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mean free path at Ǯ0:

Ǩ(ǭ)   =  0.3 fm

Ǩ(K+) =  5 fm

Ǩ(K-)  =  0.8 fm

1. Strange particles production in hadron-hadron collisions
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K+ production

2024/11/15

2. Strange particle production in HICs

VK+(r0)= 28 MeV,  VK- (r0)= - 100 MeV

Z. Q. Feng et al., Phys. Rev. C 90, 064604 (2014)



H. Tamura, Prog. Theor. Exp. Phys. (2012) 02B012
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Ƙ Neutron-rich/proton -rich HN nuclei and 

spectroscopies

ƙ MultistrangenessHN (S=-2) LLX XX

ƚ Interaction potentials of NL, NXNNL, etc

2024/11/15

3. Hypernuclearproduction in HICs
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A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stöcker , 

Physics Letters B 697 (2011) 203ð207

Pb+Pb

(Hyper-)cluster production in HICs-statistical approach
N. Buyukcizmeci, R. Ogul, A. S. Botvina, M. 

Bleicher, Phys. Scr. 95 075311 (2020)

Statistical multifragmentation model (SMM)
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A.S. Botvina, J. Steinheimer,  E.Bratkovskayaet 

al., Physics Letters B 742 (2015)7ð14

6Li+ 12C@2A GeV

Transport model + coalescence approach

J. Aichelin, E. Bratkovskaya, A. Le Fèvre et al., 

Physical Review C 101, 044905 (2020)

A. Le Fèvre , J. Aichelin, C. Hartnack and Y. 

Leifels 100, Physical Review C 034904 (2019)
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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)

2íÙçĆZĆĀÀĖÓĆĀíˋ úÙĚĚÀĀÓĖĆ ZĆıÀġĆˋ zġÙæÀĀĆ GÀĀÓĆúæíˋ ÀĀÓ EĖÀĀÎÙĚÎĆsÙÓÙĖíıÀˋ sëĴĚː vÙıː ZÙġġː ʵʵʸˋ ʴʽʶʷʴʵ ˜ʶʴʵʹ˝
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ü LQMD transport model (Skyrme interaction, Walecka model with s, w, r, d)

ü 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)

ü In-medium effects of hadrons (optical potentials, energy conservation and in-medium effects, i.e., D(1232), N*(1440), 

N*(1535)), hyperons (L,S,X) and mesons (p,K,h,r,w,f»))

ü Kinetic production of (hyper)clusters and nuclear fragmentation reactions (production crosssection, phase-

space distribution, collective flows, cluster transportation, Mott effect, e.g., deuteron, triton, 3He, a, L(S)X, LLX, XX, `LX)

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

ü Hadron induced nuclear reactions (spallation reaction, physics at PANDA such as hypernuclear, neutron skin thickness 

etc)

Heavy-ion collisions (5 MeV ς5 GeV/nucleon) and hadron induced reaction (p, p̀, p, K, e, etc)

Lanzhou quantum molecular dynamics transport model (LQMD)
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1. Lanzhou quantum molecular dynamics transport model (LQMD-Skyrme)

Csym=  38 MeV

asym=  37.7 MeV

bsym= -18.7 MeV

2024/11/15

Phys. Rev. C 84, 024610 

(2011); 85, 014604 (2012)
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L=53 MeV

L=82 MeVL=139 MeV

L=24 MeV
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2. Covariant energy -density functional (LQMD.RMF)
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Energy density functional

Temporal evolution in phase space
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zíl̀À µÙíˋ »ëÀĆulíĀç EÙĀçˋ
Nuclear Science and Techniques 35, 15 (2024) 

ÀĖ¶íıˊʶʷʴʶːʴʽʽʼʸ
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Symmetry energy
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3. Particle production
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The PYTHIA and FRITIOF code are used for baryon(meson)-baryon and antibaryon-baryon collisions at high 

invariant energies

Reaction channels with antiproton:

,NNNp ­
Statistical modelwith SU(3) 

symmetry for annihilation
(E.S. Golubevaet al., Nucl. Phys. A 537, 393 (1992))

Strangeness channels:

Collisions between resonances, NN*ªND, NN*ªNN*

pand resonances (D(1232), N*(1440), N*(1535), ») production:

2024/11/15
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Phenomenological potential by fitting 

the results of chiral effective field theory

III. - ԝᵲ Ҳ
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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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Thegeneral flavor SU(3) symmetry 

LQMD.RMF
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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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124Sn+124Sn@1A GeV

High-density symmetry energy from hyperon production in 

heavy-ion collisions, Physics Letters B 846 (2023) 138180
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Kinetic approach for cluster production
P. Danielewicz, G. F. Bertsch, Nuclear Physics A 533 (1991) 712-748

Akira Ono, Prog. Part. Nucl. Phys. 105, 139-179 (2019)

R. Wang, Y. G. Ma, L. W. Chen et al., Phys. Rev. C 108, L031601 (2023)

Hui-Gan Cheng, Zhao-Qing Feng, Phys. Rev. C 109, L021602 (2024)

Year models Author(s) Cluster(s) Energy Treatment(s)

1991 pBUU P. Danielewicz
et al.

▀ȟ◄ȟ▐ fermi /intermediate 
energies

kinetic, Mott cut

2013 AMD-
cluster

A. Ono ╝ȟ ╝ȟ♪ fermi /intermediate 
energies

kinetic, fermionic mean 
field

2021 SMASH J. Staudenmaier 
et al.

▀ GeV and higher kinetic

2022 PHQMD G. Coci et al. ▀ GeV and higher kinetic

2023 IBUU R. Wang et al. ▀ȟ◄ȟ▐ȟ♪ intermediate 
energies

kinetic, Mott cut

2023 LQMD H. G. Cheng 
and Z. Q. Feng

▀ȟ◄ȟ▐ȟ♪ fermi /intermediate 
energies

Kinetic, binding energy, 
Pauli effects

»

Clusters are produced by multinucleon 

or nucleon-cluster collisions 

2024/11/15
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129 Xe+ 118 Sn @ 

50 A MeV
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Kinetic approach for cluster production (LQMD.cluster)
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