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High and very high energy observations

Spectrum of Electromagnetic Radiation
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Thermal emission
Accretion flow
Thermal Comptoniza
Reprocessed features

on-thermal emission
Synchrotron
Inverse Compton

Radiative processes



Thermal means that the radiation is dependent solely
on the temperature of the emitter.

Maxwell-Boltzmann distribution

higher T
l

higher speeds are
more probable
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Non-thermal radiation involves other processes and generally requires
accelerators
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Almost every galaxy hosts a black hole
from millions to billions of solar masses

but...
1% active 99% silent
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The engine occupies a tiny region in the
center of the galaxy
30 kpc

2-3 pc
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The extraordinary amount of
energy is produced through
accretion of gas close to a SMBH



About 107% of AGNs are Radio-Loud,
i.e. these systems are able to launch relativistic jets

RL AGN lie in ellipticals
RQ AGN lie in spirals and ellipticals 8




RADIO LOUDNESS PARAMETER

(R)

This definition is based on a study of 114

objects from the Palomar Bright Quasar
Survey with VLA (Kellermann 1989)

Quasars have blue magnitude Mg<-23, while AGN
have Mp>-23
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http://articles.adsabs.harvard.edu/full/1989AJ.....98.1195K

Current Space Densities of Selected Objects

Type of objects Space Density

(Gpc2)
’ ’
RadLo Rulet
Seyfert 2 8 x105 hg3
Seyfert 1 3 x105 hg3
QSO 800 hg3
’
Radto Lowd
FRI 2 x 104 ho3
FRII 80 hg3

Peterson “An introduction to AGN”, pag. 119 10



Some numbers for a
typical AGN

Jets end at kpc/Mpc distances forming lobes

. Narrow Line
Region

Broad Line

FiG. 1A schematic diagram of the current paradigm for radio-loud AGN
(not 10 scale). Surrounding the central black hole 15 a luminous accretion
disk. Broad emussion hines are produced in clouds orbiting above the disk
and perhaps by the disk itself. A thick dusty torus (or warped disk) obscures
the broad-line region from transverse lines of sight; some continuum and
Accretion broad-line enussion can be scattered into those lines of sight by hot elec-
Disk trons that pervade the region. A hot corona above the accretion disk may
IS also play a role in producing the hard X-ray continuum. Narrow lines are
produced in clouds much farther from the central source. Radio jets, shown
here as the diffuse jets characteristic of low-luminosity, or FR [-type, radio
sources. cmanate from the region near the black hole, imtially at relativistic

O, TRC DIACK NOIC radius 1s ) cm, the
accretion disk emits mostly from ~1-30x10" ¢m, the broad-line clouds
are located within ~2-20X 10" ¢m of the black hole, and the inner radius
of the dusty torus is perhaps ~ 10" ¢m. The narrow-line region extends
approximately from 10™*-10" ¢m, and radio jets have been detected on

Obscuring
Torus

scales from 10" 1o several times 10°* ¢m, a factor of ten larger than the

largest galaxies

logarithmic scdle! rry, Padovani 1995

Urry & Padovani 1995

http://articles.adsabs.harvard.edu/full/1995PASP..107..803U


http://articles.adsabs.harvard.edu/full/1995PASP..107..803U
http://articles.adsabs.harvard.edu/full/1995PASP..107..803U

AGN classificgion
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Type I

Type II

Liner

Optical Classification

https://ned.ipac.caltech.edu/level5/Osterbrock3 Oster contents.html

bright continuum and BROAD
emission lines from hot high
velocity gas (FWHM~103-4 km s-1)

weak continuum and only
NARROW emission lines
(FWHM~102 km s-1)

Low luminosity. Similar to

Seyfert 2 galaxies, except that
the low-ionization lines, e.g., [O
I] 6300 and [N IT] 6548, 6583,

are relatively strong
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RL AGN borrowed their optical
classification from RQ AGN
(old approach)
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New optical classification
High-excitation (HERG) low-excitation (LERG) Radio Galaxy

This classification is related to the excitation modes of the gas in
the Narrow Line Regions: different excitation modes correspond to
different accretion rates
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http://www.apple.com
https://arxiv.org/abs/1201.2397
https://www.aanda.org/articles/aa/full_html/2010/01/aa13290-09/aa13290-09.html
https://www.aanda.org/articles/aa/full_html/2010/01/aa13290-09/aa13290-09.html

New optical Radio Loud classification

High-Excitation Radio Galaxy (HERG)

Efficient engine

Low-Excitation Radio Galaxy (LERG)

Inefficient engine

in converting gravitational power into radiation
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JAMNRAS .

