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The discovery of a diffuse flux of high energy neutrinos has opened a new era in the field of

neutrino astronomy. Up to now only one high energy neutrino has an identified astrophysical

counterpart, the blazar TXS 0506+056. However the origin of the diffuse neutrino flux remains

still a mystery, even if many possible explanations have been proposed in the last few years.

The most natural hypothesis was that high energy neutrinos are produced by blazars, since these

powerful objects dominate the γ-ray sky above 100 TeV. However the IceCube stacking limit

shows that resolved blazars cannot contribute more than 20%. Other natural sources are the ones

rich of gas, in which the proton-proton interaction dominates. In this scenario an issue would be

the over-production of γ-rays associated to neutrinos, if the neutrino spectrum were too soft. In

this work we summarize the present knowledge and we discuss the role of low luminosity BL

Lacs, showing that it is still possible to power the sub-PeV neutrino flux with blazars. Moreover

we also discuss the role of pp sources, showing that they are still into the game and they can

saturate the sub-PeV neutrino emission, giving also a contribution larger than 50% in the energy

range between 10 TeV and 100 TeV.
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1. The IceCube measurements

The discovery of a diffuse flux of high energy neutrinos made by IceCube in 2012 [1] has

opened a new window in the field of neutrino astronomy and astroparticle physics. Up to now only

one neutrino event has been associated with a known astrophysical object, the blazar called TXS

0506+056 [2]. A blazar is an Active Galactic Nuclei, with the emitted jet pointing to the Earth.

Other neutrinos still remain without any satisfying astrophysical counterpart, therefore the origin

of the diffuse neutrino flux is still an open question.

Nowadays there are different measurements of the astrophysical neutrino flux covering the

energy range between roughly 1 TeV and 10 PeV, obtained using different techniques. Before

proceeding let us recall that in neutrino telescopes two kinds of events can be observed: tracks and

showers. Track-like events are produced by the charged current interaction of νµ (and negligibly

by ντ ) and they are characterized by a good angular resolution (∼ 1◦ in ice, sub degree in water)

and a poor energy resolution. Shower-like events are produced by charged current interactions of

νe and ντ plus neutral current interaction of all neutrino flavors; opposite to throughgoing muons,

they are characterized by a good energy resolution and a poor angular resolution (∼ 15◦ in ice, few

degrees in water). Let us summarize the dataset available at the present:

• the High Energy Starting Events (HESE) dataset includes all the contained events, i.e. the

ones in which neutrinos are produced by deep inelastic scattering inside the detector. This

technique is sensitive to all neutrino flavors (both tracks and showers) and the energy thresh-

old is 60 TeV. This dataset suggest a soft power law spectrum E−α , with α = 2.92+0.33
−0.29 after

6 years of data taking [3];

• the throughgoing muon flux is only sensitive to muon neutrinos that interact via charged

current interaction (i.e. only track-like events), with the vertex of interaction usually outside

the detector. These events are characterized by having an energy larger than 200 TeV and

they suggest a harder spectrum compared to HESE, with α = 2.19± 0.10 after 8 years of

data taking [3];

• the cascade sample contains low energy events (only showers), above 1 TeV. It suggests a

spectrum with an intermediate shape compared to HESE and throughgoing muons, with a

spectral index α = 2.48±0.08 after 4 years of detection [3].

A summary of these IceCube measurements is represented in the left panel of Fig.1. According

to the last IceCube analyses [3], a single power law spectrum is still sufficient to describe all

the measurements, although a broken power law spectrum with a hardening at multi-TeV energy

improves the agreement with the combined data. Moreover no hint for a peculiar shape of the

neutrino spectrum (different from the simple power law) is contained in the IceCube measurements.

Is the spectrum of astrophysical neutrinos giving some suggestion on the production mechanism ?

We investigate this aspect in the next section.

2. Production mechanisms

The typical interactions in which high energy neutrinos are expected to be produced are proton-

proton [4] and proton-gamma interactions [5]. The first one is likely to occur in astrophysical
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Possible candidate sources are blazars (in which the pγ interaction dominates) and Star Form-

ing Galaxies plus Starburst Galaxies, where the pp interaction dominates. In case of blazars the

contribution of resolved sources is limited to 20% by the IceCube stacking analysis, reflecting the

lack of lack of spatial correlations between neutrinos and known blazars. Low-luminosity BL Lacs

may provide an additional contribution without violating this limit, since they are mostly unre-

solved objects; in order to do that, these objects are required to be rich of protons. In this scenario

it is possible to almost saturate the neutrino flux above 200 TeV, while other components are re-

quired to explain the low energy flux. A similar result is achieved using neutrinos from pp sources.

In this case, in order to not over-produce the γ-rays associated to the neutrino production, the neu-

trino spectrum has to be hard, according to what is measured using throughgoing muons. Such a

spectrum may saturate the flux above 200 TeV, contributing to the 50% of the energy flux between

10 TeV and 100 TeV. An additional contribution coming from prompt neutrinos may be relevant in

the TeV range, as recently discussed in the literature.
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