FasE Hel A NEN I e NN e Vol. 48 No. 8
2026 4 8 A Journal of Huzhou Normal University Aug. 2026

i i B Y b TR 8 2 0 A1 6 SR A IR 1) 535 i)

B AR AR, B AR, X AT, B R
CL VBT A2 BB R RS B 05 VPR 11003452, UM K2 B2 B F 2T WIM 313000)

O ARG RO R R W R S ) A R A e B R N IR R W) R A
X B TR AR gl ) g AR e OR S AR R U Y B ), B T A S R X I8 4 48 1 3l 71 2% Cultrarelativistic quantum
molecular dynamics, UrQMD) 5, 4* Ne -+ Ne filf 18 14 5 S~ 1, 76 47 &5 1k By B % 8 BL it 9% 80% IF (Fourier
series expansion. FSE) J5 % A& Gt i Bk (hard sphere. HS) J5 ¥4 B i 4% 28 B 43 A - I 38 28 X Lo W AP ) 4 Ak %
IR LGS SRIT R 5T . SRR, 5 HS WAL AR L . R F FSE 15 3 1) S0 25 40 8% 43 A1 78 il 4 3o 72 rhE i i s 25
DX s 247 R E TR A R TS 4 0007 ) W 005, S B LR o) RO IR o, 955 T HS WAL M4 2R . X R UIWI i
A% 45 K RE 0 388 S B2 il 48 RS 5 2 X3 TR 06 4 A R T AN A R 1 8l Ty 2 B AL, LA B 2R B R A AR K
W . I FE R Sk RIOBE 7 SR I B B TN 4% 25 B (high intensity heavy — ion accelerator facility, HIAF) | 7 & 1Y
B SR 5 R S5 K S R L e 5 5%

KRR BT W) LR AL A5 K s UrQMD #E R 4R fR i

HESES 0571 XERARERAD : A XEHS:1009 - 1734(2026)08 ~ 0018 ~ 08

e 8 DX ) JBAR 2 T R AR M 2 SRR 2 T A ) B R R AR T ) O DR, O B A i1
L | TS T A% S B S0 R AR A 1 A B E AR L AR M S 06 AR AR R R S i
i TR P T 4 G L BB 8 A0 R T D 7 A e R v R A i A ) B B 5 A T A% ) T T R s A
R B e it ST B, Rt B 1 Rl A 2 H RS 5 IR AR W SR A8 T R R A
WHeZ = ARt ST P — RS I T R R Ak A 5 T e Y R O R T s
2855 8 (high intensity heavy — ion accelerator facility, HIAF)™ | % [ 1) &2 it 5 25 F BF 95 2% B (facility
for antiproton and ion research, FATR)"" ., LA K & [E A XE B B T XHHE ML (relativistic heavy ion collider,
RHIC) B fig 5 313 (beam energy scan, BES) 5 [ & # (fixed — target , FXT) 381", 1 635 it 45 by #2 3 45
1A R W T M T A AR S SR BT O LB S Pk A

HY T B A R B BRI Rl R SRR R 2 b TV T A OO i A o e L B
L 2 ) AR08 B 38 5 R o L 3R A7 B4R L e s A X 8 B T 4 F 8 )1 2% Cultrarelativistic quantum
molecular dynamics, UrQMD) 8 BIAE S B i #1289 —Fh iz 450 2L, BE 96 7R 8 KRR = NV LN &
PR A T B TR (0 3h ) 2 0 AR AR T R A L AR A T B A B 1k A 2 R O )y AR TR
FETZAR A v Rl AR A 3R (0 470 4 A% 25 ) 2 B 0 S 4 3 T S AL I S 2 0 R ARk, B U
FOTLRE B R T, KR im 2 B AR E LA S B W e 00 R B, X S8 i AR A R I AN W] T AR
SR ol e N N ELY (B L SR S A E ] (IS WU R (DS ELTZIEL T AR S N FEOF 3 o TR
U Bl 5 ) 4 B B P A D A% 1 LA B B AL B2 A 2R Y % R T A, O T RE T R SOOI & 7 AR B
SR DA BIF 5 3 LA b 78 M X8 R XA 7B A 0 L ) o (I il X% 45 W 280 A B S T A X A b .

