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APPENDIX

Table 4: PMT numbering scheme for a DOM

DAQID PMTID Theta [rad] Phi [rad]
22 A1 3.142 0
14 B1 2.582 0
19 B2 2.582 1.047
25 B3 2.582 2.094
24 By 2.582 3.142
26 Bs 2.582 4.189
18 B6 2.582 5.236
13 C1 2.162 0.524
21 C2 2.162 1.571
29 C3 2.162 2.618
28 Ca 2.162 3.665
20 Cs 2.162 4.712
17 Cé 2.162 5.76
12 D1 1.872 0
15 D2 1.872 1.047
23 D3 1.872 2.094
30 Dy 1.872 3.142
27 Ds 1.872 4.189
16 D6 1.872 5.236
10 E1 1.27 0.524
6 E2 1.27 1.571
3 E3 1.27 2.618
2 Eg 1.27 3.665
1 Es 1.27 4.712
11 E6 1.27 5.76
9 F1 0.98 0
8 F2 0.98 1.047
4 F3 0.98 2.094
0 F4 0.98 3.142
5 Fs 0.98 4.189
7 F6 0.98 5.236
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APPENDIX

Table 5: “°K parameters.

run time offset [ns]

p1 -1.0383
p2 2.4347
pP3 -0.68884
P4 1.3911

Table 6: DOM 3 time offsets using beacon 1 or 2 for calibration.

run beacon 1 time offset [ns]

beacon 2 time offset [ns]

127
130
196
203

396.7

394.7

395.2
395

407.7
403.5
407.6
404.4




Table 7: Time offsets as determined with the muon calibration for the different periods in the data taking phase 2.

Time offset

Time offset

Time period Run number ended by Hours DOM 2 [ns] | DOM 3 [ns]
2014-09-16 to 2014-10-06 | 475 < run < 963 repower DOM 1 158.7 | 13.31+0.4 -21.1+0.4
2014-10-07 t0 2014-10-13 | 964 < run < 1107 | repower DOM 2 68.8 12.9+0.6 -20.5+0.6
2014-10-15 to 2014-10-17 | 1108 < run < 1158 | repower DOM 2 25.3 12.84+0.9 -24.2£0.9
2014-10-20 to 2014-10-20 | 1159 < run < 1177 | repower DOM 2 9.3 11.0£1.6 -25.741.6
2014-10-21 to 2014-10-27 | 1178 < run < 1339 | power cut shore 77.8 10.4£0.6 -24.6£0.6
2014-12-01 t0 2014-12-01 | 1440 < run < 1466 | repower DOM 2 6.6 -1.4%2.3 -13.91+2.3
2014-12-03 t0 2014-12-06 | 1467 < run < 1566 | repower all DOMs | 48.9 2.9+0.7 -12.0£0.7
2014-12-11 to 2014-12-13 | 1567 < run < 1664 | repower all DOMs | 45.0 2.4%+0.7 -13.3%0.7
2014-12-14 to 2014-12-15 | 1665 < run < 1685 | repower all DOMs | 10.8 1.7+1.7 -8.1+1.7
2014-12-15 to 2014-12-15 | 1686 < run < 1695 | repower all DOMs | 6.0 1.6+2.9 -13.7£2.9
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APPENDIX

Table 8: Selection efficiencies error estimates.

‘ energy position npeaks P(bkg) length
‘ A €’crig
atm muon 0.0002  0.0002  0.0001 0.0002 0.0002
nueCC 0.0004 0.001 0.0002 0.001  0.001
nueNC 0.0004 0.001 0.0002  0.001  0.001
numuCC 0.001 0.001 0.0001  0.002  0.001
tau signal 0.007 0.007 0.007 0.005  0.006
tauCCshow 0.001 0.002 0.000 0.003  0.002
A €selec
atm muon 0.003 0.007 0.151  0.0002 0.0000
nueCC 0.044 0.020 0.019  0.039  0.001
nueNC 0.069 0.029 0.031 0.042  0.003
numuCC 0.096 0.073 0.059 0.016  0.035
tau signal 5m | 0.004 0.010 0.013 0.004  0.011
tauCCshow 0.014 0.009 0.014  0.004  0.007




BIBLIOGRAPHY

[1] V. F. Hess. Uber Beobachtungen der durchdringenden Strahlung bei
sieben Freiballonfahrten. Physikalische Zeitschrift, 13:1084—-1091, November
1912.

[2] W. Kolhorster. Measurements of the penetrating radiation in the free
balloon at high altitudes. Physikalische Zeitschrift, 14:1153, 1913.

