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“The most vortical fluid”
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Large initial orbital angular momentum
Can polarize particles through spin-orbit coupling

Z.-T. Liang and X.-N. Wang, PR1.94, 102301 (2005)
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“The most vortical fluid”

Acta Phys. Sin. Vol. 72, No. 7(2023) 072401

[’] oAOE

eAOA

e A OA

A
5-

X
=
[l

Obocommmoe___T_

[ AMPT, A

STAR Au+Au 20%—50%
Nature548.62 (2017)
PRC76.024915 (2007)
PRC98.014910 (2018)
PRC104.L061901 (2021)

ALICE PRC101.044611 (2020)
+ A& A Pb+Pb 15%—50%

HADES PLB835.137506 (2022)
A Au+Au 20% —40%
A Ag+Ag 20% —40%

ap = —ap =0.732

- Primary Primary + feed-down
UrQMD+vHLLE, A
| Primary --- Primary+feed-down
101 102 103
SNN/GGV

P, [%]

PRL 126 (2021) 162301

!

P_(7.7)=7.34=3.02 [%]

IIIIIIIIIIIIIIIII
| —|

AMPT PRC99, 014905 (2019)
CIA+A 3

oe

o
0=
B
—

STAR Au+Au 20%-50%
Nature548.62 (2017)
oA OA
PRC76.024915 (2007)
AA AR
PRC98.014910 (2018)
mA OA

ALICE Pb+Pb 15-50%
PRC101.044611 (2020)
+A @A

STAR Au+Au 20%-80%
= +Z (via daughter A Py)
Z+ =

Q +

=
—t
Q

(via daughter A P,)

a, = 0.732 = 0.014

O = -0.758 = 0.012

o =-0- =-0.401+0.010
b i - 1 =

o)

10 102

Large initial orbital angular momentum
Can polarize particles through spin-orbit coupling
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Global polarization vs spin alignment

Nature 548 (2017) 62
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Spin correlation
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Global polarization and spin alignment in HI post a question why
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Spin correlation
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Global polarization and spin alignment in HI post a question why
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Spin-spin correlation proposed as a solution
Every HI-QGP observable needs a ‘vacuum’ reference



Surprises when go

small

PRL 135 (2025) 132301
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Current models in AA collisions cannot reproduce the pPb Pz sign



Surprises when go

small

PRL 135 (2025) 132301

pPb 186 nb™ (8.16 TeV)
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Current models in AA collisions cannot reproduce the pPb Pz sign
Indication of non-QGP/collective effects?
Revealed the importance of ‘vacuum’ reference



P, A €xtraction

Spin correlation extracted from 0* distributions:

1 dN 1 )
N Toosdr = 5(1 + alagPAl,M\cosH )
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P, A €xtraction

Spin correlation extracted from 0* distributions:
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P, A extraction

Spin correlation extracted from 0* distributions:

1 dN 1 *
N dcos 6* - 5(1 +a1a2PA1,A26030 )
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P, A €xtraction

Spin correlation extracted from 0* distributions:
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P, » extraction - cos6™ distributions
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Yield of A pairs measured in cos©* intervals
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P, » extraction - cos6™ distributions
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Yield of A pairs measured in cos®* intervals
A 2D->1D’ fit is utilized to exclude combinatorial background
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P, » extraction - cos6™ distributions

Npairs

«10° pPb 186 nb™ (8.16 TeV)
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Yield of A pairs measured in cos©* intervals
A 2D->1D’ fit is utilized to exclude combinatorial background
The cosB* distribution is determined



P, A €Xtraction - acceptance correction

Same event Mixed event

Trigger A Trigger A

Associate A

A mixed event correction is implemented with requirements
|AUZ| < ZCTn, |ANtrk,offline| <5

|Apr| < 0.1,]An| < 0.1, |A¢| < 0.1
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P, A €Xtraction - acceptance correction

Npairs
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A mixed event correction is implemented with requirements
|AUZ| < ZCm, |ANtrk,offline| <5

|Apr| < 0.1,]An| < 0.1, |A¢| < 0.1
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P, A €Xtraction - acceptance correction

x10° pPb 186 nb™" (8.16 TeV)
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Same event divided by mixed event to correct acceptance
P, A extracted with a linear fit

