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Introduction: aco phase diagram
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Susceptibilities: Sign change and diverge



Motivation: Susceptibi

Susceptibilities can be e

lities and number fluctuation
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Off-diagonal cumulants and ratio fluctuation:
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Observables:

v “Variance” v “Co-variance” — Cross correlation
co = 0" = ((0X)%) cia=0"" = ((0X)(6Y))
11
Ratio: Cxy = —=L Volume independent correlation compared to self correlation

2
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We study
p Beam energy and centrality dependence variance, covariance and ratio.

B acceptance (Inl) dependence:

No signal No signal
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RHIC beam energy scan:
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T, us values from J. Cleymans, et al. Phys. Rev. C 73, 034905

2 Varying beam energy, we can access broad region of the QCD phase diagram.

2 QCD phase diagram can be mapped between pg values 20 to 425 MeV.



Few detalls:

2 Centrality definition 2
Charge particle within 0.5<Inl<1.0 and -1.0<Inl<-0.5 (avoid track ¢ 15f
from analysis region), to avoid auto-correlation. & F

o 1_

2 Centrality bin width (CBWC) averaging : To suppress the artificial 0_5_5_

fluctuation due to initial variation in volume. -

N, N,
=Y [ Do, |
) l X. Luo, et.al, PRC91, 034907 (2015); JPG40, 105104 (2013), Journal of Physics:
i=N, i=N, Conf. Ser. 316, 012003, N. Sahoo et. al.Phys. Rev. C 87.044906 (2013)

2 Efficiency correction on cumulants have been done using binomial detection response.

2 Uncertainty estimation: Statistical uncertainty based on numerical error propagation of
multivariate cumulants and systematic uncertainty by varying different track selection criteria

and tracking etficiency values.
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Diagonal cumulant:
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Off-diagonal cumulant:
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ogp and %ok Shows linear
dependence with respect to
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OW energy and negative at
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and net-k are anti-correlated at
high energy.

Phys. Rev. C 100, 014902 (2019)



Acceptance dependence:
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Beam energy dependence ratio:
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2z Volume iIndependent correlation net-p and net-k are positive at
lower energy and negative at higher energy.

% @ lower energy, pp—>pAK+ process may lead positive
correlation J. T. Balewski et. al, PLB 420, 211 (1998)

% negative correlation @ 200 GeV cannot explain by
models

% In QGP phase, B-S correlation is negative. We also
observed negative p-K correlation. Although direct

guantitate comparison is not possible.
V. Koch et al. PRL.95.182301 (2005),

2 Cqp and Cqk both shows significantly higher correlation in
central compare to peripheral collision. The excess correlation
not observed in both UrQMD and HRG.




Summary

> First measurement of all off-diagonal cumulant as a function of collision centrality for Au+Au

collisions vsnn= 7.7-200 GeV are presented.
<0.5and 0.4 < pT < 1.6 GeV/c as well as dif
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B-S correlation in Partonic and Hadronic medium
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Acceptance effect:
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Particle set dependence cumulants:
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Results from diagonal cumulants analysis:

L. Adamczyk (STAR Collaboration), et al., Phys. Rev. Lett. 112, 032302 (2014).
L. Adamczyk (STAR Collaboration), et al. , Phys. Rev. Lett. 113, 092301 (2014)
arXiv:1709.00773

STAR, PoS(CPOD14)019; QM (15).
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2 The expected non-monotonic energy dependence for the
normalized fourth order cumulant of multiplicity

- == 0-5% Poisson

- == 70-80% Poisson

8% 0-5% UrQMD

—

Wy
boseliiie distributions (w4) when the chemical freeze-out line
passes the critical region.
NE

4:' = 0-5% - - - 0-5% Poisson ‘

LW 5-10% ---5-10% Poisson - .
3f Srosn  --mosoupasson 4 22 SOME NON-MoONOtoNIC

o §Go5% UaMD behavior observed in net-
°F '; proton higher moments with
1Ol O - o asssggans R FERTETRREIREE : large statistical error-bars.
ok net-proton :

SRR S - N n lower ener

7 10 20 30 40 100 200 P alz(e)d 10 scan lower energy

\'Syy (GeV)

= 0-5%

- == 0-5% Poisson

) &70-80% - - - 70-80% Poisson ]
%4 0-5% UrQMD
78 10 20 30 40 100 200
\'Sy (GeV)


https://arxiv.org/abs/1709.00773

Effect of A decay:
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Efficiency correction:

2 Efficiency correction on cumulants have been done using binomial detection response.

05— 0.5]
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No clear pattern: hard to handle clear pattern: easy to correct



Efficiency correction: continue

2 Efficiency correction on cumulants have been done using binomial detection response.

2z Strategy is to convert cumulants to Irreducible factorial moments and correct it

S,t)u)v7wﬂm’y’z
Np,1):Np,2):N5,1):N5,2) Ny 1) N (key,2) N (k1) N (k_,2)
S,t,u,v,W,T,Y.2

n(p,l),n(p,z),n(ﬁ,l),n(ﬁ,g),n(kJr,l),n(k+,2),n(k_,1),n(k_,2) UncorreCted A. Bzdakand V.Koch, PRC 86 044904,
PRC 91 027901

Corrected

— S t U v w €T Yy Z
S(p,1)? €(p2) €(B,1) €(5,2)? € (k1) € (ky,2) (k1) S (k_,2)

TPC (1) and TPC*ToF matching (2) efficiencies

\

Reconstructed tracks having associated MC tracks
MC tracks (7%, K=, p, p)

M. Kendall, The Advanced Theory of Statistics No. v. 1 (1943)

ETPC —

track quality cut && |noparticie] < 2 && TOF matched > 0
track quality cut && |noparticle] < 2

ETOF —






