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INTRODUCTION: PHASE TRANSITION IN WATER

Critical point
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Underlying interaction electromagnetic
Precise understanding available




INTRODUCTION: QCD PHASE DIAGRAM

Temperature T (MeV)

156} -

LHC SPS AGS SIS
: RHIC ' RHICFXT '
L FAIR |
Lattice QCD  NICA Quark-Gluon Plasma
pupl/T < 2
g/l =
0 500 1000 1500

Baryonic Chemical Potential pu; (MeV)

B. Mohanty, N. Xu, arXiv:2101.09210

Largely conjectured

Lattice
QCD
-

Models
—

Phase structure:
e QGP and hadronic phase

v

e Transition temperature (T.) v
e Crossover at small ug (<2 /

e 1st order P.T. at large up ?

e Critical end point ?

1 Phase diagram of strongly interacting matter




INTRODUCTION: QCD CRITICAL POINT
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CP LOCATION
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Baryon Chem|Ca| POtentlaI MB (MeV) A. Pandav, D. Mallick, B. Mohanty, PPNP. 125, 103960 (2022)

/

e Lattice calculations at
high uy suffer from sign
problem

e Effective models have
several underlying
assumptions/
approximations

Theory predictions in ugz — T plane. Experimental search very important.



INTRODUCTION: EXPERIMENTALLY ACCESSING PHASE DIAGRAM

1 | T [
B 2] H
: L0 » | O
n m M —F 87w ulum
: m 2.B T nﬂ«wn—d_ ..“m1
| ' = - :
B ‘ — L I ‘ |
o > : (@)
e © I = O =
@ © r 3" ©
@ N ¢ g
R e I T : < 1
| ‘ )B 1L " ‘ _
B = B . o
- = F & 1
I L “‘ 1on
| |
o % o
o)
d
A
! _ _ _ _ Mo
13
(41} —
(7))
LY
ol
e
@]
=
n__u S
<< S
(4] ~—
ey
2]
= -
"TR
% "m <
<C "C_._..
'T! |l m
= D o)
[ \ N
2l o
wl| T
o
ol 5
T
— o

N3N

O

o

1
1

alnjeJadwa |

(GeV)

SNN

Energy

1S1I0N

Coll

Baryonic Chemical Potential pu; (MeV)

N
y 9
™ —
N T
S >
S -
o0 N
s ©
)
ER
S
= o
d., N
m -
5 O
> L
S
£
: O
= &)
S &
S -
q T
)  —
o
)
O
O
S
>
N =
s O
S oN
: C
@)
1., r/
g 9
R Q
A,
=
> T
2 -
2 S
S o
)
= O
A T
£
s S
] >
g 0
S )
a¥ -
< )
S -
5 O
= N
w —
R O
2 O
S o0
S
= >
)
3 T
n
s =
= .
= [

T and pup of system created

Study energy/centrality/rapidity/species dependence of CP sensitive observables
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FLUCTUATIONS NEAR CP:

Development of long range
density fluctuations,

Divergence of correlation length,
thermodynamic response functions
(susceptibility, compressibility etc)

Enhanced fluctuations expected near CP.

How to quantify fluctuations? measure

mMakeagitcom e EL S

Critical Opalescence: CO, appears milky white

T. Andrews. Phil. Trans. Royal Soc.,1869, 159:575.



CUMULANTS:

@Cumu IantS: 11 = net-proton multiplicity in an event

Cl =<n> Skewness: Asymmetry
— 2 A A
C2—<5I/l > sn=n—<n>

3 \ /
C3 = < 5n > \\ //
C,=<én*>-3<én*> \ | .

