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Absorption of gamma-rays
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Photon-photon pair production
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Photon-photon pair production

kinematic threshold -> Sg (1 — cosf) > 2

1 cross section I
~or/5 T E

IR band

- CoppiéBlandford 1990 |
So ~ 3.0..°4
Nikishov 1962, Gould & Shreder 1967 ... ... ... Felix Aharonian's book

L1l L1 1 kgl

107

10° 10° 10t

TeV domain



10" 7o 12
10 10
Venters 2010

EBL an

107
NB
‘- 10"
| eV
10[4 101() lolzs

Energy [eV]

d

6

R

/|

20

10

gamma rays

leV y absorption

opt./near IR | far IR

llllllll 11 111111 1 1 1 111l | lllllll]

| microwaves |

Dolle+ 200

| 1 1 11 llll

| llllllll | lllllIlI [ L LIl

| lllllll

1 10 107 10°
Wavelength 2. (u m)

10°

10°



EBL and gamma rays

Dolle+ 2006
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Inver'se Compton scattering
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Inverse Compton scattering
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Inverse Compton scattering
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Electromagnetic cascade: development

-

E e,
SO) — 2

(Mmec?)?



Electromagnetic cascade: development
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Electromagnetic cascade: development
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Electromagnetic cascade: spectrum
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Electromagnetic cascade spectrum
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Electromagnetic cascade spectrum
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How well do we know the EBL?
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How well do we know the EBL?
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Magnetic fields: why should we care?



Magnetic fields: why should we care?
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Magnetic fields: why should we care?
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L (0.4 Tev> eV

5 —1/2
Compton cooling length -> A, ~ 40 ( 7,08 ) kpc
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Magnetic fields: why should we care?
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Magnetic fields: why should we care?
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Full isotropization: pair haloes

last interaction
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Full isotropization: pair haloes

d ~ 500 Mpc
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Pair haloes: spectra and morphology

Eungwanichayapant&Aharonian 09
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Pair haloes: spectra and morphology

Eungwanichayapant&Aharonian 09
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pair haloes -> time integrated power in very high energy gamma rays of the

central source (Compton cooling time of electrons <1 Myr)



Pair haloes: cosmological probes

pair haloes form if the magnetic field is large (greater or similar to 10-2 G)

the size of the halo depends on the m.f.p. of gamma rays in the EBL -> probes
of the cosmological evolution of the EBL

pair haloes -> time integrated power in very high energy gamma rays of the
central source (Compton cooling time of electrons <1 Myr)

the halo emission is centered onto the central source if the primary emission is

isotropic -> misalignement in case of beamed sources < \
e

\ 9
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Detection of pair halos/y-ray halos?

some confusion in the literature
about what a pair halo is



Chen+ 2015
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Detection of pair halos/v -ray halos?
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Deflection: time delays in y-ray pulses
E, ~ 10 TeV e

d ~ 500 Mpc
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Deflection: time delays in y-ray pulses
E. ~ 10 TeV | hessh |

d ~ 500 Mpc

intrinsic deflection (interaction) -> 1/v
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Brief (and very rough) summary
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Brief (and very rough) summary
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Delayed emission from blazars

' yar |-> typical time for blazar variability (days?)
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Delayed emission from blazars
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EF, [erg/cm?s]

Constraints from GeV-TeV observations
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cascade emission .

EF, [erg/cm?s]

Constraints from GeV-TeV observations
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cascade emission .-
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Constraints from GeV-TeV observations
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On the isotropy assumption

Tavecchio+ 2010, Dolag+ 2011
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Monte Carlo simulations
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~ The role of ?he power' spectr'm
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The role of the power spectrum
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The role of the power spectrum
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The role of the power spectrum
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Helicity, coherence length...

Neronov+ 2013
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Cascade initiated
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or synchrotron cooling?
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proton energy loss lengths [Mpc]
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A new channel: synchrotron gamma rays
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A new channel: synchrotron gamma rays

very high energies involved you don't see this
-> almost NO DEFLECTION /
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Detectability condition
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y-ray blazar: an alternative scenario

Essey & Kusenko 2010, Essey+ 2010, 2011

—

. all the y-ray emission comes from the cascade initiated by UHECR interactions

—
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y-ray blazar: an alternative scenario

Essey & Kusenko 2010, Essey+ 2010, 2011

- all the y-ray emission comes from the cascade initiated by UHECR interactions
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y-rays from high z blazar'

‘r raﬂonale blazars at z~0 2 -> EBL close 'ro minimum possuble level |
-> we shouldn’t see gamma rays from blazars at z>0.2

'.

Aharonian+ 2013
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Conclusions

gamma ray observations of blazars -> EM cascade in EBL -> constrain the
extragalactic magnetic fields (especially in voids)

PSF constrain: B > 10°1° G

time delay constrain: B > 10" 6

alternative scenarios to the pure electromagnetic cascade exist: cascades
initiated by UHECR interactions. this typically works well for distant and very
powerful sources (remember that powerful sources are indeed expected to be
distant!)

extreme synchrotron scenario -> accelerator immersed in a nG field (steady
emission)

UHECR scenario -> gamma rays from very distant blazars without axions and/or

violation of Lorentz invariance






Simple sketch

~ valid for very small deflections only! |




