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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 famd A global polarization. To improve the description, we then
introduce the contribution to the global polarization coming from the transverse polarizatisprbduced 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 verse momentum as functions of centrality at RHIC and SPS
energies [7, 8].
Studies of hyperon polarization have been part of the stan- 1he model does a good average description of the global
dard tool kit of high-energy proton and heavy-ion collisions polarization obtamed in seml—ce.nt.ral collisions of heavy sys-
aiming to better characterize the role played by spin in stron€mS. as a function of the collision energy. However, as
interactions. In fact, the difference of hyperon polarization,discussed in Ref. [9], for the description of the polarization
in central vs. peripheral heavy-ion collisions, was put for-2rsing in collisions of smaller systems, such as Ag + Ag
ward some time ago as a means to identify the production ot VSN~ = 2.55 GeV, in the 10-40% centrality class, or
QGP formation [1]. Nowadays, the study of hyperon globalfor large systems such as Au + Au gyn = 3 GeV, for
polarization is an integral part of the QGP characterizatiorfentralities larger than 40%, the model has limitations. To
program, linked to QGP properties such as viscosity, vorticiTProve, we have argued the necessity to include in the de-
ity and flow. Recent results on global hyperon polarization,SC“F}xt'O” the polarization ahs andAs created in the corona
reported by STAR and HADES, for mid-central heavy-ion Prrc, that were taken in the original approach as unpolar-
collisions, show that the global polarization increases withized.

the decrease of collision energy, and that this effect is larger [N our previous works [5, 6] we have expressed the po-
for As than forAs [2—4]. larizations as functions of the number &$ produced in the

In recent works [5, 6] we have developed a two- "¢ and in the coronax qee, VA rec, r€spectively, as

component model to describe theand A polarization. The pA 4 ,Naoer

properties of the polarization excitation functions are linked PA = M,

to the relative abundance dfs coming from the two dis- (1 + %ﬁ*ﬁi’)

tinct regions of the system created in the collision: a low- - )

density corona and a high-density core. Core-corona ap- = Phpc+ 2 (%) x’A‘i‘sE‘f

proaches have been previously used in different contexts, for = W\ Naoes) (1)
instance, to explain the production of strange particles, the (1 + (%) m)

dependence of elliptic flow and the average of the mean trans-
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where the ratio of the number af andAs, in the core and in  plane, we project this polarization along the global polariza-

the corona arev’ = Ny QGF,/NA ace @Ndw’ = N /N rec, tion direction and estimate whether its contribution is differ-

respectively, and andz are the intrinsic polarizations fox ent from zero.

andA, respectively [10, 11]. In this work, we propose away  First, we consider that eachis produced in a p + p colli-

to estimate the contribution to the global polarization fromsion from the participants in the corona and that its polariza-

As andAs created in the corona, as well as the feasibility totion points along the direction of the production plane, which

measure these quantities using the MPD experiment [12]. is defined by the direction of the incoming protgn,., and
The angular distribution of protons produced in the weakthe A direction, piy

decays ofA’s, which are used to experimentally measure the Pheam X DA

polarization, is given by = [ Pooam X Pal’ (3)
dN N . Assuming that the beam direction is paralleEtave can ex-
a0 ar (14 aPcosO), (2 pressh in terms of the transverse momentum components of
the produced\, namely,
wherea = 0.732 [13] is the decay asymmetry parametgr, 1
is the A polarization and®* is the angle between the pro- n= (—Dyn > Pza,0). (4)
ton and total angular momentum direction, measured in the PTy

A rest frame. The work is organized as follows: In Sec. 2,For the sake of simplicity, we consider that the polarization
we use the set-up provided by E@) (o estimate the contri- Prec is only different from zero along. Therefore, its con-
bution to global polarization froms produced in the corona. tribution to the global polarization can be determined using
In Sec. 3, we study the implementation of this estimate withinEg. (2) written as

the MPD framework to determine the experimental feasibility dN N .
measurement. We finally summarize and discuss our results 70 = 1. LT aPreccosa’), (5)
in Sec. 4.

where ¢* is the angle betweem and the direction
of the angular momentumlL = b X Ppeam =
(sinUpp, —cos Ugp,0).

