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Neutrino heating mechanism

The stalled shock is revived
And the explosion occurs

Boltzmann Eq.
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Boltzmann Equation
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Distribution function : 
𝑓(𝑟, 𝜃, 𝜑, 𝜖, 𝜃𝜈, 𝜑𝜈; 𝑡)
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Momentum Space
: Advection term

: Collision term represents the neutrino reaction 
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Neutrino Reaction

Emission and 
Absorption Scattering Pair Process
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Neutrino Reaction

Neutrino Nucleon Scattering

Subgrid Model
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Accuracy

Energy sub-Grids: 𝑵𝝐𝒔𝒖𝒃 = 𝟖 

is adopted hereafter

If 𝑵𝝐𝒔𝒖𝒃 = 𝟖 , the relative error is

𝚫 =
|𝝈𝐍𝝐𝐬𝐮𝐛

− 𝝈𝒕𝐫𝐮𝐞|

𝝈𝒕𝒓𝒖𝒆
≃ 𝟏𝟎−𝟒

𝜌 ≃ 1010g/cc , 𝑇 ≃ 2.698MeV , 𝑌𝑒 ≃ 0.2447

𝝈 = න𝝐′
𝟐
𝒅𝝐′ 𝑹𝒔𝒄𝒂𝒕(𝝐, 𝝐

′, 𝜽)
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where

( Reaction Rate : 𝑹𝒔𝒄𝒂𝒕 )

𝝐 = 𝟏𝟕. 𝟑𝑴𝒆𝑽
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Model of first test for thermalization
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𝝐′, 𝜴′; 𝝐, 𝜴 𝒇 𝝐′, 𝛀′ [𝟏 − 𝒇 𝝐,𝛀 ]

OneZone Calculation   :

I input non-equilibrium distribution in energy 𝝐 and angle 𝜽𝝂

Energy Grid : 𝑁𝜖 = 20  (0 MeV ≤ 𝜖 ≤ 300 MeV)

Angular Grid : 𝑁𝜃𝜈 = 10 (0 ≤ 𝜃𝜈 ≤ 𝜋 )

Neglecting the space dependence 
in Boltzmann's equation



Test of Thermalization

Distribution reach the equilibrium state

Energy Dependence Angular Dependence at 𝑬 = 𝟏𝟏𝑴𝒆𝑽
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Check for resolution
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Energy Grid : 𝑵𝝐 = 𝟐𝟎  (𝟎 𝐌𝐞𝐕 ≤ 𝝐 ≤ 𝟑𝟎𝟎 𝐌𝐞𝐕)

Angular Grid : 𝑵𝜽𝝂 = {𝟓, 𝟏𝟎, 𝟐𝟎, 𝟑𝟎, 𝟒𝟎, 𝟓𝟎, 𝟔𝟎, 𝟕𝟎, 𝟖𝟎, 𝟗𝟎, 𝟏𝟎𝟎} 

OneZone calculation + the source term ෨𝒇(𝝐, 𝜴)

𝒇𝒎𝒂𝒙𝒇𝒎𝒊𝒏ሚ𝑓 𝜖, Ω ∝ cos 𝜃𝜈 , 
𝑓𝑚𝑖𝑛(𝜖)

𝑓𝑚𝑎𝑥(𝜖)
∼

1

3



1st Check for resolution
𝚫𝐦𝐚𝐱 = max
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2nd Check for resolution

𝟔𝟎𝒌𝒎

𝟏𝟎𝟎𝒌𝒎

Data : t = 100ms 
(𝑵𝒆, 𝑵𝜽𝝂 , 𝑵𝝓𝝂

) = 𝟐𝟎, 𝟏𝟎, 𝟔

Progenitor : 15𝑴⊙

Shockwave
(170km)

Comparison : (𝑵𝒆, 𝑵𝜽𝝂 , 𝑵𝝓𝝂
) =

𝟐𝟎, 𝟏𝟎, 𝟔  , 𝟐𝟎, 𝟒𝟎, 𝟔  



All of 𝒇 𝒇 > 𝟎. 𝟏𝒇𝒎𝒂𝒙
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2nd Check for resolution
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Summary
• I developed the subgrid model to treat the small energy 

exchange due to neutrino-nucleon scattering.

• By inputting non-equilibrium distribution, it was found that the 
distribution finally reaches equilibrium.

• I also performed the tests with the source term. The result were 
found to converge with increasing angular resolution.

• It is shown that the relative error is based on the ratio of minimum 
distribution to maximum distribution with respect to 𝜃𝜈 .

• In the future, OneZone calculation can invent the way to capture 
the effect of high angular resolution with small number of 
angular meshes.
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