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The gamma-ray blazar TXS 0506+056, was discovered in VHE gamma-rays by the MAGIC
telescopes in 2017 in a follow-up campaign of a high energy neutrino event IceCube-170922A
(IC+Fermi+MAGIC++, Science 361, eaat1378 (2018)). Subsequent multivawelenght (MWL)
observations and theoretical modeling in a frame of hadro-leptonic emission confirmed that this
source could be a potential cosmic ray and neutrino emitter (MAGIC Collaboration, Ansoldi et
al., (2018)). This is, by far, the most significant association between a high-energy neutrino
and an astrophysical source emitting gamma rays and X-rays. TXS 05064056 is a key object
to help the astrophysics community to establish connections between high-energy neutrinos and
astrophysical sources. Accurate and contemporaneous MWL spectral measurements are essential
ingredients to achieve this goal. In the conference, we present the measurements from the MAGIC
and MWL monitoring of this source, spanning the time period from November 2017 till February
2019. These include the lowest VHE gamma-ray emission state measured from this source so far

as well as a flaring episode in December 2018.
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1. Introduction

Active Galactic Nuclei (AGN), especially of the blazar class, dominate the very high energy
(VHE; > 100 GeV) electromagnetic sky. Blazars, as all AGN are highly luminous sources, powered
by a supermassive black hole. Additionally they display relativistic jets, one of which is pointed
near the line of sight of the observer, which results in a relativistic boosting of the emission. Blazars
are also considered as prime candidates for hadronic accelerators [1, 2, 3]. In this scenario, their
VHE photon emission can be explained as secondary radiation from interactions of accelerated
protons and the surrounding photon or matter fields. Another by-product of those interactions are
neutrinos. If observed, they should provide us with a smoking-gun signature of hadronic interac-
tions.

IceCube, a 1km? neutrino telescope located at the South Pole, has performed several extensive
searches for neutrino emission from AGN [4]. So far, no strong correlation between the cata-
loged AGN and astrophysical neutrinos has been found, and blazar contributions to the all-sky
astrophysical neutrino flux has been constrained at the level of 27% [5]. Nevertheless, the all-sky
astrophysical neutrino flux shows an isotropic distribution, favouring an extragalactic origin and
AGN still remain as promising neutrino sources.

TXS 0506+056, a bright gamma-ray emitting blazar, is of special interest for the hadronic
accelerators case. On September 22, 2017 a 290-TeV neutrino event was detected by IceCube
(IceCube-170922A) in spatial and temporal coincidence with an enhanced y-ray emission state of
this source [6]. The significance of this coincidence was estimated to be at the 3o level. MAGIC
was the first IACT to detect VHE gamma-rays from this object shortly after IceCube issued the
alert. During the subsequent monitoring of the source the MAGIC collaboration and other alerted
instruments collected a large multiwavelenght data set, essential for modeling and interpretation of
the TXS 0506+056 emission mechanism. The MAGIC collaboration proposed an interpretation in
the hadro-leptonic spine-layer emission framework [7], where the results of the modeling strongly
support the hypothesis of TXS 0506+056 being a neutrino and cosmic ray emitter.

The TXS 0506+056 case is, our most compelling evidence of hadronic emission in blazars to
date. Therefore during the period from November 2017 till February 2019 MAGIC, together with
MWL partners continued to monitor the source behaviour. In the conference, we present the data
collected during this extended multivawelenght monitoring campaign, including longer periods of
low state emission, as well as a VHE y-ray flaring episode in December 2018.

2. MAGIC monitoring 2017/2019

MAGIC observed the source TXS 0506+056 for a total of about 90 h between November
2017 and February 2019 within a dedicated monitoring program aimed at collecting a long-term
data sample of the source. The analysis was performed on ~80 h of good-quality data with zenith
angle range between 22° and 50°, using the MAGIC Analysis and Reconstruction Software [8, 9].

During most of the monitored period the source was in low state (~75 h), with an average flux
above 80 GeV about 10-15 times lower than the flux observed during the flare in October 2018.
This is the lowest VHE y-ray emission level observed form this source so far. On December 1% and
37 2018 (MJD 58453 and 58455) an enhanced emission was observed with fluxes comparable with
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the flare detected by MAGIC in October 2017, shortly after the neutrino alert IceCube-170922A
[7]. On December 4", the MAGIC collaboration issued an Astronomers Telegram (ATel #12260)
to encourage further MWL observations of TXS 0506+056. Several ToOs, including the X-ray and
optical instruments were triggered. Table 1 shows the summary of the TXS 0506+056 flux levels
as measured by MAGIC.

Table 1: MAGIC measurements of TXS 0506+056

Data set Duration [h]  Significance = VHE activity
MIJD 58453 2.5 3.80 High
MIJD 58455 1.8 540 Very high
Rest 74.4 4.00 Low

3. Multiwavelenght observations

The preliminary multi-band fluxes that were shown at the conference were collected from pub-
lic archives of each instrument. Large part of those observations were coordinated with MAGIC
in order to ensure simultaneous exposure. Dedicated ToO observations were performed with
Swift/XRT [10] and UVOT as well as NuSTAR [11]. The MAGIC observations were usually
accompanied by the KVA [12] optical telescope, additional measurements were performed with
REM after the flare in December 2018. TXS 05064056 is also systematically monitored by the
ASAS-SN project [13].
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Figure 1: Fractional variability parameter for each instrument

Clear variability is observed in all wavelengths. In order to quantify it, we calculated the
fractional variability parameter F,,, according to [14]. The most pronounced variability F,,, ~0.3-
0.5 is observed in the highest energies (X-rays and 7y-rays). The optical and UV bands display a
moderate variability of F,,, ~0.1-0.2. As for VHE gamma rays, the very low activity during these
two years yielded low significance flux measurements with MAGIC for most of the single night
observations, which precluded to compute a meaningful fractional variability in this band.

The two distinct activity levels at VHE gamma rays motivated us to produce two broadband
SEDs, for the low state and the flaring state, and we modeled this emission using a lepto-hadronic
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theoretical scenario as discussed in [15]. The largest contemporaneous MWL data sample was
collected for the VHE 7-ray low emission state. Its spectral energy distribution shows a clear
similarity in shape and flux level at the low energy peak to the one previously observed [7]. The
flux level of the high energy peak was measured to be lower than before. For the flaring episode in
December 2018, the VHE 7-ray flux is compatible with the previously measured flares.

4. Summary and Outlook

TXS 0506+056 is a key object to help the astrophysics community to establish connections
between high-energy neutrinos and astrophysical sources. Accurate and contemporaneous MWL
spectral measurements are essential ingredients to achieve this goal. In the conference, we pre-
sented the results from the MAGIC and MWL monitoring of this source, spanning the time period
from November 2017 till February 2019.

In comparison to the previously published results, TXS 0506+056 displayed a very low VHE
Y-ray emission state during most of the observed nights, with the exception of the flaring activity
observed on December 1% and 3’4 2018. The MWL light curve shows clear signs of variability,
especially in the high energy range (X-ray and HE y-ray), as quantified by the fractional variability
parameter F, ;.

We plan to perform a dedicated, low energy optimized analysis of the MAGIC data with a goal
of recovering the signal below the currently obtained energy threshold. These results, along with
an updated theoretical interpretation will be presented in an upcoming publication.
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