
Neutrino and Photon Opacity
in SN explosion, CMB and RHIC

Youngso Choi, Dukjae Jang and Myung-Ki Cheoun (OMEG/SSU)

H. Togashi (Kyoto Uni.)

2026-1st HaPhy Meeting (May 8–9, Pohang APCTP)



3



4



12



Contents

15

1. Introduction and Motivation from CCSNe Neutrino and Neutrino Process

2. Neutrino Luminosity from CCSNe by Neutrino Transport Equation by GR1D code

3. Effects of axial vector quenching and nucleon effective mass in nuclear dense matter

4. Degeneracy factor in CCSN2 and Degenerate and Non-degenerate Description in GR1D

5. Hybrid Model for Degenerate (Friman..) and Non-degenerate (A. Burrow..)  Cases

6. Effects of axial vector quenching and nucleon effective mass in Hybrid Model

7. Summary and Conclusion 



P
NS

Neutrino 
sphere

Neutrino propagation with momentum 
𝑝

(Not-to-
scale)

𝜃𝑞
𝑞

𝒑

Neutrino Luminosity
Fast Neutrino Conversion & 

Neutrino self-coupling
Sterile Neutrino

Neutrino oscillation in 
matter :

𝜈𝑒𝑒
−-scattering

𝒆−

10km 1000km 250000km

Luminosity and flux of emitted neutrinos from PNS are described by the neutrino transport equation depending on flavor and 
electron density !

Why neutrino process in SN?

We need to understand the neutrino source and its propagation in SNe ?

𝟏𝟑𝟖𝐋𝐚

𝟏𝟑𝟗𝐂𝐞

𝟏𝟑𝟕𝐁𝐚 𝟏𝟑𝟖𝐁𝐚

𝟏𝟑𝟕𝐋𝐚

𝟏𝟑𝟖𝐂𝐞 𝟏𝟒𝟎𝐂𝐞

𝟏𝟑𝟔𝐁𝐚

𝟏𝟑𝟗𝐋𝐚

stable

unstabl
e

𝟏𝟑𝟗𝐁𝐚

𝟏𝟒𝟎𝐋𝐚r-process
(rapidly neutron capture)

𝟏𝟒𝟎𝐁𝐚

𝟏𝟑𝟖𝐁𝐚 𝝂𝒆, 𝒆
− 𝟏𝟑𝟖𝐋𝐚

Neutrino-nucleus
𝜈𝐴-scattering with 

SMaF

𝑨

n𝜈 ≈ 1032/cm3

Introduction Neutrino Process in CCSN Explosion

2026-1st HaPhy Meeting (May 8–9, Pohang APCTP)

Introduction Neutrino Process in CCSN Explosion

16



IntroductionIntroduction Non-equal (NEQ) Neutrino Luminosity in CCSN Explosion
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NEQ Luminosity is higher 
than EQ luminosity 
scenario !!
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Neutrino transport : GR Boltzmann equation

Boltzmann equation –
Equation describing non-equilibrium system

General Relativistic form of Boltzmann equation
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Neutrino + Matter interaction
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Burrows, Reddy & Thompson,Nuclear Physics A 777, 356 (2006)
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Stellar collapse
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Equation of States in Default

(Landau effective mass)
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Neutrino Emission by Bremsstrahlung by A. Burrow
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m=> m*= m  (m*/m) 

delta = 1.5= 3/2 for Non-deg.case
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Neutrino Opacity vs. Density & Temperature(KDE)

𝜂 − 𝜅𝑎𝒥 = 0, 𝒥: 
blackbody spectra
𝑒𝑟𝑔𝑠/𝑐𝑚2/𝑠/𝑀𝑒𝑉/𝑠𝑟𝑎𝑑
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Black : KDE0v1
Red : + g_a quenching
Blue: + Effective mass
depending on temperature



Effects of quenching and effective mass in Luminosity
for non-degenerate case

36

Effective mass effects decrease the luminosity during the post bounce 
and increases it at the accretion phase !!



Effects of quenching and effective mass in Luminosity
for non-degenerate case

37

Effective mass effects decrease the luminosity during the post bounce 
and increases it at the accretion phase !!
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However, 
this is far from the whole story.

So—what are we really missing?
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Degeneracy by chemical potential & Thermal de Broglie wave  
length: Degenerate and Non-degenerate vs time and radius

Deg. and Non-deg. Cases
show significant difference
near neutrino sphere !!

No overlap  =>   Classical gas
Overlap  =>   Quantum     
Degenerate  gas
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Normal density

Degeneracy by Chemical Potential & Thermal de Broglie wave  
length: Degenerate and Non-degenerate vs time for fixed radius

Deg. and Non-deg. Cases
show significant difference 
around neutrino sphere 
just after post-bounce 
&
in the cooling phase !!

