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Abstract We reviewed the recent progress on strange particle production and hypernuclear physics both in
experiments and in theories. The temporal evolutions of nucleons and resonances are described by the Skyrme energy
density functional and relativistic covariant density functional theory, in which the meson-nucleon and hyperon-
nucleon interactions are considered. Calculations are performed for the reactions of *C+"C, “’Ca+*Ca, "*Sn+""Sn,
and '""Au+'""Au. The in-medium effects and high-density symmetry energy from the production of kaon, antikaon,
and hyperon (A, X, E) are investigated systematically. A quantum coalescence method is used to construct the
hypernucleus, and the phase-space distribution is investigated in terms of the mass, charge, kinetic energy, rapidity
distribution, collective flows, efc. Pre-equilibrium cluster emission in heavy-ion collisions is analyzed by
implementing 2-, 3-, and 4-body nucleon collisions. The relativistic quantum molecular dynamics model is
introduced by including p and & coupling for nucleon transportation, and the collective flows are calculated for

protons and neutrons.
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Table 1 Parameters and properties of isospin symmetric EOS in the LQMD model at a saturation density of 0.16 fm™ with
the Skyrme energy density functional

Parameters a/MeV B/ MeV Y C..n/ MeV €/c*MeV?  m,/m K,/ MeV
PARI1 =215.7 142.4 1.322 1.76 5x10™ 0.75 230
PAR2 -226.5 173.7 1.309 0 1 230
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Fig.1 Density dependence of symmetry energy with different degrees of stiffness (a), and the contribution of local interaction- and
momentum-dependent potential to symmetry energy (b)
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Table 2 Parameters for the relativistic mean field in the LQMD model at a saturation density of 0.16 fm~ with a binding
energy per nucleon of -16 MeV

Model g, g, g, /fm" g, g, g5 M*IM,,  E;/MeV K/MeV E, /MeV L/MeV
setl 8.145 7.570  31.900 21.800 — — 0.813 -16.0 230 14.3 333
setlp 8.145 7.570  31.900 21.800  4.049 — 0.813 -16.0 230 31.6 85.3
setlpo  8.145 7.570 31.900 21.800 8.673 5.347 0.813 -16.0 230 31.6 109.3
set2 8.830 9.500 11.310 13.750 — — 0.738 -16.0 300 15.6 40.4
set2p 8.830 9.500 11.310 13.750  3.897 — 0.738 -16.0 300 31.6 88.5
set2pd  8.830 9.500 11.310 13.750  7.219 4280 0.738 -16.0 300 31.6 109.4
200 300
(a) (b)
) 250 L[=+ =+ setl T=3332MeV) , ',/
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Fig.2 Density dependence of energy per nucleon of isospin symmetric nuclear matter (a) and symmetry energy (b) in the LQMD
model with the covariant density functional

1.3 EF-2FhlER N8

LQMD #E R A 4% [ ILHRA P 2 GeV LA N
Hik -5 PR, PP - Kap o FEN T A AZE

S PR A, IR S (AT 232) ,N* (1 440) , N*
(1 535) =) Fe L fN3EAR . JLARA T, LT AR e Bl
wr

NN <> NA, NN <> NN, NN <> AA, A <> Ni, N* <> N, N* <> A, N* <> N, NN — NNn(s - state) (14)

B SERLF A E 5 - T A AR B AR =

PR DY A B A

BB — BYK, BB — BBKK, Bn(n) — YK, YK — Bn, Bt — NKK, Yr — BK, BK — Y&, YN — KNN,

BB — BEKK,KB <> KE,YY <> NE,KY < n&
o P Al R | AT 8 8 A A S B R R S B TE £
}& : KB—KB, KB—KB, YB—YB, ZB— ZB, EN—

(15)
AA,EN—AT, HF :BIN,A, N5, BT YA, Z,
=), KK KDF KKK T FAEE 818

080010-5



% AR

2023, 46: 080010

ARSI IR, 508 7 A 7 RS G T 5
BT AR %, 38 7 ZATF A i 7l 2 3 1 1)
RETE 3 RN B) SO o B 1A ELAE B U A-
ACA-Z,Z-) I8 I 53 XA R L2 1 S 4 B A
PR AT AR &5 5 T e A DX 3k i A7 RO
RIS AME S N s A

2 SRS

21 HEEEETHENFR
KEFIE
EEBATE ST ES PR T AZE
AT KK =AML o R RE P I 255 1 Al 42
FEEHE T -7 A n- 1% FRb A4, W BE
NN—KYN (E, =1.58 GeV) fll iN—KY A& T 2 i f£
(Y=A,%), YYNE J& S=-2 #8 7 i) 3 B [ N3, 11
% B i NN—KKNE (E,,=3.72 GeV) # i 45 % ik £
10 pbo 4T T RN R 4G " Aut+""Au £ 1.5 GeV - #%
FIONS BEE O RERE O (h=1 fm) N =N T s
N K HGEE F = % B0 A, Wi 3 frs. ATLUE LK

9T B Az B

T AR B R R SE P B AR B OK AR R AE 2p,
BRI, T o FOEE - S AT ) R 4D 0 8 IX 3 o0 A, E B
SRR e 72 AR i MOAZ TR ISR R A 5l
K AT o PR, BESRE = % XS ) {5 S, 76 22
TE H 2 T RIE R 4 I B R S R TS R O R
B EE s AR IEER, BT NE
155 7Y 43 by 42 1] =6 25 51T 9 o0 FOPL AT KAOS & 1
H KA T LI E G, — 3 HAE 2~3p, 5 FE X 3 5%
AL IR T FE RE 0% A PR SO0 2w J@ad 4y
BT 7 Au+""Au Fl 2C+"C filf 48 A B ¥ 72 40 L 3R B
B EPRE T EAR S KN THFE SR, W
A TN X LA 5 M AR /N, Ji e 43 B S T
Tl 488 R v B8 0T 1 2 o S A% S IO O , A3 KK,
A TEVRLFNEE FE (1) 06 22 35 53 51 N 25 MeV.—-100 MeV
F-30 MeV™“™, &k F 5T AHEAERSS S
JRFAZIE R R A A SR . -1 1A BAE
HATIEANE 2, KEB AR 540 H i 35 HE R 35, o
RN ZE FERET 15 MeVe 36T FAEMILELE , 5l N5
5 s A R HEAH S 4% 134, R T 2T
PEA LR 1 B B AN R BRI AR

10?
10! (@)

,_.
"
< =
T 2
% e ¥ \\
. N
3\
VI
P
P
5o
.
#
-
<

dN/dp / fm®

dV/dt / c-fmt
2

102

10!

R (\b\)\ AW AU@].5A GeV ©

10°

0 10 20 30 40 50 0 1
t/ fm-c!

AUHTAu@1.5A GeV and b=1 fm
« 107
&
)
% 10 2
—— Y w/o YN pot
N | - - - 3 with YN pot
\ \ \
i’ 1 1073 1 1 1
3 0 1 2 3 4
PP,

3 RFAEZR A TAuTE NS RERON 1.5 GeV - T FRHE S HON 1 fm I AT KA T X 77 A2 I [ 36 A0 25 2 ARt
Fig.3 Temporal evolution and density profiles of , 1, K',and X in collisions of "’Au+'""Au at an incident energy of
1.5 GeV *nucleon™ and impact parameter of 1 fim
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