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Supernovae

Stars M>8M, burn for millions of years and collapse when
the core becomes too massive to be supported bydher
degenerate pressures

When the core reaches nuclear density the collapse
rebounds to form an outward shock

This shock stalls, then a explosion is triggergahéutrino
heating

Computer simulations predict that a forward angkree
shock forms with a turbulent region behind



Simulations of a supernova
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The density profile of the

The Lawrence Livermore simulation,
full time dependence but all of the
Interactions were not included(left)
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Neutrino Oscillations

The probabillity of an oscillation in vacuum is
P(v, —vg) =sin“20 sin%(1.27¥my L /E)
P(v,—v,) =1 - sin?2Q sin?(1.27$m,°L/E)
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A (neutrino) A - (anti-neutrino)

Resonance when Asm,,’cos2] when the neutrinos are
maximally

mixed

If ®m2>0 the resonance is in the neutrino channel
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Antl-neutrino resonance
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Effect of the shock wave on the
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The atmospheric resonance
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The sterile resonance

The LSND experiment is evidence for a fourth steril
neutrino (unconfirmed)

The modulation in the signal is dominated by oatidins
Into sterile neutrinos, does not require a diffeeem the
Initial energy spectra
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The sterile resonance

The LSND experiment is evidence for a fourth steril
neutrino (unconfirmed)

The modulation in the signal is dominated by oatidins
Into sterile neutrinos, does not require a diffeeem the
Initial energy spectra
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Conclusions

The shock-wave Iin a supernova can change the Ipidp@f
the neutrino oscillations

Numerical simulations show a highly turbulent megbehind
the shock-wave, this also changes the probabifitiie
oscillations

If there are no sterile neutrinos this effectependent on a
difference in the energy spectra of the neutrinos

If there are sterile neutrinos the dominant efths not
depend on the energy spectra of neutrinos



Need a supernova!



