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Physics motivation

O Local polarization
o Anisotropic flow is expected to generate local
vorticities along the beam direction.
— Leads to particle polarization

O Spin puzzle
o Current theoretical models cannot completely
explain data observed at RHIC and the LHC.
o Some models suggest that local polarization may
originate from mechanisms other than
the kinematic vorticity.

Wu et al., PRR1, 033058 (2019)
Fu et al., PRC103, 024903 (2021)
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Physics motivation

. . z
0 Event Shape Engineering (ESE) @
o A method to select events with different
magnitudes of final-state flow within a narrow

centrality range.
o Enables separating the difference of initial geometry.

Initial eccentricity €, or v, vs. flow vector g,

» We measured elliptic flow and local polarization of
A with ESE in {/syy = 19.6 GeV Au+Au collisions.

0.41-

» Our goal is to experimentally reveal the link &
among the initial geometry, elliptic flow, and local %%
polarization. I

0 ‘ qS I 10%5 1 2 3 7 5 40

Huo et al., PRC90, 024910 (2014)  Schukraft et al., PLB719, 394 (2013)
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The STAR detector

Sub-systems mainly used in this analysis:

Time Projection Chamber

* Reconstruction of charged-particle tracks
* PID utilizing ionization energy loss
« Wider acceptance by the iTPC upgrade (|| < 1.5)

Time of Flight Detector

* Improved PID accuracy
* |nl<0.9

Event Plane Detector

+ Event plane determination
« 214 <|n <5.08
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A reconstruction

A->p+mn~
A-p+nt

= PID using TPC and ToF information
» A reconstructed using decay topology
» Kinematic cuts for A

* Inal <15

* 0.5 < (pp)T < 10.0GeV/c

= Fitted with Student’s t-function

to estimate purity
= Only daughter pairs within +3¢ around

the mean were selected for further analysis.  os=——5———75
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Event plane determination

Sub-events definition in this analysis:

TPC East TPC West

EPD East TPC Full EPD West
-5.09 214 -1.50 -0.1 0.1 1.50 2.14 5.09

» Track selection for TPC: 0.15 < pr < 2.0 GeV/c
* For EPD: nMip > 0.3

o Q-vector nMip: number of minimum ionizing particles
Q7 = Y;w;cos(2¢;), Q%’ = )}, w; sin(2¢;) ¢;: azimuthal angle of charged particles
o Event plane angle w; = pr (for TPC), nMip (for EPD, if nMip>3, used 3)
1 Q%’ T T
Y, =-arctan|{-==| where V¥, € ——,—]
2 Q3 2’2

Calibration: re-centering and flattening
» Performed for each run number, z-vertex range (10 cm steps), and centrality range (10% steps)
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Event plane resolution

c 0.7
. - |
Event plane resolution by 3-sub event method: 2 F u = ¥ TPC East
=06 A TPC West
S
- ) ¢ [ B TPC Full
Res{wh) {cos[2(W7 —w3)| Neos[2(¥5 — ¥1)]) 205w X X ® EPD FU”
es 2 = C C u
(cos[2(WE —wE)]) 04 y =
Boar |
o 030
u [
A B C 02 e e n
TPC Full EPD East EPD West e .. ® [ |
0.1~ STAR Preliminary ® o X
TPC East (West) EPD East EPD West C AutAu sy, =19.6 GeV ° ®
7\ L1 1 ‘ I | ‘ I | ‘ I | ‘ 11 1 1 ‘ 11 1 1 ‘ 11 1 1 ‘ 11 1 1
EPD Full TPCEast TPC West % 10 20 30 40 50 60 70 80
Centrality[%]
TPC East TPC West
EPD East TPC Full EPD West
T > 1]
-5.09 -2.14  -1.50 -0.1 01 1.50 2.14 5.09
SQM2026 @UCLA Taiki Kondo 7



Event Shape Engineering

Based on g,, events were divided into 5 classes with

o

equal number of events (20% each) ) <10
T 025 imi
Schukraft et al., PLB719, 394 (2013) 5 /\\ STAR Preliminary
o Au+Au \sy, = 19.6 GeV
Q2| 0.2 g, Centrality: 10-15%

