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Abstract: The observation of high-energy neutrinos from astroplayssources would substantially
improve our knowledge and understanding of the non-thepr@esses in these sources, and would in
particular pinpoint the accelerators of cosmic rays. Thesisigity of different design options for a future
cubic-kilometre scale neutrino telescope in the Mediterem Sea is investigated for generic point sources
and in particular for some of the galactic objects from whiely gamma emmission has recently been
observed by the H.E.S.S. atmospheric Cherenkov teles@tygeeffect of atmospheric background on the
source detection probabilities has been taken into acdbumtigh full simulation. The estimated event
rates are compared to previous results and limits from ptesautrino telescopes.

Introduction In this article two possible configurations of tt

KM3NeT neutrino telescope are studied to e
The KM3NeT consortium [1] is currently work- mate the sensitivity to generic point sources (
ing on a conceptual design for a future Mediter- suming a neutrino flux proportional 62, where
ranean neutrino telescope, which will have an in- E is the neutrino energy), and to selected H.E.<
strumented volume of a scale of onekm sources (estimating the neutrino fluxes from 1

One of the goals of the KM3NeT Design Study is ©PSeérved gamma spectra). The full chain frc
the optimisation of the detector configuration with Simulation to reconstruction has been taken i
respect to the observation of astrophysical neu- &ccountin this study.

trino sources. The observation of high-energy neu-

trino point sources will subs_,tantially improve our KM3NeT detector configurations
knowledge and understanding of the non-thermal
processes in these sources, and would in particu-
lar pinpoint the accelerators of cosmic rays. Good
candidates for high-energy neutrino emission are
sources of high energy gamma-rays, which have
e.g. been observed with the H.E.S.S. atmospheric
Cherenkov telescope [2]. In spite of the recent sig-
nificant progress in the field of high-energy neu-
trino astronomy, the observation of cosmic neutri-
nos from such sources is likely to require cubic-
kilometre scale neutrino telescopes, such as Ice-
Cube [3] and KM3NeT.

Several detector configurations, including differe
geometrical layouts and optical sensors, are be
considered in the KM3NeT Design Study. TI
main parameter describing the physics sensiti
of a neutrino telescope is the neutrino effecti
area. Due to the energy dependence of neut
interactions and the range of high-energy muon:
the detector medium (i.e. sea water), the effect
area is a function of the neutrino energy and a
of the zenith angle of the direction of observatio
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Effective areas for different possible KM3NeT de- with celestial coordinateQ can be calculated as
tector configurations have been obtained from a

full simulation chain, including: simulation of R(Q) ~ /(I)(E, MA,(E,0(t,Q)dE dt, (1)
neutrino-nucleon interactions in the vicinity of the

detector (only muon-neutrino charged-current re- where ®(E, Q) is a neutrino flux emitted by the
actions considered); muon propagation and Simu- 5o rce 4, (E, 6) is the neutrino effective area fc
lation of Cherenkov photons from muons and sec- e considered telescope configuration AdQ2)
ondary charged particles; light propagation in the g the zenith angle of the source in topocentric «
sea water; photon detection by the photo multipli-  qinates at time (with a period of one sideree

ers in the optical modules; recqnstruction of the day). The location of the ANTARES telescope w
muon tracks from the recorded hits. used to define the local coordinate system.

In this paper, two different KM3NeT example con-

figurations are presented. The first one is based ) )

on already used and well known technology, fol- Neutrinos from point sources

lowing the ANTARES design. The second one is

a prospective telescope with increased dimensionsThe sensitivity of a neutrino telescope to pol
and a new type of optical modules housing®1  sources strongly depends on the energy dey
PMTs each, distributed over the lower hemispheres dence of the neutrino flux. The current best lin
of the optical modules [4]. In the following, these on the neutrino emission from point sources con
configurations are labelled “1” and “2”. from the AMANDA-II neutrino telescope [8] anc

Configuration 1 consists of 127 detector strings has been obtained assuming a neutrino flux of

0 -2 i
arranged in a homogeneous hexagon, each withform @, - (E/1TeV)™®. The average limit af
25 storeys with ANTARES-type optical modules 90% C.L. for Northern hemisphere sources, frc
(3 x 10” PMTs). The distance between lines is 1001 days ?f data (2000-2004),43 = 5.5 x
100 m and between storeys 15m. The simulation 107" TeV~* cm~?s~!. The ANTARES neutrino
was done with the code NESSY, described in [5].  telescope will reach a similar level of sensitivi
For configuration 2 [6], a geometrical layout with for Souther_n hem|sphe_re Sources W't.h abou_t 1 y
225 (15 x 15) strings arranged in a cuboid grid is of data taking (assuming a data taking efficier

assumed. The distance between the strings is 95mOf 100%). The higher sensitivity of a Medite

each string having 36 storeys, separated by 16.5 m,/anean heutrino telescope to point sources is
with one multi-PMT optical module each. to the better angular resolution of the reconstruc