[3] Carl D. Anderson. The Positive Electron. Physical Review, 43:491, 1933.

[4] G.P.S. Occhialini and C. F. Powell. Nuclear Disintegrations Produced by
Slow Charged Particles of Small Mass. Physical Review, 159:186—190, 1947.

[5] Johannes Blumer, Ralph Engel, and Jorg R. Horandel. Cosmic Rays from
the Knee to the Highest Energies. Prog. Part. Nucl. Phys., 63:293—-338, 2009.

[6] Katia M. Ferriere. The Interstellar Environment of our Galaxy.
Rev.Mod.Phys.73:1031-1066, 2001.

[7]1 Andreas Haungs. Cosmic Rays from the Knee to the Ankle. Phys. Procedia,
61:425—434, 2015.

[8] K. A. Olive et al. Review of Particle Physics. Chin. Phys., C38:090001,
2014.

[9] Anthony M. Hillas. Cosmic Rays: Recent Progress and some Current
Questions. In Conference on Cosmology, Galaxy Formation and Astro-Particle
Physics on the Pathway to the SKA Oxford, England, 2006.

[10] Ronnie Jansson and Glennys R. Farrar. A New Model of the Galactic
Magnetic Field. Ap], Volume 757, Issue 1, article id. 14, 13 pp., 2012.

[11] Ronnie Jansson and Glennys R. Farrar. The Galactic Magnetic Field. Ap]
761 L11, 2012.

[12] G. T. Zatsepin Greisen, Kenneth and V. A. Kuz'min. End to the cosmic
ray spectrum? Phys. Rev. Lett., 16:748-750, 1966.

[13] C. Grupen. Astroparticle Pyhsics. Springer, 2005.

[14] The Fermi-LAT collaboration. Detection of the Characteristic Pion-Decay
Signature in Supernova Remnants. Science Magazine 2013, volume 339,
page 807, 2013.

[15] Alexander Aab et al. Searches for Anisotropies in the Arrival Direc-
tions of the Highest Energy Cosmic Rays Detected by the Pierre Auger
Observatory. Astrophys. J., 804(1):15, 2015.

145



146 Bibliography

[16] The Pierre Auger Collaboration. @ Update on the correlation of
the highest energy cosmic rays with nearby extragalactic matter.
Astropart.Phys.34:314-326, 2010.

[17] M. P. Veron-Cetty and P. Veron. A catalogue of quasars and active nuclei:
12th edition. Astron. Astrophys., 455:773—777, 2006.

[18] The Pierre Auger Collaboration. Search for patterns by combining cosmic-
ray energy and arrival directions at the Pierre Auger Observatory. Eur.
Phys. J. C (2015) 75:269, 2014.

[19] Enrico Fermi. On the origin of the cosmic radiation. Phys. Rev., 75:1169—
1174, ApPr 1949.

[20] Matthew G. Baring. Diffusive shock acceleration: The Fermi mechanism.
In Very high-energy phenomena in the universe. Proceedings, 32nd Rencontres
de Moriond, Les Arcs, France, January 18-25, 1997, pages 97-106, 1997.

[21] R. D. Blandford and J. P. Ostriker. Particle Acceleration by Astrophysical
Shocks. Astrophys. J., 221:L29-1.32, 1978.

[22] G. F. Krymskii. A regular mechanism for the acceleration of charged
particles on the front of a shock wave. Akademiia Nauk SSSR Doklady,
234:1306-1308, June 1977.

[23] David R. Ballantyne, Fulvio Melia, Siming Liu, and Roland M. Crocker.
A Possible Link Between the Galactic Center HESS Source and Sgr A*.
Astrophys. ]., 657:L13-L16, 2007.

[24] F Fraschetti and F. Melia. Ultra-High-Energy Cosmic Rays from the Radio
Lobes of AGNs. Mon. Not. Roy. Astron. Soc., 391:1100-1106, 2008.

[25] W. Pauli. Offener Brief an die Gruppe der Radioaktiven bei der
Gauvereine-Tagung zu Tiibingen. December 1930.

[26] W. Ganchang. A Suggestion on the Detection of the Neutrino. Phys.Rev.,
61:97, 1942.

[27] C. L. Cowan, E. Reines, F. B. Harrison, H. W. Kruse, and A. D. McGuire.
Detection of the free neutrino: A Confirmation. Science, 124:103-104, 1956.