Negative Skew Positive Skew

Kurtosis: Peakedness

C:=<6én’>>—10<én’ > < én° >
C.=<n®>—15<én*> < on*> —10 < én’ >% 4+ 30 < én* >3

®Factorial cumulants (irreducible correlation function):
K = C
K =—C+ C,
Ky = 2C, — 30, + (5
k= —6C, + 11C, — 6C; + C,
ks = 24C, — 50C, + 35C; — 10C, + C;
K = = 120C; + 274C, — 225C; + 85C, — 15C5 + G




CUMULANTS AND CP SEARCH:

Related to correlation length: C, ~ 2, Cy~ E’

Finite size/time effects reduces &
Higher order = more sensitivity

q=5,0,5
C4 9 C6 )(q
Related to susceptibilities: 122 470

C2q )(5], C2q )(51
Direct comparison with lattice QCD,
HRG, QCD-based model calculations

R.V. Gavai and S. Gupta, PLB696, 459(11)

S. Ejiri, F. Karsch, K. Redlich, PLB633, 275(06)
A. Bazavov et al., PRL109, 192302(12)

S. Borsanyi et al., PRL111, 062005(13)

CP search
b Cy/ Cy( = k67)

baseline

| | \/g

M. A. Stephanov, PRL 107 (2011) 052301

Assumption: Thermodynamic equilibrium

=

Non-monotonic , /sy, dependence of

C,/C, of conserved quantity -
existence of a critical region



EXPERIMENTAL SEARCH FOR CP: BES SCAN AT STAR-RHIC
Phase I of BES program (BES-I): Au+Au collisions

! ] T T T T T

J. Cleymans, et. al, PRC. 73, 034905 (2006) = Most Central AusAu collisions —

Vsyy (GeV) | Events (106) g (MeV) - :l Net-proton -
200 290 05 N 3l g § 04 < p_ < 2.0 GeV/c, lyl < 0.5

62.4 43 79 8 i 3}% @ STAR Data )

o4 .4 590 85 CC) 21— é S{ Projected BES-Il  —

39 09 112 ..C:) TS } stat. uncertainty

27 31 156 I | N iy _

19.6 14 206 g _ ///"5’0?__ _

14.5 14 262 O—%----- T % _i __________________ _

11.5 7 316 B 9 UrQMD i

7.7 2.2 420 PRl 5 — HRG CE _

o P oo 2 II 5 — I‘IlO 2IO — 5IOI I I'Il(l)() 260

STAR : PRL 127, 262301 (2021), PRC 104, 24902 (2021)

. ’ ) 7, .
Hapms: prC 102, 00018 ooy Collision Energy \'s, (GeV)

Observed hint of non-monotonic trend in BES-I (3 6): consistent with model expectation with a CP
Robust conclusion require confirmation from precision measurement from BES-II.
Extend reach to even lower collision energies with FXT energies
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STAR BES-II| PROGRAM: PRECISION MEASUREMENTS

Au+Au Collisions at RHIC

Collider Runs Fixed-Target Runs
31 no. \/WV No. of collected HUp 31 no. \/%\’ No. of collected Hp
(GeV) events (millions) (MeV) (GeV) events (millions) (MeV)
1 200 380 25 1 13.7 (100) 50 280
2 62 .4 46 75 2 11.5 (70) 50 316
3 544 1200 85 3 9.2 (44.5) 50 372
4 39 86 112 4 7.7 (31.2) 260 420
5 5 7.2 (26.5) 470 440
6 6 6.2 (19.5) 120 490
7 7 5.2 (13.5) 100 540
8 8 4.5(9.8) 110
9 9 3.9 (7.3) 120
10 10 3.5 (5.75) 120
11 11 3.2(4.59) 200
12 3.0 (3.85) 260 + 2000

3 < /sww (GeV) <200 — 750 > pup (MeV) > 25

High precision, widest yp coverage to date

10



STAR BES-II| PROGRAM: PRECISION MEASUREMENTS

Au+Au Collisions at RHIC

Collider Runs Fixed-Target Runs
31 no. \/WV No. of collected HUp 31 no. \/%\’ No. of collected Hp
(GeV) events (millions) (MeV) (GeV) events (millions) (MeV)
1 200 380 25 1 13.7 (100) 50 280
2 62 .4 46 75 2 11.5 (70) 50 316
3 544 1200 85 3 9.2 (44.5) 50 372
4 39 86 112 4 7.7 (31.2) 260 420
5 585 156 5 7.2 (26.5) 470 440
6 595 206 6 6.2 (19.5) 120 490
7 256 230 7 5.2 (13.5) 100 540
8 340 262 8 4.5(9.8) 110
9 257 316 9 3.9 (7.3) 120
10 160 372 10 3.5(5.75) 120
11 104 420 11 3.2 (4.59) 200
ollider results ready 12 3.0 (3.85) 260 + 2000

