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A. Spectral functions

Several spectral functions have been introduced in this thesis. This appendix lists the main
point source spectral models used to fit gamma-ray data. Typical units are GeV−1 cm−2

s−1.

� Power-law. The power-law function can be expressed as:

dN

dE
= N0

(
E

E0

)γ

. (A.1)

where N0 is the normalization factor, E0 the energy scale and γ the spectral index.
In neutrino astronomy the default spectral index is γ = −2.

� Broken power-law. The broker power-law function has the form:

dN

dE
= N0 ×

{
(E/Eb)

γ1 if E < Eb

(E/Eb)
γ2 otherwise

(A.2)

where Eb is the breaking energy, i.e. the energy at which the spectral index changes
from γ1 to γ2.

� Smoothly broken power-law. The function is a low energy power-law with spectral
index γ1 which smoothly changes its spectral index to γ2 at breaking energy Eb:

dN

dE
= N0

(
E

E0

)γ1
(
1 +

(
E

Eb

) γ1−γ2
β

)−β

(A.3)

where β is the smoothness of the break.

� Exponential cut-off. The function follows a power-law and rapidly decreases up to
a maximum energy Ec:

dN

dE
= N0

(
E

E0

)γ

e−E/Ec (A.4)
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B. Run selection

In Chapter 6 we have briefly discussed the selection of the runs used in the analysis. In
this appendix we describe this selection with more details.

Depending on the detector status and the optical background during data taking, physics
runs are divided in the following four categories, called also Quality Basic (QB) flags [177]:

� QB = 1. Basic selection of runs for physics analyses.

� QB = 2. At least 80% of active OMs.

� QB = 3. Baseline rate ≤ 120 Hz and burst fraction ≤ 0.4.

� QB = 4. Baseline rate ≤ 120 Hz and burst fraction ≤ 0.2.

These run sets are cumulative, meaning that runs satisfying the condition QB = i with i
= 2,3,4 satisfy the condition QB = i - 1 as well. All runs with QB ≥ 1 were chosen for
the analysis. Among other criteria, the runs with QB ≥ 1 require these conditions:

1. Apparent run duration close to the effective run duration: 0 ≤ Tapp −Teff ≤ 450 s.
The apperent duration of a run is the time window between the start and the end
of that run. The efficient duration corresponds to the livetime of the run, i.e. the
product of the number of recorded frames and the frame duration (104.858 ms).

2. No runs which present synchronization problems.

3. No runs with double frames.

4. Muon rate between 0.01 Hz and 100 Hz.

Figure B.1 shows the QB flag for these runs.
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Figure B.1.: Number of selected runs for
each of the QB flags.
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B. Run selection

B.0.1. SCAN runs

For some runs the data taking conditions were not recorded in the database. This makes
it very hard to reliably simulate these data. Hence, these runs, flagged as ”SCAN”, are
not included in the final selection. The integrated livetime of the ”SCAN” runs is roughly
60 days. It is likely that a large number of these runs were taken under stable conditions,
but additional work is required to select such runs. Experts in the ANTARES collaboration
are working towards a possible inclusion of ”SCAN” runs in all the analyses.
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C. Calibration and alignment

Each selected run is calibrated within the SeaTray framework (see for example Chapter
five of [178] for a detailed description). The calibration is performed by reading all the
necessary parameters from the ANTARES database. In this way for each run the most
appropriate calibration set is chosen. Different calibrations were used for different data
taking periods as summarised in Table C.1.
The alignment procedure is assigned using a standard calibration software (version

0.994). For a total of 82 runs no valid alignment was found. Hence, the reconstruc-
tion of these runs was not possible. However, this is not a big loss since the livetime
covered by these runs is roughly few hours.
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C. Calibration and alignment