2, TPC’

q2 TpCc = \/Z_PT

0.15
To avoid multiplicity bias in event-shape selection,

q, selection was performed in narrow centrality

(and multiplicity) bins: a
» Centrality 10-80%: 5% steps oosd 2 N I
+ For 0-5% and 5-10%: Events were further divided S A AR
into 4 groups based on measured multiplicity, O |’ F] 8 feot00n N N
00 0.1 0.2 0.3 0.4 0.5 0.6

and then g, selection was applied to each group.
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Measurements of v, and P,, with ESE
_ {cos[2(¢r — ¥2)])

v
2 Res{¥,} a,: A decay parameter a, = —ax = 0.747 4+ 0.010
6, polar angle of the daughter proton in A rest frame
1 (cos 8 sin(2(¢pp — ¥2))) p: Poiarang IVEr P
P,, = ¢,: azimuthal angle of A particle
" ap(cos? ;) Res{¥,}
/ 0 . 0 \
To study possible event bias, v, and P, , of A measured with: Purity correction
1. Whe and g3'hc (if na > 0, used WHAS: and q5%%c) v9PS = Purity ><vzSlg +(1- Purity)xvzBkg
2. WiBe and q5'pe
3. Wil and g% (if na > 0, used q5355.) Dalug:wter tracks we(rje reh:novedlfrom ¥, and q,
calculations to avoid self-correlation.
lsz TPC qg%rslgc Lp%NTepsft: Q‘ZN%SJE
W2 ERD ¥y l%lrl’c qlzcuTl{Jc L2455 .7
, >
-5.09 -2.14 -1.50 -0.1 0.1 1.50 2.14 5.09
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g, dependence of v,

A
> L L
< 0.1+ STAR Preliminary , - Au+Au s, = 19.6 GeV
I C [ A+A
L - Ol - | ] = :
0.08| g LB
I —e— Centrality 0-20% !
i —=— Centrality 20-50% !
0.06 - Linear fit ' -
L [,
|§| ' [ )]
I : = - E
0'04__[.] v {leFU” unll } i v {IPFU” qSub } ;
21T 2TPCr Y5 1pc | Unb. | | 2| ZEIPD’ 2|TPC | Unb
| | | | . i
O 20 40 60 80 100 0O 20 40 60 80 100
q, [%] q, [%]
o A v, changes with g, of charged particles by about 20%.
o Specifically (WFull ), qSub,.
o The trends for 2 combinations are consistent with each other
o Note: g, event selection and non-flow effect are different for the two cases.
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Left: wrull,

Full
and q;tpc

Right: W}

Full
EPD

and g3 (ifn4 > 0, used q

) is clean combination as it uses separate n regions for ¥, , q,, and v,.
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g, dependence of v,
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v, shows a clear g, dependence for all the (¥,, g,) combinations.

o The v, results are consistent across all combinations.
o Given this consistency, the combination (W34, q5%h. ) is a better measurement owing to its highest

Y, resolution and q, sensitivity.

SQM2026 @UCLA Taiki Kondo 11



g, dependence of v, and P, ,
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o P, {Wsu, q5%hc} and P, (Wi, qf4Lc } indicate a slight dependence on g, (~1.50 effect).

o Measurements with EPD are obscured due to lower resolution.
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vy VS. Py
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o P, {W5uB:, g%} and P, {Wiuh ., q5%L. } exhibit a slight dependence on v, (~2.00 effect).
o Intercept seems to be negative (~1.5¢ effect).
— Possibly other polarization mechanisms?
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Summary

o Elliptic flow and local polarization of A + A have been studied
in Au+Au collisions at 19.6 GeV with ESE.
— First attempt to measure the relation between v, and P, ,

© Pz,z{kpzs%%c and g3 } and Pz,z{Lsz%lflic and q5'fpc } indicate
a slight dependence on g, (charged particles) and v, (A).

o Outlook: measurements in 200 GeV Au+Au collisions
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