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208Pb: 
R𝑐ℎ = 5.5012(13) fm

high precision: ~ 0.02 %

Introduction and motivation

Neutron-skin thickness：
∆𝑟!" = 𝑟!#$% − 𝑟"#$%

𝒓𝒏𝒓𝒎𝒔：rms radii of the neutron

𝒓𝒑𝒓𝒎𝒔 ： rms radii of the proton

208Pb Neutron stars



Equation of state :

𝐸!"#$%& 𝜌 =
1
2𝐶!"# 𝜌/𝜌' (!

𝐸#$% 𝜌 =
1
3
ℏ&

2𝑚
3
2
𝜋&𝜌

&/(
+ 𝐸#$%)*+ 𝜌 +𝐸#$%%*% 𝜌

Slope of 
symmetry energy:

Curvature of 
symmetry energy:

Neutron skin and equation of state parameter
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Introduction and motivation
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Lanzhou Quantum Molecular Dynamics (LQMD) 

Ø Gaussian wave-packet

Ø Temporal evolution：

Ø Hamiltonian of baryons：
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Transport approach 

Cross section of pion-nucleon scattering:
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𝝆𝒊 =
𝝆𝟎𝒊

𝟏0𝐞𝐱𝐩(𝒓%𝑹𝒊𝒂𝒊
)
, 𝒊 = 𝒏,𝒑 𝑵 = ∫𝝆𝒏 𝒓 𝒅𝟑𝒓, 𝒁 = 1𝝆𝒑 𝒓 𝒅𝟑𝒓

∆𝒓𝒏𝒑 = 𝒓𝒏𝒓𝒎𝒔 − 𝒓𝒑𝒓𝒎𝒔

𝒓𝒏𝒓𝒎𝒔 =
𝟏
𝑵 1𝒓𝟐𝝆𝒏 (𝒓)𝒅𝟑𝒓

𝟏
𝟐 𝒓𝒑𝒓𝒎𝒔 =

𝟏
𝒁 1𝒓𝟐𝝆𝒑 (𝒓)𝒅𝟑𝒓

𝟏
𝟐

Lanzhou Quantum Molecular Dynamics (LQMD) Transport approach 
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Antiproton-nucleus collisions

Reaction channels with antiproton:

�̅�𝑁 → %𝑁𝑁, %𝑁𝑁 → %𝑁𝑁, %𝑁𝑁 → &𝐵𝐵, %𝑁𝑁 → &𝑌𝑌,

%𝑁𝑁 → 𝑎𝑛𝑛𝑖ℎ𝑖𝑙𝑎𝑡𝑖𝑜𝑛(𝜋, 𝜂, 𝜌, 𝜔, 𝐾, %𝐾, 𝐾∗, 𝜙)

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



Density profiles at the annihilation
𝟎. 𝟒𝝆𝟎 − 𝟎. 𝟖𝝆𝟎

𝐓𝐞𝐦𝐩𝐨𝐫𝐚𝐥 𝐞𝐯𝐨𝐥𝐮𝐭𝐢𝐨𝐧 𝐨𝐟 𝐭𝐡𝐞 𝐩𝐢𝐨𝐧𝐬
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Results and discussion antiproton-nucleus
Ban Zhang and Zhao-Qing Feng, PRC 111, 014607 (2025)
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Results and discussion antiproton-nucleus

The free n/p ratio as a function 
of incident momentum The kinetic energy spectra of free n/p ratio

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



The kinetic energy spectra of π−/π+ ratio
Distribution of the pion numbers(2-8)
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Results and discussion antiproton-nucleus
Ban Zhang and Zhao-Qing Feng, PRC 111, 014607 (2025)
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𝜋'
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𝜋 and resonances (∆(1232), 𝑁∗ 1440 , 𝑁∗(1535)) production:

𝑁𝑁 ↔ 𝑁∆，𝑁𝑁 ↔𝑁𝑁∗, 𝑁𝑁 ↔ ∆∆, ∆↔ Nπ, 

𝑁∗ ↔ 𝑁𝜋, 𝑁𝑁 ↔ 𝑁𝑁𝜋(𝑠 − 𝑠𝑡𝑎𝑡𝑒), 𝑁∗(1535) ↔ 𝑁𝜂

Pion-nucleus collisions

Pion-nucleus
fast nucleon emission 

particle evaporation
intermediate-mass fragments

fission
Transport approach—LQMD

Double charge exchange

Ban Zhang, Zhao-Qing Feng, arXiv:2505.02341, PRC (in review)
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Rapidity distributions Transverse momentum distributions

Results and discussion Pion-nucleus
Ban Zhang, Zhao-Qing Feng, arXiv:2505.02341, PRC (in review)
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Double charge exchange

Results and discussion Pion-nucleus
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