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Chart of nuclides
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Nuclear weak process for nucleosynthesis
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𝛽 decay: high temperature and density, 

strong magnetic field.

𝜈 emission: cooling mechanisms.

neutron/proton capture: 𝛾 strength function,

level density.
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元素起源：核结构
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Neutron-capture rates
𝛽 decay rates

Nuclear level density
𝛾-ray strength function 

Stellar weak ratesoptical potential

Wiedeking et al., Nature Rev. Phys. (2025)
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s process: branching point

6Guerrero et al., PRL 125, 142701 (2020)

Raut et al., PRL 111, 112501 (2013)

Gao et al., PRL 126, 152701 (2021)



s process: thermometer 
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J.-W. Ran, LJW*, Phys. Lett. B (2026)



r process: core-collapse supernova
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rp process: accreting neutron star
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ü X-ray bursts

ü X-ray pulsars



rp process: waiting-point nuclei
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from Jokinen’s slides

X. Zhou et al., Nat. Phys. (2023)



Stellar sites and conditions
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Stellar weak rates: many aspects

12

Gao et al., PRL 126, 152701 (2021) Xiao, LJW, PRC 110, 015806 (2024)
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Stellar weak rates

14(7)



15

Stellar weak rates
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Stellar weak rates
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Allowed transition: quenching puzzle
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First-forbidden transition
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First-forbidden transition: quenching puzzle
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B.-L. Wang, LJW*, PLB (2024)
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s-process: branching-point and thermometer 176Lu

21

E. Scherer et al., Science (2001)
Y. Amelin et al., Science (2005)

J.-W. Ran, LJW*, Phys. Lett. B (2026)



s-process: branching-point and thermometer 176Lu

22J.-W. Ran, LJW*, Phys. Lett. B (2026)

Ø Anomalous strength: 
the only two strange first-forbidden 
transitions with Log ft ≫ 12 in the 
known evaluated nuclear databases 
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rp process: waiting points
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from Jokinen’s slides

X. Zhou et al., Nat. Phys. (2023)



Waiting points: B(GT) distribution
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Chen, LJW*, PLB (2024)



Waiting points: weak rates

26Hu, LJW*, Sun, PRL 135, 042702 (2025)
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gA quenching puzzle
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Chiral two-body current
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gA quenching puzzle: two-body currents ?
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Gysbers, Hagen, Holt et al., Nature Phys. (2019)



One-body and two-body currents

31

LJW, Engel, Yao, PRC 98, 031301(R) (2018)



For deformed nuclei

32
Zhou, LJW*, Sun, arXiv: 2509. 24542



High-lying region

33Zhou, LJW*, Sun, arXiv: 2509. 24542
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Summary and Outlook

Ø Basic ideas and pictures of the stellar weak rates.

Ø Effect of strong magnetic field on stellar weak rates of the 
rp-process waiting-point nuclei. 

Ø Effect of chiral two-body currents on GT transition. 

Ø Nuclear 𝛾-ray strength function.

Ø Chiral two-body currents for 𝛽𝛽 decay and 𝛾 transition. 
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Thank you and Welcome to Chongqing!


