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Study of the variable broadband emission of
Markarian 501 during the most extreme Swift X-ray
activity

Markarian 501 (Mrk 501) is a bright very-high-energy (VHE, E>100 GeV) BL Lac object.
Thanks to its brightness and its proximity (z=0.034), it can be detected in the VHE even during
low states, making it an excellent blazar for unbiased (not dependent on the emission state)
multi-wavelength (MWL) studies. During a multi-wavelength campaign in 2014 (including data
from VHE to the radio band: MAGIC, FACT, Fermi-LAT, Swift, KVA and Metsähovi), Mrk 501
displayed the highest X-ray activity observed by Swift-XRT since its launch more than 14 years
ago.

During the peak flux measured in X-rays above 0.3 keV, 2014 July 19 (MJD 56857.98), a narrow feature centered around 3 TeV was observed in the VHE spectrum observed by the MAGIC
telescopes. Such spectral feature is not compatible with the classical analytic function used to
describe the VHE blazar spectra as power-law, log-parabola and log-parabola with an exponential
cut-off at more than 3 σ confidence level (C.L.). A likelihood ratio test (LRT) results in a preference at about 4 σ C.L. of a log-parabola plus a narrow component w.r.t. a single log-parabola. In
addition, a Monte Carlo simulation was performed to estimate the significance of the existence of
such extra component following the prescriptions from [1]. The result is also consistent with the
previous tests, finding a significance at a level of 3 σ C.L. for an extra narrow spectral component
in addition to a log-parabola (null hypothesis). Assuming that such feature is real, three different
theoretical scenarios have been investigated to reproduce the MWL SED including this additional
narrow spectral feature: a) a pile-up in the electron energy distribution due to stochastic acceleration; b) a structured jet including two-zone SSC model; and c) a magnetospheric vacuum gap
model in addition to one-zone SSC framework.
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The flare lasted for a 2-week period in July 2014, during which the source is clearly detected
in both X-rays and the VHE band as observed by MAGIC and FACT telescopes. The X-ray
spectra are very hard and show variability on nightly timescales in X-rays and the VHE band. A
correlation between these two energy bands was found. During the 2-week long flaring episode,
Mrk 501 was detected at a VHE flux level above 150 GeV between 0.2 to 2 times the Crab
Nebula flux. Thanks to the rich (quasi-)simultaneous MWL data sample, nightly MWL spectral
energy distributions (SEDs) were built. The temporal evolution of the nightly SEDs can be
described by a one-zone synchrotron self-Compton (SSC) model with variations in the break
energy of the electron energy distribution and its shape, as well as some small variations in the
magnetic field strength within the relativistic jet. Therefore, the flux evolution during the flare
can be explained in terms of acceleration and the cooling of the high-energy electrons.
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