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Abstract: Neutrino energy spectra have been calculated based onatetisemeasured energy spectra
of Galactic very high energy-ray sources. Based on these neutrino spectra the expeetetrates in

the ANTARES neutrino telescope and a future’ksized neutrino telescope in the Mediterranean Sea,
KM3NeT, have been calculated. For the brightesay sources we find event rates of the order of one
neutrino per year in a detector with an instrumented volufmekan®. Although the neutrino event rates
are comparable to the background from atmospheric nestthmdetection of individual sources seems
possible.

Introduction in the Mediterranean Sea, and a planned koale
detector in the Mediterranean Sea, KM3NeT.
Nearly a century after the discovery of cosmic rays derive the expected neutrino event rates we ust
(CR) the origin of this highly energetic hadronic new parametrisation of the neutrino spectrum fc
radiation still remains to be a mystery. Compelling giveny-ray spectrum [2], as described in Section
evidence for CR accelerators would be the detec- together with a full Monte Carlo simulation of th
tion of cosmic TeV neutrinos. But still after many neutrino telescopes, as described in Section 3. ©
years of intense research no high energy cosmic paper summarised the results of this calculation
neutrino has been identified yet. more comprehensive discussion of potential Gal

Neutrinos are produced in hadronic interactions of tiC néutrino sources and event rates can be foun
high energy hadrons with the ambient gas in the de- 31

cay of charged pions and kaons. Neutral pions pro-

duceq together with charged pions' in hadronic'in— Galactic ~-ray sources

teractions decay into photons leading to very high
energy (VHE)y-rays. Thus under the assumption

of a hadronic origin V_HEy-ray_s sources are excel- H.E.S.S. experimentfall into 5 different categorie
lent tracers of potential neutrino sources. - .

i _ Each source category originates more or less lik
Recently the H.E.S.S. experiment provided a from hadronic interactions.
seemingly complete population of bright Galactic
VHE ~-ray sources [1]. The majority of the Galac-
tic VHE ~-ray sources are in the southern hemi-
sphere and are thus visible only from a Northern
Hemisphere neutrino telescope. We considered the
ANTARES detector currently under construction

The Galactic VHEy-ray sources detected by tt

A) Unambiguously associated with an super-
nova remnant (SNR) shell:In total 5 SNRs have
now been detected and two young shell type St
RX J1713.73946 and RX J0852:04622, are
very bright ¢ 10712 ergcnr2 s~ for 0.5 GeV <
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E < 10GeV). Young shell type SNR are the the~y-ray and neutrinos fluxes fropp-interactions

most promising candidates for hadronic accelera- are described by [2]

tion sites. The morphological and spectrometric

characteristics of the VHE-ray emission from dN, (EW/V )Fv/up ( EV/V>
/v A |

the two bright young SNRs have been studied by m ~ 1TeV € /u
H.E.S.S. in great detail. If the VHE-ray emission )
of these sources originates from hadronic interac- \yitp-

tion the neutrino spectra can be calculated with

good accuracy in the most relevant energy band be- k, =~ (0.71 —0.16«) k-,

tween 0.1 TeV and 100 TeV. r, ~ I'y =a-0.1,

B) Associated with a binary system:This class

contains the microquasar LS 5039 and the pulsar
PSR B1259-63. The production mechanism of Equation 2 provides a satisfactory fit to theray
the VHE~-ray emission is generally believed to be  spectra of all sources detected by H.E.S.S. Figu
due to inverse Compton scattering of high energy shows as example theray and resulting neutrinc
electrons off the ambient photon fields. However, spectra of the SNR RX J1713:3946. A power

€, ~ 0.59¢, = ¢,/40.

hfidronic interprgtations of the VHF;—ray emis- law without cut-off ¢, = oc) was fitted to the
sion from the microquasar LS 5039 exist [4] and spectra of sources with no published claim of a ¢
cannot be excluded for the pulsar PSR B1253. vature.

C) Lacking any good counterpartat otherwave-  Several assumptions were made in the model

lengths: We interpret the lack of any good coun-  of the neutrino spectra: no significant contributi
terpart at other wavelengths as a indication of a of non-hadronic processes to the measuyedy
hadronic origin of the VHEy-ray emission and  signal; no significant-ray absorption within the
treat these sources as good candidates for hadronigource, i.e. radiation and matter densities are :
acceleration sites. ficiently low for most of they-ray photons to es-
D) Plausibly associated with a pulsar wind neb-  cape; no significanty interaction (radiation den
ula (PWN): The VHE ~-ray emission of the ob-  sity low); charged pions decay before intera
jects in this class is generally interpreted in terms ing (matter density is low); muons decay witl
of a leptonic (inverse Compton) scenario. But out significant energy loss (magnetic field is lov
here—as well as in class B)—an hadronic inter- nucleus-nucleus interactions produce pion spe
pretation of the VHEy-ray emission in terms of  which are similar enough to thep case that they
hadronic interactions seems possible and exists forcan be treated in the same way; the size of
Vela X [5]. emitting region within each source is large enou
E) Sources that don't fall in any of the cate- that oscillations will produce a fully mixed net
gories mentioned above. trino signal at the Earthf : v, 1 v, =1:1:1).