3 < /sww (GeV) <200 — 750 > pup (MeV) > 25

High precision, widest yp coverage to date

171



STAR BES-II| PROGRAM: PRECISION MEASUREMENTS

Au+Au Collisions at RHIC

Collider Runs

Fixed-Target Runs

31 no. \/WV No. of collected HUp 31 1o \/%V No. of collected

(GeV) events (millions) (MeV) (GeV) events (millions)

1 200 380 25 1 13.7 (100) 50

2 62.4 46 75 2 11.5 (70) 50

3 544 1200 85 3 9.2 (44.5) /5ﬂ/

4 39 36 112 4 1731 260

5 585 156 5//7.2 (26.5) 470

6 595 206 6 6.2 (19.5) 120

7 256 230 7 5.2 (13.5)

8 340 262 8 4.5(9.8) 110

9 257 316 9 3.9 (7.3) 120

10 160 372 10 3.5(5.75) 120

11 104 420 11 3.2 (4.59) 200

ollider results ready 12 3.0 (3.85) 260 + 2000

3 < /sww (GeV) <200 — 750 > pup (MeV) > 25

12

Events used for net-protor

fluctuation studies (Collider runs)
BES-II vs BES-I

~10-18 fold improvement in statistics
9.2 and 17.3 GeV added to energy scan

High precision, widest yp coverage to date



STAR DETECTOR:

BES-II UPGRAD ..‘/ -

B\ L\

e BN

mys -
— w—— . A W g — ) -

Excellent PID and tracking

Modest rates




PR

es for BES-II

» Improves dE/dx > Forward rapidity coverage » Improves trigger
» Extends n coverage from 1.0 to 1.6 > PID at n =1.05t0 1.5 » Better centrality & event plane

» Lowers pr cut-in from 125 to 60 MeV/c » Borrowed from CBM-FAIR measurements
» Ready in 2019 » Ready in 2019 » Ready in 2018

1) Enlarge rapidity acceptance: [n| <1.0-|n| <1.6

2) Improve particle identification: p; = 125 MeV/c — pr = 60 MeV/c

3) Enhance centrality/event plane resolution, suppress auto correlations
4) Enable the fixed-target program: uz < 420 MeV - ug < 750 MeV




CENTRALITY:

e Defined using charged particle multiplicity measured by STAR
e Exclude protons and antiprotons to avoid self correlation

Normalized no. of Events

1072

107°

10°*

= |
- =

4
{ 4

Au+Au at \s,,, = 19.6 GeV

4

(/4
/

[/

mmm Refmult3 (BES-II)
= = = Glauber fit

Two choices of centrality

. 0-5% - Refmult3: Charged particle
e Refmult3X (BES-1T) multiplicity excluding protons
Glauber fit _ L
0-5% measured within |7 | < 1.0

Refmult3 (BES-I)

Refmult3X: Charged particle
multiplicity excluding protons

measured within || < 1.6
Possible due to iTPC upgrade

Larger multiplicity leads to better

centrality resolution:
Refmult3 X (BES-1I) > Refmult3 (BES-II) > Refmult3 (BES-I)

200 400 6

00

8

Refmult3/3X

00

1000

10



PROTON SELECTION:

Acceptance:
—y >0:V, E?
y<0:V, €&

95 393 993 993 P2

- 991 99 ';'%.3"|92
_@ | 994 994 933 992 993
99 99 992 99.3 99.2
99.2 99.1 99.1 99 99.1
99 99 99.3 99.3 99.2
99 99 99 99 99
99 99 99.3 99.4 99.3
98.9 98.9 98.9 98.9 98.9
99.1 99.1 99.4 99.5 99.4
98.9 98.9 99 99 99.1
99.2 99.3 99.6 99.7 99.5
99.1 99.2 99.3 99.3 99.3
99.4 99.5 99.8 99.8 99.6
99.3 99.4 99.6 99.6 99.5
99.6 99.6 99.8 99.9 99.8
99.5 99.6 99.7 99.7 99.7
99.6 99.7 99.8 99.9 99.9
99.7 99.7 99.8 99.9 99.8
100 100 100 100 100
100 100 100 100 100
TPC 100 100 100 100 100
100 100 100 100 100
100 100 100 100 100

Purity:
Proton
Antiproton

(anti)proton rapidity y

R R
0.5

16

TPC and TOF detector used for
identifying protons over

pr=0.4—20 GeVl/c, and |y| < 0.5

pr=0.4—0.8 GeV/c (PID using TPC)
Using dE/dx measurements — |no| < 2

pr = 0.8 —2.0 GeV/c (using TPC+TOF)
In addition to TPC, mass? from TOF used
— 0.6 < mass* < 1.2 GeV?/c*

Bin-by-bin
proton/antiproton purity > 99 %



EVENT-BY-EVENT NET-PROTON DISTRIBUTION:

oi— bt L Raw net-proton distributions
~ s (GeV) Au+Au Collisions at RHIC 1 from BES-II: Uncorrected for
0-5% Centrality, lyl < 0.5 ~ detect ffician
- 77 0.4<p <20 GeV/c | detector efficiency
0.08— A 92 T —

STAR . .

_ 4 Mean increases with

0.061— | decreasing collision energy:
{ Effect of baryon stopping

Normalized Number of Events

0.04— _
- 1 Larger width leads to larger
0.02— _| Stat. uncertainties
B — Stat . error C, o
— . \/N

Net-proton (A N, = Nj - NB)

17



CORRECTIONS:
e Corrected for detector efficiency

Binomial detector efficiency response
considered

~10% higher proton efficiency compared to
BES-I

compared to 5% in BES-I

Percentage stat. and sys. error in net-proton
cumulants at 0-5% centrality

Better control on uncertainty on efficiency: 2%

e Corrected for PID cut efficiency

PID, . = §,/S,,

S, = area under |no,| < 2.0
5., = total area under no,
distribution(|no, | < 5.0)

/S 7.7 GeV 19.6 GeV
% stat. % sys. | % stat. | % sys.
error error error error
Cy,Cy 0.1% 0.3% 0.06% 0.3%
Cs3,Co 2.1% 1.3% 0.7% 1%
C4,Co 61% 29% 22% 11%

e Corrected for finite centrality bin width

Reduction factor in uncertainties on 0-5% C,/C, :

BES-II vs BES-I

Cn — 2 wrCn,r
where w, = n,,/z n, n=1,2,3,4...
r

h

Here, n. is no. of events in r"* multiplicity bin

7.7 GeV 19.6 GeV

stat. error | sys. error |stat. error| Sys. error

4.7 3.2 4.5 4

X. Luo, T Nonaka, PRC 99 (2019)
X. Luo etal, J.Phys. G40, 105104 (2013),




LATEST NET-PROTON FLUCTUATION

RESULTS FROM BES-II:

19



CENTRALITY DEPENDENCE AND COMPARISON WITH BES-I

7.7 GeV | 9.2 Gev | 11.5 GeV | 14.6 GeV | 17.3 GeV | 19.6 GeV | 27 Gev

40

20} o 4 . il
O':i*u_:__:___:_mfﬁo_:__:___:__": — — —————— .
| STAR [ 0 BES-II (Refmuttz) | | Au+Au coliisions |

40F o T® BES-Il (Refmult3X) T C T 04<p <20Gevee T
{ CIBES-I (Refmult3) g 1 2 boe .T | l !
a 66 ﬂﬂ mﬂ__ly/ 0.5 ‘0__ m&]__ QQ-
o . o o o O

