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Result 3  Angular Dependence
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Scattering Process in OneZone Calculation

Result 1. Thermalization
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・The subgrid model can probe the small 
energy exchange due to this Scattering.
・The subgrid model is independent of 
the derivation of the reaction rate and can 
directly reflect the reaction rate due to 
physical effects.
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Reaction Rate depend on the interaction 
Lagrangian based on nucleon state

(sugiura et al, 2020,Fischer 2016)

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

(𝑁𝜖 , 𝑁𝜖𝑠𝑢𝑏 , 𝑁𝜇𝜈𝑁𝜙𝜈
) = (20,8,10,6)ቄ

And non equilibrium distribution

Result 2. Reaction Dependence

The result of the Onezone calculation shows that the sub-grid model 
can probe the small energy exchange due to the scattering and the 
initial nonequilibrium distribution finally reached the equilibrium state.

𝚫
𝐦
𝐚
𝐱

𝑵𝜽𝝂

𝟏𝟎−𝟐

𝟏𝟎−𝟏

𝟏𝟎−𝟑

𝟏𝟎−𝟒

𝟏𝟎𝟎

M
a

x
 r

e
la

ti
v
e

 e
rr

o
r 

𝟏𝟎 𝟐𝟎 𝟑𝟎 𝟓𝟎𝟒𝟎 𝟔𝟎 𝟕𝟎 𝟖𝟎 𝟗𝟎

𝚫𝐦𝐚𝐱 = max
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|𝒇𝐍𝜽𝝂(𝝐,𝜽𝝂) − 𝒇𝑵𝜽𝝂=𝟏𝟎𝟎
(𝝐,𝜽𝝂)|

𝒇𝑵𝜽𝝂=𝟏𝟎𝟎
(𝝐,𝜽𝝂)

The reaction rate and time development of the distribution depend on 
the physical state of the nucleon. The results are shown for different 
reaction rates and all calculated under the same initial conditions. As 
Result 1, in all case, the distribution reached the equilibrium one.

-Result 3-1 Analysis

𝑺 ∝ 𝐜𝐨𝐬𝜽𝝂 , 
𝒇𝒎𝒊𝒏(𝝐)

𝒇𝒎𝒂𝒙(𝝐)
∼

𝟏

𝟑

Condition : 

𝑵𝜽𝝂 = {𝟓, 𝟏𝟎, 𝟐𝟎, 𝟑𝟎, 𝟒𝟎, 𝟓𝟎,

𝟔𝟎, 𝟕𝟎, 𝟖𝟎, 𝟗𝟎, 𝟏𝟎𝟎}

If the distribution 𝑁𝜃𝜈 = 100 is true 

distribution, at each N𝜃𝜈 , the maximum 

relative error is calculated. The trend of 
the relative error is same and the result 
says that the error includes only ~1% 
around 𝑁𝜃𝜈 = 40~50

-Result 3-2 Data of SNe

Data : t = 100ms  at 𝒓 = 𝟔𝟎𝒌𝒎, 𝟏𝟎𝟎𝒌𝒎
(𝑵𝒆, 𝑵𝜽𝝂 , 𝑵𝝓𝝂

) = 𝟐𝟎, 𝟏𝟎, 𝟔

Progenitor : 15𝑴⊙

(𝑵𝒆, 𝑵𝜽𝝂 , 𝑵𝝓𝝂
) = 𝟐𝟎, 𝟏𝟎, 𝟔  , 𝟐𝟎, 𝟒𝟎, 𝟔  

Comparison :

The result says that the more degree to 
which the distribution is concentrated 
forward is, the more relative error is.

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, the subgrid model implement the supernovae simulation code.
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Pseudo Advection effects in OneZone Calculation
The source term 𝑺 is represented as the other effects, like advection and other reaction. 
If the source term is decided precisely, without calculating full Boltzmann equation, we 

can calculate the distribution function with pseudo advection and other reaction.
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