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https://www.aanda.org/articles/aa/pdf/2025/03/aa52785-24.pdf
https://ui.adsabs.harvard.edu/abs/2025A%26A...695A.217M/abstract

Multi-wavelength spectral energy distribution

Simultaneous or quasi-simultaneous
fluxes

Obtained from a specific time (or
time-range) of the light curves,
multiplying the diff. flux x unit energy by

Ene E242 (TeVcm—2s77)

The broadband SED can be used to study
the emission mechanism

Modeling of the broadband SED
(different models, leptonic, hadronic,
hybrid...) gives the theoretical
interpretation (emission scenarios)
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One bump

Synchrotron bump

e Generated by

E synchrotron emission
' of the charged
particles moving in
the magnetic field of
0.01 b the source
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Two bumps

Inverse Compton bump?

I e [Cinvolves the scattering of low energy

s - photons to high energies by ultrarelativistic

i / electrons so that the photons gain and the

electrons lose energy.

e |tiscalledinverse because the electrons lose
energy rather than the photons, the opposite
of the standard Compton effect.

Log vF(v) [ergcm?s™]

Log v [Hz]

MWL SED of Mrk501
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MWL emission models

e One zong, leptonic
In short, we assume that the synchrotron process is due to a
population of electrons. Most (but not all) luminosity is
produced in a well-defined zone at some distance R from the
central engine by relativistic electrons.

° One zone, hadronic

we assume that the relativistic protons are responsible for the emission, even if not dlrectly
(except for the proton-synchrotron model). Proton—proton collisions, or more likely,

photo-hadronic interactions, can produce electron positron relativistic pairs that can
then radiate.

e One zong, lepto-hadronic
Of course we can!

e  Multi zone, either leptonic or hadronic or (lepto-hadronic!)
we assume that the particles are accelerated and radiate all along the jet in a more or less continuous way.
These models consider that the density of the emitting particles and the magnetic field are a (power—law)
function of the distance from the black hole. In these models, the jet geometry (paraboloidal or conical)
plays a crucial role.
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MWL emission models

Radiative processes:

In all cases, the main radiation processes of the jet are the
synchrotron mechanism for the low-energy part and the
Inverse Compton (IC) for the high-energy part. If the seed
photons for the IC scattering are the synchrotron photons
produced by the same electrons producing the high-energy
Compton component, the process is called
Synchrotron-Self-Compton (SSC); if the main seeds are
produced externally to the jet (disk radiation, BLR lines, torus,
etc.), the process is called external Compton (EC).

Spine-layer structure:

Observational evidence and important y—-ray emission from misaligned sources led to the
suggestion that the blazar jet is structured, meaning that a high-velocity spine is
surrounded by a slower layer. The spine sees the layer radiation beamed, and this enhances
its Compton emission. On the other hand, the layer also sees the radiation from the spine as
beamed, and thus the Compton emission of the layer is also enhanced.
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Thermal emission

BL Lacs.
In BL Lacs, we see no sign of thermal emission, leading to the

suggestion that:

The accretion regime is not radiatively efficient;
This corresponds to a paucity of ionizing radiation, corresponding to the
absence of broad emission lines;

There is no molecular torus;
All these properties can be understood if the accretion luminosity, in

units of the Eddington one, is smaller than some critical value

° FSRQs.
In powerful FSRQ, we do directly see the accretion disk radiation, besides the broad emission lines

and the IR torus component. This therefore suggests that the high-energy emission of FSRQs is
likely due to the EC process, while that of BL Lacs is due to the SSC (but possibly accounting for the

spine-layer structure).
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Examples of multi-wavelength studies

Multi-wavelength characterization of the blazar

S5 0716+714 during an unprecedented outburst phase

EVPA ]

Ahnen et al., Astronomy & Astrophysics 619, A45 (2018)
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https://ui.adsabs.harvard.edu/abs/2018A%26A...619A..45M/abstract

Examples of multi-wavelength studies

MWL SED Phase A

MWL SED Phase B
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Examples of multi-wavelength studies

Detection of the blazar S4 0954+65 at very-high-energy with the MAGIC telescopes during an exceptionally

high optical state

E2 dN/dE (TeV cm?s)

10—11

10—12

107"

107

10—15

10" 10" 10" 10° 107 107 1072 10~

Frequency [Hz]
10'° 102 10" 10'® 10'® 10%° 10% 10% 10%
_Lll"'ﬂl 5 ”ll"ll T IHIIWI { TII]]II'I T HYIIH] 1§ lllTITll T ”l“’lw T IHWIII T HI]I[I‘{ T IHIW] T lllm1 T Hll\’l‘w T Hlﬂlll T Hllﬂl[ 5 IUIW[ T HXIIIII T H"TYW T Hlmll TTT]

®  OVRO15GHz A UVOT exposure A

Metsahovi 37 GHz V' UVOT exposure B T

.
O Swift-XRT
¥ POLAMI 1.3 mm, 3.5 mm —©- Fermk-LAT
¢ Reband: KVA and AZT-8+ST7 484 maGic \
\

total SED model, this work

————— total SED model, Tanaka et al. (2016)

