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On neutrino oscillations searches with ANTARES
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Abstract: Although the first evidence for neutrino oscillations camenf measurements on atmospheric neutrinos in
underground experiments, neutrino oscillations have gyéet demonstrated in high energy neutrino telescopes, whose
energy threshold is significantly higher. Recent studie® l&hown that a clean sample of atmospheric neutrinos with
energies as low as 20 GeV can be isolated in tha#RES neutrino telescope. Such a threshold is low enough to allow
the observation of neutrino oscillation features. A rolarsilysis method is presented which allows the extraction of
atmospheric neutrino oscillation parameters.

Keywords: neutrino oscillations, ATARES, neutrino telescope

1 Introduction to the quality of the angular and energy reconstruction, it
becomes a benchmark for the understanding of the detector.
It is now well established that neutrinos can switch from a
flavour to another, neutrino flavour eigenstates for the Weaé<
interaction being different from neutrino mass eigenstate
This phenomenon, hypothesized in 1957 by Pontecorvo o ] ]
and described more precisely in the early sixties [1], iNeutrinos oscillations are commonly described in terms of

known as neutrino oscillations, and has been measured By L dépendence, whet is the neutrino energy anidits
a number of experiments [2]. oscillation path length [2]. For a neutrino telescope such

L as ANTARES, detecting neutrinos crossing the Eathgan
Although part of the scientific program of theNAARES be translated agRsin 0, R being the Earth radius art

neutrino telescope, oscillations studies have been delay, ; : : .
S . e anti-elevation (that is, the angle between the neutrino
because of the difficulty to reliably reconstruct muons;. =~ . : . :
fdlrectlon and the horizontal axis¢: = 7/2 for a vertical

at a sufficiently low energy. Indeed, the granularity o : : ithin th f L
ANTARES s rather coarse compared with the range of Ge PgoIng ”’?“”'”0)- W'.t. In the two-flavour approximation,
hev,, survival probability can then be written

muons in water : its 885 photomultiplier tubes are dis-
tributed by triplets placed 14.5m apart along the detector < sin9>

Purpose

lines, themselves spaced by about 60m [3]. As a conP(vu — v) ~ 1 — sin® 263 sin® 2.54RAm§2T
sequence, the energy range where the effect of the atmo-

SpheriC neutrino oscillations should be visible is sitdate 923 andAm§2 being respective'y the mixing ang'e and the
the very edge of the detector sensitivity, which makes theyyared mass difference of the involved mass eigenstates
neutrino oscillations measurement very challenging. (with R in km, E in GeV andAm2, in eV2).

The topic experienced a regain of interest since the COMccording to recent results from the INDS experi-
pletion of the detector in 2008. As progress was steadilnent [4], the first minimum in the muon neutrino survival
made in the detailed understanding of the detector and fobabilityE/ sin § spectrum occurs at about 24 GeV (fig-
its environment, it became clear that it should be possiblge 1). This interesting region is in principle accessilole

to extract a clean sample of atmospheric neutrinos with e\ TaREs. Indeed, Monte-Carlo simulations have shown
ergies around the first minimum in the survival probabilitynat it is possible to extract clean samples of atmospheric
of muon neutrinos propagating through the Earth. neutrinos with energies in this range, which should enable
Even though dedicated experiments are more sensitive fibve observation of the first minimum.

the measurements of neutrino oscillations, such an asalysi

is an important check for ARTARES. The analysis being

very sensitive not only to the telescope efficiency but also
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Tracks are reconstructed using a fast reconstruction algo-

[Won neutino sunival probabilty | rithm [5], which has the advantggg of being more efficient

— at lower energies than other existing reconstructionestrat
gies. A cut on the estimated quality of the fitted track and

/

/ on the reconstructed angle is performed, in order to select
well-defined events and to increase the upgoing neutrinos
/ purity. The 1D tracks are required to be reconstructed us-

I ing hits from at least 8 detector storeys. Lowering this cut
/ would considerably enhance the number of 1D events and
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thus the sensitivity to oscillations, but would also inGea
dramatically the contamination from misreconstructed at-
mospheric muons. Such a hard cut ensures a very low con-

G tamination and leads to a minimal track length of about
log, (E/sin) [Gev] * 100 m. The energy threshold is thus roughly 20 GeV, which
is below the first oscillation minimum in thEB/ sin § spec-

