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Why measure the hyperon global polarization?

The study of HIC at lower end of relativistic energies Non central collision have large angular
became a topic of interest because: momentum J ~ 1000 7
Onset of deconfinement Hydrodynamic calculations relate the

polarization with the vorticity oriented (in
average) in the direction of the total angular
momentum J

High baryon densities and modest temperatures
are produced in contrast to collisions at larger

energies
BBC
~ ’ zPA
BBC
quark-4 gluon
plasma
I\
forward -going
beam fragment
Hyperon Global Polarization — to characterize the _ _ ) _
strongly interacting matter, due the possibility to link A and A parity-violating weak decay allows to
with vorticity, viscosity and flow. measure its polor\zo‘uon — decoyed baryon emitted
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Global Polarization as a function of energy
Results from STAR-BES and HADES.

NICA)
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Polarization increases as the energy of
the collision decreases and then
decrease near the threshold energy.

A polarization is larger.

Core Corona Model

Thermodynamial approach describes
the polarization anmu rev Nuel part. sci 2020, 70395-423,
but not the large difference between A
and A

Energy dependence of kinematic
vorticity predicted by a transport
model (UI’QM D) X.-G. Deng et al., PRCI01(2020)064908
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NICA will cover \/syny =4 — 11 GeV
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Difference between A and A

3FD model predicts a peok Phys. Rev. C 103, LO31903 (2021) Core-Corona model
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UrQMD model phys. Lett. B 803(2020)135298

The source of A and A is taken as consisting of

TSN N

a high-density core and a less dense corona.
Stronger polarization explained by different Properties of polarization are linked with the
space-time distributions of A and A and by relative abundance of As coming from the core
different freeze-out conditions of both hyperons. versus those coming from the corona.
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Core-Corona Model: Two-component source

In heavy-ion collisions, A and A come from different
deﬂSIty regiOﬂS Spectators

Corona
- QGP processes (lowest order QCD processes)
qq — ssand gg — ss

: Via n + n reactions by recombination-like —_—
processes (ud from incoming nucleons + s from sea)

The numlber of As can be written as:

NA = NAQGF’ + NAREC Core
A+A
Phys.Lett.B 810 (2020) 135818
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Another studies with core-corona approach

It has been used to explain data from different observables:

Centrality Dependence of Strangeness Enhancement in Ultrarelativistic Heavy lon
Collisions - a Core-Corona Effectenysiets s7spo09ms-23.

Is the centrality dependence of the elliptic flow vy and of the average (p7) more
than a Core-Corona Effect?enysrevc sazo101034906
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Polarization with core-corona approach

can be rewritten in terms of the number of As (or As) produced in the different density regions

Global polarization depends on the coefficients

\~\/c/~,'(' :=“7\Qul'

W= — o W= , the intrinsic polarization
YArEC Agap
NI yaio _ = . Nagap
N + 2y Lo z,zof A and A and the ratio <= that can be
— —AREC . “AREC
Pto= 14 Nagep estimated from data or calculated.
NAggc
N\ Npo Assuming that nucleon-nucleon scattering not
i +z (“T) ﬁ” enough to align the spin in the direction of the
P = /N —AEC angular momentum — = =0.
QGP
1+ () moet Phys. Rev. C 105, 034907
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A polarization as a function of centrality “MPB—
for Au+ Auat \/syy = 3 GeV
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Polarization for more peripheral collisions
goes to zero, as the critical density n, of
the system is not achieved, vanishing the 21
number of As from the core.
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What about the contribution of Pry?

NICA)

Which is the effect of transverse A
polarization in the corona?
The polarization in pp collisions is not
zero?.
At /s =19.6GeV — P = —0.25 £+ 0.26
At /s =53GeV — P = —0.34 £ 0.07
At /s = 62GeV — P = —0.40 £ 0.10

Na
PA + 2 QGF
pA REC Na e
- Nape
1 QGp
AREC

In more peripheral collisions transverse
polarization is not diluted by rescattering within
QCD medium and can be measured at MPD*.

Which is the value wrt. the angular
momentum?

Adding an arbitrary
value of P4,

Data could be
described?

o
£

G5 10715 20 2530 35 40 45 5¢ g
Gentrality (%)

PoS HEP2005 (2006) 122, V. Blobel et al., Nucl. Phys. B122 (1977) 429, Phys. Rev.,D11:2405, 1975

Core Coro

Nazarova, et. al. Phys. of Part. and Nuclei Lett., 2021, Vol. 18, No. 4, pp. 429-438
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Measurement procedure of Hyperon Global Polarizatio

A and A identification through their decay products and measurement
of the azimuthal angle of the decay baryon in A rest frame.

AN N

a = I (1+ aPrcosh)

ag = 0.732 + 0.014 - new hyperon decay parameter
Flow technique measurement — ¥ gp and its Resolution Rep

Polarization as a function of the difference of these angles

Global Polarization

g {(sin(6; -~ ¥i))

Pr= ——
TaH Rep
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Polarization from Corona region

In pp collisions, transverse polarization is measured with
respect to production plane.

