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Abstract The RHIC-STAR (Relativistic Heavy lon Collider-Solenoid Tracker at RHIC) experiments have
measured the cumulants of net-proton (a proxy for net-baryon), net-charge, and net-kaon (proxy of net-strangeness)
multiplicity distributions in AutAu collisions at different centers of mass with energies ranging from 7.7 GeV to
200 GeV. Recent results have shown that the ratio of the fourth-order net-proton cumulant over the second-order one
(ko) exhibits a nonmonotonic energy dependence. In relativistic heavy-ion collision experiments, only information
about the final state particles can be measured. Therefore, we investigated the fluctuations of the conserved charges
(baryon, electric charge, and strangeness) in Aut+Au collisions using a multiphase transport (AMPT) model. This
model can basically describe the results measured by the RHIC-STAR experiment. More importantly, the AMPT
model is used to understand the key impacts of the dynamical evolution of relativistic heavy-ion collisions on
fluctuations and correlation functions, including the creation and diffusion of conserved charges, hadronization,
hadronic rescatterings, and weak decays. It was discovered that the correlation between positive and negative charges
may originate from the string melting mechanism. Baryon (proton) correlation functions are consistent with the
expectation of baryon number conservation. Net-strangeness (net-kaon) originates from pair production. We studied
the correspondence between representative quantities and their conserved charges and found that their behaviors are
qualitatively consistent yet quantitatively different. Although the physics of quantum chromodynamics (QCD) critical
fluctuations is not included in the AMPT model, our results are expected to provide a baseline for the search of
possible critical behavior at the QCD critical end point in relativistic heavy-ion collisions. We incorporated critical
density fluctuations into the model and found that they play a role.
Key words
point (CEP)

Conserved charge, Fluctuation, Cumulants, Correlation functions, QCD phase transition, Critical end

& 1 & 3 /7 % (Quantum Chromodynamics,
QCD) 2 1A 5 5 FI I ¥~ 2 [) 5 A FL A FH 1 i A B
W' QCD Hig T4 s IR 1 K& ¥ S48 I
K—— MR TR BN PR AR U AR AR .

FLHE QCD Wit () M B T AR LIRS V3K

B RARTE A AL 2 B AR R e EORE ). AX)

T HL B Al S5 2 H R BE AL r IE S 2 QCD i
‘fiﬁﬂ@ﬂﬁ—%guif’io E*HX#L@E%?EEE&&
W, AR R REZ T 2 Sl ) S R m R B R R R
R KA, R AT DL S B QCD W) i K AR HH AR o
QCD H B 7T R B, 7E =y IR B = RSN, i 25 1A
TR T IS A - (BE P AHD 2k A2 IR 2 T L
R =A% 5 R T %% B T K& (Quark Gluon Plasma,
QGP) GEZE[IAH) , # QCD AH K 45 #4) W 0 £ 4E 3k
— H7& QCD ¥ Jiit 5 AH B A 2% A S50 B 72 (1) B

,mﬁﬁnﬁﬁ““ — N ZARRGEHI I AR DA
M2 SRR P A E RS . £ QCD M i)

LT (B DAL A Tu, I QCD A, NIRE T
HVEE TR0 22 35, W BRI AH B R AN [R] X300 B
QCD%F”?THE’JY?T/IK,.J‘H,/\ﬁEKIEE’JXﬂ/J\
? i 7 15 (Critical
End Point, CEP) , ‘& AJ DL 2 AR ATTAH B 1) 3 A 25 4
GR . A% A QCD B —PEE B R 1

B AEE I () T R A AR g 22 SO X
B IR BN T, =160 MeV! ', 1 — 245
QCD B TR FE K g, X 30K i Az — By AR AR, —
B A A2 25 5 1 o 3k 9 DX SR 22 1) s B A QCD I
G tzies) e s bt CEP ) S 4R R E TR 20
7 i b 4 R T L HBT (Hanbury-Brown-
Twiss) =482 A% P 45 Eb 222 | Sy AE i ok v
[, B J:?fﬁibﬁﬁ%‘ﬂﬁﬁTﬁ%E’Jﬁﬂ
MR
i HﬂTT?‘TETHTEI‘JEﬁéﬁééﬂéﬁéﬁﬁﬁﬁﬁ@mm e
% 55 QCD T 5 R B, spE faf ik V& S AL R A
S S s S L (=R TR S R INYSD it (& = 1}
SR e,

2<[6-10,16,33-45]
7t o

Quark-Gluon Plasma

sQGP
Critical
Point

3
EN
Hadronic Phase %,

Quarkyonic
Matter

Temperature T

Nuclear Superfiuid X CFL-K?, Crystalline CSC
Meson supercurrent Baryon Chemical Potential i
Gluonic phase, Mixed Phase

1 QCDAHEH
Fig.1 QCD phase diagram"™

040013-2



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

X T QCD AH B 25 44 IR 72, A X 1 B 2 Al 4t
SIS AE 55 H A & w8 S (Brookhaven National
Laboratory , BNL) [ 5% 5246 5 [ AH % 14 5 B 5% fiit
#1 (Relativistic Heavy Ion Collider, RHIC) F1 ¥R i #%
-+ (European Organization for Nuclear Research,
CERN) [1) K 74 5 - % 48 ML (Large Hadron Collider,
LHO AT | K& M) TAE X LS I0 b 2 R &5 I e it
1) Ak BV ELN g ~ 750 MeV B 2 5 F- {2
T XA, SR ok [ Y ) S 56 B e A B BE R E AL
FH XIS, RHIC 5 — Wife A sein C &l &
T AurAufili i R G | 5,=7.7~200 GeV {115 5T T
(BT IACERD 19 FAr AL KA (5 7 S B AR
FOZHEE M) RRET . i, RHIC 5256 5
T BT i S AR IR R T LG A]
BERAAE 3 < s <20 GeVI™ o A SCK B 58 fig
BBl AR s E e K T X — FA IR AR, A
PN A S TV ATE 73 i A 45 22 SE SR IRATTR i iz
B SETF R 1) — R A BT 7T AR

1 WRFZE

1.1 HEEE

TEGL TS, WE 26 70 A 1R 25 R R AE T L AN [H)
FIHE A R A, I E (M) 5 2 (o) AR FE (S) (I
(o), T —/ AL 5 1 R A 4R — R A R e Fe it
A —FEE B, 8 RN ER S RATA] BAE
I EZRAE SRR BCRE R . B, 236 LR A R
RETR I 2 AR SR 710 2 A AT B 2555 B, X
T R A R 1) R, 3 Rl R A R T
(E7H B E 7D 2 BRI M R ER
Wo. sFEMZEHE2>HAMNSH RRE
Cn%[25’28‘64765] :

C, =(N),C,={(oN)*),

c, =((oN)' ), = ((aN)*) = 3((aN)*) (1)
AP :NEZRHEM RN T8, K mZENIN=N -
(NY, T RRNEMAFIE. BiERFRERE XL,
] PAAS B 5B

M=C,=(N),a*=C,=((N)*),

oo G _{n))
(C2)3/2 0.3
_ (CC} _ <<aiv4> ) _s -

A BE WD R IR 0 A5 1T 2948 s T3 22 (o) Rom 7y

At ) 0 BORE E 5 O P2 (8D 275 73 AT R AN IS Bk 5 U 2
Coo) 1138 73 A7 i 185 1 1225 0 AT VAR RFAE (O R B o 1
FER 22V R g b Cin BRI & 25 77 BLAT QCD
T 53 BB, BVE B TE B2 R R R A

E= o (2 Tatsons) ] O)
I VAL TR R G R FRRIR FE g1y 10 B 10 53 500 19
HTBOWS AT (QAW S FH AT 7 (OIS
X BA AN E] B R AR B3  2i R 5
AT LA 1 5 B 7 ) T 9 SR B A€ 7E#% i QCD B iR
Hh X SR R & T DL SR A R R EAL -
(i+)+Fk) 4
Ll 4 @
s Oft s
Aef, = p/T, Fhrq=B,Q,S. MiXLLpfHAT (K
R TSP AL Z 28 R ] LRI NN
a(i+j+k)1n[Z(V, Taﬂssﬂo,ﬂs)}
s Ot 0fts
VT 25T, pts s ) (5)
i I 2 (2) M1 (5D A LT B R AR B AR (R afe
B, € LR
, C, oy, G . C, R
R S A A
BRI AR AT — XA B Ik A . RATTE
AT DLAR 48 22 25 800 A 1) 2R B AT 45 380 H S TG Ry
o BFONREAR DAL 2 ERE T AR
1 SR JK BR 38, P DABIT 56 22 001 CRR 43D SR IBG o A
A AARFE L, R AT R RA T NERA
TR n R ORER R A e, (RO SR R ED -
K, = C, =<N>,K2 = C, +C,,
x,=2C, -3C,+ C,,x,= 6C, + 11C, - 6C, + C,
(7
RZ s MnKi 1 REK R e, S RER
KEN:

C,=x, +x,C =K + 3K, + K,

BQS _
ik

BQS _
Ci/‘k -

C,=r,+ 6K, + Tk, + K, (8)

R E L RM AT I RB R E «, /x, (n>1)
TR
Q:&+1’gzk3/icl—2+3’
¢ K C, K/x +1
K,/K, T 6K,/K, — 6
Q: z/ 1 VK L7 ©)
C, 1,/ + 1

JITBL ARE 2 (OO ) A VA — A SR Ik R Mt — b
kv o (HLRE BT R AR X BLAARAE S — A A
EAR T~ Had F 73t — b SR ks 5 < BBk
BRVE. TR SRR (14 SR IR b KU 7 2 RE Y

040013-3



% AR

2023, 46: 040013

PR fRL T, B Wi K T (AN, = N© = N), &
WREBIK MK, A2 M5B R Z M
K?O) = F12,0 + F2,0a
Kg’l) = F,F,tF,,
ng) = 2’F13,0 = 3F  F,y + Fiy,

Kgﬂ) = 2Fo,lFlz,o —2F\F, - Fy Fy, + Fy,

K_g4,0) _

K_i},l)
W PLoKT MoK N, Hoh F,=
N! N!

