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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 kKinetic 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 7 - 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.
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The neutron-skin thickness from antiproton and meson induced reactions
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Neutron-skin thickness induced by antiprotons

PUMA, Proton Unstable Matter Annihilation at CERN
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matter propertles 4748 mor mme mem.
1. Strange particle production in hadron-hadron collisions
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Available online at www.sciencedirect.com

2. Cluster production in heavy-ion collisions “2-=" ScienceDirect A
ExperimentS: ELSEVIER Nuclear Physics A 848 (2010) 366-427 e

SSC and CSR(HIRFL), INDRA (GANIL),
CHIMERA (LNS), NSCL (MSU), FOPI and Systematics of central heavy ion collisions

HADES (GSI) ... in the 1A GeV regime
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Cluster production
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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

C. Frosin®," S. Piantelli,> G. Casini,” A. Ono.* A. Camaiani.* L. Baldesi,> S. Barlini.> B. Borderie.” R. Bougault,’
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The ratio of K-/K* in HICs of 12C + 12C (197Au+ 1°7Au) at

3. Strange partlcle productlon 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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4. Hypernuclear production in HICs H. Tamura, Prog. Theor. Exp. Phys. (2012) 02B012

3-Dimensional Nuclear Chart
M. Kaneta and Tohoku University _
3 A Hypernuclear Chart

@ Neutron-rich/proton-rich HN nuclei and

/]
§ (2012)
u Z
spectroscopies :
Z N
@ Multistrangeness HN (S=-2) ,  XF==X . : S
A, = Hyperucli i
. . Pas DOR
@ Interaction potentials of NA, N= NNA, etc , S T ,
T T[T T IrIT] T T T T 117T] T T T TTTIT] T T T7 - A'zﬂypemuclel / 1B f’\Be\iBe‘iBe i l/ :
e pb+pb —=-*He, e v : " AADDRI ) 1 P i 5
105 —— 4He 4He f\iH \ = / éHe SHe |SHe | [He |%He / H “E \,"FD/
) k -, °He Brdinary Nuclei DO ..o iy
10 & A2He 0 o data

Yield (dN/dy) for 10° events

10° gD S O
10%) | % [ Invariant mass: \H = ‘He+ m [T 5[ [Invariant mass: {He — *He+p+ 1
s 2% 80 a) T D) |
N g;gk i E I 2 F
k o nl n [
10° & 60_— S/\S+B=8.4 Peak 61.07 ‘;100” S/B=43 Peak 115.3
102 b -q:" - S/B=29 Mean 2.992 -E r S/IVS+B=13.0 Mean 3.926
e e————_ Ry ' - g | .
10 . & [ Eff.=08% Sigma 0.0019 D el Eff. = 0.4% ' Sigma 0.0023
107 o 20+ 4. I
10-5 IA. 1 L 1ol 1 IS B 15 : M WRNM ’
10 102 103 0- i bl [ S TR T SN T Y SUN S T r ) . ; ) . : L : g : y
\/s\n (GeV) ' A 3 3.05 ; :935 3.9 3.05 , 4
ﬁ oinf P. Braun-Munzinger, J. Stachel, H. Stocker, HHas annual meeting M(;H o , GeVic M(_‘Hﬁpm.), GeV/c
Physics Letters B 697 (2011) 203-207



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, Phys. Rev. Lett. 114,
N922N1 (2N1R)
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#) 12 % 38 Acta Phys. Sin. Vol. 74, No. 11 (2025) 112101
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(2024 4F 11 A 27 HF; 2025 4F 5 A 7 BRI E8%H)
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FEARZS BRI FEBAR , JF A28 HICs 5o 4% 8 bR 25 R SURR (4 B 4% mT UL o | R A% 0 IR 265 A S 0 S
MR R EA & 5P R AT B s 28 8 JF 30 Ak il BE AT 58 U7 1. /v 48 [ BR L AE B AE
FEIZ AT 10 5 55 T J000 32 948 S 6 3 (S ) e 2 T, LS TR [ R i A 22 M I S TR 2% 45 B (HIRFL) fil 2%
M T 0 R A - HM# AF R (HIRFL-CSR)., £ £2 0 30 I 25 25 7 0 B &% 5 & (HIAF) FIEE gt A9 fIK i o 2
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KB ZYFRSTR, B FREE, 2N EE I E S HMEF IR (HIRFL-CSR), SR 5
TN E (HIAF)

PACS: 21.65.Mn, 25.70.—z, 29.20.db DOI: 10.7498 /aps.74.20241650

CSTR: 32037.14.aps.74.20241650
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Ill. LQMD transpo

