L (T3 3R iR i)

wwwapracen  Nuclear Physics Review
Started in 1984

GeV BE X R H IE S 5 -6 R 8 BT 5T

TR EAKHEE BRI KSR

Investigation of the Splitting in Elliptic Flow Between Protons and Anti-protons in + Collisions at
LI Pengcheng, WANG Yongjia, LI Qingfeng, ZHANG Hongfei

TEZR R View online: https:/doi.org/10.11804/NuclPhysRev.37.2019CNPC04

TS

ZEMSFE, TR EE, 2R R0, KI5 K. GeVAE DX Al H 1F S i M B i B 4 A AR 0], I FAZ P BEPTE, 2020, 37(3):660-667. doi:
10.11804/NuclPhysRev.37.2019CNPC04

LI Pengcheng, WANG Yongjia, LI Qingfeng, ZHANG Hongfei. Investigation of the Splitting in Elliptic Flow Between Protons and
Anti—protons in + Collisions at [J]. Nuclear Physics Review, 2020, 37(3):660-667. doi: 10.11804/NuclPhysRev.37.2019CNPC04

FETT BRI HoAh S EE

Articles you may be interested in

Au+ AuHL B TR T15~200 Ge VAT RE T AT BEHK & 5 AR ()
Temperature Fluctuation and the Specific Heat in Au+Au Collisions at Collision Energies from 5 to 200 GeV
JRFRZYBEPEE. 2019, 36(4): 395-399  https://doi.org/10.11804/NuclPhysRev.36.04.395

A~8ORZ X FE AU A BF T 1
Progress on the Spectroscopy in the A~80 Mass Region
JR T Y. 2020, 37(1): 11-17 https://doi.org/10.11804/NuclPhysRev.37.2020001

A ED O o 2 [ A R IR Y A AS = N INE 'S
Status of the Chiral Magnetic Effect Search in Relativistic Heavy—ion Collisions
JRFRZYBEPEE. 2018, 35(3): 225-242  https://doi.org/10.11804/NuclPhysRev.35.03.225

BET P AR B TR AT R X R AE
Probing High—density Symmetry Energy Using Heavy—ion Collisions at Intermediate Energies
JRF Y BRIEE. 2020, 37(2): 136-150  https://doi.org/10.11804/NuclPhysRev.37.2019068

H R L A o G LA S AR TR L R S 2 PR A o 3 ) 52 (930
Z-dependence Flow Pattern and Experimental Filter Effect on Transverse Flow Extraction in Intermediate—energy Heavy lon

Collisions

JEFAZYIEEPES. 2018, 35(1): 18-22  https://doi.org/10.11804/NuclPhysRev.35.01.018


http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2019CNPC04
http://www.npr.ac.cn/
http://www.npr.ac.cn/
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.04.395
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2020001
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2020001
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.35.03.225
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2019068
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.35.01.018

937 % % 3 M SRS R/ Vol.37, No.3
2020 4 9 H Nuclear Physics Review Sep. , 2020

XEHS: 1007-4627(2020)03-0660-08

BT B B 5E

AR L2 FaE? F kg3t g 1d

(1. ZMRZEZR S HARZRE, =/ 713000;
2. WA ITYE =B A2 B, WL WA 313000
3. T EREEBE AR I, 220 713000;
4. ZINRZE S ERER R R ET FRT L E R, 2 713000)

W A F #omAE A6 & F 4 F 51 /1 % (Ultra-relativistic Quantum Molecular Dynamics, UrQMD) #£ & #f
RTFCRBEE \/opn =5~ 12GeV B X T 197 Au +9"Au A 8 F I R 5T 894 B 5% vo ZAGE IR v, MZE. #L
Mt eBEEERE T eH MR UrQMD#EX THER, 247 T EK BT E IR v, LLR A E R
v MEMESEp . MERE /55y REYyFFOENZ M. KAEFRFHZHEEES, TURFHH
BRTHE R, . ERRTHE R, REMBESEp . MEERE /sy TUHZRHE, HFERZWRERK
BEAMED (0 REFFOE)AIEZH. TLEEARNERGSERXEZIRBELULER

QCD(Quantum-ChromoDynamical) 18 E £ #4748 & AR # & X

KR =B TAE; WER; T
FESES: 0571.53 XERFRERD: A

1 35l8

e e Tk o IR S TS AZ W 5 ) Ja 1 — B R AR BE
A B PEAL R SGE R Fe s . AR 2 K%
JER, FEFHUEAER R, BoRAl BAE R R AAE R T
o )75 S AR - A I vl PR AR v 3 P R PR T A 4%
W, T B M ) B 8 —5 - IR 158 35 1R
(Quark-Gluon Plasma, QGP)2, #ixit & &y 7l
SG 7 A B R A A BN QGP B A SR AR T
WL SR IE 20 AR, A7 T 38 AT B v i S0 RS
% (Brookhaven National Laboratory, BNL) f] %] &
#H OB 7 4 L (Relativistic Heavy Ion Collider,
RHIC) PA R A7 T BRI #% + 710> (Conseil Européen pour
la Recherche Nucléaire, CERN) [ K 24 5 -1 X} 4 41
(Large Hadron Collider, LHC) T T — &5 K525,
T NATIA R i S5 A T SR AH ELAE A 5 i v e it 1 =
& SRR

N TR QGP & 1 LA & 48 s 7 Uik 3 QGP
FE— A2 5 crossover #i A2 22 [A] (Il 5 £, RHIC-
STAR(Solenoidal Tracker at RHIC)SZ 36 & 1E 41 T

Wi BEA: 2019-12-03; &2 HER: 2020-01-17

DOI: 10.11804/NuclPhysRev.37.2019CNPC04

2010—2014 347 T R REEH# — # (Beam Energy
Scan, BES-T) SZ56, # AAVEOE R 1A I 57 250 A] fig
HILAIE X i/ N B0 RAEE /55y =20GeV DL . JE
T BES-TINERMSEI W& HITI, STAR A {EALEIH;
TR AR RE R AR ST, EAHARME 5 A A tH LA AIC
RER XA (/S <20 GeV) BIF 7 2 AH LA I T i AH
G R AR I s i B B R, BT
REAMA KM IEAR R S, FEEER RO
(GSI) [ R i 75 B 7 W 5T 26 B (Facility for Antipro-
ton and Ion Research, FAIR), % #7164 1%+ i
FLHT (Joint Institute for Nuclear Research, JINR) ]
H ST T F P nE 48 (Nuclotron-based Ton Collider
fAcility, NICA)P! R [ i K A2 %5 B o 0 7 ok 43
A H#E A7 (Heavy Ton Research Facility at Lanzhou-
Cooling Storage Ring, HIRFL-CSR) Fl 7t & [ 5 i H
BN 4535 B (High Intensity heavy ion Accelerat-
or Facility, HIAF)07) #fl i 5 85 7l 5 7= 2 s v
HP B ERIAZBT, IR TT T R DAL ) 5 )
PEPR A B B SISO