Thereforecos o* is given by

1

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

coso* =fn-L=— (—pys sinWrp — ps, cos Wgp).

The core-corona model assumes that in peripheral heavy-ion LN
collisions, when the critical density of participants to pro- ©)
duce a QGP is barely or not achieved, particles are instea8ubstituting
produced by nucleon-nucleon interactions. Consequently, the )
polarization ofA hyperons is produced during the hadroniza- Pap = PAsingy coséa,
tion process by an as yet unknown mechanism, for instance, Pys = DA SIN O sin P,
the DeGrand—Miettinen spin precession mechanism [14-17].
Although possibly small, this polarization may not com- pry = pAsinby, (7)
pletely be ignored. Then, its projection along the directionq gptain
of the total angular momentum could be different from zero,
therefore contributing to the global polarization. cos 0" = —sin ¢ sin Wrp — cos pp cos Wrp

It is well-know that theA’s transverse polarizatioRy in = —cos (¢ — Upp). @)

p + p collisions is different from zero and that in average it
can take on values between -10% and -40%. This is summa-he angular distribution can be written as

rized in Table | for different collision energies. dN N
Assuming that the.s produced in the corona show a sim- 70 = 1 L —aPrcos(ds — Vrp)). )
ilar transverse polarization with respect toits production Integrating over the polar angfe we get
dN T[N .
TABLE |. Average transverse polarization measured in p + p colli- % = 0 [M(l — aPrcos (¢pa — Ypgp)) | sin6db
sions [18-21]. N
V5 (GeV) P = 5 (1—aPrcos(éx = Yrp)), (10)
19.6 -0.25+ 0.26 from where we can compute the mean angular distribution
26.0 -0.24+ 0.09 (cos (A — Y rp)), which is given by
53 -0.34+ 0.07 oPr

(cos (dpn — Yrp)) = (11)

62 -0.404+ 0.20 2
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The transverse polarization projected along the angular mo- B UrQMD - Bi+Bi, {5y, = 9.2 GeV
; ) - s sy =9-
mentum is thus given by 055 Ny
L N—
S —2(cos (¢ — Vrp)) 12 r 8
T = ” ; 12) 05—+
i e
& L —
which differs from the global polarization given by §<045; *
R
8(si - v B
Py — { 1n(¢2a RP)>. (13) o
Notice that the right-hand side of E4.3), expressing the av- i 35i
erage transversg polarization from processes in the corona, T —
also appears in the expression to determine the directed flow s e e R e

Therefore, a non-vanishing result for this average cannot be b (fin)

exclusively attributed to a non-vanishing polarization. Nev-

ertheless, it has been experimentally determined that the dFicure 1. Ratio between polarizeds produced in the corona
rected flow has very distinct characteristics [22-26]. For ex-with respect to allAs, including those secondary produced by de-
ample, although its odd component tends to zero when theays.

pseudorapidity; goes to zero, changing sign as a function of

bothn and the transverse momentuym the existence of a i T
non-vanishing even component produces that the above men *F UrGMD: -BhBi; jjsgn = 2 el
tioned average is also non-vanishing. The latter is essentially C A
n-independent and originates in the fluctuations of the ini- 50:_ Apolarized
tial collision geometry and on the subsequent hydrodynami- B
cal evolution which produces that this component of the di- _ 40¥+++++—*—+++++
rected flow achieves values up to 10%. Therefore, if the di- & |
rected flow is non-vanishing, one can expect, in agreement o 30—
with Eq. (12), that the contribution to global polarization B
in the corona is also non-vanishing. 2o;++++++a‘k++
| —
10—
3. Implementation within the MPD frame- C ‘ ‘ | ‘ |
work 2 - 6 8 o 12
b (fim)

