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1- Converting and tracking system:
- convert an ncident Y-ray ko an ete— pair

- recownstruct the y-ray direction from the tracks of the Large eﬂ:ea&ive area
pair (¥ 02 m2 above 1 GeV)
2- Calorimeter: Low dead time (-27 ps)
- measure the Pho&on enerqgy Wide & eld o-nf e
3- Anti-coincidence detector: (2.4 sr, Le. 20% of the swﬁ)

- Limit the cosmic-ray background

E. Cavazzubki - RICAP1Y pd
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EGRET A||7§Ey Map Above 100 MeV

Fermi~LAT ALSk‘v Map Above 1 GreV
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_Catalogs studies
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logN-Log$ Long term studies
Y-ray vs hoh y-ray

it SOUYrCes
L~

MW timing correlation

Sk new SNIZ

(catalog)

EGB
new PSR

unresolved
Cralactkiec sources
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| LAT general Ls)

= =

Purely gamma-ray based
(associations only post focto)

Detection over time-integrated data set
(scanning the sky permanently)

o/1/2/3FGL: full energy range (> 100 MeV)
1/2/3FHL: high-energy only (> 10 / so GeV)

Each generation has used improved data/calibration:
6 -> Y7 =» P7Rep —» P¥

E. Cavazzubi - RICAP1Y 3
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Fig. 14.— Normalized distributions of the frequency of the synchrotron peak for the blazars detected in th

.—Q 1
3FGL (0.1-300 GeV), 2FHL (50 GeV-2 TeV), and 3FHL (10 GeV-2 TeV) catalogs. ——
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Ajello, M. et al 2017
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Fig. 14.— Normalized distributions of the frequency of the synchrotron peak for the blazars detected in th
3FGL (0.1-300 GeV), 2FHL (50 GeV-2 TeV), and 3FHL (10 GeV-2 TeV) catalogs.
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3FGL - number of missing closely-spaced sources is “6% of the estimated Erue source
count. For the 2FGL cataloque the fraction was only 3.3%.

Despite the reconstruction improvements, the larger number of detected sources is now
pushing the main LAT catalogues into the confusion Limit even outbside the Galactic plane,

Because the effect of confusion qoes as the square of the source dehsi,&'j, the expet&ec\
number of sources above the detection bhreshold within ©°.8 of anocther one (
) has increased by a factor 3 between 2FGL and 3FGL.

£. Cavazzubi - RICAPLY %



. Other
PSR Galactic Galactic Galactic

10
6% 1% 504 5 %%

Unassoc
Unassoc

1FGL 2FGL 3FGL

(11 months, 1451 sources) (4 vears. 3033 sources)

.—

ongoing @fﬂfor% on d@.@.pemi‘,s»\g
ﬂoumﬁerparﬁ catalogs
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Source associabkion - FHLs

——————r——r——————

1FHL > 10 GeV, 2FHL, > 50 GeV, 3FHL, > 10 GeV
36 months years 80 months 84 months

PSR UNassoc FSR

Other

PSR PWNR&SNR

unassoc
P PWNE&ESNR
“5RQ ' PWNESNR '

much fewer unassociated sources
. FHLs wrt FGLs

E. Cavazzubi - RICAP1Y
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LQ@QLL&Q&&OM O‘{ %&LM& , | Localization power
sources (critical for
associations) continues ko

1FGL

preliminary 2FGL
3FGL
] 1FGL

[bl>10

inprove
4.1 < signif < 10 @

Median error radius ab

28 < TS < 100 is 4.5 arcwin
Systematic factor 1.08 on
error radius (as in 3FGL)
Absolute 956% systematic -
error; 27 arcsec {as n 3FHL) | 5% confidence error radius (aromin)

Number of sources

Detection uses TSmap assuming several spectral shapes
» 13,000 seeds with TS»>10

FLEY (and 4FGL) contains ~ 8000 T$»28 sources

E. Cavazzubi - RICAP1Y
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Temporal-spectral charac{erization in 2FGL:~i
Nolan et al 2012, ApJS 199, 31 .

