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way.

10th Symposium on Nuclei in the Cosmos
July 27 - August 1 2008
Mackinac Island, Michigan, USA

*Speaker.

™N.J. thanks the Research Foundation Flanders (FWO) fordiaasupport. G.C.M. acknowledges support from
the Department of Energy, under contract DE-FG02-02ER@121V. acknowledges the financial support of the EC un-
der the FP6 'Research Infrastructure Action - Structurlmg European Research Area’ EURISOL DS Project, Contract
Number 515768 RIDS.

(© Copyright owned by the author(s) under the terms of the Gre&@ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Untangling supernova-neutrino oscillations with betaabedata Natalie Jachowicz

1. Introduction

Understanding the mechanism of a Type-Il core-collapsemgva is a longstanding problem.
While the general nature of these events is understood thdexplosion that results from the
collapse of a massive star, a completely self-consistertteinaf the explosion does not yet exist.
Weak interaction physics and neutrino-interactions argelyi regarded as central players in the
explosion mechanism. The core is so hot and dense that eeemethtrinos are trapped in the
collapse. Afterwards, these neutrinos scatter out of the oa a timescale of about ten seconds,
taking away with them the vast majority of the gravitatiobhalding energy released in the collapse.

Terrestrial neutrino telescopes can provide preciousinéion about the processes going on
in the center of the supernova. The information that can Bered by the terrestrial detection
of supernova neutrinos however suffers from the fact thatabailable data on neutrino-nucleus
cross sections in this energy region is limited, due to the eenall cross sections and due to
the lack of monochromatic neutrino beams. Moreover the raoyuof theoretical predictions is
influenced by uncertainties and model dependencies. Thibifigxof the proposed beta-beam
experiments [1, 2], where neutrinos are produced in theydeta primary beam of boosted ions
can remedy some of these problems. The energy range inmtgrést supernova neutrino-physics
can be covered by low-energy beta-bea®si| 5].

In this contribution, we examine the use of a beta-beam @xpet for the analysis of a super-
nova signal in a terrestrial detector. We demonstrate tb&t-beam measurements can be of great
help in the analysis of this signal, thereby avoiding theeutainties involved in the theoretical
modeling of neutrino-nucleus interactions and the lintag brought along by the fact that com-
mon neutrino beams are not mono-energetic. The centralafibee proposed technique consists
of a reconstruction of supernova-neutrino responses sipgrimental beta-beam data, hence it is
also of direct use for the prediction of neutrinonucleobsis reactions.

2. Procedure

Neutrinos and antineutrinos of different flavors decoutilditierent sites in the stellar core.
In terms of energy, the supernova neutrinos are emitted avithv-energy and a high-energy com-
ponent, the first associated with electron (anti)neutrittos latter with the heavy-flavor mu and tau
neutrinos. Common parametrization are Fermi-Dirac or pdaw spectra with average energies
ranging from roughly 12 to 22 MeV, and varying width. Simil@r supernova-neutrino spectra,
beta-beam spectra are characterized by long tails, whide #verage energy and precise shape
depend on the boost-factgrof the primary beam and the geometry of the experimentapgéiu

The core of the proposed technique consists of the conigtruet normalized linear combina-
tions nyy of beta-beam spectrg, that then represent the supernova neutrino spectra :

N
My (&v) = _Zlainv.(EV)- (2.1)

The boost factorg;—; ... y and the expansion coefficierds_1 ...y are varied to minimize the ex-
pression

/g dey [y (&v) — Nsn(ev)| - (2.2)
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In this way we obtain a synthetic spectrmﬁi,(e\,) that is the best fit to the supernova-neutrino
energy-distributiomsy(&, ) for particular values of the average energy and width.
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Figure 1: Comparison between differential cross sections for thetiea'60(v,v’) 180* folded with su-
pernova neutrino spectra with different average energidsvadths (full line), and with the corresponding
synthetic spectra withl = 3 (dashed) antll = 5 (dotted) beta-beam spectra in the linear combination.