STAR &AEA ) BES-1 SL5a AU A2 T K& 1) S50

ESTE: HEXARRFEESTITH (11875125,11947410,11675066); WL HAFHEEEE P EITH (LY19A050001, LY 18A050002)
TEE N ZMFE (1992-), 5, WEHZEAN, HLad, NERNTYESEFEZEDEPFA; E-mail: lipchl6@lzu.edu.cn

t BIE1EH: K%, E-mail: ligf@zjhu.edu.cn.


https://doi.org/10.11804/NuclPhysRev.37.2019CNPC04
mailto:lipch16@lzu.edu.cn
mailto:liqf@zjhu.edu.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn
http://www.npr.ac.cn

SRS

3

VS =05 ~ 12 GeV REIX 17 Au +'7 Au Al 48 b IE S A EAUES 2L 7 - 661 -

et T EOS R 7 — 2 5 R SIS AN R A AN A 1)
g 18U L in7E B AR X BRI L R, IE SRR T
FRARR L vo HH I T B SR AR 22 001, I HLaX b 22 B o5 il
e B 1 IGORBRID,  [F B R ZE K T R
7 7121 51, KB RY, 7 INDRA( By, =
15~ 100 AMeV) | RHIC B X (/Syn=7.7~200GeV)
() B Al v, T DAVE AR IIAZ W) BOIR 2 77 1 1
BRer B, 55, ERMEHRERAE R T, ER
BT B2 % TObR BE R 710, s — B 518 T A
M2k, 2R e TARER#E. XU
s 1821 36 F 47 J& 19 2 M1 #0138 B2 8 (A MultiPhase
Transport, AMPT) KI5 1E SOk 1 F 1
TR NEICINYNEED S = 5Y5-® wvAm a2 Ml G R L2 N e
SCHR [22) s AR TR H TFAERARS A R SR th 2 2
Houg(nt) <wvp(m™)o WA, REFIERKTHHfHES
7 2 S R B A [ (23724, 1F J 25 3 i A ) bl
Sy 257261, E SO i AN R 4 e 27 DA R A A PR
T 5 R H T A s) /s E 4, A
¥, RS R TR S E RS2 WAl fe e ok RS IE R
W2 8] BRI [ B 2

AT H T W S AH N8 B 2 1 30 /1% (Ultracre-
lativistic Quantum Molecular Dynamics, UrQMD) #&
B, @l ERE O RCE TR MUY R T, /A
Vo =5~12GeV F 197 Au +197 Au R B 235 4B TE
X IE SR B 22 R DTk, A RAEAN [R) oo B2 R ER
FEMLIN B 11 1E ORI 22 0] B B AR . A
SRR B A R UrQMD Hris 15 AL 1 4144 A
SR JUVEFRATIT IO AR DG et B8 =040 &5 tHAH B (1) 25
REWR, By AL S RE,

2  IBEPIEZR

UrQMD #5 8 J2 — AN SRS b BRASO 22 4 JE 11 5
JI 5 E BB R BO-30], 2 5o R I S T T
UrQMD H i AJ PAME &5 i FH T 70 At KON S RE &Y (A
INDRA F|LHC §éX, B, =0.04 AGeV £, /5y=8 TeV)
W p+p, p+ANI A+ASE L PR WL BN . Ur-
QMD HAIA 3N EEW KRN 5 — D2 R
(Cascade model, UrQMD/C), FrH K1 & # & H
I (free-streaming) JeAb 3 BG40, &5 — A0 RRA
#30 (Hybrid model, UrQMD/H), ¥zt s
FRAEBN TS G MR v AERRS) ) i
FIERFMTORES R 28 442, = Ak T
¥ 3535 %45 H 5 B8 (Mean-field model, UrQMD/

M348 s i b 4 UrQMD /C B A UrQMD /M
BT R 45 FRAR T8 1 193 3548 1TE X 1E S5t 140 07 10
AP

UrQMD i~ B B 7R 7 A& 7501
) 1% (Quantum Molecular Dynamics, QMD) 4
[ RV, Al 48 T 2y SR AL, T AR B 1 2 13 ) 2
(Relativistic Quantum Molecular Dynamics, RQMD) [50]
AR, WIGAAIT, 7 A A R A — e &
B kR
1 (r—rp)? ipyr

We e h (1)

BURE LR TR R, BRI RS,
WATEEMA, T A, W L=2fm?. rHp 25
INE T ORI AR R . i Wigner A2 A
PRS0 A HT A 23 18] 20 A1 bR

1 (rfri)z 7(1’*1%’)22[1
T 2L e

e e 0

¢i(r’ t) =

fi(r7 p) =

S8 IIE B A e S B T e
. oH . oH
" op;’
W WU HAZ AR AR 0T Loy i o sh g TN
AR EAEHSGU, WH=T+U. Ht,

T:Z(Ei_mi) :Z(m_mi)’ (4>

2

D = *ari ° (3)

U =UE) +USE) + Uyu + Ucow + U + Ung + Ugmo~ (5)

PEEU B M =4k Skyrme HEET. Yukawa
HEET. FECHEET. Pauli A HET. &ML A
XPRRA RIS . FE KRR X, A BLAE 2 W] BL A
Skyrme e B35 Y2 B SREAR PLo3), ZERRER), Yukawa
WEET. Pauli HAEI. LA R BRI BEANB) /) 5
AL FERE /N, AT PL ARG, T Skyrme 3 Re TR 5]
B G IUAK 28 5 ) B A A% e B o R o B R KR )
Skyrme #He ] L5 A

o))

Horrp, BB THEE, o, By NREZDTURETTHE
WM S8, XBEBW a=—268MeV, S=345MeV,
v=1.167 D4, SR AIEIT AT EGE R K=314 MeV .