UNASSOC

— —_—

Concentrate MW
efforts on what is
most promising

Use all Y-ray
information
(par&i,tutari.v
variability, spectral
curvature) to feed
classification

algorithms,

learning from knowi
associations

Difficully: Training sample (brighter) has smaller error bars than most UNASSOCs

E. Cavazzubi - RICAP1Y
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Catalog-driven studies
in the extragalactic sky

E. Cavazzubki - RICAP1Y 13
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tehona

blazars dominate the
extragalactic sky in a
nunber of
observational windows
(u-wave, hard X-ray, y-

ray, TeV)

Urry, Padovani 1998
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POweL “synchrotron”

LEPTONIC
radiative Ouﬁpué dominaked bv e /

e’ Mgh-—-e_nergj Fho&oms most
likely the result of inverse
Compton scattering bj the same e-
Ehak Ferociuceci the stjwr::hro&rom

E. Cavazzubki - RICAP1Y

HADKONIC
bokth e /e© and p acceleraked bto

ultra-relativistic energies

p’s exceed threshold for py
photo-pion Produeﬁom on soft
photon field n emission region
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fer ~ EMISSION MODELS vs OBSE WATmNS

leptonic models provide good fiks to nmMany blazars
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o leptonic models provide
good fits ko nmany blazars
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© eraj and Y-Tay emission
often correlated - a fact

naturally expmimed bv SSC
models
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Bolokovic etk al 201, Apd ¥19, 156
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feF EMISSION MODELS vs OBSERVATIONS [HeHIS

ogerwo spaziale

o hadronic models, the cooling times are longer, which malkes it
more difficult to explain the rapid variability often seen in blazars

@pra&an svmakrcﬁron can Frociwt:e rapid v&riabéii&v wikh very high
energy protons th extremely magnetised, compact regions

3C 279: >100 MeV 5-min. bin

[Hours since 2015-June-16 00:00:00 (11T)I

Ackermaint AF;';‘)L, ¥24, L20 201¢&

E. Cavazzubki - RICAP1Y 1%
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fer EMISSION MODELS vs OBSERVATIONS c@ul’

oin hadronic models, the cooling times are longer, which malees it
more difficult to explain the rapid variability often seen in blazars

@pra&am svwckrc}&ron can Frociute 'mpi,d v&riabii&&v wikh very high
energy protons th extremely magnetised, compact regions
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o EMISSION MODELS vs OBSERVATIONS ggg)g,g

(Trl

n many cases L@.p&oma and hadronic models can prodm:e
equally good fits to SED

possible diagnostic: variability, X/gamma polarization, neutrinos
-» time d@.pemd@.n& leptonic one-zonhe models prodwce correlated
svmahrawgamma vari&bii.i&v (eg Mlen 4-21), X--'mv behind gamma-ray

by few hours, optical lead gamma-ray by few hours

- kime depemdem& hadronic wodels can Prmiu,ae uncorrelated
variability, orphan flares

£. Cavazzubki - RICAPLY 20



‘ Emssmm MG‘DELS vs GBSEWATmNS
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Fossibt& diagnostic: variability, X/gamma polarization, neutrinos
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i€ UNIFIED SCHEME: IS IT STILL VALID? [8Q¥

naia spaziale
O‘Bemr pez

all this might be superseded by
a better knowledge of the sky
thawnles to more sensitive
tastruments, such as Fermi,
deep radic surveys and
hopefully soon X-ray surveys

E. Cavazzubki - RICAP1Y 22



et NEW CLASSIFICATION

based on a {umdamehﬁattj physical rather than just an observational
difference, => the presence (or Lack) of strong relativistic jets

“jetted” and “non-jetted” AGN

0.3um 400keV 40GeV

onimm MIR-NIR

the SED of non-jetted AGN

z _, has a cutoff ok much Lower
N enerqgies than those of jetted
g ACN
Non-jetted AGN
Jet (BL Lac)
Jet (FSRQ)
credil: C. M. Harrison Padovani 1707.08069v1
E. Comaiuir o Nakure AsEromam:,, 1, 0194 (2017) S5



o Jetted AGN are characterised by strong, relotivistic jets

e non-jetted AGN can also have radio structures similar to
collinmated oubflows bub these “jebs” are small, weal, and
slow compared to those of jetted sources

Centaurus A - RL Mrie §73 - RQ

E. Cavazzubki - RICAP1Y 24-



How to distinquish between the two classes RL / RQ ?