(N=i)! (N-k)!

T RIRn(n =i + DR RE R E . X T

HoR k> i UL MR B0 BT R B4
W e/ F IR (F,, o F )— FHIW . 40

FRINK T e KA

= 6Fff0 + 12F12,0F2,0 - 3F22,0 -4F, F, + F,,
= 6F0,1F13,0 + 6F12,0F1,1 + 6Fo,lFl,on,o - 3F1,1F2,0 - 3F1,0F2,1 - F0,1F3,0 + F3,1a
k(2 =( = 6FZ, + 2F,,)F}, + 8F, F,,F,, - 2F}

PRI, AT AR SCHR L 68 192 2 (i e fE R i 5 3
SRR BRI, Ui STeRE 5 SR IBR R B2 [B) A LR R R

(10)

1T 2Fl,oFl,z + (2F02,1 - Fo,z)Fz,o - 2Fo,le,l + Fz,z

R EEA O, W) 10 NIRA R R Wi 0
kor MR8 KR K AR, DA kO RoR i K ik
NK Wnki 7R, B isFELHE—H0, &
N REH MR AR WO T O 43
RN A RS i K okl 1 4l 5 B R BOR kAN

KB noRL 720 Rk R 4. 385 b3k SR IK ek 25t 7 DA

BRI S KN T RRERRR S,

Cy = (N + (W) + R+ 0 = 2

Cy = (N = (W) + 389 = 350D + 00 — k0D = 3D 4 g2,

(11

C, = (N)+(N) + Tl + Tx = 268 + 6k80 + 6K4° — 6x>) +

6K§1,2) + K£4,0) + K§0,4) _ 4K.‘(13,l) _ 4K‘(11,3) + 6K‘(12,2)

e AT R B A S EAS [F] 57 1 A
Tk FIAH R LA
1.2 AMPT &8

% M % 12 (A Multi-Phase Transport, AMPT) 1
R ARz AR S R A A
A LA AMPT B8 2 — ML 4T3
LR A AL, T B 0 0 B Al ) 4 A
BB B B A BB W vE A BAE K AR SR
(Heavy Ion Jet Interaction Generator, HIJING) >
POIGE 25 AT, EEHE R B QCD i AR BBk
SEI 2 (M AN B & A AT V2 BEZ R T (B
FA T A S E ) AR 2 R R 7 1 UK
5% P Rl T R T P AR T R T RS A T
XL BE R 9 TR 45 M FH sZ s A AL AR 95 5 e 4 oy
(R R R H e &5 48 4y R R 06 5 e M 5 5 . H
Zhang )35 4) F 2%k (Zhang’ s Parton Cascade , ZPC)
HEL AR AR 25 o S8 B 1A A RIS 4 T AH AR
H AT Z AR A 25 18 T P9 A SRR BUR , A58 2 Tt
QCD Ui AT B 4 3i 5 B 3 mb) o 4 BT 158 5
T 1B AR, s R B — AN S e A
BURH r FHE G T R AEXT R s (A
Relativistic Transport, ART ) 451 SR i 4] 5 -1~ A vh
SR A EAE, B8 T AT TR T
7 VIR R ER <7 B G B 5" 1A s L = e o

HATH RS, [R5 RS 1 A% 1 (0124037 RO A R £
ML . o T 55 S0 Bt AT B, FRATRI B L
BAEIR A, O T A RER AR T (W A4.Q.E
A1 @) IR TEAR

CL_EA 2R (2 A TF R A I AMPT BERL, O 1
L MBI E SF B4 FROEEK VA i /L, BRATTIE X 2 T KA
AMPT B HEAT T A5G B8t , 1 T 48 32 A 7
&i&!

R H T LA ST AR AR AMPT R, 12 FEUAS )
AMPT #E R R 1 98- A A IR o i A 58 1 S s
T PR A o A e CE 0 HL Ay RO T S A0 1
SPAE . TEIHRCAC ) AMPT BEAE A S v far AT <7 1H 2
FH PR DLE RS, 817 g e R
HEK K E R T 5N, T 20 7 KORK
AT AR KORK, IR 2R3 T T 2 A
W KOBHAK K B K, T T E U 2 G
B LK FK B BN KORK . Xk
BT AR PR AE R AT E 2D A IH A Ik
A7 75 RE SR T S N 38 T8 BRI AL 1) A AT BE ) [R5
JreAb 2, B AR FR) 2 R e T~ 22 F gk T A 2, £ 1X
Foft b B r 5 2 R R HL T AT BT BE Y HL 4y B
WLk HE , S HTHR 25 1 FART TE 5% AT 571 3 A P47 S
SPIE. B, ot + n NAZA SO VFREA pt + pt AN
prHp Mlp +po N T RBRIX P T B £E

040013-4



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

AMPT B8 ) B SF AR R K RTK B It 51N
T 05T, XS A A T R S RETEREAT B IE, A
il DR P S 2 30 3 #4022 2120 HL Ay R 7 e
SYAE, FEGH BT SR BT DR A — 0 IE s B I TE
Kb TR -

TN T RO S e A R R
BTSRRI AR TV . TS e A AR
I RARYE 5 H A IR R B AT R T 2
H, AR AR R % T 28 A R v i B
B B 15 A IF R T . BIE AR, FEAR N 1R
15 1 L 4 R B AR ) % T A LR B R 0 A R

AMPT £33 R DA B 3 41 38 420 Joit F) A o A ) 7
SEORT A 7 AR T A R
{9 FELAT 0 T RO 2 SRR TR R T
K125 T A AR 5 AN B BT A

AR ERIA T HE A 2 A H AMPT BRI 1)
WFFU, FE45 N R B0 5 1R 42 B T A R SR Rk 1
FR A28 SR IE T8 SRS AN [ < 177 £ Pk v 3247 7 240 1A 3
Wo AN 18 5 B TR SE PR L — AR AR Eh 7
FEALIE R, AR LA EE R B, T
M BRI I B 1 B ) A AR, A BT T
BN B B i) SR B AT SR IR R 0, JAT R o
PAR R 1o g LA AL B BEEAT AT 9T

F1 BEZERILEIN AMPT A SANEUMERAIE X

Table 1 Five evolution stages in the AMPT model with a string melting mechanism

AW Bt Stage %€ X Description

(a) P Initial state

1 A+A Rt A% 7 A 1% O S T AL IR AR IR A BB T 5

The initial state of partonic matter consisting of quarks and antiquarks created by A+A collisions

(b) #B2> T Gk

After parton cascade

(c) T4k
After hadronization
coalescence

(d) 57 HUs
After hadronic rescatterings

(e) K# Final state

FHE T 1800 1 R 5 v Al 5 5 28 1 9 B 2 IR 25 19 88 737 W) 5t The final state of partonic

matter consisting of quarks and antiquarks that have undergone parton cascade

HH R A 8 207 e A o AR e AR SR A AT A6 IR A (9 95857 5T The initial state of

hadronic matter transformed from the freeze-out partonic matter through the hadronization of

Ze13 17 5T EUN Y BUR R #9855

The freeze-out hadronic matter which has undergone hadronic rescatterings

& 1§ AR I RS R T

The final state of hadronic matter with considering weak decays

N1 H— AN E M R, B 2~4 20 R
T8 [sw = 7.7 GeV T AutAu 10 filf 1
PEARTEAS R AR B 1 S LAy 1F J B T2 1E %
AT S BLE AL 2 AR [~ T ) 36 P o0 A o VR X
T FRL A Rk T A T TRAT 2R T 55 R AR B
R 2(dD () AN A [RIE AL T B mT DL A IR, 55

15 15

TEAR NS LT B FE AR AN K 3o T 5 Bk
5 R RIE TE LR 51 P RO AN 59 2 A RN — e
FEWEIC, BEEG S NARE, BB 3D (A
A AL B B T LA H 95 38 28 00 3L 1 408 L 0 A
SN K o X T 33 S5 BTk v 5 It 7T, BRAT T
FIEEFMEAPT BL(E 4D, Ja SO B A THE .

(c) After Hadron

1 15
} ‘ (d) After onic

y/fm
y/fm

|
iti After Part
10 (a) Initial State 0 (b) After Parton i i
5 5 Ca | 5t
£ £ | & of
= = =
-15 -15 -15
-10 -10 ‘ -10
s s . ~15 L
-15-10 -5 0 5 10 15 -15 —]O —5 0 5 10 15
x/fm
Sl =N
B2 /s =7.7GeVhtE

I | (e) Final State
5!
0Fr
|
-15
|
10}

—15105051015 —15105051015 —]5105051015
x/fm x/fm x/fm x/fm

-10

a |

| —ization

|

| ‘
I ;

|

N AutAu HUC i , AMPT A7 b IE Hiar CZL € A S fUr R 68D 78 7S [R5 A B B 10 85 5 0T 1

Fig.2 AMPT results on the density distributions of Q" (red) and Q (blue) at different evolution stages for a selected central Aut+Au

collision event at /sy = 7.7 GeV

040013-5



% AR

2023, 46: 040013

15 — 15 | 15 — 15 o 1 15 =1
b (a) Initial State it (b) After Parton i6 ‘ (c) After Hadron 10 ‘ (d) After Hadronic 10 (e) Final State |
| —ization

g S g S Ca | o g 0 g S |
| |
S of S o0 1S of S of S 0 [

B - LA = B
-15 -15 | -15 -15 | -15 |
-10 -10 | -10 -10 | -10 |
i |
s ] A5 e = S S| ~15 ¢ — “Sle—
-15-10 -5 0 5 10 15 -15-10 -5 0 5 10 15 -15-10 -5 0 5 10 15 ~15-10 -5 0 5 10 15 -15-10 -5 0 5 10 15

x/fm x/fm x/fm x/fm x/fm

B3 . /sw = 7.7 GeV A T AutAu POl , AMPT RS Hp IE B 7 (416 Al s B 7 I C) 7EAS RS A B BE 1 35 15 20 A I
Fig.3 AMPT results on the density distributions of baryon (red) and anti-baryon (blue) at different evolution stages for a selected
central AutAu collision event at /sy = 7.7 GeV

