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The hot and dense matter produced in non-central heavy-ion collisions possess
a large initial orbital angular momentum. This initial orbital angular momentum
leads to global polarization of final state hadrons, which could be measured via
parity violating weak decays of hyperons. The STAR experiment observed non-
zero A global polarization. A large amount of new data provide opportunities
to measure multistrange hyperon polarization. It could be important input for
hydrodynamic studies of the system. In this proceedings, we report results of =

hyperon global polarization (Pz- | =1 ) measurement for Au+Au collisions at \/snn
= 27, 54.4 and 200 GeV.

PACS: 44.25.+f; 44.90.4+c

Introduction

The quark-gluon plasma - hot-dense matter produced in relativistic heavy-
ion collisions - has been an object of interest from the very beginning of its
discovery. Experimental observations at RHIC and the LHC with sophis-
ticated theoretical studies obtained information about nearly prefect liquid
nature of the QGP [1].

Relativistic hydrodynamics predicts that QGP possess large vorticity in
non-central collisions. It manifests itself in polarization of produced particles
along the direction of its vorticity. One can obtain polarization of hyperons
from its parity violating weak decay properties |2, 3].

In the hyperon decays the angular distribution of daughter baryons in the
parent hyperon rest frame is given by:

dN

Toosg & 1+ ayPycost”, (1)

oy is the hyperon decay parameter, Py is the hyperon polarization, cos 6* is
the angle between the polarization vector and daughter baryon momentum
in the hyperon rest frame [4].

Global polarization value can be obtained by measuring daughter baryon’s
momentum projection on initial angular momentum direction. One can mea-
sure it in respect to reaction plane (which is defined by the beam direction
and impact parameter vector):
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where ¢, 0nier 18 the azimuthal angle of the daughter baryon in the parent
hyperon rest frame, Res(W;) is event plane resolution. Decay parameter
values are ay = 0.732+£0.014, ag = —0.758+0.010, ag- = —a=z+ = —0.401+
0.010 [5].

Global polarization of A hyperons was measured by the STAR for collision
energies \/syy = 3—200 GeV [6-8] and were described successfully by trans-
port and hydrodynamic model calculations. Multistrange hyperon’s global
polarization measurements could possibly achieve goal of understanding the
nature of vorticity [9].

A hyperons are reconstructed via its decay A — p+ 7, and for = hyper-
ons decay channel ==~ — A 4+ 7~ is analyzed. This cascade decay provides
opportunity to measure its global polarization in two separate ways. One
can use Equation 2 directly measuring angle of daughter A decaying from
=. Additionally, a fraction of = global polarization could transfer into its
daughter A polarization with transfer factor Cz-, = 0.932 and global polar-
ization of = hyperons could be measured by examining its daughter A global
polarization [10-12].

In this proceedings we report on the measurements of the global polar-
ization of Z~ + Z% hyperons in Au+Au collisions at VSnN = 27, 54.4 and
200 GeV and compare it to that of A + A.

Data analysis

Data of Au+Au collissions at /syy = 27 and 54.4 GeV collected by
STAR experiment was used for this analysis. STAR features cylindrical ge-
ometry detector for high-multiplicity collisions [13]. Events with collision
vertex within 70 cm from the center of Time-Projection Chamber (TPC)
and with vertex position within 2 cm from the beam line in the transverse
plane were analyzed. All events had to pass minimum-bias trigger.

Tracks of charged particles were measured in TPC [14]| within a pseu-
dorapidity range || < 1 and with full azimuthal acceptance. Tracks with
momentum > 0.15 GeV /¢ were identified via ionization energy losses, dF/dz,
and by their squared mass obtained by TOF [15] and were used for hyperon
reconstruction.

