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Approximation Method for Neutrino Transport

Boltzmann equation + Leakage Scheme

Boltzmann Equation | + Light Bulb Approximation

dx" of N d_p’ af =(5_f ) - Ray-by-Ray Approach
dA ox* dA api collision

oA * IDSA (Isotropic Diffusion Source

Approximation)
Optically thick Optically thin | P . Moment method

« MGFLD (Multi-Group Flux Limited
Diffusion) method

OBJECTIVE

- Analysis of neutrino transport in the intermediate region between optically thick and thin

- Clarification of explosion mechanism
- Validation and improvement of approximation method
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Neutrino Distribution in the Momentum Space
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Moment Equation for Radiation Transport

Boltzmann Equation

Zeroth Angular Moment of Boltzmann Equation

; 0 1 0
dx* 3F  dp' dF —E, + —— (r*F) = S[0]
= (—p%uy)S(p*, x*, — v rr, v
97 Bxo + dr 0y (=p ul))S(p", x", F) Ot 2 dr ( )
F . distribution function, 7 : affine parameter Flrst Angullaral\/loment of Boltzmann Equation
x4 : spatial coordinates, p#: four momentum — F + — — (rzp”) = S[17]"
or °  r2or Y Y

uH : medium’s four velocity, S: source term

Energy Density

E, = / eF(p", x")(hv — &)d’p
Radiation Flux

F] = /pjf(p“,x“)5(hv—8)d3p

Radiation Pressure

3
P} = / p'p! F(p*, x")8(hv — ¢)

d’p
E

(Minkowski space, spherically symmetry,
neglecting the velocity of the medium.)

Closure Relation Folwe) 7 )

™4

i dp—1_; 31 —p) |
ij — > Pth]in + > Pth]ick Fo(ps) ‘7V\_' F (o)
y 1 y .
Pth]ick — gEvy] Fv(p2) Fu(ul)
Py, =E, F and Py, =0, itiorj#n. o | F (o)
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Comparison between Approximate and Exact Solutions
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Smit and Janka also find the region of p < 1/3 for Boltzmann simulation.
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Bose Einstein Radiation

V= ot —a) =1 - J. Cemnohorsky, S. A. Bludman (1994)
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Bose Einstein Radiation

1

exp(n—ap) — 1
1.0 . : , ‘ r
Bose-Einstein
e >
sl e€=0.1,0.2,05,1.0 |
2.0, 2.5, 10
S os !
Q.
Zz=n/a— © A Maxwell-
Boltzmann |
0.4 |
Janka’s results by Monte Calro
0.2 . . . 1 . L ) .

0.0 0.2 04 0.6

0.8

1.0

Maximum Entropy Closure
J. Cernohorsky, S. A. Bludman (1994)

1.0

0.8

_____________________________________________________________

Fermi-Dirac Radiation

1
Y = -
exp(n —ap) + 1

 (isotropic)

e - (

Maxwell-
Boltzman

The maximal
pagking.envelope

0.8 1.0



Comparison of p given by 1D Boltzmann solutions and MEFD closure
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Summary

Boltzmann-Hydrod—FCTZa— VU /EFNEXZFE —JRENICE W -ENREEBHED I 7N\ v XBE%
DIERZF AL T, MEFD(Maximum Entropy for Fermi-Dirac distribution) closure D&aE % 1T - 7=,

N7 2%10ms T, BoltzmannTp<1/31C74 258 A F4E L. MEFD closure TZ 0B % — 4 BIRTE %
FWS ZEAbA 5T,

e =3.9MeVDIEL

BoltzmannD#ER CIZRBFHEFEDRNELTp < 1/30BENTEK 4. MEFD closurelC & 52 o N5 5EER
THR UALE Tp<l/3DBEMNGFRET 5 T & ZHERTE T,

2DTlIp < 1/3DMREHTH AN REL TWB D, MAEFFILERTRE 3R Y Boltzmann & MEFDD#ER 1L & < —3X
L TW5,

e = 14.4MeVDIEE

Boltzmann®DEERE TIFEE RO T CTRAITp < 1/30EEAFEER SN T LB D, MEFD closure TlZBIRT=
W2 ED Do T,

2D TIEEBFRMEFRNILOITRARE L TWAHEE T BoltzmannE MEFDDFEEA—ZH L TWLWAE WEMAEE
N7,



Discussion

S ZEHOHI0MSICB N T, FHEFEFEMETOEIRLF—Za— b U/ OEFE®ICEL T,
MEFD closure® A H M1 closure& Y HBL TWA T EAbHH - 7=,

7-72 L. e~1D%EE TIL. MEFD closure# 52 2= O5| OB OEHN0ICIHED L 728, NEYIREICR 515
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Future Plan
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