/ i
/ I

Il 11|||I|[| ||H|H\| llIIHH| IIHIIII| IIHIIIII IIIIII[I| TT

Bl coopd comd ol ol ol ol ol vl vl ol v vl ol voud ol vl 3l

Ahnen et al,, Astronomy & Astrophysics, 617, id.A30, 15 pp. (2018)

10 10°
Energy (GeV)

Leptonic model +
External Compton
contribution (Dusty torus)

21.10.2025 -- 4th * Astro-Colibri Multi-messenger Astrophysics Workshop -- 14



Examples of multi-wavelength studies

Very High Energy y-Rays from the Universe's

Middle Age:

Detection of the z = 0.940 Blazar PKS 1441+25

with MAGIC

Ahnen et al., The Astrophysical Journal Letters, 815, L23 (2015)
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Examples of multi-wavelength studies
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Examples of multi-wavelength studies

Detection of very high energy gamma-ray
emission from the gravitationally lensed blazar
QSO B0218+357 with the MAGIC telescopes

Ahnen et al., Astronomy & Astrophysics, 595, A98, (2016)
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Examples of multi-wavelength studies
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Detection of very high energy gamma-ray emission from the

gravitationally lensed blazar QSO B0218+357 with the MAGIC
telescopes

Two zone EC scenario,

GeV emission comes from an
emission region in the jet,
located outside the broad line
region

Ahnen et al., Astronomy & Astrophysics, 595, A98, (2016)
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Examples of multi-wavelength studies
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Examples of multi-wavelength studies

OT 08l

One-zone SSC models cannot successfully
describe the dataset.

The high energy bump of the SEDs can not be
explained by Compton scattering of low-energy
photons by the same electrons producing the
synchrotron emission at lower frequencies ...

log(vF,) [erg-cm™2-s7]

Abe et al., MNRAS 540, 364 (2025)
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The future: multi-messenger astronomy

MULTIMESSENGER
ASTRONOMY

gravitational waves
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Evidence for High-Energy Extraterrestrial Neutrinos at the IceCube Detector!

A I Background atmospheric muon flux
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IceCube Collaboration, Science, 342, 6161, id.1242856 (2013)
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Multimessenger observations of a flaring blazar coincident with

high-energy neutrino IceCube-170922A
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Multimessenger observations of a flaring blazar coincident with
high-energy neutrino IceCube-170922A
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https://ui.adsabs.harvard.edu/#abs/2018Sci...361.1378I/abstract
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And...Gravitational Waves!!!
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e GCW from a binary neutron
star merger

e GCRB seen by Fermi

e No camels, but fine

The Astrophysical Journal Letters, 848:L12 (59pp), 2017

500 Fermi/GBM

Pt} LIGO - Virgo
N300

counts/s (arb. scale)
normalized F,

0 400 600 1000 2000
t-t: (s) wavelength (nm)

GW———

LIGO, Virge

o TR Ao R g R Sl B R SR et Vi
| 1 1 i I 1 |
| | I I

Switt, MAXIGSC, NuSTAR, Ghandra, INTEGRAL

Swift, HST

uv *—

Optical @

2
wope, DECAm, DLT40, AEM-ROS2. HST. Lsa Cumbros, Sikybapoer VISTA, WASTER, Magelan, Subary Par-S
BT T7aC. L8GT 17 Gom 11, GROND. SOAR, ESCVLT, KNTNt ESO-UST, VIRT, SALT LHILE& “Tonos, k L
BOGTES.S, 220k, Motoscope Net, AT, Piof e Sy, AST.2. ATLAS, Darish Tol DFN. 008, & ' FI ! “ l I!I | " I I lll l I I
=

REM-ROS2. VISTA, Gemini-South, 2MASS, Spitzer, NTT, GROND, SOAR, NOT, ESOWIssr,ow HST

= hl |||||u|||||| il

Radio T
ATCA, VLA, ASKAP, VLBA, GMAT, MWA, LOFAR, LW/ MA. OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SAT, Effelsberg \ |
5 m\ e rrAmeomn Wom

-100 -50 /D/ 50 107 101 00 10
/“‘{0 (s) t-t. (days) \ /

21.10.2025 -- 4th * Astro-Colibri Multi-messenger Astrophysics Workshop

28


https://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/pdf

Message

Multiwavelength studies are fundamental in understanding blazars’ nature
Theoretical models are difficult to constrain in many cases

We need simultaneous data and to keep going with MWL campaigns...
Multimessenger astrophysics is a reality!!!

Nevertheless we have only a few multi-messenger observations

Last photon+neutrino observation was in 2017

Gravitational wave+Gamma-ray Burst as well in 2017

New data are coming..we need to get ready to a global interpretation and to
develop new observational strategies

But most importantly...
We need to move towards a more global picture (long term studies, try to put

together the pieces of the puzzle..better sampling...open data..data format
compatibles between bands...)
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wersmenee - Thanks for your attention!

Gamma Imaging

Cerenkov Telescopes
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@MAGICtelescopes

21.10.2025 -- 4th & Astro-Colibri Multi-messenger Astrophysics Workshop --

30



