Supported in part by E

Global polarization of E hyperons in Au+Au
collisions in the STAR experiment

Outline: Egor Alpatov (for the STAR Collaboration)

" Introduction National Research Nuclear University MEPhI

Global hyperon polarization

Motivation

The STAR experiment

Hyperon polarization measurements

Results

Conclusions
JO0PA-2074



Introduction

* The Quark-Gluon Matter (QGM) formed in non-central
nucleus-nucleus collisions is associated with large
angular momentum, that leads to vorticity in the medium

 Spin-orbit coupling aligns spin directions of produced
particles along the direction of vorticity

> [-1. Liang and X.-N. Wang, PRL34, 102301 (200%)
> 3. A Voloshin, arXiv:nucl-th/040083

<% ;
* Another possible source of particle polarization is O 1§
magnetic field, created in non-central collisions in YA N
the initial stage T veseBn flarie 1 OnUGIEEIS

> D. Kharzeev, L. McLerran, and H. Warringa, Nucl.Phys.A803, 227 (2008)
> McLerran and Skokaov, Nucl. Phys. A9Z8, 184 (2014)
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impact parameter

\orticity

* In non-central Heavy-lon Collisions the initial collective longitudinal flow velocity depends on the velocity gradient:
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How to measure global polarization?

* Hyperons are “self-analyzing” due to weak decay properties: L
. . o A
* Daughter baryons are preferentially emitted along parent spin direction .

2 "C:}

* Daughter baryons of hyperons
with polarization (P) follows the distribution:

dv 1 S 1 .
0 =E(1+aH|P| - D}) =_—(1+ayPcosO")

* ay - decay parameter, unique for each hyperon species

>

. ;;; is the daughter baryon momentum in the parent frame

* Projection to the transverse plane can be measured:
p, —_8 (sin(P1-op))
H =

ntay Res(Yq)
* | is first-order event plane angle (proxy for reaction plane)

* 5; and its resolution Res(y1)
can be calculated with spectator’s signal. quark-gluon

plasma

e = global polarization could also be measured A /

forward-going

via its daughter A polarization with transfer factor Cz, = 0.944 s tiackiegt
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Motivation

PRC 108, 014910 (2023)

* Global polarization of A hyperons was _ o e .
> - (a) o scaled using a3 =0.732 i
measured for V SNN = 3-200 GeV at STAR 5 10 ‘;1‘: STAR 20-50% Au+Au, BES-TT
. . . .. * * STAR 2(1—507'3 Au+Au, BES-I
* Py decreases with increasing collision energy s I _ = L0 bt DT
* Recent BES-II A global polarization studies shows no ° + o
significant difference between A and A global polarization 1| 5}5 Mﬁ
. . .« . . i 0.5
* Theoretical calculations can quantitively explain . #ﬁiﬁ % -
the energy dependence of the A polarization, but of 5’ # o
many of them fail to explain differential measurements ¢ | N | B
< ’ 02f .
* Nowadays there is a growing interest to measure T s “ % %}
the global polarization of other hyperons such as Z. i H h ik
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The STAR experiment
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Detectors with their n acceptance:

Hyperon reconstruction:
e Time Projection Chamber

iITPC increases TPC acceptance to
[-1.5, 1.5]

* Time-Of-Flight

In| € [-0.9, 0.9]

Event plane angle measurement:

Beam-Beam Counter
In| €[3.3, 5.0]

Event-Plane Detector
In| €[2.1, 5.1]

Bigger EPD acceptance and
granularity improves event-plane

resolution ~1.5 times compared to
BBC in BES-I



Experimental technique

* Event plane ¥, is determined by detectors at forward rapidity where directed flow is large

> w;sin(¢,)

— -1
LP] = tan , where w; is detector’s tile ADC A M Poskanzer, §. A. Voloshin, PRCG8.1671(1338)
2 wicos(¢h;)

* Res (LPL Full r]) = \/2 < COS(Lpl,Forwa'rd n — qjl,Backward n) >

Lyzak, Maksym, Kisel, lvan, Kulakov, lgor, & Vassiliev, lourii (2013).

