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4-1. Understanding of beta decay and Cabibbo angle
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4-1. Understanding of beta decay : neutral current
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4-2. Weak interaction and CKM matrix
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PDG 2010

4-3. Motivation: SU(3) symmetry (Charge symmetry) breaking effect in CKM matrix

By Including the isovector scalar meson
in the QMC model,
we try to examine the CSB 
in the Cabbibo angle !!
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Why nucleon mass becomes small than that in free space ? 

4-4. Starting from QMC model to describe the CSB

HM: Stiff momentum dependent EoS
SM: Soft momentum dependent EoS
Dotted lines: IQMD based on Skyrme and ...

Decrease below normal density: Might stem from the reduction of effective nucleon mass
Increase after: Perhaps come from the repulsion of NN force
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4-5. Quark Mean Field model 
for nuclear matter
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4-6. Quark Mean Field model 
for nuclear matter with delta meson in free space
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4-6. Quark Mean Field model 
for nuclear matter with delta meson in symmetric and asymmetric matter
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m_u>m_d

4-7. Results for u and d quark mass in matter 

In symmetric matter, 
delta meson effect is very 
small.
But, in neutron rich matter 
delta meson field becomes 
negative
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4-9. Results for nucleon masses in matter 
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4-10. Results of weak coupling constants in matter 
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4-9. Weak coupling constants in vacuum 
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4-9. Weak coupling constants in matter 
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1. We investigated effects of the isoscalar scalar (sigma) and isovector scalar (delta) fields 
on the semi-leptonic decay in free space and nuclear matter. 
2. The evolution of u and d quark masses (m_d>m_u) in nuclear matter are evaluated. The smaller d quark 
mass than u quark mass are found with the increase of density.  

3. We found that the deviation of vector CC from the SU symmetry amounts to O(10-6) for SU(2), 
but it is O(10-2) for SU(3). For axial CC, they are up to O(10-1) for SU(2), but it is O(10-2) for SU(3).

4. Main reason of the deviation for the vector CC comes from SU(3) symmetry breaking, but the axial CC
stems from the relativistic effect due to the lower component of the wave function. 
This was also confirmed by using a different quark model, covariant spectator quark model. 

5. In nuclear matter, the deviation becomes larger with increase of the density.

6. Now we are applying this evolution of axial and vectorial CC to the supernovae evolution and BBC. 

4-10. Summary I

(PRD 111 013002 (2025))



The 3rd Korea-Japan Workshop on Hadrons and Nuclei, 
Mar. 1-2, 2025

19

A Covariant spectator quark model 

4-11. Covariant spectator quark model 
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4-12. Results of Covariant spectator quark model and quenching 
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4-13. Results of Covariant spectator quark model and quenching 
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1. We investigated effects of the isoscalar scalar (sigma) and isovector scalar (delta) fields 
on the semi-leptonic decay in free space and nuclear matter. 
2. The evolution of u and d quark masses (m_d>m_u) in nuclear matter are evaluated. The smaller d quark 
mass than u quark mass are found with the increase of density.  

3. We found that the deviation of vector CC from the SU symmetry amounts to O(10-6) for SU(2), 
but it is O(10-2) for SU(3). For axial CC, they are up to O(10-1) for SU(2), but it is O(10-2) for SU(3).

4. Main reason of the deviation for the vector CC comes from SU(3) symmetry breaking, but the axial CC
stems from the relativistic effect due to the lower component of the wave function. 
This was also confirmed by using a different quark model, covariant spectator quark model. 

5. In nuclear matter, the deviation becomes larger with increase of the density.

6. Now we are applying this evolution of axial and vectorial CC to the supernovae evolution and BBC. 

Summary II



GR1D : Relativistic Boltzmann equation
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: connection coefficients-Christoffel symbols

𝑓𝜈 : distribution function

𝜏 →
𝑑𝑥𝛼

𝑑𝜏
= 𝑝𝛼

𝑑𝑓𝜈

𝑑𝜏 𝑐𝑜𝑙𝑙
= collision term

Neutrinos in supernovae is High energy + not equilibrium

→ use relativistic Boltzmann equation
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4-14. Application to Supernova simulation 



Preliminary data : (𝑔𝐴 =1) vs (𝑔𝐴 =1.27) data
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4-15. Application to Supernova simulation 



Thanks
for your 
attention !!
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