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The blazar Markarian 421 (Mrk 421)

* Bright and nearby blazar (redshift 0.031)

* Easily detectable during low & high states
— Ideal to probe acceleration & emission

TeVPA 2021, online

processes in blazar jets
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VHE gamma-ray versus X-ray correlation — full campaign
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VHE gamma-ray versus X-ray correlation — MAGIC/NuSTAR observations

With X-ray data from NuUSTAR
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VHE gamma-ray versus X-ray correlation — MAGIC/NuSTAR observations
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VHE gamma-ray versus X-ray correlation — MAGIC/NuSTAR observations
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VHE gamma-ray versus X-ray correlation
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Intriguing VHE flare on 2017 February 4"

* Strong VHE flux but small X-ray counterpart

* Intepreted within a two-zone leptonic scenario

TeVPA 2021, online
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Intriguing VHE flare on 2017 February 4"

e Strong VHE flux but small X-ray counterpart

* Intepreted within a two-zone leptonic scenario
— appearance of narrow & energetic electron distribution
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Optical versus X-ray anti-correlation

* Anti-correlation at >3 sigma C.L.
between X-ray and optical emission

MAGIC Collaboration et al., 2021, arXiv:2106.05516

R-band vs Swift-XRT (2-10keV)
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Optical versus X-ray anti-correlation

* Anti-correlation at >3 sigma C.L.
between X-ray and optical emission

MAGIC Collaboration et al., 2021, arXiv:2106.05516

R-band vs Swift-XRT (2-10keV)
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MAGIC Collaboration et al., 2021, arXiv:2106.05516

Conclusions

* Blazars still poorly understood

— Simultaneous & dense MWL monitoring key to disentangle/constrain models

* Characterised intra-band correlations from extensive MWL campaign
- X-ray/VHE tightly correlated, but complex & strong energy dependence

- >3 sigma optical/X-ray anti-correlation; change of cooling/acceleration efficiencies ?
* Some intriguing results
- ,orphan“ gamma-ray activity; sign of adiabatic expansion of emitting zone?

- Strong VHE flare with faint X-ray counterpart; suggest appearance of
narrow & energetic electron distribution

TeVPA 2021, online Correlation patterns and emission mechanisms in the blazar Mrk421 17



Backup

Table 5: Parameters of the SSC models obtained for each MAGIC/NuSTAR/Swift simultaneous observing epoch.

Parameters MID 57757 MID 57785 MID 57813 MID 57840
4™ January 2017 1% February 2017 1% March 2017  28™ March 2017
Ty 25 25 25 25
B’ [107* G] 6.1 7.0 6.1 10.0
R’ [10'¢ cm] 1 1 1.65 1.33
U’ [1072 erg cm™] 1.1 1.0 0.24 0.22
@) 2.2 2.2 2.2 2.0
@ 3.8 3.1 3.9 4.0
y . [10°] 1.0 1.0 1.0 1.0
y,, [10°] 2.1 1.4 2.1 0.8
¥, .. [10%] 1.5 0.9 1.5 0.6
U,/U. 1.4 x 1072 2x 1072 6.1 x 1072 1.8 x 107!

Notes. See text in Sect. 6 for the description of each parameter.

TeVPA 2021, online

Correlation patterns and emission mechanisms in the blazar Mrk421
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Backup

Table 6: Parameters of the 2-zone SSC model shown in Fig. 16
during the flare of MJD 57788.

Parameters quiescent zone flaring zone
T, 25 25

B’ [107% G] 6.1 16.5
R’ [10'° cm] 1.6 0.1
U/ lergem™]  34x107° 3.4 % 107!
(0 4] 2.3 2.0

(1) 4.0 —

v, [10°] 1.0 20
y,, [10°] 1.3 -

v, . [10°] 1.5 0.6
U,/U. 4x 107 3x107°

Notes. See text for the description of each parameter. The EED of the
quiescent zone follows a broken power-law (BPL) with indices «; and
@, before and after the break Lorentz factor y; . In the case of the flaring
zone, a simple power-law function (with index a) is adopted.
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1
Swift-BAT 15-50 keVf
3-haurs binning

Flux
[10—3 cm—z 5—1]

- -

Flux
[107% erg cm ™2 571

i

1

#  Swift-XRT 0.3-2 keV
#  SwIft-XRT 2-10 keV
#  Swift-XRT 3-7 keV

- —
L
bt —
f Swift- UWW1 & Swift-Uwwz2
#  Swift-LIVM2
|
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