hEREE MY HYE XX 202148 551% SE8HA: 082011 ¢ OPERE ) 2k

SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com SCIENCE CHINA PRESS
> CrossMark
® % ®¢

FEEXE
ST

/1?- 5%-1 2 0 ;/\1*, ?ﬂﬂ%ﬁim, X 73‘(’@:2, ?RJ,;:ZIJA
L JE RIS RSB RL SEOR S B, TLFH 110034;

2. PTG 57 e 3 27 B, W4 313000,

3. ZMREAEARLE SEAR B, 22 730000,

4. E B EBEE AV BT AT, =24 730000

*P R A, E-mail: liuling@synu.edu.cn

&l EDR AV D F F E AL

M
[T

ek H 39: 2020-12-17; #:52 H: 2021-01-26; RAZ% H R H 51: 2021-04-13
[ % HARBI I S (S5 11875125, U2032145, 12047568)  [H K & A & TG 5 : 2020YFE0202002) FIHHT. 44«75 A iH% % Bhsi H

WE LEXWEROEAFRESTRAENAFIENEENNEZ —ME X KE. AXETHEHE
it & F 4 F 5 4 % (UrQMD)E AL, K e 8 B RN K A AT 03 E Kyl < 0.DMZ FRENTRE, R
XU T, EA B QAL RXERTFETHY., EF- % FREER G R ERXHH
A Stva IR LN STREE N B A% F0.4 GeV. A S H N5 fmAAu+Aufl 8 4, T H & R R HTFH
3ot H 0 B XA T v, B TR K 4 & 30%, T AL T B B TER 4 5 70%. B, K IR E R A T
78 FHL 2 S8 RE B 4 M H v, b 2 8 i PR 28 AR B B BE K 10% 2 4

XA EHTAE MER, FE, BT TAE
PACS: 21.65.+f, 24.10.-, 25.75.-q

HILEAMeVE] JLANGe V) E B 1l il 5206 /2 77 4
R - 5 A% ) R ) T B —, (H R Al A
Wi IR & 7 FREOSE ME T & % F ie o ER &R Y AR R R AR E A, H
B E(,6) S5 MR Z L pbh KR AL e A KR EE ¢ A 7R SE 50 AR S BB 00 & MR R, B S LR
KR B TCRE TN S WA RN 75 EAE BT s B U4 e 18] 4 42 B A% 0 5t
MEF 5 R EHE, B S5 RAEETHE TR RETENGEE. SRR R RS T 15
B AHE, R — B RS RAZ B S 7o Rig 3, HAEZ & 2 A0 A R0 H & =k, 2
WP EBENRZ U RREEE T AR REEL IRV TR 7 #2016l g

][l

1 35

SIFAMEN: A, XIFY, ZEMSTE, 45, b Ak IX B T ML P B 3 0 2 A LA A0 AT op R B g RO, 2021, 51: 082011

Cui T, Liu L, Li P C, et al. Analysis of the dynamical mechanism for elliptic flow production in heavy-ion collisions at intermediate energies (in Chinese).
Sci Sin-Phys Mech Astron, 2021, 51: 082011, doi: 10.1360/SSPMA-2020-0491

©2021 (PERZFE) FKit www.scichina.com



physcn.scichina.com
https://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2020-0491&domain=pdf&date_stamp=2021-04-13
www.scichina.com
mailto:liuling@synu.edu.cn
https://doi.org/10.1360/SSPMA-2020-0491

PSR, PP PR i RO

2021 4E H51% HE 8 M

B RO VA ) == ll LTI VA £ i B N o -
Eﬂ%’ = Vo[l + 2v; cos(¢) + 2v, cos(2¢p)], H e H
SRPRL A T S BT T B 7 AL A, 5 — TR Hov 4
PR E R, 5 = v NG ELR. 6 T4 E 1
PR ZRRIE TR RE R RIE J8 2 40, v B, [R] B4R
TRy MR Z) Ep, = ([pi+p2. AL EETR
() A2 Ak T B B X% - IR (R vy OO BT A
5] p WL R B 45 3R, RRAR 430, A [ e SR
v = (28 = Ccos(2g), ik HAHHT FARAFH B
FF R 25 R R TR P38, JE B e AT LR
Vo 9 TEARL ISy AR~ B A6 [ra) T 6 S B ~F- THI (xoz -1,
xR 2 BT AE DT 18], 2N AR T DA A, R
YU oAy HE ST (poz - T 35