1. Direct evidence of a strong jet

2. Y-ray (1 MeV) emission: only jetted AGN manage to
reach these energies

3. Rodio-excess (RL AGN) off the far infrared-radio
correlation (RQ AGN)

E. Cavazzubki - RICAP1Y 25



Cownnection bebween aceretion rabte and relakivistic jek

4

power it ACGeN

oThe jet power can be braced bj Y-ray Luminosity in the case
of blazars, and radio Luminostty for both blazars and
radio-galaxies.

oThe accretion disc luminosity is instead traced by the
broad emission Lines,

collected all the blazars that show broad emission lines in
their optical spectra, with gamma and radic data

based on 2nd LAT AGN Catalog

Sharrakto+ 2014

E. Cavazzubki - RICAP1Y
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strengthens the hypothesis of o tight relation between
Fhe acerekion rake and bhe Ja& power tn blazars.

E. Cavazzubki - RICAP1Y
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« FSRQ adding the radic galaxies

BL Lac: - TeV-d . ; s
BL/Pe trom 515 | | Ld@.m&uf'j the Eransition between

tBe PRl efficient and inefficient

LEG FRII

—LEC FR? Q@C?Q&E«OV\ SEY’M&&MT’&S

@ov\tv blazars -» no very low-
accreting objects, since &hej
would be Lline-less and
dominated bj the jet wnon-
Ehermal emission, and withoub a
redshift estimate.,

o LEG radio-galaxies -> the cmbj
mean to sEu,cij the radia&ivebj

~5 %4 -3 -2

Log Leagio/ bipaa
— ek, , | inefficient accretion regime

shouw where Hhe radio-qalaxies would be
include the core of located if they were beamed according to

the radio-galaxies Lorentz factors I = 3 or 10, respectively

Sharrato+ 2014
£. Cavazzubi - RICATP1Y 2%



Fermi LAT Find the Farthest Gamma-ray Blazars

35406020603
1510024570243 -

=431" - #(=37)
4 (2=3.6)

o i .

& (2=3.3)
|

Ackermanin, M. et al, 2017, ApdL, ¥37 L&
2
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ieF AT THE DAWN OF

——

# 3LAC BL Lacs cosmic evolution of

% ;I_“‘ALC FbSlRQ blazars from high power
18N~-2 azZars
& distant sources inkto

-
-

V\e_arbj low Luminous

ob jects

N
)

10 years of LAT
observakions =-» lower

flux threshold -> fainter
objects

Photon Index (I',)
g
o

~1.4million quasars
ncluded in the Million
Quasar Catalog (MQC,;
) Flesch 2018)

1044 1045 1046 1047 1048 1049

v-ray Luminosity (L., erg s™*

e~

Ackermanin, M, et al. 2017, ApdL, ¥37 L&
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AT THE DAWN OF THE UNNE::‘?;SE a@m)

ogenw spazicle

e ——

NVSS J181002+57024-3 (2 = 4.31) is how the farthest known Y- ray emitting blazar
3.5 1 UL | | LI | | llll I llll ! lll' 1

§ 3LAC BL Lacs cosmic evolution of
" ¢ 3LACFSRQ blazars from high power
3.0F ¥ High-z blazars }LTHILI d;s&anﬁ sources w\&o

&

Detecting rouerfut clusEaM: blazars can be cmror&ah& Eo
constrain the space density of massive black holes at e.arisj
times,