Figure 1 shows that the response produced by a synthetitrgpetce. the differential cross
section folded with the linear combination of Eq.(2.1) isywsimilar to the supernova neutrino
signal in a detector. Hence, using appropriate linear coatlins of beta-beam data allows for very
accurate predictions of supernova-neutrino responsdsutithaving to rely on the intermediate
steps of nuclear structure calculations [7].

In fact, the accuracy of the fit is so satisfying that it opeysvto a model-independent study
of supernova neutrino oscillations [8]. If we assume thattreos of all flavors are emitted in
equal numbers, there will be twice as much high-energy mesgras low-energy neutrinos. In
a terrestrial detector, both types will interact throughutnal-current reactions. Charged-current
detection channels are only accessible for electron-tygrimos, as the production of a massive
mu- or tau lepton requests more energy than is availableufpermova neutrinos. Oscillations will
transform the high and low-energy components in a diffeveay. This does not affect the neutral
current signal, as it is not sensitive to the neutrino flaliloterms of the energy spectra, the neutral
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Figure 2: Extraction of the oscillation parameteRé and1t from a fit of the expressions in Egs. (2.7)
and (2.8) to the neutr&yc(w) = [, dey (nsy(&v) + 2nly(&v)) Onc(&v, W), and charged-curreSec(w) =
Je, dev(R k(&v) + | ny(&v)) Tcc(v, w) supernova-neutrino signal in an oxygen detector. For egteld fi
point the original parameter valuéR, 1) are given between brackets.

current signal can then be written as

Suc(w) :/

&y

dey (nISN(EVe) + zngN(£Vu7£Vr) +Nsn(&v,) + zngN(8Vy78Vr)) Onc(&v, W), (2.3)

where the energy integration runs over all neutrino flavdtse energy distribution of the neutrinos
responsible for the charged current signal will be distbdecording to :

Sec(w) = ; dey (R rky(ev) + | néy(ev)) Occ (v, w), (2.4)
with R denoting the fraction of electron-type neutrinos that revea unchanged andthe fraction
of heavy-flavor neutrinos that were transformed into etattmeutrinos. In the equation aboRer

| =1, for any given energy of the neutrinos. For simplicity, ir @xample below, we assume that
the neutrinos will evolve either completely adiabaticallycompletely non-adiabatically so that in
addition, bothR andl are constant as a function of neutrino energy, although alyais could be
expanded to include the more general case. The parankeserd| contain the information about
oscillations that the supernova neutrinos are carryingcaamdbe recovered from the signal in the
detector in two steps. First, from a set of constructed spegf,, the two linear combinations of
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beta-beam responses

N .
my ( sv):_zla}=f'tnw(ev), (2.5)
1=
and
nrlll;lt Sv Z hflt (2,6)
for which
2 [ dey(n™ (&) + 2" ™ (&) orcey). @7)

minimizes the difference with the neutral current detesignal from Eq.( 2.3) are selected. The
resulting two sets of expansion parametes; L = 1,N) and(alfIt =1, N) are then used to
construct combinations

/ dey (R i (g,) + 110011 (g,)) aec(e), (2.8)

and seek for the oscillation parametd®&' and | that yield the best agreement between the
expression of Eq. (2.8) and the signal of Eq. (2.4).

The results are presented in figure 2, showing that the agneebetween the originaR( I)
and the reconstructed parametaRé'( | ') is very good. Moreover, the reconstruction is stable
against noise [8].

Concluding, we presented a method that may be of help in thly<ia of a future supernova-
neutrino signal. We propose to use the technique as a leveake advantage of beta-beam data in
untangling multiple neutrino spectra and disentanglirg dbcillation characteristics from mixed
spectra. This is an essential feature of any model aimingiairgy information about the super-
nova mechanism, probing proto-neutron star physics, adémstanding supernova nucleosynthe-
sis, such as the neutrino process and the r-process. We haewm shat the procedure is effective
in extracting oscillation parameters from the signal inaetstrial detector, illustrating the use of
the technique for gathering information about the supeasrem/well as its neutrinos.
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