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● Fast Flavor Conversion (FFC) : A Review 
 

● Inhomogeneous Matter Potential : Why is it Important?

● Effect of Inhomogeneous Matter Potential on FFC : a) Initial Evolution 
                                   c) Final State

● Inhomogeneous Matter and FFC: A Realistic Supernova Perspective

● How to incorporate this effect in SN simulation

● Take Away Message
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R < 10 km
Neutrinos trapped

R    10 km

Fast Flavor Conversion
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Neutrinos /Antineutrinos 
forward scatter with each other Neutrinos /Antineutrinos 

forward scatter 
with electrons

  Neutrinos /Antineutrinos 
freely propagate in vacuum

“Collective”
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FFC : Flavor Evolution Equation
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             Ensemble of neutrinos         density matrix  

Neutrino Self-interaction

     

Coupling

Nonlinearity



  

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

Solve this equation :

1 dimensional box of length L with periodic boundary conditions

Neutrinos emitted from each point in the box with velocity 

ELN distribution :

    Two Flavors    :



  

Fast Flavor Conversion : Review
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Survival probability starts at 1
Oscillates coherently for few cycles
Finally reaches a thermalized  state

“Coarse-graining” System shows irreversibility in time
The bloch vector shows tendency to 
flip over
Flavor depolarization occurs

Phys.Rev.Lett. 126 (2021) 6, 061302
Phys.Rev.D 106 (2022) 10, 103039
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Fast Flavor Conversion : Spatailly inhomogenous matter
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Why Studying it important ?
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FFC can alter neutrino flavors

Final Neutrino Signal after FFC
Can be altered by spataily 

Inhomogeneous matter

Affect SN evolution+
Astrophysical processes Can help us to study various 

neutrino properties

(Astrophysics) (Particle Physics)



  

EOM
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Effect of Inhomogeneous Matter potential : Initial Evolution
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approximation
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Effect of Inhomogeneous Matter potential : Initial Evolution
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approximation
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Effect of Inhomogeneous Matter potential : Initial Evolution
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Effect of Inhomogeneous Matter potential : Initial Evolution

11

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
t [ns]

10−28

10−24

10−20

10−16

10−12

10−8

10−4

100

|Q
+

[k
,
t]
|

m = 10−6 cm−2

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

9.5

k

● No shift of the instability map

● Independent evolution of each Fourier mode

● Similar to the case without matter potential

“Small” m
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Effect of Inhomogeneous Matter potential : Initial Evolution
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“Intermediate” m
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Effect of Inhomogeneous Matter potential : Initial Evolution

1
3

“Intermediate” m
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Effect of Inhomogeneous Matter potential : Initial Evolution
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“Large” m
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FFC completely suppressed !!

Slight initial growth due to finite     
corresponds to timescale of  
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Effect of Inhomogeneous Matter potential : Nonlinear Evolution
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Coherent 
Wavelike 

Behavior !!

No Coherent  
Behavior !!

Small Scale 
Structures !!

(Due to shift to high 
fourier modes)
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Incorporating the effect in SN simulation
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A Realistic Scenario
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