75 B HB: 2026 - 06 — 18

HE4WB . BRXAARRFESTH (12335008,12505143) ; W14 A KRB £ 450 H (LQN25A050003)

BSEE X WL 8 NS T B 4 DL O T A% A i B 0 5T 5 28 PR 0, 1, 04 SO0
iz BIE AZ Y BRSO R LR AR A O A B 5



55 8 Wi 6] iy Je » 56 Az A TR S A 5 L 0 A %] SR R U Y S 19

T AR DX AR A 2R X8 0 B A% 445 4 B g R A% T O3 A Y 22 S AT RE NS A i U B IR A R K e 22 sh
ST AR T S AR DR A A R T i s A R AR I R KT R E— B E T

BT FRE 5L A SCLL Ne iR IFRER 4 78 UrQMD #5 RYAE 48R R F K [F] 94970 46 4k 75 =243 51
st B R B BE A A AV A5 197 Ne Ji 1%, B0 Ne+ 7 Ne 14 5 (19 5 25 flf 48 0 72, JF L BOAS 7]
) I A 5 K 2% A T R 2R ) 5 R VA e R N R 2 R A UL 114 72 o DT RN ) e A% 45 g X il 488 20 g 2 3o AR Y
AN

1 FiE

1.1 UrQMD #3!
£ UrQMD #E AL rp R AL - 5 i B — 0 98 8 19 s 0 i e R Fl R . B IR iy b A AR v

Kefig p, (1) s R] VA S A e O ) O A
dr, 9(H) dp.  9(H)

RV ’ . ] (1)
dr Ip, dr ar,
AP RR RSB EH) M FRSEE T A S0 AR U Wik 41 n, B
(H)=T+U, (2)
AR EAEHH U 845 Skyrme #GE U, JELH U, L3l KA E/EHEU,, B
U=U, +U+Upe (3)
TEWFFE I RE T B TR I, SR Skyrme RE 25312 R, AR 1) R S0AE 0 P 5 3h i M SE 38 RE 1T 43 M6 Sy
_ap B e
up_2p0+7+1 pg ):l+
A (E) B (2) ven (L) }32 : W
g =togln’ [1+a,(p, —p)'1 5, (5)

I RN AR S AL AT LS AN R RS T R . AR SO SR FH 1 B AR 4 i 2 8500 I STk [36 ], 3 2
SR X R — AR RS TR OIS B R 46 R K, =200 MeV) ST FRAERFE SN L =280. 95 MeV,

BRoF-213 40, UrQMD #5880 & 4% F B Bl 3 AR . >4 A A% 1 22 T 10 28 o A Al 6 2% 0 sl
P B o RN AR T 2 AR S BRSO . TR B R U R R T LA R BE ZE BIL L DL £ R
AR TOKRGEIT oA . V13 5 PR ARl ek R A S R T, UrQMID B2 B G 6% 455 R 56 5% b A 2
A ) AR - 3h e Ak
1.2 REF&AELsE

76 UrQMD 8 v 5t~ 0] ih A 1Y 32 BEAT: 55 02 75 AR 25 18] b o B 2% A8 G 38009 A 7 0 3l = 43
i, LU DR AR R AEW) 4R B 20 BE U8 767 ¥ 3 rh Reg WAk . S AR 9800 I A% 9% E 45 A4 T il 488 20 ) 2 1 52 T, AR
SCAE UrQMD #5280 i g F R 8] (9 %1 a4k 7 200 8 5 % 45 0 L 0T L3 AS ] O 3k BT 45 30 1 4% % B o3 A
FEAE

{5k (hard sphere, HS) J5 ¥ J2: i 18 45 0 of 5 % FH RO 0 06 Ak 5 vk 2 —57 0 6 T S [) 4 1 14 &%
UrQMD £ B J5i A% AR Il B B R, BE T4 A WA fb 3 DL A5
3 )]'/3 [AJF(AW—I)S} 13 ,

2

K AFEE 0,=0.16 fm °, WIHILE . 5 067E R, PREALI0MEUZE F 19248 R . B i BR AL bR OC 5 0 1
BLE AR -,

Ro:< 6)