[28] G. Danby, J. M. Gaillard, Konstantin A. Goulianos, L. M. Lederman,
Nari B. Mistry, M. Schwartz, and J. Steinberger. Observation of High-
Energy Neutrino Reactions and the Existence of Two Kinds of Neutrinos.
Phys. Rev. Lett., 9:36—44, 1962.

[29] K. Kodama et al. Observation of tau neutrino interactions. Phys. Lett.,
B504:218-224, 2001.

[30] Ivan V. Anicin. The Neutrino - Its Past, Present and Future. SFIN (Institute
of Physics, Belgrade) year XV, Series A: Conferences, No. A2 3-59, 2002.



Bibliography

[31] Raymond Davis, Jr.,, Don S. Harmer, and Kenneth C. Hoffman. Search for
neutrinos from the sun. Phys. Rev. Lett., 20:1205-1209, 1968.

[32] I. Esteban et al. v-fit. www.nu-fit.org.

[33] B. Povh. Teilchen und Kerne. Springer, 7. Aufl. Springer Berlin Heidelberg
New York edition, 2006.

[34] SNO Collaboration. Measurement of the rate of ve. +d — p+p+e~
interactions produced by 8B solar neutrinos at the Sudbury Neutrino
Observatory. Phys.Rev.Lett.87:071301, 2001.

[35] Y. Fukuda et al. Evidence for oscillation of atmospheric neutrinos. Phys.
Rev. Lett., 81:1562-1567, 1998.

[36] V. Gribov and B. Pontecorvo. Neutrino astronomy and lepton charge.
Physics Letters B, 28:493—496, January 1969.

[37] B. Povh. Teilchen und Kerne. 2006.
[38] Sheldon Stone. New physics from flavor. PoS, ICHEP2012:033, 2013.

[39] Jorge G. Morfin, Juan Nieves, and Jan T. Sobczyk. Recent Developments
in Neutrino/Antineutrino - Nucleus Interactions. Adv. High Energy Phys.,

2012:934597, 2012.

[40] Kalpana Bora and Neelakshi Sarma. Neutrino-Nucleon Cross section in
Ultra High Energy Regime. Springer Proc. Phys., 174:345-351, 2016.

[41] Raj Gandhi, Chris Quigg, Mary Hall Reno, and Ina Sarcevic. Ultrahigh-
Energy Neutrino Interactions. Astropart.Phys.5:81-110, 1996.

[42] Sheldon L. Glashow. Resonant Scattering of Antineutrinos. Phys. Rev.,
118:316-317, 1960.

[43] V. Barger, Lingjun Fu, J. G. Learned, D. Marfatia, S. Pakvasa, and T. J.
Weiler. Glashow resonance as a window into cosmic neutrino sources.
Phys. Rev., D90:121301, 2014.

[44] L. Wolfenstein. Neutrino Oscillations in Matter. Phys. Rev., D17:2369-2374,
1978.

[45] S.P.Mikheev and A. Yu. Smirnov. Resonance Amplification of Oscillations
in Matter and Spectroscopy of Solar Neutrinos. Sov. J. Nucl. Phys., 42:913—

917, 1985. [Yad. Fiz.42,1441(1985)].
[46] S Ricciardi. Lecture Notes on Neutrino oscillations in Matter. 2013.

[47] Petr Vogel, Liangjian Wen, and Chao Zhang. Neutrino Oscillation Studies
with Reactors. Nature Commun., 6:6935, 2015.

[48] Tomasz Palczewski.

147


www.nu-fit.org

148

Bibliography

[49] Rikard Enberg, Mary Hall Reno, and Ina Sarcevic. Prompt neutrino fluxes
from atmospheric charm. Phys. Rev., D78:043005, 2008.

[50] S. Adrian-Martinez et al. Measurement of the atmospheric v, energy
spectrum from 100 GeV to 200 TeV with the ANTARES telescope. Eur.
Phys. J., C73(10):2606, 2013. [Eur. Phys. ].C73,2606(2013)].

[51] M. G. Aartsen et al. Measurement of the Atmospheric v, Spectrum with
IceCube. Phys. Rev., Dg1:122004, 2015.

[52] M. G. Aartsen et al. Development of a General Analysis and Unfold-
ing Scheme and its Application to Measure the Energy Spectrum of
Atmospheric Neutrinos with IceCube. Eur. Phys. J., C75(3):116, 2015.

[53] John N. Bahcall. Solar models: An Historical overview. AAPPS Bull.,
12(4):12-19, 2002. [Int. J. Mod. Phys.A18,3761(2003)].