£ e X B Tl b, 2 S 20 1 A0
2 B AR O PR BE X A 1 IR [ 9 Al 1190, Bl A% 7
FEAL ) T4 5% H RO THI, 3 32 B2 b A% Al AR
TR 455 BIAZ ) 0T I K B 52 28] Jo] 6] 55 WL 38 1) L4 34 ok
Ry 115160 [ 55 il 43 i £ P 164 0, 5% W0 5 PR Jel e o Al
Jait X35, I ESE Y s 200 (0 A% 0 o 5 JR2 K T 52 5% W 25 FHL
FE RSk, H O PR DXORL - R ARG 15 7 3t 22 78
TEAE. ORI, A [ A e 8 e B B Bl i e
A% TR A A5 2, TR PR T v 5 A% 0 ok P o
() EER A 2 —. Wi iR 1) A R, P 383 A
Al 48 T4 Dy i d A Y ) A 2 S Ay A 2 B
SZMEVAG [R L  ve Ak, T ELBE S A RE B oA, X
A FH AR X B8 R o R AR AR AR - 11.20-231 Lt
RE B BRI, A% A% 7 1) 1A Al 42 488 T B 98 b AR,
H B T Bl T AR L R 2 B0 1A% 1 il J3e o B
1EGE R B ZE RN, S F3537 e R 5 32 5. BEE
NS RE B (38 0, A4 TR0 22, A A P B 0,
B TR S PR B R [X 38, 3534 R AE X
55 B AR BRI ERAATZ RER R REX,
7 FIE A TH0GT AR [ 7 P T2 RSS2 B S ) s ).
THis AR Y, 5 B 7y B 3 9 0 AR [ AT ) 5
Wi A B T FRATDRE A i X EE 8 - lf A v [5 A
GINE O

AR SCRE 5y N LT AR5y 280 o A
FrAdE FH BT UrQMDAE AL 553358 43 5 AH S T B 45 2R
Kt it, BTy, il I DL & i 2 4%
JUASHEAIE R 22 00 06 [0 97 1 B s 54380 7 = 458 5

JRE.

2 UrQMD B4

(i e I A Rl M Y R e S R
MRUrQMDRE AL, fEiZ B b % 7l ik A — €
T L RO e i i B R 3R, Fepe A vh e R AR BR A B
R I N 8] PR 38 A0 T AR G e e B0 U R R

I‘* [23—25]:

. O(H) , d(H)

L= — L= — 1
I; op, " p; ar, (1

S, CH) R R G MV B R, LT S RET A T
1 FT 94 B (s BB, Setr 3 e dem

_ a [ pij B (pri\
w=3(5 ()5 ()

i#j

+;(”‘“7d1n2[1 + g (p,-—p,)z]%:), )
Forb, pi o W9 AR A BAE % B2 24, @=-393 MeV,
B=320 MeV, vy=1.14, 1,4=1.57 MeV, ay=
0.0005 ?/MeV2. T XHASH i E, 4 H %
W) A 0] I 46 & 0200 MeV. IRk, N T RE

U M B KON B B =30 [ P B S A AR, FRAT]
XTUrQMDASE Y [ 1 245375 il 488 I00 26350 23 A 17 A 1
(1) Sk 20361, i h A — 2 51 N T Skyrme e &%
Bz eRgh ISR T RE T, 3R T AN X FRIT L S KPR g
i

USkyrme —Usur T Usur,iso T Usym

&sur 2 &sur,iso 2
==—(Vp)" + [V(on = pp)]
2po p 200 ©n =

'(Z—:l + Csymp:—jz
0 po ’
H, 6 = (o0 — pp)/(on + pp) 3 [FIALTEAS KR FE.
A SR S V-sym344H BAE H, H X B 2 4053 3
B g =182 MeV fm?, gaurisn=8.9 MeV fm?,
Aym=20.3 MeV, Byn=14.4 MeV, Cyyn=-9.2 MeV. i
JSE ) 0 B g () &) 2 22 5 L=81 MeV, XJ FK fg 1) il
B WK ym=—79.1 MeV. i T ¥ T & % Kk F, it
FIASKH 25 J5 38 75 A 45 vh 25 iR 91 AR
ERARN SR EE & TR L R, 46k

p2
+ Asym_ + Bsym 627 (3)
Po

082011-2



PSR, PP PR i RO

2021 4E H51% HE 8 M

i J5 B A th SR TR IR I R A s s
@s+ 1) (5) R4 423 > 254+ 1) (1), LK P
L= (1= f)(1-f) < &, BoRmEgE A & R A&,
DU A 42 A BEL 1, KL 7o DR 4R SR A s B ko
gl GRMMIFE R T, rp ) AE] O T H
LT A RIAHR BE S, p o (pi) N j )M ZT
ST Z AR B &, s R 1) B e, €5
MO 1 BEALEL, £ J9AH 7S (8] 534 R AL