5 - 15
(a) Initial State “ o (b) After Parton

5 © st
£, £ or
= =

} -1s 715[

-10
-15 15t

15 ‘
10 [ (c) Aﬁler Hadron

: 0
. 5
0

-15

— 15 | 15 —
(d) After Hadronic | (e) Final State

[

o | 10 |

R |‘ 5 |
i N |

' -15 |

|

|

-10

y/fm

-15

-15-10 -5 0 5 10 15 -15-10 -5 0 5 10 15
x/fm x/fm

-15-10 -5 0 5 10 15
x/fm x/fm x/fm

-15-10 -5 0 5 10 15 -15-10 -5 0 5 10 15

4 /s = 7.7 GeVEERE N AutAu FLRERT , AMPT #5578 iR s (21 €6) AT s CRE €8 A 7 S48 AS R J8 A0 B B 110 25 o A1 TR
Fig.4 AMPT results on the density distributions of s (red) and s (blue) constitutive quarks at different evolution stages for a selected
central AutAu collision event at ,/ s = 7.7 GeV

2 FEREREME R

2014 47, STAR S SR AL 28 — IR AR T Aut
Au fill 18 2 G 10 15 FE Aef 22 3 5000 AT I AS [R) B 45
SRET R A B Y R 43 A BRS04 AT R R
R TG V8 A Al v O FEE AR R 1 30 A2 B G A P 45
R, IR A W B R R AT N .
PAEH AMPT Y 155 1 15 H far 22 2500 A FE I
AN AL, U EE A T A i QCD 1 AR A& 5258
M2 81 3h 1A RE . A TR o, 34
HEHU T R STAR S48 2H — R Bk #2041 HL T
i & 0.2GeV e ' <p, <2.0 GeV - c' Al & P
7] < 0.5 Y8 BBl A (7 FORL 7 R S0 i i 22 26 50
A HE R TRAR . FATRA T kL1 2 SOk R
Gl R0 BT FEIX BN T A H OB UM (Avoid
the self-correlation Effect, ACE) , HE % T Jiff R & 75
7] < 0.5 B R T, B A BB A SR TR S8R
ZERe sl SRy T I T RO B DA R R A A4 AR ek
TEAIWIAEAZAARAR LA 7 SR IR A AR ok 7 5, B e
O JE 7] B 58 FE %4 M (Centrality Bin Width Effect,
CBWE) , & ATk M 1 v o0 JE£ [A] B 98 S 2 IE
(Centrality Bin Width Correction, CBWC) >k it 5 41
AR AP, RN TE @ & STAR SE 46 45 ik 2
AMPT &5 FL# % B CBWC X i By 3 B i sl B 4
A G R T R A R G A A
2.1 FBEERESREMNE

B AMPT BERUBIE T 17 44 L far AR 1) BE K A

P IR EL T fie AU Rl fE RN R AT A, I AR
AL 4T CBWC ) AMPT # BU S5 457 A% &, 1Y
55 STAR SEIG e Ha 34T T . M S AT LUE H, 5t
T4 72 BRI o0 BE (0%~5% A1 70%~80%) 5 /M
HEMREERA LA BA. CRERFIE
CBWC, f¢ H O il 48 FNI0 2 il i 0%/ M B 1 -5 5
IR AR A, HID 24 (70%~80% ) HIME K T 5
HLCMilE i (0%~5%) o X T So Fll ko? I EUE , So &
RE B 38 D0 T U 5 o O 5 SR AN T RE s A8 AL
AMPT # R Hp X So Fl ko 34T CBWCAE IE Ji FAE #
INTF AR A CBWCHE IE IR, 1X 58 7t R L CBWC
TR A R R K 48— 8. WESETRLK
P, AMPT 1588 (1) 45 2 15 S50 0 & 45 SR AR — B, #1
A WLER B4 FL T 2 B0 AR FE AR 1 A T e
R, HF A RN AE AMPT R dh 4 435 QCD Iifs
Sk A ER ML, B3 A LA Tk 6T I Sk YA AN
JE T I F I o

22 IEfEfErREE

TE QAT SCHTIA S 58 1 il i S b o — AN E R
(130 J1 A R B G LA B A B .
B B S0 A R AR AL R, & Bh TR 1 HE
WM S E R W, AV E T o=
7.7 GeV #1200 GeV P~ BE & K 1) AMPT #2484 4 A4~
BT B R . N T B 3l ) 0 R B AR ]
REDTR , AT KRB IARA LIS H R 2 L EE
(1o R T 43 305 sLAG 20 AT A RA B, AT 0k
15 1 FRL T AT A7 FEURL T (1 20 A7 2 B S LI

040013-6



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

10 102

102 o —{10°
g &

Net-Charge -
AutAu
] <0.5 =10

F ¢ STAR 0%~5% |1
L ® &« STAR 70%~80%|]
!

*IM

1 Owlo CBWC 0%~5% | |;
(% Aw/o CBWC 70%~80%|
& CBWC 0%~5%

CJCBWC 70%~80%
0.5+ é — 0.5
$ é ‘

So

—0.5 {—+—+++ -+t —1-05
10 | - 10
5 i}
st -5

-10 - —-10

-15 L il —-15

10 10?
Energy / GeV

5 FHIRBUE AutAufilf b g Ol (0%~5%) AL 2
fillA8 (70%~80% ) P A 0 I N 5 flf 4 B 2 O A g ok 2R
Fig.5 Beam-energy dependence of moment products in most
central (0%~5%) and peripheral (70%~80%) bins of Aut+Au
collisions, in comparison with STAR measurements™’

250

7.7 GeV @ ®
200 F 5] < 0.5 -+ After Parton Cascade

Initial Stage kbl

150
100
50

l 250 :
(d)

| After Hadronic Rescatterings

150 -

200

100 |- T

0F o

0 50 100 150 200 250 50 100 150 200 250

+

Fax o3 At 45 2 1E SRR VAR TR N K2
Ko FEARA RS DLT , 15 BT I 23 A A NH
Fia o3 A5 F 40 A Rk R Skellam 434 , FLVAFA B A
KPoson = KO 4 (= 1)K, X [ BT a1 1F 6B i 1)
WL AN AR SRR G B0 R T BTk v&
5 ORI 22 18] 1) 3 V) 5% &, R I 9k AT E N -
AK, = K™ = Kpe K K 5 ) 30 4 o
ARA S (A A 52 bR RAR &, AT AR RIA0 N G &R

AK, =20 =2((0.0.) - (0.)(0.)) (12)
2 CLm g A TE OB T m /5 SR T
n o+ mB B VR TRATH S L s A 61
FAL R 2 B PR DR R, T 22 1 [ 5 HRE 2
V) ) SR IBE M, FRATT AT DUV 5% 380 45 Fi i L K H Y s 281
HH 2 TR 22 R B Ty I FRLA R AR FRLAT R T 22 ]
OISR AR RN 1Aw = A Ut Y AR R U/ 1 N el 5 3 -
PRRE -SRI R T IR , Mo T~ =0~ A WAL 1~ 1 R Tk
FBE AR S WSCER91]. T B U B A1 IE
RN ER iy AR RE A S A S Y VAR R i A <N
YT AMPT AL [5 = 7.7 GeV 1200 GeV fi
BN AutAufillf# o 4 N AFEEAAET B O, 0 17
fizn BB . FATAT LU SR, A [R5 A B B P KL
T RBRNEANF] , BeRLT- R B A0 7T B 2 B0
X ¥ BB TRl A T L 0 AT o2/ M (R I 3D
JIEEAL, W 7 R

500

200 GeV (@) ®)
400 - |y <0.5 g+ After Parton Cascade

Initial Stage _
300 -
200 (-
100

Q) 500

(d)
400 | After Hadronic Rescatterings
300 - -

200 -

100 -

0 100 200 300 400 500 100 200 300 400 500

£

6 fE . /sw = 7.7 GeV HI200 GeV AEE T Au+Aufill 5 AN [FIEE AL B 15 HUAT O R HLAT Q. 7 Al s i
Fig.6 QO vs. Q. at different evolution stages of Au+Au collisions (minus bias) at ,/ sy = 7.7 GeV and 200 GeV

B 7R T Jsw = 7.7 GeV #1200 GeV ft & T
At Au Rl 4 AN 530G B BE 0/M O o
A GX 2 5178 (N, ) RO, 3
"h STAR 9 56 45 SR R A 30 22 1 — (A J s i 47
o (AR AR < S0 4 SR el R PR A 0 T

B3, Bk, R 5 AMPT RS b 7 i I B
JE g RAAT I A A & . TE AutAu fill i,
AMPT H= AR K 05 v DL U 3R /s = 7.7 GeV fE
BISREIE, DL 5w = 200 GeV i & H LAl
(S 36 50, (H 2 il TSR A R . T

040013-7



% AR

2023, 46: 040013

AL B NS BURE o/MAE B H G . H
AMPT R 25 35 Hp A B A b AT LA, T UKk
LTE A DA FE AR Bt AMPT BRI 25 L 2K T
FHSE R RA 0 R A, T U W AE I 705 RLRE 1~ 2 [ 77
EIE RO F , BRI CL2) A5 0] 1 8 HE - S T06 B 250
NI, X R AN 5 1 FRE 1 A R I
BLEE R 2% o X 22 5 B A T AL AR R AR AL
7, (A 5 B L 2 1 4 50 ) S I A AT T i T
1B HL A 8] FR) 1R SR IBROR R, T BE R TR AL SR RIZ 0 1
5. AMPT 55 2 v 11 A7 Fi £iF J] fY) 1k 5% 35k 7T fE SR Yt
T WA BUR IERICR] BEUR T 52 A AL L, 21X A
RERE A, ORS8O LR R A AN [ R AT
FRMRE T BT RIS RE T TR
BRI T BB s A5 B BRI s 1 PR T 5%

