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Experiments:
INDRA (GANIL), CHIMERA (LNS), NSCL (MSU)

SSC and CSR(HIRFL), FOPI and HADES (GSl) ..
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Examination of cluster production in excited light systems at Fermi energies from new experimental
data and comparison with transport model calculations
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Observation of a KNN bound state in the *He(K~, Ap)n reaction
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Hypernuclide 3, H and 4, H measured by STAR Collaboration (Phys. Rev. Lett. 128, 202301 (2022))
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Probing the Nuclear Liquid-Gas Phase Transition
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Fast neutrino cooling of nuclear pasta in neutron stars: Molecular dynamics simulations
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3) Surface coalescence for cluster construction
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4) Kinetic approach for cluster production

M™Nuclear Physics AS33 (1991) 712-748

North-Holland
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Akira Ono, Prog. Part. Nucl. Phys. 105, 139-179 (2019)
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Preequilibrium cluster emission and fragmentation reactions in heavy-ion collisions

Hui-Gan Cheng and Zhao-Qing F(-n:ﬂ ar)qv: 2308'04852
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Table 1
List of transport models that participated in the TMEP code comparisons discussed in this paper. The columns give the
information on the name of the code, the main correspondents of the code, the energy range intended for the code,
- S the treatment of effects of relativity (see Section 2.1), and the comparisons in which the code participated. The different
r'am-t S a. Vy—l m C Is G‘B comparisons are listed in the last column in the table by a numbers n, which refer to the subsections 3.n, where they are
described in detail: n = 1 for Au+Au collisions around 1 AGeV, n = 2 for Au+Au collision at 100 and 400 AMeV, n = 3 for

box-Vlasov, n = 4 for box-cascade with only nucleons, n = 5 for box-cascade with pion and A resonance production, and n
= 6 for the prediction of pion ratios for Sn+Sn collisions.

T p— BUU Type Code Correspondents Energy Range [A GeV] Relativity Comparisons
A — BLOB P. Napolitani, M. Colonna 0.01-05 non-rel 2
BUU-VM S. Mallik 002-1 rel 345
Contents lists available at ScienceDirect DJBUU Y. Kim, S. Jeon, M. Kim, C-H. Lee, K. Kim 0.05-2 cov 3
GiBUU J. Weil, T. Gaitanos, K. Gallmeister, U. Mosel 0.05-40 rel/cov 1234
X . . IBL W.J. Xie, F.S. Zhang 0.05-2 rel 2
Progress in Particle and Nuclear Physics IBUU J. Xu, LW. Chen, BA. Li 0.05-2 rel 2345
LBUU(LHV) R. Wang, Z. Zhang, L-W. Chen 0.01-15 rel 3
pBUU P. Danielewicz 0.01-12 rel 1,2345,6
journal homepage: www.elsevier.com/locate/ppnp PHSD E. Bratkovskaya, W. Cassing 0.1-200 rel/cov 16
RBUU T. Gaitanos 0.05-2 cov 12
RVUU Z. Zhang, CM. Ko, T. Song 0.05-2 cov 12,345
Review SMASH D. Oliinychenko, H. Elfner, A. Sorensen 0.5-200 cov 3456
SMF M. Colonna, P. Napolitani 0.01-05 non-rel 234
Transport model comparison studies of intermediate-energy | W) o Gl Sk B asia B
heavy-ion collisions = QMD Type Code Corespondents Energy Range [AGeV]  Relativity  Comparisons
Hermann Wolter ', Maria Colonna*, Dan Cozma*, Pawel Danielewicz **, AMD A. Ono 001-03 non-rel 2
Che Ming Ko®, Rohit Kumar *, Akira Ono”, ManYee Betty Tsang **, Jun Xu®", AMDAM N. lkeno, A.Ono 001-03 non-rel+rel 6
Ying-Xun Zhang 1011 Elena Bratkovskaya 1213 Zhao-Qing Feng 4 BQMD/IQMD A. Le Fevre, ]. Aichelin, C. Hartnack, R. Kumar  0.05-2 rel 1,26
Theodoros Gaitanos °, Arnaud Le Févre ', Natsumi Ikeno '*, Youngman Kim ", CoMD M. Papa . 001-03 non-rel 24
Swagata Mallik ™, Paolo Napolitani ', Dmytro Oliinychenko , | :mﬁggnu Yjé' Z{:“’S"gz'hN' Wang, ZX. Li g-gg'o"‘ re: 2'3'2 -
Tatsuhiko Ogawa ', Massimo Papa”, Jun Su®, Rui Wang ***, Yong-Jia Wang *, lQMD-SINAP JG u'Zl; o 0'05'§ rel %‘3' -
Janus Weil ©°, Feng-Shou Zhang “**', Guo-Qiang Zhang)‘-’,Zhen Zhang*, 2M i A% a,l\}glk Y Nara. A Ohuichi . 15_8 rel 18
Joerg Aichelin **, Wolfgang Cassing *, Lie-Wen Chen **, Hui-Gan Cheng ', J Pl o e ey e 5 - :
Hannah Eliner 289 K Callmeister?> Christo ph Hartnack 28 JQMD 2.0 T. Ogawa, K. Niita, S. Hashimoto, T. Sato 0.01-3 rel 45
Shintaro Hashimoto *', Sangyong Jeon ™, Kyungil Kim . Myungkuk Kim ! # M,aDl dM[;"[\;P %)QC R g.(]H;lO re: ?;‘31256
Bao-An Li “, Chang-Hwan Lee **, Qing-Feng Li *, Zhu-Xia Li’ o e . i i o
p - . ’ UrQMD Y. ].Wang, Q. F. Li, Y. X. Zhang 0.05-200 rel 12346

