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Neutrinos /Antineutrinos
orward scatter with each other

R <10 km
Neutrinos trapped

R ~10 km
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Neutrinos /Antineutrinos
forward scatter

with electrons

Neutrinos /Antineutrinos
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FFC : Flavor Evolution Equation
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FFC : Review

Phase Space : 1 space + 1 vel + 1 time dimension (Two Flavors)

TIr E.v E.v
Trpedy, , . 25

) L. (Eyv) = fu,(E,v), E>0
90\ = fo (B, 0) — fo, (By0), E > 0

Two Flavors : PEw =

> dEE? e?
ELN distribution : Gv = V2Gr /0 55 fv.(B,0) = fo (B, v))
1 dimensional box of length L with periodic boundary conditions

Neutrinos emitted from each point in the box with velocity
1

Solve this equation: (9, +v9,)S, = ,u/ dlev/ (1 — vv/) S xS,
1

v

Soumya Bhattacharyya Mar 24, 2026



Fast Flavor Conversion : Review

“Coarse-graining”

Survival probability starts at 1 ‘ — System shows irreversibility in time
Oscillates coherently for few cycles The bloch vector shows tendency to
Finally reaches a thermalized state flip over

Flavor depolarization occurs
v =05 A—0.2 S Phys.RevLett. 126 (2021) 6, 061302
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Fast Flavor Conversion : Review

“Coarse-graining”

— System shows irreversibility in time
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Fast Flavor Conversion : Spatailly inhomogenous matter

A =V2Grn,
d\  du
b _ s
> W, o > ar
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Why Studying it important ?

(Astrophysics)

(Particle Physics)
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Effect of Inhomogeneous Matter potential : Initial Evolution

Qulk, 1] = /dz,ei(”\[z]t_kz)(si[z,t] (& — igy))
i Sﬂ[[z,t] = 1 approximation

Q+lk,t] ~ Q+[k, o]e—w(l—a)t—z'fg K[t dt

i

t _ (“kesr[t] + p(1 + o)) Im[r[t]] + dap® 0[]
Im [/0 m[t]dt]

1 Imk[t]] .
\/k 2(1 + ) prkeg + p2(1 — )2 0[t] = - Eea—a(ia) ) if kegp[t] > p(1 + o),
k kot oo ) + 7m0 itken[t] < p(1+ ).
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Effect of Inhomogeneous Matter potential : Initial Evolution

Qulk, 1] = /dz,ei(”\[z]t_kz)(si[z,t] (& — igy))
i Sﬂ[[z,t] = 1 approximation

Q+lk,t] ~ Q+[k, o]e—w(l—a)t—z'fg K[t dt

i

'  (=kest[t] + (1 + @) Im[k[t] + a2 0[1]
Im [ /O /@[t]dt]

-1 Im[x[t]] .
\/k 2(14 o) pkeg + p2(1 — a)? 0lt] = tan -\ o —n(i+a) ) if ket [t] > p(1 + @),
]-C TFg = k—mt - keff[ltr}n—[z[(t]l]—i-a) +, ifkeff [t] < :u(l + Oé).
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Effect of Inhomogeneous Matter potential : Initial Evolution
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Effect of Inhomogeneous Matter potential : Initial Evolution

“Small” m

N
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Effect of Inhomogeneous Matter potential : Initial Evolution

“Intermediate” m

m=8 X 10" ?cm*
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Effect of Inhomogeneous Matter potential : Initial Evolution

“Intermediate” m

m=8 X 104 cm*
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Effect of Inhomogeneous Matter potential : Initial Evolution

“Large” m

v=06,8=>58ns"!,r, =95ns""

FFC completely suppressed !!

Slight initial growth due to finite s
corresponds to timescale of O(1/r;)

t [ns]
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- Nonlinear Evolution
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Incorporating the effect in SN simulation

1.00 B Final Observable Signal after coarse-graining becomes
w,'",'u\u ) independent of m !!
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A Realistic Scenario
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