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

- reconstruct the y-ray direction from the tracks of the | Large effective area
pair (¥ 092 m2 above 1 GeV)
2- Calorimeter: . Low dead time (27 ps)
- measure the Pho&on enerqgy % Wide «fiei. 4 04 VP
3- Anti-coincidence detector: (2.4 sr, Le. 20% of the sk‘?)

- Limit the cosmic-ray background

. Cavazzulti - 16th MG meeting P
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Active Gralactic Nuclet
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Radio Loud Quasars
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blazars dominate the
extragalactic sky in a
nunber of
observational windows
(u-wave, hard X-ray, y-

ray, TeV)

Urry, Padovani 1998



powep- | “sunchrotron’ “inverse Compton”

LEPTONIC
radiakive output dominated bv e fe' high-enerqy photons most
Likely the resulk of inverse Compton scattering by the same e- that
Frodw‘:ed the synchrotron

o upscatter the low-energy photons responsible for first bump
=> synchrotron self-Compton

@upsaaﬁ&er Fha&oms from the broad-line region, disc, torus
=» external Comp&mm

. Cavazzuli - 18th MG meeting &



powep- | “synchrotron” “inverse Compton”

'HADRONIC
both e /e™ and p accelerated to ultra-relativistic energies
p's exceed threshold for py photo-pion production on soft photon
field in emission region
ohigh energy emission dominated bv => proton synchrotron

w° c:’&et:&v Frodm‘:&s

o synchrotron and Compton emission from secondary products of
charged pions => external Compton

. Cavazzuli - 18th MG meeting



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

> 200GeV Nux
1o—1 5 !
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© eraj and Y-Tay emission
often correlated - a fact

naturally expmimed bv SSC
models
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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¢&

. Cavazzuli - 18th MG meeting 10



ogermo spaziole

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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& EMISSION MODELS vs OBSERVATIONS Qak

(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

E. Cavazzuli - 15th MG meeting 12



éfjﬁ" EMISSION MODELS vs OBSERVATIONS BOH
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possible diagnostic: variability, X/gamma polarization, neutrinos
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i€ UNIFIED SCHEME: IS IT STILL VALID? MQK

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

. Cavazzuli - 18th MG meeting 14



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 ab much Lower
. enerqgies than those of jetted
_§, XeaN
Non-jetted AGN
Jet (BL Lac)
Jet (FSRQ)
credik: C. M. Harrison Padovani 1707.0¥069v1

Nature AsEromom:;, 1, 0194 (2017)
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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. Cavazzuti - 15th MG meeting 16



e AlLL AGN are meamd bv SMBH

¢ Roadio Quiet and Radic Loud AGN: intrinsically different
ob jects:

* most RL AGN emit a large fraction of their energy non-
thermally over the whole electromagnetic spectrum

* the mulki-wavelength emission of RQ AGN is dominated bv
thermal emission, c\irecﬂv or imdimtﬂv related to bthe aceretion
disk, which forms around the SMBH,

¢ The most striking difference is in the hard X-ray to y-ray band:
RQ AGN are m:EuaLi.v nok radio“quie& Ekev are Y“ravmquie&.

The relative (and absolute) strenqgth of the radic emission in the
two classes is just a consequence of this fundamental physical
difference

E. Cavazzuli - 15th MG meeting 17



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. Cavazzuli - 15th MG meeting 1%



¥ years 0{ cla&a > 100 MEZ\i
S000 sources

s’ ool Ly
Sl f*‘ AR S
» ' » ¢

E. Cavazzuli - 15th MG meeting 19



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

. Cavazzulti - 16th MG meeting
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strengthens the hypothesis of o tight relation between
Fhe acerekion rake and bhe Ja& power tn blazars.
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Sharrato+ 2014
21



« 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? | aceretion skructures

@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
E. Cavazzuli - 15th MG meeting 22



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
¢ 3LAC FSRQ
% High-z blazars

N &9
Sy o

Photon Index (I',)
g
o

109 105 100 107  10% 100
v-ray Luminosity (L,, erg s™)

e~

. Cavazzuli - 18th MG meeting

Ackermanin, M, et al. 2017, ApdL, ¥37 L&

cosmic evolution of
blazars from high power
distant sources into
nearby Llow Luminous

ob jects

10 years of LAT
observakions =-» lower

flux threshold -> fainter
objects

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

24



: NVSS 3151002.4-5‘70243 (z. 4 31) LS Now Ehe f&r&kes& Hvxawvx Y- rav
‘ ___emitting blazar