AT BRI S, ShEAHCT R P,
EX I TAEHRATRH 7 JAM(Jet AA Microscopic



- 662 - R 7 &Y H T’

37 %

transportation model) £ BT 1) 2 -7 5 34 BB 1)
IR RT, R HARIRN

md ’L’p])
m - ’ (7)
’ kzlz f (i —p))/ak)’
oAt M aq ESE, PEANRIRIRTE S 3 STHR [54-55]

M NN, £ UrQMD A, RFEERH
SEBORAN P 2 A, 51 A SERES ™= A2 IR TR R (7]
H “yo-yo Bk s P03, 7 I Bt ) 2 BT o TR 1k
B s iz w8, ks o5 58
TEARBRI, X T Bk 2 ()3 25 FEAT A A BAEH
BAVEZ BB TAEF &3, BT UrQMD/C A7 R
MR EASR Z 08 0 5E, — e EE I SR A B
R, I RHEIC A5 X 2 X R iR i i 157 50
DL S HBT PR 5 S Ik R AR K ERAE TG I R ) R,/ Ry 2
HONTF RS 1 B0 ik, BT SRR 24t
TR BT 2 (B O AE EAE A D E N LS RE . 1B W)
R, AR U L T2 B — AN 2R AT EE ok
FZ A FEYA BB IE. HAMMHBBIEZENTF: T
CIERRINE T, KA LEAAERIMABIE; T OEK
PN+, REETELTG N TR ET, RAM
CIE R B — R AEIE, 2558 Skyrme #HEIL,
HABTTRE N AFRE; XTI, KA K
PEF—FRAE T, ERETESRNZES, MR
I AE IR LL— AN A 7 (2/3) InbLAZifh; ORI &E T
R B B 2 (A I e A BAE . AR R 98+
i‘}#?’jphzzlﬁcc]p”, HpxFEF. TR
FROERBIN T, a1, 2/3F10,

BE R e R S, B AR IR AL EE AR AT
KEE L, T RQMD 75 £51A & fE 8 A R Al i A7
E 1) CPU FE I 85 K- 2 1) 15 57, Maruyama 2 71 45 1
T AR R B A X 8 g T B 2 AL (RQMD/S). 5
JAM B B —# . AR RQMD/S i 48 7 2
g, W] DLRIE N

N
H=Y"/p?+mi+2mVi, ®)

=1

Horb VONES iR A RO AR S o AR LA

FH 3 0 v S AT BE B = — v FUAH X B 2 pyy =
— p; BB 250 4 75 B0 % )8
7 =1 (- Biy)? 9)
B S 5 merm?
Di; = Dy (E; EJ) + ;5 <E2 iy ) ’ (10)

FEAAESE N FIER GASKL T 1A B BRBE B85 A1 ;5 KL~
ﬁij _ Pi +pj _ 1 (11)

E+E T -p

B IR R E P AR A

dr; pz N (12)
dt 8p1 Ez o

dp,  OH =m0V

dt N_ari__ZE or (13)

B [0 S5 P ) SR AL 2 PRI B Al e 7 A Y el
EARZW TS S A ROWI o 3 H AT ST T W X
HSRPRE T ) 77 6 £ @ 43 A AT L g 5859,

#N 1 &N
E 2 Te)] b
F 27Tpldpldy{ - Zvncos (¢ — Rp)]}

(14)

v, NN R R, MR RS, Hp.
BT o, AR B 5 0o, AR 5B =00
vs N AL, CABEREHE . Rl Iz DGy A A
[ v, I LARIE A

wE@mpw_@@D:<“:m>o (15)

Y2

Hodpo=/p2 + p2 WBBIEL, KR4GS RIRN P KL
FHEAT T

3 GRS

T8 = X S8 A QGP M FUB R NS, B
AT UrQMD 5 Al R 17 203 A5 15T s A A T b
T 2 QOD 5 — EH T A . BARBERL P B
(A TEAE LR TR B, (HR B AR — Lo BRI R AR —
Pl B LA R R . CERATTCART AR T, %t
UrQMD ARG P, BiiRRERE . RS R
AL RS o HEAT — R A S e, T DA A
B INDRA UL /% SIS fig [X (0.1 AGeV < Ey < 2 AGeV)
I SEE R B2 35 45481 75 AGS fEIX (2AGeV < By, <
8 AGeV), YT T4 I TR TR ELARE 35 [,
RILAALRE 4 H R A 5256 52 560 008 10 B 3 B AR T
m/n, AR TE KB B B X MM B R . 7E SPS
(40 AGeV < By < 158 AGeV) MRHIC fE[X, H—35%
JE& b TR Y OB T RO F BB IE G, %A TE RS
A KERIRAE T — AN RIHER 77, Bk BT R
GiitPELIERE Sy, AR RO PR E DX 4 5 A B —



%3 M FMEFESE: /Saw="5 ~ 12 GeV ReIX "7 Au +'°7 Au filffi v 1F S5 o7 106 I3 0 B 2L O o 7 663 +
SHRTT BRSO, RIS T H 005

BRI I R,/ R, 2 ot B2 th e S i 004 %_&4&4\$

MATE A 58 7 280 A AT 25 4F ) BT t-puzzle (B8 i 08 45 ool . i
HiH) R, /R T 98 f) 5 Ol T o . W /j:;/m—w\ﬂ_ﬂ
B, 1 B R TR OV R TR T ST, A f“”';75 Vo= 115GeV Aur"Au

S RE S I M R — AR A SEIO R, SEReRE— P R AT
Xof T AZAH ELAE I IR N B AR -

£ 2 7 TAR R SR | 145744 60761 g fry g S o A
BHAERE /Sn=7.7 GeV T "7Au+'7 Au Jx B 1 IE & i
TRIMEERREAT 70 AL . FUEBORL AR, {15 %
VRS e S b /< 0 S U1 PO 3 A T B RS LE iR S
BRIXIE, NI RAEEAIG 1 I T K A% S Jo - R ML
9 T AR T R T 100 0, 0% 014t 7 A e A
VS =115 GeV I, £l (10%~40%) 11197 Au +197 Au
Hll 48 Hh IE [ T 1 v, 72 UrQMD /C(1E 1 B 45 ) Al Ur-
QMD /M (77 TE 1) 15  Bf I ] i) A2 4k . IX HURA T
A5 — RO BT . AR | <1, BEZh&E p <
2 GeV/c. fEUrQMD/CHERXF, t <10 fm/chf, IE
ST 1 wo 8 58 NS 8] P 38 I i PROE IS K o SR 1 R
W (<6 fm/c), BT ASZIES A 7 A 1 Y BORL T B
AEE HRAE R, Fr BLSB T v EEUT B 0p /o
B I TR G, T B AT RSN B S o T2 BRI

0.01 10%~40% |n|<1 p,<2GeV/c
—m— UrQMD/M protons

0F —0— UrQMD/M anti-protons
—e— UrQMD/C protons

—o— UrQMD/C anti- protons

1 1 1 1
2 4 6 8 10 12 14 16 18

t(fm-c ™)
(fELF ) UrQMD B X (UrQMD/C) F1-F
B3 B (UrQMD/M) F e R EE X 5§ (30 b
) GRAT (2 0hRE) MR vg BET E )84

