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Figure 7. Event view of the PeV track-like event recorded by IceCube on June 11, 2014. Left: Top and two side views. Right: Perspective view.
Shown are the IceCube DOMs as black dots. The colors indicate the photon arrival time from red (early) to green (late) and the size of the
sphere the amount of measured charge. Note that the scaling is non-linear and a doubling in sphere size corresponds to one hundred times the
measured charge. The blue line shows the reconstructed particle track. The reconstructed equatorial coordinates of this event are dec = 11.42�

and ra = 110.63�. This event deposited an energy of 2.6 ± 0.3 PeV within the detection volume.

The two-dimensional contours of the profile likelihood as a
function of the signal parameters are shown in Fig. 6. While
the fitted astrophysical flux normalization is strongly corre-
lated with the astrophysical spectral index, these astrophysi-
cal signal parameters are found to be largely independent of
the prompt flux normalization.

The model assumes an unbroken power-law for the astro-
physical signal. We estimate that neutrinos in the experimen-
tal data sample with energies mainly between 191 TeV and
8.3 PeV contribute to this observation. This energy range is
shown in Fig. 5. It defines the central range of neutrino ener-
gies that contribute 90% to the total observed likelihood ratio
between the best-fit and the conventional atmospheric-only
hypothesis. Note that this definition is different from Aartsen
et al. (2015c,b).

4.3. Multi-PeV track-like event
The selected data include one exceptionally high-energy

muon event that is shown in Fig. 7 (Schoenen & Raedel
2015). The deposited energy has been measured to (2.6 ±
0.3) PeV of equivalent electromagnetic energy Aartsen et al.
(2014a). Assuming the best-fit atmospheric energy spectrum
from this analysis (see Fig. 5) the p-value of this event be-
ing of atmospheric origin has been estimated to be less than
0.005%, strongly suggesting an astrophysical origin.

The segmented energy loss reconstruction described in
Aartsen et al. (2014a) can be used to reconstruct the direc-
tion of through-going muons. This includes the timing of not

only the first photon but all photons as well as the total num-
ber of photons. The reconstructed direction of the event is
given in Tab. 4 and discussed in Sec. 5.1.

In order to estimate the angular uncertainty and the most
likely muon and neutrino energy we have simulated events
with energies according to our best-fit energy spectrum with
directions varying by 1� around the best-fit direction. Addi-
tionally, the position where the muon enters the instrumented
volume has been varied within 10 m. Systematic uncertain-
ties due to the lack of knowledge about the optical ice prop-
erties are taken into account by varying the ice model param-
eters within their uncertainties during the simulation.

Based on these simulations we evaluate the muon energy
at the point of entrance into the instrumented volume, that
results in the observed deposited energy. The obtained me-
dian muon energy is (4.5 ± 1.2) PeV where the error range
corresponds to 68% C.L.

For the estimation of the median expected neutrino energy
we have taken into account that high energy muons arise
not only from ⌫µ charged current interactions but also from
muonic decay of charged current ⌫⌧ interactions and muonic
W� decays in ⌫̄e + e� ! W� interactions. Here, we as-
sume the best-fit astrophysical spectrum and an equal flux of
all flavors but include the effects of the Earth’s absorption for
the specific declination of the event. Under these assump-
tions, we find 87.7% probability of a primary ⌫µ, 10.9% for
a primary ⌫⌧ and 1.4% for a primary ⌫̄e. The respective prob-