Lanzhou quantum molecular dynamics transport model (LQMD)

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

»

»

\ 4

LOMD transport model (Skyrme interaction, Walecka model with o, ®, 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,X,Z) and mesons (t,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, 3He, o, )X, Ax X, =X, 2X)

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,a, p, d etc (cascade multi-step collision for thick targets)

2025-12-4 HHaS annual meeting




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

PHYSICAL REVIEW C 84, 024610 (2011)

HB == 2 : \/piz + mlz + Uin[ + UII]O]‘II Momentum dependence of the symmetry potential and its influence on nuclear reactions

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)

Utoe = [ Vie(p(r)) dr

. I+y iso Phys. Rev. C 84, 024610
w p ﬂ p h_l & gﬂ-" Qsﬂr i !
Vioe(p) =—— + — 4 Eg C (p)p8* +-—(Vp )2 Vien— Pl :
o 200 14y p} sy 2p0 ‘_pﬂ [ n p ] (2011); 85, 014604 (2012)
Umom = E E Cr.rd, r,‘sr T f[[ dpdllfd!‘ fi(r,p,t)
lj J£E T,T

Coym= 38 MeV
agm= 37.7 MeV

<[Infe(p—p)"+ 1) 7 (r.p'.1)-

1 h 2/3 ’ ) _

E:i‘}’m(p) ?E(ET P) Ei;:“{ﬂ} ~+- E’::';””{p), bsym 18.7 MeV
; l oc 2
Egm(P) = 5 Csym(p/ p0)"* Ege(p) =asym(p/p0) + boym(p/po)*.

2
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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.

(MeV)

Parameters « (MeV) 3 (MeV) ¥ mom (MeV) € (¢2/MeV?) mZ% /m Ky (MeV)
PAR1 -215.7 142 .4 1.322 1.76 5% 104 0.75 230
PA R2 -226.5 173.7T 1.309 0. 0. 1. 230
100 ] I ' I L
[ L J ) L K 3 — T T T T T T T T T T T T T
- (a) _Li35 MeV (b)
80 L= L=82MeV, =~ ' e
- i - - 107 [ -ee L=67 MeV '
InEE‘l; - £ - L=82 MeV J0740+6620
-, —L=139 MeV._ 7
60 P ~ g
| ’ - I S_—% 10" o
' = ; ——L=35 MeV S
E 40 soft L=53 MeV | = - - - L=42 MeV =
# puaseateemEScstlismianie vas] e A N L=53 MeV n
ol | o N/ L=67 MeV
"~ 0% ~o LZ82MeV |
20 "% 3 ——L=139 MeV
supersoft\L:24 MeV } TR
0 - L\ ' : U0 02 04 06 08 10 8 9 10 11 12 13 14 15 16
plp, |
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2. Covariant energy-density functional
(LQMD.RMF)

:1[ —( — — _’_;l)-_ —
+5( - 2= (O)+5C 0 -7
1 , 1 1 = 1. -

+ — —— + — ——

2 4 2 4

Energy density functional

3 1 1
2 2 4 2+l 224 ()+= 2 5+=
) 2 2N 2 2 2

Temporal evolution in phase space

. P Opis 9o _,» Opsi | 9o _,» iy,
— L; B B. Z: ,u B B 2 iBiB.' =

* Py ;{27713 3 AT Bny Z-m.'f, : T op; 21713 % P 7 Op;
T Bz'ngg[ Pij Ou; Ui p 9pij Y o1/(1 — p%._zj/i'\g)]]
7 2m2 "1 —p3 /A2 Opi 1 —p7,; /A2 Op; e Ipi
g Bszgf[ T apji o d[l/(l - p%p/ﬁg)]]
T 2m2 1 —pF /A2 Op; S op;
m; 0S; mj IS,

—pjo Aps-12p1° Op; b
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Si-Na Wei, Zhao-Qing Feng,

Nuclear Science and Techniques 35, 15

(2024) arXiv:2302.09984

2 3
()=2 3+2
3 4
2 1 2 2
0t 3
Ip; g; Ip;
o vz, BBt
Z{Zmu o 7 Or; - 2m?2 " 7 Or;
\ uDBiBsg wip  Opi
2 2771% 1 — pF,; /A2 Or;
o BT. ngg (u'j.-.u- dp.}l
" 2m2 1 —pF /A2 Or;
m; OS; my 3Si}
p"‘o or; poor”

18



(MeV)

