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1. Strange particles production in hadron-hadron collisions
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2. Strange particle production in HICs

C. Hartnack et al. / Physics Reports 510 (2012) 119-200

Z. Q. Feng et al., Phys. Rev. C 90, 064604 (2014)
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3. Hypernuclear production in HICs

@D Neutron-rich/proton-rich HN nuclei and

spectroscopies

@ Multistrangeness HN (S=-2) , \ XFf=_X

@ Interaction potentials of NA, N= NNA, etc

)
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PHYSICAL REVIEW C 102, 044002 (2020)

Observation of a KNN bound state in the *He(K~, A p)n reaction
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H. Tamura, Prog. Theor. Exp. Phys. (2012) 02B012
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(Hyper-)cluster production in HICs-statistical approach

18

A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stécker, N. I?uyukcizmeci, R. Ogul, A. S. Botvina, M.
Physics Letters B 697 (2011) 203-207 Bleicher, Phys. Scr. 95 075311 (2020)
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A.S. Botvina, J. Steinheimer, E.Bratkovskaya et

al., Physics Letters B 742 (2015)7-14
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Transport model + coalescence approach
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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. Phyvs. Rev. Lett. 114, 092301 (2015)
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I, LQMD SiEE=

Lanzhou quantum molecular dynamics transport model (LQMD)

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 c, 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, ;aX, =X, zX)

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

PHYSICAL REVIEW C 84, 024610 (2011)
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Table 1: The parameters and properties of isospin symmetric EoS used in the LQMD model at

the density of 0.16 fm 3.

Parameters o (MeV) S (MeV) ¥ Crom (MeV) € (¢?/MeV?) m*/m K, (MeV)
PAR1 -215.7 142 .4 1.322 1.76 5% 101 0.75 230
PAR2 -226.5 173.7 1.309 0. 0. 1. 230
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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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(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 e g2 (fm=1) g3 9p 95 K (MeV) Eeym(po) (MeV) L (po)(MeV)
set 1 8.145 7.570 31.820 28.100 4.049 B 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 1.152 230 31.6 145.0
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3. Particle production

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

%1 t=0 fm/c 151 t=20 fmlc
5 () o 104
NN EVA, NN foV*, NN <+ AA, A < J.?\[ﬂ-:, N % % Z
.. 10; t=-10fmlc; ) t=25-fm/c- .
Collisions between resonances, NN*«<NA, NN*<&NN* 5

10 R ' ."o.' .
54 [ )
r’l: &' .
0 .o
-51 ) 13
04 S

Strangeness channels:

BB — BYK, BB — BBKK, Bw(n) — YK,YK — B, o s O E I R
Bx — NKK,Yx — BK, BK — Yz, YN — KNN, R TE T el
BB —> BEKK,KB < KE,YY < NE,KY < nE. . % EE o
Reaction channels with antiproton: I ey I e S

_ — A LN TN L BD YN L Tov Statistical model with SU(3)
PN — NN, [NN = NN, NN = BB, NN = ¥ symmetry for annihilation

. - - —% ,
NN — annihilation(w. 1., P, W, K.K.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
2024/11/15 14
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Letter
Extracting the hyperon-nucleon interaction via collective flows in

heavy-ion collisions
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Zhao-Qing Feng
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Kinetic approach for cluster production (LQMD.cluster)

!

PHYSICAL REVIEW C 109, L021602 (2024)

Novel approach to light-cluster production in heavy-ion collisions

Hui

ted 25 January 2024; published 15 Fel

10-Qing Feng @”
of Technology, Guan,

gzhow 510640, China

bruary 2024)

