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Strange particles production in hadron-hadron collisions ’ o &«
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C. Hartnack et al. / Physics Reports 510 (2012) 119-200
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The ratio of K-/K* as a function of transverse mass (kinetic energy) in collisions of 12C + 12C and protons on 12C and
197Au at the beam energies of 1.8A GeV and 2.5 GeV (Z. Q. Feng et al., Phys. Rev. C 90, 064604 (2014) )
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Particle fractions

Hyperons in neutron stars (NS)
S. Weissenborn, D. Chatterjee, J. Schaffner-Bielich, Nucl. Phys. A 881, 62 (2012)

W. Z. Jiang, R. Y. Yang, and D. R. Zhang, Phys. Rev. C 87, 064314 (2013)

Diego Lonardoni, Alessandro Lovato, Stefano Gandolfi, and Francesco Pederiva, Phys. Rev. Lett. 114, 092301 (2015)
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Experiments:

SSC and CSR(HIRFL), INDRA (GANIL), CHIMERA P. Russotto et al., PRC 91, 014610 (2015)
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Available online at www.sciencedirect.com
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Cluster production measurement at FOR
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<Multiplicity>

PHYSICAL REVIEW C 107, 044614 (2023)

Cluster production measurement

at Fuq IN]?A—FAZA 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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Advantage of HICs for HN production

1. Neutron-rich/proton-rich HN nuclei and

spectroscopies

2. Multistrangeness HN (S=-2) , , XF=_X

3. Interaction potentials of NA, N= NNA, etc ,

PHYSICAL REVIEW C 102, 044002 (2020)

Observation of a KNN bound state in the *He(K~, Ap)n reaction
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Estimation of proton-rich and neutron

rich HN with GSI exotic beam
C. Rappold, J. Lopez-Fidalgo, PRC 94, 044616 (2016)
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Radius and binding energy HN
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(Hyper-)cluster production in HICs-statistical approach

A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stocker, N. I?:uyukcizmeci, R. Ogul, A. S. Botvina, M.
Physics Letters B 697 (2011) 203-207 Bleicher, Phys. Scr. 95 075311 (2020)
Pb+Pb Statistical multifragmentation model (SMM)
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Yield (per event)

Transport model + coalescence approach

A.S. Botvina, J. Steinheimer, E.Bratkovskaya et

al., Physics Letters B 742 (2015)7-14
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Recognizing a nuclear cluster or hypernuclear cluster

1) Classical coalescence approach in phase space for nuclides of Z>2 combined with

the GEMINI decay code (Minimum spanning tree (MST) procedure)
|¥;-¥;1<3 fm, |r;-ry|<4.5 fm, |p;-p;|<0.3 GeV/c

C. Samanta et al, J. Phys. G: Nucl. Part. Phys. 32 (2006) 363
Z. Q. Feng, Phys. Rev. C 102, 044604 (2020)
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2) Wigner density approach for Z2<2 LQMD calculation: Eur. Phys. J. A, 57 (2021) 18; FOPI data from Nucl. Phys. A 876, 1 (2012)
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3) Surface coalescence for cluster construction / A=1 4
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(Hyper) nuclear fragments with antiproton induced reactions
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Xe+Sn

4) Kinetic approach for cluster production 20 Ao

pdtH a .
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2% F 4 F 3/ 42 (LQVD)

Heavy-ion collisions (5 MeV - 5 GeV/nucleon) and hadron induced reaction (p, E, w, K, e, etc)

>
>

LQMD transport model (Skyrme interaction, Walecka model with o, o, p, 8)

Neutron star equation of state (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)

In-medium effects of hadrons (optical potentials, energy conservation and in-medium effects, i.e., A(1232), N*(1440),
N*(1535)), hyperons (A,2,5) and mesons (m,K,1n,p,,9...))

Kinetic production of (hyper)clusters and nuclear fragmentation reactions (production cross section, phase-

space distribution, collective flows, cluster transportation, Mott effect, e.g., deuteron, triton, 3He, a, 55X, s X, 2X, 3X)

Nuclear fusion near Coulomb barrier energies (barrier distribution, neck dynamics, fusion cross section etc)

Hadron induced nuclear reactions (spallation reaction, physics at PANDA such as hypernuclear, neutron skin thickness
etc) ‘
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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,
the treatment of effects of relativity (see Section 2.1), and the comparisons in which the code participated. The different
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.

BUU Type Code Correspondents Energy Range [A GeV] Relativity Comparisons
BLOB P. Napolitani, M. Colonna 0.01-05 non-rel 2
BUU-VM S. Mallik 0.02-1 rel 345
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
IBL WJJ. Xie, FS. Zhang 0.05-2 rel 2
IBUU J. Xu, LW. Chen, BA. Li 0.05-2 rel 2,345
LBUU(LHV) R. Wang, Z. Zhang, L-W. Chen 0.01-15 rel 3
pBUU P. Danielewicz 0.01-12 rel 12,3456
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 1,2345
SMASH D. Oliinychenko, H. Elfner, A. Sorensen 0.5-200 cov 3456
SMF M. Colonna, P. Napolitani 0.01-05 non-rel 234
xBUU Z. Zhang, CM. Ko 0.01-05 non-rel 6