3 ER59Mh

9TH AR A I HR 7 S (UrQMDASE B s
A5 FH R A5Z Ji%€ < 3t {IMlinimum Spanning Tree /712, 1]
FRiso-MST)XJ A [ AL (1) 52 e, 75 b I 98 A AT &
BERVEAR AL T b O AR JE (lyol<0. DX 1 it A 1 #%
F. R T AR R R AR E, TR FHA
b T A PR BE X R BOR A ST R T %.
BT Ao R XK 2 B 7 3 AL T B RS
ANTEREH A, TR AR R 70 55T Ab Ao B
FEX WA 17, A % I8 I oTek. AL
A B} B8 & N 0.4 GeV/nucleon ()" Au+'"7 Auf 1 ilf
(D=5 fm) A, 8 18 W e B R 3 Ak T HR L PR B
X 14T BT A A% 1 PR (B30 30 ol BF ) PR iS4, 7 s 2 A
SP35137, Al 8 TURN Y6 R BE ZE 25N T AR [ 9 TR 1 1)
AL

e, RS TR 2 5085 tm, NG RE=
H0.4 GeV/nucleon(fJ Au+Aut- 71 o ilf f8 (K] 7 0y 45
Rb(x=y=z=0) % &£ Fiti i 18] )7 AL, 78t =16 fm/c/E
A, O DX R B A K, 2 2 A 1 T R
[ (po). [FII AT LAF 2, A Jo ¥ A BH 28 250 R0 ot
U BEIRT R AR /N, U B YR BH 2E AN A2l o o
HHC R R RE, T A ek 5 e 5 T R T
PG, E(b) SRR ) bRz 1 (R R b T
Oy PR IX [149) BT Rb 75 1 25 55 24358 I B ] () v k. S
O mi N IME, TS RoR-F A I 7 2. W] DU 2,
X e BRI A% 75 B K R 4 IR A8 I (1) °F- 35 85 FE K 2
N1.5p0, MEEE 350 %5 B () 5 72 08 B fe K. B AE
WK EARRAS, KAL) — a8 b T
B RE R AR IR BT . B2 58 7R R AR A [ e L I 1),

Au+Au E_=0.4 GeV/nucleon b=5fm
T T

T T
—m—With Pauli blocking
0.44—0—Without Pauli blocking

x=y=z=0
g,
a

Averaged value

0.3

g
a &,
Q

-

a
/
Q
0.2—/ 1/8 ¢
o] 4
LA
0.1 ) 1 ".,’ 1
@ %Qz%m(b) ")
0.0

0 20 40 0 20 40 60
Time (fm/c) Time (fm/c)

1 (2R ) (o) SELRIBILAE A RE 1A 5 P B 1
LI, 960 7R B P I S R o 4
A AR BLIE AR HI45 5. (b) PRC ARSI 46 T 11 Lo
Flyol <O 24 i 6 E R SERBIT 1o 635 1

Figure1 (Color online) (a) The effect of Pauli blocking on the time evo-

p (fm=)

lution of density in the center of the colliding system, the solid squares
and the open circles represent the calculations with and without Pauli
blocking, respectively. (b) The time evolution of the density experienced
by nucleons which are finally emerging in the mid-rapidity [yo|<0.1.
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Figure 2 (Color online) Density profile of the selected nucleons at
1=10-34 fm/c.
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Figure 3 (Color online) The time evolution of the number of collisions
experienced by the selected nucleons, the solid squares and the open cir-
cles stand for the calculations with and without Pauli blocking, respec-
tively.
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Analysis of the dynamical mechanism for elliptic flow
production in heavy-ion collisions at intermediate
energies
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Elliptic flow (v,) is an essential observable for studying the dynamic process of heavy-ion collisions, and has attracted
significant attention in recent years. Based on the ultra-relativistic quantum molecular dynamics model, by tracking the
nucleons that are emitted at mid-rapidity ([yo| < 0.1) in the entire collision process, the time evolution of elliptic flow of
these selected nucleons is studied. The contributions of the mean-field potential and collision term to the elliptic flow are
disentangled by recording the momenta of nucleons before and after each collision and propagation in the potential. In the
semi-peripheral (b=5 fm) Au+Au collision at Eye,, = 0.4 GeV/nucleon, approximately 30% of the v, is attributed to the
mean-field potential, while the remaining 70% is attributed to the nucleon-nucleon collisions. v, is further increased (by
approximately 10%) if the Pauli blocking effect is excluded.
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