—0.01 -

20

K1

TR UKL~ 55717 SR BB Rk e o s o 30 - 1 5%
= X, RSB fm/ i, BT vy FEROR T
T vy o H BN RE o7 AR B, 32 2
AL 55 B RGN B FE 0, AT LUE BB ) vg BEARAS
ELHTIEJ’EHS, 052~ 200 EH 37 DR 8 1) Y A il A8 A 354 R )

[ERENA, v, [ I 8] R 35T 38

B 2 Fe 7R IR 2 AN [R) NS i B DA SN [ Hhots FE PR a6 X
X IE 5 1) v, B B & p B R . AN EBLET
B TE S5 AR B 3 20 ol B AN R B R B Sk Ko, BB

TR BSLIFE SO 1) vg EEBL T v, BERT A3 UrQMD/MZS R, W48 UrQMD/CIIZE R, 40t
HER, BERTREH. METFHERAT, G750 FAERZSTARAEA ML R, T Lus it E 2R
0.12
(al) (b1) (ch)
UrQMD/M protons - UrQMD/C protons Y STAR protons k
0.08  ---- UrQMD/M anti—protoni = UrQMD/C anti- proton% 3 ¥¢ STAR anti-protons ‘% ;
s i ! kgt
T 004p P L S
ok
—0.04 sy = 6.0 GeV sy = 7.7 GeV Vs = 11.5GeV
(a2) (c2) ‘%
0.08 - ‘% %
S IT1
: LAE
& 004 Fr
= ol

—0.04
0

K2 (FELRKE) A FAE R

F STAR & 141 10

1
0.6

1
0.9 1.2 0 0.3

p/(GeV-c™)
ANTA) 0 B TR P 237 A LR IE S5 1AM A v FORSE BN p 1S FOSEME . SIS K R A



- 664 -

SR S /I N S i

37 %

H BB LM UrQMD /C A A BE 45 H IE S it 11 I
ZIEHZE. fEHRE T HBIEER UrQMD/MET,
BT B v B S IR AR, 1R S5 1 14 wg ZTR] H L)
W ZE . IR LT AT AR, U SORL T BB 1A
R VAN HE R 3 ROR 7 B B KR, A5
il A2 R PR, 3 PR AR S0 B (10 5 1 1K) g 38 000 T et 6

2B B I T wg P

o R T BN BAR P T

VA Ak — D R KA, BT DU T 1 v, AR HE /N
BT S,  BAG v B kT 3 B R )G i 5 AR
(KENERF) PR, BEERRENT &, X — KK
7 0 S b B B . UrQMID R G 3 5N PY-
THIA 7 53] ot 4y s (0 B A0 LAAF 4 R0 B o {F2
THAT UrQMD R A & T 527 Tk, SR
A KB SR 7= A0 AR [ It S A AR SRR T SR 50 A
B 3&y th TR fE B\ /Bry=5 ~ 12 GeVIY Ur-
QMD/M #1 UrQMD/C A B, AN A A FE (0 ~

80%, 10%~ 40 %) MIREE (Jy] < 0.1, |p| <1, #E

PNTE=R

He B

BRI PR Ty 2055 T AR B ) W BT 1R IE 5 T4V
[ AL ) R B B W] PLTRIRE B UrQMD /C R (B
EG) TILFEAERZER B, WSaFmBEiEmn
UrQMD/M B A R Z K B, HIRZRE A

Shee

HIE R TZ WD, X% 5 SR N 45 2R —

Bl WACREE R ROV E TS s, AT A

0.04

v (p)

0.04

v, (p)

—0.04

0.04

v, (P)~v, (p)
o

—0.04

(@)
B - =
1

_ étf ifif{ft\\\
%

UrQMD/M "7Au+'"Au
109%~40% p<2 GeVic

| (b) | | | | | A
N > A?‘
> \i\ 4‘4‘4;‘%{.{‘: - >/l

- | -
I >/ D (¢ & ~wr7 \b\
o X X’ik{j‘z"\;\’\l
% - 3\4
—A— 5 =60GeV 4\
_' —W— s =7.0GeV \!
B R Ea—
y

K 4

.0

0.06
YTAut+Au p<2GeV/e
0.04 _Q-#_.— = —_ T ===
L A/Q:Ii=’ >/._/.'<
002 m— ™ r
B - SN
o [3----- O-m @ -8 7~
= e ol &
-7 [7l<1.0 0~80%
-0.02 '% 41<0.1 109~40% —m— UrQMD/M protons
I~ —A— UrQMD/M protons —0O- UrQMD/M anti-protons
—0.04 F ~ /A~ UrQMD/M anti-protons —@— UrQMD/C protons
. —O- UrQMD/C anti-protons
| | | | ] | I
5 6 7 8 9 10 11 12
sy /GeV

K3 (fELORE) ARMNE DT, FEmBEIExt ik

S5 M B Al £ R AR A

W25 U e R 10, 0 v, Sk Sk I Y
FEFHCEREA K. WA, 1E10%~ 40 % Fl|y| < 0.1
R FR, 2R AE R AR5 T 0 ~80% Al |n| < 1
SR DR AN [R] A BE AR & 1R T e 4>
SR ZE T R R R AT R LR AR L EL

DN S A AR R T o JRE T AR A1 PR S
Pl 4 25t T I ST RO (BT DA R AH L () It 72 B PR B
(a)s (b)s ()] AL [ (d)s (e) (D] HIARAL.
FELORFEIX, 5 HRF T (1 v, #BE & e R T
M K. fEREREE /s 2 7.7 GeV I, Bl PR

[

0.04 (@ - i
Inl<1 p<2GeVic A
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1
(e)
0.02 - /}\x
.z/ —
o §§\
I \\\§
~0.02 >
(t.) 1 " 1 " 1 " 1 " 1 " 1 " 1
0.04 - /»/ ;
i e
0.02 - //'»7ii*\ 4
i {/ —— 5 = 7.7GeV
0F —P— Vs = 11.5GeV
010 20 30 40 50 60 70

Centrality/%

JR AT vp LA =3 Z [BIRZE RO (a) BB (b) 7041



SRS

3

VS =05 ~ 12 GeV REIX 17 Au +'7 Au Al 48 b IE S A EAUES 2L 7 - 665 -

M |y | N, BT oy IEIETE, 7RO PR
X H B — AR 1 o0 A o ZESREEARE X, RS T vy
BEE RE R m i N e, BT UAR R . AHRLR, TEIER
Ji TR 2 R A TR, ESRERIREX, BEERE
BT R R, O PR X B R
TR R %, JFHI— MR A . Rk, 4FTiEH
PR T VNS, AT DA SR [ A0 2 5 iR P il i A
O e S 75 1 NC 7 £,y T S S e e e WY 0924
X 5 4 B B DX A AR AR A RO RS, S I R AR
FE RIS . Bl O PR X 1 BT R AR, W F
RIS R SR %

