
STATUS OF THE ANTARES NEUTRINO TELESCOPE AND PROSPECTS

FOR DARK MATTER SEARCHES

GUILLAUME LAMBARD
for the ANTARES collaboration

Centre de Physique des Particules de Marseille,

163, avenue de Luminy - Case 902 - 13288 Marseille cedex 09, France

The status of the ANTARES neutrinos telescope is described and the prospects for indirect
detection of dark matter within the framework of Kaluza-Klein models discussed.

1 Status & perfomance of the ANTARES neutrino telescope

Since December 2007, the ANTARES neutrino telescope comprises ten detection lines. In May
2008 the detector will be completed with the addition of two further lines. The 12 line detector
will comprise 900 PMTs deployed at a depth of 2500m near to Toulon, France(Fig. 1).

The detector is optimised for the detection of high-energy neutrinos from astrophysical
sources such as AGNs, GRBs, SNRs, etc..., as well as from Dark Matter self-interactions. The
detection principle relies on the detection of Čerenkov photons produced by muons created in
the interaction of the neutrinos in the sea-water/rock surrounding the detector. Important back-
grounds arise from cosmic ray interactions; either down-going muons produced in showers above
the detector or upgoing atmospheric neutrinos produced in showers in the opposite hemisphere.

The expected angular resolution on the neutrino direction is typically 0.2 degrees for energies
above 10 TeV. For the energies relevant for dark matter detection (100 GeV-1 TeV), the angular
resolution is 2.5 − 1 degrees respectively and is dominated by the kinematics of the neutrino
interaction. The angular resolution performance is ensured by in-situ time calibrations based
on flashing of LED beacons (∼ 1ns) and the positioning (∼ 10cm) of detector elements based
on an acoustic system 13,6.

Fig.2 shows the angular distribution of reconstructed muons for 54 days with the 5-line
detector. A pure sample of 55 upward-going neutrinos has been isolated for cos(θ) < 0.1.

2 Cold Dark Matter and indirect search study

Cold Dark Matter(CDM) was introduced to explain the flatness of the galactic velocity distri-
bution. Then, it allowed to explain the amplitude of the weak-lensing effect where the visible
mass of galactic halo or massive object don’t be sufficient to produce the observed amplitude
of the Einstein radius or the structure at great scale 15. Its density in the Universe is now well
constrained by the WMAP experiment where ΩCDMh2 = 0.11 ± 0.006 16.

Although many supersymmetric models(MSSM, MSugra, AMSB,...) provide well-motivated
stable particles as candidates for the nature of CDM 12. Here we focus on candidates from
the Kaluza-Klein multi-dimensional theory and in particular the Universal Extra Dimensions



Figure 1: ANTARES neutrinos telescope description
at the 12 lines state.

Figure 2: Zenith distribution of selected events with
5-line data.

(UED) models 1. In this model, all Standard model fields propagate through a conventional
space-time + δ compactified space dimension, where δ = 1 and R, the compactification radius,
is constrainted by accelerator experiments to R−1 ≥∼ 280 GeV 2. The UED model has a
KK-parity multiplicative number, similar to the R-parity in supersymmetry, which ensure the
Lightest Kaluza-Klein Particle(LKP) is stable and can only interact by self-annihilation into
standard model particles. In the case that the first excitation of the hypercharge gauge boson
B(1) is the LKP,

B(1)B(1) → f f̄ , φφ∗, νν̄
↓

νν̄, e+e−, pp̄, γ

In contrast to supersymmetric models, the bosonic nature of the LKP removes chirality
suppression in its annhilation, allowing direct production of neutrino pairs; of particular interest
for neutrino telescopes. In the following, only the dominant channels in term of branching ratio
and neutrinos flux production are considered (tt̄, cc̄, bb̄, τ τ̄ and the direct channels νν̄ for the
three flavors(e,µ,τ)).

We focus on the case of the Sun for which the density of dark matter can be reliably estimated
and neutrino backgrounds of astrophysical origin are minimal (cf centre of the galaxy). The
annihilation rate of wimp particles in the sun is given by 10:

Γ ∝
1

2
C⊙ (1)

where, C⊙ is the spin-dependent capture rate of the LKP; the solar accretion rate from
spin-dependent scattering dominates over the spin-independent rate by three or four order of
magnitude.

The calculation of the neutrino flux, from the channels considered above, are performed using
a recent Monte-Carlo Dark Matter generator WIMPSIM 5 which is based on DARKSUSY 8.
The simulation takes into account neutral and charged interactions with the Sun medium for
each particle and in particular the regeneration of τ leptons from the center of the Sun to its
surface τ → ντνµµ → τ ... whose the contribution to the muon neutrinos flux is relevant
through neutrino oscillations, assuming a standard solar medium model 3. Finally, the neutrino
oscillations in the vacuum are performed from the Sun to the Earth.

In Fig.3, the contributions from the various annihilation channels are shown for a MLKP =
250 GeV. The channels τ τ̄ , ντ ν̄τ , νµν̄µ dominate for all the energy range considered. The con-
tribution of heavy quarks is only significant at low energy range. The total neutrino flux, a
function of the energy Eν , is given by:



Figure 3: Muon neutrinos flux(annihilation−1) in the channels tt̄, cc̄, bb̄, τ τ̄ and the direct channels νν̄.

dNν

dEν
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Γ
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∑
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Bi
dNν,i

dzi
, (2)

where, d is the Sun/Earth distance, Bi is the branching ratio of the channel i and dNν,i/dzi,
the differential neutrinos flux from the Sun. Finally, the muon detection rate Nµ is defined as:

Nµ =

∫
Aν

eff (Eν)
dNν

dEν
dEν , (3)

where, Aν
eff (Eν) is the neutrino effective area. For ANTARES 12, Aν

eff ∈ [10−5; 10−1](m2)
in the energy range relevant for Dark Matter detection [100 GeV; 1 TeV].

Using the Antares 5-line detector effective area, assuming the WMAP density and assuming
a LKP mass of 250 GeV, the number of expected events is ∼ 10 events/year in a search cone of
3 degrees around the sun direction. The background from upward-going atmospheric neutrinos
is estimated to be ∼ 0.5 events per year assuming a Bartol flux 4 weighted by the effective sun
visiblity over zenith angle (51%). The potential background from cosmic ray interactions in the
Sun is not considered.

3 Sensitivity & constraints

To compute the expected sensitivity of ANTARES to the muon flux from the UED Dark Matter
model, the Feldman-Cousins 7 method is used to estimate the 90% CL upper limit on the muon
flux in one year of data taking. Assuming the observed event rate is due to the atmospheric neu-
trinos background alone, the limit is around 102km−2.yr−1 for the LKP mass range [100 GeV; 1
TeV]. The flux expected in UED models depends on the quantity ∆ = m

q
(1)
R

− mB(1)/mB(1) .

The relative mass difference between the LKPs and the NLKPs(Next LKPs) varying between
0.01 and 0.3, muon fluxes between 100km−2.yr−1 and 104km−2.yr−1 can be obtained.

So, with the expected sensitivity of ANTARES 5-line, UED models with low values of ∆
may be constrained and a range of WIMP-nucleon spin-independent elastic scattering cross
section(dependent of ∆) may be checked.



4 Conclusions & perspectives

Neutrino telescopes offer the possibility of a unique signature for the detection of Dark matter
annihilations within the Sun. Preliminary studies based on the sensitivity of the ANTARES 5-
line detector indicate UED models can potentially be excluded. Increased sensitivity is expected
with the completion of the detector and more sophisticated analysis.
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