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Supernovae type II
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1. Core collapse 2. Electron capture 3. Bounce
(0ms~)

4-1. Thermal neutrino process
(3ms ~)

4-2. Neutrino heating 5. Supernovae
(50ms ~)

Neutron star

𝜈

𝜈 can’t escape
Shockwave front

High energy Accretion front
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Shockwave front
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Absorption process

𝜈𝑒 + 𝑛 → 𝑝 + 𝑒−

ഥ𝜈𝑒 + 𝑝 → 𝑛 + 𝑒+

𝜈𝑒 + (𝐴, 𝑍) → (𝐴, 𝑍 + 1) + 𝑒−

Thermal process

𝑒− + 𝑒+ → 𝜈𝑖 + ഥ𝜈𝑖
𝑁 + 𝑁 → 𝑁 + 𝑁 + 𝜈𝑖 + ഥ𝜈𝑖

𝛾∗ → 𝜈𝑖 + ഥ𝜈𝑖

Scattering process

𝜈𝑖 + 𝛼 → 𝜈𝑖 + 𝛼
𝜈𝑖 + 𝑝 → 𝜈𝑖 + 𝑝
𝜈𝑖 + 𝑛 → 𝜈𝑖 + 𝑛
𝜈𝑖 + 𝑒 → 𝜈𝑖 + 𝑒

𝜈𝑖 + (𝐴, 𝑍) → 𝜈𝑖′ + (A, Z)′

4-1. Thermal neutrino process
(3ms ~)



Neutrino transport : Boltzmann equation

Boltzmann equation –
Equation describing non-equilibrium system

General Relativistic form of Boltzmann equation

→ 𝑝𝛼
𝜕𝑓𝜇𝑖
𝜕𝑥𝛼

− Γ𝛼𝛾
𝛽
𝑝𝛾

𝜕𝑓𝜈

𝜕𝑝𝛽
=

𝑑𝑓𝜈

𝑑𝜏 𝑐𝑜𝑙𝑙
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Neutrino + Matter interaction

𝑆𝑒/𝑎
𝛼 = 𝜂 − 𝜅𝛼𝒥 𝑢𝛼 − 𝜅𝑎ℋ

𝛼

𝑆𝑖𝑠𝑜
𝛼 = −𝜅𝑠ℋ

𝛼

𝜂 : emissivity
𝜅𝛼 : absorption opacity
𝜅𝑠 : scattering opacity

𝑆𝑒/𝑎
𝛼 + 𝑆𝑖𝑠𝑜

𝛼 + 𝑆𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝛼 + 𝑆𝑡ℎ𝑒𝑟𝑚𝑎𝑙

𝛼

𝑒+𝑒− → 𝜈𝑖 ഥ𝜈𝑖 Emissivity

𝜂 ≅ 4.1724 × 1024
𝑘𝑇

𝑀𝑒𝑉

9
𝑓

𝜇𝑒

𝑘𝑇
𝑒𝑟𝑔𝑠 𝑐𝑚−3𝑠−1

𝑓 𝑥 =
𝐹4 𝑥 𝐹3 −𝑥 +𝐹4 𝑥 𝐹3 𝑥

2𝐹4 0 𝐹3 0

Neutron-neutrino Absorption cross section  

𝜎𝛼 = 𝜎0
1+3𝑔𝐴
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𝜖𝜈𝑒 +Δ𝑛𝑝

𝑚𝑒𝑐
2

2

1 −
𝑚𝑒𝑐

2

𝜖𝜈𝑒 +Δ𝑛𝑝

2
1
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Neutron-neutrino Scattering cross section 

𝜎𝑠 =
𝜎0
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𝜖𝜈

𝑚𝑒𝑐
2

2 1+3𝑔𝐴
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1
Burrows,Reddy & Thompson,Nuclear Physics A 777, 356 (2006)



Neutrino interaction
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Axial coupling constant = 𝒈𝑨 in Weak interaction,

↑ vector,       ↑ axial vector

𝒈𝑨 quenching from matter effect

Free space High baryon density

𝑔𝐴,𝑒𝑓𝑓 ≅ 𝑔𝐴 1 −
𝑛𝐵𝑎𝑟𝑦𝑜𝑛

4.15 𝑛0+𝑛𝐵𝑎𝑟𝑦𝑜𝑛

* 1 −
1

12

𝑇2

𝐹𝜋
2 / 1 +

𝑄2

𝑀𝐴
2

2

For 
• 𝑛𝐵𝑎𝑟𝑦𝑜𝑛 < 4.5𝑛0
• 𝑄2 < 1 GeV2

1
Carter, &  Prakash, Physics Letters B 525, 249 (2002)

1
Eletsky, & Kogan Phys.Rev.D 49 R3083 (1994)

1
Ramalho, Tsushima,M.K. Cheoun Phys.Rev.D 111 (2025)



Sensitivity study of 𝑔𝐴 on Neutrino Transport
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‘Nulib’
Neutrino interaction coefficients

Emissi𝐯𝐢𝐭𝐲 𝜼
Absorption 𝛋𝐚𝐛𝐬
𝐒𝐜𝐚𝐭𝐭𝐞𝐫𝐢𝐧𝐠 𝜿𝒔𝒄𝒂𝒕𝒕𝒆𝒓

Assuming 𝒈𝑨 as function

𝒈𝑨𝒆𝒇𝒇 𝝆, 𝑻, 𝑸𝟐

‘GR1D’
Simulating Neutrino Luminosity 

by transport equation.

