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Outline:

➢ Supernova neutrino oscillation

➢ Sterile neutrinos

➢ 2+1 active sterile FFC

➢ Active- Sterile MSW

➢ Conclusion
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➢ Core-collapse supernovae release ∼99% of their energy via neutrinos, driving explosion dynamics and

nucleosynthesis.

Supernova Neutrino Oscillation

Slow oscillations Fast oscillations

• Few hundred kms (∼ 102 ) from the neutrinosphere.

• Growth rate ~ ω

• Zero crossing in the difference of the energy 

distribution. 

• Near the Core of the SNe (Few cms)

• Growth rate: ~

• Zero crossing in the difference of the angular 

distribution.  

Collective Oscillation
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Framework:

Evolution equation:

Hamiltonian =  Vacuum + Matter + Neutrino-Neutrino Interaction 
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Occupation matrices:

➢ Diagonal element -> total flavor content.

➢ Off-diagonal element -> flavor conversion.

Interaction:

→ Current terms for neutrinos 

→ Densities of neutrinos

Phys.Rev.Lett. 125 (2020) 251801

→ Neutrino 4-velocity

Supernova Neutrino Oscillation
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Linearization:

Evolution of off-

diagonal elements:
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where

S.Chakraborty .et al, JCAP 12 (2018) 019

ELN:

Supernova Neutrino Oscillation
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Basudeb Dasgupta, JCAP 02 (2017), 019

Angular Distributions:
Supernova Neutrino Oscillation
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Fast Flavor Oscillation

Supernova Neutrino Oscillation
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Fast Flavor Oscillation

Supernova Neutrino Oscillation
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Sterile Neutrinos

➢ Sterile neutrinos, hypothetical singlet particles.

➢ No weak interaction only through mixing with active neutrinos.

➢ Motivated by anomalies in short-baseline neutrino oscillation experiments and reactor

antineutrino anomaly.

➢ Active-sterile MSW resonance can significantly alter the neutrino populations and ELN

crossings, influencing the fast flavor conversions (FFCs) among active neutrinos.

➢ Sterile mass square difference:

➢ Mixing only with electron neutrino:
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2+1 Active-Sterile Oscillation
Framework:

Evolution equation:

Hamiltonian =  Vacuum + Matter + Neutrino-Neutrino Interaction 
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Occupation matrices:

➢ Diagonal element -> total flavor content.

➢ Off-diagonal element -> flavor conversion.

Vacuum:

±→ Normal mass ordering /Inverted mass ordering

→ Vacuum Oscillation Frequency

𝐻 → Atmospheric mass square difference

𝑠 → Active-sterile mass square difference
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Framework:

Evolution equation:

Hamiltonian =  Vacuum + Matter + Neutrino-Neutrino Interaction 
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Occupation matrices:

➢ Diagonal element -> total flavor content.

➢ Off-diagonal element -> flavor conversion.

Interaction:

→ Current terms for neutrinos 

→ Densities of neutrinos

2+1 Active-Sterile Oscillation
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2+1 Active-Sterile Oscillation
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EOM of Off diagonal elements:

2+1 Active-Sterile Oscillation
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EOM of Off diagonal elements:

2+1 Active-Sterile Oscillation
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EOM of Off diagonal elements:

2+1 Active-Sterile Oscillation
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Typical form of matter potential

MSW resonance at crossing
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Active-Sterile MSW Oscillation

I. Tamborra .et al, JCAP 01 (2012) 013
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Phys. Rev. D, 103, 063013.

Active-Sterile MSW Oscillation
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Initial 

Distribution

Outer resonance:

Phoenix 2025, IIT Hyderabad

Final 

Distribution

Active-Sterile MSW Oscillation
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Initial 
Distribution
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Inner 
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Active-Sterile MSW Oscillation



Thursday, 10 July 2025 21

No crossing in 

ELN

No FFC

Inner 

resonance

Outer 

resonance

ELN 

Crossing

Phoenix 2025, IIT Hyderabad

Active-Sterile MSW Oscillation
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Conclusion

➢ The necessary and sufficient condition for fast flavor conversions (FFCs) is the presence of a zero crossing in the 
electron lepton number (ELN). 

➢ No fast flavor conversions occur between active and sterile neutrinos, confirming that FFCs are limited to active-
active transitions due to the lack of neutrino-neutrino interactions for sterile states.

➢ Active-sterile MSW resonance significantly modifies neutrino populations, notably altering ELN crossings and 
shaping flavor evolution in supernova. 

➢ Investigating these active-sterile conversions enhances our understanding of supernova explosion dynamics and 
nucleosynthesis.
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Thank You

Phoenix 2025, IIT Hyderabad
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Backup slides
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Supernova Neutrinos

➢ SNe are a powerful explosion at the end stage of a massive (>8 solar mass) star.

➢ Type II supernova explosion is accompanied with neutrino emission. 

➢ Almost 99% of the energy                  liberated in the form of neutrinos.

➢ Few 10s of neutrino events were detected from SN 1987A. 

➢ SNe emit neutrinos of all three flavors with typical average energies.

Supernova Neutrino Production

Phoenix 2025, IIT Hyderabad
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Neutronization Burst Accretion Phase Cooling Phase

Fischer et al. (Basel group), arXiv: 0908.1871

Three Phases of Neutrino Emission:

• In neutronization phase, 25–30 ms
post bounce, only electron neutrinos
are produced.

• In accretion phase (few mili seconds)
all flavors of neutrinos are emitted.

• In cooling phase (10 s) the bulk of the
total explosion energy is emitted in the
form of neutrinos.

• Best phase to study neutrino fast
flavor oscillation: Accretion Phase.

• Hierarchy in average energies

Supernova Neutrino Production

Phoenix 2025, IIT Hyderabad
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Framework:

Evolution equation:

Hamiltonian =  Vacuum + Matter + Neutrino-Neutrino Interaction 
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Occupation matrices:

➢ Diagonal element -> total flavor content.

➢ Off-diagonal element -> flavor conversion.

Matter:

→ Current terms for charged leptons 

→ Densities of charged leptons

→ Occupation numbers for charged leptons

Charged lepton 4-

velocity
→ Neutrino 4-velocity

2+1 Active-Sterile Oscillation
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Conversion Probability from electron to sterile:

Survival Probability for neutrino and antineutrino

Phoenix 2025, IIT Hyderabad

Active-Sterile MSW Oscillation