* EPD was used to determine event-plane angle (BBC for systematics) Ine 1 articepackage for he fast particl reconstruction
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= global polarization: \/syy=14.6 GeV

Py[%]

Py[%]

_I; o —_ n w - w

R

o
II‘HII|IIII TTTT HII|I\H‘\III|\HI

Centrality dependence

Au+Au 14.6 GeV
STAR Preliminary [Jp
AR T

........................................................................................

! T T N I T L ! L Lo
10 20 30 40 50 60

Centrality [%]

P, dependence

I\\|I\\I|I\II|\III‘\II\‘III\|II\I|I\\I|HII

| & =
¥ T |
____________________________ b e L
Centrality 20-50%
Au+Au 14.6 GeV' STAR Preliminary

o
4]

 prGev/e?

Ear Alpatov I0PPA-2024

(=)
N
]

10

8

1 dependence

Centrality 20-50%
Au+Au 14.6 GeV

II\‘II\E\II|I\I|II\‘\II‘\II

STAR Preliminary
—1‘.5‘ ‘—‘1I — I—D|.5 D‘ — ID!SI 1 1.5I
M
—— T+ =
— ;+ A
T E>A+E >A

Direct polarization
measurements are
consistent with
measurements via
daughter decays
Polarization increases
with centrality

No obvious
pseudorapidity or pr
dependence



= global polarization: 1/syy=19.6 GeV

Centrality dependence 1 dependence
R oF R E * Direct polarization
&: - Au+Au 19.6 GeV &: w0 ] Centrality 20-50% P
AT i o ST AutAU 19.6 Cel measurements are
- STAR Preliminary _ﬁ 1 I3 : consistent with
- il i _ STAR Preliminary measurements via
= o 1= Tl h @ daughter decays
2 0; ....... J# ........................................... - e Polarization increases
e 2f with centrality
U_ ‘ ‘ 1|C| — 2|Cl — 3|Cl — 4‘0 — 5‘0 — El(] _4—‘:—5 —1 —0.5 I t; — 0!5 — ‘ll — 1!5 I o NO ObViOUS
; dependencecentrality [%] N pseudorapidity or pr
— ¢ ! dependence
> °E Centrality 20-50% T
= [ T E 4+ E
AC ‘e [ Au+Au 19.6 GeV
S| + | —— T >A+E ->A
e
“C STAR Preliminary
prlGeV/c?]

Ear Alpatov I0PPA-2024



= global polarization: \/syny=27 GeV

Centrality dependence 7 dependence

= Au+Au 27 GelV =°F = * Direct polarization
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= global polarization results

 Observed positive S 0401
=t ; . . az- = —U.
= global polarization at I 20505 STAR Preliminary o =0.401
— - (] . . ar = 0.
Syn=14.6,19.6 and 27 GeV o5 Centrality Au+Au collisions i = —0.758
. — _ Czp = 0.944
* Experimental results for = ., - decay parameter
= ﬁ!o_bal polarization at different = Cz - transfer factor
collision energies:. 15— Py = CgpPz
* Are consistent for direct Xi — m ¢ 20-80%
global polarization measurements 1— = Centrality
* Shows decrease with energy for - - _ H
measurements via daughter A global 0.5—
polarization — - @
p— . . O ;”"’”"”””"’”"’"”””’””"’”"”””"”””"’”"”””"”””"”””";; ””””””””””””””””””””””””””””””””””””””””””””””””””” -
« Both Z global polarization — s A Toeesd e T T PAL 1262021 i
measurement methods are 05 —* A+ReEs % =4 T (va A caughten, PAL 126(2021)
consistent within uncertainties — AMPT: A e =, T aEsA
o« = and iﬂClUSiVG A global _1; AMPT: = —®— T 4+ T (via A daughter) BES-II

polarization are consistent S | SR L
within statistical uncertainties 10 10 /Sy (GeV)

* Global polarization of =
hyperons consistent
with AMPT predictions
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Conclusions

* We presented = + = global polarization measurements
in Au+Au collisions at \/syy = 14.6, 19.6 & 27 GeV, which helps to understand
QCD spin dynamics and vorticity of QGM medium

* This information can be used in theoretical development

* Z + = global polarization is comparable with A + A global polarization
within uncertainties, indicating a global nature of polarization

Thank you for your attention!
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