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Charged -current reactions:

𝑙− + 𝑝 ⇄ 𝜈𝑙 + 𝑛

𝑙+ + 𝑛 ⇄ ҧ𝜈𝑙 + 𝑝

Neutral -current reactions:

𝜈 + 𝑁 ⇄ 𝜈′ + 𝑁

𝜈 + 𝑙± ⇄ 𝜈′ + 𝑙±

Pair creation/annihilation

𝑒− + 𝑒+ ⇄ 𝜈 + ҧ𝜈

𝑁 + 𝑁 ⇄ 𝑁 + 𝑁 + 𝜈 + ҧ𝜈

𝜈𝑒 + ҧ𝜈𝑒 ⇄ 𝜈𝜇/𝜏 + ҧ𝜈𝜇/𝜏

𝑙 = {𝑒, 𝜇}
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Hadron tensor (1 + 2 → 3 + 4)

Im ෩Π𝜇𝜈 = −𝜋
𝑓2(𝐸2) − 𝑓4(𝐸4)

4𝐸2𝐸4
Λ𝜇𝜈𝛿 𝑞0 + 𝐸2 − 𝐸4

Λ𝜇𝜈 = Tr 𝛾𝜇𝑝2
𝜇

+ 𝑚2
തΓ𝜇 𝛾𝜇𝑝4

𝜇
+ 𝑚4 Γ𝜈

Γ𝜇 = 𝛾𝜇 𝑔𝑉 − 𝛾5𝑔𝐴 + 𝐹2

𝑖𝜎𝜇𝛼𝑞𝛼

2𝑀𝑁
−

𝐺𝑃

𝑀𝑁
𝛾5𝑞𝜇
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Nucleon self-energy
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Neutrino opacity vs 𝐸𝜈 
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Summary and overlook

• Hartree -Fock reduces medium modifications of weak rates

• Needs to be explored in supernova simulations

• Impact on nucleosynthesis in neutrino -driven wind ?
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Qian et al., ApJ 471, 331 (1996)

𝑌𝑒 ≈
Γ𝜈𝑒𝑛

Γ𝜈𝑒𝑛 + Γഥ𝜈𝑒𝑝
≈ 1 +

𝐿ഥ𝜈𝑒

𝐿𝜈𝑒

𝐸ഥ𝜈𝑒
− 2Δ + 1.2Δ2/𝐸ഥ𝜈𝑒 

𝐸𝜈𝑒
+ 2Δ + 1.2Δ2/𝐸𝜈𝑒 

−1

=

Δ = 𝑚𝑛 − 𝑚𝑝

< 𝟎. 𝟓 if 𝐸𝜈𝑒
− 𝐸ഥ𝜈𝑒

> 5 MeV

> 𝟎. 𝟓 else 



Thank you for your attention
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   Σ n S  ( p ) ≠  Σ p S ( p )


      Σ i V  ( p ) ≠ 0                  


   Σ n 0 ( p ) ≠  Σ p 0 ( p )


  i = n ,   p


  Σ  ( p ) =  Σ S  ( p ) +  𝛾 0  Σ 0 ( p ) + 𝜸 ⋅  𝒑 ^    Σ V  ( p )


   E 𝜈


  Γ  (  E 𝜈 ) =  1   𝜆 𝜈


   E 𝜈


  Γ  (  E 𝜈 ) =  1   𝜆 𝜈


   Q ∗ =  (  m n −  m p ) +  (  Σ n S −  Σ p S ) +  (  Σ n 0 −  Σ p 0 )


   Σ n S =  Σ p S


   E 𝜈


  Γ  (  E 𝜈 ) =  1   𝜆 𝜈


   Q ∗ =  (  m n −  m p ) +  (  Σ n S −  Σ p S ) +  (  Σ n 0 −  Σ p 0 )


   Σ n S =  Σ p S


   Y e ≈    Γ   𝜈 e n   Γ   𝜈 e n +  Γ     𝜈 - e p ≈    ( 1 +    L     𝜈 - e   L   𝜈 e    E     𝜈 - e − 2 Δ + 1 . 2  Δ 2 /  E     𝜈 - e     E   𝜈 e + 2 Δ + 1 . 2  Δ 2 /  E   𝜈 e   )  − 1 =


  Δ =  m n −  m p
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