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We present MASTER Global Robotic Net (Lipunov et al. 2010) earliest optical alert

observations of IceCube-170922A error box. We discovered fast variability of blazar TXS
0506+056 27 sec after notice time (73s after the trigger time) at 2017-09-22 20:55:43 UT

by MASTER-Tavrida robotic telescope. MASTER found the blazar TXS 0506+056 to

be in the off-state after one minute and then switched to the on-state no later than two
hours after the event. The effect is observed at a 50-sigma significance level. We also

analysed own unique 16-years light curve of blazar TXS 0506+056 (518 data set).

Keywords: Gamma-ray burst

1. Introduction

High energy cosmic neutrinos sources are still mysterious. MASTER Global Robotic

Net (Lipunov et al. 2010)19 starts Ice Cube alert and follow up observations a few
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years ago. On 22 September 2017 the robotic telescope of the MASTER global net-

work automatically imaged the error box of the high-energy neutrino event IceCube-

170922A (Kopper et al. 2017). Observations were carried out 27 seconds after

receiving the alert, i.e., 73 seconds after the IceCube-170922A neutrino event was

detected by the IceCube observatory at the South Pole (Lipunov et al. 2018a)23.

Observations started at 84 degree zenith distance (MASTER has fully opened roof

as alert telescope).

We calibrated these images using the Gaia (Brown et al. 2018) catalog as the

source of reference stars, and found the BL Lacertae type blazar TXS 0506+056

(IceCube et al. 2017) to be in the off-state after one minute and then switched to

the on-state no later than two hours after the event. The effect is observed at delta

m =0.790+-0.016 (a 50-sigma significance level)27.

IceCube registered events with error regions, whose sizes are currently compa-

rable to one square degree. Therefore finding a blazar within the error box of a

VHE neutrino event cannot be considered sufficient to prove that blazars are ac-

tually progenitors of these particles. Detecting some non-standard event from the

supposed source at a time close to the neutrino event is required. For example, a

blazar emitting gamma and cosmic rays and showing a sharp flux variation near

the neutrino detection time would provide compelling evidence of the association of

the neutrino event with a known astrophysical object. The first candidate object

for an astrophysical neutrino event was the blazar TXS 0506+056 (IceCube et al.

2017)14,15 found inside the error box of the IceCube-170922A neutrino event. This

blazar turned out to be located at a distance of 3̃.7 billion light years (its redshift

is z = 0.3365+/- 0.0010) (Paiano et al. 2018)29.

TXS 0506+056 blazar was registered in the gamma-ray active state several

months before the neutrino event. Detection of high-energy particles (175Gev)

began one week after, and the optical, x-ray, and gamma-ray emission was observed

with low temporal resolution and showed no appreciable variations near the detec-

tion time . Therefore although when combining the available data suggested that

TXS 0506+056 was a very promising high energy neutrino source optical candi-

date, the temporal resolution of multi-messenger data did not provide conclusive

evidence at the time and the object remained just a likely, but still debatable,

candidate . In this letter we report conclusive detection of light variation of the

blazar TXS 0506+056 just several minutes after the neutrino event, which ended

no later than after two hours. For comparison, nearest ASAS-SN, Kiso/KWFC

and Kanata/HONIR optical observations do not show the same decrease in optical

brightness ( because they started 18 hours after MASTER observations when effect

disappeared. Although the blazar was in the gamma-ray active state, this state

started several months before the neutrino event. Detection of high-energy parti-

cles (175Gev) began one week after, and the optical, x-ray, and gamma-ray emission

was observed with low temporal resolution and showed no appreciable variations

near the detection time. Therefore although when combining the available data



November 5, 2021 17:33 ws-procs961x669 WSPC Proceedings - 9.61in x 6.69in ws-procs961x669 page 3

3

suggested that TXS 0506+056 was a very promising high energy neutrino source

optical candidate, the temporal resolution of multi-messenger data did not provide

conclusive evidence at the time and the object remained just a likely, but still debat-

able, candidate . In this letter we report conclusive detection of light variation of the

blazar TXS 0506+056 just several minutes after the neutrino event, which ended

no later than after two hours. For comparison, nearest ASAS-SN, Kiso/KWFC

and Kanata/HONIR optical observations do not show the same decrease in optical

brightness (because they started 18 hours after MASTER observations when effect

disappeared.

