Evaluation of the discovery potential of an underwater
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reconstructed track
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We report on the development of search methods for point-like and extended neutrino sources
takinginto account the resolution of the neutrino telescope to reconstruct the direction and the
energy of the detected muon tracks, on a track by track basis. We present results on the
potential of the reference KM3NeT detector to discover neutrino sources as well as of another
telescope architecture, based on string structures, containingthe same number of OMs and
following the same foot print as the reference detector.




Detector Geometrical Layout

Towers: 154 Towers with 180m inter-tower distance
Each Tower consists of 20 bars, 6m in length and 40m apart w"
One MultiPMTOM at each end of the bar. 29% QE -~
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Estimating the angular resolution of tracks in
neutrino telescopes based on a likelihood
analysis
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Reconstructed Energy Distributionsfor Signal (E-2 spectrum) and Atm. Neutrino Background
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Can we estimate accurately the tracking errors?
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Declination-60°, Background: atmospheric neutrina, R=10xMedian but R<0.6°

Expected Background: 1.52 reconstructed muons/year
(Signal: 1.54 reconstructed muons/year/ reference flux (RF=10°E2GeV-1slcm)

Prepare:

1,000,000 sets with back events, each set with n events distributed: a) isotropicaly within the
search ring with radiusR, b) in 8 accordingto the time the source spendsin 6 and following
Poissonian statistics with total mean 1.52

10,000 sets with 1 signal event distributedin 8 according to the time the source spendin 6
and n back events as above

10,000 sets with 2 signal events.......

10,000 sets with 24 signal events

Fit (maximize the likelihood)each set and evaluate for each set the quantity:

s L,(N, =0)
A= lnL(7/=2,]§7S)
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Discovery Prabability
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Declination -60°, Background: atmospheric neutrina, R=10xMedian but R<0.6°
Point Source Discovery Potential (50% Discovery Probability)
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We can maximize the Likelihood simultaneously for Ns and y
e.g. assuming E~ energy spectrum
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True Values: 15 Signal Events on top of 14 Background with y=2

Number of experiments




Extended Source:

radius d=0.6°
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ﬂ This image cannot currently be displayed.
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E-2 Spectrum

Extended Source: d=0.6°
Declination-60°, Background: atmospheric neutrina, R=d+10xMedian but R<0.6°+d

Expected Background: 6.1 reconstructed muons/year
(Signal: 1.67 reconstructed muons/year/10°E-2 flux)

30 : 1.85x 10°E~flux for 50% discovery

40 : 3.05x 102 E~flux for 50% discovery
50 : 4.65x 10° E~flux for 50% discovery

Point Source: d=0.
Declination -60°, Background: atmospheric neutrina, R=10xMedian but R<0.6°

Expected Background: 1.52 reconstructed muons/year
(Signal: 1.54 reconstructed muons/year/10°E-2 flux)

30 : 1.2x 10° E?flux for 50% discovery

40 : 1.8x 10 E?flux for 50% discovery
50 : 2.8x10°E~flux for 50% discovery



Spectrum with an Energy cutoff ~ 10TeV

E
®(E) = 1.68 107 (E/1[TeV])"1"2e zamey [GeV! em?s71]

Extended Source: RXJ1713.7-3946 d=0.6°
Background: atmospheric neutrina, R=d+10xMedian but R<0.6°+d

Expected Background: 4.73 reconstructed muons/year
(Signal: 1.84 reconstructed muons/year/Reference flux)

30 : 2.91 x Reference flux for 50% discovery

40 : 4.05x Reference flux for 50% discovery

506 : 5.6x Reference flux for 50% discovery

Extended Source: RXJ1713.7-3946 d=0.6°
Background: atmospheric neutrina, R=d+10xMedian but R<0.25°+d

Expected Background: 2.37 reconstructed muons/year
(Signal: 1.61 reconstructed muons/year/Rederence flux)

Without Energy and Shape
30 : 3.0 x Reference flux for 50% discovery 30 : 3.7 x Reference flux for 50% discovery

40 : 4.1x Reference flux for 50% discovery 40 : 4.6x Reference flux for 50% discovery

50 : 5.6x Reference flux for 50% discovery 50 : 7.2x Reference flux for 50% discovery



Towers vs STRINGS (same number of Oms)

Spectrum with an Energy cutoff ~ 10TeV

Extended Source: RXJ1713.7-3946 d=0.6°
Background: atmospheric neutrina, R=d+10xMedian but R<0.6°+d

STRINGS: Expected Background: 1.17 reconstructed muons/year
(Signal: 0.87 reconstructed muons/year/Reference flux)

30 : 3.9 x Reference flux for 50% discovery

40 : 5.2x Reference flux for 50% discovery

50 : 8x Reference flux for 50% discovery

Towers: Expected Background: 4.73 reconstructed muons/year
(Signal: 1.84 reconstructed muons/year/Reference flux)

30 : 2.91 x Reference flux for 50% discovery

46 : 4.05x Reference flux for 50% discovery

50 : 5.6x Reference flux for 50% discovery
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E-2 Spectrum

STRINGS Point Source: d=0.
Declination-60°, Background: atmospheric neutrina, R=10xMedian but R<0.6°

Expected Background: 0.46 reconstructed muons/year
(Signal: 1.63reconstructed muons/year/10°E2 flux)

30 : 0.75x 102 E~2flux for 50% discovery

40 : 1.3x107°E?flux for 50% discovery
50 : 1.9x 10° E~flux for 50% discovery

TOWERS Point Source: d=0.
Declination -60°, Background: atmospheric neutrina, R=10xMedian but R<0.6°

Expected Background: 1.52 reconstructed muons/year
(Signal: 1.54 reconstructed muons/year/10°E-2 flux)

30 : 1.2x 10° EZflux for 50% discovery

40 : 1.8x 10 EZflux for 50% discovery
50 : 2.8x 10°E~flux for 50% discovery



E-2 Spectrum
STRINGS: Extended Source: d=0.6°
Declination -60°, Background: atmospheric neutrina, R=d+10xMedian but R<0.6°+d

Expected Background: 1.85 reconstructed muons/year
(Signal: 1.76 reconstructed muons/year/10°E-2 flux)

30 : 1.5x10°E~flux for 50% discovery

40 : 2.11x 10°E?flux for 50% discovery
50 : 3.18x 10° Eflux for 50% discovery

TOWERS: Extended Source: d=0.6°
Declination -60°, Background: atmospheric neutrina, R=d+10xMedian but R<0.6°+d

Expected Background: 6.1 reconstructed muons/year
(Signal: 1.67 reconstructed muons/year/10°E2 flux)

30 : 1.85x 10° E~flux for 50% discovery

40 : 3.05x 10 EZflux for 50% discovery
50 : 4.65x 102 E?flux for 50% discovery



Summary

Taking into account the tracking reconstruction error and the v estimated energy the
discovery potential is improved up to a factor of 2:
Point sources- E-2 energy spectrum: 1) a factor of 2 improvement, 2) 50% of the
improvementis due to the energy spectrum
Extended Sources: The track error is taken into account on statistical basis, up to 30%
improvement

Towers vs Strings

A denser detector has a higher tracking efficiency at low energies resulting to a better
discovery potential. Each KM3 configuration should be optimized independently.