4mp,



20 NN L NS e i 5 48 %

r,=RsinfOcos ¢, 0
r,=Rsinfsing, (8)
r.=Rcos0, 9

K, cos0€ (—1,1),0€ (0,2n) , Fifif5 X LR 2R MR A% F A b 2R 47 0 26 , ZEoRAT B A8 Z [ W R
BILIR T 1.6 fm, FLAN T FE 1% 35 /N B B 4% 1 1 A% - A b K6 o 0 il A Uﬁﬁﬂ‘??f o] Lt S,
BT UrQMD £ 5 rf (4 1% H o 7 A 1 A, Y 2 A7 & DY LR % B o 2845 3 19 %8 B 40 A A 18
SRR XIS KR, RPN asEEs hanAX e = (. 16A1 540,49 fmH 4,
X T Ne iz A TR R 0,~0.9 fm, FIEENEALTERE o, 235 WK% B2 5340, o T8 3 07 Xt L A TR)
UG S5 K0 0 52 ) AR SO HS B0 4R AR B, 78 1 5 (8 R 3 18 UM AR A 58 )% Bllo, = 1. 0 fm Ml 6, =0. 8 fm.,
A Ne S HIAZ 1 %5 BE 43 A7« AR SCR 3 F 8 BL 0 80 JF (Fourier series expansion, FSE) [ %
JE i 15 6L A% SCBR T 40 Hh I SO R b o FAT 48 8 3 5 45 510 9™ Nee 25 8 40 A 1 H B 25 % 4%
M. BT A0 o B HCEHRTE 20, 68 F 5 22 i 8008 14 5L i R I, AR SCEE ARl X H) » € [0,6] fm X H A%
B EE MR HEAT HRAE L IUE K Ar=0. 02 fm, 32345 0 =300 /> 25 W] B 14 85 8 B R 5, 7RI SERD B %
H AR5 B 0 A7 A 64T B O OB TT IR R T IO 2 5 W, RIT TR KIES LR (=6 fm,
JE DL S A TR B A . 3 T R R O R A I — 2D R R N Y R O B eR A, H AT

Favg /(1
gr)=a,+ Za exp( )c s(— Fr, | ) (10

0 1 PR B AR A S AR T DL S'CF%TK[BE)] 17Jﬁl5_'ﬁ Wbt R BN T 50 R A R R P AE v, J7 1)
B BEDUA A T AR X 5 pRAUE g IR S X0 g JIN A BEHLEC AT LLEL . 7 ¢ KT
BEAL KL 0] Ok BR 2 AR A 5 73 WU FRBT SRR o iy fd AR ISR R o0 A BRI AR A U T IR o,
=0.8 fm, 58 WA T AL b i 2 I B AT AR i T 275 21 i 5 A% % B 20 A

1 (r—r,;)*
ngexp<— 27 >o (GRD)

B 1R TR UrQMD #E RS 7E A [0 i A Jr ORI 52 BE 25 1 T A5 B0 B0° Ne % B 40 i . &I,
(SRR 275 SCHRL40 T (Y AR 38 B 23 A o 3 Ml b0 45 B 7 48 E’Jétﬁﬁiﬁ”\jﬂ“h@ﬁﬁ”,élé}ﬁ%%ﬁ
K FSE W1 464075 12 45 51 (9 85 0 A 5 00 5 M58 10 il e 23 00 B T UrQMID B e HS 1) 46 16 07
TETEAS [ P B 9 BE 25 10T AR AR B BE 3 A . AT U R R HS 18R AL 7 145 3 B’JZONe J??ﬁ& J& 73
AGHE 20 T B3 425 205 A 100 02 58 i~ A2 9 DR A A 3 THT X Il ¥ e el , L A 25 5%
JE AR E— 2, MBI o, 1 1.0 fm /N ZE 0. 8 fm Eﬁa%‘fﬁﬁ?ﬁﬁéﬁixﬁﬁﬁﬂ%ﬂﬁo HILZ T,
FSE IR AL 45 R A% PO XU B ] A0 PO SO A A0 L 5 F AR 8 B2 0 Al B AR — 2,

o(r) =

G200r e Phts.Rev.C 108,014322
0175} — HS(0,=1.0 fm)
0150 k™ s HS(0,=0.8 fm)