2. MASTER alert optical observations of IceCube-170922A error

box

MASTER Global Robotic Net, as the leader of early gamma-ray burst observations

(Troja et al. 2017; Ershova et al. 2020, Lipunov et al. 2016, Lipunov et al. 2017,

Gorbvoskoy et al. 2016)10,11,18,20,21,32 has an almost 20-year long experience with

real-time rapid pointings to GRB alerts within the first minute of the alert . In 2015

MASTER started actively participation in the program of fast optical support of

major physical and astrophysical experiments, such as detection of very high energy

neutrinos (ANTARES (Dornic et al. 20159; Gress et al. 201912), IceCube (Aartsen

et al. 2017)1 , Baksan (Lipunov et al. 2019a)25, gravitational waves (LIGO/VIRGO

collaboration (Abbott et al. 2016)2, and Fast Radio Bursts (FRB (Lipunov et

al. 2018b)24). The favorable arrangement of MASTER sites makes it possible to

inspect all gravitational-wave error boxes. MASTER made the crucial contribution

to the optical support of the first gravitational-wave event GW 150914 by inspecting

the most part of the error box (Abbott et al. 2016, Lipunov et al. 2017)3,21. On

17 August 2017 MASTER, together with 5 other telescopes, performed the first

ever optical localization of a gravitational-wave source independently discovered

Kilonova from GW 170817 (Abbot et al. 2017, Lipunov et al. 2017)3,22.

At the 22nd of September, 2017, MASTER received an alert from IceCube event

and MASTER-Tavrida telescope acquired the first three images, starting from 2017-

09-22 20:55:43UT 27 sec after notice time (i.e.73s after the trigger time). The field

of view of the MASTER telescope has a size of four square degrees (Lipunov et al.

2010)19 and fully covers the final field of view of IceCube (Lipunov et al. 202027).

MASTER limiting magnitude was 19.0m at 180-second frames, despite the large

zenith distance (84 degrees). Hence the TXS 0506+056 blazar at the time of the

alert was a 15.12 +- 0.01 magnitude object in all three frames acquired over 1̃5

minutes (the light curve is shown in Fig. 2). There was the faintest blazar brightness

over the full period of this alert. After 2 hours, at 2017-09-22 23:11:36 UT, the flux

from the blazar increased in brightness by a factor of two and reached 14.33m+-

0.01m. We emphasize that here in the text we give the averaged values for the

triples of frames in the first minutes and after two hours (compare27). Hence our

observations show at an extremely high confidence level of 50 sigma that within
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Fig. 1. MASTER light curve of the TXS 0506+056 blazar for the 16 years. Archive light curve of

the TXS 0506+056 blazar based on observations made by MASTER Global Net robotic telescope

of from 2005 until now (red point). Below we see the photometry of 8 reference stars, to the pink
and blue panels represent three very narrow episodes in time. The first of these is April 2015 when

IceCube IC86b saw a 3.5 sigma excess of the neutrino flux over the background (IceCube 2017) .

The second is the 22 September 2017 event (IceCube 2017). Logarithmic time is shown in seconds
from the neutrino trigger. It is easy to easily see the rapid change in the luminosity of the blazar

in 2̃ times. Finally, the third episode is a uniform blazar monitoring timeline in the first quarter
of 2020. With these new observations, the total number of observations submitted reached 518

(See the photometry table)27

Fig. 2. MASTER optical variability rate history for blazar TXS0506+056. Flux deriviation the
multiplied by the signal-to-noise ratio (blue). The orange curves schematically show the Gaussian

analysis of the archive data of IceCube27.

several minutes of the neutrino event, the blazar was in an anomalously extinguished

state. This conclusion was fully confirmed during the two days after the alert,

when the MASTER-SAAO robotic telescope joined the blazar observation campaign
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(Lipunov et al. 2018)23,24

To undestand, was it a unique event for the TXS 0506+056 blazar or no, we

analysed 518 2x2 square-degrees images in MASTER Global Robotic Net database,

starting from 2005, when we had only one MASTER I telescope located near Moscow

(Lipunov et al. 201019, MASTERVostryakovo )27. All MASTER telescopes has

identical equipment, that gives us possibility to make photometry in one system

(Lipunov et al. 2010, 2019b)19,26.

