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Outline

➢ Hyperon, cluster and hypernuclear

cluster production via heavy-ion 

collision and hadron induced reactions-

overview

➢ LQMD transport model and recognizing 

cluster

➢ Fragmentation reaction and 

hyperfragment production

➢ Summary and perspective
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mean free path at ρ0:

λ(π)   =  0.3 fm

λ(K+) =  5 fm

λ(K-)  =  0.8 fm

Strange particles production in hadron-hadron collisions

I. Progress on hyperon, nuclear cluster and hypernuclear cluster production via heavy-ion collisions
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K+ production
L production



Z. Q. Feng, PRC 83 (2011) 067604. LQMD

G.Q. Li, C. M. Ko, PLB349(1995)405. BUU C. Fuchs et al., PRL86(2001)1974. QMD

K+介子探针：

Ch. Hartnack et al., PRL96 (2006) 012302. IQMD

➢ KN相互作用势

➢ 衰变宽度

➢ N吸收截面

5

P. Danielewicz, R. Lacey and W.G. Lynch, 

Science 298, 1592 (2002)

同位旋对称核
物质状态方程
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VK+(0)= 28 MeV,  VK-(0)= -100 MeV

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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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)



Experiments:

SSC and CSR(HIRFL), INDRA (GANIL), CHIMERA 

(LNS), NSCL (MSU), FOPI and HADES (GSI) 

P. Russotto et al., PRC 91, 014610 (2015)

Temporal evolution of density profile
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Cluster production in heavy-ion collisions
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Cluster production measurement at FOPI 
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Cluster production measurement 

at FOPI INDRA-FAZIA 



H. Tamura, Prog. Theor. Exp. Phys. (2012) 02B012
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Advantage of HICs for HN production

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

spectroscopies

2. Multistrangeness HN (S=-2) LLX和X

3. Interaction potentials of NL, N NNL, etc
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bL-hypernuclei

Estimation of proton-rich and neutron 

rich HN with GSI exotic beam

C. Rappold, J. López-Fidalgo, PRC 94, 044616 (2016)

8
LBe 11

LBe
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Radius and binding energy HN

BL=72+63
−36 keV

R10 fm

ALICE Collaboration, https://doi .org /10 .48550 /arxiv.2209 .07360

3
LH

208Pb, R7 fm

BL= 148 ± 40 keV

Millener, D. J., C. B. Dover, and A. Gal, 1988, Phys. Rev. C 38, 2700
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A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stöcker, 

Physics Letters B 697 (2011) 203–207

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.Bratkovskaya et 

al., Physics Letters B 742 (2015)7–14

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)



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

the GEMINI decay code (minimum spanning tree (MST) procedure)

|ri-rj|3 fm, |ri-rY|4.5 fm , |pi-pj|0.3 GeV/c

16

C. Samanta et al, J. Phys. G: Nucl. Part. Phys. 32 (2006) 363

Z. Q. Feng, Phys. Rev. C 102, 044604 (2020)

Excitation energy E*(Zi, Ni, nY)

= EB(Zi, Ni, nY) - ELD(Zi, Ni,nY)

The decay of excited hypernucleus is 

described by the GEMINI code!

L

Binding energy:
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2) Wigner density approach for Z2

R. Mattiello et al., Phys. Rev. C 55, 1443 (1997)



3
LH via 197Au+197Au

LQMD calculation: Eur. Phys. J. A, 57 (2021) 18;  FOPI data from Nucl. Phys. A 876, 1 (2012)
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Zhao-Qing Feng, Eur. Phys. J. A, 57 (2021) 18, LQMD calculation The STAR Collaboration, PRL130, 212301 (2023)
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3) Surface coalescence for cluster construction
A. Boudard, J. Cugnon, S. Leray et al., Nucl. Phys. A 740, 195-210 (2004)

Hui-Gan Cheng, Zhao-Qing Feng, Chinese Physics C 45, 084107 (2021)

𝑛

𝑝

𝛼

𝑡



(Hyper) nuclear fragments with antiproton induced reactions
Zhao-Qing Feng, Physical Review C 101, 064601 

(2020); 93, 041601(R) (2016)

20
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4) 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.

