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BET2r. K3 EHoR—R8Ro X 512, 2ok
KEE (p.0) B KMHETIED 2 DNTINCEZ 2 Z e TS
%, B YIFEAE R 2 — )L 1, (REENDEER) TZD
IREALEML T CIRET 5 2 & T, & EBIERIE
EhHEX (1) &
(paaia-—lﬁﬂp”pkéij>;n,= —;%(pu——p%a)%—chm]
(5)
CLTEHEZET LD TE .Y Z OS2 HEMEEA
IS 2 FHiE BGK (Bhatnagar-Gross-Krook) €7 /L &
LTHIGNTWEHDTH 5, ZZTFFIDOMERT —
ME ELN-XLN 07 G2 12X LT

/ dv Ge* / dv Ge*
Ger>0 Ger<0

LT, 7Ry Y HIBEDOEIRILOMEERS Z & Tk
PHNCBEZ BN TE D, 70y Y IDRHEBL TRE
EMEDR L B3, > 0 IHIBL, TAETL —

—1/2

Ty R 2T

(6)
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NBWPHEF R RDZ I EZERL TV, HEIIKH
RSB AR TD 7 L= N—=HICED VT I D p,, & 7y
EEHFL TV 22T, EFHRINCK 2 7L —n—ELE
FEENCHARAL Z e B TEZDTH S,

FEIIZZ D BGK EF/LTOFHENK 1 B LN 3 D
—HERE L ORENT VWS, ZZTEANINLIN=T VR
EEZROIIERE R B Pt EEZITo T0RWIZH b S
3. MEEFIREE E TORR R 7 — L7 ELN—-XLN
AESHOME R CEMAERT2 Z I LT3,
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i, Lo TRy I al—YaryToffbh Tz
T Rt oA, EHIRED D 725 TR
2ENESELFEL LIADIENTETWIDTH B,

6. EHOIC

AFHETE, —2— MV OHSHEEHICL > THI &
X 2EFIEE . Z OEEFTEADHAAAIZAT
T BGE OB ZFEN Uiz, REIRENL -/ HREE L »
5 WD TRV 2 7 — LV CHEf 7§ 2 IERRIE 72 7 L — N —
TR TH 205, ZFD 7L — =010 DWHEEEEPUEE
WIRREICEH T2 22T, CoORBRFEIRETEZRS 2
MR = 2 — b Y R EA L EWRNCED A
B MAREICI D DO B B,

FEEICRIES I 21— a YNZDEFML L EFIR
BOMERHAALZ LT, =2— M) VGG K EL
ZL, BERKERFEROKXA F I 7 AR AU E R
RIFT ZEPRENBED T NS, 1920 =2 — MY JIRENZ
HIXPENTFYHICE £ 63, RIS 2 E&0IcH
RS2 ETHEHETERVWERL D DOOH 3,

—HCHEDZLLBEINTVWS, FLHETHRNLzEH
7 L — N2 B E T E DfEED S5 (box-
like) & FEENZHVIERITH D, HEORMDPFEL I TY
o MDD 7L — N=FEEEPERT -, 22
EZUHB X Z OERMIEE &7 & D B2 B TEE
7R ERLITDONT S F2 T3 ERIR L ERTWVRL,
2029 7 N8 R INC A EAHAA T 7o DITIE, BRA
N % B 72 L TOARRENZ & DL 2EE) o FfE
PEALITED ZNEND B,

X5, HOMHEERPIREMNCERRETFZHRREE
R BEEBEZD . FIGELEBZ 2 2R ROFE
filid SHOEERFETH 5,°%°0 —a— 1) BETEE)
FOMIE. KIDRFHEB X URTZHRMREETHOR
T 5. <7 aRIEGEERIAGIEICE 2 T M
W D S AZREY LTW5S, ARE%ZE L TARTEIC
Blkz b5, EHCBATE2APEIIUIFENTH S,

AEHHEOHEICHZD, AR IX Y PR LTLEES
T RBVEBIC. HEARER. MRS 2 ARICE#HH L B
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Quantum Kinetics of Neutrinos in High-Energy
Astrophysical Events

Masamichi Zaizen

abstract: In explosive astrophysical events, neutrino trans-
port plays a crucial role in shaping their dynamics and observ-
ables. However, most numerical models to date employ clas-
sical transport, ignoring quantum kinetics of neutrinos, where
their flavors can change due to nonlinear collective oscillations.
By modeling the asymptotic flavor eigenstates, it becomes pos-
sible to incorporate the effects of the flavor conversion into
classical transport frameworks without directly solving the full
quantum kinetic equations.
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