Fig. 1 shows our photometry of the blazar over the last 16 years. We chose 8

Gaia catalog stars, having the brightness and color similar to those of the blazar,

as photometric reference stars, and estimated the errors of individual photometric

measurements from the scatter of the magnitudes of these reference stars. We also

checked these stars for rapid and long-term variability and found them to be quite

stable. We found three times when the brightness of the blazar varied 0̃.5m more

than 1-3 significance level. The first such time was in 2006, when IceCube neutrino

observatory was not yet operating. The second time was in April 2015 (substantial

increase of neutrino signal IC86b). The MASTER observation date is in April but

statistically close to Gaussian IceCube half year window 9/2014 to 3/2015. And

the third time was in September 2017, when the IceCube-170922 (IC86C) event

occurred27.

The event of September 22, 2017 has outstanding characteristics in terms of

flux derivation and signalto- noise ratio. Recently, we conducted detailed blazar

monitoring over several nights at the right end of Fig. 2. As we see in the usual

state, the blazar is stable at times of several hours and even days with an accuracy of

0̃.02 mag. This means that the instability we discovered on 22 September 2017, a few

minutes after the neutrino alert, has a reliability of 50 sigma by this criterion(Fig. 2).

This result shows the power of fast alert observations of sources of ultrahigh energy

particles.

The event of September 22, 2017 has outstanding characteristics in terms of

flux derivation and signal-to- noise ratio. Recently, we conducted detailed blazar

monitoring over several nights. In the usual state, the blazar is stable at times of

several hours and even days with an accuracy of 0̃.02 mag. This means that the

instability we discovered on 22 September 2017, a few minutes after the neutrino

alert, has a reliability of about 40 sigma, and by this criterion. This result shows

the power of fast alert observations of sources of ultrahigh energy particles.

3. Discussion

We find for the adopted set of Hubble cosmological parameters (Planck Collabora-

tion et al. 2016)4 H0 = 67.8 km/s/Mpc (the Hubble constant), Omegam = 0.308,

ΩΛ = 0.692 (the matter and vacuum density) that several minutes after the neu-

trino event the optical isotropic luminosity of the blazar was Lopt 4.3 ∗ 1045 erg/s

and after two hours it returned to the typical level within several weeks of the neu-

trino event, 9.7 ∗ 1045 erg/s (we include galactic absorbtion AB=0.4 (Schlegel et
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al. 1998)31). The generally accepted picture (Schlegel et al. 1998)31 is that blazar

radiation arises from relativistic jet directed toward us. The boosted jet gamma

factor is moderate Γ 10. In the shock wave at the front of the jet there is an accel-

eration of protons to ultrahigh energies, which in turn collide with target photons

and generate pion production. The decay of pions, in turn, gives rise to a muon

neutrino which registers an IceCube detection and high gamma photons detected

by the Fermi gamma-ray observatory.

During the period within 2̃ weeks around the neutrino event detection time the

0.1 – 100 Gev gamma-ray luminosity was 1.3 ∗ 1047 erg/s (IceCube et al 2017).

Note that the neutrino luminosity of the quasar was equal to about 4 ∗ 1047 erg/s,

which is appreciably higher and, evidently, closer to the gamma-ray luminosity.

However, this is not surprising because neutrinos and gamma-ray emission have the

same source of energy — that of high-energy protons accelerated by the central

supermassive black hole.

The event that we discovered, namely the decrease of the brightness of the TXS

0506+056 blazar near the neutrino detection time, provides complementary and

very compelling evidence for the link between the blazar and the IceCube-170922

neutrino event. We analyzed archival data (MASTER unique 518 photometry data

for 16 years), which we found to be consistent with this fact. We also propose

a hypothesis explaining the anti correlation of the optical and neutrino flux. An

increase in neutrino flux means that up to half of the protons disappear. If we

assume that these protons produce synchrotron optical radiation, then any increase

in neutrino luminosity will lead to a decrease in the optical brightness of the blazar.

MASTER and Lomonosov Space Observatory are supported by Lomonosov

Moscow State University Development program (equipment). VL, PB are sup-

ported by RFBR grant 19-29-11011. NB is supported by FZZE-2020-0017).
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