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The blazars B2 1811+31 and GB6 J1058+2817 were found to be in flaring state during 2020 and

2021, respectively. The high states of the sources were registered by the Fermi-LAT at energies

below 100 GeV, triggering observations at higher energies with the MAGIC telescopes, in the

UV/X rays with the Swift satellite and with ground-based radio and optical telescopes. The

observations in the very-high-energy (VHE, 100 GeV < E < 100 TeV) gamma-ray band led to

the first detection of both sources in this energy range. A long-term gamma-ray lightcurve was

derived using Fermi-LAT data, identifying the time intervals in which the two sources persisted

in a quiet state. Archival data collected in the radio to X-ray wavelengths showed that the two

sources exhibited intermediate-synchrotron-peaked BL Lac behaviors in their low states, rather

rare sources in the TeV sky. The high state of the two sources was deeply investigated thanks to the

coverage provided by multi-wavelength (MWL) observational campaigns. In this contribution,

we present the results of the gamma-ray observations which are included in a MWL observational

campaign organized on these sources during their high-states. We discuss the flare spectral

properties and temporal variability. In the high-energy gamma band, sub-daily-scale variability

and strong spectral hardening give evidence for compact emission regions responsible for the

radiative output at high energies during the flare.
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1. Introduction

Blazars are jetted active galactic nuclei (AGNs) with their relativistic jets of plasma streams

pointed toward the observer. They are the most numerous gamma-ray sources in the extragalactic

sky. The spectral energy distribution (SED) of blazars exhibits a two bump non-thermal continuum

produced within the jet and boosted by relativistic effects, ranging from radio to gamma-ray energies

[1]. The first bump in the SED, peaking in the frequency range from infrared to X-rays, is usually

interpreted as synchrotron emission from ultra-relativistic electrons accelerated within the jet, while

the high-energy (HE) bump peaks above MeV energies and it is commonly attributed to inverse

Compton (IC) scattering of low-energy photons. The seed photons for the IC scattering can be

produced within the jet via synchrotron radiation (synchrotron self-Compton, SSC) but they can

also originate externally to the jet; the latter case is often referred to as external Compton (EC).

Blazars can be further divided into two sub-classes [2]: flat spectrum radio quasars (FSRQs)

and BL Lac objects (BL Lacs) depending on the presence of emission or absorption lines associated

with the emission of the broad and narrow line region in addition to a thermal component associated

with the accretion disk. Both blazar classes show rapidly variable luminosity in all wavelengths,

strong polarization in the optical range and emission up to gamma-ray energies.

The peak frequency of the synchrotron bump asynch in the SED leads to a further classification

of BL Lacs into low-, intermediate-, and high-frequency peaked sources (LBL, asynch < 1014 Hz,

IBL, 1014 Hz < asynch < 1015 Hz and HBL, asynch > 1015 Hz, respectively [3]), with most of the

TeV emitting BL Lacs being classified as HBL, while the location of the first peak is usually at quite

low frequencies for FSRQs. A good coverage in the energy range from optical to X-rays is essential

to properly estimate the peak frequency and classify the source. Only a complete energy coverage

from the radio to TeV energy range (multi-wavelength observations, MWL) allows for a proper

understanding of the emission mechanisms in order to extrapolate the basic physical quantities

of the emission region, for example the size of the emission region, the Doppler factor and the

magnetic field intensity. Moreover, given the variability of the objects, shown in different energy

ranges, simultaneous observations are required. However, especially for weak and distant blazars,

a complete coverage may be difficult to obtain. While the HBL class has been largely studied at

very-high-energy (VHE, ≥ 100 GeV) gamma-rays thanks to Imaging Air Cherenkov Telescopes

(IACTs) observations, few IBL and LBL are detected up to TeV energies.