We generate a small MC sample consisting of 150,000 Bi + o
Bi event — 92 GeV using the UrOMD event gen- FIGURE 2 Transverse pqlarl_zatlon ofs from the corona. The
events al,/syy . 9 Q . g polarization is 40% and it is diluted by the contribution from all of
erator [27, 28], yvh|ch allows a core-corona separation [29],¢ produced\s.
The generator implements a hybrid model for the hot and
dense stage [30] that includes a fluid-dynamical evolutioalthough the generator produces a different proportion be-
carried out by SHASTA (Sharp and Smooth Transport Algo-tween the number of particles in the core and in the corona
rithm) [31, 32]. For the simulation, we choose an equation ofyith respect to the Glauber model used in our previous calcu-
state that includes deconfinement plus a chiral phase trangitions, this analysis sheds light on the possibility to measure
tion. The UrQMD generator considers that particles from thehe conversion of local transverse into globapolarization.
core are those that come from regions above a given quat¥sing this procedure, we obtain a final sample consisting of
density in a givem) window. approximately half of the generated showing some polar-
We use the MpdRoot framework to reconstridlctiecay ization, as is shown in Fig. 1.
products and assign them a polarization, in the same fashion To test the procedure for the assignment of the polariza-
as is done for the dedicated analysis to measure global pdion, we determine the transverse polarization using the angu-
larization in the MPD [33]. Due to the size of the sample, lar distribution given by Eq/d). The transverse polarization
we assign a transverse polarization of 40% for Atsein the  for the As produced in the corona is shown in Fig. 2 together
corona. The direction of this polarization is parallel to thewith the transverse polarization of the whole sample. We no-
vectorn defined in Eq.l4). To avoid distortion of the results tice that the transverse polarization is diluted by the unpolar-
by efficiency reconstruction within detector, at this level of ized As, and that this dilution corresponds to the proportion
the analysis we use only the MC information. of unpolarized particles.
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FIGURE 3. Global A polarization from the corona. The upper plot

different from zero. However, as a function of the impact pa-

rameterbd, 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 glohgdolariza-

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 thepolarization. Mpd-

Root has been used to simulate the decay and transport of the
polarization of theA decay products. We have shown that

a local polarization could contribute to the global polariza-
tion. This has been implemented by allowing thAat 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.

Acknowledgments

shows the angular distribution for all the sample. The lower plot

shows the polarization as a function of the impact parameter. TheThe simulations were produced within the ICN-UNAM clus-

polarization is of the order of 1%, and it is diluted by the contri-
bution from all the produceds. More statistics is needed to have
conclusive results.

ter and on the basis of the HybriLIT heterogeneous comput-
ing platform (LIT, JINR)http://hlit.jinr.ru. Support for this
work was received in part by UNAM-PAPIIT 1G100322 and

Following a similar procedure, we calculate the contribu-Py Consejo Nacional de Ciencia y Tecndiagrant number
tion to the global polarization. The results are shown in theA1-S-7655. METY is grateful for the hospitality of Perimeter

Fig. 3. In average, the polarization is sma#(.25%) but

Institute where part of this work was carried out.

1. A. Ayalaet al, A° polarization as a probe for production of de-
confined matter in ultrarelativistic heavy ion collisior2hys.
Rev. C65 (2002) 024902https://doi.org/10.1103/
PhysRevC.65.024902

2. L. Adamczyk et al, Global A hyperon polarization in
nuclear collisions: evidence for the most vortical fluid,
Nature 548 (2017) 62, https://doi.org/10.1038/
nature23004

3. M. S. Abdallah et al, Global A-hyperon polarization in
Au+Au collisions at vsNN 3 GeV, Phys. Rev.
C 104 (2021) L061901 https://doi.org/10.1103/
PhysRevC.104.L061901

4. R. Abou Yassineet al, Measurement of global polarization
of A hyperons in few-GeV heavy-ion collision®hys. Lett.

B 835 (2022) 137506https://doi.org/10.1016/.
physletb.2022.137/506

5. A. Ayala et al, Core meets corona: A two-component source
to explainA andA global polarization in semi-central heavyion
collisions,Phys. Lett. B310(2020) 135818https://doi.
org/10.1016/j.physletb.2020.135818