™\~ — FSE(6,=0.8 fim)
_ 0.125¢

é 0.100

0,075}
0.050}
0.025}
0.000

0 1 2 3 4 5 6
r/fm

B 1 UrQMD & & & RE #4485 X Aok 6% & T 43 5 #9° Ne 5B &5 A



55 8 Wi 6] iy Je » 56 Az A TR S A 5 L 0 A %] SR R U Y S 21

2 HRG5iE

2.1 WMBEZEMRIHNHEELIENZN

RT3 400 U A 465 g ok L S - Al 4R B g 2 Ak B R 2 X (0 5 ) AR SO B Ne +* Ne (R &R L 7EA
S E,, =400 MeV/nucleon FRESE 6 =4 fm 44 FIFRREEALL, & 2 BR T AR &0
T Ne+*" Ne filf 48 13 F2 o 5 0 V- 187 P4 189 4% %% B 3 A Bl EGF 8] A v Ak . Db B — A5 % o — R op) B Ak ik, A
T MK N HS(G6,=1.0 fm) \HS(s,=0. 8 fm) il FSE (s, =0. 8 fm), & — 5| X} i — A0 %], A 2 10 4
WK K t=0.2.4.6.8.10 fm/c, (B KRR %Y 0% B, LB fm 7,

10 HS(0,-1.0 fm) (a) (®) © (d O] ®

1% IDIQI0I0 &I

=0 fn/c] =2 fmlc =4 fm/e] =6 fim/c =8 fm/c] =10 fim/c]

_12 HS(0=0.8 fm) (g) (h) 0) (k) (G} -
) 0.20
=5 B B 0.16

O]

s [FSF(0,=0.8 fim)(m) () © ® @ (©) | .12
iV I0iI0:& Y}
=5 4 4

0.04
-10
-10-5 0 5-10-50 5-10-5 0 5-10-5 0 5-10-50 5-10-5 0 5 10
z/fm

B2 UrQMD #& + AN44# % E,, =400 MeV/nucleon, 53 54 b=14 fm &4 F .,
R R 144 7 X F 2 Ne+*" Ne st 49 4% 55 & & A F o 19] 64 o5 fo it 42

TERG I 2] (0 =0 fm/c) B o, W/ HS W) 56 A0 BT 15 J5 42 19 v O DXC38l %% 32 40 A1 78 98 5 1 FSE 9]
T A A5 380 10 D A 0] 5 300D Sl 1 e % R S B, X R I % R G R Y 22 SR O B S 8 il e o AR
BN DX ) R 46 S5 AT . FERESE I (2~6 fm/c) s IR F B ORI 6 24 E S . HS Wtk
PRI s DB 85 4 30 0 R 23 32, B % U T B N I N B 1 R 48 X, Horb, HS (6, =0. 8 Im) IHIE T,
WAL T8 FE R /IN T A% O DX BB B 3 LR 0T T 9 8 v U R P 44 T R, T P 6 9% B85 0 5 180 (o =
0.29 fm ") ;1 HS(o, =1. 0 fm) & T A 58 BE 8K 4% 25 8] 43 A1 A G SR B, %% B8 110 B8 Ry o7 22 L el
% A AR (0 =0. 26 fm *) . X F FSE(o,=0. 8 fn) 51 . th T 1A 4% 8 B A B W W <454 .
P R il i B S R A R A SR AN A% 7, bt DX B B R A O AR 7, DR I W {1 % B F — 2B FRAIR
(P =0.25 fm ™ *), FEREHEE H 51 (8~10 fm/c) . Bl & R G0 8 Wi itk AR ik B Bt , 25 Fl o) e 4k 07 0T T8 1
R e 2 B X T 1) AN 1. AEAS ()00 i A O X7 7 300 T 44 B B T 3R B 3 8 3 A1 22 5 O I 2 ik i 9
e T RTEREA B ) 2# A B R S AR AR . 3 3R W) 10 A 45 1 AN S5 i) il 438 L S0 ) s 4 o R 0 23 X
A G Sy A R A R A )
2.2 FWRZEHITEEXTH I

AR R P e T B il A ek AR b R G N R Y Bl ) A A AR AE L 2 A ST AR ) RS O B R SO B g 2
P BRI St PRI S 00 0 A B 43 AT T 22 S ol ok 5 e Al R U) ) R 4 sk R L O AR R Y R T B B RN
i A X, I e 2 A A AR I A AR SOOI B 1 8RR AU (5 . AR AR R L B R o, AU B o,
5390 E SCH

(12>



22 NN L NS e i 5 48 %

2 2

o B2, as

K.p.p, BB T« Ty Jrm A shE . BE, B o, MR o, BEZIE v, AE{L
Ao R LA

v (yo) =v1uyo Tvye+C (14)

0y (¥0) =020 T 00 Y0 T 00y (15)