WRORE o SRT, 5T A B2 v (05 s 45 WL ) 2 4
RGN R AR, S EUNRL T R B R R AR
0 0 100 200 300 4000 100 200 300 40010
7.7 GeV Initial Stage After Parton Cascade
8r o - T 18
& T #*
6 & % 16
o " * 5
| @06 o 1?o &:;{ [@o00 0 % % |
§ 10 — } } - - t t t =10
® After Coalescence After Hadronic Rescatterings
#* O CBWC AMPT|[ %
» ---- Poisson Y
6F & T G 16
e * oy O@Q 5 ) -----
41 \%O’C--%-——%..nbﬁ s © 0 %0, 4
2

0 100 200 300 4000 100 200 300 400
(Nyart?

part

TREFMSAE ., AT LRSS AK, JLTF RN
T IXE IR LN OB LT K s B U Y B
ANMSURT DLE Ik 58 A GRS 7 2050 Sk el e
KBRS, 7 ELd S R A g — AR
AR RPN T AR R, AT R AL T
AN RL - ORI o IX UL T2 B SE G I 2 1) 0/ M
3 Bl i U R R AR . (B4R
14 , 58 T 3L 4R S 48 (Hadron Resonance Gas, HRG)
AW P 55 45 TR AR 2R B R e AR S R R 4 32 )
LIRS AR RN, 75 = e AL~ 2 1Y 58 /M
fH. AMPT #5285 P AT ALY BE 1 45 R 5 HRG B
R ZE RILATE— U . SR, 3 P 2 il 12 B2 ] R
FEAFRT, R FRATRI B R AM A FE LIRS AR, I
A F55 558 P ¥ AR sk R P ) R SR AT R B
BRI 5 A R 23 Sl A 0 4 5 A0 R 53 7 e 82 T8 %) <1
far K 75 IR 2 M2 AR A = S .

0 100 200 300 4000 100 200 300 400

200 GeV Initial Stage After Parton Cascade
150 T 1150
100 #, T T T 1100
o I L A
3 2o

50 00 0 0 o "00 0 0 oo 150
i 300F ' Aﬁler Coalvescence‘" Il Aﬂc; Hadror;ic Resc‘anering‘s' 300
250 # STAR - O 4250

O CBWC AMPT 4
150 + O 4150
L 1 O o8 e ]

00F Syypog 2 v x [ ™22 6 575% |0

50 F O OO 4 =50

0 100 200 300 4000 100 200 300 400
(Nyar?

part

7 AE /s = 7.7 GeV 1200 GeV HEE T AutrAufilf i H A FITE LR BEHE AN o/ A R F8 0 P2 P 128
Fig.7 Centrality dependence of moment product ¢°/M at different evolution stages of Aut+Au collisions at ./ s = 7.7 GeV
and 200 GeV, in comparison with STAR measurements"”

3 BETIHEMRR

HASHF LRI R E T QR T) 2 ER MK
i B 5 AR & X QCD AH AZ F1 QCD I 5 5 # ol B
J&E, STAR SR b i o 1 DU B R AR 5 B AR
B2 (o™ I 285 S 52 B H A SRR 1 BB KO
PEPOT X BN AT RE A2 QCD Il 5 s 115 5 .
Ik, FRATT3E T AMPT AL 2Y 3 ok o) o3 7 FH 87 R A =
L ORHR BRI B AT PR 2R QCD W) B 25 4 AH 5% )
R, R - FRAR T H Al g L I S nT A B
I FAT IR AERE L . U RIRA AT FHBOR 22 8 Git i
BTG 7N [F B B AT 2R G0 7E A I ) AL
FEAESY, BT CEP X 308 A AT gt B I S ik v&
AT B 9T 45 SR I, AT e 00 I A X 4k P SR e
XA 7E 5 GeV < /s < 20 GeV T, % bt S 15

(¥1305 5 T STAR SEEQ HE 34 01 T RFA &= L
MR A AR TR R ATE3 GeV < s <
20 GeV X [A] [ &5 Razin' . R, FH—m R T
fE LB [s o = 7.7 GeV & T Aut+Au il 1% 3
177 AT I 43 AT

3.1 BRTFERECGER)FOEKBM

STAR SL 3 A 1E 4l it K K T 1E /s =7.7~
200 GeV Re& T Aut+Au il 48 15T 1 5B+ A5
T2 EE ) A 1) BB R S I oA B3 AR o B AR R
R0, FRATTFIFH LT S E R AMPT #8882 1018 T
1E /s = 7.7 GeV REE T AurAu fill 1 5 7 R
TR T B R RAE LLE Gk B A —
2 B bR 1 o BE RO L I 5 STAR &5 50k

040013-8



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

FHE. Bk, A% T 5 STAR S22 —FE 1)
WA F LRI T BB B 04Geve ! <p, <
2.0 GeV ¢ HIPRIE| y| < 0.5 5t il P 14 3R 7 SR 1
R 2 E A ) BRI B R
TR || < 1 9 P 0 EEORL T T MOk SR
bl T G E SRIBEROUE, 19 e L 3 TR A
LT T HE B AR T, A RESR T A B8 28 Rk
TG R 20, I 5 BT 49 07 LRI SR
FI T CBWC {2 TE K B p ik v 20

B8 42 /5w = 7.7 GeV fig & T AutAu fill i 5
T SRR T AN R T % BRI R C, (=1
2.3 M (N )RR RN B 2 5 TH
( Ny IS, R T 00 BB C, LT T, KR
AR RSB RR T IR A, Bk, ¥4 % 710 C,
FENE TR TSR BT T R A
C, TS (N, ) FORAGE , 7T LAR B, AMPT 5
Y8 AT DR S KO0 «

BORRT Jsw = 7.7 GeV AEE T AutAufiffi
bR SRR TR R T % SR A ) B R
[C./C, (%M . C,/C,(So) FI C/C, (k0 THI(N,,.,)
Crpl B MR , 33 8 At e 5 LA B T i
PRBVL . 1EE 9Ca) th, AMPT BT th 02/ ()4
55 STAR SE I ) %4 — 20, (H H B (E % /. £ 9
(b)FF, AMPT B 7 A% 5 111 So {15 STAR 45

40 - -=- AMPT(p) l*(a) 40t &~ STAR(p) (b)
-5 AMPT(p) & 4 STAR{D) %
30 F |+ AMPT(Netp & 30} |+ STARMNetp) | &
St ¢ oot 4
& &
10 | L 10} e
‘l' "l'
0 ¥Rkt o o ok ok of 0 B¥kok o o ok ok o
0 100 200 300 400 0 100 200 300 400
Npar? Npar?
AMPT . 4(c 100 - d
307 AurAu7.7Gev ¥ *( . 80| ‘ i
0.4 GeV-c"<pT <2.0GeVe! 60+ 5
< 20T preos S 40 f
ol U " 20} #
o ot ¥ X o
0 [#Bet o o ok 20
0 100 200 300 400 0 100 200 300 400

Npare? Noare?

B8 /sw = 7.7 GeV BEiE T AutAuhilidiE 5T U5 T
T 2 BRI RAREC, &E%E*Z?%MNWQ AR
1|~{_-E[26]

Fig.8 AMPT results on cumulants C, of proton, antiproton,
and net-proton distributions as a function of <N pm> in AutAu

collisions at ,/ sy = 7.7 GeV, in comparison with STAR
measurements””

R—30, (0 AMPT #5228 BBl Al 1 RO T 1) So {8
NATTE 38 AR 5 QR weo® 4776 A B B & 4O, U
F Y RG240 55 CEP (XIS, AT B2 & A= I
Lk g5 SR, AMPT #58Y dh it 1 14 R T ko
BE AR KR 226 N S5iARa 2R 28— BUR B E
HIMAT A, i E 9 (o) B, 1] Be 2 R 8 AMPT 15
B R R R CEP &b (AT ] Il F ek 74 #L 1] 3
;.

1.05

(b) 30F et (©)

2.5 AutAu77Gev
20F

7

0.4 GeV-c'<p,<2.0 GeV-c!

Ko’

0.5F

0F
05}

' +
32 0.96 *
& ! W } . 0.85
: & AMPT(p) ; 0.80 - = STAR(p)
0.92 | & AMPT() 3¢ STARD)
0.90 b [+ AMPT(Net p) + 07511 4 starever )
. . L 0.70 £ L
0 100 200 300 400 0 100
<Npm>

1.00- o -_.3;7__‘?*__
"f% tf F k 1:3@;*#,_#,_

N>
part’

-1.0 :
400 0 100

200 300
<N >
part

200 400

B9 5w = 7.7 GeV At T AuAuREH R T R TR R T % BRI BB KBS 5 5 N,., ) B
Aré[%]

Fig.9 AMPT results on cumulant ratios of proton, antiproton, and net-proton distributions as a function of < Npm> in AutAu

collisions at ./ s\ = 7.7 GeV, in comparison with STAR measurements™

HRAE RO M B 10 2R T /sn=7.7 GeV
REE T AutAu Bl P 5T 5 F1 S 5T 1 2 B0 A1 Y
U — 1 B B M e, /) B (N Yo JEED T
FRATIZ LA 7R 1 5T B JH — A ORI R L, PR A
£ /swy = 7.7 GeV RER T Aut+Au Bl 1 5 T 1
T 7o (o o TR N P T G T S SSPE RS R AT S

VEARARL, 3% 7E B 8 R 9 EL e B, Jo 1 R o 7 1)
SR EMRARELREEAE S, BT HFE AR
T3 R F2H R TR A ORI R BT VE AT
TR E 10Ca) AT BLULSR £, AMPT B2 H XL
Ji T VA — A B R B e/, HIEA 34 5 STAR SR256 ) —
B, HRIH T 2 1 BRI — ORI

040013-9



% AR

2023, 46: 040013

FLBE (N, ) B K, WUR T 52 B 35 42 38 K, fHL
AMPT BT R FHUUR T B 3P EL S0 O BE 3 T
AMPT B 7% T B A LE 0995 R 79— 1k
S B R L AU 5 S B Ak O ) B R A B

