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Córdoba & Gaetano Lambiase

Instituto de Ciencias Nucleares, UNAM

Seminario de F́ısica de Altas Enerǵıas
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AGNs structure

Relativistic jets
Variability from minutes to years
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Blazars definition

Blazars have energy around 1044 − 1048erg/s and variability on timescales
of hours to days.

Figure: Active Galactic Nucleus pointing line of sight toward Earth.
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Blazars classification
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Figure: LBLs: νpeak < 1014Hz , IBLs: 1014Hz < νpeak < 1015Hz ,HBLs:
1015Hz < νpeak < 1017Hz , EHBLs: νpeak > 1017Hz
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Spectral Energy Distribution

Figure: SED for blazars.
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Blazars catalog
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Major flaring events of Mrk 501
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Emission mechanism

145 Mpc

Figure: Taken from Gao, S., Fedynitch, A., Winter, W. et al. Modelling the
coincident observation of a high-energy neutrino and a bright blazar flare. Nat
Astron 3, 88–92 (2019).
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VHE γ-ray Emission
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Photohadronic interaction

Blob follows the Doppler factor D = Γ−1(1− β cos θob)
−1.

With a power law

dNp

dEp
∝ E−α

p , (1)

to produce delta resonance ∆+

p + γ → ∆+ →

{
p + π0, fraction 2

3 ,

n + π+, fraction 1
3 ,

(2)

π+ → e+νeνµν̄µ and π0 → γγ.
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Kinematical Conditions

Geometry of the flaring HBL.

n′γ,f (ϵγ1)

n′γ,f (ϵγ2)
≈

n′γ(ϵγ1)

n′γ(ϵγ2)
.

Eγϵγ ≈ 0.032
DΓ

(1 + z)2
GeV2.

Epϵγ ≈ 0.32
Γ2

(1 + z)2
GeV2.
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Extragalactic Bakground Light

Figure: HAGAR Group — A team for Ground TEV Gama Ray Astronomy. (s. f.).
https://www.tifr.res.in/ hagar/results.php
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Photohadronic model

Fγ(Eγ) ≡ E 2
γ

dN(Eγ)

dEγ
∝ E 2

p

dN(Ep)

dEp
n′γ,f . (3)

Fγ(Eγ) = Fint(Eγ)e
−τγγ(Eγ ,z). (4)

Fobs(Eγ) = F0

(
Eγ

TeV

)−δ+3

e−τγγ(Eγ ,z). (5)

where
δ = α+ β
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𝑬𝒑 = 𝟔𝟖 TeV
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Figure: ΦSSC ∝ ϵβ1 in zone-1 and ΦSSC ∝ ϵβ2 in zone-2
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2-zone Photohadronic model

For temporary extreme high-synchrotron-peaked BL Lacs (tEHBLs), a
single power-law is insufficient. Instead, a two-power-law structure is
assumed for the SSC component:

ΦSSC ∝

{
E−β1
γ , 100 GeV ≲ Eγ ≲ E c

γ

E−β2
γ , Eγ ≳ E c

γ

(6)

where E c
γ is the cutoff energy scale defining the transition between two

spectral regions with spectral indices β1 ̸= β2 (βi > 0).
The observed flux is then modeled as:

Fγ,obs = e−τγγ ×

F1
(

Eγ

TeV

)−δ1+3
, 100 GeV ≲ Eγ ≲ E c

γ (zone-1)

F2
(

Eγ

TeV

)−δ2+3
, Eγ ≳ E c

γ (zone-2)
(7)
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Results

Mrk 501 was observed from July 16 to 31, 2014. MAGIC telescopes
observed for 13.5 h under dark and good atmospheric conditions (MAGIC
Collaboration et al. 2020).
MAGIC can detect air Cherenkov showers initiated by gamma rays in the
energy range from ≈50 GeV to ≈50 TeV.
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Day 1-4
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Day 5-8
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Day 9-12
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Day 13-15
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Cutoff energy results
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Intrinsic Flux and spectral index results
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Conclusions and discussions

When the synchrotron peak had shifted to frequencies above 1017 Hz,
the VHE spectra were difficult to explain.

Similar tEHBL-like behavior were also observed from Mrk 421 and
1ES 1959+650.

It is observed that the spectra in zone-1 were like standard HBL
(2.5 ≤ δ1 ≤ 3.0).

Other nearby HBLs, which have already shown the temporary
EHBL-like behavior in the past, may reincarnate again with vigor.

A.U. Puga Oliveros (ICN) Presentation Sptember 3, 2025 24 / 26



Bibliograf́ıa

Acciari, V. A., Ansoldi, S., Antonelli, et al. (2020). Study of the
variable broadband emission of Markarian 501 during the most
extreme Swift X-ray activity. Astronomy And Astrophysics, 637, A86.

Petropoulou, M., Mastichiadis, A., Vasilopoulos, G., Paneque, D.,
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