Figure 1: Survival probability of muon neutrinos as a funct™um-

tion of E/sinf in the two-flavour approximation, with This method is robust as it does not depend on many as-

sin? 203 = 1 and Am3, = 2.32 x 10~3eV? (the line sumptions, nor does it rely on an energy estimator. Further-

width corresponds to MiOs 10 uncertainty on this pa- more the reconstruction algorithm is used only to assert the

rameter [4]), neglecting matter effects. quality of the selected events. Finally, assuming theycaffe
similarly 1D and 3D events, the ratio should cancel most
systematics, and in particular the large uncertaintieshien t

3 Method atmospheric neutrino flux normalization and the uncertain-
ties on the detector simulation. The strict hit selectidteer

A simple and robust method to measure neutrino oscitia and the strong cut on the number of hit storeys minimize

lations in ANTARES consists in taking advantage of thethe sensitivity of the ratio to potential biases in the agitic

different granularity of the detector along and across thigackground simulation. Remaining systematic uncertain-

detection lines. Indeed the range of muons below aboties are expected to be within a few percents, smaller than

20 GeV makes them unlikely to give signal on differenthe current statistical errors.

lines. They can be well reconstructed however using only

one line, especially if they are close to the vertical. These o

low energy vertical tracks should be suppressed in the cut- Expected sensitivity

rent oscillation scenarios compared to the more energetic

and less vertical ones. Consequently, the observed ratio Beble 1 shows, according toIMos results [4], the number

tween the number of tracks giving signal on a single deteof expected events for a 170 days Monte-Carlo sample (this

tor line (1D tracks) and the number of tracks giving signatorresponds to 2008 active time). The atmospheric neu-

on several detector lines (3D tracks) should differ from th#ino flux is weighted to match Bartol parametrization [6].

expected ratio in the case of no oscillations. Many systenfhe contamination of misreconstructed downgoing atmo-

atic effects such as the global flux normalisation or absoluspheric muons is negligible. The number of 1D events is

detection efficiencies should cancel in this ratio, leading suppressed by 16 % in the case of oscillations while the

a small residual systematic effect. The observed ratio cavumber of 3D events is suppressed only by 3.6%. The

be expressed in terms of Monte-Carlo events as effect to be observed is however small : the suppression

of 1D tracks concerns only 26 events for this sample. It

is clear that theF/ sin § spectrum cannot be reliably ex-

VLI L PRI IS AR
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- Nlnlg o8¢ — sin2 2923 . le

k= NG o%¢ — sin® 2093 - fap @) tracted under such conditions : a larger statistics is retede
whereNﬁg‘gg is the number of expected 1D (3D) tracks no osc. 0sc. contamination
without neutrino oscillations and 1D tracks 186 160 4.7
sin 6. 3Dtracks 522 504 1.2
fipjsp = Z sin? <2.54RAm§3Tf>
i ! Table 1: Number of expected,/7, charged current

events, after 170 days of lifetime, with and without oscil-
) o lations, for 1D and 3D tracks, and number of misrecon-
For each value of\m;; the mixing angle can be calcu- strycted atmospheric muons surviving the cuts.

lated analytically from the measurementi®ficcording to

equation 1. The statistical and systematic errors fl@m The sensitivity after 1000 days, which may be achieved af-
propagate directly into an error on the mixing angle, whicler 4 or 5 years of real data taking depending on various
leads to a band in th@s, Ams,) plane. external conditions, is presented in figure 2, extrapogatin

is summed over each event
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6 Conclusions

[ ANTARES 1000 days sensitivity [PRELIMINARY] |

310" P s R 10° A robust method to extract atmospheric muon neutrino
€ F . oscillation parameters from ®WARES data has been pre-
ot . e sented. Although not competitive with dedicated experi-

ments, AI'TARES should be able to reach some sensitivity
to these parameters, which would be a demonstration of

107 the understanding of the M\rARES detector. Preliminary
analysis of a restricted data sample is compatible with ex-
isting constraints on neutrino oscillation parameterse Th
complete analysis of RTARES data is ongoing.
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Figure 2: ANTARES expected sensitivity to atmospheric
neutrino oscillations after 1000 days.

5 Prospects

Several directions are currently being investigated to im-
prove ANTARES sensitivity to neutrino oscillations. In a
near future, it should be possible to increase significantly
the number of low energy reconstructed muons thanks to
a dedicated reconstruction algorithm coupled to an opti-
mized hit selection, which would reduce statistical uncer-
tainties using the same amount of data. Furthermore the
use of a different reconstruction algorithm would be an im-
portant cross-check of such an analysis. Additionally, the
proportion of low energy events can be improved by select-
ing events contained in the detector.

Such improvements should enhancBTARES sensitivity

to neutrino oscillation parameters. They might also allow
the extraction of the”/ sin 6 spectrum, which would be a
great opportunity to cross-check the understanding of the
detector.



