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✓ Objective・background

✓ Formalism

For future observations, 

the current code needs to be improved and updated to make it more accurate.

• Solve the Boltzmann equation using M1-closure scheme.

• Proto-neutron star cooling  :)  code (H.Suzuki 1993)

using multi-energy flux limited diffusion (FLD) scheme to solve Boltzmann equation approximately

• Metric

• Equation for moment (steady flow for simplicity)

𝑑𝑠2 = 𝑒2𝜙 𝑚,𝑡 𝑑𝑡2 − 𝑒−2𝜆 𝑚,𝑡 𝑑𝑚2 − 𝑟 𝑚, 𝑡 2 𝑑𝜃2 + sin2𝜃𝑑𝜑2

𝝏𝒕𝓤+ 𝝏𝒎𝓕 = 𝓢 𝒰 =
1

𝜌
𝑛𝜈, 𝐹𝜈 ℱ = 4𝜋𝑐𝑟2 𝐹𝜈, 𝑃𝜈

Ԧ𝒮 =
1

𝜌
𝑆0, 𝑆1 − 4𝜋𝑟𝑐𝜌e𝜙 𝑛𝜈 − 𝑃𝜈 𝜕𝑚 𝑟e−𝜙



✓ Numerical methods

outline

• Newton-Raphson method

• Solve implicitly

Advection (position space)

• HLL + correlation Test 1 : Diffusion limit Test 2 : Free-streaming limit

to reproduce 

the diffusion limit

∆𝓤𝒋
𝒌
+෍

𝒒,𝒍

𝝏𝓕𝒋+𝟏/𝟐
𝒌

𝝏𝒒𝒍
∆𝒒𝒍

𝒌
−෍

𝒒,𝒍

𝝏𝓕𝒋−𝟏/𝟐
𝒌

𝝏𝒒𝒍
∆𝒒𝒍

𝒌
−෍

𝒒,𝒍

𝝏𝓢𝒋
𝒌

𝝏𝒒𝒍
∆𝒒𝒍

𝒌

= −𝓤𝒋
𝒌
+𝓤𝒋

𝒏 + 𝓢𝒋
𝒌
− 𝓕𝒋+𝟏/𝟐

𝒌
− 𝓕𝒋−𝟏/𝟐

𝒌


	スライド 1: Development of a neutrino transport equation calculation code using the M1-closure method to improve the proto-neutron star cooling calculations
	スライド 2
	スライド 3

