12)

which differs from the global polarization given by

PΛ = −8〈sin (φp −ΨRP )〉
πα

. (13)

Notice that the right-hand side of Eq. (12), expressing the av-
erage transverseΛ polarization from processes in the corona,
also appears in the expression to determine the directed flow.
Therefore, a non-vanishing result for this average cannot be
exclusively attributed to a non-vanishing polarization. Nev-
ertheless, it has been experimentally determined that the di-
rected flow has very distinct characteristics [22-26]. For ex-
ample, although its odd component tends to zero when the
pseudorapidityη goes to zero, changing sign as a function of
both η and the transverse momentumpt, the existence of a
non-vanishing even component produces that the above men-
tioned average is also non-vanishing. The latter is essentially
η-independent and originates in the fluctuations of the ini-
tial collision geometry and on the subsequent hydrodynami-
cal evolution which produces that this component of the di-
rected flow achieves values up to 10%. Therefore, if the di-
rected flow is non-vanishing, one can expect, in agreement
with Eq. (12), that the contribution to globalΛ polarization
in the corona is also non-vanishing.

3. Implementation within the MPD frame-
work

We generate a small MC sample consisting of 150,000 Bi +
Bi events at

√
sNN = 9.2 GeV using the UrQMD event gen-

erator [27, 28], which allows a core-corona separation [29].
The generator implements a hybrid model for the hot and
dense stage [30] that includes a fluid-dynamical evolution
carried out by SHASTA (Sharp and Smooth Transport Algo-
rithm) [31,32]. For the simulation, we choose an equation of
state that includes deconfinement plus a chiral phase transi-
tion. The UrQMD generator considers that particles from the
core are those that come from regions above a given quark
density in a givenη window.

We use the MpdRoot framework to reconstructΛ decay
products and assign them a polarization, in the same fashion
as is done for the dedicated analysis to measure global po-
larization in the MPD [33]. Due to the size of the sample,
we assign a transverse polarization of 40% for theΛs in the
corona. The direction of this polarization is parallel to the
vectorn̂ defined in Eq. (4). To avoid distortion of the results
by efficiency reconstruction within detector, at this level of
the analysis we use only the MC information.

FIGURE 1. Ratio between polarizedΛs produced in the corona
with respect to allΛs, including those secondary produced by de-
cays.

FIGURE 2. Transverse polarization ofΛs from the corona. The
polarization is 40% and it is diluted by the contribution from all of
the producedΛs.

Although the generator produces a different proportion be-
tween the number of particles in the core and in the corona
with respect to the Glauber model used in our previous calcu-
lations, this analysis sheds light on the possibility to measure
the conversion of local transverse into globalΛ polarization.
Using this procedure, we obtain a final sample consisting of
approximately half of the generatedΛs showing some polar-
ization, as is shown in Fig. 1.

To test the procedure for the assignment of the polariza-
tion, we determine the transverse polarization using the angu-
lar distribution given by Eq. (2). The transverse polarization
for theΛs produced in the corona is shown in Fig. 2 together
with the transverse polarization of the whole sample. We no-
tice that the transverse polarization is diluted by the unpolar-
izedΛs, and that this dilution corresponds to the proportion
of unpolarized particles.
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FIGURE 3. GlobalΛ polarization from the corona. The upper plot
shows the angular distribution for all the sample. The lower plot
shows the polarization as a function of the impact parameter. The
polarization is of the order of 1%, and it is diluted by the contri-
bution from all the producedΛs. More statistics is needed to have
conclusive results.

Following a similar procedure, we calculate the contribu-
tion to the global polarization. The results are shown in the
Fig. 3. In average, the polarization is small (∼0.25%) but

different from zero. However, as a function of the impact pa-
rameterb, it looks to be larger for some bins. Nevertheless,
the results are still not conclusive due to the lack of statistics.
Improvements on this analysis constitute work is in progress
which will be reported elsewhere.

4. Summary

We have implemented a description of the globalΛ polariza-
tion within the core-corona model, which gives a good ac-
count of experimental data for the HADES, STAR and NICA
energy range. The UrQMD event generator has been used
to simulate both the hydrodynamical phase of the core and
the cascade transport in the corona, as well as the separate
contributions from these regions to theΛ polarization. Mpd-
Root has been used to simulate the decay and transport of the
polarization of theΛ decay products. We have shown that
a local polarization could contribute to the global polariza-
tion. This has been implemented by allowing thatΛs from
the corona are produced with a fraction of the transverse po-
larization that is measured in p + p collisions. The existence
of a non-vanishing even component of the directed flow can
also be linked to a non-vanishing average transverse polar-
ization. However, the results are still inconclusive due to the
small size of the sample. A full analysis is on its way. This
is work in progress and the results will soon be reported else-
where.
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