. . . muons.
The neutrino effective areas obtained for both con-

figurations are compared to the ANTARES and For this siudy we have_calculated _expected mt
IceCube effective areas in figure 1. The effective event_rates from the point sources n KM3NeT1
areas are calculated applying appropriate selectiont"\.’o dlfferezl'; cases. a) for a generic point soul
and reconstruction requirements and are given asW'th an E7* neutrino flux and b) for selecte
functions of E. Note that the program chains used H.E.S.S. sources. Although_ all of _the more th
to study both configurations are completely inde- 30 H.E.S.S. sources will be in the field of view i
pendent of each other. As expected, the effective the KM3NeT neutrino telescope, many ofthem ¢
area for configuration 2 is about 2—-3 times larger expected to be tao weak for detection.

than for configuration 1, as its instrumented vol- The energy distribution of H.E.S.S. sources fi
ume and total photocathode area are larger. Inlows a power lawE~", with a spectral index’
terms of the latter, both configurations exceed Ice- close to 2. Some sources show the indication of
Cube by factors of about 2 and 3, respectively, exponential cut-off in the range of 1-10PeV. U
which explains the increased effective areas. der certain assumptions, the measured gamma

The optimal energy interval for the search for neu- chan be relateq fto the expiec_tedgne#tr;nlc; flgx fr"
trino point sources covers 3 decades from 1 TeV to these sources, for e>(<ja.1mp €, in [9] the following &
1PeV. The event ratB(2) from a neutrino source sumptions were used:
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Figure 1: Neutrino effective areas for the considered KMBNenfigurations. The ANTARES and IceCul

[7] effective areas are shown for comparison.

e High-energy gamma rays are produced in
proton-proton fp) interactions from hadron
(mainly 7°) decays; due to the charge in-
variance of the strong interactiom;", =~
andr® are produced in equal abundance and
with similar energy spectra. Contributions
from py interactions are neglected.

There is no significant absorption of ra-
diation in the sources, and energy losses of
charged particles can be neglected; charged
pions decay before interaction.

Due to the neutrino oscillations the num-
ber of muon neutrinog,, (including anti-
neutrinos) from the source is equal to the
number of gammas producedsfi decays.

The neutrino flux derived from the H.E.S.S. mea-
surements can be parametrised in the form

)_aexp(— ) @

wherek,, is the flux normalisation factoty denotes
the spectral index andthe cut-off energy of the
source. These parameters were calculated in [10].

E
1TeV

E

€

O(E) =k, (

Event rates

Event rates from a generic point source as well
as for the selected H.E.S.S. sources were cal-
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culated according to eq. (1). For genefit?
sources (averaged for sources with declinatis
between—40° and —20°), flux limits as low as
) 7.7 x 10712 Tev-tem st (@7

2.4 x 10712 TevV~tem2s1) could be achievec
with 1 year of data from KM3NeT configuration
(configuration 2), indicating an increase in sen
tivity of a factor of up to 20 in comparison to cu
rent AMANDA limits.

The KM3NeT sensitivity to the 3 selected H.E.S.
sources summarised in table 1 has been evalu:
All these are Galactic sources with an extenc
emission region, which is larger than the KM3N¢
angular resolution (abowt2° above 10 TeV). For
these sources the assumptions made above fo
neutrino flux calculations are expected to be val

The resulting event numbers, assuming an ob
vation time of 5 years, are given in table 2. Calc
lations were done in the interval 1 TeV — 1 PeV,
the two cases of assuming a cut-off on the neutr
energy spectrum (as indicated in table 1), or r
The left-hand columnsr{ andr{) correspond to
calculations using the effective area including fi
reconstruction of muon events. Since the muon
construction algorithm is not yet fully optimise
for the KM3NeT configurations used and by co
struction suppresses down-going muon tracks,
event numbers were also calculated for a simple
lection criterion requiring photon signals from tt
muon in at least six optical modules; this is an of
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Table 1: Parameters of selected H.E.S.S. sources. Theesdiarmeter (in degrees) is denoteddy:,, is
given in units ofl0—'* TeV—' cm2s~! ande in TeV.

with cut-off no cut-off

Name 5(°) Ky «a € Ky o
1 Vela X 0.80| 11.75 0.98 0.84 452 2.09
2 | RXJ1713.7| 1.30| 15,52 1.72 1.3 5.65 2.26

3 | RXJ0852.0| 2.00| 16.76 1.78 1.19 6.25 2.29

Table 2: Event numbers from selected H.E.S.S. sources feats\of data taking. For each column, the fi
number (second number in parentheses) indicates the ediomber of events with (without) taking int
account the energy cut-off; the numbers after the slaskatelthe expected backgrounds from atmosph
neutrinos.

configuration 2 configuration 1
71/ bgr 79 1 bgr 71 /' bgr 74 1 bgr
1] 10.0(16.0)/13.0 23.6(34.8)/ 34)02.1(2.9)/ 1.9 5.0(6.9)/ 4.2
2| 6.4(11.2)/23.3 15.8(25.2)/ 61.01.4(2.2)/ 81 3.4(51)/17.3

\>~J

3| 6.4(12.9)/59.0 15.8(29.2)/154/51.4(2.5)/19.6 3.5(6.1)/43.
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