I Universita di Padovo

Motivation .

The possibility that neutrinos may possess a magnetic

dipole moment is one of the most intriguing indications of

ohysics beyond the Standard Model.

Since neutrinos . dominate the energetics of core-collapse

supernovae, the explosion of the Type Il supernova
porovides a unique laboratory to constrain novel

energy-loss mechanisms and possible extensions of the

standard properties of neutfrinos.

Here we present a detailedsinvestigation of the production
and emission of right-handed neutrinos and antineutrinos
via helicity-tlip ’rrcmsmons mediated by a non-zero neutrino
magnetic dipole moment within the ex’rreme conditions of
the proto-neutron star core.

Dipole moment scattering in SN core

The core of our investigation is the magnetic dipole
moment interaction of a Dirac neutrino with the
electromagnetic field P :

1
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This results in the convertion (v — vgr) of trapped V7 into
free-streaming Vp effectively opening a new channel for
energy-loss.

Energy-loss

It too many right-handed neutrinos escape, the proto-neutron
star loses energy too quickly, shortening the neutrino
emission timescale and leadirtg to a cooling

* timescale incompatible with the observed
. . duration of the SN1987A neutrino signal.
= = This constrains the strength of helicity
”~ ~

tlipping interactions, i.e. the
luminosity associate with
right-handed neutrinos:

L, < L,(1s)

~ 10 = 20 MeV vy
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Conversion in the galactic magnetic field

The right-handed (anti)neutrinos that leave the supernova can be
recopverted into vy while propagating through the Galactic
magnetic tield B | and ultimately can be detected at Earth. The

* probability for a neutrino mass eigenstate L; to flip its helicity is:
" . 2
ds BL(S) . with*B| ~ 0.2 uG

‘2
D = 49.6 kpc

P; = |p;
- 1Jbp

Detection at IMB

Given this probability, we compute the fluence at Earth after
reconversion for each neutrino tlavour. For a given value of g,
we compute the fluence F(u,) over a 10s time window.

From this, we determine the total number of expected events in
the IMB detector, the largest detector that observed SN 1987A.

Results

IMB did not detect any events above 40 MeV at the time of the °
neutrino arrival. This allows us to set an upper limit on the

values of the magnetic dipole moment parameter (i,.
These represent the preliminary

neutrino magnetic dipole moments:

onthe

lee = 3.5 x 10735 - = 0.80 x 10z
o =1.04 x 10 °up  pzz = 0.84 x 10 P up
=094 x10 2up  psr =1.08 x 10 2up
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