E 3 Bm THEANGER E,, =400 MeV/nucleon S 6 =4 fm &1 F,“Ne+“Ne fifi 4 H

FEF B AR v, AR v, BEZIALITREE v, MIAEAROC R . B 8 00 S0 Jr B L (8 500 [ F 2L (0 23

D =M 9FER HS(e,=1.0 fm) \HS(s,=0. 8 fm) fll FSE(s,=0. 8 fm) = F AW 4G4k 5 4F F /93T 53

4

020 0.02 1
o | #—HS(6,=1.0 fi
0.15F 001} & H:("’ ngm) 5
g ' -=0.8 fm .,
0.10 | 2 [\ (o, ) X
P 0.00 ~/~—FSE(0,=0.8 fm) /o
0.05 /o e AP
/ﬁ -0.01r A
—_— L ;Y N N /
S 0.00 r\/x. o > X o
~0.05} 7 -0.02 | w2, S
010t \/ —m— HS(0,=1.0 fm) o3 aw T
AL oy - L
015k & 2”7 & HS(5,=0.8 fm) - W
. A — -0.04 | =
-0.201 L 1 1 L L FSE(?} 0 f|“1’n)
_0.05 1 1 1 ik 1 1 1
-06 -04 -02 00 02 04 06 206 —04 —02 00 02 04 06
Yo Yo
(a) HHEW Cb) A% 13 37

B3 FRMSILEST . "Net " NesbdE ¥ 8 R T ELER v, MBI v, MARE y, 9T

B 3 Ca) BT LLF B, A R bR Ak 25 0 T 15 20 AR SR ik . £ HS MR KIEIE T 0, =
0.8 fm Ml o, =1.0 fm X B A ET 42 AR 0K 0, ~0. 37 il v, ~0. 35, XFEUALES) )bt fe b,
0.=0.8 fm 1 0L T IH) 4R AR R BEAE 7™ 2 A i O il JE 7, S5 &1 2 vp U5 310 1) B 0 R 4 B A — 3. A
b2 T FSE(o,=0. 8 fm) ¥ 1A 1675 300 B3 AR B W T P52 .0, ~ 0. 33, UL WIS E5 /30 1 ik
JEE DX 3 B 0 ) £ AR SR B . IR 3(h) SRR TR v, ROSE L, FE o PR EE IX sk B S = R iR Ak Oy X 15
BRI A (] 37 44 R (8L B E A S i E L, = 400 MeV/nucleon F, 4% 1 £ By 3 B T 50 F 1 B9 J7 1) H
5, AR T R X 0, B E R B HS(e,=0. 8 fm) v, | =0. 042, F K F 16 52 % F i 4h 1)
LB F &M HS(o,=1. 0 fm) i | vy, [ ~0. 034, 58 S 5 1 FSE(o, =0. 8 fm) [ [ vy, [ 0. 026, Ik HS
(6,=0.8 fm) Ml HS(o,=1.0 Tm)HIE T L5 R 3 BIREAR T 38 20 Rl 24 V6 , 16 W 00 25 K 1) 55 17 A 1880 3 144
SR .

Shy i — 25 4 7N W B A K R RE R AR SC A M TR TR o, X R Sl i RO . T 4 25 TR DRI AR A
PR PRBE X (L y, [ <05 AR RFRMRT o, B ShE p, B0 4., 7T LLE R, A E R G X
BB AEAR p, XEHZIT 0 IF0g Sy IE (R, R8BS p, XU 0(E . RS 3 80k 32 20Kk A Bk s
10 B2 Bk B B L BRI - 1 45 [ S5 PR 95 59 5 T v A Bl R B 22 0 A T G R R A R R B B R 4 X
FE 180 B e K 78 55 L3 R~ 1) BEL 424V FH T 1 3 52 17 SF- 181 )+ S T i 67 ) A T3 3

EAR TR AR UAE v, B2ESREE p, THRMAAK B, XFh 225 EEETAREY) R
5 55 K T 4 LA P A 14 S 4 5 EE R[] . % T HS (o, =0. 8 Tm) W IR AL A% K R TE 3 ) 22 ik it it v
TE 0 114 s 40 5, 7 A O 2 o st iR T TR S5 00 2 BEL S RN A T B L B [ o, | FReK . M EEZ R, HS
(o, =1.0 fm) B4R P A% A0 I F0 8 85 45 K o %85 38 40 A 458 Tk 5 il 5 7 00 6 445 S 5559 0 A 0 oy 1 30t K ) Ok