0

30

20

10

0

Net-proton Cumulants

60

40}

20

0
0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300

Average Number of Participant Nucleons ( N o )

20



CENTRALITY DEPENDENCE AND COMPARISON WITH BES-I

2_

7.7 GeV 9.2 GeV 11.5 GeV 14.6 GeV 17.3 GeV 19.6 GeV gi?J;Icaev
1.5} ] f 1 F gy 5
5 | | | % {0y 4 o 00
RS o g g 1900¢ 99 'o":;w"“' Lk j-20-¢.0. 9 -1----=- BB
05 _ _ | : |
. | Au+Au Collisions |
1 ________________________________________________
| ol o §g | .: .. ..
L & BESI (Refmuttar | 19000 € ¢ €0 1o ® ¢ Pa | :
10 BeS retmurs) | Los<p, <206eve & oo 8 00

} 00 BES-I (Refmult3) { | lyl<0.5

Nhd

0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300

Net-proton Cumulant Ratios

Average Number of Participant Nucleons Npart )

1. Precision measurements: smooth variation across centrality and collision energy observed.
2. Higher centrality resolution leads to lower ratios (especially in mid central collisions):

Results from Refmult3X (BES-II) < Refmult3 (BES-1I) < Refmult3 (BES-I)

3. For 0-5% C,/C,, weak effect of centrality resolution seen.
2



ENERGY DEPENDENCE OF (,/(,: COMPARISON WITH BES-I

| | | | [ | | | | | [ | |
 Au+Au Collisions at RHIC Centrality: Refmult3 |
Net-proton, lyl < 0.5 O BES-I: 0-5%
04<p_<2.0GeV/c
n O ! T ¢ BES-I: 70-80% B
O
\ﬂ' B |
O STAR
O
g o0 -
T Q
= i O .
-
S
= 0 K
O & O%o Y
E | " 0 o B ¢ % _
) :
O
O_'""""""'"""""__' """""""""""" o
_I l l l 1 1 1 | l l l 1 1 1 | l ]

3 10 30 100
Collision Energy sy, (GeV)
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ENERGY DEPENDENCE OF (,/(,: COMPARISON WITH BES-I

o T | Deviation between BES-II and BES-I data
_ Au+Au Collisions at RHIC Centrality: Refmult3 }
Net-proton, /y/ <0.5 O BES-I: 0-5%
NI | P4 <pp<20GeVe O BES-I: 70-80% — Viw (GeV) 70-80%
@
< | @ BES-II: 0-5% )
5 STAR o BESIL 70.80% 7.7 1.00 0.90
5 4] I B 11.5 0.40 1.30
o
e | T ' 14.6 2.20 2.50
S T 1
£ Po® Fow > B S0 % 19.6 0.70 0.00
& I ? § O 00 "
O N - 27 1.40 0.20
_I ] ] ] L1 1 1 | ] ] ] L1 1 1 | ] ]

3 10 30 100
Collision Energy \s,,, (GeV)

e BES-II results consistent with BES-1 within uncertainties.
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EFFECT OF CENTRALITY RESOLUTION ON (,/C,

| | | | | 11 | | | | | | 11 | |
Au+Au Collisions at RHIC O Data: 0-5%, Refmult3
Net-proton, lyl < 0.5
— 0 4 <p <2 0 GeV/C 0 Data 70'800/0, RefmUItB =
. <2
[Q\|

O
AN STAR
O
o 1 >
© o T o O
o TV O 000 ¢ K T O
[= |_
@© - ONe % -
= [y 3
S il
O

O_ __________________________________________________ _

] ] ] ] ] L1 1 | ] ] ] ] ] L1 1 | ]
3 10 30 100

Collision Energy s, (GeV)
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EFFECT OF CENTRALITY RESOLUTION ON (,/C,

Cumulant Ratio C4/C2

—

Au+Au Collisions at RHIC O Data: 0-5%. Refmult3
Net-proton, lyl < 0.5 o _ .
_ 0_4<pT<2_0 GeV/e Data: 70-80%, Refmult3 -
@ Data: 0-5%, Refmult3X
STAR O Data: 70-80%, Refmult3X
> A T o O
AR’ ¢ o Y«
7888 2 ¢ 3 1 I
i OO T +- % - _
| 8 'U%
~ 1 -0
] ] ] ] ] L1 1 | ] ] ] ] ] L1 1 | ]
3 10 30 100

Collision Energy |s,,, (GeV)

20

1. 0-5% centrality C,/C; results show good
agreement between Refmult3 and Refmult3X:
weak effect of centrality resolution.

