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BL Lacertae is a blazar at the redshift of z = 0.069, eponym of the BL Lac blazar type. It is also
a prototype of the low-frequency-peaked BL Lac (LBL) subclass. It was first detected in sub-
TeV gamma-ray range by MAGIC in 2005. In 2015, MAGIC observations of BL Lacertae were
triggered by the Fermi-LAT analysis report in the MAGIC group, and were performed during 10
individual nights between 15th and 28th June for a total of 8.6 h. The measured gamma-ray flux
varied from 40% to 10% of the Crab nebula flux above 200 GeV in the nights from 15th to 17th
June. In particular, a fast variability was found during the nights of 15th and 17th June. We also
performed multi-wavelength (MWL) observations in the radio, optical, UV, X-ray and gamma-
ray bands, and the MWL light curves indicate that no apparent simultaneous activity in other
wavebands accompanying the very high energy gamma-ray flare in June 2015 like an another
occurrence of an orphan very high energy flare. In this proceedings we will present the results of

the campaign and discuss their implications on our understanding of the object.

35th International Cosmic Ray Conference — ICRC2017
10-20 July, 2017
Bexco, Busan, Korea

*Speaker.



VHE gamma-ray flare of BL Lacertae in June 2015 Shimpei Tsujimoto

1. Introduction

Blazars are radio-loud active galactic nuclei (AGN) with the relativistic jets closely aligned to
the line of sight of the observer. This means that it is possible to observe very high energy (VHE:
E > 100GeV) gamma rays which are emitted from the beamed jets. Blazars show two bump
structures on the spectral energy distributions (SEDs). The low-energy spectral peak at optical/X-
ray range is commonly associated with the synchrotron emissions from relativistic electrons. On
the other hand, the spectral peak at high-energy (HE: E > 100MeV) or VHE gamma-ray range
is usually interpreted as produced by inverse Compton (IC) scattering of the energetic electrons
in the jet with synchrotron photons which were emitted by the very same electron population in
the synchrotron self-Compton (SSC) scenario, and/or IC scattering with the thermal photons from
outside of the jet in the external Compton (EC) scenario. Based on their optical spectra, blazars are
divided into two classes: flat spectrum radio quasars (FSRQ) that show broad emission lines, and
BL Lacertae objects (BL Lacs) characterized by the weakness or even absence of such emission
lines ([22], [20]). Depending on the frequency of the low-energy peak of the SED, the latter class
is subdivided into high- (HBL), intermediate- (IBL), and low- (LBL) frequency-peaked BL Lac
objects [16].

BL Lacertae is a prototype of the BL Lac objects at a redshift of z=0.069 [14], and is classified
as a LBL. The first detection of VHE gamma rays from BL Lacertae was reported by the Crimiean
Observatory with 7.20 significance above 1 TeV [15]. However, this detection is disputed since the
object was observed with HEGRA Cherenkov telescopes (which were much more sensitive than the
Crimean observations) in the same time and no detection was achieved [12]. After completion of
the first MAGIC telescope, BL Lac was observed with the Major Atmospheric Gamma-ray Imaging
Cherenkov (MAGIC) telescopes for 22.2 h in 2005 and for 26 h in 2006, and VHE gamma-rays
were discovered in the 2005 data with an integral flux of 3% of the Crab Nebula flux above 200
GeV [3]. This energy threshold is much lower than the one claimed by the Crimean observatory.
The 2006 data of MAGIC observation showed no significant excess. On 2011 June 28, a very
rapid TeV gamma-ray flare from BL Lacertae was detected by VERITAS. The flaring activity was
observed during a 34.6 minute exposure, when the integral flux above 200 GeV reached (3.4 +
0.6) x 10~ photons m~2 s, roughly 125% of the Crab Nebula flux [5].

In June 2015, MAGIC observation of BL Lacertae was triggered by the Fermi Large Area
Telescope (LAT) analysis report in the MAGIC group, and the detection of VHE gamma-ray flare
was announced in the Astronomer’s Telegrams #7660.

2. Observations

The MAGIC telescopes are a system of two 17 m Imaging Atmospheric Cherenkov Telescopes
(IACTs) located on the Canary island of La Palma, Spain, at ~2200 m above sea level. The low
energy threshold of the MAGIC telescopes (the standard trigger threshold at low zenith angles is
~50 GeV) is significantly favors observations of VHE gamma rays from extragalactic sources such
as blazars because their TeV emission is strongly suppressed by the EBL absorption [1, 2].