FRAN T TV 537 114 /0N B I A7 5 il A P R ) K BR [X
S P P B A 55 3 5 3 KR IX 4 PR o i) 14 5 ) 4
Ko KRR, JR TSR ERN, (535 100 5] LA
F S5 W (RIRELAS R s a X B s mfent, 550
BT B X, 2 i K ERTT AR K .
[R] 1ht 55 W05 560 5 1) H P T %5+ DT kv o AR EL
TRl A RO AR R B SR B B R .
Bl A (d) ()~ (f) T LUE BI7E A SCHE 7L 1 g R
I P 55 0 AR B A T A AR R 28 o 7 B/
T 7.7 GeV K At FERESE L 55 W BT v, HO A
) RN 2 B A i B P 3 R T k) o

B 58l T 1E BB T 4k I AR AR 6 I 2 (v (p) —
05 (P)]/va (p) TEAS [ o FE RN B 7 11 R 130K 2R 38
A LU B /5 A% R 5 7 34 1) UrQMD/C A (250 J7
B R, MARZEREA NN, I H ARG & A8 1k A
o FEAATE IR (0 ~ 80%) AR (In| < 1) HIW
WE DT, HZET Ok T I R 7 #4515 1
gL (S0 5 ) AT AR A Hh A S 5 K dE o AL
BT /oan < 7.7 GeV I 1E 55 11 [ 37 2 0 1)

YTAut+"7Au p<2 GeV/c

20F | p<0.1 10%~40%  |5i<1.0 0~80%  |5|<1.0 0~80%
—A— UrQMDM  —@— UrQMDM  —m— UrQMD/M
~ lé6f -0~ UrQMD/C
3 * STAR
= 12+ ;
<08} * g<,‘:§
— e
S ol ! !
OFz _---0-qg_ O- 4
0 o T TT----pg
704 1 1 1 1 1 1 1
5 6 7 8 9 10 11 12
Vs /GeV

K5 (TEERIE) ANIE] e AR BEWLIN & N IE f s
TR I A X 2 O R SRR R R E T3
#ik [12]

FXFIRZE, (HERBLRZEN GE R RGP R S . it
—Bgi/NOL P, IR 10% ~ 40 % X 8], 7] L&
B0 BIZE H T O AR IR R R 1 RORL AR [ A T
WM. i BaMEROE, WRHy <1, %
AL TN B IR T R A A ZE

4 RHESRE

BT Wi AR R B T A 1A UrQMD, 18
X O S AT R T B R MBI, A
THEERE R /S5y =5 ~ 12 GeV T '*7Au +1°7 Au filff#
Ji T 5 57 B B R % . R B BES fig DO 2
{14 1E SORLF WA IE 0 1RO 22 1T DA R o T 3R RE . RIS K
B, TS5 B AT AT 22 0 e PR ARORS SZ O BE R
T EEURZIE, IR/ O BE B PRI & 11, IR
NI e R ARG 3G 5 . 34, TERURAE R e & X
5~ 7.7GeV. FOEN0~-80% PE N < 1Hf, Ur-
QMD /M #ET IE s ot W [t 2 TR AK [H A7 72 5 Ut 22
B BAT 5 1 R B A g

AT A B B 208 LL ks, RS2k
PSP B AT R 3R T8 18 T B IE, IR AR
KL F BB IEI LA BRI, AT = B
ERAEIX, eI % i L 0 2 PR AN T R 40 AR B0 K, 2 TR AE
190 ~ 270 MeV 2 P 047051 i A3 [ fry R 25 7 P B L
SR AR, B HBT Pk 1-558€, ok — g
mig (40, BB R SR A R AR AR 3k B A S T 1 R
T L — 20 RS v v R B TR P AR AR (AR
PERITEEC, TR B8 0 58 455 4 THI b 2 ik S 50 Wl =
AL NH IR T A .

S5 3Lk -

[1] JIANG Y, MA Y L, ZHUANG P F. Chin Sci Bull, 2018, 63:
2465. (in Chinese)

(5, okss, FEMSTE. Bk, 2018, 63: 2465.)

[2] MA Y G. Sci Sin-Phys Mech & Astron, 2019, 49: 102001. (in
Chinese)

(SRNAIL HERF: B D)% RICH, 2019, 49: 102001.)

[3] Studying the Phase Diagram of QCD Matter at RHIC,
(STAR Notes) SN0598, 02June, 2014[EB/OL].[2019-11-25].
https://drupal.star.bnl.gov/STAR /starnotes/public/sn0598.

(4] ABLYAZIMOV T(CBM Collaboration). Eur Phys J A, 2017,
53: 60.

[5] Searching for a QCD Mixed Phase at the Nuclotron-based
Ton Collider Facility(NICA White Paper), Draft v10.01, 24
January, 2014. [EB/OL].[2019-11-25].http://theor0.jinr.ru/tw-
ikicgi/view /NICA /WebHome.

[6] XIAO G Q, XU H S, WANG S C. Nuclear Physics Review,
2017, 34(3): 275. (in Chinese)


https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/N972018-00202
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://doi.org/10.1360/SSPMA-2019-0236
https://drupal.star.bnl.gov/STAR/starnotes/public/sn0598
https://drupal.star.bnl.gov/STAR/starnotes/public/sn0598
https://drupal.star.bnl.gov/STAR/starnotes/public/sn0598
https://doi.org/10.1140/epja/i2017-12248-y
https://doi.org/10.1140/epja/i2017-12248-y
https://doi.org/10.1140/epja/i2017-12248-y
http://theor0.jinr.ru/twikicgi/view/NICA/WebHome
http://theor0.jinr.ru/twikicgi/view/NICA/WebHome
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275

- 666 -

SR S /I N S i

37 %

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

(M EE, 5, R FT&ZWEiTie, 2017, 34(3): 275.)
ZHOU X H. Nuclear Physics Review, 2018, 35(4): 339.
(/M. TR TR EPFS, 2018, 35(4): 339.)

ADAMCZYK L, AGAKISHIEV G, AGGARWAL M M, et
al(STAR Collaboration). Phys Rev C, 2012, 86: 054908.
ADAMCZYK L, ADKINS J K, AGAKISHIEV G, et al
(STAR Collaboration). Phys Rev Lett, 2013, 110: 142301.
ADAMCZYK L, ADKINS J K, AGAKISHIEV G, et al
(STAR Collaboration). Phys Rev C, 2013, 88: 014902.
ADAMCZYK L, ADKINS J K, AGAKISHIEV G, et al
(STAR Collaboration). Phys Rev C, 2016, 94: 034908.
MOHANTY B(STAR Collaboration). J Phys G, 2011, 38:
124023.