B ( Ny ) T K L SRR 99— 006 B8 e A
TR AEBRRETHE L 5950 MR LSR5,
7EE 10Ce) H, AMPT B8 v 57 1 F1 SO T i/, 1)
(SN E . T 95 MO At A K 1 AR i

PRI LA — 2. [HEATELRIUE 75T 1E
RIS HHFRATTARE R o ] 5 1) 25 S H A BTV 5 R
K, T 72 AMPT A5 78 v 4 I ) 2 50 2H 45 5 2R XL
KT IERBRIL R 2 K. fEEI10(b) T, AMPT
R R ORI =BT A AR R B ey k5 OF

P FAVTE 5ty AMPT A7 15 S 0 k442 i)
TAAER—BUNLs . SChR b, AMPT B b £ 5
TR BRI (N, YO0 BED R AL TE T TH0 5
1R T A I 4 R, IO TE§3.3 1 1

0.15 25

5T AMPT ©
0.02 @ [‘L-‘ LJ‘] ®) 2.0 | AutAu7.7 Gev
SR = 0101 1 0.4 GeVee<p<2.0 Gevee
0 Wﬁ{%%{ K K A L5} <05 L
5002 Hik g 00F s 10f
- 1] * By <
oo R E 5y EREN é{ T 0sf
¥ - o
-0.06 : 0 Y S
ol * ~0.05 | [ STARG) -0sf ?‘
=i £ AMPT(p) ASTARG) .
—0.10f + -1of
' - s - ~0.10t : . ‘ , , ,
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
N N2 <N,.>

B0 [s = 7.7 GeV fERE T AutAu R T 5 T A1 R T 2 B X 00— KB BR B 2 15 4% T3 N, ) IR
Fig.10 AMPT results on normalized correlation functions of proton and antiproton distributions as a function of < N, pm> in

Au+Au collisions at ./ sy = 7.7 GeV, in comparison with STAR measurements®®

32 BEZENRRELLRRHEXKERHHIFMN Cy/C, (ko™ IR 52 JE LR y,,, MIHE L T i

TR T-HRRE  BEZ AR | | < e BT B2 25

TESLEG b, BT STAR FRI #5 B (8] % 5% % (Time
Projection Chamber, TPC) 1 & 1T i} [8] 3% 4% (Time of
Flight, TOF)#z 52 75 [l 1 BR ] , % 204 3k 47 A 3 7 By
I 5 A 7 PRUE L - 5 ) 40 R 2 o 1 32 3 L AT —
MIEFE. SCHk[66,96-98 1145 KR, HIREEZ
10 (Ap) 3z /N T R G50 R SR K (O, B
Ay < & N BFLE (C) R IE bR % () 5 T 32 1R
JE 5 Bl P9 B KL 22 B G0 A S A I n DR R L
,C,yic, 0 (AN)" o< (Ay)'s R, 45 R PRI P i
Bl (A i K F & 48 i o B SC BE K B (O 1, B
Ay > & BRIR(C) MIEE ok K () 5 BT 2 2 L
J0 1B N IR KL 22 B A0 A 1 3 B Ay SR PE R
Fo HM, ATKE SR s = 7.7 GeV LR T
Aut+Au il B A O AR (0%~5%) 53T IR -l
T T B R L RN S B R O A2 B AR M,
TH] BN T R P 52 10 AR Ak SRR i L e S
VA —fk S B R B R T 0% T R B R 2 Y AR
A4 Y5 1 DL SCRE89

K11 S8R T s = 7.7 GeV HEE T AutAu filf
b B RO RIERE (0%~5%) BT OB F AN T2
BRI ERELLERLC,/C (6¥/M).C,/C,(So)FI

NAY = 2pe B, Y, SEBR B3R T PR R
2 PG, 4 BT BT g B R B 2 B0 LA
04GeV-c'<p,<20GeV-c'. BT TIH>™
R D AT I T 1) S AR & L 25 0T T 1
KB . MWK 11 ) F(b) 7] LI £Z 3] , AMPT £
T 25 5 SATR SEI0 H0 8 1) i %% — 5, (H AMPT
R o 57 R R 1R o/ MBI /N T S B60{E
11Ce) 1 57 , AMPT #88) o 5 1 R0 51 1) o H
2R IR LIS, REE RS A
I B U — 1 S 1Bk R B8k, /o, 22 T PR LA A 5
FATE F B AMPT B8 i 1 R E LA 0/M . So
Hl o B A 25 TE A BE 28, 7R3 T R I A0 A h 3RATT R
B, 3K 2 BTS2 B AR R T O B Y S T S
.

K128 T Jsw = 7.7 GeV it & F Aut+Au fill
Jiit A A O Al R (0%~5%) 7 T A1 R T % EEAL
A 1 U — A SR IR R B G, /e D IR FE 232 T IRy,
A . B2 AT BUR L, T3 — R R 2
K/, WEAE &1 Dy B, EL B 25 DR 2 52 B I 38
16,/1c, SRR IR . (B FRATTAEE F] AMPT #5 7 o Jifi 1

040013-10



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

30F
(c) AMPT 0%-~5 %

LJIJ 25F AutAu7.7 GeV
"'%'"'%\'"'%‘"ﬁ' 20F

1.00 0.4 GeV-c '<p,<2.0 GeV-c'!
095 15 (

‘,20.90- 1}0.-%-- - S .-
0851 05F +

Lo2f @ rost ®

1.00 -
0.98 |

=096 * ;
||
0.94 *
0921 4 S
A AMPT (p) + +
L | & AMPT ()
. L s 0.70 £ 1.0 .

0.9
01 02 03 04 05 01 02 03 04 05 01 02 03 04 05
Ymax Ymax Ymax

Ka?

1<yimax
0.80 (g
e STAR (p)
F ﬁsTAR ®

- STAR (Net p)
L

0.75 —05F

(=}

11 /s = 7.7 GeV RER T AutAu Rl b FoC Rl (0%~5%) 1 ST T 5 1 2 28 5090 A 10 BB i L SR A B o
ZPE BBy, g

AMPT results on cumulants ratios of proton, antiproton, and net-proton distributions as a function of rapidity cut, y,  in 0%~
5% of central Au+Au collisions at ,/ sy = 7.7 GeV, in comparison with STAR measurements™

Fig.11

VA — b T BB B 1/, B 1R SR IR o i L S 36 B 4 o
o B 12(b) F1 (o) 2B AMPT #5 B A i - A1l
SR T B 1o/, Bl iy /e, EE A B IE T2, AN RE -
A B 11 e/, AR R A0 P B3 K 1 DY T R
I BRI Ao
33 KEHEPEFSRTFHXER

SR BRI I R ] BE B 2 52 31 QGP K BRTE
B A 1 3k B A P T LB ORI 5 T
SO BB AR 18 B AL SE PR B — A
A8 71 AT R, R T fiek 7 LI = PR B B
PEVEACRFE , A 0 22 LL 3 LA E1 ZE AL B ) R
EROCECRE. 55— 7T, 75X 18 B Al
SV RO L SEE Y, B R E AR RS 1)
MTHUE X . 7 AMPT B8 b a3 2 5 1 505F
5. EVILEIRAS N, T 515 103008 51wl i
(BRI EX . CHkl6,105]182H 7/ HE A5 1k
RN PG W B AR N 4 A PCND T BA
6 B — A I AR 5

o p AW T i 445 B A 30 B 2 52 FE YU L Y
AR s B AN 550 HE S B n AN 7 10 S B B
e, N:

K1:<N>ZPB:K2:_<£[> >
K3:2<N2>3,K4 = 6<N3>4 (14)
B B

ENOESEL i &2 & SHFCE Wl &N
B, I U T8 ( - D) R ELLF
(NY'o BT BT AR AR i i, oA 7 5 7 7
SR B Brisifk , PRt 5 2 300 i AMPT 444
R T Jsw = 7.7 GeV fig & F Aut+Au filf 4 7 4
AR B T B AR RSB R ¥ 3 /2%
A, R A T 7E O A BN 85 58 A ) B Tk A B
MRS ABL, g T B TR AT R R T RS, DR
AL 4GB B

B3 JER T s = 7.7 GeV it & T Aut+Au filf
i o N R A B B T % S A R LR
(N YO R JEED (A | R A T 7 B £ %5 5 4L 1R
75 BT ABRAT TV rh i BT AN A B BB 5 ST T

B! (B-N)
P(N)= 2 p¥(1 - 13
(N) N!(B_N)!p( p) (13)
@ 0.15 o
a
0.02 é{ LJ‘] %{ L{-] 0.10 F
P
0.05
0.0 }
N N
< —0.04 + o * g 0
-0.06 + * % —0.05F+
-0.08 | ) - B | [Fe STAR®)
53} Y] e
0.1 02 03 04 05 0.1 02

2:5iF

()
2.0 F AMPT 0%-~5%
1.5 | AurAu77 Gev

0.4 GeV-c'<p,<2.0 GeV-c!
1.0} !

£
a s 05F

gty

03 04 05 01 02 03 04 05
Ymax Ymax

12 /s = 7.7 GeV AR T AutAu Al i O b (0%~5%) 1 F1USUR -1 22 350204 0 VA — 10 IR BR B R R 1 52
Y PR
Fig.12  AMPT results on normalized correlation functions of proton and antiproton distributions as a function of rapidity cut, y, in
0%~5% of central Au + Au collisions at ./ sy = 7.7 GeV, in comparison with STAR measurements”

040013-11



% AR

2023, 46: 040013

Mok =rrz—. WHEE 3L, 5V B
EE , B 737 20 i ) AR B B AR T 225 9 AL
B BeJa SN 7 B i BB E LR AR, 9
HURT BT BO H 7 ( RAE LE R A K A2 A )38
LB B BUAS R VE BL R K JR A 0 - 7 T R 4
B I T 7 S8 B KRR 22 ) S 2 1 # 0 5 GRJ
SR AREN . s T B in T RRELLER,
RFIAS WH A E L E TN 7RI A .
1M 574 O R AR SR A T AR g5 . nali(9)
Fs s WRAEAE 2R 7RI O T = R E
PUAR BRARASE LR AR S — B o AE 4 D AR ALY