First run Last run Label

25669 26796 2007:L5:v6.0
26770 27658 2007:L5:V6.0-bis
27659 28803 2007:L5:V6.1
28980 29761 2007:L5:V6.1-bis
29762 30427 2007:L5:V6.2
30508 31374 2007:L10:V7.0
31675 32491 2008:L10:V7.1
32529 33756 2008:L10:V7.2
34346 34976 2008:L12:V6.0
35000 36215 2008:L12:V6.1
36218 37475 2008::12:V6.2
37591 38759 2009:L12:V6.3-interlineoffset
38760 39589 2009:L12:V6.4
39590 40809 2009:L12:V6.6
40841 42425 2009:L12:V6.7
42477 42686 2009:L12:V7.1
42756 43282 2009:L12:V7.2
43285 44315 2009:L12:V7.3
45054 45565 2009:L12:V8.1
45459 47263 2010:L12:V2.0
47536 48064 2010:L12:V2.1
48484 49942 2010:L12:V2.2
50225 50955 2010:L12:V2.3
50958 52301 2010:L12:V2.4
52305 52853 2010:L12:V2.5
53074 53483 2010:L12:V2.7
53484 54045 2010:L12:V2.8
54049 54250 2010:L12:V2.9

Table C.1.: Versions of the calibration sets used and the range of runs which they were
applied to.
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[129] E. Zas, F. Halzen and R. A. Vaśquez, High energy neutrino astronomy: horizontal
air showers versus underground detectors, Astroparticle Physics, 1:297, 1993.

[130] Y. Becherini, A. Margiotta, M. Sioli and M. Spurio, A parameterisation of single and
multiple muons in deep water and ice, Astroparticle Physics, 25:1-13, 2006.

[131] V. Agrawal et al., Atmospheric neutrino flux above 1 GeV, Phys. Rev. D, 53:1314,
1996.

[132] M. de Jong, The ANTARES Trigger Software, Antares Internal Note, 2005.

[133] A. J. Heijboer, Track reconstruction and point source searches with ANTARES,
Ph.D. Thesis, 2004.

[134] D. Bailey, Monte Carlo tools and analysis methods for understanding the ANTARES
experiment and predicting its sensitivity to Dark Matter, Ph.D. Thesis, 2002.

[135] Parameters of the Preliminary Reference Earth Model are given by Adam Dziewonsky,
Earth Structure, Global, in: The Encyclopedia of Solid Earth Geophysics, David E.
James, ed. (Van Nostrand Reinhold, New York, 1989) p.331.

[136] G. D. Barr, T. K. Gaisser, P. Lipari, S. Robbins and T. Stanev, Three-dimensional
calculation of atmospheric neutrinos, Phys. Rev. D., 70:023006, 2004.

142



Bibliography

[137] P. Antonioli et al., A three-dimensional code for muon propagation through the rock:
MUSIC, Astropart. Phys., 7:357-368, 1997.

[138] G. Carminati et al., Atmospheric MUons from PArametric formulas: A fast GEnerator
for neutrino telescopes, Comp. Phys. Comm., 179:915-923, 2008.

[139] Y. Becherini et al., A parameterisation of single and multiple muons in the deep
water or ice, Astropart. Phys., 25:1-13, 2006.

[140] J. Brunner, Geasim: User manual, ANTARES Internal Note.

[141] S. Navas and L. Thompson, KM-A7 User Guide and Reference Manual, ANTARES
Internal Note, 1999.

[142] GEANT program manual, CERN program library long writeup, W5013, 1993.

[143] A. Heijboer, TTS Analysis, Antares Collaboration Meeting, September 2011, Bam-
berg.

[144] W. H. Press et al., Numerical recipes in C, Cambridge University Press, 1993.

[145] Z. Zhang, Parameter estimation techniques: A tutorial with application to conic
fitting, Image and Vision Computing Journal, 15:59, 1997.

[146] http://root.cern.ch/root/html/TProfile.html

[147] C. Bogazzi, Point source search with 2007-2010 data, Antares Internal Note, 2011.

[148] E. V. Korolkova and L. Thompson, Monte Carlo simulation of cosmic ray muons at
sea level with corsika, Antares Internal Note, 2003.

[149] E. V. Bugaev et al., Prompt leptons in cosmic rays, Nuovo Cimento, 12:41-73, 1988.

[150] J. A. Aguilar et al., Zenith distribution and flux of atmospheric muons measured
with the 5-line ANTARES detector, Astropart. Phys., 34:179, 2010.