[54] John N. Bahcall. Solar models and solar neutrinos: Current status. Phys.
Scripta, T121:46-50, 2005.

[55] Amand Faessler, Rastislav Hodak, Sergey Kovalenko, and Fedor Simkovic.
Can one measure the Cosmic Neutrino Background? 2016.

[56] N. Sahakyan. Galactic sources of high energy neutrinos: Expectation from
gamma-ray data. EP] Web Conf., 121:05005, 2016.

[57] Paolo Lipari, Maurizio Lusignoli, and Davide Meloni. Flavor composition
and energy spectrum of astrophysical neutrinos. Phys. Rev. D, 75:123005,
Jun 2007.

[58] M. C. Gonzalez-Garcia, Michele Maltoni, and Thomas Schwetz. Updated
tit to three neutrino mixing: status of leptonic CP violation. JHEP, 11:052,
2014.

[59] M. G. Aartsen et al. A combined maximume-likelihood analysis of the high-
energy astrophysical neutrino flux measured with IceCube. Astrophys. J.,
809(1):98, 2015.

[60] Aaron C. Vincent, Sergio Palomares-Ruiz, and Olga Mena. Analysis of
the 4-year IceCube high-energy starting events. Phys. Rev., Dg4(2):023009,
2016.

[61] M. A. Markov. On high energy neutrino physics. In Proceedings, 10th
International Conference on High-Energy Physics (ICHEP 60), pages 578-581,
1960.

[62] P. W. Groham et al. Mechanical and Acoustic Studies of Deep Ocean
Glass Sphere Implosions. Unfinished.

[63] Francis Halzen and Spencer R. Klein. IceCube: An Instrument for Neu-
trino Astronomy. Rev. Sci. Instrum., 81:081101, 2010.



Bibliography

[64] V. Aynutdinov et al. The Baikal neutrino experiment: From NTzo00 to
NT200+. Nucl. Instrum. Meth., A567:433—437, 2006.

[65] A. V. Avrorin et al. Data acquisition system of the NT1000 Baikal neutrino
telescope. Instrum. Exp. Tech., 57(3):262—-273, 2014.

[66] M. Ageron et al. ANTARES: the first undersea neutrino telescope. Nucl.
Instrum. Meth., A656:11—38, 2011.

[67] Adrian-Martinez et al. Letter of intent for KM3NeT 2.0. Journal of Physics
G: Nuclear and Particle Physics, 43(8):084001, 2016.

[68] C. Spiering. The Global Neutrino Network. http://www.
globalneutrinonetwork.org.

[69] Pavel A. Cherenkov. Visible emission of clean liquids by action of y
radiation. Doklady Akademii Nauk SSSR 2, 1934.

[70] A. A. Watson. The Discovery of Cherenkov Radiation and its use in the
detection of extensive air showers. 2011.

[71] C. A. Mead. Quantum Theory of the Refractive Index. Physical Review,
110:359-369, April 1958.

[72] M. de Jong. The probability density function of the arrival time of light.
KM3NeT internal note, 2012.

[73] M. Jongen. Single photon tracking using Markov Chain MC simulations.
Private correspondence, 2017.

[74] C. Kopper. Performance Studies for the KM3NeT Neutrino Telescope. PhD
thesis, Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Germany,
2010.

[75] R. Mirani. Parametrisaton of EM-showers in the ANTARES detector-volume.
PhD thesis, Universiteit van Amsterdam, Nehterlands, 2002.

[76] K. S. Hirata et al. Observation in the Kamiokande-II Detector of the
Neutrino Burst from Supernova SN 1987a. Phys. Rev., D38:448—458, 1988.

[77] R. M. Bionta et al. Observation of a Neutrino Burst in Coincidence with
Supernova SN 1987a in the Large Magellanic Cloud. Phys. Rev. Lett.,

58:1494, 1987.

[78] Alessandro Mirizzi, Irene Tamborra, Hans-Thomas Janka, Ninetta Sa-
viano, Kate Scholberg, Robert Bollig, Lorenz Hudepohl, and Sovan
Chakraborty. Supernova Neutrinos: Production, Oscillations and De-
tection. Riv. Nuovo Cim., 39(1-2):1-112, 2016.

[79] M. G. Aartsen et al. First observation of PeV-energy neutrinos with
IceCube. Phys. Rev. Lett., 111:021103, 2013.

149


http://www.globalneutrinonetwork.org
http://www.globalneutrinonetwork.org

150

Bibliography

[80] M. G. Aartsen et al. Evidence for High-Energy Extraterrestrial Neutrinos
at the IceCube Detector. Science, 342:1242856, 2013.