Up to and including the Fermi-LAT Fourth Source Catalog [4], the blazars B2 1811+31 (redshift

z=0.117 [5]) and GB6 J1058+2817 (its redshift is not well established, with a tentative value of

z=0.4793 [6]) are classified as BL Lac objects, respectively as an IBL, following [7], and as a

BL Lac of unclear class. Recently, triggered by the enhanced high-energy gamma-ray activity

reported by the Fermi-LAT during October 2020 [8] and March 2021 [9], MWL observational

data on these two under-examined sources were collected. The observations in the VHE regime

performed by the MAGIC telescopes led to the first detection of both sources in this energy range

[11, 12]. Moreover, simultaneous or quasi-simultaneous observations were performed by several

optical and radio telescopes. In this contribution, we will report on the observations performed

by the MAGIC telescopes and by the Fermi-LAT satellite. These observations are part of a wider

MWL campaign which involves data from radio to VHE, with studies on the long- and short-term

multi-band variability and broadband modeling of the SED. The details of this study will be reported
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Standard cuts on the quality were used, e.g. ’DATA_QUAL>0 && LAT_CONFIG==1’, while a zenith

distance < 90◦ to reduce the contamination from the Earth limb was selected.

The analysis of Fermi-LAT data was performed using ScienceTools v2.0.8, fermipy v1.0.11

and the P8R3_SOURCE_V2 instrument response function. We performed a binned likelihood analysis

in a square region inscribed in the ROI selected. All the localized sources included in the 4FGL

[4] within 20◦ from the source were included in the model, along with the Galactic interstellar

diffuse and residual background isotropic emission, as modeled respectively ingll_iem_v07 and

iso_P8R3_SOURCE_V3_v1.txt2. Data were binned in energy adopting 8 bins/decade. Spectral

parameters of all the point-like sources in the ROI within 5◦ from the two sources of interest were

left free to vary in the model. The spectra of the diffuse components, both galactic and isotropic,

were also left free to vary. The parameters of all other sources were fixed to the published 4FGL

values.

In order to investigate the high-energy gamma-ray variability of the two sources of interest,

we produced light curves with equally-spaced time bins. A dedicate likelihood analysis in each

temporal bin was performed. The bi-weekly light curves since 2008 for the two sources are

represented in Figure 3. A general quiescent state can be seen, with the flux suddenly increasing in

the flare periods, which lasts for about 250 days for B2 1811+31, and 40 days for GB6 J1058+2817,

highlighted with a gray shaded area in Figure 3.

The spectral features of the two sources in the time intervals before, during and after the flare

were analysed by performing dedicated fit. In the flare period, shown in Figure 4 the spectra of

both sources are well described by a power-law model, with spectral index Γ = 1.83 ± 0.02 for

B2 1811+31 and Γ = 1.81 ± 0.04, both hardening with respect to the periods before the flaring

activity and then softening after the flaring activity stops.

4. Conclusions

We report here on part of a MWL analysis performed on the BL Lac objects B2 1811+31

and GB6 J1058+2817, both observed during flaring state with respect to previous observations.

Both the examined sources exhibit a soft VHE spectrum, with spectra index ranging between 3

and 4 in this energy range. No variability in the VHE gamma-ray was found in the period under

investigation. On the other hand, the observations in the Fermi range showed a quiescent state of

both sources in the past, with a sudden increase in the HE gamma-ray activity in the flare periods.

In these time intervals, both sources showed a spectral hardening in this energy range with respect

to previous observations.

These sources were not studied in detail before these observations, with none to rare obser-

vations in the whole electromagnetic spectrum, and the redshift of GB6 J1058+2817 is not well

established yet, as well as its classification among the different BL Lacs subclasses. Investigations

of observations collected during or close to the flaring activity in lower energy ranges are currently

ongoing, in particular in the optical/X-ray band, in order to study the synchrotron peak position and

properly classify the sources. Studies on the possible variability of the sources are also ongoing, in

order to constrain the size of the emission region, which will then be employed to model the SED of

1https://fermipy.readthedocs.io/en/latest/

2https://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
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the sources, in order to investigate the emission mechanism of this little studies subclass of blazars,

which fills the gap between LBLs and HBLs, playing an important role for BL Lac unification

theories.
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