Probing neutron-skin thickness via the antiproton
and pion induced reactions

Presenter: Ban Zhang (3k3¥f)

Supervisor: Zhao-qing Feng (& JkK)

School of Physics and Optoelectronics,

South China University of Technology, Guangzhou




OUTLINE

_—— € Introduction and motivation

2 Transport approach (LQMD)

9 Results and discussion

4 Summary




208plp:

R., =5.5012(13) fm
high precision: ~ 0.02 %

0.10

o
2

=
8

Charge density (e fm™)
o

o
8

®

o

208ph Neutron stars

@eutron-skin thickness. \

— 2TMms rms

ri™ = rms radii of the [al=lfligela

@"‘S : rms radii of the

3“ 3“
n 5 N B n
(o [ - o= == ==
P WP 3 \\p
\ ™ ,
R R R

@ J. Phys. G: Nucl. Part. Phys. 46 (2019) 093003 (38pp) 1



Introduction and motivation

Equation of state :

E(p.0) = E(p:0 =0) + Egym(p)d” + 0(3%)
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Esym(p) = 32m +Esn)11(r)nm(p)
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Curvature of » 3% Esym(p)
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Neutron skin and equation of state parameter
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Transport apprOaCh Lanzhou Quantum Molecular Dynamics (LQMD)

» Gaussian wave-packet

Bile )= —— o n(0) | ipy(t) - Uioe = [ Vilp(rla.
hi(r, 1) = @nD)? exp Y¥7 >
» Temporal evolution: a p? ptt 52 2
V()c — YT 0
: 2 po + 1 —I— Y p0 + n(”)”
T op, 0 PPT o + e (VP + lV(pn pp)l?

» Hamiltonian of baryons:

Cross section of pion-nucleon scattering:
Hg = Z ’pzl"'miz + Uint + Umom
z 0.25T(p)
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Transport apprOaCh Lanzhou Quantum Molecular Dynamics (LQMD)
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Anti proton-n ucleus collisions :.. Zhang and Zhao-Qing Feng, PRC 111, 014607 (2025)

nucleus

Reaction channels with antiproton:
pN - NN, NN - NN, NN - BB, NN - YY,

NN - annihilation(m,n,p, w, K, K,K*, p)




Results and discussion

Ban Zhang and Zhao-Qing Feng, PRC 111, 014607 (2025)
antiproton-nucleus

Density profiles at the annihilation
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The (== i =iile as a function
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Results and discussion

The kinetic energy spectra of
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The kinetic energy spectra of
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antiproton-nucleus

—=—Ar, =0.18 fm
=0~ Ar, =0.38 fm

p+2Ph @200 MeV/e
L= 53 MeV I
L= 139 MeV

1 éO 260
Ekin (MCV)

230 300



Ban Zhang, Zhao-Qing Feng, arXiv:2505.02341, PRC (in review)

on-nucleus collisions

m and resonances (A(1232), N*(1440), N*(1535)) production:
NN & NA, NN o NN* NN o AA, Ao N,

N* & Nm, NN & NNn(s — state), N*(1535) & Nny

E¥ER: pionI | \
Los Alamos Meson Physics Facility Pion-nucleus
(LAMPF) S—
Paul Scherrer Institute (PSI) fastnucleonemission
Tri-University Meson Facility . . .
(TRIUMF) intermediate-mass fragments
superconducting kaon
spectrometer
(SKS) Transport approach—LQMD
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Ban Zhang, Zhao-Qing Feng, arXiv:2505.02341, PRC (in review)
Pion-nucleus
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Results and discussion
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