[81] M. G. Aartsen et al. Observation and Characterization of a Cosmic Muon
Neutrino Flux from the Northern Hemisphere using six years of IceCube
data. Astrophys. J., 833(1):3, 2016.

[82] The KM3NeT collaboration. Expansion cone for the 3-inch PMTs of the
KM3NeT optical modules. Journal of Instrumentation, 8(03):To3006, 2013.

[83] S. Aiello, L. Classen, V. Giordano, Oleg Kalekin, E. Leonora, H. Peek,
J. Reubelt, D. Samtleben, and E. Visser. Characterization of the 8o-mm
diameter Hamamatsu PMTs for the KM3NeT project. AIP Conf. Proc.,
1630:118-121, 2014.

[84] P. Timmer, E. Heine, and H. Peek. Very low power, high voltage base
for a photo multiplier tube for the KM3NeT deep sea neutrino telescope.
JINST, 5:C12049, 2010.

[85] Alexander Enzenhofer. Integration of acoustical sensors into the KM3NeT
Optical Modules. AIP Conf. Proc., 1630:189-192, 2014.

[86] David Calvo. Nanobeacon: A low cost time calibration instrument for the
KM3NeT neutrino telescope. AIP Conf. Proc., 1630:138-141, 2014.

[87] Gerard Kieft and Marinus van der Hoek. Aspects of the optical system
relevant for the KM3NeT timing calibration. In Proceedings, 7th Very Large
Volume Neutrino Telescope Workshop (VLVnT15), 2015.

[88] Prashant Shukla. Energy and angular distributions of atmospheric muons
at the Earth. 2016.

[89] C. W. James. GENHEN release vyr6. KM3NeT Internal Note, 2016.

[90] P. Antonioli, C. Ghetti, E. V. Korolkova, V. A. Kudryavtsev, and G. Sar-
torelli. A Three-dimensional code for muon propagation through the
rock: Music. Astropart. Phys., 7:357-368, 1997.

[91] Stanislaw Jadach, Johann H. Kuhn, and Zbigniew Was. TAUOLA: A
Library of Monte Carlo programs to simulate decays of polarized tau
leptons. Comput. Phys. Commun., 64:275-299, 1990.

[92] G. Carminati, A. Margiotta, and M. Spurio. Atmospheric MUons from
PArametric formulas: A Fast GEnerator for neutrino telescopes (MU-
PAGE). Comput. Phys. Commun., 179:915-923, 2008.

[93] D. Heck et al. CORSIKA web page. http://www.ikp.kit.edu/corsika/,
2017.


http://www.ikp.kit.edu/corsika/

Bibliography

[94] Edgar Bugaev, Teresa Montaruli, Yuri Shlepin, and Igor A. Sokalski.
Propagation of tau neutrinos and tau leptons through the earth and
their detection in underwater / ice neutrino telescopes. Astropart. Phys.,

21:491-509, 2004.
[o5] D. Bailey. ANTARES-SOFT-2002-006. Antares Internal Note, 2002.
[96] M. de Jong et al. The JPP software package. www.km3net.org.

[97] E. De Wolf, R. Bakker, H. Boer Rookhuizen, L. Gostiaux, R. Groenewegen,
H. Van Haren, ]J. Van Heerwaarden, Th. Hillebrand, M. Laan, and A. Smit.
A launching vehicle for optical modules of a deep-sea neutrino telescope.
Nucl. Instrum. Meth., A725:241-244, 2013.

[08] S. Adridn-Martinez, M. Ageron, F. Aharonian, S. Aiello, A. Albert,
F. Ameli, E. G. Anassontzis, M. Anghinolfi, G. Anton, S. Anvar, and
et al. Deep sea tests of a prototype of the KM3NeT digital optical module.
European Physical Journal C, 74:3056, September 2014.

[99] R. Bormuth et al (KM3NeT collaboration). Characterization of the ETEL
and HZC 3-inch PMTs for the KM3NeT project. Proceedings, Topical
Workshop on Electronics for Particle Physics (TWEPP14), 1630:114, 2014.

[100] Proceedings, 34th International Cosmic Ray Conference (ICRC 2015), volume
ICRC2015, 2015.

[101] Rene Brun and Fons Rademakers. Root - An Object Oriented Data
Analysis Framework. In Proceedings AIHENP 96 Workshop, Lausanne,
Sep. 1996, Nucl. Inst. & Meth. in Phys. Res. A 389 (1997) 81-86. See also
http:/ /root.cern.ch/.