E
sym

TABLE I: Parameter sets for RMF. The saturation density pp is set to be 0.16 fm ™. 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 Jo 9w g2 (fm=1) g3 gp 9s K (MeV) E.ym(po) (MeV) L (po)(MeV)
set] 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
- 0.6 . . . . ,
1ki 1 M’ @’ ' - - T
N— - * .M E
Symmetry energy E = ety fo—Fs = | P i
F i F 0.3} f',! -
— > 00} / -
fp,6 gp,B/mp,s / "sn+sn
i / 270 MeV/nucleon 1
150 . r : T : 3.2 . ' . . 0.3 F / sereeeeen 5e11(L=85.3MeV) o
! 4 132 ! 124 ! .............'Seﬂ {L=85.l3MEV) Withlﬂ: DOt | o v — ‘SB'[Z(L=109.3MEV)-
"""""""" set1(L=85.3MeV) / / ! | °Sn+ " 'Sn — - — - - set2 (L=109.3MeV)with x pot- T, AT = = =set3(L=145.0MeV)
[— - —-—set2(L=109.3MeV) / o | — = = set3 (L=145.0MeV)with n pot 06— ——t—t—t—
- - = set3(L=145.0MeV) / 9 28~ s —--—- set1(L=85.3MeV) w/o n pot () N
100 | / Vg O i « - set2 (L=109.3MeV)w/o n pot 0.1 "7~ /.-*’ .
;7 s L - S, Tseez = set3 (L=145.0MeV)w/o 7 pot ] b ) :
' e = 24f e i - : Y /
r e & . :‘_;H.\ T :"Z":'.-.,_._ “"“--...___ \ /
/'/ .,-'._l_.-' | -..._-.,_‘_gh'w-.“ b ‘-""-"‘-q_.‘- s ] >N 0.0 Iy \ .f. -
50 | A - - i, e B8 Vi
v 20 S i ey . k :
" 1”{ TR e ..i /
- .:\ v
Y b 01F ol S -
0 ‘f"f’ L 1 . 1 N 1.6 1 " 1 1 1 L l N 1 " 1 " 1 " 1 N 1 A 1 N
0 1 2 3 200 300 400 500 600 -1.0 -0.5 0.0 0.5 1.0
E/A(MeV) y/ypmj
pip,
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3. Particle production

n and resonances (A(1232), N*(1440), N*(1535), ...

production:
NN & .IVA, NN & fViV*, NN & AA, A 1V7T,

N* < Nm, NN & ;V.LVW(S = stafte), AV*(].535) — Nn

Collisions between resonances, NN*<NA, NN*&NN*
Strangeness channels:

BB — BYK,BB — BBKK,Bn(n) — YK,YK — B,
Br — NKK,Ynm — BK, BK —>Yn, YN — KNN,

BB — BEZKK.KB < KZ.YY <& NZ,KY < 7 E.

Reaction channels with
antiproton: ___ S — —
]_9N —> NN , INN =+ NN, NN - BB, NN — YY

NN — annihilation(w.7n,p.w, K. K. K* K .®)

1t=0 fm/c 1t=20 fm/c
. oy oy 101
5_
of ¢ o o
54
.5-
.10.
40—, ; : ; : A5 : : : : .
20 -0 0 10 20 A5 40 5 0 5 10 15
101 t=10 fmic Pl =25fmic o
ol . , 10/ ba
54 [ ]
[ ]
0 o] -t
. -54 ° 3
10 0..‘
A40+— : . ; . 15 . — . : )
20 0 0 0 20 A5 40 5 0 5 10 15

] t=15 fm/c >1t=30 fm/c e .,

% oo ® neutron A
i L e proton 107 ° S, o £a® °
s & 2 ® delta 5 N : ® g0, ¢
. X
N " . ® pion ol ..0. (Y ° -
XK

5] . . 51 -

o o 101 o o0 % 9€

o Yo ® R Po®

. ; ; T y -15 T T )
-20 -10 0 10 20 15 10 5 0 5 10 15

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 |
2025-12-4 HHaS annual meeting
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AN LEEIREEEERIR i clense nuclear matter via HICs

Phys. Lett. B 851 (2024) 138580

Contents lists available at ScienceDirect

N Y Physics Letters B
— Cou[ Y 2 2 journal homepage: www.elsevier.com/locate/physletb
Hy = PV 4V b0+ [0} +m e
i=1 Letter o.)
Extracting the hyperon-nucleon interaction via collective flows in ez
heavy-ion collisions
Y 2 2 Zhao-Qing Feng ©
Vopt (pi ’ p’.) — a)Y (pi i pi) _ ‘Vpi + mY of Physics and Optoelectronics, ina University of Technology, Guangzhou , China
200 v T v T y T 100 T : T T
Y 7 —
Wy (P;s pi) = \/(’"Y +I9)7+p; + Iy @ o ® = e
[ A(EFT-(2+3BF)) . p - = =A (RMF)
1801 o { - i |
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the results of chiral effective field theory % 100 L7722 Bren) 7 S i S e
A ) E | =--=%"(phen) /' ; /’_i’_f‘ _.g’,’_._._.'__._,-«'
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| / (MeV/c
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Hyperon-nucleon interaction in dense matter: 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:
The general flavor SU(3) symmetry for hyperon-nucleon potential