Bt , AMPT B! o 5 1 1) o/ M E U 224K T 9 F 5
4, FRE 3 Rl O AR G A A S R
TRk XT So M ko, EATE /M I L H 2%,
U EATBEEHE T E 7 5CH, HaHs 7 2 H 76
B, A RAFIF 2 B 7 R ek HOE VRS B2 AE
JE B AT IR . (HATLUE E R 2, RIRE LN
Bl i 1 g R A 1S R A P P N A A 78
FUE L 2R 1R 3 7 22 38 A 38k - 4K CEP 4k mT e
i Sk EAT J o WAk, FATR MRS+ R E
bl 22 1) H 0 BE AR PE 5 BT SR AR b o B ARG
PEARAL , R HUE /NS A AN

e e R T R EEE LT
U]
LT _— R "] 4.
]
08 T =
= Initial State After Parton Cascade After Hadronization Final State
®osf T T
="
]
"
0.4 THEEE N E N g T
t + } } t T T T T T T : : : : T
____________________________________________ - TR e L L I S T
Ho + Au+Au 7.7 GeV C L | + i
& 0.8 ' ¥ T 0.4 GeV-c'<p<2.0GeVe! T AMPT T
| ]
] B
ool 8 n | pos 1 -= Baryon |
STt -+ Proton
mEmE g & §
041 -+ + T+ T+
f t t t I t f f = t t t mE t f f t
20t 1 + ;
[} ']
10 ..—f——+ + ——————————————————————— —J"!—'————i——+—— -1---1+Baxs i—— o B EE
w mamEn § §
g 0 T T
2
1k 4 1
72 -
=3t ! 1 ! ! 1T ] 1 I LT | ! I !

1 1 1 1 1T
0 100 200 300 400 O
Nyar?

pare” part

100 200 300 400 O

100 200 300 400 0 100 200 300 400

pare” Npar?

B3 sw = 7.7 GeV RER F AutAu iR R RSN B T2 B K0 0 BBV LURBES SH T4 N,,, ) ke
Fig.13 AMPT results on cumulant ratios of baryon distributions as a function of <Np,m> at different evolution stages in
Au+tAu collisions at /sy = 7.7 GeV

KT SRR R L BRI L 3 FR RSB B
W B4R T s = 7.7 GeV B & T Aut
Au Bl A ALY B TSR 4 e, 3 ( N, )
Crh Lo B B RRRE o ZEIRAIY B, TR0 52 51 61 45
- IF = 3 SRI 67 D B S, X e
FIAE S T AR 8, 2T R
CER) T P32 5 B (N ) TSR0, 350 2 D 72 2
B b Rl 477 , T T RN £
T PR BB R I . ShAh, AT 5
B T R AL, £ T T BB MO TR -
R T SR SR  (F ] T E 7 Tl

R RE AP ORI — ELAAE . FRATIE R Z Tk
K oA 05 2 L ORIk BR B A 5 B ARRL, (E R K
SR PSS L, IR IR I & 2 A SR IB R O iR
T AE— @R AT PAgl) R L AR
MRHESCHRL106-109 138 Y, 2 H 7 KRBk H 5 2
JR T R IR IR R i) = /g Forb g A
RS2 I R AE A BR AR 52 B AN 28390 B Py
BRI HE . RN =(N")/q, 1 X—K
AUEEFHFEME -FL X ADPor. d@id
P52 1 SR IBC PR BORN 22 J 1 R I R B ELAEL AR m IR
] USROG A7 %52 A1 g, B et /il o LS

040013-12



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

T Jsw = 7.7 GeV e T AurAu filf 1 A7 2%
ST x Kk E’~J<Npm>< RO B MR . AT R
WA 2T S0 ELR, BEEAE N —
WL N 0.475, 5 XCHERL107-108 JFTH2 (1 1/2 WA A
[H. ME13FE 147 LA H, £ AMPT B8 f 2 5

T IORUK R K5 2 01 ORIk R BN ok B A R
Vs, BV TR AE . A RS2 IR AT DAS R A
THAFER R T RS KRR EACRE T 281, 4
FA R B HAE 2 Aok, JCH A I kv, 7
O 5 Bk v Z B (9% R T RE = SN R %, 7 22
DI,

0 DT~ mimis SISt ey _‘ ___________________ '--"_. _______________ L} | _._ ____________
—‘I. L. . . [} : A
n [ ] ]
[ ]
100 ' L & = AMPT =
. . - -& Baryon
= n
-200 - b -+ Proton
Initial State After Parton Cascade After Hadronization Final State
-300 |-, g 5 i A , ! ! STy , . . - | ; ;
200 £ — HH - t }
+ AutAu 7.7 GeV
SR . T T T 0.4 GeV-c'<p,<2.0 GeV-c”
- ]
& 200 u T . T T <05
]
100 - . T = T T
-~ o . ? ¥ o !
i s s o] w ] | . ™7 T N SO
f t } t f } Imm t t f - t t } t
100 T
OF Mg =-mmmmm oo ™y T - 1——+—— - ————I-ll—t——+—— -4----
] ]
™ . . [ ]
L -100} = 1 o +
< !
—200 + +
1 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 1 1 1
0 100 200 300 400 O 100 200 300 400 O 100 200 300 400 0 100 200 300 400
Nyar? Npart? <Npare? Npare?

14 /s = 7.7 GeV iR N AutAufilff A FEEAH B n T 0B H «, ISEZ*S*Z%(NWQE‘WE%T&

Fig.14 AMPT results on correlation functions of baryons as a function of <Npm> at different evolution stages in

Au+tAu collisions at

4 -
_Q 2r
=
a. (HHB.E.J S I " G T Y R
X oF
s
o =1
2 | = n=2
- n=3
—— n=4
il [fe2 0.475‘ | |
0 100 200 300 400
Nyare?

Bl15 [sw = 7.7 GeV g I AutAu bl - 2 K7
B2 51T (N, ) i
Fig.15 AMPT results on the acceptance factor as a function
0f<Npm> in AutAu collisions at ./ s, = 7.7 GeV

4 FERHCEMER
1+ ) TRl ) A RS T 5

Sy = 7.7 GeV

T RS AT S 5R T 07 AR AT DA A — FhouRR 1 7
ELHR A RGN . B, B FRINAE QGP H
PR ER RS T, W FEE R R T H R, iX
EQGPE 5 AR ERMEL —" H—F4M
SIS 5 R LEAVEL (Po+Pb) O Rk L, K/
(1) e B B 1 P WL 52 21 E 30A GeV BEE I — A
WA HH B, IX A AT BB QCD 4 i iR 4% P41 1) F
Uf. TERBEATAREEE A A RE T, Uiks
(P A% 250 L 4 /N 17 A T 7E pp SRONE R
R 1A A R R, X2 BN QGP AR E
TEOLT & 2 A4 75 iR 7 I = g e . A
[ A 2 (1) 53R 1 7 AR 7 AT LA 7 B 28 Tl R Ak
SR GG R . SEIREAR TR, HaET (A
Frund T IO LT LA R T (B s 5 ) AR 45
BT e HA S R, A R P
T AE SCRHAR X IR 2 P ) L R T RE R AEE R T Il 7
BT E ", R HrkEwRsIR Tire

040013-13



% AR

2023, 46: 040013

FAR ) H 2 SRR T I AN Y Rk QCD
FHAR ) — AR

4.1  FLERTE

2018 4F, STAR Sk & /E2H E & | AutAu
il 48 R 15 K- 22 B AT R (B SIS AN
ek RN G N W= o S U EAT TRV S S Dk~ E R
17N AMPT AU R 72 Be 45 H 6 B 1) Ak 2
REERE, SR EE —%. X EEHEA
()75 5 2H - AL i) I8 ST LA S R AMPT 52
R HT 7 S kR R R, A S T s =
7.7 GeV R F Aut+Au Rl f#& &5 5ok 7 1) R E
BRI RASCE R B N T AT, AR B
T 5 STAR SEER 20" —FE Rk £ 560 A LR T
WEhE02GeV ¢ < p, < 1.6 GeV ¢ M| y| <
0.5 70 [ N 1) K A K- AT P03 50 B, [R Iz B 1 R
B | | < 196 FEL A B0 B T 2 B ke s SURE
O BE. DN T RE S ORERANL, K43 0 FE A ER
Wi AR K ALK R+, IR A T CBWC
K43 A Fdm DA B AR Bk TE 8, X BLUCR A T
bootstrap /7 iE T E G TR ZE.

B 16 575 7 Jsw = 7.7 GeV B & F AutAufilf
BEHFKN T AN ZER M RABEC, T
(N RO IKHNE . 1% KT (AN 1) BB R
C, M1 25 it $ 31 A 0o Al 43 B0 R 38 o, mT DL IR
AMPT #5284 [ 25 S AR B /N TS0 30 204 . ik K
K~ 141 2 55 2093 AT A2 S VA RA 43 A7, W AT DAAS 21 A
R K I F (AN A8 BB A O = CF +
(-DCf  mE 16 h LR, EGiHRZEAHE
FEJE N, T BELE C, EALF-#5 AMPT A 7Y
PITARA B — 3. 2R, W RATF AW 82 16(b)
A PLR I AMPT A5 28 vb C, 1 45 MK T Foya a2t
2, X R KK Z B A7 A5 5 DR B, X 72 5 TH

wig.

