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v Introduction

- Observables

- Analysis methods

v Experimental results
- Net-charge Cs/C-
- Net-proton Cs/C>

v Summary
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- Crossover at pus=0
Y. Aoki, Nature 443, 675(2006)

- 1st-order phase transition at
large ps?

Critical Point

Color” - Critical point?

Hadron Gas ;
Superconductor

Nuclear /
/ Vacuum Matter Neutron Stars
-

i
900 MeV
Baryon Chemical Potential

Toshihiro Nonaka, ATHIC2018, Hefei, China 3



;:: f [ Ny N
s1aR  Fluctuations of conserved quantities i oszs0 iy,

W A T T T
4+ Net-baryon, net-charge and net-strangeness [ AU 200 BeY 0-5%
“Net” : positive - negative Fill in histograms = 10° F IyT|<0.5 .:**"!m " 30-40% :

. L : | ‘e | wx ®70-80% -

ANq - Nq _ NE? = B’ Q’ g over many collisions > 10 3 =® .'. . 3

N T~ S 10° **. ® . ** E

No. of positively charged No. of negatively charged o . 2 :
particles in one collision particles in one collision -CE’ 10° gl - " E
- - : ] s * _q

(1) Sensitive to correlation length Z 10 P ¢ o ]

i N | | | l

1E AL i

Ca =< (5N)2 >~ 62 Cs =< (5N)5 > R 59'5
Cy =< (6N)3 >~ 45 Co =< (ON)° >~ ¢
Cy =< (5N)4 P~ 57

(2) Direct comparison with susceptibilities.

_Cs

- -
1
q:

Xn = Y3

So

Xs 2_C1_xa Cs_ X
X2 C X2 C X2
an T4

PIIZ B oS

XiC: =
Oy

Volume dependence can be canceled by taking the ratio.
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v  dE/dx measured with TPC is used for proton identification at low pr region.
v' The combined PID with m2 from TOF is used at high prt region.
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v There isn’t yet any experimental evidence for the smooth crossover at pus~0.

v  Sixth-order cumulants of net-charge and net-baryon distributions are predicted to
be negative if the chemical freeze-out is close enough to the phase transition.

C.Schmidt,Prog. Theor.Phys.Suppl.186,563-566(2010)
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v Centrality bin width averaging is done for the reduction of the initial volume
fluctuation.

v Calculate the cumulants at each value of the multiplicity used for centrality,
then weighted-average these in each centrality bin.

- X.Luo, J. Xu, B. Mohanty and N. Xu. J. Phys. G40,105104(2013)

No

-
r—z]:\fl G V2 N N1, N2 : lowest and highest
~ T ST . .
Cn = N, — Z wrCy, Wy = nr/ Z Ty multiplicity bin n the central_lty |
> n, r=N r=N1 nr : # of events in rth multiplicity bin
’I"=N1

v Efficiency correction on cumulants have been done assuming the binomial
efficiencies.

- M. Kitazawa : PRC.86.024904, M. Kitazawa and M. Asakawa : PRC.86.024904
- A. Bzdak and V. Koch : PRC.86.044904, PRC.91.027901, X. Luo : PRC.91.034907
- T. Nonaka, M. Kitazawa, S. Esumi : PRC.95.064912
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v Single-particle tracking efficiencies for /K/p have been estimated by

embedding simulation.

v TOF matching efficiency is obtained from the real data.

Efficiency
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Au+Au,/snn = 200GeV
STAR Preliminary

v Results of net-charge Ce/C-
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within large statistical
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v Much better precision compared to net-charge.

v Negative values are observed systematically from mid-central to central
collisions, which seems consistent with theoretical prediction.
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v Positive Cg is predicted in Vsnn<60 GeV (ps/T<0.5).

v STAR collected ~1B minimum bias events (500M good events) at
Vsnn = 54.4 GeV in 2017.

Friman et al, Eur. Phys. J. C (2011) 71:1694
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v Positive values are observed systematically from peripheral to central collisions.
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v Clear separation and opposite signs between two energies in 0-40%.
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v Clear separation and opposite signs between two energies in 0-40%.
v UrQMD result shows positive signs for all centralities at Vsnn = 200 GeV.
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v Clear separation and opposite signs between two energies in 0-40%.
v UrQMD result shows positive signs for all centralities at Vsnn = 200 GeV.
v 200 GeV results are consistent with the LQCD results.
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v Monotonic decrease with enlarging the acceptance.

v pt dependence seems to be saturated at 0.4<pr<1.7 GeV/c.
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v Ce/C2 of net-charge multiplicity
distributions show zero within large
uncertainties.

v Ce/C2 of net-proton multiplicity
distributions show

- negative value in 0-40% centrality at
Vsnn = 200 GeV

- positive value in 0-40% centrality at
Vsn = 54.4 GeV

- linear decrease with respect to pr
and rapidity coverage.
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