𝒅, 𝒕, 𝒉 fermi /intermediate 
energies

kinetic, Mott cut

2013 AMD-
cluster

A. Ono 𝟐𝑵, 𝟑𝑵,𝜶 fermi /intermediate 
energies

kinetic, fermionic mean 
field

2021 SMASH J. Staudenmaier 
et al.

𝒅 GeV and higher kinetic

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

2023 IBUU R. Wang et al. 𝒅, 𝒕, 𝒉, 𝜶 intermediate 
energies

kinetic, Mott cut

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

𝒅, 𝒕, 𝒉, 𝜶 fermi /intermediate 
energies

Kinetic, binding energy, 
Pauli effects



Clusters are produced by multinucleon 

or nucleon-cluster collisions 
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➢ LQMD transport model (Skyrme interaction, Walecka model with , , , )

➢ 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., (1232), N*(1440), 

N*(1535)), hyperons (L,S,) and mesons (p,K,,,,))

➢ 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, , L(S)X, LLX, X, LX)

➢ 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)

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

兰州量子分子动力学模型 (LQMD)
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Transport models for heavy-ion collisions

2024/04/13
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1. Lanzhou quantum molecular dynamics transport model (LQMD-Skyrme)

Csym=  38 MeV

asym=  37.7 MeV

bsym= -18.7 MeV
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2. Covariant energy-density functional (LQMD.RMF)

𝐹𝜇𝜈 = 𝜕𝜇𝜔𝜈 − 𝜕𝜈𝜔𝜇,

𝐺𝜇𝜈 = 𝜕𝜇𝑏𝜈 − 𝜕𝜈𝑏𝜇,

𝑈(𝜑) =
𝑔2
3
𝜑3 +

𝑔3
4
𝜑4

Energy density functional

Temporal evolution in phase space
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Si-Na Wei, Zhao-Qing Feng, 
Nuclear Science and Techniques 35, 15 (2024) 

arXiv:2302.09984

2024/04/13 兰州大学稀有同位素前沿中心报告
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Symmetry energy in LQMD.RMF

𝑬𝒔𝒚𝒎 =
𝟏
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𝑴∗

𝑬𝑭
∗ 𝝆

𝒇𝝆,𝜹 = 𝒈𝝆,𝜹/𝒎𝝆,𝜹

2024/04/13 兰州大学稀有同位素前沿中心报告
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Results from LQMD.RMF calculation: collective flows for free protons

2024/04/13 兰州大学稀有同位素前沿中心报告



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 model with SU(3) 

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

Strangeness channels:

Collisions between resonances, NN*N, NN*NN*

p and resonances ((1232), N*(1440), N*(1535), ) production:
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4. hyperon-nucleon interaction in dense nuclear matter

2024/04/13

Phenomenological potential by fitting 

the results of chiral effective field theory

兰州大学稀有同位素前沿中心报告
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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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Correlation of the hyperon potential stiffness with hyperon 

constituents in neutron stars and heavy-ion collisions 

Si-Na Wei, Zhao-Qing Feng, Wei-Zhou Jiang, PLB (accepted)
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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



129Xe+118Sn @ 

50A MeV
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Kinetic approach for cluster production
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Heng-Jin Liu, Hui-Gan Cheng, ZQF, Physical Review C 108, 024614 (2023)

Collective flows (d, t, 3He, ) (Wigner density approach )
HADES Collaboration, Phys. Rev. Lett. 125, 262301 (2020)
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Z. Q. Feng, Phys. Rev. C 102, 044604 (2020)

Data: C. Rappold et al., (HypHI collaboration) 

Phys. Lett. B 747, 129 (2015)

124Sn+124Sn@2A GeVHypernuclide production via HICs (Wigner density approach )
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Multi-strangeness hypernuclide production 

H.G. Cheng, Z. Q. Feng, Phys. Lett. B 824 (2022) 136849

197Au+197Au@3A GeV



V. Summary
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➢ The Extremely proton-rich/neutron-rich hypernuclides 

might be created via heavy-ion collisions at HIAF energies, e.g., 

3
LH and 4LH production in the reaction of 20Ne+12C at HIAF.

➢ The high-density symmetry probes single and double ratios 

of S-/S+(double ratio) via the isotopic reactions 112Sn+112Sn and 

124Sn+124Sn, in particular above 0.4 GeV.

➢ The 3-body interaction potentials, e.g., LNN,SNN,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.  


