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QCD Phase Diagram

RHIC BES-II, FXT
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» Crossover at ug =0 Y. Aoki et al, Nature 443, 675(2006)
» Models predict 1%t order phase transition at large ug

» Possible QCD critical point and 1%t-order phase boundary
» Change collision energy to scan phase diagram
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Higher-order Cumulants of Conserved Quantities

» Cumulants of conserved quantities (B, Q, S) are

extensive variables (intensive when taken ratio) Skewness (S) — asymmetry
net-proton: proxy for net-baryon S<0 S0
net-kaon: proxy for net-strangeness g [0
= (N), N = N — (N) P2 N
Cl f— (N), Cz — ((EN)Z)' = ((6N)3) Negative Skew Positive Skew
= ((6N)*) — 3(8N)2)2 TR =
C4 "l k>0 & s — |
= (3 2\3/2 .. —
S = G/ e =ty i /\
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» Sensitive quantities to correlation length &
C3 = ((6N))~§*>
Cy = ((BN)*) — 3((6N)*)*~§7

M. A. Stephanov Phys. Rev. Lett. 102, 032301
M.Asakawa, S. Ejiri and M. Kitazawa, Phys. Rev. Lett. 103, 262301 (2009).

» Directly related to susceptibility y of the system.

0 T
Cra =VT°2,™ = 30204 = B,Q.

Higher-order cumulants and ratios are sensitive to QCD phase structure.
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Theoretical Expectations

Ko’ 4th order 5th and 6th order
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STAR Detector System

» Large, Uniform Acceptance at Mi
» Excellent Particle Identification
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STAR Fixed-target Experiment Setup

Fixed Target
n =2 z=2.01m
EPD
Yellow beam
— N
BBC
WEST

ETOF
BTOF

Extend the coverage of baryon chemical potential to 720 MeV !
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RHIC Beam Energy Scan Phase I (2010-2017) and Fixed-target
Experiment (used in analysis)
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Proton Identification (Collider Mode)

TC PID TOF PID Proton Phase Spae
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Proton Identification (FXT Mode)

TPC PID TOF PID Proton Phase Space
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Analysis Methods

» Detector efficiency correction: p(n)= 2 Binomial(n;N €)X P(N)

TPC trackine efficiency + TOF matchin
g efficiency .

X. Luo Phys. Rev. C 91, 034907
N2

11 P | L]

> Statistical error estimation:

Delta method and bootstrap method Number of proton
X. Luo 2012 J. Phys. G: Nucl. Part. Phys. 39 025008

» Pileup correction (for fixed-target energy)
T. Nonaka et al, Nucl. Inst. Meth. A 984 164632, arXiv:2006.15809

Phys. Rev. C 95, 064912 T. Nonaka, M. Kitazawa, S. Esumi 0-5% S n,Cr N
Phys. Rev. C 99, 044917 X. Luo, T. Nonaka ZoE C r=N, " B 2 ,
o . . o 3 § n — N - Z w'l‘Cn
» Centrality bin width correction: 2+ S n, =N
L r=N;
e, . S0k
suppress initial volume fluctuation 8.
— 0-5%
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Net-charge and Net-kaon Cumulants from BES-I

Net- charge Net-kaon
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Phys. Lett. B 785, 551 (2018).
1) Within statistical error, ko2 of net-Q and net-kaon show flat energy dependence.

2) More statistics are needed, especially at low energies (BES-II will help).
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Net-proton Cumulants from BES-I

J. Adam et al. (STAR Collaboration) Phys. Rev. Lett. 126, 092301, arXiv:2101.12413
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« Non-monotonic energy dependence of net-proton ko ? is shown in top 5% from BES-I data
which 1s not reproduced by various models.

* More statistics below 20 GeV are needed to confirm the non-monotonic trend.

* Measurement from new dataset in fixed-target experiment at \/syy = 3 GeV is on the way!
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Net-proton C;/C,; and C./C, from BES-I
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1) LQCD and FRG calculations predict < 0 due to the transition between

partonic and hadronic phases
2) Cs/C, and C¢/C, data: (1) > 0 for 70-80% peripheral collisions; (i1) <0
some for Cs/C; and mostly for C,/C, in 0-40% central Au+Au collisions
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Net-proton Cumulants from 200 GeV p+p collisions
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1) Results of the net-p cumulant ratios from p+p collisions fit in the multiplicity
dependence of C,/C,, Cs/C, and C//C, in Au+Au collisions

2) Cs/C, and C¢/C, are found to be negative in central Au+Au collisions

3) LQCD calculations predict < 0 due to the transition between partonic and
hadronic phases
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Higher-Order Cumulants Analysis on BES-II Overview

BES-I1 r—
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7.7(FXT) ~160 * 10 to 20 times larger statistics than BES-I
6.2(FXT) ~120 * Cover low energy range 3 to 20 GeV and extend
5.2(FXT) ~100 ug to ~720 MeV

4.5(FXT) ~100 . Upgraded 1TPC, ETOF and EPD:

3.9(FXT) ~120 * Larger rapidity coverage |n| < 1.5

3.5(FXT) ~120 Better dE/dx resolution for particle
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vent 'lane | Jetector

* BES-Il also have FXT data at \/szyN = 9.2, 11.5, 13.7 GeV, ~50M for each.

2021/5/18 Yu Zhang, SQM 2021 - New York 15



1. Measurement of net-proton C,/C, from BES-I data shows a non-
monotonic energy dependence in 5% most central Au+Au
collisions at RHIC

2. Measurements of net-proton Cs/C, and C,/C, from BES-I data
show negative deviation from zero with a level of < 20 while both
ratios are positive at peripheral collisions.

3. Measurements of net-proton Cs/C; and C./C, from 200 GeV
Au+Au and p+p collision suggest: deconfined QCD matter created
in central 200 GeV Au+Au collisions

4. Exciting results at high baryon density region from BES-II are
coming!

Thank you for your attention!
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