A full listening of the sources taken into account
can be found in Table 1. In this paper, neutrino Neutrino event rates
fluxes are calculated for all objects in classes A, B,

CandD. Signal event rates: Given a neutrino spectrur
dN, /dE, from a source the event rate in a ne
trino telescope can be calculated as:

dN, o ANV
Starting with a primary proton population with an dr /dE,, Ay dE, - @)

energy spectrum of

Neutrino fluxes

Here,A° is the effective area of the detector cot

dN, E, \ £, prising the neutrino attenuation in the Earth, t
=k () exp(-——2), @ . . "

dE, 1TeV neutrino conversion probability, and the muon ¢

tection efficiency of the neutrino telescope. T

€p
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Figure 1: The H.E.S.S. measuregray flux Figure 2: The effective areas of the ANTARES a
and the estimated neutrino flux together with KM3NeT detectors.

the atmospheric neutrino flux for the SNR RX
J1713-3946. The error bands indicate ther
errors including systematic uncertainties from the
H.E.S.S. measurements.

Conclusion

The brightesty-ray sources produce neutrino rat
) above 1 TeV comparable to the background fr
effective areas of ANTARES and KM3NeT are atmospheric neutrinos. The expected event r:

displayed in Fig. 2, where for the latter an instru- of the brightest sources in the ANTARES detec
mented volume of km® was assumed. Both tele- make a detection of cosmic neutrino sources
scope provide a good visibility on the Galactic |ikely. However, for a km sized detector even
VHE ~-ray sources which is taken into account for rates of the order of a few neutrinos per year frc

the actual event numbers after a given observationhe prightest sources are expected and the detex

after 5 years of observation are shown in Table 1.
The expected event numbers for the ANTARES
telescope are about a factor 25 lower. Acknowledgements
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result in neutrino signals in the telescope indis-
tinguishable from those of cosmic neutrinos. We
used the parametrisation of the atmospheric neu-
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Table 1. H.E.S.S. catalogue sources [1] with range of estichaeutrino event rates within the sear
window in KM3NeT (L km® instrumented volume) for 5 years of operation together whth expectec
atmospheric neutrino background for neutrino energiesafideV and 5 TeV. The columDia displays
the diameter of the source and the colukis. shows the visibility (fraction of time when the source
below the horizon) of the source to KM3NeT. The spectra ofallrces marked with an asterisk are fitt
to a power law without exponential cut-off.

E>1TeV E >5TeV
Source name Dig] Vis Ngre Natm Ngre Natm
Source class A (supernova remnants)
RX J0852.6-4622 2.0 0.83 11 104 4.2 21
RXJ1713.73946 1.3 0.74 11 41 4.6 8.2
HESS J1646465  * 0.1 0.83 2.2 8.7 1.3 1.8
HESSJ1745290" * <0.1 0.65 2.0 6.4 1.3 1.3
HESSJ1834087 * 0.2 0.54 1.1 6.0 0.7 1.2
HESSJ1713381  * 0.1 0.73 0.6 7.2 0.4 1.4
Source class B (binary systems)
LS 5039 (INFC)'T 0.1 0.57 0.5 25 0.2 0.5
LS 5039 (SUPCjt * 0.1 0.57 0.2 3.0 0.1 0.6
PSR B1259-63 * <01 1.00 0.6 9.1 0.3 1.7
Source class C (no counterparts at other wavelengths)
HESS J1303631 0.3 1.00 1.6 11 0.3 2.1
HESSJ1745303  * 0.4 0.66 9 9.0 7 1.8
HESSJ1614518 * 0.5 1.00 6 19 3.7 4.0
HESSJ1837069 * 0.2 0.53 3.3 5.9 2.2 1.2
HESSJ1634472  * 0.2 0.85 1.7 9.8 1.1 2.0
HESSJ1708410 * 0.1 0.76 1.1 7.6 0.7 1.5
Source class D (pulsar wind nebula)
Vela X 0.8 0.81 16 23 10 4.6
HESS J1825 137 0.5 0.57 8 9.3 3.7 1.8
Crab Nebula <0.1 0.39 5.8 5.2 1.9 1.1
HESSJ1632478  * 0.3 0.87 9 12 7 2.4
MSH 15-52 * 0.2 1.00 7.1 10 4.7 2.0
HESSJ1616508  * 0.3 1.00 6.6 14 4.1 3.0
HESS J1426607 * 0.1 1.00 4.6 9.6 3.1 1.9
HESSJ1418609 * 0.1 1.00 4.2 9.6 3.0 1.9
HESSJ1809193 * 0.4 0.59 3.7 8.2 2.6 1.6
HESSJ1813178 * 0.1 0.59 3.2 5.8 2.4 1.1
HESSJ1702420 * 0.2 0.77 2.1 8.4 1.4 1.7
HESSJ1804216 * 0.4 0.61 1.5 8.4 0.7 1.7
HESSJ1718385  * 0.1 0.73 1.1 7.3 0.8 1.5
G0.9+0.1 * <0.1 0.65 0.6 6.2 0.4 1.2
Source class E (other)
HESSJ1023575 * 0.3 1.00 3.1 13 1.7 2.5

T Source association is uncertain; might be associated BN Sagitarius A East or to the Galactic
Centre black hole Sagitarius A

1T Assuming noy-ray absorption within the source. INFC and SUPC specifyitftephases of inferior
and superior conjunction of the binary system.
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