Ulrich Mosel *, Yasushi Nara **, Koji Niita **, Akira Ohnishi *’, Tatsuhiko Sato *',
Taesoo Song '?, Agnieszka Sorensen ***, Ning Wang ''*°, Wen-Jie Xie *',
(TMEP collaboration)
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Heavy-ion collisions (5 MeV - 5 GeV/nucleon) and hadron induced reaction (p, |_a, 7, K, e, etc)

» Z=MNEF9Fah 151 E (Skyrme interaction, Walecka model with o, o, p, 8)
> AT SRER FRHIETR P FEMRIRS AR (nuclear symmetry energy at sub- and

supra- saturation densities in HICs, isospin splitting of nucleon effective mass from HICs, particle production,

2-body and 3-body potential, multi-body correlation)

» B Eﬁﬁi%?ﬂi?*ﬁﬁ}ﬁﬁlﬁﬁﬁ (optical potentials, energy conservation and in-medium effects,

l.e., A(1232), N*(1440), N*(1535)), hyperons (A,XZ,E) and mesons (n,K,n,p,®,$...))

» *i?ﬁfﬂﬂ*ﬁ?ﬁ@?ﬂiijjj] i—j"n (production cross section, phase-space distribution, collective flows,

cluster transportation, Mott effect, e.g., deuteron, triton, 3He, a, 55X, sx X, 2X, 3X) ¢ :
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1. X FSkyrmeta ZAE &= T4 T30 /1 4R (LQMD-Skyrme)

PHYSICAL REVIEW C 84, 024610 (2011)

—_— 2 2 Momentum dependence of the symmetry potential and its influence on nuclear reactions
HB - E \/P, + mi + Uml + Umom

Zhao-Qing Feng®
{ Institute of Modern Physics. Chinese Academy of Sciences. Lanzhou 730000, People's Republic of China
(Received 11 July 2011; published 19 August 2011)
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Table 1: The parameters and properties of isospin symmetric EoS used in the LQMD model at
[ ( (I) = ] fJ r p f) the density of 0.16 fm 3.

