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Multi-messenger sensitivity required
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Combination of short and large-distances
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Fig. 6. Mollweide projection in Galactic coordinates of the arrival direction of neutrino events. We show the
results of the six-year upgoing track analysis [6] with energy proxy MuEx > 50 (⊙). The red numbers show the
most probable neutrino energy (in TeV) assuming the best-fit astrophysical flux of the analysis [6]. The events
of the four-year high-energy starting event (HESE) analysis with deposited energy (green numbers) larger
than 60 TeV (tracks ⊗ and cascades ⊕) are also shown [5,24]. Cascade events (⊕) are indicated together with
their median angular uncertainty (thin circles). One event (*) appears in both event samples. The gray-shaded
region indicates the zenith angle range where Earth absorption of 100 TeV neutrinos is larger than 90%. The
star symbol (⋆) indicates the Galactic Center and the thin curved solid black line indicates the horizon.

energy suggests an excess of events in the 30–100 TeV energy range over and above a single power-
law fit. This conclusion is supported by a subsequent analysis that has lowered the threshold of the
starting-event analysis [19]. The astrophysical flux measured by IceCube is not featureless; either the
spectrum of cosmic accelerators cannot be described by a single power law or a second component
of cosmic neutrino sources emerges in the spectrum. The events are isolated neutrinos, and it is
therefore very difficult to accommodate them as a feature in the atmospheric background, of charm
origin or not [20]. The excess is already hinted at in the data shown in Fig. 1 and, in the context of
that discussion, the energy associated with the photons that accompany the neutrino “excess” is not
seen in the Fermi data [4]. This might indicate that the neutrinos originate in hidden sources [21] or
in sources with a very strong cosmological evolution resulting in a shift of the photons to sub-GeV
energies [22].

In Fig. 6 we show the arrival directions of the most energetic events of the six-year upgoing
νµ + ν̄µ analysis (⊙) and the four-year HESE analysis, separated into tracks (⊗) and cascades (⊕).
The median angular resolution of the cascade events is indicated by thin circles around the best-fit
position. The apparent anisotropy of the arrival directions is dominated by the effective area of the
analysis. The most energetic muons with energy Eµ > 200 TeV in the upgoing νµ + ν̄µ analysis
accumulate just below the horizon in the Northern Hemisphere due to Earth absorption. The HESE
events with deposited energy of Edep > 100 TeV also suffer from Earth absorption, but can also be
visible in the Southern Hemisphere. Various analyses of the IceCube event distribution could not
reveal a strong anisotropy from extended emission regions, which could indicate, e.g., a contribution
from Galactic sources along the Galactic plane [23,24]. In fact, no correlation of the arrival directions
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Fig. 9. Mollweide projection of the arrival direction of neutrinos and UHE CRs. The neutrino sample is
identical to the one shown in Fig. 6. We show events from Auger [123] above 54 EeV (×) and from Telescope
Array [124] above 57 EeV (+). The background shows the anisotropy of the combined UHE CR map derived
with the method described in the main text and smoothed with with θ50% = 20◦. We highlight the excess regions
found by Auger (sampling radius of 15◦; post-trial p-value of 1.4×10− 2) and Telescope Array (sampling radius
of 20◦; post-trial p-value of 3.7 × 10− 4).

Auger [123] in the direction of CentaurusA (sampling radius of 15◦; post-trial p-value of 1.4×10− 2),
respectively. These are indicated as dashed circles of different sizes.

Figure 9 also shows the same neutrino event candidates that were shown in Fig. 6. It is apparent
that there is no noticeable clustering of high-energy neutrino events in the direction of these hot
spots. Indeed, a dedicated analysis [125] by Telescope Array, Auger, and IceCube did not identify
significant cross-correlation of neutrino and UHE CR events (below 3.3 σ ). However, this does not
necessarily rule out the possibility that the events emerge from the same sources. Neutrino events
can be observed from all UHE CR sources up to the Hubble horizon c/H0 ≃ 4.4 Gpc. On the other
hand, UHE CRs above the energy shown in Fig. 9 have to emerge from local sources up to 200 Mpc.
Therefore, we can estimate that only a fraction of 200 Mpc/4.4 Gpc ≃ 5% of astrophysical neutrinos
should correlate with UHE CRs. The total number of neutrino events shown in Fig. 9 is only 45, so
maybe two events are expected to correlate with the anisotropy structure suggested by UHE CRs.

