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Figure 11.1: Plausible optimistic sketch of neutrino fluzes from astrophysical sources. Present
experimental constraints (not shown) are somewhat above unseen sources: from left to right one
has neutrinos from relic SN, from DM annihilations in the sun or earth, from SN remnants, from

CR.

NEUTRINO ASTRONOMY 10 YEARS AGO [ HEP-PH/0606054 ]
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» We had in advance more or less Drecise expectations on
solar-, supernova-, geo-neutrinos as well

> We did not know the existence of a new HE neutrino
flux component-and still we do not know a lot about it

How should we summarize/describe/model the
new component that IceCube has seen/is seeing?




Conventional answer

Adopt the simplest functional form, that resembles the theoretical
excpectations and it is not incompatible with the data



Conventional answer

Adopt the simplest functional form, that resembles the theoretical
excpectations and it is not incompatible with the data

If there are free parameters, should we use the same
parameters for different data analyses?
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Reasonable, simple, few parameters
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IceCube passing- signal fits with these expectations

The slope consistent with six year of data analysis is a=2.13+0.13. Note that,
@ This description concerns data in the decade 0.2 PeV-2 (some) PeV;

@ The break/cutoff, if present, is above some PeV,;

@ The HESE above 0.2 PeV are consistent with the same description.
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This means, tau neutrino signal is within reach

Three-flavor oscillations imply that the ratio of muon and tau
neutrino fluxes is very close to unity, whatever the mechanism of
production (orange histogram). We expect ~2/3 double pulse events
from tau neutrinos, with ~50% uncertainty, in current dataset.

[See the poster of C. Mascaretti & arXiv1708.02094 for details & quantitative statements.]



The passing-u signal was first discussed end of 50s

Largely free from atmospheric w-background

The signal in IceCube is from the northern sky
Most us>0.2 PeV from a crown below horizon,

but still, the signal is compatible with isotropy







What is the problem then?
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Abstract

Recently it was noted that different IceCube datasets are not consistent with the same power law
spectrum of the cosmic neutrinos: this is the IceCube spectral anomaly, that suggests that they
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One dataset is from south sky, one from north; one is
shower, one Is track; systematics is different, efc efc.
But still, one wonders. ...




One dataset is from south sky, one from north; one is

shower, one Is track; systematics is different, efc efc.
But still, one wonders. ...

How to to reconcile

Passing-us and HESE findings?




Let’s work out the specira siep by siep

We may try to maintain the assumption of isotropy, and then,

L The high energy part is given by passing-u data
0 Let’s model the low enetgy shape on HESE

0 Glue it, assuming regularity (continuity)

0 Get a two-power law model

Next thing to do
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SPECTRA OF OTHER FLAVORS FIT NICELY ...
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...but some issues are still unresolved [1/3]

Especially, if the soft component (the low-energy one) has cosmic origin, and
therefore the corresponding flux is assumed to be isotropic.
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(1)- Waxman-Bahcall bound exceeded at low energy (similarly, EGRB)



...but some issues are still unresolved [1/3]

Especially, if the soft component (the low-energy one) has cosmic origin, and
therefore the corresponding flux is assumed to be isotropic.
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(2)- In northern sky, we have also a tight bound on prompt-v,,



...but some issues are still unresolved [1/3]

Especially, if the soft component (the low-energy one) has cosmic origin, and
therefore the corresponding flux is assumed to be isotropic.
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(3)- Isotropy is not excluded, but a small galactic fraction is welcome
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Component North South Sum
Extragalactic [5] 8.8+1.7 16.17]5 24.9%32
Galactic [11] ~0 6.0+35 60+35
Prompt [5,37] 15+08 2+1 35+1.8
Atmospheric p (3] 0 12.4+6.2 124+ 6.2
Conventional n/K [3] 6.2+1.9 3.6+1.2 98+3.1
Total 16.5 £ 2.7 40.1 £ 7.5 56.6 £ 8.7
Observed [41] 16.5 37.5 54
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IceCube has discovered a new component of the high energy neutrinos that
reach the Earth, possibly of cosmic origin.

We should be cautious in accepting one model or another to describe these
neutrinos, as the discovery was made in the absence of a clear theoretical
guidance.

The angular distribution should be investigated further, not simply
postulated—especially at low energies.

» The passing-W data (from northern sky) agree with

isotropy and E2 distribution till very high energies. They
allow us to predict observable t-events.

» The HESE [mostly from southern sky & shower-like)
suggest a softer distribution at low energies. This is the
IceCube spectral anomaly.

» We discussed hints of anisotropy. Maybe galactic
neutrino emission, that is small, plays a role for HESE.






Elisa Resconi: We should not assume the validity of E?

paradigm over a large region of energies, but rather discuss it,
possibly backing it up with models.

Answer: This is the reason why | insisted on the facts that a) we
do not know the true distribution and b) we tested this
assumption only on one decade of energy with neutrino data.

Note that this paradigm was used by IceCube in all early
sensitivity analyses and it is part of the Waxman-Bahcall bound.

Concerning models, many of us (you and me included) are trying
hard but | do not feel fair to claim that some of our models is
any definitive yet.



Walter Winter: 1) The E?Z prejudice depends upon
models, in particular, it agrees with PP collisions but not
with other cases. 2) Maybe galactic neutrinos are there but
it is not clear whether they are sufficient to explain the low
energy part of HESE dataset.

Answer: 1) | agree, as reflected by my discussion, however
| would prefer to call it “hypothesis” rather than
“prejudice”, as | think this is the closest thing to a
theoretical prior we had and we still have.

Moreover: E does not disagree yet with the current high
energy measurements and it is free from the problems that
other distributions, such as E2>, have at low energies--see
above. (continues on next page)



(continued from previous page) 2) On this point | can be add
something—see also the papers cited above: Consider the
neutrinos, invoked to explain HESE below 100 TeV. If they
resemble the published E-?~ distribution, galactic neutrinos
can play a role; if they resemble the EZ? distribution
announced at the ICRC, instead, galactic neutrinos are not
enough. Even worse, if they are closer to the atmospheric
neutrino distribution (as claimed by Sergio in agreement
with our findings).

For similar reasons, since a couple of years, we prefer to
begin from passing muons the discussion of the cosmic
neutrinos seen by IceCube, rather than from HESE.