PINKENBURG C, AJITANAND N N, ALEXANDER J M,
et al(E895Collaboration). Phys Rev Lett, 1999, 83: 1295.
DANIELEWICZ P, LACEY R, LYNCH W G. Science, 2002,
298: 1592.

ANDRONIC A, BARRET V, BASRAK Z, et al(FOPI Col-
laboration). Phys Lett B, 2005, 612: 173.

ZHANG Y X, LI Z X. Phys. Rev. C, 2006, 74: 014602.

LE FEVRE A, LEIFELS Y, HARTNACK C, et al. Phys Rev
C, 2018, 98: 034901.

XU J, CHEN L W, KO C M, et al. Phys Rev C, 2012, 85:
041901.

XU J, SONG T, KO C M, et al. Phys Rev Lett, 2014, 112:
012301.

XU J, KO C M, LI F, et al. Nuclear Physics Review, 2015,
32(2): 146. (in Chinese)

(1R92, FIIA W, 254, 4. JEFRAEITAL, 2015, 32(2): 146.)
XU J. Nuclear Physics Review, 2020, 37(3): 650. (in Chinese)
(1832, R TRZPEE PRI, 2020, 37(3): 650.)

BURNIER Y, KHARZEEV D E, LIAO J, et al. Phys Rev
Lett, 2011, 107: 052303.

DUNLOP J C, LISA M A, SORENSEN P. Phys Rev C,
2011, 84: 044914.

TU B, SHI S S, LIU F. Chin Phys C, 2019, 43: 054106.
GRECO V, MITROVSKI M, TORRIERI G. Phys Rev C,
2012, 86: 044905.

IVANOV Y B. Phys Lett B, 2013, 723: 475.

SUN X, MASUI H, POSKANZER A M, et al. Phys Rev C,
2012, 91: 024903.

STEINHEIMER J, KOCH V, BLEICHER M. Phys Rev C,
2012, 86: 044903.

HATTA Y, MONNAI A, XIAO B W. Phys Rev D, 2015, 92:
114010.

BASS S A, BELKACEM M, BLEICHER M, et al. Prog Part
Nucl Phys, 1998, 41: 255.

BLEICHER M, ZABRODIN E, SPIELES C, et al. J Phys G,
1999, 25: 1859.

LI Q F, SHEN C W, GUO C C, et al. Phys Rev C, 2011, 83:
044617.

LI Q F, LI Z X, BLEICHER M, et al. Nuclear Physics Re-
view, 2011, 28(2): 142. (in Chinese)

(ZEPK I, 229185, BLEICHER M, £, il FEMBLiE, 2011,
28(2): 142.)

LI Q F, GUO C C, WANG Y J. Nuclear Physics Review,

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]
[57]

[58]

[59]

[60]

[61]
[62]

2013, 30(3): 331. (in Chinese)

(Z P0G, SRERER, FIKAE. JE TR EEL, 2013, 30(3): 331.)
LI Q F, WANG Y J, GUO C C, et al. Nuclear Physics Re-
view, 2014, 31(3): 291. (in Chinese)

(FIRUE, EKAE, FEERER, &, T2 BLPF i, 2014, 31(3):
291.)

LI Q F, BLEICHER M, STOECKER H. Phys Rev C, 2006,
73: 064908.

PETERSEN H, LI Q F, ZHU X L, et al. Phys Rev C, 2006,
74: 064908.

LI Q F, GRAEF G, BLEICHER M. Phys Rev C, 2012, 85:
034908.

PETERSEN H, BLEICHER M, BASS S A, et al. arXiv:
0805.0567v1[hep-ph]

SUN Z P, GAO C Y. Nuclear Physics Review, 2015, 32(3):
267. (in Chinese)

(FVEEE, =B R, JETIZYEE, 2015, 32(3): 267.)

LI Q F, STEINHEIMER J, PETERSEN H, et al. Phys Lett
B, 2009, 674: 111.

PETERSEN H, STEINHEIMER J, BURAU G, et al. Phys
Rev C, 2008, 78: 044901.

LI Q F, BLEICHER M, STOECKER H. Phys Lett B, 2008,
659: 525.

LI Q F, BLEICHER M. J Phys G, 2009, 36: 015111.

WANG Y J, GUO C C, LI Q F, et al. Phys Rev C, 2014, 89:
034606; ibid, 2014, 89: 044603.

LI P C, WANG Y J, LI Q F, et al. Phys Rev C, 2018, 97:
044620.

ZOU L Y, LI M, GUO C C, et al. Sci China Phys Mech As-
tron, 2016, 59: 122011.

LI Q F, WANG Y J, WANG X B, et al. Sci China Phys
Mech Astron, 2016, 59: 622001; ibid, 2016, 59: 672013.
AICHELIN J. Phys Rep, 1991, 202: 233.

SORGE H, STOECKER H, GREINER W. Nucl Phys A,
1989, 498: 567.

TSANG M B, ZHANG Y X, DANIELEWICZ P, et al. Phys
Rev Lett, 2009, 102: 122701.

DUTRA M, LOURENCO O, SA MARTINS J S, et al. Phys
Rev C, 2012, 85: 035201.

LIP C, WANG Y J, LI Q F, et al. Nucl Sci and Tech, 2018,
29: 177.

ISSE M, OHNISHI A, OTUKA N, et al. Phys Rev C, 2005,
72: 064908.

HAMA S, CLARK B C, COOPER E D, et al. Phys Rev C,
1990, 41: 2737.

BLEICHER M, STOECKER H. Phys Lett B, 2002, 526: 309.
MARUYAMA T, NIITA K, MARUYAMA T, et al. Prog
Theor Phys, 1996, 96: 263.

REISDORF W, RITTER H G. Ann Rev Nucl Part Sci, 1997,
47: 663.

POSKANZER A M, VOLOSHIN S A. Phys Rev C, 1998, 58:
1671.

LI Q F, BLEICHER M, STOECKER H. Phys Lett B, 2009,
663: 395.

LI QF, LI Z X. Mod Phys Lett A, 2012, 27(3): 1250004.