9. Conclusions
IceCube has discovered a flux of extragalactic cosmic neutrinos with an energy density that matches
that of extragalactic high-energy photons and ultra-high-energy cosmic rays. This may suggest that
neutrinos and high-energy cosmic rays share a common origin. They may originate in calorimetric
environments like starburst galaxies or galaxy clusters hosting the cosmic ray accelerators. Identi-
fication of the sources by observation of multiple neutrino events from these sources with IceCube
will be challenging. However, the possibility exists for revealing the sources by the comprehensive
IceCube multimessenger program.
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Aperture and energy resolution matters
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E. Parizot (APC, Paris 7)!July 2nd, 2013! ICRC 2013 — UHECR anisotropy expectations with large statistics!

17 Simulated sky maps 
Example for Emax(p) = 15 EeV and ns = 10-4 Mpc-3

 

“JEM-EUSO statistics”: 2100 events above 50 EeV (HiRes/TA energy scale) 

Mass composition sensitivity is key feature
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2.2. OPEN QUESTIONS AND GOALS OF UPGRADING THE OBSERVATORY 15
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Figure 2.10: Examples of fluxes of different mass groups for describing the Auger spectrum and
composition data. Shown are the fluxes of different mass groups that are approximations of one
maximum-rigidity scenario (left panel) and one photo-disintegration scenario (right panel). The col-
ors for the different mass groups are protons – blue, helium – gray, nitrogen – green, and iron –
red. The model calculations were done with SimProp [30], very similar results are obtained with
CRPropa [29].

this model the all-particle flux consists mainly of extragalactic protons at all energies higher
than 1018 eV. The suppression of the spectrum at the highest energies is attributed solely
to pion-photoproduction. Fig. 2.1 (right) shows the best fit of this model to the Auger flux
data; it shows that a maximum injection energy much higher than 1020 eV is only marginally
compatible with the Auger data within the systematic uncertainties. A source cutoff energy
just below 1020 eV would improve the description of the spectrum data. Such a low source
cutoff energy would also imply that part of the observed suppression of the all-particle flux
would be related to the details of the upper end of source spectra. And, of course, new par-
ticle physics would be needed to describe the Xmax data with a proton-dominated flux.

Representative examples of descriptions of the latest Auger flux data within the maximum-
rigidity and photo-disintegration models are shown in Fig. 2.10. A numerical fit was made to
optimize the description of the all-particle flux and the Xmax distributions in the different en-
ergy intervals. For sake of simplicity we have assumed homogeneously distributed sources
injecting identical power-law spectra of energy-independent mass composition. The index
of the injection power law, the maximum energy of the particles injected by the sources, and
the source composition were free parameters. Even after accounting for the systematic un-
certainties, it is difficult to obtain a satisfactory description of the flux and composition data
of the Auger Observatory with these approximations. The best description is obtained for
a hard source spectrum dN/dE ⇠ E�1 and a low cutoff energy of Ecut ⇠ 1018.7 eV for pro-
tons at the source. The cutoff energies of the other primaries are taken to scale in proportion
to their charge. This parameter set corresponds to a good approximation to a “maximum-
rigidity scenario.” A somewhat better description of the Auger data, in particular the Xmax
fluctuations at high energy, can be obtained if an additional light component is assumed to
appear in a limited energy range.

The quality of data description is shown in Fig. 2.11 as function of the two-dimensional
parameter space of the injection index and maximum proton energy. There is a wide range

p

N

Fe
He

Simulation: Most pessimistic mixed 
                   composition scenario

To make sense of possible

anisotropies we need

composition sensitivity



Summary: Global Cosmic Ray Observatory
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- Ultra-large aperture (~100,000 km sr)

- Composition sensitivity essential

- Good energy resolution (~20%)


- Multi-messenger instrument

- Full-sky observations (space-borne 

instrument or several observatory sites)

- Include geo-sciences etc.


- Helmholtz funding: use name GCOS
HELMHOLTZ-ROADMAP FÜR
FORSCHUNGSINFRASTRUKTUREN II
2015

Germany: Helmholtz Roadmap 2015

Das Diagramm zeigt die Forschungsinfrastrukturen und deren Bauphase / Inbetriebnahme. Die Größe der Kreise entspricht der Gesamtinvestition.
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Abkürzungen

BESSY III – BESSY III Multi-User Lichtquelle
XFEL Phase II – European XFEL Phase II
GCOS – The Global Cosmic Ray Observatory
HBS – Hochbrillante Neutronenquelle HBS (High Brilliance Neutron Source)
ATHENA – Accelerator Technology HElmholtz iNfrAstructure
LHC Upgrades – Large Hadron Collider (LHC) – Upgrades der LHC-Detektoren (LHC-Upgrades)
BESSY-VSR – BESSY Variabler Pulslängen-Speicherring
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