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The production of kaons at subthreshold energies from heavy-ion collisions is sensitive to the
nuclear equation of state. In the Boltzmann-Uehling-Uhlenbeck model, the number of produced
kaons from central collisions between heavy nuclei at incident encrgies around 700 MeV/nucleon
can vary by a factor of ~ 3, depending on the equation of state,

PACS numbers: 25.70.<z, 21.65.+f
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Symmetry energy from K%K* production in HIC’s around Time evolutions of pion, kaon and sigma in 7Au+97Au at 1.5A
threshold energies (RBUU: PRL97(2006)202301) GeV by LQMD model (Phys. Rev. C 82 (2010) 057901)
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A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stocker,
Physics Letters B 697 (2011) 203-207

Pb+Pb statistical model
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Il. Lanzhou Quantum Molecular Dynamics (LQMD) transport model

Nuclear dynamics from 5 MeV/nucleon — 10 GeV/nucleon for HICs, antiproton (proton, =, K, etc)

» Dynamics of low-energy heavy-ion collisions (dynamical interaction potential, barrier

distribution, neck dynamics, fusion/caption excitation functions etc)

> |SOSpiﬂ ph)/SiCS at intermediate ener-gies (constraining nuclear symmetry energy at sub- and supra-

saturation densities in HICs and probing isospin splitting of nucleon effective mass from HICs)

» In-medium properties of hadrons in dense nuclear matter from heavy-ion

collisions (extracting optical potentials, i.e., A(1232), N*(1440), N*(1535)), hyperons (A,Z,Z,Q) and mesons
(m,Kn,p,®,9...), hypernucleus dynamics)

» Hadron (antiproton, proton, =, K¥) induced reactions (hypernucleus production, e.g., A(Z)X,
AAX, EX, AX(S=1), in-medium modifications of hadrons, cold QGP)

TEeREZMIEAS, K7, 2019F6H21-25H



Density, isospin and momentum-dependent single-nucleon potential
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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) 3 (MeV) Y Cmom (MeV) € (¢?/MeV?) m* /m K. (MeV)
PARI1 -215.7 142 .4 1.322 1.76 5x 104 0.75 230
PAR2 -226.5 173.7 1.309 0. 0. 1. 230
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Particle production channels in the LQMD model
7 and resonances (A(1232), N*(1440), N*(1535), ...) production:

NN < ;‘VA, NN J?VEV*, NN AA.. A > jV?T, Collisions between resonances,

N* <+ Nm, NN <> NNxn(s — state), N7*(1535) <> Nn NN*<NA, NN*<NN*

Strangeness channels:

BB - BYK. BB — BBKK. Br — YK.
Br — NKK. Yo - NK., NK = Ya, YN —> KNN

Reaction channels with antiproton:
Statistical model with SU(3)

PN - NN, NN = NN, NN — BB, NN =Y} eymmetry for annihilation

NN — annihilation(w.1n.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
TEREEYERS, Kb, 2019F6H21-25H 11



Mean-field potentials for resonances, hyperons and mesons

200

1. Mean-field potentials for resonances (A(1232), N*(1440), ...) S

are considered based on nucleon potentials, but distinguishing | ket | A
isospin effect. i

Upee= Up(p, D), Up= 2U,(p, P)I3 + Uy(p, B)/3, Upe= Uy(p, p)/3 +
2U,(p, P)/3, Up.= Uy(p, P)

2. Mean-field potentials for hyperons and antiprotons in nuclear PP,

medium 200

.'.\- M

Hy = E (V,-CGUI + w(Pp;. pi))
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Wi p) = (mu + =) +p2+ =¥
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Voo (P, £) = @(p, p) —/P? + M’

-600 s
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3. Mean-field potentials for kaons and antikaons
J.Schaffner-Bielich et al., Nucl. Phys. A 625 (1997) 325, Z. Q. Feng, Nucl. Phys. A 919 (2013) 32-45

= 11/2
. y 2 2 s .5 9] /< _
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-y .2 2 S _ 5 | (1 7 2|1/2 _, N
Wi Pis pi) = |m3 + pi — agpi — T3¢k piz + (bkpi + Tadk pis) — bi pi — Tadg pis.
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<p > (MeVic)

lll Results and discussion: 1. Strangeness production in HICs

Exp. data: H. Herrmann, FOPI Collaboration, Prog. Part. Nucl. Phys. 42 (1999) 187; J. L. Ritman, FOPI Collaboration, Z.

