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The Fermi observatory

8 keV to 40 MeV
observes entire unocculted sky
absolute timing ~ 2ps
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The Fermi observatory

20 MeV to more than 30(

observes 20% of the sky a
instant

Scan the whole sky daily

absolute timing ~ 300 ns

8 keV to 40 MeV =+l -1
observes entire unocculted sky Launch: June 11 2008,
absolute timing ~ 2ps NASA

compute burst location to allow re-orienting Orbit: circular, 565 km
Fermi altitude, 25.6° inclination




EGRET All-Sky Gamma-Ray Survey Above 100 MeV
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5000+ y-ray sources: several source classes, including AGN,
PSRs, SNR and more
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Composition of Fermi ga




Gamma rays from high-energy cosmic rays interacting with dust, gas
and radiation fields in the Galaxy
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Composition of Fermi ga




Unresolved emission from extra-Galactic sources, possibly other
contributions
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Blazars

Radio Galaxies

Starburst Galaxies

Globular Clusters

LMC & SMC

Fermi Bubbles ..

SNRs & PWN

——

A

Pulsars: isolated, binaries, & MSPs

Sun: flares & CR interactions

TGFs

Unidentified Sources




Catalogs
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30% of sources are still unassociated
New type of gamma-ray emitters? Dark matter?
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Catalogs

non-AGN galaxies, globular clusters, high-mass binaries, nove
30% of sources are still unassociated
New type of gamma-ray emitters? Dark matter?
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e Active Galactic Nuclei (AGN), blazars in
particular, dominate the extragalactic
gamma-sky in Fermi LAT catalogs

o .

No assocaton Possible assodaton with SNR or PWN AGN

Pulsar Globulor cluster « Starburst Galaxy © PWN

Binary Galaxy SNR * Nova
* Star-forming region
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. The most luminous persistent sources in whole
. electromagnetic spectrum —> Galaxies with a super-massive
., black hole located in their center
e The great power in the AGN (blazars are subfamilies) is driven
by accreting matter into a SMBH.

e Emission across entire electromagnetic spectrum from
radio, microwaves to X-ray and gamma-ray

e Not thermal emission

e Strong variability
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e The most luminous persistent sources in whole .
. electromagnetic spectrum —> Galaxies with a super-massive
., .black hole located in their center
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by accreting matter into a SMBH.
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e The most luminous persistent sources in whole
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energy neutrinos, UHE"€OsSmIc rays, axion-like supersymmetric
particles (ALPs), intense very-low frequency gravitational
waves.
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AGN Classes

* Blazars

* FSRQ

* BL Lacertae Objects
« Radio Galaxies

 Broad or narrow line radio

Ja s - nalaviee (Rl R(GG NI R(G —
In gamma-ray we detect pr1nc1pally Blazar—>Doppler boosting D

D = (T'[1 = Br cos fops])

The observed bolometric flux will be enhanced by a factor D#,while
bhoton energies are blue-shifted by a factor D

* Narrow-Line Seyfert
galaxies




Blazars - First Distinction
®< 5% of all AGN

®BL LACs rest frame EW < 5 A & FSRQs rest frame EW > 5 A (Stickel+ 1991;
Stocke+ 1991)

e The classical EW-based classification of blazars between FSRQs and BLLs
is not physically motivated

BL Lac  IFHLJ0030.1-1647 FSRQ | 3FG'LJ05{‘)8.2-19'36
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Blazars - First Distinction
®< 5% of all AGN

®BL LACs rest frame EW < 5 A & FSRQs rest frame EW > 5 A (Stickel+ 1991;
Stocke+ 1991)

e The classical EW-based classification of blazars between FSRQs and BLLs
is not physically motivated

BL Lac 1FHL J0030.1-1647 FSRQ 3FGL J0508.2-1936
o~ 15 SRS e e S s S S S e e - r <+ r - 1 - 1 - 1 1 T
o 2= 0.237 (BL Lac) o< * 2= 1 5% (QSO) 7]
“e SNR meanc 89 | - SNR mean: 10 1
',E 1= 'E 6
A 1z
o oS- =
s e 2
- o 1 1 1 1 1 1 ‘:0
15 q

Norm. Spec.
Norm, Spec.
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AL 4000 450 Ss0 000 650 000 , 3500 4000 450 S000 SSo0 &0 6500 2000
rR) Crespo, N. Alvarez+ 2016 »R)



To be, or not to be a BL Lac?

e The physical distinction between FSRQs and BLLs is suspe
to stem from the divergent natures of their underlying
accretion flows around the central super massive black
holes (Ghisellini & Tavecchio 2008)

e FSRQs are believed to harbor geometrically-thin, optically-
thick accretion disks that are accreting rapidly

—> Presence of broad emission lines in their optical spectra
from high-velocity gas clouds

e BLLs are thought to have geometrically-thick, optically-
thin accretion disks (at least in their inner regions), where
the accretion is radiatively inefficient (ADAF)