6. A. Ayala et al, Rise and fall ofA and A global polariza-
tion in semi-central heavy-ion collisions at HADES, NICA
and RHIC energies from the core-corona modghys. Rev.
C 105 (2022) 034907, https://doi.org/10.1103/
PhysRevC.105.03490/

7. F. Becattini and J. Manninen, Centrality dependence of
strangeness production in heavy-ion collisions as a geo-
metrical effect of core-corona superpositiof®hys. Lett.

Supl. Rev. Mex. Fis4 021109


https://doi.org/10.1103/ PhysRevC.65.024902�
https://doi.org/10.1103/ PhysRevC.65.024902�
 https://doi.org/10.1038/ nature23004�
 https://doi.org/10.1038/ nature23004�
https://doi.org/10.1103/PhysRevC. 104.L061901�
https://doi.org/10.1103/PhysRevC. 104.L061901�
https://doi.org/10.1016/j. physletb.2022.137506�
https://doi.org/10.1016/j. physletb.2022.137506�
https: //doi.org/10.1016/j.physletb.2020.135818�
https: //doi.org/10.1016/j.physletb.2020.135818�
https://doi.org/10.1103/ PhysRevC.105.034907�
https://doi.org/10.1103/ PhysRevC.105.034907�

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CORE-CORONA APPROACH TO DESCRIBE HYPERON GLOBAL POLARIZATION IN SEMI-CENTRAL RELATIVISTIC... 5

B 673 (2009) 19, https://doi.org/10.1016/|.
physletb.2009.01.066

. J. Aichelin and K. Werner, Is the centrality dependence of the
22.

elliptic flow v, and of the average< pT > more than a
Core- Corona EffectRhys. Rev. 82(2010) 03490€https:
/Idoi.org/10.1103/PhysRevC.82.034906

. A. Ayala et al, A and A global polarization from the core-

corona modelRev. Mex. Fis. SuppB (2022) 040914https:
/ldo1.org/10.31349/SuplRevMexFis.3.040914

A. Ayala et al, Relaxation time for the alignment between

the spin of a finite-mass quark or antiquark and the ther-24-

mal vorticity in relativistic heavy-ion collisionsPhys. Rev.
D 102 (2020) 056019, https://doi.org/10.1103/
PhysRevD.102.056019

A. Ayala et al, Relaxation time for quark spin and ther-
mal vorticity alignment in heavy-ion collisionsPhys. Lett.
B 801 (2020) 135169https://doi.org/10.1016/|.
physletb.2019.135169

V. Abgaryan et al, Status and initial physics performance
studies of the MPD experiment at NICAgur. Phys. J.
A 58 (2022) 140,https://doi.org/10.1140/epja/
s10050-022-00 /50-6b

M. Ablikim et al, Polarization and Entanglement in Baryon-
Antibaryon Pair Production in Electron-Positron Annihila-
tion, Nature Phys15 (2019) 631 https://doi.org/10.
1038/s41567-019-0494-8

T. A. DeGrand and H. I. Miettinen, Quark Dynamics of Po-
larization in Inclusive Hadron ProductioRhys. Rev. D23
(1981) 1227https://doi.org/10.1103/PhysRevD.

23.1227 .

T. A. DeGrand and H. |. Miettinen, Models for Polarization
Asymmetry in Inclusive Hadron ProductioRhys. Rev. 24
(1981) 2419https://doi.org/10.1103/PhysRevD.

24.2419 .

T. Fujita and T. Matsuyama, A Comment on the Degrandmi-
ettinen Model for the Polarization ¢f in Proton Proton Colli-
sions,Phys. Rev. [38(1988) 401https://doi.org/10.
1103/PhysRevD.38.401

Y. Kitsukawa and K. Kubo, Hadron spin polarization produced
by a dynamical spin-orbit interactiorog. Theor. Phys103
(2000) 1173, https://doi.org/10.1143/PTP.103.