Phys. A 352 (1995) 355.

Z.-Q. Feng / Nuclear Physics A 919 (2013) 32—45
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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, respectively.
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2. Coalescence approach for hypernuclear formation

Classical coalescence approach in phase space
|¥;-r;| <3 fm, |11y |<4.5 fm, |p;-p;| <3 GeV/c
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Production of A-hypernuclide in 1%7Au+197Au at the beam energy of 2 GeV/nucleon
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3. Pion-nucleus scattering

%N—m(\/E) = ‘ffmax(|PO/P|)2

)

d?s/dOQdE (ub/(sr MeV))

max_

0.25I%(p)

025T2(p) + (5 — mo)

200, 1333, and 667 mb for 77+ p = AT (17 +n =
A), 1"+ p- A (@40 A and 77 4p - A

(77 +n — AT), respectively.
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4. Hypernuclear formation in meson K induced reactions

Multiplicity
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5. Nuclear dynamics induced by antiprotons

fragmentation

. @
. GG ®
B .

nucleus

O-

Particle multiplicities on different nuclei at stopped energy

m----
0.027/0.034 0.013/0.008 0.021 0.009 0.01
197Au 0.8 1.4 1.6 0.045/0.051 0.01/0.007 0.051 0.011 0.017
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(1) Particle production in antiproton-nucleus collisions

Z. Q. Feng and H. Lenske, Phys. Rev. C 89, 044617 (2014)
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LEAR (Low-Energy Antiproton Ring) at CERN (P. L. McGaughey et al., Phys. Rev. Lett. 56, 2156 (1986))
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Edo/(p°dp) (barn/(GeV?*/c?))

Slope parameters: 105 MeV (pion), 140 MeV (kaon),
125 MeV (antikaon) and 95 MeV (hyperon)

KEK data: 135+13 MeV (KO), 97+6 MeV (A)
(Phys. Rev. C 38 (1988) 2788)
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Multiplicity
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System size dependence of neutral particles at incident momentum of 4 GeV/c
Z. Q. Feng, Nuclear Science and Techniques 26 (2015) S20512
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Multiplicity

p+12C, 1 GeV/c

FERZMIERS, K7, 2019F6H21-25H
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(2) The isospin effect in low-energy antiproton-induced reactions

(Z. Q. Feng, Phys. Rev. C 96, 034607 (2017), arXiv: 1701.0630)
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The n/p ratios in antiproton induced reactions with different stiffness of symmetry energies and
compared with the LEAR data
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(3) Nuclear fragmentation and hyperfragment formation in antiproton-nucleus collisions
(Z. Q. Feng, Phys. Rev. C 93, 041601(R) (2016))
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Experimental data: LEAR at CERN, B. Lott et a/., Phys. Rev. C 63, 034616 (2001) with 1.22 GeV antiproton
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Nuclear fragmentation with low-energy antiproton
Z. Q. Feng, Phys. Rev. C 94, 064601 (2016)
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Mass and charge distributions of nucleonic fragments produced in the 79 + 63Cu reaction at

incident momenta of 105 MeV/c and 4 GeV.&, respectively
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(4) Hypernuclear formation: Rapidity and
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Hyperfragments production in the antiproton induced reactions
Phys. Rev. C 93, 041601(R) (2016)
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V. Summary

» Nuclear dynamics induced by antiprotons has been investigated within the
Lanzhou quantum molecular dynamics (LQMVMD) model.

> In-medium effect of strangeness production is investigated. It is concluded
that the weakly repulsive KN potential of V(p,)=28 MeV, strongly attractive KN
potential of V(p,)=-100 MeV, weak attractive AN potential of V(p,)=-32 MeV.

»  Hypernuclear dynamics in heavy-ion collisions and in hadron induced
reactions has been investigated, in particular for producing the double

strangeness , \X.

Thank you for your aitit@mtu@nﬂ

mERZYIERS, Kb, 20194F6H821-25H