—+— AMPT (a) 20+ (b)
10 F | STAR X
=== Poission I 15 *
from AMPT| * I
S| o Siof Lot
k.47 t_——(
) % 5[ o 3
() Sl op”
0 100 200 300 400 0 100 200 300 400
Ny art”
15 FAutAu7.7 Gev l © (@
0.2 GeV-e'<p,<1.6 GeV-c'! 40+
10 fpi<0.5 20
< T < gl %_ A
S5t ¥ 1‘_ Lo+ 0 prtemr =¥ 1
Bt
0 gt *” 20+
0 100 200 300 400 0 100 200 300 400
part” Npart

16 /s\ = 7.7 GeV & T AutAufli % KN T2 &
oA RZREC, %§5$Z?$&<Npa,l> AR AR
Fig.16 AMPT results on cumulants C, of net-kaon
multiplicity distributions as a function of < Npm> in AutAu

collisions at ,/ sy = 7.7 GeV, in comparison with STAR
measurements'>”

K17 8RT Jsw = 7.7 GeV BE & F AutAu filf
FEHEKNT (AN ZE R AN ERELE
[C/C,(M/5*) . C,/C,(S) I C/C, (k0™ THI (N, )
CrRats BED AR 1, AMPT #5504 1 yF 78 U0 B2 48 FH e 2
Fon. ME 17 A DLW 22 3], AMPT 5 %Y 1 ()
M/ fH AT LA IR STAR 5256 204 Az HhoCa il i ) L
AN B AE S Al T I SRl STAR HOAE , (A b2
PR35 S0 R B A — 5, AMPT BEAL 1) 45 3
WRF A FELL . i b m & F Bl IH =7
ZH A HLHI ) EL AT <7 1E i AMPT B8 1 45 5 R 3L, 3%
RHTHMS A NS FHW. EE17MB)H,
EARZE RYFCE N , AMPT B8 3% K /1 1) So i
55 AE 1 S A A 1 S 00 B0 45 R — 30 KT Hya kA g
2. AMPT B A5 KAt 1 1) ko (B AERRIR Z 7t
VRV 5 S Ie e Je s R4 — 2, i 17 (e
Fie KA1 B RS a2 48 2 [a] ) iX L8 22 S
R, 5 K110 2 B A A2 — AN]SR B AL
AL AN 5 1 KA 2 8] — B A AE P G

0.56 @ Aut+Au 7.7 GeV (b) 25h ©
7+ 0.2GeV-c'<p,<1.6 GeV-c| 20F

; v<0.5
052} I $ +

048t {i 0.5 ']%‘{: i»

LYY
-------
~
~
.
~
~
~

so.so- +++ : )XL ‘30'6_’“§#+

0 k[ star
_— —0.5 [ |[—4— AmPT

1.5

g

------

1.0 = == = Poission From AMPT
—0.5¢

0 100 200 300 400 0 100

<N >
part

200 300 400 0 100 200 300 400
W, pan> <Npsrt>

17 /s = 7.7 GeV fgE T AutAuRlEi b K AT 2 SO 10 REUR LERBES 5T 5N, ) (0

Fig.17 AMPT results on cumulant ratio of net-kaon multiplicity distributions as a function of <Npan> in AutAu collisions at ./ sy =

7.7 GeV, in comparison with STAR measurements

[129]

040013-14



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

RAE RO THE, B 18 IR T/ 5n=7.7 GeV
AT AurAuREHE T K RILK 92 T 5000 (9 9
PR (N YO R BRI . 7EH 18 Ca) 1, FRA1]
W52 3 KK (09 =R TR T 56186 8 B0 2 IE R
55 HUARFIF) (K KO WKL TS0 B ol 0) ) S
9 ¥ K T ) 5 A W] PR T 56 BB B B (e A
KOD) o IR L IH % e AL A R OB R I
AMPT L M/ (1 N, ) AL 15 5230 45 S 5L
525 T A B TR B o e B AR (KO
KKFEI . TR SRR B 5 AL s

HLH T AMPT B84 th 5] N BA rhCe AR 5% 2% 1
kDo N T SEBUX — L T LA SR 132 9 i 7
P AR IS WA EHHEIT TN T p, - o ZEORIZ ]
KR TR R, X R A BLSI NS Hy, A
Y RAE KA K™ IR SR I 3 B U6k 55 » 8 5 15 21 i 7 (14
HA L FERIE R R Ve TATR B EAE N
FATARKIIFE TN Rz — o KR AF TR T2k
PEAR AT B A X P AR AL, ORAE N I VEAR I . SR
117, K A0 K- =5 A PURL T~ B S HK o B H TS i
ANl E VTR N 5 E

@ 55 () 3T ©
0.8 K ;
-4 0
0.6 L
2 2 2 ! A K‘(‘OV K
Sgo4ft s o
18 K>
02y H %] AmpT )
A Au+Au 7.7 GeV Dy 4
0 A=Az A TAE AL 0.4 0.2 GeV-c'<p,<1.6 GeV-c™" 5.5
y/<0.5 3 o
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
<Npm> <Npm> <Np’ r'>

18 /s = 7.7 GeV AgEE T Au+Au Rl o K1 K- 112 SO 19 I KU 2 5 4% T80 N, ) HO R YE
Fig.18 AMPT results on correlation functions of K" and K~ as a function of < Npan> in AutAu collisions
at. /sy = 7.7 GeV

42 KEUHERHFRFEBFEAKNTFHER

AT S TR R R B T EE AR IR K
IbF T S 15 T S TR T AR FRA K R T
ST B AR R SCHE BRI B ) A AR . X
THREAHE, N = NS - N*, NS FIN* RoR iz
PR s Ails 2 v FRBCRE T s Al s 25 0 BT 1 2 S B
TFH W+ RI=10 AN [F AT 5 0 7485 71 A [F) 40
BN RZ 5, WS EM Q535 H 1.2 13
N RE AR . BRMTE RS RNEE LR
TRNNT = niphn RN R T HEW s T
A ps RoR BT R TIAN R, BFF R
TRETLEER NN =D niple AT IHHEE=
AR TFIHALPY B A e B 2 B I R
BAVHE T TR IET (KK AZEMQ) K H i
T A R s Al s 5 v 1 E i, X 5 SCk[133]
H) S A M LRl RS R, RS S
AN = AR R BB FARER T A AT TR A
HARAE AN B T RERE L FE A, 1 KA TR DAL
Z KR BRI A e BRI BRI

K19 B8 T s = 7.7 GeV & T AutAu filf
i S A AR BN BIAD FiE A R 2 &
KA 19 B C, 9 (N ) CFD B AR . &

e EIX BRAAEE C,, R AD PR, X F C,(n
=23 M4, BENTEE Tk E Z R 1 RBR R AN E 24
TTmk, B AR B 20 HEAT VRGN TR . B ROk, 3RAN
B H R TR R 4 5110 2088 55— 31, RN T 4 AN
B B 71 A AT T S 250 1 A T B JE — AT ALY
BALE T 5 AR AN T A e e e . W)
A7) “BRT PR HUF M B, T DA S22 3015 A R 50—
B AR C il T &, RIS S SRl Er % T
BB R T, SR RN SR, TR
AT IR Sy v R T AN TR ) B kR X S
H—MBERECH - EREE. H—HH, H#KN
TH— B & C, B IER, FNE F 38 AL
KN T, B EFEEME T, iF 2 A 5 E
To MNTERE—FIFHRESETFEER, BAK
PV 27 S B 3 C A X T 8T U Y B 1 4
R, X AT LLE S R ] R R A, G0 s Xt
TA—n +p N, 3R AW s 5w, HE
MR ENABAESEsS WA 7. b, 17
BE N2 S 5 T I A b 75 5 5T I AR
It s % S sk FE NZ K T s o, W48 )7 5 AR
JE VA S BTN . SR, IRATR I KA F 10
FHE C G = MR BLRFEAR X R W5
- PR AN R A R ST A B i KA TRk
WM AN K, SCHERL69 I 2115 K/ 2 B /3 AT [

040013-15



% AR

2023, 46: 040013

R R R G =AM BB AR AL f£K
& KN TSR BN 5 A R AR A M
LSS EAERUE LA AN . PIIE AT BLAG H 45
e, RV B KNS AN A (H 4 KA1 K& 72—

FERE L 1 AT DL 4 A S k% . 7R 4% L QCD
FARIAIA R QCD AR 41Tt §8 A5 JR0H A H 15 K
T Bk V& R 34K 7T RE K 1 A 57 4 QCD Il STk %
R MR U7

20
Initial State After Parton Cascade After Hadronization After Hadronic Final State
15+ 4 L +  Rescatterings + g
AMPT STAR ¥ .
T T s [ BNk R
Sr T 2= Netk T o5 12 T o ! T slg ¢
m 5 ) ¢+ t
0_-..- 1T L LI R EWP) B o1 “‘:. S e __‘:t*
40 - [] i ‘
30k . ¥ S W * .
S g | ¥ L .
20 " - @ . : ¥
U0 T =" T .» w o’ 5 T . g0
0_’l 1 at 1 'z’. L] 'z" L “ﬁ;t*
20F —— - : - =+ + +
AutAu 7.7 GeV [}
L | 0.2 GeV-e'<p,<1.6 GeV-c | T ¥
10 ! . *
< i % v[<0.5 . ¢ o ¢ " .
oL mam® ® + L ounn e 4 __.ll‘:¢+¥ --nﬂi:ig+ --*:**t
10 £ M . i . R . T
T T T T T T T T T T T T T T T
S0t + + + T
© ¥ + . ¥ + ] + L +
[ ] [ L 3 ¢+ ,,,
ol w=® 1 mmn wite o o0 wite o ® 1 nn ¥

Nyar? Npar??

0 100 200 300 400 0 100 200 300 400 O 100 200 300 400 O 100 200 300 400 O 100 200 300 400

Npar?” Npar?” Npor?”

