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> Motivation

» Data analysis of Aut+Au @ 14.5 GeV
* Measurement of A’s local polarization P,
* Measurement of A’s local polarization P,

» Summary



Part I: Motivation

Baryonic Spin Hall Effect
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o, A’s decay parameter

¢, : the azimuthal angle of the
daughter proton in A rest frame
0*: angle between daughter proton

momentum vector in A rest frame
and polarization direction

No investigation of proposed SHE in heavy ion collisions!:



Part I1: Data analysis

Dataset and analysis details

AutAu @ 14.5 GeV, BES-II Single track Cuts
production=P21ic — 0.15 GeV/e<p, <5 GeV/c
— No. of TPC hits > 15
Event Cuts — Nhits-TPC/Possible Hits >= (.52
— Vertex: |Vz| <70 cm — | <1.5
IVr| <2 cm
Pion/Proton PID Cuts
— Trigger ID (650002) — if ToF available
1/p-1/p,) <0.03
— Pile-up is done via StRefMultCorr 1/ -1/B,) <0.04
— else use TPC
|INo| <3 for both w and p

No. of events for analysis: ~114 M



Part I1: Data analysis
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Using STAR Helix method
— Decay length > 3.0 cm

— DCA between n/p < 0.8
— DCAtop>0.3
—DCAtonr>1.6

— p & m: p,>0.15 GeV/c;

— A(anti-A): p,>0.5 GeV/c

_ |yp-1t pair| <15

— DCA to prim vertex < (.8

Au+Au @ 14.5 GeV




Part II: Event plane resolution
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Part II: Measurement of A’s local polarization Pz
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Part II: Measurement of A’s local polarization Pz

Aut+Au @ 14.5 GeV
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Part II: Measurement of A’s local polarization Pz
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No significant centrality depend of P, is observed



Part II: Measurement of A’s local polarization Pz

Comparison of net local polarization P, , with theory prediction

1'5: Model calculation

1= PP P.-P_

- — with SHE - with SHE
~ 05 e -~ wlo SHE -~ w/o SHE
é :

@ N 0
C NN |
0. -
-0.5
1+
B Centrality:20~50%
—1.5———— ' e '
10 107
\/sNN (GeV)

No significant signal is observed!
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Part II: Measurement of A’s local polarization Py

10; Au+Au @ 14.5 GeV
0% B ¥ = L = *
- —e— default
-10- _ 4 dL+05 ¥
3 onf JODCA + 0.1 ;
o - —w— V + 0.
2\, -20 - vODCA - 0.1
= - = p-tDCA +0.1
S~ _30F p-nDCA - 0.1
o - . pDCA+0.1
- —«— nDCA +0.1
—40~ —— pNhits +5
: nNhits + 5
- — % pNsigma - 0.5 1.4
—50:__v_nNsigma-0.5 - - -
_6 :I[II|IIII|IIII|IIIIIIIIIIIIIIIII]IlIIII 1.2:_ ‘O‘Ogh:;.é.i?s’ O:;?
% 10 20 30 40 50 60 70 80 ., FFEFFiiis_ .. f4
4\ (O - 35778558 8¢ E ¢
Centrality (%) o« FFSE§FiEfsE
- £ 885 55554 55 £E
;\?06__'0555555555555
A: Topo cuts =04 . 0
. . 0.2 *
B: Track quality I S SO B | * o | o
L [
0_
- A B
Osys. = VA2 + B2 o2
- Au+Au@14.5 GeV

11



Part II: Measurement of A’s local polarization Py

Comparison of net local polarization P**', / with theory prediction

0'8: Model calculation
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A hint of sign change is observed



v First study of spin Hall effect by measuring net local polarization
in Au+Au @ 14.5, 19.6 and 27 GeV

v’ The event plane resolutions at 14.5 GeV are obtained

Il

v'Net local polarization P;'5* and P;'7* have been obtained

v’ No significant signal has been observed for P2'¢¢

net

v" A hit of sign change is observed for P

Thank you for your attention!
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Part I: Motivation

Global spin polarization of hyperons
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P, - o ~ Positive and non-zero across BES energies
—> Global nature of hyperon polarization in HIC

14



Part I: Motivation

Local spin polarization of hyperons

* Elliptic flow (stronger flow

in-plane than out-of-plane)

1s expected to generate a

x longitudinal component of
polarization (P,))

L
] ) < cos@, >
7 P, = -
*\ 2
AT ay < (cosby,)->
—0, — 0*: angle between daughter proton momentum
peam drecton (@ vector in A rest frame and polarization direction
~ K PRL 123,132301 (2019)
b &
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Part I: Motivation

Local spin polarization of hyperons

0.001 2 . 1 . . . ,
[ STAR  Au+Au \s, =200 GeV | s-quark Scenario o o
I 20%-60% ——Total  --- Gra
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8 i
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q)-‘P2 [rad] ¢ [rad]
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B. Fu, S. Liu et al. PRL 127,142301 (2021)

* Observation of (P,) in Au+Au 200 GeV
* Many models fail to capture trend with proper sign

* New developments, Shear Induced Polarization (SIP) can capture the trend
16



Part I: Motivation

Baryonic Spin Hall Effect

POCipXVMB
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No investigation of proposed SHE in heavy ion collisions!’



Part I: Motivation

Baryonic Spin Hall Effect

Spin Hall Effect in Condensed matter: P < £p X E

“Spin-orbit” Splitting in spin in

Electric field (E) interaction ~ opposite directions

Spin Hall Effect in hot QCD matter: P < +p X Vup

Splitting in spin
between A and anti-A
local spin polarization

Baryon density “Spin-orbit”
gradient (Vug) interaction

- O = N
L B UL L

10%xPy(A\, OR A.)

|
N

S. Liu & Y. Yin, Phys. Rev. D 104 (2021) 054043 (IMP,CAS) &,




AD = (Pacfautt — Puoary)’
Ag =0 ?zefau.zt — g 5@7‘@;

= Compare the difference between A% and A2

If A2 < A2, agys =0

If A2 > A2, agys =A%~ A2

If one vary two times for the same cut, then the systematic

uncertainty due to this cut is(like DCA):

2 2 2
Tdea — (Udcal + Jdcal)/Q

Once all uncertainty sources are checked, one can get the total
systematic uncertainty:

2 _ E : 2
Ttotal = O-'vam'atiom
1

Tan Lu (IMP,CAS) A production at /Syy = 3GeV July 27, 2021

Barlow test for systematic uncertainty

= Calculate the difference between the value( P) and statistic(co) error:

(2)
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