G

These blazars are soft in gamma rays and hard in X-ray

L5k | 111113[“ £ s -

-

~1l.4million quasars
hecluded in the Million
Quasar Catalog (MQC;
Flesch 2018)

1 L1 l 1 L1l l 1 Ll l 1 L1l l L L1l l || L1 l 1 1 11 I
1 '9042 1043 1044 1040 1046 10%7 1048 1049
v-ray Luminosity (L., erg s71)

Ackermanin, M, et al. 2017, ApdL, ¥37 L&
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MULTI-MESSENGER ERA HAS STARTE

FLITIILTT 2200000000000 LT 0T iii I iiiilIIiirrriiririririiirrerireere

[ITLE:
NOTICE DATE:
NOTICE TYPE:
RUN NUM:
EVENT NUM:
SRC RA:

SRC_DEC:

SRC_ ERROR:

DISCOVERY TIME:
REVISION:
N EVENTS:
STREAM:

PELTA_T:
SIGMA T:
ENERGY :
SIGNALNESS:
CHARGR *

E. Cavazzubki - RICAP1Y

IC170922A

GCN/AMON NOTICE

Fri 22 Sep 17 20:55:13 UT

AMON ICECUBE EHE

130033

50579430

77.2853d {+05h 0Sm 08s)} (J2000),
77.5221d {+05h 10m 058} (current),
76.6176d {+05h 06ém 28s} (1950)
+5.7517d4 {+05d 45" 06"} (J2000),
+5.7732d {+05d 46' 24"} (current),

: =} (1950)
14.99 [arcmin radius, sBat+sys, 50% containment]
' 17/09/22 (yy/mm/dd)

75270 SOD {20:54:30.43}) UT

0

1 [number of neutrinos]

2

0.0000 [sec]

0.0000e+00 [dn]

1.1998e+02 [TeV

5.6507e-01 [dn]

5784.9552 [pel

‘b LMP

ogermo spaziale
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original GCN Notice Fri 22 Sep 17 20:55:13 UT
refined best-fit direction IC170922A

IC170922A 50% - area: 0.15 square degrees
IC170922A 90% - area (1 97 square degrees

Declination
N
5
O = N W & 0N O N
MAGIC significance []

Fermi-LAT Counts/Pixal
o
F=Y

S = N W &, 00 O N O O

780 776 77.2 5. 4 ' . 78.0 77.6 772 76.8 76.4
Right Ascension Right Ascension

3-sigma post-trial prababitiﬁj of association with the
flaring blazar TXS os06+056

Science 361, eaakld?7y (Ro1%)
£, Cavazzubi - RICAP1lY 33
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MULTI-MESSENGER ERA HAS STARTED a@,ﬁﬂ)
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Padovani et al. MNRAS 201%
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_MULTI-MESSENGER ERA HAS STARTED | “@at

e —_———— —————
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I MULTI-MESSENGER ERA HAS STARTED (MG

TXS0806+086 —» brightest Fermi source in the region
of interest ot energies above 1Gey during the
IceCube-170922A event but

Both the lack of a correlation between the y-ray

and radio/optical flux and the SED shape ot
TXS0506+086, which is uhusual i terms of iks
Comg&o—m dominance, appear to be

=7 hadronic flare during the neutrino detections ?

e Comiiir e (Padovani et al. MNRAS 2012’&3
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& MULTI-MESSENGER ERA HAS STARTED c@al’

spatial, timing, and energetic multi-messenger
diagnhostics point to TX50506+056 as the only
counterpart of all the neubrinos observed in the
vi&&mi&v of IceCube-170922A and

the first non-stellar neutrino (and hence cosmic ray)
source, (ot 3 sigma level of confidence, ndr)

Emerging picture —> extreme blazars, e, strong, very
high energy y-ray sources with the peak of the
synchrotron emission » 1014 — 10 Hz, are the first
class of sources with evident contribution to the
IceCube diffuse siqunal.

. oo T (Padovani et al. MNRAS 2012’)37
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