19 /s = 7.7 GeV AEEE T AuwtAu Rl bR FSALI B 2 R HE0S KA T2 B I BBV C, B2 5T H( N, )
sk

Fig.19 AMPT results on cumulants C, of net-strangeness or net-kaon multiplicity distributions as a function of < N, pm> at different

evolution stages in AutAu collisions at ./ sy = 7.7 GeV, in comparison with STAR measurements

N T kD B R B AN A E AP B
AR ALE], B 20 7R T s = 7.7 GeV BE R B
AutAu fill 1 7 5 A [FHEALBT B nobL 5 G A s 24
G145 SO/ S AR5 50D IR B 1 N, )
O EOHBINE . X B BT AT I EISEPR ERIR T s
Fl's 53 % FEAEAS RIS ALBY BE R 3 ME , A &) =
(N K™V =(N*)o TEFRATA R 1 G0 it & ] Lh
M3, 1F 5B Al s A AR v, =R AR
TR B AT F . TR, AT R K
T BURL P AN PORL T ORI R B . TS, 1A
SR s Fl s oy 5 s AR el . &R kL
FRIBERR B 0 ™2 Al s D FIME A A IE  H g s Fl s
535 v Z 1A (KLU A R R B () D 5 1
HOAL, 3K T S B R E s A s 2 5
BN PR AR o #E AMPT AR RS o, [ 25 5 25 o0 (1) 79
o SR oR E LS O FH SO 2 T A 5515 5 7T BLIA N 2
FEZIEACHUE N 2 8 7 T RER g5 R . X
FEMAEERE, TR T RERR AT 5 5

e E T RARFEIN, RO A SRR B A
HHOE T EHE A RN S B . B+ Ik
2 Ja s AT LRI s All's 25 o (1R S50 A8 0k /b , R R Tk
SR PE TS IX & TR A R R
BUE R X5 TRATTZ BTLET 7845 373K T B 1
T LN, Z 18 B EUR T ECR IS T KR
KIS FE R I E 7B, TR B 5 vl i
oRsE T, IR A Jom 1 30 12 5 H1 50 A =+
Sy B 1A R, 752 B R Y e ™
BRI PR KL TR BR BR BT — € M3 k. &1 FF
BIUER A BE 5 37 5 80° 0URT 1 L1 5 BB R B0t A e Ak
T, A e s AN AT BAP= A N A s Al s 5
A AT AT LA AN A s T
WRET. W, DERNEL + 1" — K+ K H,
K FVK 3 54T s Al s 2 o, B0 AT (10 72 A AR KKy
AN AT R G M A Y R AR AR A s D TR OB I A° +
K —>Z+n"H, HANEEFERANsTw, BAEM
P AR R O ) R AR . T RS, s T
GRS Y PSR o R Bty ) 87 NI S X i ]

040013-16



Wi 555 53R T i b s E T K% 5 QCD AR iz B AU iF 7T

BT I R BB 55 5 e ) e Ve BRI, X AN [F]
1) 22 0L~ 5% Tk bR 5y Ab I B 4 L R i 1 1 19
HEr R R EREAS R, QDR . @
I LR B 18 AT 20 AT A, FERAS R L KA TR BEBR

B e AR R 5 7 57 RS BB R ) P AR
P AT AR BLA a5, 3 th i W 4% K A1 Bk 7T LA
B AR A A BBk

_| After Parton Cascade

30+ Initial State

20

@)
1

10

| After Hadronization |

After Hadronic
Rescatterings

Final State

(@)

2
w

1 L
+ AMPT

h i L . ; r ; d
AutAu 7.7 GeV
x 0.2 GeV-c'<p,<1.6 GeV-c!
T T <05

(¥)]
3

(%))

4
(=]
T

= )
"
1

Npar? Npare?

1 I 1 1 1 1 L 1 1 1 1 1 1 7 1 1 1 1 1 1 1 L L 1 1
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 O 100 200 300 400

Npar?” <Npar?” Npar?”

Bl20 /sy = 7.7 GeV Bt N AutAu Rl /EA R Boh nRiF G A s L5 2 s Rl A s 41590 % i) KRR BB 2 573
(N YIRS
Fig.20 AMPT results on n-particle correlation functions of Kl Is (constitutive) quarks and s (constitutive) quarks as a function of
<N m> at different evolution stages in Au+Au collisions at ,/ s = 7.7 GeV

p:

5 SIANZEEKEX QCD HETHMZR

SCER B Y B R R4 QCD I At A
B, R BT ¢ R R HRI . TESEBR RS , KB
EMERI RN 2252 258 RT B BR 1], 4 7 21 85 il it
PRI R IR, FLER Ay B A 2R (R ] e o AR
T HIREEE SO G FRA D0 s Fhiok 7 3 1 1) 4% P
BRIE IR AT T — PR E . A TIRBIZIR N
AN, 6 AMPT M8 (R AR v1.26t5/v2.26t5) BE4T 14
&, SN T HE 58 1) JR 38 43 1 %5 B2 Tk V% (Enhanced
Local parton Density Fluctuation, ELDF) , H 2% [&
TEERAT BN A R BT B E LR R
B A BT o T BAE R ) P T R R r 2
A1 7% 28 B 1 5 i A TR 1 o o 7 B R R A A rh
R 250 43 1 5 FEE 1 = 30 e R A W, [T 1 25 e A
KANKNBEHSE . T, BEA B R A 12
BEE N fm, BRI ECR N 2.3.4 705 sPEALIE RS .
9T PR AR  FRATTR A DX 3 A B B AN BB 43

o Bl 1) B 2 530 14 141 7% 7Y S B — AN B AL 1] oL
B T A AL bR A Bl A e AR e

51 FEEKEXSMAERSNG

K21 7R 7 AMPT 84 o 5 N8 43 1% JE ik
V& FB T AT 58 Ak i B TR R )P T A ]
A3 . TTLLR IR, 7 AMPT BEFY i, 28 5 88 F AL
B s 51N 30 43— A 2 [ 85 ok 9 AT A8 AR B AE W 46
ST SRR FAR A R E BRI B —
AN K AR AR B B AN [ B [ 7 1 A L
B 7E 31 19 A o 2% i) Hp e B T AR T R s S
o BATFMAROUHET RMELE, 4T
Jsw = 7.7 GeV.11.5 GeV 1 19.6 GeV fit & F Aut
Au il 5O JR SRS 43 T 8% A T R R L
LA

X T4 B VR RS R T B Bl &
02GeV+c'<p, <08 GeV-c' MRE|y|<0.57E
FE P9 A5 7 CF O R R i 7 () 2 R AR

040013-17



% AR

2023, 46: 040013

b=0fm

AuAu @ 19.6 GeV

y/fm

No Hadron Cascade

Il Il Il
-5 0 5
x/fm

E21 (£ AMPT BRI 5| N 7)1 ik vk < Ji » #8001
A7 58 9T 25 5 T AE A [~ T ) 22 ) 70 Af
Fig.21 Coordinate distribution of hadrons in the transverse
plane after introducing parton density fluctuation
into the AMPT model

fry AR H R, 5 %92 8 S A D e
FF, G IR R A B i 22 BR T

1.4
L2 Au+Au:0%-5%
1.0
0.8 -
E #
0.6 —
O STAR
04l ® p(AMPT)
: 4 p (ELDF AMPT)
oal A Netp (AMPT)
i ¢ Net p (ELDF AMPT)
0 ! ! L L L L

|
§ 10 12 14 16 18 20
sy / GeV

i F R R T R T RS A AutAu B RO Al
fit (0%~5%) ko I 5 & Wi 1% , £ AMPT.ELDF
AMPT B [ 45 5 5 STAR 256 308 #E 47 Eb 8. %
TR ARG R R 45 R (B 22(a)) , AMPT R fg
ah IR R OR RS ) Re =, W] LLZ I ELDF
AMPT B FiH s R R E R 1 RS o 1
K IE IR, (H 5 IR 4 AMPT #8111 5 45 1
FHZE BN TR R 22 70 VIV BBl P9 #0868 4 0 52 596 2090
B 2 rh 7 AT oAt 3 1 4 5 R AE P I (1R 22
(b)), AT AV EE £ 3% 2 HoAth 5 155 oo FRIEL A BRI
s, JUHAE R RE AT .

BATIE 8 T 5 4] AMPT B2 e (568 740 HLAE
By Bt — S0 BIF 50 K I8 15, a0 P 23 flro .
bE B 22 A K] 23 (), AT UL SR BILE /s = 7.7 GeV
REEE R, 9 7 1) AH B AR 6 R 7 g R T b aE
BRI, T4 /s = 11.5 GeV f119.6 GeV fi
BN ke’ [EREMH N, B 23 (b))% E-FREZ T
(s B R AT R R B T SR AL AR AR, 5 (R A
1B BA BRI, R AR TR R R e E N .
WATH & R 5 H 88 — 5, i QudWHRG
(Quantum van der Waals-HRG) £ A [ it &
%%[139]0

2.0

44 p, P, n, 0 (AMPT)
p. P, n, i (ELDF AMPT)
1.5 | v Netb(AMPT)
% Netb (ELDF AMPT)
1.oH== OvdW-HRG, Netb (g=1)
: m— QvdW-HRG, Net p In Acc. (q=0.2)

y OSF ——em = — %

; m
0 -%1 %1
0.5 # ___________________
1of !
1 pr € (04,08) € (-05,0.5)
-1.5 L I | | | | |

8 10 12 14 16 18 20
SNN / GeV

22 {E AutAu O REE (0%~5%) o 5§ 3BT T AR E T R R AR R RE R AR
Fig.22 Energy dependence of high-moment ratios of proton, net-proton, net-nucleon and net-baryon in central Au+Au collisions at
/sw = 7.7 GeV, 11.5 GeV and 19.6 GeV from the original AMPT and ELDF AMPT models
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Table 2  Yields of strange hadron in full rapidity space from central (0%~7.2% centrality) Pb+Pb collisions at SPS energies
measured by the NA49 Collaboration"*

E . = K 1 P Or - 4. T. As
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40 8.8 2.96+0.20 59.1+1.9 43.1:0.4 2.55+0.17 1.59+0.16 146.1 0.44+0.15
80 12.3 3.80+0.26 76.942.0 50.120.6 4.04+0.19 1.44+0.13 153.5 0.3140.12
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Fig.24 Collision energy ./s., dependence of the ratio
Oy _=_4_,in central Pb+Pb collisions at SPS energies and in
central Aut+Au collisions at RHIC energies
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