The MAGIC observations of BL Lac were performed during 10 individual nights between
15th and 28th June 2015 (MJD 57188-57201) for a total of 8.58 h. The data were taken with zenith
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angles in the range 14° to 32°. In addition, the data were taken in the wobble mode [9] meaning
that two telescopes alternated four sky positions in every 20 minutes with an offset of 0.4° from the
source.

During the 2015 campaign BL Lac was also observed by other instruments at different wave
bands. HE gamma-ray observations were performed by the Fermi-LAT which is a pair-conversion
telescope operating from 20 MeV to > 300 GeV. The Fermi-LAT data used in this research were
collected from 2015 May 1 (MJD 57143) to July 31 (MJD 57234).

X-ray, ultraviolet (UV) and optical observations were performed by the Swift satellite [10],
which carried out 31 observations of BL Lacertae between 2015 May 2 and July 29. These ob-
servations involved all three instruments on board: the X-ray Telescope [XRT; 0.2-10.0 keV] [7],
the UV/Optical Telescope [UVOT; 170-600 nm][19] and the Burst Alert Telescope [BAT; 15-150
keV][6].

Optical observations in R-band were performed as part of the Tuorla blazar monitoring pro-
gram. The observations were performed using a 35 cm Celestron telescope solidal to the 60 cm
KVA (Kungliga Vetenskapsakademi) Telescope, located at La Palma. Optical polarization was ob-
tained with Nordic Optical Telescope (NOT) at La Palma and Steward Observatory Telescopes. The
NOT observations were performed as part of the dedicated observing program to support MAGIC
blazar observations.

BL Lac was quasi-simultaneously observed also by several radio telescopes. Owens Valley
Radio Observatory (OVRO) observed the source at 15GHz. The observations program and the data
analysis are described in [18]. The Metsidhovi radio telescope is a 13.7 meters in diameters that
observers at 37 GHz and it is located in Kylmili, Finland. The Boston blazar monitoring program
uses Very Long Baseline Array Telescopes to perform monthly monitoring of a sample of blazars
at 43 GHz.

3. Results
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Figure [[] shows the VHE gamma-ray light curve of BL Lacertae above 200 GeV during the
MAGIC observations. The analysis results in a signal at 16¢ significance (according to Li&Ma
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significance [13]). In particular, the source was detected at 256 significance on 15 June 2015. The
measured VHE gamma-ray flux varied between 40% and 10% of the Crab Nebula flux above 200
GeV during the nights of 15th and 17th June, respectively.
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3.

FigurePlshows the multiwavelength light curve of BL Lacertae during the MAGIC observation
period (MJD 57188-57201). The HE daily light curve (by Ferm-LAT, second from the top) shows
at least one prominent peak around MJD 57193. The X-ray flux is varied without a clear outburst.
UV W2, M2, W1 bands are smoothly variable during the period. The optical polarization degree
and angle were also changing, especially around the optical high state observed in R-band, but no
strong variation and rotation are observed. There is an apparent correlation between variability in
optical and UV bands and the one in the HE gamma rays. The radio light curves show no strong
outburst during the period. However, there is no strong flare in radio to HE gamma rays at the time
of the gamma-ray flare (MJD 57188). Therefore, this VHE gamma-ray flare seems to be a so-called
orphan flare. This behaviour is similar to the one observed in the fast flare in 2011 [5].

Figure 3 shows the multiwavelength SED. The MAGIC spectrum is corrected for absorption
via pair-production using the model for extragalactic background light (EBL) in [8]. Hard X-
ray and gamma-ray spectra show the broad IC component like FSRQ. However, the SED is not
Compton dominated. No simultaneous activity at other wavelength is observed from the light
curves, and the broad IC component without large Compton dominance might indicate that an
additional component could be interpreted in an intermediate state between BL Lac and FSRQ .
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4. Summary

In June 2015, a gamma-ray flare was detected with the MAGIC telescopes. Multiwavelength
observations were performed from radio to HE gamma rays during the VHE gamma-ray obser-
vations. There is no apparent simultaneous activity at other wavelengths accompanying the VHE
gamma-ray flare in June 2015, which indicates an another occurrence of an orphan VHE flare.
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