Parameters o (MeV) 3 (MeV) "j. Crom (MeV) € (¢?/MeV?) mi/m K., (MeV)
] h 2 3 PARI1 -215.7 142 .4 1.322 1.76 5x 1071 0.75 230
loc mom PAR2 2265 1737 1.300 0. 0. 1. 230
Eﬂpﬂ(p}___ _‘T p +E (ﬁ)+£ ) (;0}.
1 jf” ﬁf}f _Tl'lrf" \ :
C..= 38 MeV

Y

loc | loc . B asym= 37.7 MeV
Egm(p) = 5Csym(p/po)” Egm(p) = asym(p/po) + bsym(p/po)”. beym=-18.7 MeV

20

U loc

Il
—
— ::
=
—,
T~
m—
=
" m—"
—
=
-




2. 85t 6% F4-F 30 /1 52(LQMD-RMF) Si-Na Wei, Zhao-Qing Feng, arXiv:2302.09984

- L =2 L
= 11/)[11/116” — My — 9o — gsT - 51) - ga)yua)u —YGpVul- b* ] Fy = 0,w, — 0,wy,
Z (3,00% @ — m29?) — U(p) + = (3,6018 — m25?2) Gy =613—613
1 1 -0 1, U(p) = 2 @3 + 2 p*
_ U _ U 4 =2 u_ - Uv 2 §0 @
mewﬂw 4FWF + 2mpbub 4GWG 3 4
FEEREK:
zzj Ak \/k2+M*2+1 +U()+1 2 4 S m2b? + S m2s?
— : —m m C() m m
. (271_)3 l 2 (p w0 2 p™~0 2 0“3
=n
KFEITEEEETL .
2 o) Z o,
L Pi OPij . 9o _,em, 9pji g5 s O pu g BB.TR v ing . g P
X = E g{zmz i Wi BiB; op; )'m.":', 2 uBiB; Ip; th 2" p;i BiB; Ip; z:{2777“ I Jr; 2m?2 i 4 or;
e B.ing;Z,[ Pij ou; ,, 2 W Apij P a[1/(1 — P%igj/i\f-)]] _{_:;# BfBjo v ll;.;z. _ C{Pij
<3 2771% - p%,i_j /i\f—' api I — p%l_]/"\‘lz Bpi i Mij api 2!]72; | 1— pTz_]/A\‘{ Qri
o 2m2 "1 —pF /A2 Op; b Ip; 1 _-VpT.jzf/" g Ory
m; 0S; m;aS; _m;o5; m;I5; }
e — e — 8y pvorn’
;" Opi  p;’ Opi J . i : 21



(MeV)

E
sym

TABLE I: Parameter sets for RMF. The saturation density pg is set to be 0.16 f m . The binding energy of saturation

density is E/A — My = —16 MeV. The isoscalar-vector w and isovector-vector p masses are fixed to their physical values,
m,, = 783 MeV and m, = 763 MeV. The remaining meson mass m, is set to be 550 MeV.
model Jo Jw g2 (fm—1) g3 O gs K (MeV) E.ym(po) (MeV) L (po)(MeV)
setl 8.145 7.570 31.820 28.100 4.049 - 230 31.6 85.3
set2 8.145 7.570 31.820 28.100 8.673 5.347 230 31.6 109.3
set3 8.145 7.570 31.820 28.100 11.768 7.152 230 31.6 145.0
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© and resonances (A(1232), N*(1440), N*(1535), ...) production:

%1 t=0 fmlc 151 t=20 fmlc
5 - o 104
NN < A[A, NN < JTViV*, NN AA, A+ A[ﬂ', ) % % Z
. . 10 t=-10fm.fc- 1) t=25-fm/c- .
Collisions between resonances, NN*&NA, NN*«<NN* 5

10 R ' ."o.' .
54 [ )
T%‘ .
0 e
-51 ) 13
04 S

Strangeness channels:

BB — BYK, BB — BBKK,Br(n) — YK,YK — B, e B
Br — NKK,Yn — BK, BK —Yr, YN — KNN. R E T e
BB —» BEKK,KB <> KE,YY < NE,KY < nE. . % EE o
Reaction channels with antiproton: S R e O R

_ — ~ = T BD Tv LT Statistical model with SU(3)
PN — NN, [NN = NN, NN = BB, NN = ¥} symmetry for annihilation

NN — annihilation(w. 1, P, W, KK.K*K . O) (E.S. Golubeva et al., Nucl. Phys. A 537, 393

(1992))

The PYTHIA and FRITIOF code are used for baryon(meson)-baryon and antibaryon-baryon collisions

at high invariant energies o
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TABLE I. Comparison between cross sections of double lammda

hypernuclei calculated with g = 3.5 fim
197 Au and 4°Ca + 49Ca collisions at 3. A G

for A in 197" Au +

eV
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