|
radio position
o > optimized y-ray position

Declination

ngh Ascensionl

€ AT THE DAWN OF THE UNIVERSE

3.3 <z ¢ 4.3
¥.6 < LogM_< 9. ¥ Mo

(2 over 9 Mo)

b

it
Test Statistic

the radio- loud Fkase nmay be

—
—
—

a key ingredient for a quick
blaclke hole growth i the em'tj
Universe

. Cavazzuli - 18th MG meeting

Ackermanin, M, et al. 2017, ApdL, ¥37, LS
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Fermi

i NVSS J151002+87024-3 (2 = 4.31) is now the farthest khnown y- ray

~ emitting blozar

NI TARANNN . AN 49

Detecting powerful distant biaz.ars can be cmror&ah& Ec:n
constrain the space density of massive black holes at éarbj

Fimes.,

* These blazars are soft in gamma rays and hard in X-raj

a key w\greduea«& nfor a qmc::h:
blaclke hole growth i the eaurbj
Universe

ngh Ascensionl

Ackermanin, M, et al. 2017, ApdL, ¥37, LS

E. Cavazzuli - 15th MG meeting 2&
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ie¥ >10-50 GreV CATALOGS

Adaptively smoothed

360 sources at E>50 GeV in 80 months of Fermi-LAT data (~61,000 photons)

I

0 0.0099 0.03 0.069 0.15 0.31 0.62 1.2 2.5 5 10

Ackermann et al. (2016)

ABOVE s0 GEV
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Adaptively smoothed

1,556 sources at E>10 GeV in 84 months of Fermi-LAT data (~700,000 photons)

I

0 0.0099 0.03 0.069 0.15 0.31 0.62 1.2 2.5 5 10

Aiello et al (2017). accepted bv AbJS

ABOVE 10 gV

E. Cavazzulti - 18th MG meeting ¥



RIS AL SR

3FHL > 10 eV
1 3FGL > 0,1 GreV
OFHL > 50 GreV

L
p—t
o

L
p—
DO

0.06

Normalized Bin Content
- -
& 3

Fig. 14.— Normalized distributions of the frequency of the synchrotron peak for the blazars detected in the
3FGL (0.1-300 GeV), 2FHL (50 GeV-2 TeV), and 3FHL (10 GeV-2 TeV) catalogs.

> 0.1 GeV - mainly LSP
> 10 GreV flat distribution between LSP-ISP-HS?

> 80 Crey - maimi.j HST
Ackermani el al, 2017

E. Cavazzulti - 18th MG meeting 29



< BL Lacs A BCUs
® FSRQs [l SFHL/SLAC

Photon Index
. N

.-

logm(l/;i,,k/ Hz) Ackermani etk al, 2017

The trend of a strong hardening of the enerqy spectra with increasing
peak frequency, as in 3LAC catalog (above 100 MeV), is even more
pronounced above 10 GeV.

This enhanced effect relative to 3LAC is due to the larger EBL attenuakion
suffered by high-redshift sources (most of them being LSPs) in comparison
with the lower-redshift ones (pr&{m&m&attv HSPs)

. Cavazzuli - 18th MG meeting 20



3FHL J1104.4+3812 (Mkn 421, 2 = 0.03) 3FHL J0222.6+4302 (3C 66A)
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2FHL J1104.4+3812 (Mkn 421, 2 = 0.031)
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vE, [erg em ™ 87']

Belng sensitive over V4 decades in enerqy, the LAT resolves the highmemergfj peak
- Sources become softer at high energies
- Sources becomes softer at high redshift

. Cavazzuli - 18th MG meeting



Gramviva f?;aj Rursts
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ie¥ GAMMA-RAY BURSTS

Energy budget

-7 collimated jet

Jeb enerqy dissipation (internal
shocks): prompt phase (R ~
1014-18 cm)

Jebt interaction with the
ambient medium (external

Black hole
engine

shocks): afterglow phase
(R ~ 1016-17 cm)

Time (sec)
(@) Extra component
Ogand (10 MeV — 10 GeV)
(10 keV - MeV)

GRB 090510 ;
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o.

