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Absorption of gamma rays

V+Y -> e+ + e-

In the center of mass the
total energy must exceed
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Absorption of gamma rays
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Internal opacity: limit on 6 - 1

Observations of gamma rays provide
interesting limits on the minimum value

of the Doppler factor

E,=10-100 GeV hv=5-50 eV (UV photons)




Internal opacity: limit on 6 - 1

Observations of gamma rays provide
interesting limits on the minimum value

of the Doppler factor

E,=10-100 GeV hv=5-50 eV (UV photons)

Without any correction:

t(x)=0, Rn(1/x)1/x ~ (1/x)* ~ xe increasing with E (x=E/mc?)

where n(1/x) 1/x ~ L (1/x) / R?

1 (100 GeV)>»1




Internal opacity: limit on 6 - 2

e.g. Ghisellini & Dondi 1996

Taking into account relativistic motion:

1) Intrinsic energy of gamma-ray is lower:
decreasing number density of target photons

2) Density of target soft photons also strongly
decreases (lower luminosity, larger radius)

One finds: ¢ (x)= t(x)/5%2

§>1 (x)l/(4+2a)

Typically 0>5




Blazars as cosmic beacons

Blazars illuminate the Universe with gamma rays

Gamma rays interact with the IR-O-UV bkg producing pairs
(e.g. Stecker 1966, Nikishov 1966)

Spectral distortions useful to probe the poorly known
Extragalactic Background Light (EBL)

Pairs re-emit through IC with CMB.
Trajectories and fluxes depends on intergalactic magnetic fields
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Extragalactic background light

EBL measurements
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Modeling EBL
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Modeling EBL
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The "gamma-ray horizon”

Mean free path
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Constraining EBL with VHE spectra of blazars
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Constraining EBL with VHE spectra of blazars

1ES 1101-232
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Modelled spectra

Franceschini et al. (2008) b Gilmore et al. (2009)
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Effect of IGMF

Primary
emission

Emission cone
(BEAMING)




Effect of IGMF




Effect of IGMF

Reprocessed

Inverse emission

Compton
on CMB

Typical energies of
reprocessed photons

1-100 GeV
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The reprocessed emission is contained
within the primary beaming cone
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A simplified model for the spectrum
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FT et al. 2010




Basic requirements

Y Hard and powerful TeV spectrum
Y Large distance (high absorption)

Y Low intrinsic GeV flux




1ES 0229+200: the source of desires

FT et al. 2009

1ES 0229+200
z=0.1396
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1ES 0229+200: the source of desires

FT et al. 2009
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Intergalactic absorption: - -
' Nt ' ., Observed spectrum
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BL Lac 1101-232 (z=0.186) found that, even
assuming the lowest
level of the IR background (estimated through

1ES 1101-232
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can be obtained assuming
a power law
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VHE emission of FSRQs

3C 279, z=0.536
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Constraints from 3C279

Stecker et al., 2008, (fast evolution)
max-EBL (this work)
Primack et al., 2005
Cosmic Microwave Background
mmrmmnmn Mazin & Raue, upper limit 2007
* HESS upper limit, 2006
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y-ray emission from non-blazar AGNs

Only one non-blazar AGNs is known at VHE
band:

the radiogalaxy M87




y-ray emission from non-blazar AGNs

Only one non-blazar AGNs is known at VHE
band:

the radiogalaxy M87




VHE emission of M87
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Emission region?

M87 -- From 200,000 Light-Years to 0.2 Light-Year

Large scale jet
Stawarz et al. 2003

(bt HST-1 (60 pc proj.)
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20| MB7 y-ray >730 GeV
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layer

Ghisellini Tavecchio Chiaberge 2005
Tavecchio & Ghisellini 2008
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Misaligned structured blazar jet

Log v [Hz]




New problems: Ultra-rapid var'i%l‘:i!ﬁity

0

F (0.150.25 TeV) [cnt*s)

PKS 2155-304

1

L B
'l

IIIIITIITI \1I\ITIIIIIIIIIIIII TT

—

‘0w
£
o

(<)

o

—

s
02

O]

o

o

N
A

S

—

F(0.60-1.2 TeV) [om*s

o
(3)]

o

100
Time - MJD53944.0 [min

F{(1.2.10 TeV) [om*s




Inlernal shocks 1978 for
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Conclusion:
only a small portion of the jet (and/or BH horizon)
is involved in the emission




(Ghisellini & Tavecchio 2008)

VHE emission dominated by IC from the
scattering the radiation of the 1 (




Jet - needle
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The future -1

First light, 96 hrs of integratigu
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The future -2

AGIS, USA

CTA, Europe
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