55 8 Wi 6] iy Je » 56 Az A TR S A 5 L 0 A %] SR R U Y S 23

Do, | BEZ I/ . T FSE(e, =0. 8 fo) W1 AR A% o1 T O A7 78 AL 254, 1 300 0 447 00 8 A A o A 2l o
KL 7 A 32 B BRI 2 RN T8 R S AR T D B [, [ R/, X BG83 T o, BEZIE
PREE v, B8 AR — 2, FE— P EIIE 1 %0 40 A% %5 2 235 K40 30 ik o4 72 Al 4 7 30 1) S 4 9 38 -5 8% JRE WA {52 1) 3l
Sy A R L I o 28 o R A AR AR K — AR L |

0021 | 7] <05
0.00  B=5 G,
=0.02 %j 2\
S' “.\\ A A A
¥ 004} w DDy
| |
-0.06 | SR
m—HS(0,=1.0 fin) Eg
—0.08 } —=HS(5,0.8 fm) -
~—FSE(0,=0.8 fim)
-0.10 — . . s

00 01 02 03 04 05 06
p/(GeV/e)

B4 FRMSBLEHT . Net " Nesbd ¥ & b T MW E & o, MBS Z p, 09 LA

3 BHEERE

ASCAE UrQMD BERIRESET L L Ne+" Ne flE 48 (7], g TR ] HS 90 46 40 05 125 A2 iR HLE5 44
JEF A% 5 25 T FSE i 28 77 1 A2 A 0 AT S S5 F A DA% T B 8 g 2 A B 1 ek BT AR RO D7
T B 2 5 o IS 44 2R R W] AN T 400 i A% 4 88 0 A 7 Rl 488 8 g s AR h R BLIN W B 22 5 . X T HS W1t e,
BN TEBE (o, = 0. 8 fm) A% 1041 HE D B v o w250 o 3 8 DX 3119 20 A B 9 5 0l 8 I 00 %
Sy FE T SR ) R 24 R B g ) R U AR P e B sl L Y A R R LR o, RO TR 0, 5 TSR
FR AL T8 E (o, = 1. 0 ) X R AZ 540 A1 B A SR T, o0 850 e %86 B DXl o0 A B 2 L300 s 44 A 3 6 A DR A
BEWg . AL Z T W FSE(o, =0. 8 fo) WAL A9 A% P bt DX A7 1 5 1 5 25, 000 s 44 it 2 e 1K
SPEGR RS T AR S BRI TSN V- T 1) B S DA o DR L TR 15 A O A s . R A R
WY A0 s A 5 5 AT R A8 3 e oS 4 L 00 9% s 4 i R 5 T T 1l A 1 3 ) S A L O e A R AE
MR X — ARSI & L

R SR WY IF 5 AT R — A0 1 8 2 A [ s IO A 2 S RE i R IE 8 0 BE L R B R X B A S R R R A AT
e B A PR 4540 55D X RS WL 1 B 52 ) e A o ORE R 4G SR 5 52 30 B dl R AT 2 R L, A B T IR
N\ B A 235 A6 2000 A B S 1l 9 Bl g A A P B AR T AL L 9 O HIATE b JF 8 1 2 52 2% 0 Bk o o 2 2
I 2%,

LR a0

[ 1] Danielewicz P, Lacey R, Lynch W G. Determination of the equation of state of dense matter [J]. Science, 2002, 298
(5598): 1592 - 1596.

[ 2] Colonna M. Collision dynamics at medium and relativistic energies [ J]. Progress in Particle and Nuclear Physics,
2020, 113: 103775.

[ 3] Huth S, Pang P T H, Tews I, et al. Constraining neutron — star matter with microscopic and macroscopic collisions
[JJ. Nature, 2022, 606(7913): 276 — 280.

[4 ] SN, ERUEL 2024 4F R F AW 3RS St m iR [ ], BHE § 4. 2025, 43(7) 121 - 47.

(5] BRI, TR 2025 4R J5 7 R Py BB BOR TIR LT ] B 41, 2026,44(1) <21 - 33.



24

NN L NS e i 5 48 %

[6]

L7]

L8]
Lo]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Feng Zhaoging. Nuclear dynamics and particle production near threshold energies in heavy - ion collisions [ J]. Nuclear
Science and Techniques, 2018, 29(3): 40.

