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What would be a good figure 
of merit for diffuse fluxes?

• IceCube has found a diffuse astrophysical neutrino 
flux (in several analyses now) 

• We started by fitting for benchmark spectra, first 
E-2, then E-ɣ, but there are hints that the picture 
might be more complicated
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• Mariola/Joanna noted a possible threshold dependence of fitted indices 
• astro dominated region softening of  indices with reduced threshold  

• Also Lars’ global fit indicate a South/North asymmetry  
• Deviation from simple power-low hypothesis? 5 
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More Caveats
• The global fit shows different spectra when fitting 

the northern and the southern sky 

• is this real? or background we did not explain? 

• assuming it is real is this a galactic component? 

• There is no fit/analysis/… for this, so this is just 
a crazy idea (and I take full responsibility)



How do we best describe 
the flux?

• Be careful when you model cutoffs by adding an 
exponential 

• The normalization will not stay the same, if you re-fitted 
the flux with exp(-E/x PeV) you will get a different 
normalization (although they are not too different) 

• 0.95 10-8 (E/GeV)-2 exp(-E/(3PeV)) [GeV-1 cm-2 sr-1 s-1] is 
not a best fit (the normalization is different - although not 
too different) 

• Unfortunately haven’t done the fit yet - should be back 
up to a bit above 1.1 or so - so not really a big deal



How do we best describe 
the flux?

• Our current best description is a fit using 
backgrounds and several pieces of E-2 (effectively 
an unfolding accounting for backgrounds)
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(a) Likelihood profile in astrophysical power-law index � and
normalization �0/10�18 GeV�1 cm�2 sr�1 s�1. E�2.5 is strongly

favored over E�2.
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(b) Likelihood profile in astrophysical power-law index � and
prompt atmospheric neutrino flux normalization [28].

FIG. 11. Profile likelihood scans showing the correlation
between the astrophysical power-law index and the normal-
izations of the astrophysical and prompt atmospheric com-
ponents. In each plot, the colors show the test statistic (3),
obtained by fixing the parameters shown on the axes and vary-
ing all others to obtain the conditional best fit. The x shows
the best-fit point as in Tab. I and the contours show confi-
dence regions in the �2 approximation [81]. The thin dotted
line shows the conditional best fit for each value of �.

trum, then it must have a spectral index of 2.49 ± 0.13,656

softer than the typical E�2 benchmark spectrum. The657

� = 2 hypothesis can be rejected with more than 99%658

confidence under this assumption. The new constraint on659

the spectral index is due primarily to the lower deposited-660

energy threshold of this analysis. If the threshold is raised661

to 60 TeV, then the best-fit spectral index hardens to662

2.25± 0.3, compatible with the previous high-energy re-663

sult [7]. At the same time, we searched for atmospheric664

neutrinos from charmed meson decay. No such compo-665

nent was observed, and we placed upper limits on their666

flux. These limits depend strongly on the model of the667

astrophysical neutrino background, and range from 1.36668

times the prediction from perturbative QCD [28] at 90%669

confidence when the astrophysical flux is assumed to fol-670

low a single isotropic power-law distribution to 3.56 times671
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FIG. 12. Unfolding the non-atmospheric excess as piecewise-
constant per-flavor fluxes E2�. The horizontal error bars
show the range of primary neutrino energies that contribute to
each bin, while the vertical error bars show the range of E2�
that change the �2� lnL test statistic by less than 1. The
black points show the fit to the data sample presented here;
the light grey data points are from the 3-year data sample of
[7]. Above the highest observed energy, the error bars provide
upper limits on the flux; these are less constraining than the
upper limits of [83] above 10 PeV. The thin lines show models
of the di↵use astrophysical neutrino background: the upper
bound from the total luminosity of EeV cosmic rays from [60],
the AGN core emission model of [40], and the starburst galaxy
model of [46].

the prediction when it is described with a piecewise con-672

stant function of energy and zenith angle.673

The constraints on the astrophysical flux are currently674

limited by the small number of observed high-energy675

events, making it di�cult to draw strong inferences about676

the classes of cosmic-ray accelerators from the character-677

istics of the associated neutrino spectrum. Beyond as-678

trophysical considerations, the inability to model the as-679

trophysical flux precisely and reliably extrapolate its an-680

gular and energy distribution to lower energies impedes681

any attempt to measure the level of charmed-meson pro-682

duction in air showers via high-energy neutrinos. Both683

of these problems may be approached with more and dif-684

ferent data. IceCube will continue to collect data, and685

future iterations of this analysis will be able to use at least686

twice as many high-energy neutrino events to constrain687

the energy spectrum and eventually possible anisotropies688

of the astrophysical neutrino flux. In addition to better689

modeling of the astrophysical background, sensitivity to690

charmed meson production in the atmosphere will be im-691

proved by analyzing penetrating muon events jointly with692

neutrino events. These are produced in the same decays693

as prompt muon neutrinos, but have no astrophysical694

background to contend with.695
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More Questions / Figures

• How well can we measure flavor ratio?  

• All previous plots were made with the assumption 
of 1:1:1 : 1:1:1 - which is allowed by all analyses 

• We measure it mostly by distinguishing tracks from 
cascades - maybe also taus in the future, but those 
are hard to see



Oscillation-Averaged Neutrino Flavors

neutron
decay
(1:0:0)

oscillation-averaged

pion & muon
decay
(1:2:0)

muon-suppressed
pion decay

(0:1:0)

25%

50%

75%

75%

50%

25%

75
%

50
%

25
%

⌫�

⌫µ

⌫e

“NuFit 1.3 (✓
23

> 45

�)”: sin

2 ✓
12

= 0.304 / sin

2 ✓
23

= 0.577 / sin

2 ✓
13

= 0.0219 / � = 251

�

Markus Ahlers (UW-Madison) Oscillation-Averaged ⌫ Flavors Madison, September 5, 2014 5

slide by 
Markus Ahlers



Summary
• There are several flux fits, mostly harder if you go to 

higher energies, somewhat softer if you go to lowers 

• (if you fit one spectral component) 

• Some of them might be systematics, but it looks like 
the answer is not as simple as a single power-law 
flux 

• keep the energy rang in mind when you study a 
flux for KM3NeT!


