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BLAZARS

Blazar: radio-loud AGN whose
¢ relativistic jet points towards the
/FRH(\JI.RG) Observer

SSRQ

—» Radiative emission from the jet
=== dominates over all other components
(non-thermal emission from radio to
gamma-rays and fast variability)

FRT(NLRG)

Flat-spectrum-radio-quasars : optical/UV spectrum with broad emission lines
BL Lacertae objects : featureless optical/UV spectrum
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BLAZAR SPECTRAL ENERGY DISTRIBUTIONS
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Spectral energy distributions (SED):
two distinct radiative components

FSRQs show a peak in the IR
BL Lacs are classified into:

-IR peak: low-frequency peaked
(LBLS)

- optical peak: intermediate (IBLs)

- UV/X peak: high (HBLS)
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https://ui.adsabs.harvard.edu/abs/1998MNRAS.299..433F/abstract

BLAZARS EMISSION MODELS

Synchrotron-Self-Compton

SSC

The low-energy SED component is
synchrotron emission by electrons

High-energy emission?

Leptonic models: inverse Compton

Same leptons that radiate synchrotron
+ their own synchrotron photons (SSC)
+ external photon fields (EIC)

State-of-the-art models:
HBLs —» SSC
LBLs / FSRQs —» EIC
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BLAZARS EMISSION MODELS

Hadronic models
Simplest hadronic model:

Hadronic model The high-energy component is proton
synchrotron radiation

(Mannheim 1993, Aharonian 2000, Mucke & Protheroe 2001)

synch from
secondaries } synch jnverse Gompton
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http://adsabs.harvard.edu/abs/1993A&A...269...67M
http://adsabs.harvard.edu/abs/2000NewA....5..377A
http://adsabs.harvard.edu/abs/2001APh....15..121M
http://adsabs.harvard.edu/abs/2001APh....15..121M

BLAZARS EMISSION MODELS

Proton-photon interactions complicate the modeling

Photo-meson
pry=p+n’—=p+2
p+y=n+nx"
pry=p +a-+a

Hadronic model

synch from
secondaries } synch jnverse Gompton

+ + + -
T uTty, ety +u,t+u,

Bethe-Heitler pair production

pty=p+e+e”

S Injection of secondary leptons in the emitting region,
triggering synchrotron supported pair-cascades

Synchrotron emission by muons can be important
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BLAZARS EMISSION MODELS

Leptonic and hadronic models can both work!
Example for Mrk 421 in 2011
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https://ui.adsabs.harvard.edu/abs/2011ApJ...736..131A/abstract
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TXS 0506+056: THE 2017 FLARE

Proton synchrotron solutions exist,
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http://adsabs.harvard.edu/abs/2018ApJ...864...84K
http://adsabs.harvard.edu/abs/2018arXiv180704275G
http://adsabs.harvard.edu/abs/2018arXiv180704335C

TXS 0506+056: THE 2017 FLARE

Lepto-hadronic solutions
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They can work: neutrino rates of the order of 0.1 / yr
But rather high energetic requirement : L, > Ly, ~ x 107 erg/s
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http://adsabs.harvard.edu/abs/2018arXiv180704275G
http://adsabs.harvard.edu/abs/2018arXiv180704335C

TXS 0506+056: THE 2017 FLARE

Proton-photon interaction on external photon fields
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http://adsabs.harvard.edu/abs/2018ApJ...864...84K
http://adsabs.harvard.edu/abs/2018ApJ...863L..10A
http://adsabs.harvard.edu/abs/2019MNRAS.483L.127R

TXS 0506+056: THE 2014/15 v FLARE

Detection of a second neutrino flare in 2014-2015
(without a gamma-ray counterpart)
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http://adsabs.harvard.edu/abs/2018Sci...361..147I

TXS 0506+056: THE 2014/15 v FLARE
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WHAT HAPPENED SINCE THEN?

