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a harder spectral index of −2.3 ± 0.3, but with larger
uncertainties. The result is compatible with the one obtained
here.60

We have tested the hypothesis of isotropy by fitting a model
with two astrophysical components, one in the northern and
one in the southern sky. Compared to the all-sky result, the fit
prefers a harder spectrum E 2.0 0.4
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+

in the northern sky and a
slightly softer spectrum E 2.56 0.12( )- o in the southern sky with a
significance of 1.1σ (p = 13%). The result is not conclusive;
the discrepancy could be caused by a statistical fluctuation or
by an additional component that is present in only one of the
hemispheres (either an unmodeled background component or,
e.g., a component from the inner Galaxy, although a single
point source of the required strength to create the anisotropy
anywhere in that region has already been excluded (Adrián-
Martínez et al. 2014)). Further analysis including R.A.
information will be helpful in testing the hypothesis of isotropy
in the future.

Finally, we performed a measurement of the flavor
composition of the astrophysical neutrino flux. In a first test,
we have measured the electron-neutrino fraction at Earth in a
tribimaximal mixing scenario, with equal νμ and ντ fluxes at
Earth. The best-fit fraction is 0.18 ± 0.11, a value compatible
with the fractions expected from pion-decay sources (0.33) and
muon-damped sources (0.22), but incompatible with that
expected from neutron-beam sources (0.56), see Figure 7. In
a second, more general test, we allow the normalizations of all
three flavor components to vary independently and compare the
result to compositions expected for different astrophysical

scenarios in Figure 8. In agreement with the first test, we find
that pion-decay sources and muon-damped sources are well
compatible with our data, while neutron-beam sources are
disfavored with a significance of 3.6σ (p = 0.014%). We do not
find indications for non-standard oscillation scenarios.
Previous measurements of the flavor composition were

presented by Mena et al. (2014) and Palomares-Ruiz et al.
(2015; based on event sample H1, presented in Aartsen
et al. 2014e), and by Palladino et al. (2015), Pagliaroli et al.
(2015), and Aartsen et al. (2015b; based on event samples that
were extended with respect to H1). With respect to these
measurements, the constraints presented here are significantly
improved; we attribute this to the fact that the combined event
sample analyzed here contains a significant number of shower
events as well as track events. Though the best-fit flavor
composition obtained in Aartsen et al. (2015b) (white “+” in
Figure 8) lies outside the 95% C.L. region, the 68% C.L. region
obtained here is completely contained within that obtained in
the previous work, demonstrating the compatibility of the two
results. Because neither analysis was designed to identify tau
neutrinos, a degeneracy with respect to the ντ-fraction is
observed in both; the slight preference toward a smaller ντ-
contribution found here is likely connected to the slight
differences in the energy distributions of the three neutrino
flavors. In future, the identification of tau neutrinos will enable
us to place stronger constraints on the flavor composition of the
astrophysical neutrino flux.
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APPENDIX A
TABLE OF INTERACTION TYPES

Table 10 lists the fractions of neutrino interaction types that
contribute to the event samples introduced in Section 2.

Figure 8. Profile likelihood scan of the flavor composition at Earth. Each point
in the triangle corresponds to a ratio : :en n nm t as measured on Earth, the
individual contributions are read off the three sides of the triangle. The best-fit
composition is marked with “×”; 68% and 95% confidence regions are
indicated. The ratios corresponding to three flavor composition scenarios at the
sources of the neutrinos, computed using the oscillation parameters in
Gonzalez-Garcia et al. (2014, inverted hierarchy), are marked by the square
(0:1:0), circle (1:2:0), and triangle (1:0:0), respectively. The best-fit composi-
tion obtained in an earlier IceCube analysis of the flavor composition (Aartsen
et al. 2015b) is marked with a “+.”

60 We have established the compatibility in a separate fit without the
corresponding data set, i.e., without sample H1. The 68% uncertainty interval
for the spectral index obtained in this fit (−2.45 ± 0.10) overlaps with that
obtained in Aartsen et al. (2014e).
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Neutron decay: rejected at 3.7

Pion decay: allowed

Muon-damped pion decay: allowed

cf. Bustamente et al. PRL 115, 161302 (2015)
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