Neutrinos from core-
collapse supernovae

Mprog > 8 MSun
AE =% 10°3 ergs # 10°° MeV
99% of the energy is

carried away by neutrinos
and antineutrinos with

10<E, < 30 MeV
~ 108 Neutrinos!
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If we want to catch a supernova with neutrinos we'd better know
what neutrinos do inside a supernova.
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This ferm makes the physics of a neutrino gas in a core-collapse
supernova a genuine many-body problem
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This ferm makes the physics of a neutrino gas in a core-collapse
supernova a genuine many-body problem
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Neutrino-neutrino interactions lead to novel collective and emergent
effects, such as conserved quantities and interesting features in the
neutrino energy spectra (spectral "swaps” or "splits").















Mean-field evolution equations



The duality between H,,, and BCS Hamiltonians

This symmetry naturally leads to splits in the neutrino energy spectra
and was used to find conserved quantities in the single-angle case.



Conserved quantities of the collective motion

b =B-J + W26, I,
om’V q-p

pP=q

There is a second set of conserved quantities for
antineutrinos.

Note the presence of volume. In fact h,/V are the
conserved quantities for the neutrino densmes

For three flavors a similar expression is written in terms
of SU(3) operators.






Recall how we treat the BCS Hamiltonian. We diagonalize it in a quasiparticle
basis. However that basis does not preserve particle number. We enforce the
particle number conservation by introducing a Lagrange multiplier. This

Lagrange multiplier turns out to be the chemical potential.



Recall how we treat the BCS Hamiltonian. We diagonalize it in a quasiparticle
basis. However that basis does not preserve particle number. We enforce the
particle number conservation by introducing a Lagrange multiplier. This
Lagrange multiplier turns out to be the chemical potential.

In the many neutrino case we can do the same. The Lagrange multiplier we
have to introduce to preserve the total neutrino number shows up the the final
neutrino energy spectra as a "split". This is the origin of the spectral splits

(or swaps) numerically observed in many calculations.



Maria Goeppert Mayer was
awarded the 1963 Nobe/
for the nuclear shell model,
the San Diego Union
headline read " San Diego

Housewife Wins Nobel
Prize”.
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Majorana nature of the neutrinos permit
neutrinoless double beta decay:
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Pairing gives rise to double beta decay:
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Why are matrix elements of Ovpp and 2vpp different?

2vRP

Only intermediate 1* states
contribute (single-state
dominance approximation?)

Virtual transition
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All intermediate states
contribute (closure
approximation?)

Both approximations could be problematic!




Nuclear matrix elements for double beta decay
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Nuclear matrix elements for double beta decay
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Nuclear matrix elements
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0

Momentum of virtual
neutrino, q ~ 1/r
r~2fm
q ~ 100 MeV

P. Vogel, J. Phys G 39, 124002 (2012)

Total



Ov double beta decay

(1/T1,2) = 6(E.Z) M2 (mgg)?
G(E,Z) : phase space
M : nuclear matrix element

<m[3[5> - |ZJ |Uej|2 m; )|

Heavy neutrino
exchange

Light neutrino
exchange

1 1 L | I ‘
10 10°
Lightest v mass [meV]

Disfavored by cosmology

10°



In neutrinoless double
beta decay, the overlap
between initial and final
states should be not too

small!

Example:

150Nd S 150Sme+ee

Rodriguez & Martinez-Pinedo,
PRL 105, 252503 (2010)
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