PKS 1502+106 (FSRQ@z=1.83)
and IC190730A:

Spatial association but no flaring activity during the neutrino event

Leptohadronic model
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https://ui.adsabs.harvard.edu/abs/2021ApJ...912...54R/abstract

WHAT HAPPENED SINCE THEN?
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and IC200107A:

Spatial association (1.7% prob.) but no flaring activity (Fermi hardening?)
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WHAT HAPPENED SINCE THEN?
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PKS 0735+178

IBL@z=0.65? (>0.42) and IC211208A:

- Neutrino in IC with false alarm rate of 1.2 /yr (GCN)
- LAT source 2.2deg away (slightly beyond the 90% contour)

- Neutrino in Baikal (4h later). Chance coincidence prob. 2.850 (ATel)
- Neutrino in KM3Net on Dec.15, p-value of 14% (ATel)

- Neutrino in Baksan on Dec.4, p-value of 0.2% (ATel)

- Flaring in Fermi-LAT, optical, X-rays

il
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https://gcn.gsfc.nasa.gov/gcn/gcn3/31191.gcn3
https://www.astronomerstelegram.org/?read=15112
https://www.astronomerstelegram.org/?read=15129
https://www.astronomerstelegram.org/?read=15143

PKS 0735+178

First theory paper by Sahakyan et al. 2022
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https://ui.adsabs.harvard.edu/abs/2022arXiv220405060S/abstract

PKS 0735+178

First theory paper by Sahakyan et al. 2022
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https://ui.adsabs.harvard.edu/abs/2022arXiv220405060S/abstract

HIGH-LUMINOSITY / HIGH-PEAK BLAZARS

Log vL, [erg s7!]

Are we looking at outliers in the blazar population?
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https://ui.adsabs.harvard.edu/abs/2019MNRAS.484L.104P/abstract
https://ui.adsabs.harvard.edu/abs/1998MNRAS.299..433F/abstract

BLAZAR FLARES
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Search for neutrino blazar flares in IC data
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https://ui.adsabs.harvard.edu/abs/2021ApJ...920L..45A/abstract
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2017-2019 MWL monitoring of TXS 05064056 after the neutrino event (Acciari et al. 2022)
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New VHE flare in December 2018
No neutrinos associated with it

Low-state SED much better characterized
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https://ui.adsabs.harvard.edu/abs/2022ApJ...927..197A/abstract

ALL-SKY SEARCHES

23

IceCube 10-year paper (Aartsen et al. 2020)

— log 10 (plo(:a.l )

Hottest spot at 2.9 sigma (post-trial) on NGC 1068
TXS 0506+056 stands out at 3.1 sigma pre-trial
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https://ui.adsabs.harvard.edu/abs/2020PhRvL.124e1103A/abstract

ALL-SKY SEARCHES

ANTARES 10-year paper (Albert et al. 2021)

ANTARES tracks O IC HE tracks e Fermi 3LAC Blazars » Radio Galaxies A Star Forming Galaxies = Dust Obscured AGN

Hottest spot at 2.3 sigma on the blazar 3FGL]2255.1+2411
2.6 sigma when considering information from the IceCube event IC100608A
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https://ui.adsabs.harvard.edu/abs/2021ApJ...911...48A/abstract

ALL-SKY SEARCHES

Contribution of Fermi-LAT blazars to the IceCube diffuse neutrino spectrum
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https://ui.adsabs.harvard.edu/abs/2017ApJ...835...45A/abstract

ALL-SKY SEARCHES

Correlation between IceCube neutrinos and the brightest radio-loud AGNs
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Chance probability estimated at 0.2%
But not confirmed by other authors (Zhou et al. 2021)

Nor by IceCube, see yesterday’s talk by C. Lagunas-Gualda
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https://ui.adsabs.harvard.edu/abs/2021PhRvD.103l3018Z/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...894..101P/abstract

ALL-SKY SEARCHES

Correlation between IceCube neutrinos and

Chance probability estimated at ~1%
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Correlation with BZCat blazars
(Southern sky only)
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CONCLUSIONS

- The TXS 0506+056 event of 2017 is still our best evidence for
joint photon and neutrino emission from a blazar

- Several new multi-messenger campaigns, but nothing clear: we
are still in the hotspot era

- Several claims for significant association from all-sky searches

- Are we learning something on AGNs? Do we have hadronic/
neutrino blazars and leptonic blazars? Are we too much biased by
our knowledge of the photon universe?
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CONCLUSIONS

Where do we go from here?

- Hard-X-rays / VHE gamma-rays proved to be extremely
important to constrain the models

- Huge need for an MeV satellite

- Wait for another neutrino blazar (or not!)
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