Polarization along vector 7 perpendicular to the plane \
defined by the beam ppeam and A directions, pa

Dbeam X PA

,h = = —
|pbeam X pA‘

Assuming the beam direction parallel to z we can

express n like: W N
dQ 4x

n= ( Pya>» pZ‘A70)
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Local Polarization projected along angular momentum

Assuming that in pp collisions, polarization P is only different from zero along #; for A's
in the corona, the contribution to global polarization can be measured by:

dN N
=T (14 aPrcosa™)

where o* is the angle between 7 and the direction of the angular momentum
L=1bx pbeam = (Sin Ugp, —cos Urp, 0)
Then coso* is given by:

(—pyr sinVrp — pg, cos Wrp)

Substituting

Duy = PASINOp cOS Pa, Py, = PaSin O sin op, pr, = pa sin
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Local Polarization projected along angular momentum

coso® = —singpsinWrp — cos oy cosUrp
= —cos(¢r — ¥Yrp)

angular distribution can be rewritten like:

dN N
1= 3 _
0= i ( aPrcos(pp — Urp))

Considering d = sin 8dfd¢p and integrating w.rt. df?

Z—Z = /o |:N(1()/PTCOS(QZ5A\I/RP)) sin 6df

47

= ﬂ(l — aPrcos(dar — VUgrp))
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Local Polarization projected along angular momentum

NICA)

Calculating the mean angular distribution (cos (¢a — Yrp))

o) A A

Ei

(cos (pa — YRrp)) = ———

The transverse polarization projected along angular momentum should be

72<COS (d)A — ‘IJRP»

Pr=

that differs from the global polarization given by Py = ,w

There is a similarity between this expression and directed flow for As
Can we measure this contribution experimentally?
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Perspectives of study at MPD with UrQMD

The UrQMD generator implements an hybrid model that includes
an ideal fluid-dynamic evolution for the hot an dense stage®.

The fluid-dynamic evolution is carried out by the SHASTA (SHarp
and Smooth Transport Algorithm)

8
6
Implementation of EoS that includes a deconfinement plus a 4
chiral phase transition, through a smooth crossover between a 3 :
chiral hadronic model and an interacting constituent quark 3 2
model s
A core-corona like separation mechanism for the initial state of EEEIEN R

X-Axis [fm]

the fluid evolution. Quark density cut in 7 intervals for select
particles in the fluid-dynamical evolution

(Color online) Contour plot of the local rest frame
sity in the transverse plane (z = 0) of a central
collision of Pb+Pb at Er;
density is normalized to the ground state energy density (eo ~
145 MeV/fm®). The two green lines correspond to lines of a

Phys. Rev. C 78 (2008) 044901 comsant sy dnsty o /g =5 and T
Nucl.Phys. A595(1995)346, Nucl. Phys.A595(1995)383

Phys.Rev.C84,045208(2011)

Phys.Rev.C84,024905(2011)

404 GeV. The energy
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Core-Corona Implementation in MPD

From pure MC ~ 90k events = 50% Implementation in MPD

came from the corona Transport within mpdroot framework: assign

dN/db distribution arbitrary local polarization 40% — only to
e corona particles in the 7 direction.
o Transfer polarization to decay particles —

. " Employ developed tools to transfer Hyperon

" Global Polarization within mpdroot for PHSD
( ). See V.
Riabov talk

A reconstruction and measurement of Hyperon
Global Polarization with MCTracks.

A abundances in different regions
differs from critical density -
Glauber calculation used in our
core-corona approach
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https://indico.jinr.ru/event/3202/contributions/17250/attachments/12925/21604/Nazarova_26_07_22.pdf

“MPB—

Polarization transfer

Local Polarization measured in all the A
sample, smaller than 40% due to core

All As in the corona are polarized, contribution s s
projection along its own P is consistent S prob 0711
. ~ N N,  7.28e+04 +1.21e+02
with 100% and along 7 normal to S 0.1907 +0.0039
, , : : e e e S0 200029 |
production plane is consistent with 40% %;; ¥ j
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g e 000 .
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Global Polarization for A

Only As in the corona All As
5 5 ~
[ UrQMD - BiBi {5y, = 9.2 GeV B UrQMD - BiBi {syy = 9.2 Ge
+ Aev<0 F AinY<0
41— 4?
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. e
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centrality % centrality %
Contribution from corona particles looks to dilute due to zero polarization of the core's
and secondary As

Does local polarization contribute to global polarization? — Is work in progress
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Summary

The core-corona model is used to describe the hyperon global polarization
experimental data at energy ranges of the HADES, STAR and NICA experiments.

It has been shown that local polarization could contribute to global polarization
with a fraction of the value of transverse polarization measured in pp collisions.

UrQMD has been proposed to simulate both the hydrodynamic phase of the core
and cascade transport of the corona and separate A contribution.

Mpdroot has been used to simulate the decay and transport of polarization in the
charged decay of A.

It has been shown that local polarization could contribute to global polarization,
however, the results are inconclusive, due to the size of the sample used and the
uncertainties of the calculation.
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