[151] C. Riviere, Run-by-run Monte Carlo simulation for ANTARES: v2, Antares Internal
Note, 2012.

[152] S. Adrián-Mart́inez et al., Search For Cosmic Neutrino Point Sources with Four
Years of Data from the ANTARES Telescope, ApJ, 760:53, 2012.

[153] G. J. Feldman and R. D. Cousins, Unified approach to the classical statistical analysis
of small signals, Phys. Rev. D, 57:3873-3889, 1997.

[154] S. Adrián-Mart́inez et al., First Search for Point Sources of High Energy Cosmic
Neutrinos with the ANTARES detector, ApJL, 743:14, 2011.

[155] A. I. Nikishov, Soviet. Phys. JETP, 14:393, 1962.

[156] R. L. Gould and G. P. Schreder, Opacity of the Universe to High-Energy Photons,
Phys. Rev. Lett., 16:252, 1966.

143



Bibliography

[157] J. V. Jelley, High-energy gamma-ray absorption in space by 3.5 ◦K microwave field,
Phys. Rev. Lett., 16:479, 1966.

[158] Fits data from: http://www.mpi-hd.mpg.de/hfm/HESS/pages/publications/auxiliary/VelaX auxinfo.html
.

[159] Fits data from: http://www.mpi-hd.mpg.de/hfm/HESS/pages/publications/auxiliary/auxinfo rxj1713 pap

[160] F. Schussler et al., Multimessenger analysis of the ANTARES neutrino excess, Pro-
ceedings of the 33rd ICRC, Rio de Janeirio, July 2013.

[161] M. Ambrosio et al., Neutrino astronomy with the MACRO detector, ApJ, 546:1038,
2001.

[162] E. Thrane et al., Search for astrophysical neutrino point sources at Super-
Kamiokande, ApJ, 704:503, 2009.

[163] R. Abbasi et al., Search for point sources of high energy neutrinos with final data
from AMANDA-II, Phys.Rev. D., 79, 062001, 2009.

[164] T. Montaruli, IceCube point source results and CR composition sensitivity, talk at
NuSKY, Trieste, 2011.

[165] G. C. Hill and K. Rawlins, Unbiased cut selection for optimal upper limits in neutrino
detectors: the model rejection potential technique, Astropart. Phys., 19:393, 2003.

[166] A. Margiotta, The KM3NeT project: status and perspectives, Geosci. Instrum.
Method. Data Syst., 2:35-40, 2013.

[167] R. Coniglione, KM3NeT detection perspective of RX J1713.7-3946, KM3NeT Col-
laboration Meeting, Marseille, 2013.

[168] R. Coniglione, Discovery potential of Galactic sources, KM3NeT Collaboration Meet-
ing, Marseille, 2013.

[169] S. Schulte, Update on NIKHEF point sources analysis, ANTARES Collaboration
Meeting, Marseille, June 2013.

[170] A. A. Abdo et al., FERMI-LAT discovery of GeV gamma-ray emission from the young
supernova remnant Cassiopea A, Apj, 710:L92-L97, 2010.

[171] G. Morlino and D. Caprioli, Strong evidence for hadron acceleration in Tycho’s
supernova remnant, A&A, 538:A81, 2012.

[172] Q. Yuan, P-F. Yin and X-J. Bi, Neutrino emission of Fermi supernova remnants,
Astropart. Phys., 35:33-38, 2011.

[173] M. Mandelartz and J. Becker-Tjus, A statistical study of Galactic SNR source spectra
detected at > GeV energies, ArXiv e-print, http://arxiv.org/abs/1301.2437

144



Bibliography

[174] S. Gkaitatzis, Point Source Searches Using High-Energy Down-going Neutrinos with
the ANTARES Telescope, University of Amsterdam, 2011.

[175] http://www.aps.org

[176] C. Sutton, Spaceship Neutrino, Cambridge University Press, 1992.

[177] V. van Elewyck, Data quality, talk at the ANTARES Collaboration Meeting, Novem-
ber 2010, Amsterdam.

[178] E. Presani, Neutrino induced showers from gamma-ray bursts, Ph.D. Thesis, 2011.

145