—> Lack of broad emission lines and dust emission




Transitional objects?

e PMN J2345-1555 red blazar
become blue

Ghisellini+ 2013  Log v [Hz]
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Transitional objects?

e PMN J2345-1555 red blazar
Rertnn+ 2018 become blue

Yip e 3C 345 change the EW of
EprTpe v w e U Ok V1B Mo || line during the
Yz S gamma-ray flaring state
Cutini+2014

Flare; MJD: 55695,0-55697.0
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Transitional objects?

e PMN J2345-1555 red blazar

Rartan+ 2018 become blue
12

¢
¢
e 3C 345 change the EW of

Mg Il line during the
gamma-ray flaring state

Ly
“t"""tﬂ-‘gaul‘ui‘n'x“l‘MW*}I.,"t'uﬁ."‘n‘,uﬁ‘,‘x“‘x“g‘t‘“ﬂ‘l,',ﬁ""',"‘\u”t'ﬁl.h"ﬁ“,'tl ) ’%

Cutini+2014

e 4C+49.22 from gamma-ray
Fiaro; MJO: 55695.0.55697.0 quite to gamma-ray active
" —> EW diluted by
the not-thermal component
~20 times

"

UNISEWNI+ ZUTS s v e




Starving FSRQs become BL Lacs?

® Low-luminosity, high-synchrotron-peaked (HSP) BL Lac objects showed strong
negative evolution

® Number density increasing for z <~ 0.5. Since this rise corresponds to a drop-
off in the density of flat-spectrum radio quasars (FSRQs), —> possible
interpretation is that these HSPs represent an accretion-starved end state of
an earlier merger-driven gas-rich phase.

S BL Lacs, 10 encertainty

FSROs, 10 uncertainty (Ajello et al. 2012)




AGN catalogs

ILAC-clean (Abdo et al 2010)
(! Imonths of TS>25, P6_V3)

2LAC -clean sample (Ackermann et al. 2010)
(24 months of data, T$>25, P7_Ve)
35X FSRQs

44% BL Lacs
ITXAGU
2% Other AGNs

3LAC Ackermann et al 2014
(48 months of data, TS>25, P7rep)
29% FSRQ
39%BL Lacs
30% AGU
1% Other AGNs




AGN catalogs
4LAC Source Distribution
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AGN catalogs
4LAC Source Distribution ;.

43% BL LAC
28% BCU
3% other AGN
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Blazar spectral energy distribution
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Blazar spectral energy distribution

et al. 2011a

Photon index
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Photon spectral index
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Model of blazar emission

o Classyfing blazars from SED shape

“synchrotron” “inverse Compton”




Model of blazar emission

Leptonic

High-energy photons mos
likely the result of inverse
Compton scattering by the
same population that
produced the synchrotron

e Upscatter the low energy
photons responsible of the
first bump —> SSC

e upscatter photons from the
broad-line region, disc,
torus —> EC

Lower energy emission due to synchrotron
emission from the relativistic e-s
in the jet




Model of blazar emission

Hardonic

Both e-s and p accelera
ultra relativistic energies

high energy emission
dominated by

—> proton synchrotron
—>10 decay products
—>synchrotron and Compton
emission from secondary
products of charged pions

Lower energy emission due to synchrotron

emission from the relativistic e-s
in the jet




Blazars SED - BL Lac

e Leptonic model provide a good fits to many blazars

VERITAS

Fermi LAT

Swift XRT

MDM

Switt UVOT
7= 2MASS (archival)
© Radio (archival)

Acciari+ 2010 - BL Lac - PKS 1424+240




Blazars SED - BL Lac

e Leptonic model provide a good fits to many blazars

z=0.05
- z=0.10

z.o_sq
... z-04¢ Preferred

z=05¢ leptonic model for BL Lacs'

- z=07¢ one or two zones SSC

10“

ITAS
Fermi LAT
Swift XRT
MDM
Switt UVOT
7= 2MASS (archlival)
Radio (archival)

Acciari+ 2010 - BL Lac - PKS 1424+240




Blazars SED -FSRQ

e Leptonic model provide a good fits to many blazars

E, [Mev]
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Abdo+ 2010 - FSRQ - PKS 1502+106




Blazars SED -FSRQ

e Leptonic model provide a good fits to many blazars
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Blazar zone: inside or outside the

'SED of 100 brightest FSRQ in 3FGL [ .
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emission region is outside of BLR




BLR optical depth
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Some peculiar case




3C 279 - 2009 outburst

Xoray (2-10 kaV)

l’l.\?

