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Introduction
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Cumulants of conserved charges

« Measure event-by-event distributions of net-baryon,
net-charge, and net-strangeness number
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Net-proton 4t-order cumulant

« Suppression at Vsyy ~ 20 GeV

- Critical region at Vsyy > 3 GeV
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Cumulant Ratios

Net-proton Cumulant Ratio CG/C2

Net-proton hyper-order cumulants
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Net-charge, net-kaon cumulants
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Mix-cumulants

V. Koch et al, PRL95.182301(2005)
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Mix-cumulants among conserved
charges are suggested to be
sensitive to the magnetic field as
well as QCD phase structure.
This presentation focuses on
baryon-strangeness correlations.

H-T.Ding et al, EPJA57.202(2021)
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First measurement from RHIC

* Proton-kaon correlations are ~20 times smaller than the theoretical guidance
on BS correlations.

STAR: PRC100,014902(2019), PRC105.029901(2022)
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What was missing?

* Model studies indicate that the most of baryon-strangeness correlations are carried by hyperons.
» Measuring event-by-event fluctuations of hyperons is a key to improve the baryon-strangeness
correlations.

B-S B-S

(all particles) (excl.S-baryon) STAR: PRC100,014902(2019)
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Effect of hyperons (XY)e = (X¥) — (X)(Y)

AX : net-particle number of specie X

p, pbar, K*, K-
BS). = (ApAK . :
(BS)c = (ApAK)c * The effect is as large as the yields of hyperons.
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Analysis



Hyperon reconstruction

, Y » Hyperons are reconstructed by using the invariant
0 )/T@\g I o mass technique.
Caly « The signal peak suffers from the combinatorial
', l / backgrounds depending on the cut conditions.
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Purity correction: methodology

We can only measure Agy = Ag + Ay
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 Agand Ay cannot be obtained directly.
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Purity correction: sideband cumulants

« Sidebands are divided into small windows based on the yield of the signal candidates.
« Correction parameters are flat at sidebands, which can be used as a proxy of
backgrounds under the signal peak.
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Efficiency correction

Efficiency correction is applied assuming the binomial response of efficiency.
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@ The centrality is determined with 7+

Counts

Centrality definition

. . large value of DCA.
(In| < 1) identified by TPC and TOF:

centrality definition.

T T T T I T T T T | T T T T I T T T T | T T T T T T T T =
Au+Au Collisions, |s,, = 19.6 GeV ]
10° =
— NBD-Glauber Fit =
. Secondary pion
h _E \ T‘-_
10° = L DCA Primary Vertex
10? —
. D
10 =

0 100 200 300 400 500 600
Reference Multiplicity

2024/11/4 T. Nonaka, PHD2024 @CCNU, Wuhan

Counts

* Pions are used for A reconstruction by requiring

» Pions having shorter DCA are used for the
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Results



Purity correction: validation in STAR data

20

15

10

IIIIIIIIIIIIIIIIIIIIII

Au+Au 200 GeV, 0-5%, Efficiency corrected
ly| <0.5,0.4 <p_<1.6 GeVic

STAR Preliminary

o Purity uncorrected

IIlIIIIIIIlIIIIlIIIIIII

0.9 1

« The 2nd-order A cumulant is analyzed for
various topological cut sets having
different purity/efficiency.

3 Lower purity, higher efficiency

Higher purity, lower efficiency

3000 X1 OI T T T ] 1T T T T T]
2500 « Purity=S/(S+B)=0.51 _ Purity=S/(S+B)=0.84 _
« (A)=0.59 : (A)=0.32 ]

2000 - 7TDCA>1.2cm 3 nDCA>12cm | 3
- pDCA>0.2cm - p DCA>0.8cm -

1500 p-t DCA<0.8cm - . p-t DCA <0.8cm .
1000 J. ADCA<0.8cm - . ADCA<0.8cm |3

A decayL > 6.0 cm

A decayL > 10.0 cm

_---....

..‘A
W R A T R e T

111 112 113 1.14

Invariant mass (GeV/c?)

115 111

112 113 1.14 1.15
Invariant mass (GeV/c?)



&)

N
<

<

N~

Purity correction: validation in STAR data
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The 2nd-order A cumulant is analyzed for
various topological cut sets having
different purity/efficiency.

Purity/efficiency corrected cumulants are flat
and crosses with the uncorrected cumulants at
the highest purity, indicating the validity of the
methodology.

Residual variations are taken into account in
systematic uncertainties.

Statistical uncertainty can be minimized by
tuning the cut sets, which will be critical for
higher-order analysis.
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Centrality dependence

« Results are roughly reproduced by UrQMD at 7.7 and 11.5 GeV, while
underestimated at higher energies.
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BS™

C

Collision energy dependence

Central collisions
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Comparison to model calculations

* The largest deviation (5-110) is seen in ~20 GeV.
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Similar to net-proton C,/C,

Ashish Pandav, CPOD2024
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C,/C, shows minimum around ~20 GeV comparing to non-CP models, 70-80% data
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Summary and outlook

« 2"d-order baryon-strangeness correlations have been measured including A and =
hyperons.

 Purity correction has been established to remove the effect of combinatorial
backgrounds from hyperon number fluctuations.

» The values of baryon-strangeness correlations (Cgg) have been significantly
enhanced compared to previous measurements without hyperons.

* Theoretical inputs are needed to interpret the largest deviation with model
calculations at ~20 GeV.

« Analysis of BQ and QS correlations are ongoing for isobar data. Higher-order
analysis will be also done in near future.
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