11/3.

A. Smith et al, A° Polarization in Proton Proton In-
teractions From,/s = 33 GeV to 62 GeV, Phys.
Lett. B 185 (1987) 209, https://doi.org/10.1016/
0370-2693(87)91556-5

32.

V. Blobel et al, Transverse Momentum Dependence in Proton33.

Proton Interactions at 24 GeV/®&ucl. Phys. B122 (1977)
429, |https://doi.org/10.1016/0550-3213(77)
9013/-/ .

M. Asai et al, Inclusive Kg, A and A Production in 360-
GeV/cpp Interactions Using the European Hybrid Spectrom-
eter, Z. Phys. C27 (1985) 11, https://doi.org/10.
100//BF016424 /5

21.

23.

25.

26.

27.

28.

29.

30.

31.

34.

K. Jaegeret al, Characteristics o/ and~ Production in
pp Interactions at 205 GeV/®&hys. Rev. DL1 (1975) 2405,
https://doi.org/10.1103/PhysRevD.11.2405 |

J. Adam et al,
tyeven dipolar flow in Au+Au collisions, Phys.
B 784 (2018) 26, |https://doi.org/10.1016/).
physletb.2018.0/.013

F. G. Gardimet al,, Directed flow at mid-rapidity in event-by-
event hydrodynamic®hys. Rev. 83(2011) 064901https:
/ldoi.org/10.1103/PhysRevC.83.064901

B. Abelev et al, Directed Flow of Charged Particles at
Midrapidity Relative to the Spectator Plane in Pb-Pb Colli-
sions atvVsNN = 2.76 TeV, Phys. Rev. Lettl11 (2013)
232302, https://doi.org/10.1103/PhysRevLett.

111.232302 .

M. Luzum and J.-Y. Ollitrault, Directed flow at midra-
pidity in heavy-ion collisions,Phys. Rev. Lett106 (2011)
102301 )https://doi.org/10.1103/PhysRevLett.

106.102301 .

Beam energy dependence of rapidi-
Lett.

D. Teaney and L. Yan, Triangularity and Dipole Asymmetry in
Heavy lon CollisionsPhys. Rev. @3(2011) 064904https:
//d01.0rg/10.1103/PhysRevC.83.064904

S. A. Bas=t al, Microscopic models for ultrarelativistic heavy
ion collisions,Prog. Part. Nucl. Phys41(1998) 255https:
//doi.org/10.1016/S0146-6410(98)00058-1

M. Bleicher et al, Relativistic hadron hadron collisions in
the ultrarelativistic quantum molecular dynamics modgl,
Phys. G25 (1999) 1859 |https://doi.org/10.1088/
0954-3899/25/9/308

J. Steinheimer and M. Bleicher, Core-corona separation
in the UrQMD hybrid model, Phys. Rev. C84 (2011)
024905 |https://doi.org/10.1103/PhysRevC.84.

024905 |

H. Peterseret al, Fully Integrated Transport Approach to
Heavy lon Reactions with an Intermediate Hydrodynamic
StagePhys. Rev. @8(2008) 044901https://doi.org/
10.1103/PhysRevC.78.044901

D. H. Rischke, S. Bernard, and J. A. Maruhn, Relativistic
hydrodynamics for heavy ion collisions. 1. General aspects
and expansion into vacuumNucl. Phys. A595 (1995)
346, |https://doi.org/10.1016/0375-9474(95)

00355-1 .

D. H. Rischke, Y. Rr€in, and J. A. Maruhn, Relativistic hydro-
dynamics for heavy ion collisions. 2. Compression of nuclear
matter and the phase transition to the quark - gluon plasma,
Nucl. Phys. A 5951995) 383, https://doi.org/10.
1016/03/5-947/4(95)00356-3

E. Nazarovaet al, Study of hyperon global polarization at
MPD (2022), URLhttps://indico.oris.mephi.ru/
event/298/session/1/contribution/12 ,  Work-
shop on physics performance studies at NICA (NICA-2022).