LI Q F, WANG Y J, WANG X B, et al. Sci China-Phys


https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.34.03.275
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.11804/NuclPhysRev.35.04.339
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevC.86.054908
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevLett.110.142301
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.88.014902
https://doi.org/10.1103/PhysRevC.94.034908
https://doi.org/10.1103/PhysRevC.94.034908
https://doi.org/10.1103/PhysRevC.94.034908
https://doi.org/10.1103/PhysRevC.94.034908
https://doi.org/10.1088/0954-3899/38/12/124023
https://doi.org/10.1088/0954-3899/38/12/124023
https://doi.org/10.1088/0954-3899/38/12/124023
https://doi.org/10.1088/0954-3899/38/12/124023
https://doi.org/10.1088/0954-3899/38/12/124023
https://doi.org/10.1103/PhysRevLett.83.1295
https://doi.org/10.1103/PhysRevLett.83.1295
https://doi.org/10.1103/PhysRevLett.83.1295
https://doi.org/10.1103/PhysRevLett.83.1295
https://doi.org/10.1126/science.1078070
https://doi.org/10.1126/science.1078070
https://doi.org/10.1126/science.1078070
https://doi.org/10.1016/j.physletb.2005.02.060
https://doi.org/10.1016/j.physletb.2005.02.060
https://doi.org/10.1016/j.physletb.2005.02.060
https://doi.org/10.1016/j.physletb.2005.02.060
https://doi.org/10.1103/PhysRevC.74.014602
https://doi.org/10.1103/PhysRevC.74.014602
https://doi.org/10.1103/PhysRevC.74.014602
https://doi.org/10.1103/PhysRevC.74.014602
https://doi.org/10.1103/PhysRevC.98.034901
https://doi.org/10.1103/PhysRevC.98.034901
https://doi.org/10.1103/PhysRevC.98.034901
https://doi.org/10.1103/PhysRevC.98.034901
https://doi.org/10.1103/PhysRevC.98.034901
https://doi.org/10.1103/PhysRevC.85.041901
https://doi.org/10.1103/PhysRevC.85.041901
https://doi.org/10.1103/PhysRevC.85.041901
https://doi.org/10.1103/PhysRevC.85.041901
https://doi.org/10.1103/PhysRevC.85.041901
https://doi.org/10.1103/PhysRevLett.112.012301
https://doi.org/10.1103/PhysRevLett.112.012301
https://doi.org/10.1103/PhysRevLett.112.012301
https://doi.org/10.1103/PhysRevLett.112.012301
https://doi.org/10.1103/PhysRevLett.112.012301
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.32.02.146
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.11804/NuclPhysRev.37.2019CNPC22
https://doi.org/10.1103/PhysRevLett.107.052303
https://doi.org/10.1103/PhysRevLett.107.052303
https://doi.org/10.1103/PhysRevLett.107.052303
https://doi.org/10.1103/PhysRevLett.107.052303
https://doi.org/10.1103/PhysRevLett.107.052303
https://doi.org/10.1103/PhysRevC.84.044914
https://doi.org/10.1103/PhysRevC.84.044914
https://doi.org/10.1103/PhysRevC.84.044914
https://doi.org/10.1103/PhysRevC.84.044914
https://doi.org/10.1103/PhysRevC.84.044914
https://doi.org/10.1088/1674-1137/43/5/054106
https://doi.org/10.1088/1674-1137/43/5/054106
https://doi.org/10.1088/1674-1137/43/5/054106
https://doi.org/10.1088/1674-1137/43/5/054106
https://doi.org/10.1103/PhysRevC.86.044905
https://doi.org/10.1103/PhysRevC.86.044905
https://doi.org/10.1103/PhysRevC.86.044905
https://doi.org/10.1103/PhysRevC.86.044905
https://doi.org/10.1103/PhysRevC.86.044905
https://doi.org/10.1016/j.physletb.2013.05.053
https://doi.org/10.1016/j.physletb.2013.05.053
https://doi.org/10.1016/j.physletb.2013.05.053
https://doi.org/10.1016/j.physletb.2013.05.053
https://doi.org/10.1103/PhysRevC.91.024903
https://doi.org/10.1103/PhysRevC.91.024903
https://doi.org/10.1103/PhysRevC.91.024903
https://doi.org/10.1103/PhysRevC.91.024903
https://doi.org/10.1103/PhysRevC.91.024903
https://doi.org/10.1103/PhysRevC.86.044903
https://doi.org/10.1103/PhysRevC.86.044903
https://doi.org/10.1103/PhysRevC.86.044903
https://doi.org/10.1103/PhysRevC.86.044903
https://doi.org/10.1103/PhysRevC.86.044903
https://doi.org/10.1103/PhysRevD.92.114010
https://doi.org/10.1103/PhysRevD.92.114010
https://doi.org/10.1103/PhysRevD.92.114010
https://doi.org/10.1103/PhysRevD.92.114010
https://doi.org/10.1103/PhysRevD.92.114010
https://doi.org/10.1016/S0146-6410(98)00058-1
https://doi.org/10.1016/S0146-6410(98)00058-1
https://doi.org/10.1016/S0146-6410(98)00058-1
https://doi.org/10.1016/S0146-6410(98)00058-1
https://doi.org/10.1016/S0146-6410(98)00058-1
https://doi.org/10.1088/0954-3899/25/9/308
https://doi.org/10.1088/0954-3899/25/9/308
https://doi.org/10.1088/0954-3899/25/9/308
https://doi.org/10.1088/0954-3899/25/9/308
https://doi.org/10.1088/0954-3899/25/9/308
https://doi.org/10.1103/PhysRevC.83.044617
https://doi.org/10.1103/PhysRevC.83.044617
https://doi.org/10.1103/PhysRevC.83.044617
https://doi.org/10.1103/PhysRevC.83.044617
https://doi.org/10.1103/PhysRevC.83.044617
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.28.02.142
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.30.03.331
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.11804/NuclPhysRev.31.03.291
https://doi.org/10.1103/PhysRevC.73.064908
https://doi.org/10.1103/PhysRevC.73.064908
https://doi.org/10.1103/PhysRevC.73.064908
https://doi.org/10.1103/PhysRevC.74.064908
https://doi.org/10.1103/PhysRevC.74.064908
https://doi.org/10.1103/PhysRevC.74.064908
https://doi.org/10.1103/PhysRevC.85.034908
https://doi.org/10.1103/PhysRevC.85.034908
https://doi.org/10.1103/PhysRevC.85.034908
https://doi.org/10.1103/PhysRevC.85.034908
https://doi.org/10.1103/PhysRevC.85.034908
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.11804/NuclPhysRev.32.03.267
https://doi.org/10.1016/j.physletb.2009.03.012
https://doi.org/10.1016/j.physletb.2009.03.012
https://doi.org/10.1016/j.physletb.2009.03.012
https://doi.org/10.1016/j.physletb.2009.03.012
https://doi.org/10.1016/j.physletb.2009.03.012
https://doi.org/10.1103/PhysRevC.78.044901
https://doi.org/10.1103/PhysRevC.78.044901
https://doi.org/10.1103/PhysRevC.78.044901
https://doi.org/10.1103/PhysRevC.78.044901
https://doi.org/10.1103/PhysRevC.78.044901
https://doi.org/10.1016/j.physletb.2007.11.080
https://doi.org/10.1016/j.physletb.2007.11.080
https://doi.org/10.1016/j.physletb.2007.11.080
https://doi.org/10.1088/0954-3899/36/1/015111
https://doi.org/10.1088/0954-3899/36/1/015111
https://doi.org/10.1088/0954-3899/36/1/015111
https://doi.org/10.1088/0954-3899/36/1/015111
http://dx.doi.org/10.1103/PhysRevC.89.034606
http://dx.doi.org/10.1103/PhysRevC.89.034606
http://dx.doi.org/10.1103/PhysRevC.89.034606
http://dx.doi.org/10.1103/PhysRevC.89.044603
https://doi.org/10.1103/PhysRevC.97.044620
https://doi.org/10.1103/PhysRevC.97.044620
https://doi.org/10.1103/PhysRevC.97.044620
https://doi.org/10.1103/PhysRevC.97.044620
https://doi.org/10.1103/PhysRevC.97.044620
https://doi.org/10.1007/s11433-016-0358-y
https://doi.org/10.1007/s11433-016-0358-y
https://doi.org/10.1007/s11433-016-0358-y
https://doi.org/10.1007/s11433-016-0358-y
https://doi.org/10.1007/s11433-016-0358-y
https://doi.org/10.1007/s11433-016-0358-y
http://dx.doi.org/10.1007/s11433-015-5768-2
http://dx.doi.org/10.1007/s11433-015-5768-2
http://dx.doi.org/10.1007/s11433-015-5768-2
http://dx.doi.org/10.1007/s11433-016-0120-3
https://doi.org/10.1016/0370-1573(91)90094-3
https://doi.org/10.1016/0370-1573(91)90094-3
https://doi.org/10.1016/0370-1573(91)90094-3
https://doi.org/10.1016/0370-1573(91)90094-3
https://doi.org/10.1016/0375-9474(89)90641-6
https://doi.org/10.1016/0375-9474(89)90641-6
https://doi.org/10.1016/0375-9474(89)90641-6
https://doi.org/10.1016/0375-9474(89)90641-6
https://doi.org/10.1016/0375-9474(89)90641-6
https://doi.org/10.1103/PhysRevLett.102.122701
https://doi.org/10.1103/PhysRevLett.102.122701
https://doi.org/10.1103/PhysRevLett.102.122701
https://doi.org/10.1103/PhysRevLett.102.122701
https://doi.org/10.1103/PhysRevLett.102.122701
https://doi.org/10.1103/PhysRevC.85.035201
https://doi.org/10.1103/PhysRevC.85.035201
https://doi.org/10.1103/PhysRevC.85.035201
https://doi.org/10.1103/PhysRevC.85.035201
https://doi.org/10.1103/PhysRevC.85.035201
https://doi.org/10.1007/s41365-018-0510-1
https://doi.org/10.1007/s41365-018-0510-1
https://doi.org/10.1007/s41365-018-0510-1
https://doi.org/10.1103/PhysRevC.72.064908
https://doi.org/10.1103/PhysRevC.72.064908
https://doi.org/10.1103/PhysRevC.72.064908
https://doi.org/10.1103/PhysRevC.41.2737
https://doi.org/10.1103/PhysRevC.41.2737
https://doi.org/10.1103/PhysRevC.41.2737
https://doi.org/10.1103/PhysRevC.41.2737
https://doi.org/10.1103/PhysRevC.41.2737
https://doi.org/10.1016/S0370-2693(01)01495-2
https://doi.org/10.1016/S0370-2693(01)01495-2
https://doi.org/10.1016/S0370-2693(01)01495-2
https://doi.org/10.1016/S0370-2693(01)01495-2
https://doi.org/10.1143/PTP.96.263
https://doi.org/10.1143/PTP.96.263
https://doi.org/10.1143/PTP.96.263
https://doi.org/10.1143/PTP.96.263
https://doi.org/10.1143/PTP.96.263
https://doi.org/10.1146/annurev.nucl.47.1.663
https://doi.org/10.1146/annurev.nucl.47.1.663
https://doi.org/10.1146/annurev.nucl.47.1.663
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1103/PhysRevC.58.1671
https://doi.org/10.1016/j.physletb.2008.04.024
https://doi.org/10.1016/j.physletb.2008.04.024
https://doi.org/10.1016/j.physletb.2008.04.024
https://doi.org/10.1142/S0217732312500046
https://doi.org/10.1142/S0217732312500046
https://doi.org/10.1142/S0217732312500046
https://doi.org/10.1142/S0217732312500046
https://doi.org/10.1142/S0217732312500046
http://dx.doi.org/10.1007/s11433-015-5774-4

