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Mrk 421 is one of the two brightest and nearest blazars (the other one being Mrk 501). Due
to their proximity and brightness, they have been the subject of a coordinated multi-instrument observational campaign since 2009, covering the spectrum from radio to VHE bands [1, 2]. Here we
present a data set covering an exceptional flaring activity from April 11 to April 19 2013, which was
collected as part of this multi-year and multi-instrument campaign. During this flare, in 42 hours
of observations, MAGIC recorded the highest ever flux for this source to date (∼ 15 × Crab Flux),
and VERITAS recorded the second highest flux in 27 hours of observations [3].

The fluxes and the variability observed in radio, optical and MeV/GeV bands are similar to
those measured in January to March 2013 [4], when the source was in a low VHE state. There is
no indication of flux enhancement or variability at level similar to the ones observed in the X-ray
and VHE gamma ray bands.
The fractional variability Fvar vs. energy shows a double-bump structure, roughly following
the structure of SED. This has been observed many times for Mrk 421, and also often seen in
blazars, where energy bands on falling edges of synchrotron and inverse-Compton bumps display
increased variability. However, during the 9-day flaring activity from April 2013, the Fvar values
for the highest X-ray and VHE energies are much higher than those from the January-to-March
2013 low activity reported in [4]. Even though the intra-night flares are seen in the light curves,
the single-night Fvar values are much lower than for the 9-day activity, indicating that the processes
with timescales of & 1 day dominate the variability at X-ray and VHE over the processes that have
timescales of hours.
The intra-night flux variations were quantified as a combination of a monotonically increasing
or decreasing ’Slow’ component, and an exponentially increasing and decreasing ’Fast’ component. It is found that the rise and fall times are similar in all the observed instances of fast-flares.
Moreover, for the flares observed simultaneously in VHE and X-rays, rise/fall times are similar
in all six bands. This suggests that the mechanism generating at least some of the sub-hour flux
variability is energy-independent, i.e. achromatic.
All the VHE gamma-ray bands are positively correlated with X-ray bands, when considering
the full 9-day flaring activity. But the levels of correlation change substantially between different
bands. We found that the strongest correlation occurs between the lowest X-ray band (3–7 keV)
and the highest VHE gamma-ray band (>0.8 TeV), with approximately linear dependence of the
VHE flux on the X-ray flux, and it decreases when we modify the X-ray or VHE gamma-ray band.
We consider explaining the X-ray and VHE gamma-ray variability within a theoretical frame1
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Another exceptional circumstance was the excellent coverage in the hard X-ray band by NuSTAR, with 80 hours of observations. The high flux in the VHE and X-ray bands, and the 43 hours
of strictly simultaneous X-ray and VHE observations, allowed us to study correlations and compare flux variability between three X-ray bands (3–7 keV, 7–30 keV and 30–80 keV) and three
VHE γ-ray bands (0.2–0.4 TeV, 0.4–0.8 TeV and >0.8 TeV) on timescales as short as 15 minutes.
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[4] Baloković, M., Paneque, D., Madejski, G., et al., Multiwavelength Study of Quiescent States of
Mrk 421 with Unprecedented Hard X-Ray Coverage Provided by NuSTAR in 2013, Astrophysical
Journal 819, 156 (2016)
[5] Petropoulou, M., Giannios, D., & Sironi, L., Blazar flares powered by plasmoids in relativistic
reconnection, Monthly Notices of the RAS 462, 3325 (2016)

2

PoS(ICRC2019)624

work of a magnetic reconnection layer moving relativistically within the jet of Mrk 421 [5]. Within
this model, the fast flux variations (which appear to be achromatic) would be dominated by the
emission from a single plasmoid, while the multi-hour flux variations would be produced by the
combined emission of many plasmoids.
The rich data set obtained during the 9-day flaring activity in April 2013 demonstrates a large
degree of complexity in the variability and correlation patterns in Mrk 421, and will be further
elucidated in detailed broadband SED studies. This level of complexity may be present in other
blazars, but may be more difficult to observe due to the insufficient temporal temporal and energy
coverage of the observations.