QMD Type Code Corespondents Energy Range [AGeV]  Relativity  Comparisons
AMD A. Ono 0.01-03 non-rel y
AMD+JAM N. lkeno, A. Ono 001-03 non-rel+rel 6
BQMD/IQMD A. Le Févre, J. Aichelin, C. Hartnack, R. Kumar  0.05-2 rel 1,26
CoMD M. Papa 001-03 non-rel 24
ImQMD YX. Zhang, N. Wang, ZX. Li 0.02-04 rel 234
IQMD-BNU J. Su, FS. Zhang 005-2 rel 23456
IQMD-SINAP G.Q. Zhang 0.05-2 rel 2

JAM A. Ono, N. Ikeno, Y. Nara, A. Ohnishi 1-158 rel 45

JQMD 2.0 T. Ogawa, K. Niita, S. Hashimoto, T. Sato 0.01-3 rel 45
LOMD(IQMD-IMP)  Z.Q. Feng, H.G. Cheng 0.01-10 rel 2345
TuQMD/dcQMD  D. Cozma 0.1-2 rel 123456
UrQMD Y. ]. Wang, Q. F. Li, Y. X. Zhang 0.05-200 rel 12346
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1. Lanzhou quantum molecular dynamics transport model (LQMD-Skyrme)

PHYSICAL REVIEW C 84, 024610 (2011)

Momentum dependence of the symmetry potential and its influence on nuclear reactions

Hp

Z \/P{" + m|2 + Uint + 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
X [ln( (l) = ] fJ r p f ) the density of 0.16 fm 3.

iso o

(V)+%qwm on)],

Parameters o (MeV) 3 (MeV) 5 Cruom (MeV) € (¢?2/MeV?) m2i/m K. (MeV)
] h 2/3 PARI 2157 1424 1.322 1.76 5% 10~ 0.75 230
ﬁu Mo PAR2 22265 173.7  1.309 0. 0. 1. 230
En'm(p}— a o~y _‘T P (ﬂ)"‘ E (p)*
- ’ 3 2"” 2 “f“ svym * /
C.,= 38 MeV

i 1 loc | B Asym™ 37.7 MeV
E:;,(ﬁ) =3 ﬂm(ﬂ/ﬂﬂ ) E.n.m(p) = a.ﬁ_’s‘m(ﬂ/ﬁ(}) + b.wm(ﬁ/.o{l)-- b..=-18.7 MeV
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Si-Na Wei, Zhao-Qing Feng,
2. Covarlant energy-density functional (LQMD.RMF) | .~ .~ Techniques 35, 15 (2024)
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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 9o G g2 (fm=1) g3 9p 95 K (MeV) Esym(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 7.752 230 31.6 145.0
—

Symmetry energy in LOMD.RMF
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3. Particle production

© and resonances (A(1232), N*(1440), N*(1535), ...) production:

NN < NA,

N* < JV’/T,

NN & inV*,

NN fViVTF(S — sta.-te),

Collisions between resonances, NN*«NA, NN*«<NN*

Strangeness channels:
BB — BYK,BB — BBKK.,Bn(n) — YK,YK — Br,

Br — NKK.Yn — BK.

BK - Yn, YN — KNN,

BB - BEKK,KB < KE.YY &+ NE,KY & nE.
Reaction channels with antiproton:

PN — NN,

NN < AA, A fV?T,

N*(1535) < N7

NN = NN, NN — BB, NN 5 YY

NN — annihilation(w.7.p.w, K. K. K* K .®)
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Statistical model with SU(3)

symmetry for annihilation
(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

28



4. hyperon-nucleon interaction in dense nuclear matter

Ny
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Phenomenological potential by fitting
the results of chiral effective field theory S 100
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Extracting the hyperon-nucleon interaction via collective
flows in heavy-ion collisions Phys Lett. B 851 (2024) 138580
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Probing the high-density symmetry energy from subthreshold hyperon
production in heavy-ion collisions

Zhao-Qing Feng
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High-density symmetry energy from hyperon production in
heavy-ion collisions, Physics Letters B 846 (2023) 138180
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IV. Nuclear cluster

PHYSICAL REVIEW C 109, 1.021602 (2024)

Novel approach to light-cluster production in heavy-ion collisions
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Collective flows (d, t, SHe, o) (Wigner density approach )
Heng-Jin Liu, Hui-Gan Cheng, ZQF, Physical Review C 108, 024614 (2023)
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Hypernuclide production via HICs (Wigner density approach )

Z. Q. Feng, Phys. Rev. C 102, 044604 (2020)
Data: C. Rappold et al., (HypHI collaboration)
Phys. Lett. B 747, 129 (2015)
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Multi-strangeness hypernuclide production
H.G. Cheng, Z. Q. Feng, Phys. Lett. B 824 (2022) 136849
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TABLE I. Comparison between cross sections of double lammda

hypernuclei calculated with g = 3.5 fim for A in
40Ca + 19Ca collisions at 3A GeV
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V. Summary

> The Extremely proton-rich/neutron-rich hypernuclides
might be created via heavy-ion collisions at HIAF energies, e.g.,
3,H and 4,H production in the reaction of 2°Ne+12C at HIAF.

> The high-density symmetry probes single and double ratios
of ~-/>*(double ratio) via the isotopic reactions 112Sn+112Sn and
1248n+124Gp, in particular above 0.4 GeV.

> The 3-body interaction potentials, e.g., ANN,2NN,=NN etc,

might be constrained via heavy-ion collisions at HIAF.
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> Kinetic approach is implemented in the LQMD transport model for the nuclear cluster production

in Fermi energy heavy-ion collisions, hypercluster in the near future, in which the binding energy,

multinucleon (cluster) collisions, Pauli principle, Mott effect etc are taken into account.

Thanks for your attention |
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