Strong gamma-ray flare in
Feb. 2009 with associated
a dramatic change of the
polarization angle:

->co-spatiality of the optical
and gamma-ray emission zone

—>highly ordered jet magnetic
field

->emission region distant from
the BH

->Possibility of a bend jet
scenario




3C 279 - 2015 outburst

© 1066 February I EGRET) (Wehric«S8
0 2006 Fobruary Rare [MAGIC) (Nbert+08)

© 2009 February Nare (Hayashida+12)

- Apnl flare (Hay
© Orbit C (this work)
© Orbit D (this work)
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e 3C 279: One of the brightest powerful blazars had a flare in
2015 June (red and blue points) (Ackermann+2016)




3C 279 - 2015 outburst
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e 3C 279: One of the brightest powerful blazars had a flare in
2015 June (red and blue points) (Ackermann+2016)




3C 279 - 2015 outburst

(d) Energy [eV]
10-¢ 10-3 1 10° 108 100 10t®

(b) C D

>100 MeV, 3-min. bin

Minute timescale gamma-ray variability gives information
on what happens near to the central BH

Emission region size very small I EEmes
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e 3C 279: One of the brightest powerful blazars had a flare in
2015 June (red and blue points) (Ackermann+2016)




Blazars at the dawn of Unive

Found 5 sources with a
significative detection by Fermi-
LAT with 3.3 <Z < 4.31
(Ackermann+ 2017)

These are placed within the first
two billion years since the Big
Bang

Mass : 8.5 <Log My, < 9.8 Mg (2
over 9 Mg)

This has increased the space
density of billion solar mass black
holes in radio-loud sources to 68
Gpc3, compared to ~50 Gpc-3
known earlier




Blazars at the dawn of Unive

e Found 5 sources with a
significative detection by Fermi-
LAT with 3.3 <Z < 4.31

This implies that the radio-loud phase
may be a key ingredient for a quick
black hole growth in the early Universe
paiy Ackermann#.2017
e Mass : 8.5 <Log Mg, < 9.8 Mg (2

over 9 Mg)

e This has increased the space
density of billion solar mass black
holes in radio-loud sources to 68
Gpc3, compared to ~50 Gpc-3
known earlier

Log ¢(M>10°M,) [Gpc~?]




Periodicity in blazars: double
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Jet precession, jet rotation,
or helical structure in the jet
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View from Earth B 0218+357

Blazar images
4.03 billion light-years

Redshift 0.685

4.35 billion light-years

Redshift 0.944

Sara Cutini - MultimessengergData Analysis in the era of Cl,
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Not only blazars:

e Centaurus A - one of the nearest radio
galaxies

e Lobes are 10 degrees across (600 kpc)

e Purple glow is a resolved detection from
Fermi-LAT (Su+ 2016)

e leptonic emission model
e lower energies - synchrotron

e higher energies = external
Compton scattering (IC/CMB & IC/
EBL)

e Interesting results also from Fornax A
lobes:

e An excess of GeV emission may require
hadronic emission




Not only blazars: RdG and NL

e Discover of a new class of gamma- 3
ray emitter: Narrow Line Seyfert 1 ‘
(Abdo+ 2009 and many more)

e Now there are about 10 of these
sources

They have some blazar-like

properties (for example at parsec
scale a core-jet radio structure was
observed)

Seyfert galaxies in general have
lower mass BHs (about 107 Msun) and
NLSy1s have high accretion rate.

Log wi, [erg o)




FRO: new class of gamma-ray emit
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FR Os represent the majority of the local population
of radio-loud active galactic nuclei but their nature is

still unclear

low-excitation galaxies - high radio core dominance




: new class of gamma-ray emit
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Gamma-ray luminosity is sustained by different
jet components that mutually interact,
amplifying the IC emission as suggested for FR Is
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FR Os represent the majority of the local population
of radio-loud active galactic nuclei but their nature is

still unclear

low-excitation galaxies - high radio core dominance
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Radio: pulsations, synchrotron
emission, gas / dust maps,
high resolution imaging of
host galaxies...
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high resolution imaging of galaxy characteristic
host galaxies...
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GRB afterglows, Galactic source

X-ray:

morphology & pulsdr association
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Radio: pulsations, synchrotron Microwave: diffuse maps
emission, gas / dust maps, & morphology, host

high resolution imaging of galaxy characteristic
host galaxies...

AR

TeV: High-energy
spectral breaks, X-ray:
supernovae GRB afterglows, Galactic source

morphology... morphology & pulsat association
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Radio: pulsations, synchrotron Microwave: diffuse maps
emission, gas / dust maps, & morphology, host

high resolution imaging of galaxy characteristic host galaxy -
host galaxies... characteristics

e LAT source location better
than 0.1° —> easy follow up

TeV: High-energy Opticél:
spectral breaks, X-ray:
supernovae GRB afterglows, Galactic source GRB afterglows, AGN/

morphology... morphology & pulsdt association GRB redshift
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Thanks for the attention!

-Periodicity and possible presence of SMBBH
-Cosmic evolution of SMBH
-Lensed gamma-ray emission from blazar

But it makes many others grow...







The Fermi-LAT detector

TRACKER-CONVERTER

1 incoming gamma ray

clcclron-pmitmnk

Calorimeter

Improved performances and IRF
Retroactively updated entire data archive
Open new discovery space