P1 = a1, Ppp
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Spin correlation of AAin pp
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Evidence of positive signal observed by STAR for Lambda + anti-Lambda
Interpreted as reflecting the spin structure of ssbar from QCD vacuum
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Spin correlation of AAin pp

Nature 650 (2026) 44 STAR
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Evidence of positive signal observed by STAR for Lambda + anti-Lambda
Interpreted as reflecting the spin structure of ssbar from QCD vacuum

Spin correlation measurement at LHC is important
1. Energy and system dependence of proposed interpretation
2. Test of underlying mechanism with different type of pairs
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Spin correlation of AAin pp

pp 28.6 pb™' (13 TeV) + pPb 186 nb'(8.16 TeV)
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AR differential results consistent with zero within uncertainties
The integrated result hints a negative value



Spin correlation of AAin pp

pp 28.6 pb™' (13 TeV) + pPb 186 nb™'(8.16 TeV)
| | | | | I [

L AA CMS Preliminary -
CMS-PAS-HIN-26-002 'n!<24,08<p <6GeV
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AR differential results consistent with zero within uncertainties
The integrated result hints a negative value
Different behavior from STAR results at 200 GeV

Might be due to different production mechanism?
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Spin correlation of AA in pp & pPb

pp 28.6 pb™' (13 TeV) + pPb 186 nb™'(8.16 TeV)
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pPb results similar to pp
Hint of smaller integrated value in pPb than pp
NOTE: Average multiplicity in pPb around 101, collectivity starts to emerge
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Spin correlation of AA & AA in pp & pPb
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Negative spin correlation observed at small AR
Converge to O at large AR
A hint of larger magnitude in pp than pPb
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Spin correlation of AA & A/ in pp & pr
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Negative spin correlation observed at small AR

Converge to O at large AR

A hint of larger magnitude in pp than pPb

Same analysis in EPOS yield 0 as expected




Spin correlation of AA & A/ in pp & pr

CMS-PAS-HIN-26-002
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A signal for identical particles when close in space?
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Hmmm... Hanbury-Brown-Twiss correlations?
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Spin correlation of AA & AA in pp & pPb

PLB 797 (2019) 134822
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A signal for identical particles when close in space?
Hmmm... Hanbury-Brown-Twiss correlations?
Typical HBT effects are at k* < 0.2 GeV (q;,,, < 0.4 GeV)
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Spin correlation of AA & A/ in pp & pr

CMS-PAS-HIN-26-002
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A signal for identical particles when close in space?
Hmmm... Hanbury-Brown-Twiss correlations?

Results with q;,, > 0.4 GeV consistent with default
Indicate the signal is not dominated by ‘simple’ HBT effects
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Spin correlation of AA & AA in pp & pPb

PLB 475 (2000) 395 ALEPH
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Results with q;,, > 0.4 GeV consistent with default
Indicate the signal is not dominated by ‘simple’ HBT effects
A reminder of ALEPH Z-decay results?
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Spin correlation in AA collisions
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Same analysis technique applicable to AA collisions
Much higher precision can be achieved with RHIC & LHC AA collision data

Multiple groups working on this topic at this moment
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Summary

Hyperon spin correlation measured in pp & pPb at RHIC & LHC
 AA results show different behavior at RHIC & LHC

e Positive correlation at STAR

* Consistent with 0 at CMS

« AA & AA results exhibit negative correlation at small AR
* Not dominant by ‘simple’ HBT effects

We would like to call for more theory inputs for underlying mechanisms
A lot to be done in the future, stay tuned!!
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Back up
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Spin correlation of AA & AAin pp & pPb

pp 28 6 pb (13 TeV) + pr 186 nb (8 16 TeV)
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pp 28 6 pb (13 TeV) + pr 186 nb (8 16 TeV)
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Spin correlation of AAin pp
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E++
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pp 28.6 pb™' (13 TeV) + pPb 186 nb™'(8.16 TeV)
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CMS Preliminary -
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2 4
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From
kinematics
difference?

AR differential results consistent with zero within uncertainties

The integra

ted result hints a negative value

Different behavior from STAR results at 200 GeV
Might be due to different production mechanism?
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Spin correlation of AAin pp

| | | | | _pp |28.6 9b'1(13 TeV)
L AA CMS Preliminary -
i without efficiency correction | |yl <1.0,0.8 < p, < 6 GeV i
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Results with |y|<1 not flip to positive values
Small AR region shows more prominent negative values
CAVEAT: No efficiency correction
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