%3 USRS /Saw="0 ~ 12 GeV REIX 97 Au +"°7 Au filli b i S5 11 [ 5% 2L 9 - 667 -

Mech Astron, 2016 59: 632001;ibid; 2016, 59: 632002. 2012, 109: 092501.
[63] SJOSTRAND T, MRENNA S, SKANDS P J. High Energy
Phys, 2006, 05: 026.
[64] KHAN E, MARHUERON J, VIDANA I Phys Rev Lett, 778: 207.

[65] WANG Y J, GUO C C, LI Q F, et al. Phys Lett B, 2018,

Investigation of the Splitting in Elliptic Flow Between Protons and
Anti-protons in "Au+'7Au Collisions at /syy=5 ~ 12 GeV

LI Pengcheng!?, WANG Yongjia?, LI Qingfeng2’3’T, ZHANG Hongfei'

(1. School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China;
2. School of Science, Huzhou University, Huzhou 313000, Zhejiang, China,
3. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
4. Joint Department for Nuclear Physics, Lanzhou University and Institute of Modern Physics, CAS, Lanzhou 730000, China)

Abstract: Utilizing ultra-relativistic quantum molecular dynamics (UrQMD) model, the elliptic flow v, for proton
and anti-protons as well as the v, difference between proton and anti-protons from 97Au+!°7Au collisions at cen-
ter-of-mass energies /syy = 5 ~ 12 GeV are investigated. By comparing the results from the UrQMD model with
and without potential interactions, the v, of protons and anti-protons and their difference as a function of the
transverse momentum p;, incident energy ./syy , rapidity and centrality are analyzed. It is found that by includ-
ing mean-field potentials, the transverse momentum, incident energy dependence of v, of protons and the v, dif-
ference in protons and anti-protons could be described well. And the v, difference is affected by the size of the win-
dows (i.e. rapidity and centrality). These information are useful to understand the properties of nuclear matter at
high density and thus exploring the structure of QCD (Quantum-ChromoDynamical) phase diagrams.
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