Sorensen A, Agarwal K, Brown K W, et al. Dense nuclear matter equation of state from heavy — ion collisions []].
Progress in Particle and Nuclear Physics, 2024, 134. 104080.

KT, K L BRI, AR IS B T RERE R QCD MBI AY LIS B SR [) ). AR ,2023,46(4) 14 - 16,

Zhou Xiaohong, Yang Jiancheng, the HIAF project team. Status of the high —intensity heavy —ion accelerator facility
in China [J]. AAPPS Bulletin, 2022, 32(1); 35.

Ablyazimov T, Abuhoza A, Adak R P, et al. Challenges in QCD matter physics: the scientific programme of the
Compressed Baryonic Matter experiment at FAIR [J]. The European Physical Journal A, 2017, 53(3): 60.

Abdallah M' S, Aboona B E, Adam J, et al. Measurements of proton high - order cumulants in /sy = 3 GeV Au+ Au
collisions and implications for the QCD critical point [J]. Physical review letters. 2022, 128(20): 202303.

Sun Yuliang, Wang Yongjia, Li Qingfeng, et al. Effect of internal magnetic field on collective flow in heavy ion
collisions at intermediate energies [J]. Physical Review C, 2019, 99(6): 064607.

Colonna M, Zhang Yingxun, Wang Yongjia, et al. Comparison of heavy — ion transport simulations: mean — field
dynamics in a box [J]. Physical Review C, 2021, 104(2): 024603.

Wolter H, Colonna M, Cozma D, et al. Transport model comparison studies of intermediate — energy heavy — ion
collisions [J]. Progress in Particle and Nuclear Physics, 2022, 125: 103962.

Wang Fangyuan., Yang Junping., Chen Xiang. et al. Probing nucleon effective mass splitting with light particle
emission [J]. Nuclear Science and Techniques. 2023, 34(6): 94.

Guo Dong. He Xiaohong. Li Pengcheng, et al. Studies of nuclear equation of state with the HIRFL. — CSR external -
target experiment [J]. The European Physical Journal A, 2024, 60(2): 36.

B 42, oA 2R R0 S LA T 07 2P R T B A O AR AR S AR AR LT . R L 2025,48(5) 47 - 57,
Bleicher M, Zabrodin E, Spieles C, et al. Relativistic hadron — hadron collisions in the ultra — relativistic quantum
molecular dynamics model (UrQMD) [J]. Journal of Physics G: Nuclear and Particle Physics, 1999, 25(9): 1859
- 1896.

Zhang Yingxun, Li Zhuxia. Elliptic flow and system size dependence of transition energies at intermediate energies
[J]. Physical Review C, 2006, 74(1): 014602.

TR, KA L AR PR L A 3 K gl o X i BB T S Tl AN T Y s e [T ] BRER  2023,46(7) .71 - 79,

Wang Yongjia, Li Qingfeng. Leifels Y, et al. Study of the nuclear symmetry energy from the rapidity — dependent
elliptic flow in heavy — ion collisions around 1 GeV/nucleon regime [J]. Physics Letters B, 2020, 802;: 135249.

Li Pengcheng, Wang Yongjia, Li Qingfeng, et al. Accessing the in — medium effects on nucleon — nucleon elastic cross
section with collective flows and nuclear stopping [J]. Physics Letters B, 2022, 828 137019.

M aE AR, R AR TR 0 R R i Xl R e AR e AR A U R A% BE Lk AR A s e [T, A A ) B OE
1£,2024,41(1) ;536 — 544,

BMEAR , A, P, 55 R = A T HBT SCHR 29 o 1 & 7 Bl i b o 2% B B n R A& J7 2 LT ). I 7 i 4 9T
1£,2024,41(1) ;522 - 529.

T e X3S ZE M, 45 SRR A AR N X R BE X U+ U Rl R 2w ()], o Rk B2 12 RS0, 2021,
51(11):87 —95.

Li Pengcheng, Nan Manzi, Zhang Haojie, et al. Unlocking the initial neutron density distribution from the two — pion
HBT correlation function in heavy —ion collisions [J]. Physics Letters B, 2025, 870: 139963.

He Wanbing, Ma Yugang, Cao Xiguang, et al. Giant dipole resonance as a fingerprint of a clustering configurations in
“C and O [J]. Physical Review Letters, 2014, 113(3): 032506.