Physics Letters B

¥
ELSEVIER journal homepage: www.elsevier.com/locate/physletb

_ — . ll !l _ . _.ll Letter o.)
Eint - 2 / WB [gB()'O. Y;( (gB(oa) + gB(/)¢ + ng T b ) Correlation of the hyperon potential stiffness with hyperon constituents in e
B

neutron stars and heavy-ion collisions

Si-Na Wei®"™, Zhao-Qing Feng ™", Wei-Zhou Jiang LQ M D_ R M F

* School of Mathematics and Physics, Guangxi Minzu University, Nanning 530006, China
4 b School of Physics and Optoelectronics, South China University of Technology, Guangzhou 510640, China
© School of Physics, Southeast University, Nanjing 211189, China
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Probing the high-density symmetry energy from subthreshold hyperon )
production in heavy-ion collisions =4
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SRR eI by nerfrazment production in HICS

Kinetic approach (zfj¥£3) for cluster production v I e

P. Danielewicz, G. F. Bertsch, Nuclear Physics A 533 (1991) 712-748 32 AMev | Bd IIH a . | W ‘
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) somior LB [N a 1T -Iﬂﬂ]ll::

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

Au+Au

1991 pBUU P. Danielewicz fermi /intermediate kinetic, Mott cut 150 AMeV |__P_ d t | e
et al. energies
Xe+Csl
2013 AMD- A. Ono , : fermi /intermediate kinetic, fermionic mean 250Amev |
cluster energies field oA
2021 SMASH . Staudenmaier GeV and higher kinetic 250 AMeV |
et al. Au+Au
. . .. 400 AMeV p d t h v
2022 PHQM G. Coci et al. GeV and higher kinetic 56 i @5 65 fd 6B 63 05 G866 if
D ZiYil Zin
2023 LBUU R. Wang et al. Dy intermediate kinetic, Mott cut
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Kinetic approach for cluster production (LQMD.cluster)

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

Hui-Gan Cheng and Zhao-Qing Feng ®™
School of Physics and Optoelectronics, South China University of Technology, Guangzhou 510640, China
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Collective flows of clusters in the isotopic nuclear reactions with a kinetic approach

Yuan-Qing Guo!, Ban Zhang!, Si-Min Chen!, Hui-Gan Cheng?, Ya-Peng Zhang®, and Zhao-Qing Feng!3*

1 School of Physics and Optoelectronics, South China University of Technology, Guangzhou 510640, China
2 Guangdong University of Education, Guangzhou 510308, China
3State Key Laboratory of Heavy Ion Science and Technology,
Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
(Dated: October 29, 2025)

Within the framework of Lanzhou quantum molecular dynamics transport model, the production
of deuteron, triton, *He, and « in collisions of 32Sn + '?*Sn, '24Sn + '24Sn and '°8Sn + '2Sn
at 270A MeV has been systematically investigated with a kinetic approach. It is demonstrated
that the cluster production is correlated with the binding energy cluster potential, Mott effect etc,
and the larger yields of deuteron and « in comparison with the triton and *He production. The
mid-rapidity slope parameters of directed flows in the isotopic reactions increase with the mass
number of cluster. The out-of-plane emission of protons is dominant in comparison with the cluster
production and manifests the formation of compression nuclear matter. The emission timescale
of clusters is correlated with the cluster formation in the cascade collisions and transportation in
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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 lamda

hypernuclei calculated with rg = 3.5 fm for A in '°7TAu +
197 Au and *9°Ca + 1°Ca collisions at 3.A GeV

Hypernuclei Cross sections (mb)

197 Ay + 197 Ay 10l + 40Ca
AAE 26 5 102 1.0 > 104
2 He 0 O 6 e ~ 10—°>
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% A 6.8 > 104 i o

HHaS annual meeting oL

40



IV. Summary

»  The double charge exchange reactions in the pion induced reactions are particularly important
for extracting the neutron-skin thickness of neutron-rich nuclei.

»  The high-density symmetry probes single and double ratios of X-/>*(double ratio) via the isotopic
reactions 112§Sn+112§n 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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