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Unveliling the complex correlation patterns in Mrk 421
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1 Introduction 3 “Orphan” gamma-ray activity S VHE Flare on 2017 February 4
We report on an extensive multiwavelength study of the TeV blazar Mrk 421 (redshift z=0.031 [1]) * On 2017 January 4: 02 100 o5 e 00 101
using data taken between 2016 December and 2017 June. The observing campaign involved the 0 100 105 0s g0 g 9@Mma-ray spectral energy . | | | P |
MAGIC, FACT, Fermi-LAT, Neil Gehrels Swift Observatory (Swift), GASP-WEBT, OVRO, Medicina | | | | B distribution (SED) factor ~3 10771 opulation -
and Metsahovi telescopes. This study also includes four multi-hour long exposures with /‘\. f brighter than 2017 March 1 ¥
simultaneous MAGIC, NuSTAR and Swift observations, providing a precise measurement of the Lo-101 _, + .\15 | despite same X-ray states. 1o 2 ok
falling segments of the two spectral bumps. Based on this dataset, we characterise the intra-band _;' \ + -. | 1077 i -
correlation patterns in Mrk 421. The observations are compared with theoretical models. "u, o | | * One-zone leptonic model * !
=10-11L / | | describes data well. “ Lo-11 \ '
. . E / | / I'| E i r’j r" o i
2 Very-high-energy vs X-ray flux correlation ; |/ | * Change of gamma-ray flux |2 fo N
=10-121 \/ | due to adiabatic expansion of | |2 = | g_gggﬂlaﬂon 1 i
[ + ﬂzmjlji?g%'?ﬂ + :L(sh}ijgeg;%%?) + 1(?31'5"35?213} + 2(?4%@?50) } emitting zone over time 10 ! '; ;' !’
_ | | | | | — 7 | ! ! ) ) 2017 January 4 without significant loss of / | / i
T o) >1TeV vs 0.3-3keV. N 1 >1TeVvs 3-7TkeV % | >1TeV vs 7-30keV _:#,tt 1013 @/ One-zone leptonic model || glectrons. ) ! ! / |
8|S Slope ~ 3.7 Slope ~ 1.6 ++ Slope ~ 1.3 Pt o | Typical state of Mrk421 SEDs d bed with 10713+ { Pre-flare 2017 Feb. 3 |-
_10f " L+ Ty ?rf 1 Pl ﬂ.*ﬁ - S described with same { Flare 2017 Feb. 4 E
4 f'" + 1 | magnetic field strength and Typlcal state of Mrk421 |
1 | | | | | | electron spectral distribution, 10-14 / |
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but radius of emitting blob
about twice larger on 2017
March 1 compared to 2017

* Strong VHE flare on 2017 February 4
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| | | | | | | | | | | | | | | / L& January 4. — ~4 times the Crab Nebula flux above 200 GeV
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s E 1.5+ _0.2'1 TQV VS 0-3'3kev T _0-2'1 Tev VS_3-7keV —_1 0-2'1 TeV VS 7'30kev r;l-u 1[]—].1 | .|".. E __.‘ , -III'.I_ —  Parameters MID 57757 NID 57813
o' Slope ~ 2.2 Slope ~ 1.0 Slope ~ 0.8 o / b S/ 4™ January 2017 1% March 2017 _ _
T 1ol P 1 P 1 P 5 f v/ |7 55 % * No flare in optical/UV and MeV-GeV bands. Flux at
— . = ’ =2 .
= > / oy il g Hg,ﬁ ;{] o1 oL ~1 keV at the level of Mrk 421 quiescent state.
E 0.5F ’},q,’ﬁ. T :fﬁ:- T H__,_.,.fgﬁt" “__; 1[]_12 B f ||. E_ U [1072 erg em™] 1.1 {}:14
T ool e T L e e o' 4t f \/ E o e o * One-zone leptonic model disfavoured
° X For t T T / 2017 March 1 L o 110°) L0 L0 — Two-zone leptonic model more natural scenario.
2 —os|- 1 1 1078 _ One-zone leptonic model — Y 0] 2.1 -
= * I v [10°] 1.5 1.5
g | | | | | | | | | | | | | | | { Tpc:IO :Za‘:gnot;al{nyr: 4r2f|’de Note. T',: bulk Lorentz factor of emitting zone setequal | | * VVHE flare caused by appearance of 2™ emitting zone

1.4 1.6 1.8 2.0 0.6 0.8 1.0 1.2 14 04 0.6 0.8 1.0 1.2 1.4 : yp! to Doppler factor, B': magnetic field, R': radius of “Harine” . RS -

log (flux 0.3-3 keV [1071149 1) l0g (flux 3-7 keV [10711_% 1) log (flux 7-30 keV [10711_¢% ) Lo-14l 1 L | emitting zone, U, : electron energy density, ,, ,: (‘flaring” zone; black dashed line in figure above) adding

e o e 11:11'J 11:112 1n14 1n1€- 1n15 1029 1022 102¢ mEE- 102Bpower-law indices below and above the break of the up to a quiescent emitting zone (black dotted line in
v [Hz] electron distribution. y ..., Y o> Y 'max: Minimum, break f b
and maximum Lorentz factor of electron distribution. Ig ure a Ove) .

* Very-high-energy (VHE; E>100 GeV) versus X-ray flux correlation characterised Iin _ - ] - “flaring” zone filled with narrow distribution of freshly
different sub-energy bands. 4 Optlcal VS X'ray anti-correlation accelerated electrons, dominating emission in hard

* Anti-correlation at a significance level R-band vs Swift-XRT (2-10keV) X-rays and VHE bands. Quiescent zone responsible for
above 30 between optical and X-ray pre-flare state on 2017 February 3 (orange data points).
fluxes at ~0 time lag. | ‘ ,'ﬁ
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* Tight correlation in each energy combination (Pearson’s coefficient >0.8), in agreement with
leptonic scenarios.
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* Correlation characteristic varies substantially across spectral bands. » Confidence level (C.L.) estimated
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* Linear fits in log-log plane: slope ranges from ~3.7 (>1 TeV vs 0.3-3 keV; dashed black line)
to ~0.8 (0.2-1 TeV vs 7-30 keV). In each X-ray band (along X-axis), correlation slope increases » Reported only once so far

when going from 0.2-1 TeV (bottom panels) to >1 TeV fluxes (top pannels). with a low significance [2]. We acknowledge the support from the agencies and organizations listed here:
https://magic.mpp.mpg.de/acknowledgments ICRC2021/
: : _ The FACT acknowledge the support from the agencies and organizations listed here:
* Data on 2017 January 4 and 2017 February 1 have ~3 times hlgher VHE flux Compared to ° Suggests shift of synchrotron https://fact-project.org/collaboration/icrc2021_acknowledgements.html
2017 March 1 despite very similar X-ray states. emission component due to
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— “orphan” gamma-ray activity (see Sect. 3). changes in cooling and acceleration
efficiency of electrons.
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