2 p
Pi 0} Pij _;3 i
H — : 4+ — — 4+ L
— 2m 2~ p 1+~ Z Z 00 S0 : ' T T 1
i ij i \J.j#i ~ 20¢ 3 14
7 ) 10f TaurTAu@S0-250AMeV] o 7 d | 129Xe+118§n @
C1s‘qm Pii Lsur ' 3 r,—r; - f)i' O : : I : I : > ==t 504 MeV
— tot, —L + = - —) | = o0l b,<0.15 2 ;
2 i B P20 2 ; 2L 2L Lo 2 fg [ ] ’ E 0 10p == He )
] - 3 =
i i o | | : H oS8 .
,-‘?V(" ;‘,\‘rd R %20 N g 6
Y B Y Ve fof : % [
i i 0 — T : : : 4' b
zti 20F — — 1 N 4
10F - 1
160+160@ 4OCa+4UCa@ 129Xe+1‘188n@ 197Au+197Au@ oL . . . , ‘ . , 0 . rimrem,
SOAIMeV 50A !VIeV 50A Me‘:/ b<1fm 90A Me'V b,<0.15 50 100 150 200 250 Can 4m BN AN
2
70+ Exp.. d e t e 3He .« | 101 T ................. I I T I B B e e e R e
3 10" B 3
sol Mod. 4 d 4 { 4 "He 4 ¢ ] >10° 004 + *°Ca 12050 4 T18gn 129% e + Csl
_______ ithout traint o . o E/A = 35 MeV E/A = 50 MeV E/A = 150 MeV
._é'- 50k ﬂWIt ou cionlstraln | §_1 0 8 _ b=0 fm O0<b<2fm b,<0.15
s at constrain ) =102
Q.
= 40 o =10° .
§ 10—4 a ET : E]
X 30¢ } B : _
20 | A ?100 197Au + 19?Au 197Au + 197Au 197Au + 19?Au
A =40 E/A =60 MeV E/A = 100 MeV E/A = 150 MeV
__.C:L 0<b<1fm 3 0<b<1fm O<b<1fm
10 [ A A i 51072 a .
QLA 4.4 . 2.4 : =10° <o T e
dt3 dt3 dta dta 104 P [ EPEPEPE EPEPEPEPE BPE il B M PP EPEPEPEPE s’ X ./ EPEPEPEP EEPEPEPE: PR B | EPEPEPEN EPEPEPEPS B
He o He o He a He a O 10 20 30 40 O 10 20 30 40 O 10 20 30 40 50
2024/11/15 7 Z y



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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(Hyper) nuclear fragments with antiproton induced reactions
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PHYSICAL REVIEW C 94, 054617 (2016)

Nuclear fragmentation and charge-exchange reactions induced by pions in the A-resonance region

d’c/dOQdE (ub/(sr MeV))

Zhao-Qing Feng®

Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, People’s Republic of China
(Received 5 September 2016 revised manuscript received 11 October 2016; published 18 November 2016)

The dynamics of the nuclear fragmentations and the charge exchange reactions in pion-nucleus collisions near
the A(1232) resonance energies has been investigated within the Lanzhou quantum molecular dynamics transport
model. An isospin-, momentum-, and density-dependent pion-nucleon potential is implemented in the model,
which influences the pion dynamics, in particular the kinetic energy spectra, but weakly impacts the fragmentation
mechanism. The absorption process in pion-nucleon collisions to form the A(1232) resonance dominates the
heating mechanism of the target nucleus. The excitation energy transferred to the target nucleus increases with
the pion kinetic energy and is similar for both = - and 7 *-induced reactions. The magnitude of fragmentation
of the target nucleus weakly depends on the pion energy. The isospin ratio in the pion double-charge exchange
is influenced by the isospin ingredient of target nucleus.

DOI: 10.1103/PhysRevC.94.054617
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V. BEMRE | pe—
10°r  “Ne+"C&4.25GeV/nucieon

-

> 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

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

- - -
= -

= = free A

——helum-3
4
...... ' He (ppna)

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

might be constrained via heavy-ion collisions at HIAF.

p, (GeVic)

> Antiproton and pion beams are being expected at the HIAF facility for hypernuclear physics, in-

medium properties of hadrons, neutron-skin thickness, equation of state.

Thanks for your attention|
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