Y

- =

S <
& 3
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non-thermal
spec&rum
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i
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3

10 10° 10’
Time einca BAT trigger (s]
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Time since trigger (s)

d@.tajec&

ownsel

Time since trigger (8)

0 A
Time since trigger (s)

Abdo et al 2009
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x 1073(> 100 MeV)
x 1 (50-300 keV)

Flux [ph em™ s7"]

I
o
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x
o
©
L=
c
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o
L
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I B
oW NN
O O O o

LAT emission starts detaved
and persists longer (up to 1.4
ks) with respect to GBM
emission
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Single Band-function
dominant for & decades of
energy (marginal detection
of a PL)

Abdo et al 2009
38



'€F DETECTION OF AN EXTRA COMPONENT

Two ﬁompov\ev\&s are pLo&Eeci separa&etv and the sum is
F:ri.o&%ed as khe keavv line,

RRB 0% 091&6C

& -0.6 &: Band (| fixed)

B & ~DRs: Band+ PL
5 -0 s: Band
$-099:Band (| fixed) + PL
5 - 1.05: PL (LAT only)

En u:fgy (keV)

Additional power law component abt high energy
Deviation from the Band function at low energy
Broad-band physical models are needed

* 010
E£. Cavazzuti - 15th MG meeting Ackeermann eb al 201



GeV
emission
in
BdHNe
and
in
S-GRBs

Ruffini, Rueda, et al., ApJ, 832 (2016) 136

Aimuratov, Ruffini, et al., Ap]J, in press, arXiv:1704.08179
Ruffini, et al. arXiv:1802.07552

Ruffini, et al. arXiv:1803.05476

. Cavazzuli - 18th MG meeting
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i) The spin and the mass of the BH @l

- ——— = e ——— —— —_— ]

Source O M(a) I M(a)
(M) (Mgs)

. 20Q 5 494+0.0004 o arop+0.0001 a1 p=+0.0003 o eraq+0.0001
BAdHN 090328A 0.2434 0.0004 2526 0.0001 0.2167 00003 2.8538 0.0001
)A

BAHN 091003A 0. I(i]:;.)gn'.’ 2.'.3.-'.93):?%2'5:%; 0.1433-601 2.83115-900%

)2 . 0. 000,

BdHN 100414A 0.400* o 2-330;(:),(1)())1 ()"3591?;'.:‘)»;8 2.921 _E)»;?:»f
BdHN 110731A 0.687, 2571012 0.62 0 on 3.18%0-00
B 1 1907 + 3 000008 5 HNRAC +0.5%001 ...),)..T(t")l(('nf’m()? 9 R16 .A)i(l)b'_?)‘f'i(ml

(lll.\ l-()l ] l:\ ‘)()\‘\l()()_(ﬂ:( l -.-(’hl.)_:):unn)l ().()l P —"].["(‘j“]i”)? -.n\l()()-_:j)»()(‘),‘:";”
BAHN 130427A 0.3271 ooy 2.2893 0000 0.293; 0 2.8854 1 0000
BdHN 13()9()-:- A 0 ')‘)'—G(‘)‘L .]CI()Q(]:» 99 l()()()'l 8.(5:{}]02 0 .)()06\-(18‘.)‘100(“ 9 R 1\;.—;3(1 H%:ﬁ)(n

et ‘ &LV _0.00005 4~ —0.00002 - “—0.00004 284825 0.00001
BAHN 131231A  0.20757 ';;".'g).:-:iié 2.2:399;1‘.:‘_‘4;:,‘35 0.1844 ;;_;{'»"{}; 2.%43()1{‘.',;‘,»".::.’5
BAHN 141028A 0.377 501 2.31277 006 0.33115010 2.90513 00z

BAHN 160509A 0.707 5 bos 2.6367 ) 004 0.651%0 103 3.232+0-00%

Table 8
BH spin parameter a and mass M within the TM1 and the NL3 nuclear models, as inferred from the values of Ey a1 for 10 BdHNe,
out of the 14 ones in Fig. 3, providing BH spin parameters a < 0.71.

Source

S-GRB 0810248
S-GRB 090426

S-GRB 090510A
S-GRB 140402A
S-GRB 1406198
S-GRB 160829A
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LA

Two successive

g 090510

pkases of the GeV o owomes 3
emission
LAT bursts are also among ' ll _=‘;
the brightest bursts seen bfj A \I —;
GBM. The:j are also the wost t,/(1+z)=40 s+ Ackermann et al. 2013 3
enerqgetic when redshift ! " b b
Time since trigger / (1+2) [s]
measurements allow
debermination of the Eotal Internal External
Luminosity, origin ? origin

. Cavazzuli - 18th MG meeting R tial 2013 39



i) _ CONCLUSIONS

Fermi C}ammawraj ‘Spm:@. Satellite has won 4 Bruno
Rosst Pr&m.s:

011 Bill Atwood, Peter Michelson, and the Fermi
Gramma ij Spo«:@. Tetesc:ope LAT keam

2013 Alice K. Harding and Roger W. Romani on
garmma-ray putsars

2014 Douglas Finkbeiner, Tracy Slatyer, and Meng
Su on “Fermi Bubble”

201% Drlolleen Wilson-Hodge and the Fermi GBM

Teoawm
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