[102] M. Bazzotti, G. Carminati, A. Margiotta, and M. Spurio. An update of the
generator of atmospheric muons from parametric formulas (MUPAGE).
Computer Physics Communications, 181:835-836, April 2010.

[103] J. Brunner. Antares simulation tools. In Technical aspects of a Very Large
Volume Neutrino Telescope in the Mediterranean Sea. Proceedings, Workshop,
VLVnT Workshop, Amsterdam, Netherlands, October 5-8, 2003, pages 109-113,
2003.

[104] A. Margiotta. Common simulation tools for large volume neutrino detec-
tors. Nucl. Instrum. Meth., A725:98-101, 2013.

[105] The KM3NeT collaboration. KM3NeT: Technical Design Report for a
Deep-Sea Research Infrastructure in the Mediterranean Sea Incorporating
a Very Large Volume Neutrino Telescope. 2009. ISBN 978-90-6488-033-9.

[106] R. Bormuth and D.EE. Samtleben. PPM-DU Time Calibration Note.
2015-CALIB-009. www.km3net.org.

151



152

Bibliography

[107] A. G. Tsirigotis, A. Leisos, S. E. Tzamarias, and for the KM3NeT Con-
sortium. Reconstruction efficiency and discovery potential of a Mediter-
ranean neutrino telescope: A simulation study using the Hellenic Open
University Reconstruction & Simulation (HOURS) package, 2012.

[108] R. Bormuth and N. Kitzmann. PPM-DU Intra-DOM Calibration Studies.
2015. www.km3net.org.

[109] Alexander Kappes, Jim Hinton, Christian Stegmann, and Felix A. Aha-
ronian. Potential Neutrino Signals from Galactic Gamma-Ray Sources.
Astrophys. J., 656:870-896, 2007. [Erratum: Astrophys. ].661,1348(2007)].

[110] Karel Melis. Reconstruction of High-energy Neutrino-induced Particle
Showers in KM3NeT. Master’s thesis, Universiteit van Amsterdam, the
Netherlands, 2014.

[111] M. Ageron. Performance of the First ANTARES Detector Line. Astropart.
Phys., 31:277-283, 2009.

[112] A. Heijboer. Shower Direction Reconstruction: aashowerfit. KM3NeT
internal, 2014.

[113] William H. Press, Saul A. Teukolsky, William T. Vetterling, and Brian P.
Flannery. Numerical Recipes 3rd Edition: The Art of Scientific Computing.
Cambridge University Press, New York, NY, USA, 3 edition, 2007.

[114] R. L. Launer and G. N. Wilkinson. Robustness in Statistics. 1983.

[115] M. et al. Morhac. Background elimination methods for multidimensional
coincidence gamma-ray spectra. Nucl. Instrum. Meth., A401:113-132, 1997.

[116] M. et al. Morhac. Identification of peaks in multidimensional coincidence
p
gamma-ray spectra. Nucl. Instrum. Meth., A443:108-125, 2000.

[117] C. G. Ryan, E. Clayton, W. L. Griffin, S. H. Sie, and D. R. Cousens. SNIP,
a statistics-sensitive background treatment for the quantitative analysis of
PIXE spectra in geoscience applications. Nuclear Instruments and Methods
in Physics Research B, 34:396—402, September 1988.

[118] Z. K. Silagadze. A New algorithm for automatic photopeak searches.
Nucl. Instrum. Meth., A376:451-454, 1996.

[119] W. Feller. An introduction in probability theory and its applications. v1,
1966.

[120] M.A. Mariscotti. A method for automatic identification of peaks in the
presence of background and its application to spectrum analysis. Nucl.
Instrum. Meth., 50:309, 1967.

[121] IceCube Collaboration. A combined maximum-likelihood analysis of the
high-energy astrophysical neutrino flux measured with icecube. Astro-
physical Journal 809, 98, 2015.



Bibliography 153

[122] M. G. Aartsen et al. Search for Astrophysical Tau Neutrinos in Three
Years of IceCube Data. Phys. Rev., D93(2):022001, 2016.

[123] K. Kodama et al. Final tau-neutrino results from the DONuT experiment.
Phys. Rev., D78:052002, 2008.

[124] N. Agafonova et al. Discovery of T Neutrino Appearance in the
CNGS Neutrino Beam with the OPERA Experiment. Phys. Rev. Lett.,
115(12):121802, 2015.






