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Cosmogenic Neutrinos

Cosmic Rays

Neutrinos
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 extragalactic cosmic rays loose energy 
due to interactions with the 
cosmic radiation background

 ≥1019 eV: Greisen-Zatsepin-Kuzmin cut-
off photohadronic interactions with 
CMB:

 guaranteed flux of ≥PeV neutrinos 

 carrying information on CR sources:

● location

● cosmological evolution

● spectra

http://arxiv.org/abs/1002.1975v1
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Atmospheric Neutrinos

conventional atm. neutrinos:

● originating from decays of π, K 

● spectrum determined by interplay of meson 
decay and interaction (Ф ~ E-3.7)

prompt atm. neutrinos:

● originating from decays of charmed mesons

● spectrum follows cosmic rays  (Ф ~ E-2.7)

● particle physics of p-Air collisions, 
heavy-flavour production, probing parton
distributions at very small x

 no measurement of prompt neutrinos, yet

 prompt  considered signal→
conventional  considered background→
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Dust Logger measurements 
(to appear in 'Journal of Glaciology')

5160 DOMs in 1km3 of glacial ice recording 
Cherenkov light emitted by charged secondaries 
generated in the neutrino interaction

Digital Optical Module
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Searches & Data Samples 

 analysis developed by Aya Ishihara & 
Keiichi Mase (Chiba)

 combine the data from 
IceCube-79 and IceCube-86 
(very similar detector configurations)

 IC-79: 5/2010 – 5/2011 (319.07d)
IC-86: 5/2011 – 5/2012 (353.67d)

 672.7 days of effective lifetime→

 10% of experimental data set aside 
to develop the analysis

7 years of construction and 
concurrent data taking:

9 strings (2006)
22 strings (2007)
40 strings (2008)
59 strings (2009)

→ 79 strings (2010)
→ 86 strings (2011)

differences IC-79  IC-86→
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Event Selection
 select events based on estimators for 

the direction and deposited energy 

 deposited energy  Cherenkov photons →
 1) → number of recorded photoelectrons

2) number of triggered DOMs (> 300)

 straight line fit through hit pattern 
 zenith angle→

 use a higher energy threshold for 
downgoing events
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selection criteria for 2010-2011 very similar: slightly different cut region, track reconstruction
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Passing Events

 2 events / 672.7 days 
pass all selection criteria

 expected from atm. muon and conv. 
neutrino background: 0.14 events

 preliminary p-value: 0.0094 (2.36σ)

 cascade-like events:
expected from CC & NC events with 
particle showers in the final state 

Aug 9th 2011
69.93 103 PE / 354 optical sensors

Jan 3rd 2012
96.28 103 PE / 312 optical sensors

Top

Top
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NPE and energy distributions

(1) shaded energy range includes contribution 
from neutral current interactions of an E-2 all flavor 

neutrino flux. NC events cause larger error bar. 

(1)
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Expected Event Counts

Models

IceCube-40
2008-2009
(333 days)

Phys. Rev. D83 
092003 (2011)

IceCube 79+86
2010-2012

(672.7 days)

Prompt atm. nu (Enberg) (4) 0.4

IC59 diffuse limit
E2Φ = 1.4x10-8 GeV cm-2 sr-1 s-1 9.1

Background (conv. atm. nu + atm. µ) 0.11 0.14
(conservative)

Experimental data 0 2

GZK (Yoshida m=4) (1) 0.57 2.1

GZK (Ahlers max.) (2) 0.89 3.2

GZK (Ahlers best fit)(2) 0.43 1.6

GZK (Kotera, dip FRII)(3) 4.1

GZK (Kotera, dip SFRII) (3) 1.0

(Preliminary)

(1) Yoshida et al The ApJ 479 547-559 (1997), (2) Ahlers et al, Astropart. Phys. 34 106-115 (2010),
(3) Kotera et al, (4) R. Enberg, M.H. Reno, and I. Sarcevic, Phys. Rev. D 78, 043005 (2008)
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Ongoing cross-checks to derive a better energy estimate
(Preliminary)

 to better constrain the energy estimate:

● reconstruct the event with a 
particle shower hypothesis

● incorporate our knowledge on 
optical imhomogenity 
of the South Pole ice 
(either tabulated or in form of a 
photon propagator code) 

● consider DOM saturation effects 

 simulate events similar to the observed:

● to estimate reconstruction performance

● to actually reconstruct the events
(Markov Chain Monte Carlo)

current estimates on the 
deposited energy:

Aug 9th 2011 event

1.1 – 1.6 PeV

Jan 3rd 2012 event
1.3 – 2.0 PeV

 below Glashow Resonance

 given energy range reflects 
spread of different methods
and ice models
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Additional Tests on the 
Origin of these Events 

(Preliminary)
 look for coincident signals in 

IceTop surface detectors 
 veto downgoing and horizontal →

atmospheric muons created in air 
showers

 time window of 8µs 

 for the two events we see 0 and 1 
hits, respectively

 lower than the expected 
2.08 hits/8µs background rate

 → no evidence for an air shower

 high confidence in the veto efficiency 
for highly energetic air showers

 uncertain veto efficiency for prompt 
neutrino events
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Summary

 searched for neutrinos with PeV and greater energies in 
nearly two years of IceCube data

 2 events observed over an expected background of 0.14  (2.36σ)

– cascade-like events (any flavour, CC/NN interaction inside the detector)
– energy estimated to be 1-2 PeV (after intensive cross-checks)

 at these energies it becomes unlikely that the events originate from the 
conventional atmospheric neutrino flux

 looking forward to confirmation of the result by dedicated analyses searching 
for cascade-like events

 Very interesting times for neutrino astrophysics!
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Backup
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Zenith Reconstruction Performance
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