2. BES-II results shown hereafter are with
Refmult3 X



ENERGY DEPENDENCE: MODEL COMPARISON

Net-proton cumulant ratios

Foew,  STAR -

u @ BES-II _
O BES-I ®)
5 I —_—
L O d) —
oo @ 000 ©
O _— —
- 0-5% Au+Au Collisions 4
8 (2) C3/ CZ net-proton, lyl < 0.5
= 11— 0.4<p_<2.0GeVic ]
o T
oC
- “ ‘ —
= Cee
S o5 © —
S ' @)
= i S i
-
O O
O _ ——— t t — t |
- (3) C,/C, .

1' %Q % '
#HEE % i

O_ —_

~10 20 100 200
Collision Energy {s,, (GeV)

HRG CE: P. B Munzinger et al, NPA 1008, 122141 (2021)

Hydro: V. Vouvchenko et al, PRC 105, 014904 (2022) 20



ENERGY DEPENDENCE: MODEL COMPARISON

Net-proton cumulant ratios

10__(1) (iz/f;’ES_” STAR _ 1. Smooth variation vs 4 /syy in C,/C; and
L = 7 C;/C, observed. C,/C, decreases with

I ] decreasing 4 /syy-

S,
o0 090 © O

O — —_—
- 0-5% Au+Au Collisions 4
8 (2) C3/ CZ net-proton, lyl < 0.5
= 11— 0.4<p_<2.0GeVic ]
é:g T
- " ' —
= Cee
S 05 ® S —
>S5
= i S i
-
O O
O _ ——— t t — t |
- (3) C,/C, .

1' %cz % '
#HEE % i

O_ —_

~10 20 100 200
Collision Energy {s,, (GeV)

HRG CE: P. B Munzinger et al, NPA 1008, 122141 (2021)

Hydro: V. Vouvchenko et al, PRC 105, 014904 (2022) 21



ENERGY DEPENDENCE: MODEL COMPARISON

Net-proton cumulant ratios

10__(1) %/C;ES_” STAR _ 1. Smooth variation vs 4 /syy in C,/C; and
O BESH ° C,/C, observed. C,/C, decreases with

8 ) decreasing 4 /sy -

00 © 000 ©

5| Hydro
0 2. Non-CP models used for comparison:
e ' A. Hydro: Hydrodynamical model

0-5% Au+Au Collisions -

n (2) C3/ C2 net-proton, lyl < 0.5
-..C:) 1 04d<p_<20GeVic —
LCEU T

L " ' —
= ®ee
S 05 % —
S
= i Yo i
>S5
O ©

O _ ——+ t t ——+—+—+—+ t |
- (3) C,/C, .

1' %Q {5 '
T +i§§?§ %

O_ —

“10 20 100 200
Collision Energy |s,, (GeV)

HRG CE: P. B Munzinger et al, NPA 1008, 122141 (2021)

Hydro: V. Vouvchenko et al, PRC 105, 014904 (2022) 28



ENERGY DEPENDENCE: MODEL COMPARISON

Net-proton cumulant ratios

0~ 1)c, e, STAR - — 1. Smooth variation vs 4 /syy in C,/C; and
i ® BES-II _ :
O BESH e C,/C, observed. C,/C, decreases with
Hydro 3 2 4 2
" --- HRGCE decreasing 4 /syv-
_ —_@ — .
00-0-000 -0 O 2. Non-CP models used for comparison:
T o L A. Hydro: Hydrodynamical model
- (2) C/C 0-5% Au+Au Collisions - B. HRG CE: Thermal model with canonical treatment of
8 g2 net-proton, lyl < 0.5 b h
= 1= 0.4<p <20GeVle daron charge
o LT P T -
- "1
8 05 @ —
©°«
e | G ]
-
O e
O t ——+ t t —t—+—+—++1 t
- (3) C,/C, :
| :
| + % |
O_ —

