
HU0500452

Neutrino Physics

On the importance of low-energy beta-beams for supernova neutrino

physics

N. Jachowicz1, G.C. McLaughlin2

1 Department of Subatomic and Radiation Physics, Ghent University, Proeftuinstraat 86,
B-9000 Gent, Belgium.

2 Department of Physics, North Carolina State University, Raleigh, North Carolina
27695-8202., USA

Neutrinos from the next galactic core collapse supernova are much anticipated, since they are
the only particles giving us the chance to see deep into the center of the event and shed light
on the processes driving the explosion mechanism.
Obtaining information about the flavor of the detected neutrinos and about their luminosity,
time and energy distribution would provide precious information. To achieve this, it is impor-
tant to be sensitive to different kinds of neutrino interactions: both the neutral current which
is sensitive to all flavors, and the two charged-current channels which are sensitive to ve and
9e. When the neutrinos are originally emitted, the z^, PM, vT and vT have the highest energies,
followed by the Pe, and then the ve. The energies for all are in the range of a few to a few
tens of MeV. Matter enhanced neutrino transformation will mix these spectra differently in the
cases of the neutrinos and the antineutrinos. Therefore, it is essential to detect the neutrinos
in all channels and measure their incoming energy in order to maximize the information that
can be obtained about the original spectra. This makes nuclei important as detecting material.
Galactic supernova neutrinos could be detected by existing and proposed supernovae neutrino
detectors such as SNO, SuperKamiokande, KamLAND, MiniBooNe and OMNIS. However, the
signal in the detector can only be interpreted as well as the relevant neutrino-nucleus cross
sections are understood. For most nuclei very little experimental neutrino data exists in the
.relevant energy region.

' Beta beams, which are neutrino beams produced by the beta decay of nuclei that have been
accelerated to high gamma factor, were original proposed for high energy applications, such as
the measurement of the third neutrino mixing angle 9^ $1 Volpe ^ suggested that a beta
beam run at lower gamma factor, would be useful for neutrino measurements in the tens of
MeV range.
We suggest to exploit the flexibility these beta beam facilities offer, combined with the fact
that beta-beam neutrino energies overlap with supernova-neutrino energies, to construct 'syn-
thetic' spectra that approximate an incoming supernova-neutrino energy-distribution. Using
these constructed spectra we are able to reproduce total and differential folded supernova-
neutrino cross-sections very accurately. We illustrate this technique using Deuterium, 16O,
and 208Pb. This technique provides an easy and straightforward way to apply the results of
a beta-beam neutrino-nucleus measurement to the corresponding supernova-neutrino detector,
virtually eliminating potential uncertainties due to nuclear-structure calculations.
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