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Relativistic plasma jet points to our line of sight
Relativistic effects:

-An increase in photon energy by 5

Blazars

-An increase in energy flux by 54

° They can be separated in BL Lacs and Flat Spectrum Radio Quasars (FSRQs) — weak vs strong emission
lines in the optical spectra
Complex MWL emission mechanism — leptonic and hadronic models used for studying it
Cosmic rays factories?

Credits: NASA, ESA, CSA 2



VHE range:
Energies > 100 GeV

MAGIC telescopes

VHE gamma-ray detectors aimed at measuring photons with energies between
~50 GeV to ~50 TeV -> imaging atmospheric Cherenkov technique

'A‘ Hinton JA, Hofmann W. 2009.

D
i_l Annu. Rev. Astron. Astrophys. 47:523-65
Credits: Daniel Lopez, IAC

Ref.:Hinton, J. A., and W. Hofmann. "Teraelectronvolt
astronomy." Annual Review of Astronomy and Astrophysics

47.1 (2009): 523-565.



Markarian 501 (Mrk 501) is a nearby blazar -> redshift 0.034!
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Ref.: MAGIC Coll+2023. Astrophysical Journal, Supplement Series, v. 266, n. 2, p. 37

2014: several flares in
the VHE gamma-ray
band

1997: very high activity
and many flares as well
In the X-ray and
gamma-ray bands



SED [TeVcm™2s71]

Mrk 501°'s VHE activity in July 19th 2014
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Ref.: MAGIC Coll+2020, Astronomy & astrophysics,

v. 637, p. A8,

The spectra can be described by a
log-parabola with a narrow
Gaussian-like feature or an

exponential log-parabolic shape
(Likelihood Ratio Test~3.9-4.5¢)

Physical hypotheses published so far:

Pile-up of the electron energy
distribution [1]

Additional SSC zone [1]

Maﬁnetospheric vacuum gap

Pion decay [3]

Refs.: 1. MAGIC Coll+2020, Astronomy & astrophysics, v. 637, p. A86.
2. C. Wendel et al. , Astronomy & Astrophysics 646, A115 (2021).
3. M. Petropoulou et al., Astronomy & Astrophysics 685, A110 (2024).



Investigation of the TeV feature in 2014

M.JD Flux (eVem?s™') Flux TeV (eVem?s™!) I’ b x*/d.o.f. pvalue LRT*
H6740.22 0.3+0.07 0.38410.11 -2.24(0.2 - 4.8/10 0.9 -
H6769.15 0.7240.06 (0.48-£0.09 -2.2840.06 | -0.82+0.11 | 9.6/11 0.56  20.9(41.60)
H6772.09 0.940.09 0.510.12 -2.5940.1 - 15.6/12 0.21 -
May H6782.09 0.8140.09 (0.850.15 -2.4140.11 - 9.2/10 0.51 -
21st ~__ H6786.08 0.7810.1 0.5240.15 -2.3940.12 - 11.4/13 (.58 -
H6798.11 3.35£0.19 5.46-£0.46 -2.0740.02 | -0.4910.05 | 10.9/14 0.69  31.9(5.60)
H6802.0 1.034+0.14 1.3440.27 -2.3310.12 - 21.3/13 0.07 -
H6802.97 0.9840.09 0.6910.14 -2.4110.09 - 10.7/13 0.64 -
H6803.98 0.69+0.07 0.7810.13 -2.3840.11 - 15.5/16 0.49 -
H6843.05 1.140.09 1.0£0.17 -2.3710.08 - 10.6/13 0.64 -
H6845.05 0.781+0.09 1.3540.21 -2.2440.14 - 19.3/14 0.16 -
H685H4.97 1.0540.09 0.741+0.13 -2A4710.05 | -0.6210.1 14.0/16 0.6 12.2(3.50)
H6855.98 1584012 1.874+0.21 -2.3240.05 - 20.6/16 0.19 -
H6856.91 3.0610.26 4.16£0.56 -2.2140.06 - 8.7/13 0.8 -
H6H85H7.98 2.5110.12 3.9640.27 -2.214+0.04 - 36.5/14 0.001 -
July / H68H8.98 3.0£0.21 4.1440.44 -2.2240.05 - 11.9/13 (.54 -
19th *LRT - Likelihood ratio test
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Comparison of the spectra in July 19th with

another flaring moment (May 21st)

Even in other days with high
activity in X-rays and VHEt
gamma rays, the feature in

the SED is not observed!

Is the activity in July 19th
caused by a separated
process over a general

emission’
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High variability in
the X-ray and VHE
gamma-ray
range!

Multiwavelength LC
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DCF

Simple hypothesis:

MAGIC VHE vs XRT X-ray

Extended zone (Optical and HE gamma-ray?)

\

Compact zone

(X-ray and VHE gamma-ray)

Jet flow

Shock front

20 -15 -10 5 0 5 10 15 20 Accretion disk
timelag C i )
Black hole

Adapted from.:
https://doi.org/10.1051/0004-6361/202348709



https://doi.org/10.1051/0004-6361/202348709

Conclusions

- The investigation of the TeV feature of Mrk 501 through other days
in 2014 indicates only July 19th with a significant ‘spike’ in the
SED-> a radiative /particle acceleration process causing this
particular case?

- Initial correlation studies to be further developed indicate the
connection between X-ray measured in Swift-XRT and the VHE
gamma-ray measured by MAGIC -> a zone close to the
supermassive black-hole?

- Article’s draft is almost finished. Stay tuned!

10



CAPES

CBPF

Centro Br.asileiro.
de Pesquisas Fisicas

UNIDADE DE PESQUISA DO MCTI

i

." ‘\
1)

Sociedade Astrondmica Brasileira

Obrigado!!

Ap-Byztt

MAX-PLANCK-INSTITUT
FUR PHYSIK

Major Atmospheric
Gamma Imaging

Cerenkov Telescopes

Contact:

Jodo Gabriel Paiva ->
joao.giesbrecht@gmail.com,
joaopaiva@chbpf.br

UNIVERSITA
DEGLI STUDI
DI PADOVA

11



Appendix

SEDs comparison - 1997 x May 21st 2014

E2d¢/dE /(ergcm—2s71)
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BeppoSAX Spectra (Giommi et al. 2002) ¥ Swift-UvOT ¢ Fermi-LAT
HEGRA 2001 A&A 366 62A ¥ Swift-XRT Y MAGIC

b GASP KVA

Data used from 1997

(taken from ‘SSDC SED

Builder’):

-BeppoSAX Spectra

(Giommi et al. 2002)

-HEGRA_2001A&A 366
62A
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