0 20 100 200
Collision Energy |s, (GeV)

HRG CE: P. B Munzinger et al, NPA 1008, 122141 (2021)

Hydro: V. Vouvchenko et al, PRC 105, 014904 (2022) 29



ENERGY DEPENDENCE: MODEL COMPARISON

Cumulant Ratios

10

0.5

0.5

HRG CE: P. B Munzinger et al, NPA 1008, 122141 (2021)
Hydro: V. Vovchenko et al, PRC 105, 014904 (2022)

Net-proton cumulant ratios

e GTAR -

_ @ BES-II -
O BES-I O
Hydro
-== HRG CE

i UrQMD i
T e
0e-0-099 ®

= 0-5% Au+Au Collisions -
(2) CS/ CZ net-proton, lyl < 0.5
- 0.4 <p._ <2.0GeVie

0 20 100 200
Collision Energy |s,, (GeV)

30

1. Smooth variation vs 4 /syy in C,/C; and
C,/C, observed. C,/C, decreases with

decreasing . /syy-

2. Non-CP models used for comparison:
A. Hydro: Hydrodynamical model

B. HRG CE: Thermal model with canonical treatment of

baron charge
C. UrQMD: Hadronic transport model
(All models include baryon number conservation)
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1. Smooth variation vs 4 /syy in C,/C; and
C,/C, observed. C,/C, decreases with
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2. Non-CP models used for comparison:

A. Hydro: Hydrodynamical model

B. HRG CE: Thermal model with canonical treatment of
baron charge

C. UrQMD: Hadronic transport model
(All models include baryon number conservation)

3. Proton factorial cumulant ratios deviates
from poisson baseline at 0.

Antiproton k3/k;, k,/x; closer to 0.
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1

. Smooth variation vs 4 /sy in C,/C; and

C,/C, observed. C,/C, decreases with

decreasing 4 /sy -
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A.
B.

C

3

. Non-CP models used for comparison:
ydro: Hydrodynamical model

RG CE: Thermal model with canonical treatment of

baron charge
. UrQMD: Hadronic transport model
(All models include baryon number conservation)

. Proton factorial cumulant ratios deviates

from poisson baseline at 0.
Antiproton k;/k;, K4/k; closer to O.
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1. Smooth variation vs 4 /syy in C,/C; and
C,/C, observed. C,/C, decreases with

decreasing 4 /syy-

2. Non-CP models used for comparison:

A. Hydro: Hydrodynamical model

B. HRG CE: Thermal model with canonical treatment of
baron charge

C. UrQMD: Hadronic transport model
(All models include baryon number conservation)

3. Proton factorial cumulant ratios deviates
from poisson baseline at 0.

Antiproton k3/k;, k,/x; closer to 0.
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SUMMARY AND OUTLOOK:

Summary:

1. Precision measurement of net-proton number fluctuations in Au+Au collisions from STAR BES-II

reported. Centrality and energy dependence discussed. Compared to BES-I, we have
better statistical precision, better centrality resolution, better control on systematics!

2. Measured net-proton C,/C, in 0-5% cer

tral collisions do not show deviation above nor

CP

model calculations. Maximum deviation in 0-5% data w.r.t. various non-CP model calc
and 70-80% data is observed at 4 /syy = 20 GeV with a significance level of 3.2 — 4.76.

Outlook:

1. Extend measurements to even higher orders of fluctuations: C,, k, (n = 1 — 6).

2. Examine transverse momentum dependence and rapidity dependence of fluctuations.

3. Complete the measurements in Au+Au collisions at fixed target (FXT) energies.
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