Wang Yuanzhe, Zhang Song, Ma Yugang. System dependence of away — side broadening and a — clustering light nuclei
structure effect in dihadron azimuthal correlations [J]. Physics Letters B, 2022, 831: 137198.

Xu Haojie, Li Hanlin, Wang Xiaobao, et al. Determine the neutron skin type by relativistic isobaric collisions [J].
Physics Letters B, 2021, 819: 136453.

Jia Jiangyong. Shape of atomic nuclei in heavy ion collisions [J]. Physical Review C, 2022, 105(1): 014905.



55 8 Wi 6] iy Je » 56 Az A TR S A 5 L 0 A %] SR R U Y S 25

[31] Jia Jiangyong, Giacalone G, Zhang Chunjian. Separating the impact of nuclear skin and nuclear deformation in high —
energy isobar collisions [J]. Physical Review Letters, 2023, 131(2): 022301.

[32] Liu Lumeng, Zhang Chunjian, Zhou Jia, et al. Probing neutron — skin thickness with free spectator neutrons in
ultracentral high — energy isobaric collisions [J]. Physics Letters B, 2022, 834 137441,

[33] Radhakrishnan A M K, Prasad S, Mallick N, et al. Probing the sensitivity of anisotropic flow coefficients to the
initial nuclear structure in pO and OO collisions at the LHC[J]. Physics Letters B, 2025, 870 139941.

[34] Li Hanlin, Xu Haojie, Zhou Ying, et al. Probing the neutron skin with ultrarelativistic isobaric collisions [J].
Physical Review Letters, 2020, 125(22) . 222301.

[35] Aichelin J. “Quantum” molecular dynamics: a dynamical microscopic n — body approach to investigate fragment
formation and the nuclear equation of state in heavy ion collisions [J]. Physics Reports, 1991, 202(5~6): 233 —360.

[36] Xiao Kui, Li Pengcheng, Wang Yongjia, et al. Effects of sequential decay on collective flows and nuclear stopping
power in heavy —ion collisions at intermediate energies [J]. Nuclear Science and Techniques, 2023, 34(4): 62.

[37] Li Qingfeng, Shen Caiwan, Guo Chenchen, et al. Nonequilibrium dynamics in heavy — ion collisions at low energies
available at the GSI Schwerionen Synchrotron [J]. Physical Review C, 2011, 83(4). 044617,

[38] Wu Qinghua, Guan Fenhai, Diao Xinyue, et al. Symmetry energy effect on emissions of light particles in coincidence
with fast fission [J]. Physics Letters B, 2020, 811: 135865.

[39] Xiang Xilong, Nan Manzi, Li Pengcheng, et al. Novel filtering method for generating desired density profiles of
colliding nuclei [J]. Physical Review C, 2026, 113(6): 064606.

[40] Yamaguchi Y, Horiuchi W, Itagaki N. Evidence of bicluster structure in the ground state of **Ne [J]. Physical
Review C, 2023, 108(1): 014322.

The Effect of Initial Nuclear Density Distributions
on Collective Flow in Transport Models at Intermediate Energies

Xiang Xilong'?, Li Pengcheng’, Wang Yongjia®, Liu Ling', Li Qingfeng”
(1. College of Physics Science and Technology, Shenyang Normal University, Shenyang 110034, China;
2. School of Science, Huzhou Normal University, Huzhou 313000, China)

Abstract: Nuclear structure effects are one of the important factors influencing the dynamical
evolution and final — state observables in heavy — ion collisions. In this work, the Ultra — relativistic
Quantum Molecular Dynamics (UrQMD) model is employed to study the * Ne+*Ne collision system.
During the initialization, a method based on Fourier series expansion (FSE) is used to construct nuclei
with bubble structures, and the results are compared with those obtained from the conventional hard —
sphere ( HS) initialization. The influence of different initial nuclear density distributions on the
dynamical evolution of heavy —ion collisions and the final — state collective flows is analyzed. The results
show that, compared with HS initialization, the bubble structure obtained with FSE initialization forms
a smaller high — density region during the collision process, leading to weaker directed flow v, and
elliptic flow v,. This indicates that the initial nuclear structure can influence the dynamical evolution of
the system by modifying the high — density region formed in the early stage of the collision, and this
effect is ultimately reflected in collective flow. These findings provide theoretical support for future
studies of nuclear reactions and nuclear structure at the upcoming HIAF facility.

Keywords: heavy —ion collisions; initial nuclear structure; UrQMD model; collective flow
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