Black = Burrow
Red = Burrow w/ effective mass and quenching
Blue = FM  w/effective mass and quenching



Neutrino Emission by Bremsstrahlung (Non-deg. & Deg. Cases)

Emissivity 𝑄𝑛𝑏 = 2𝜋 4 ׬ ς𝑖=1
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delta = 1.5 for Non-deg. Case
= 4.0 for Deg.  case 



Density and Temperature Profiles vs radius  
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Black = Burrow
Red = Burrow w/ effective mass and quenching
Blue = FM

EoS = LS220 
for GR1D and NuLib



Comparison of Luminosity vs Time (LS220)
by Non-deg. and Deg. cases
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Degenerate case delays a bit the neutrino burst during the post-bounce and increases the luminosity 
at the accretion phase near neutrino sphere !!



Comparison of Luminosity vs Time (LS220)
by Non-deg. and Deg. cases
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Degenerate case delays a bit the neutrino burst during the post-bounce and increases the luminosity 
at the accretion phase near neutrino sphere !!
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Comparison of Effective Mass Effects by Hybrid model

54

Effective mass and quenching effects decreases luminosity near post-bounce and cooling phase,
but increases it at accretion phase near post-bounce near neutrino sphere.
Perhaps, in the degenerate case, luminosity is proportional to effective mass ratio ~1.5 



Comparison of Effective Mass Effects by Hybrid Model

55

Effective mass and quenching effects decreases luminosity near post-bounce and cooling phase,
but increases it at accretion phase near post-bounce near neutrino sphere.
Perhaps, in the degenerate case, luminosity is proportional to effective mass ratio ~1.5.

Effective mass and quenching show larger luminosity rather than the original Hybrid model. 



Summary

1. Neutrino already came to your Nuclear Physics.

2. Scattering data, Neutron Skin Thickness are available now.

3. In CCSN, most of gravitational energy is transferred to neutrino 
energy.

4. Now there are many proposals to detect the SN neutrino as well 
as other neutrinos on Earth.

5. Most of SN simulation by the neutrino transport equation needs 
more elaborate treatments of the nuclear physics input.

6. We tried to examine the density dependence of the weak 
interaction and the effects of the effective nucleon mass in dense 
mater in the GR1D simulation.
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Summary
7. The weak interaction quenching reduces the neutrino absorption, scattering and emission 
rate, which gives rise to the increase of the mean free path in the neutrino streaming, i.e., 
makes the SN matter transparent to the neutrino.

8. That is, the neutrino opacity becomes smaller, and consequently provides much larger 
neutrino luminosity, about 10 % maximally in the neutrino burst and the accretion epoch.

9. But almost no effects are found in the cooling phase.

10. The change of nucleon effective masses is found to be more serious.         

11. For the non-degenerate case, the effective mass and quenching effects decreases 
luminosity near post-bounce and cooling phase, but increases it at accretion phase near 
post-bounce near neutrino sphere.

12. But, for the degenerate case, the feature is reversed. Perhaps, in the degenerate case, 
luminosity is proportional to effective mass ratio ~1.5.

13. We need to consider a hybrid model depending the degeneracy factor depending on 
temperature and density.  More deliberate analysis is being done now.
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Thanks
for your 
attention !!
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   Q  n b =    (  2 𝜋 ) 4 ∫   [   ∏  i = 1 4     d 3    p → i     (  2 𝜋 ) 3 ]    d 3  q 𝜈     (  2 𝜋 ) 3 2  𝜔 𝜈    d 3    q →     𝜈 - i     (  2 𝜋 ) 3 2  𝜔   𝜈 - 𝜔  ∑ s     | ℳ | 2  𝛿 4  ( P )  Ξ  b r e m s


   ∑ s     | ℳ | 2 =   64 4  G F 2    (   f   m 𝜋 ) 4  g A 2  [     (     k 2   k 2 +  m 𝜋 2 ) 2 + … ]    𝜔 𝜈  𝜔   𝜈 -   𝜔 2


  →  Q  n b  e f f =  Q  n b ∗    (   (  1 −    n  B a r y o n  4 . 15  (   n 0 +  n  B a r y o n ) ) ) 2  


   g  A ,   e f f  ≅  g A  (  1 −    n  B a r y o n  4 . 15  (   n 0 +  n  B a r y o n ) )


   n  B a r y o n < 4 . 5  n 0


  𝜂 −  𝜅 a 𝒥 = 0 , 𝒥


   [  e r g s / c  m 2 / s / M e V / s r a d ]


   Q  n b =    (  2 𝜋 ) 4 ∫   [   ∏  i = 1 4     d 3    p → i     (  2 𝜋 ) 3 ]    d 3  q 𝜈     (  2 𝜋 ) 3 2  𝜔 𝜈    d 3    q →     𝜈 - i     (  2 𝜋 ) 3 2  𝜔   𝜈 - 𝜔  ∑ s     | ℳ | 2  𝛿 4  ( P )  Ξ  b r e m s


   ∑ s     | ℳ | 2 =   64 4  G F 2    (   f   m 𝜋 ) 4  g A 2  [     (     k 2   k 2 +  m 𝜋 2 ) 2 + … ]    𝜔 𝜈  𝜔   𝜈 -   𝜔 2


  →  Q  n b  e f f =  Q  n b ∗    (   (  1 −    n  B a r y o n  4 . 15  (   n 0 +  n  B a r y o n ) ) ) 2  