From all charged-particle tracks with number of associated ionization hits
in TPC more than 15 and momentum magnitude P > 0.15 GeV /¢, protons
and pions were selected. A hyperons were reconstructed via topology of its
decay A — p+ 7~ (A — p+ 7F) with quality assurance selections: distance
of closest approach (DCA) between charged daughter particles and primary
vertex position, DCA between primary vertex position and reconstructed A
trajectory, DCA between daughter p and 7~ trajectories, decay length of



0.22
0.2
018

Res(W¥,) [%]

0.16
0.14 . r
0.12 u B zoC

0.1 n @ BBC 6 inner tiles
0.08m I

o Au+Au 54.4 GeV ¢
oo STAR Preliminary

0.02 . °

) R S S S R SN O S S LSS Y S S R i |

0 10 20 30 40 50 60 70
Centrality [%%]

N - = EPD
. -+ BBC

(=]
s 2
& L5

III"I|IIII

Res(W¥,) [%]

o
=
]

0.35—

P
)
T T
n

025— A
x A
0z2-m "

Au+Au 27 GeV &
STAR Preliminary

U.Ij_ A

1 I | l
s 050 10 20 30 40 50 60 70 B0

Centrality [%5)

Fig. 1. Resolution of the first order event-plane at /syny = 27 and 54.4 GeV.
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reconstructed A. After that the same procedure was performed for decay
E- = A+7 (Et = A+7t).

The collision centrality (overlapping between colliding nuclei) was deter-
mined based on the measured multiplicity of charged tracks within midra-
pidity region. Centrality and trigger efficiency were obtained by fitting it to
a Monte Carlo Glauber simulation.

For event plane reconstruction EPD [16] (2.1 < n < 5.1) and BBC [17]
(3.3 < n < 5.1) were used separately for /syy = 27 GeV, ZDC [18] (n > 5.2)
and BBC for /syy = 54.4 GeV collision energy. The first-order event plane
of the spectator particles was used as a proxy for reaction plane.

Global polarization calculations with respect to event plane should take
into account event plane resolution. Resolution was calculated via two-
subevent method, with the usage of East (forward rapidity) and West (back-
ward rapidity) detectors in combination.

Following Equation 2, (sin (V1 — ¢J,,.ns,)) should be measured. To de-
tach signal of real hyperons from combinatoric pairs of its daughter candi-
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Fig. 2. Event-plane method for global polarization value extraction.

dates, so-called "event-plane method" was used. This method consists in
measuring number of hyperons as a function of (V; — ¢, ner), and then fit-
ting it with Fourier function to obtain the sine coefficient (sin (V1 — ¢}, nser))-
Example of such a fit is presented in Figure 2.

Following the Equation 2, by taking detector event-plane resolution into
account, observable global polarization value can be calculated. Track effi-
ciency correction was not applied due to negligible effect.

Acceptance correction, proposed in previous measurements of A global
polarization, was applied [7]. Finite detector acceptance leads to small de-
pendence of Equation 2 from pj,, u,- For this reason it can be rewritten
as:

8 T
p— (sin(; — Yrp)) = —sin 0; Pu(p,n™) = Ao(p’,n™) Pu(p;",n™),  (3)

where Ao(pff,n™) = 2sin@; is correction factor depending on p;’,n” and

collision centrality.

Results

Figure 3 represents global polarization of A + A and =~ + Z* hyperons
as a function of collision energy for the centrality bin 20-50% (20-80% for
E7 4+ =T at \/syy = 200 GeV due to smaller signal). The results of this
analysis are shown together with /syy = 7.7-200 GeV A global polarization
studies, preliminary results for new datasets at \/syy = 27 and 54.4 GeV and
thr first \/syny =200 GeV study of = global polarization. Theoretical curves
obtained in AMPT [19] model are shown together with the experimental
results.
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Fig. 3. Global polarization of hyperons collision energy dependence.

Global polarization was measured for = hyperons directly via the angle of
daughter A and via its A daughter decays. Both measurements are consistent
within given large uncertainties.

Experimental trend for = global polarization is consistent with theoretical
AMPT calculations. Within uncertainties it is also consistent with A global
polarization which means that further measurements with higher statistics
and better event plane resolution are needed to measure any possible differ-
ence between these results.

Summary

We present the first results of global polarization measurements for =~ +
=t in Au+Au collisions at VSnn = 94.4 GeV for 20-50% collision central-
ity measured directly via the angle of daughter A and via its transfer to A
daughter global polarization. Results stay within experimental trend and
consistent with theoretical predictions within uncertainties.
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