Future Galactic Supernova Neutrino Signal

What can we learn?

a) Mass of v and/or Vi

(determining neutrino mass from the time delay)

b) Supernova localization

(pointing toward the SN independently to or prior
to the optical observation)

Physics of these tasks is straightforward, but
there are complications due to:

a) Finite statistics of the signal

b) Finite time duration of the signal



Mass of V. and/or Vll

V. and Vv p can be detected only through neutral

current reactions:
a) V scattering on electrons

(all detectors, but difficult to separate from
the charged current scattering)

V4 e — V+@

b) v neutral current excitation of oxygen in
water (SuperKamiokande and SNO)

Y + ‘GO - X-!-.V*@

c) v neutral current deuteron dissintegration
(SNO)

v+ d = (W p+ Y



Time delay of the v, and vlsignal

At (E,) = 0.515 (m /E,)? (D/10 kpc)

(min eV, E,, in MeV, At (Ey) in seconds)

Assume: SN frequency - every 30 years
distance D=10 kpc

binding energy 3x10°3 ergs
duration of the signal ~ 10 s
equal luminosity in each v flavor

neutrino temperatures:
T(V )=3.5MeV (<E,>=11MeV)

T(v,) =5MeV (<E,> =16 MeV)
T(v,.v H) =8 MeV (<E,> = 25 MeV)
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Assume that the SN luminosity (i.e. also the
neutrino flux) varies as L(t).

The arrival time of massive neutrinos will then
follow L(t - At(E,))).

In neutral current scattering one cannot
determine the incoming neutrino energy E,,.

Hence the only information available is the
time distribution of the events:

dN/dt = C | dE,, f(E,) o(E,) L(t - At(E,))

where f(E,)) is the thermal neutrino spectrum,

o(E,) is the cross section in 1042 ¢cm?2, and

C = 174/(D%XT) (det. mass/1 kton)



The only way we can decide whether there is

a time delay or not is to compare this
(dominantly) NC signal with the refence

signal that is certainly not delayed, because it is

caused by the (essentially) massless Veand v,

The most efficient way to do that is also the
simplest one, i.e. to use the difference in
the mean arrival time:

(g =2 t;/Ng for the signal and

(DR = Zy t; /Ny for the reference

The signature of neutrino mass is thus
(Hg > (Or ’

With significance beyond the statistical
fluctuations.
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Analytic estimate of sensitivity to m,,

Time delay: (t)g - (g ~ (M/T)2D

N ~T/D2

signal

8((ths — (BR) ~TNgjopay ~ TDNT
Significance: ({t)g - (HR) 6({hg — {)r)
mlim ~ \ITT3/4

where T is the neutrino temperature,
D i1s the distance to the supernova

T 1s the duration of the neutrino signal

The limit on neutrino mass is independent
on the supernova distance D, and depends
only relatively mildly on the duration of the

neutrino pulse T and on the temperature T.
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