𝐋𝐮𝐦𝐢𝐧𝐨𝐬𝐢𝐭𝐲
𝐑𝐌𝐒 Energy
𝐄𝐧𝐭𝐫𝐨𝐩𝐲

⋮

Initial profile – S15s7b2𝟐

1
O’Connor, E. 2015, ApJS 219, 24.

2
Woosley, S.E. & Weaver, T.A. 1995, LLNL Rep. UCRL-ID-122106.

EOS 𝐓𝐚𝐛𝐥𝐞 − 𝐋𝐚𝐭𝐭𝐢𝐦𝐞𝐫 𝐚𝐧𝐝 𝐒𝐰𝐞𝐚𝐭𝐲𝟏
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Change in Neutrino interaction (Nulib data) 
( 𝑔𝐴 =1.254 ) vs (𝑔𝐴 𝑞2, 𝜌, 𝑇 ) 

X axis ∶ Energy MeV
Y axis ∶ absorption opacity 𝜿𝒂 cm−1

Red line : 𝑔𝐴 ρ, T, Q2

Black line : 𝑔𝐴 = 1.254
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Change in Neutrino interaction (Nulib data) 
( 𝑔𝐴 =1.254 ) vs (𝑔𝐴 𝑞2, 𝜌, 𝑇 ) 

X axis ∶ Energy MeV
Y axis ∶ emissivity 𝜼 . cm−1

Red line : 𝑔𝐴 ρ, T, Q2

Black line : 𝑔𝐴 = 1.254



S15s7b2 Density, Temperature profile
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left : Radial profile of the density. Blue line is the nuclear saturation density, 2.7 × 1014𝑔/𝑐𝑚^3
Right : Radial profile of the temperature
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𝑔𝐴 𝑞2, 𝜌, 𝑇 vs   𝑔𝐴 =1.254 
preliminary data for Luminosity

X axis ∶ Time after bounce 𝑠
Y axis ∶ Luminosity 1051erg/s
Red line : 𝑔𝐴 ρ, T, Q2

Black line : 𝑔𝐴 = 1.254

LuminosityLuminosity



Conclusion

• At high temperature and density, the axial vector coupling constant 𝑔𝐴
decreases, leading to reduced weak interaction process.

• We tested a new 𝑔𝐴 model dependent with momentum transfer, density and 
temperature, and observed that the lumonisty shows a sharp initial 
deviation, but returns to the value obtained when 𝑔𝐴 was constant.
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Thank you
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Supernovae and neutrino
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Neutrino events observed in 
Kamiokande detectors from SN1987A

1. Nebula 2. Star mass > 8M⊙ 3. Red giant 

4. Supernovae 

Star mass > 15M⊙

Star mass < 15M⊙

5-1. neutron star 

5-2. black hole 



Mz

• Z Boson decay into a Fermion-Antifermion pair
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gA_1.254 vs g_A_1.07(scattering = gA1.254)
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gA_1.07 vs g_A_1.07(scattering = gA1.254)



g_A_1.07(scattering = gA1.254)
1.254 vs 1.07
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gA_1.254 vs g_A_1.254(scattering = gA1.07)
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gA_1.07 vs g_A_1.254(scattering = gA1.07)



g_A_1.07(scattering = gA1.254)
1.254 vs 1.07
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Kirchhoff’ law of thermal radiation
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Sensitivity study of 𝑔𝐴 on Neutrino Transport
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Calculating Neutrino 
interactions Using Nulib

Getting data via 
transport equation using 
GR1D

Assuming 𝑔𝐴 is constant

Initial profile – S15s7b2 
O’Connor, Evan. "An open-source neutrino radiation hydrodynamics code for core-collapse 

supernovae." The Astrophysical Journal Supplement Series 219.2 (2015): 24.

Woosley, S. E., and Thomas A. Weaver. The evolution and explosion of massive Stars II: Explosive 

hydrodynamics and nucleosynthesis. No. UCRL-ID-122106. Lawrence Livermore National Lab.(LLNL), 

Livermore, CA (United States), 1995.

→

𝑔𝐴 = 1.254 in vacuum

𝑔𝐴 = 1.070 in saturation density

𝜎𝜈𝑒𝑛
𝛼 = 𝜎0

1 + 3𝑔𝐴
2

4

𝜖𝜈𝑒 + Δ𝑛𝑝

𝑚𝑒𝑐
2

2

1 −
𝑚𝑒𝑐

2

𝜖𝜈𝑒 + Δ𝑛𝑝

2 1/2

𝑊𝑀

𝜅𝛼 = 𝜎𝜈𝑒𝑛
𝛼 ∗ (effective target density)

→

→

𝑆𝑒/𝑎
𝛼 = 𝜂 − 𝜅𝛼𝒥 𝑢𝛼 − 𝜅ℋ𝛼

𝑆𝑖𝑠𝑜
𝛼 = −𝜅𝑠ℋ

𝛼

𝑝𝛼
𝜕𝑓𝜇𝑖
𝜕𝑥𝛼

− Γ𝛼𝛾
𝛽
𝑝𝛾

𝜕𝑓𝜈

𝜕𝑝𝛽
=

𝑑𝑓𝜈
𝑑𝜏

𝑐𝑜𝑙𝑙



Neutrino interaction
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Emissions / Absorptionc

(in)Elastic scattering

Thermal production

Weak interaction -> coupling constant: g_A

G_A 
Free sapce

G_A 
Matter 

(Free space 값보다작음)

같지않음

Ramalho, G., K. Tsushima, and Myung-Ki Cheoun. "Weak interaction axial form factors of the octet baryons in 

nuclear medium." Physical Review D 111.1 (2025): 013002.



(𝑔𝐴 = 1.070) vs (𝑔𝐴 =1.254) 
Luminosity + rms energy data
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