M. Abdallah et al, Disappearance of partonic collectivity in
vVsNN = 3 GeV Au+Au collisions at RHICPhysics Letters
B 827 (2022) 137003https://doi.org/10.1016/.
physletb.2022.13 /003

Supl. Rev. Mex. Fis4 021109


https://doi.org/10.1016/j. physletb.2009.01.066�
https://doi.org/10.1016/j. physletb.2009.01.066�
https: //doi.org/10.1103/PhysRevC.82.034906�
https: //doi.org/10.1103/PhysRevC.82.034906�
https://doi.org/10.31349/SuplRevMexFis.3. 040914�
https://doi.org/10.31349/SuplRevMexFis.3. 040914�
https://doi.org/10.1103/ PhysRevD.102.056019�
https://doi.org/10.1103/ PhysRevD.102.056019�
https://doi.org/10.1016/j. physletb.2019.135169�
https://doi.org/10.1016/j. physletb.2019.135169�
https://doi.org/10.1140/epja/ s10050-022-00750-6�
https://doi.org/10.1140/epja/ s10050-022-00750-6�
https://doi.org/10. 1038/s41567-019-0494-8�
https://doi.org/10. 1038/s41567-019-0494-8�
https://doi.org/10.1103/PhysRevD. 23.1227�
https://doi.org/10.1103/PhysRevD. 23.1227�
https://doi.org/10.1103/PhysRevD. 24.2419�
https://doi.org/10.1103/PhysRevD. 24.2419�
https://doi.org/ 10.1103/PhysRevD.38.401�
https://doi.org/ 10.1103/PhysRevD.38.401�
https://doi.org/10.1143/PTP.103. 1173�
https://doi.org/10.1143/PTP.103. 1173�
https://doi.org/10.1016/0370-2693(87) 91556-5�
https://doi.org/10.1016/0370-2693(87) 91556-5�
https://doi.org/10.1016/0550-3213(77) 90137-7�
https://doi.org/10.1016/0550-3213(77) 90137-7�
https://doi.org/10. 1007/BF01642475�
https://doi.org/10. 1007/BF01642475�
https://doi.org/10.1103/PhysRevD.11.2405�
https://doi.org/10.1016/j. physletb.2018.07.013�
https://doi.org/10.1016/j. physletb.2018.07.013�
https://doi.org/10.1103/PhysRevC.83. 064901�
https://doi.org/10.1103/PhysRevC.83. 064901�
https://doi.org/10.1103/PhysRevLett. 111.232302�
https://doi.org/10.1103/PhysRevLett. 111.232302�
https://doi.org/10.1103/PhysRevLett. 106.102301�
https://doi.org/10.1103/PhysRevLett. 106.102301�
https://doi.org/10.1103/PhysRevC.83. 064904�
https://doi.org/10.1103/PhysRevC.83. 064904�
https: //doi.org/10.1016/S0146-6410(98)00058-1�
https: //doi.org/10.1016/S0146-6410(98)00058-1�
https://doi.org/10.1088/0954-3899/25/9/308�
https://doi.org/10.1088/0954-3899/25/9/308�
https://doi.org/10.1103/PhysRevC.84. 024905�
https://doi.org/10.1103/PhysRevC.84. 024905�
https://doi.org/ 10.1103/PhysRevC.78.044901�
https://doi.org/ 10.1103/PhysRevC.78.044901�
https://doi.org/10.1016/0375-9474(95) 00355-1�
https://doi.org/10.1016/0375-9474(95) 00355-1�
https://doi.org/10. 1016/0375-9474(95)00356-3�
https://doi.org/10. 1016/0375-9474(95)00356-3�
https://indico.oris.mephi.ru/ event/298/session/1/contribution/12�
https://indico.oris.mephi.ru/ event/298/session/1/contribution/12�
https://doi.org/10.1016/j. physletb.2022.137003�
https://doi.org/10.1016/j. physletb.2022.137003�

