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Introduction
• Blazar as an active galactic nuclei (AGN)
• In the relativistic jet, protons and/or
nuclei are accelerated -> cosmic rays
• Protons (nuclei) + photons ->
neutral and charged pions ->
photons and (muons + neutrinos)
• Neutrinos + nuclei in ice/water ->
muons. Charged muons move faster
than speed of light in the medium and
radiate visible photons via Cherenkov
radiation.

Although atmospheric neuat energies below 100 TeV,
eeply with energy, allowing
os to be more easily identies. The muon-neutrino as-

IceCube-170922A

complete analysis of relevant data prior to
31 October 2017. Although no additional excess
of neutrinos was found from the direction of TXS
0506+056 near the time of the alert, there are
indications at the 3s level of high-energy neutrino
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probability, the so-called signalness of the event
(14), was reported to be 56.5% (17). Although
IceCube can robustly identify astrophysical neutrinos at PeV energies, for individual neutrinos
at several hundred TeV, an atmospheric origin

of the amount of light
observed at the DOM, with
larger spheres corresponding
to larger signals. The total
charge recorded is ~5800 photoelectrons. Inset is an overhead perspective view of the event. The best-fitting track direction is shown as an arrow,

Multi-messenger observations: location

consistent with a zenith angle 5:7þ0:50
"0:30 degrees below the horizon.

Fig. 2. Fermi-LAT and MAGIC observations of IceCube-170922A’s

pixel, using detected photons with energy of 1 to 300 GeV in a 2° by 2°

determined through a simultaneous fit of this
source and the other Fermi-LAT sources in a
10° by 10° region of interest along with the
Galactic and isotropic diffuse backgrounds, using
a maximum-likelihood technique (25). The integrated g-ray flux of TXS 0506+056 for E > 0.1 GeV,
averaged over all Fermi-LAT observations spanning 9.5 years, is ð7:6 T 0:2Þ $ 10% 8 cm% 2 s% 1. The

Following the announcement of IceCube-170922A,
TXS 0506+056 was observed by several groundbased Imaging Atmospheric Cherenkov Telescopes (IACTs). A total of 1.3 hours of observations
in the direction of the blazar TXS 0506+056
were taken using the High-Energy Stereoscopic
System (H.E.S.S.) (32), located in Namibia, on
23 September 2017 [Modified Julian Date (MJD)

Multi-messenger observations: lightcurve
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Fig. 3. Time-dependent multiwavelength observations of TXS

dashed line marks the detection time of the neutrino IceCube-170922A.
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a positional coincidence was found with a previously cataloged g-ray source, 0.1° from the bestfitting neutrino direction. TXS 0506+056 is a
blazar of BL Lacertae (BL Lac) type. Its redshift of
z ¼ 0:3365T0:0010 was measured only recently
based on the optical emission spectrum in a
study triggered by the observation of IceCube170922A (28).
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An upper limit to the redshift of TXS 0506+056
can be inferred from VHE g-ray observations
using limits on the attenuation of the VHE flux
due to interaction with the EBL. Details on the
method are available in (25). The obtained upper

curve shows a gradual increase in radio emission
during the 18 months preceding the neutrino alert.
Optical observations were performed by
the All-Sky Automated Survey for Supernovae
(ASAS-SN) (40), the Liverpool Telescope (41), the

Multi-messenger observations: spectrum
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Fig. 1. Time-dependent analysis results. The orange curve corresponds
to the analysis using the Gaussian-shaped time profile. The central time T0
and width TW are plotted for the most significant excess found in each
period, with the P value of that result indicated by the height of the peak.

MJD

fitting time windows (durations TW) over all times T0, with the height
indicating the significance of that window. In each period, the most
significant time window forms a plateau, shaded in blue. The large blue
band centered near 2015 represents the best-fitting 158-day time windo
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Blazars as neutrino sources
• Observed luminosities in gamma-ray and neutrino are
different

• Neutrino luminosity ~ 1.2e47 erg s^-1 during 158 days
• Gamma-ray luminosity ~ 0.28e47 erg s^-1 during the same period
of time ~ similar to the long-term luminosity between 0.1 and 100
GeV

• Uniqueness of TXS 0506+056

• Gamma-ray bright
• Location with respect to IceCube

