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Cluster, hyperon and hypercluster production via heavy-ion
collision for investigating neutron-star matter properties

LQMD transport model

Hyperon-nucleon interaction in dense nuclear matter via HICs

Fragmentation reaction and hyperfragment production in HICs

Summary and perspective
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1. Strange particle production in hadron-hadron collisions
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Available online at www.sciencedirect.com
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2. Cluster production in heavy-ion
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Systematics of central heavy ion collisions
in the 1A GeV regime

FOPI Collaboration
Au+Au 0.4A GeV
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Cluster production measurement

by INDRA-FALZIA at INFN-LNS

PHYSICAL REVIEW C 107, 044614 (2023)
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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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The ratio of K-/K* in HICs of 12C + 12C (197Au+ 1°7Au) at

3. Strange particle production in HICs
1.8A GeV and proton beams at 2.5 GeV

C. Hartnack et al. / Physics Reports 510 (2012) 119-200 K+ (Z. Q- Feng et al., Phys- ReV. c 90’ 064604 (2014) )
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Kaon and hyperon production in HICs (yields, invariant energy spectra, collective flows)
ZQF, Phys. Rev. C 82 (2010) 057901; Phys. Rev. C 87 (2013) 064605; Ding-Chang Zhang et al., Chin. Phys. Lett. 38 (2021) 092501
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5. Hypernuclear production in HICs

@D Neutron-rich/proton-rich HN nuclei and
spectroscopies
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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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II. LQMD

Lanzhou quantum molecular dynamics transport model (LQMD)

Heavy-ion collisions (5 MeV - 5 GeV/nucleon) and hadron induced reaction (p, B, 7, K, e, etc)

LOMD transport model (Skyrme interaction, Walecka model with &, ®, p, )

» Neutron star equation of state via HICs (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,Z,E) and mesons (7,K,n,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, *He, o, )X, A1 X, =X, 21X)

Nuclear collisions of light systems (e.g., d+a, °Be+D,0, d+7Li etc, antisymmetrization with Volkov 2-body force)

» Spallation reactions induced by p, d, t, @, p, d etc (cascade multi-step collision for thick targets)

2025/7/11 Korea-China joint workshop for rare isotope physics




1. Lanzhou quantum molecular dynamics transport model (LQMD-

kyrme) PHYSICAL REVIEW C 84, 024610 (2011)
HB —_— E \/l)2 + mz + Umt + UITIO]]] Momentum dependence of the symmetry potential and its influence on nuclear reactions

Ulge = f Viee(p(r)) dr

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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E

Table 1: The parameters and properties of isospin symmetric EoS used in the LQMD model at

the density of 0.16 fm 3.

Parameters « (MeV) 3 (MeV) 2% Crom (MeV) € (¢c2/MeV?) mi /m K., (MeV)
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2. Covariant energy-density functional (LQMD.RMF)
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(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

9o G g2 (fm=1) g3 9p 95 K (MeV) Esym(po) (MeV) L (po)(MeV)
set1 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

setd 8.145 7.570 31.820 28.100 11.768 7.752 230 31.6 145.0
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3. Particle

PLAIRGHER s (A(1232), N*(1440), N*(1535), ...) production:

54

NN 1VA,

N* < 1V7T,

NN < NN* \

NN < NN (s — state),

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

Strangeness channels:
BB — BYK,BB — BBKK,Bn(n) - YK, YK — B,

Br — NKK.Yn — BK,

BB — BEKK,

BK — Yn. YN — KNN.
KB < KZ.YY < NE.KY < 7 E.

Reaction channels with antiproton:

NN < AA, A < N,

PN — NN,

NN - NN.NN = BB, NN =YY

NN — annihilation(w.7,p.w, K. K.K* K .®)
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Hyperon-nucleon interaction in dense matter I: Phys. Lett. B 851 (2024) 138580
Extracting the hyperon-nucleon interaction via collective flows in heavy-ion collisions
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Hyperon-nucleon interaction in dense matter I:
The general flavor SU(3) symmetry for hyperon-nucleon potential

Physics Letters B

W VY
ELSEVIER journal homepage: www.elsevier.com/locate/physletb

neutron stars and heavy-ion collisions
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Correlation of the hyperon potential stiffness with hyperon

constituents in neutron stars and heavy-ion collisions
Si-Na Wei, ZQF, Wei-Zhou Jiang, PLB 853 (2024) 138658
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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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REAE IR R R Ve frament production in HIRE

Kinetic approach (57312 ") for cluster production L M L L L S \

P. Danielewicz, G. F. Bertsch, Nuclear Physics A 533 (1991) 712-748 32AMev B t“ Z . - ‘ : W ‘
Akira Ono, Prog. Part. Nucl. Phys. 105, 139-179 (2019) fors ‘ ‘

R. Wang, Y. G. Ma, L. W. Chen et al., Phys. Rev. C 108, L031601 (2023) o @ -Iﬂ]]]ﬂ::

Hui-Gan Cheng, Zhao-Qing Feng, Phys. Rev. C 109, L021602 (2024)
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Clusters are produced by multinucleon
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LQmD < : b or nucleon-cluster collisions
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Novel approach to light-cluster production in heavy-ion collisions

Hui-Gan Cheng and Zhao-Qing Feng ®”

Kinetic approach for cluster production (LQMD.cluster)

School of Physics and Optoelectronics, South China University of Technology, Guangzhou 510640, China
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Hypernuclide production

RPN, 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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VIi. Summary

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

> Hyperon production in heavy-ion collisions at HIAF energies provides a successful way for
investigating the hyperon-nucleon potential in dense nuclear matter, e.g., ANN,2NN,=NN etc, might be

constrained via heavy-ion collisions at HIAF.

> 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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