FRI/FRII classification (Fanaroff & Riley 1974)
RADIO MORPHOLOGY

Mon. Not. R, astr, Soc. (1974) 167, Short Communication, 31r-35P,

THE MORPHOLOGY OF EXTRAGALACTIC RADIO
SOURCES OF HIGH AND LOW LUMINOSITY

B. L. Fanaroff and J. M. Riley

(R!‘u'l\('t' 1974 ,\1.1nh 6)

SUMMARY

The relative positions of the high and low brightness regions in the extra-
galactic sources in the 3CR complete sample are found to be correlated with
the luminosity of these sources

It has become clear from recent observations of extended extragalactic radio
sources that many consist of fairly compact regions of high brightness (* hot spots *)
embedded in more extensive regions of much lower brightness, It is of importance
to the models of the origin of the radio emission and of the energy supply to under-
stand the relationship between these regions and other parameters of the radio
emission such as luminosity, spectral index and shape. In this note we suggest that
there is a definite relationship between the relative positions of the high and low
brightness regions of radio sources and their luminosity.,

The 199 sources in the 3CR complete sample (Mackay 1971) have been studied
with high resolution using the Cambridge One-Mile telescope. All 199 sources
were mapped at 1+4 GHz with a resolution of 23" arc in RA and 23" cosec § in Dec
(Macdonald, Kenderdine & Neville 1968; Mackay 1969; Elsmore & Mackay
1970), and §3 of them were observed at § GHz with a resolution of 6" x 6* cosec 8
(Mitton 19704, b, ¢; Graham 1970; Harris 1972, 1973; Branson ef al. 1972; Riley
1972, 1973; Riley & Branson 1973; Northover 1973, 1974).

In the investigation described here we have used a sub-sample of the 3CR
two or more components in any of the series of observations mentioned above. The
sources were classified using the ratio of the distance between the regions of highest
brightness on opposite sides of the central galaxy or quasar, to the total extent
of the source measured from the lowest contour; any compact component situated
on the central galaxy was not taken into account. Those sources for which this
ratio is less than o'5 were placed in class I; those for which it is greater than o5
were placed in class 11. In sources for which we have maps of adequate resolution,
thig 18 equivalent to having the " hot spots * nearer 1o ; urther away
(Class II) the central bright galaxy or quasar than the regions of diffuse radio
emission. The sensitivities of most maps were sufficient for brightness temperatures
a few per cent of the peak brightness to have been detected. Those sources for
which the sensitivities were not good enough to detect low brightness regions, and
those of two or three beamwidths in extent for which classification is impossible,
are listed in Table I1 and have not been included in the analysis.

The results are presented in Table 1 whose arrangement is as follows:

(i) The luminosity at 198 MHz in W Hz! sr~! (Hubble's constant = 50 km
s~1 Mpc~1); the sources are arranged in order of their luminosity.

1P

———

FRT - Li7amrz<2x1025 W Hz ! sr-1

FRIT - LizemHz>2x102> W Hz1 sp-!



FRI/jet dominated

In FRI the jets are thought fo
decelerate and become sub-relativistic
on scales of hundred of pc to kpc.

The nuclei of FRI are powered by inefficient
engine

Edge-darkened FRII/lobe dominaked

The jets in FRII are at least moderately
relativistic ~ and supersonic from the
core to the hot spots.

Most FRII are thought fo have an efficient
engine

18 Edge-brightenead



FRI/jet dominated FRIl/lobe dominated
FRI -> LERG FRII -> HERG

Different Engine



The inner AGN engine

20



Black Hole as engine of
AGN

Accretion process is very efficient in producing energy

Assuming M ~ Msun C(nd R=10 Km

AEwa,cc —
R

NOTE that in case of nuclear energy generation, the greatest release of nuclear
binding energy is:

AEpye =7 %X 107%mc? ~ 6 % 101867'g/g

21



Black Hole as engine of AGN

If the rate at which mass is accreted onto M is \// the luminosity of the source is

Lace = GMM /R

Note: M/R is the compactness of the accretion.The more compact, the more
energy can be released.

Eddington Luminosity Le is a sort of "unit of measurement”. It is the luminosity
at which the outward force of the radiation pressure is balanced by the inward
gravitational force, i.e. it is the maximum luminosity a spherically symmetric
source of mass M can emit in a steady state

Lpgq = T mpe ~ 1.3 % 1038v67'g/s (

oT VL@

22



Lace = GMM /R

Introducing the Schwarzschild radius

L.cc can be written as:

Lace = 2nGMM /R = nMc?

Longair, Malcolm
pag. 445
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http://people.na.infn.it/~barbarin/MaterialeDidattico/0-corso%20Fisica%20astroparticellare/0-libro-longair.pdf
http://people.na.infn.it/~barbarin/MaterialeDidattico/0-corso%20Fisica%20astroparticellare/0-libro-longair.pdf

Black hole radius can be derived by the escape
velocity of the light

I, GMm
-my” = -
7

2GM

Schwarzschild radius Rqg =

c2

24



Accretion processes around black holes involve rotating gas flow. Therefore
the accretion flow structure is determined by solving simultaneously four
conservation equations:

conservation of vertical momentum
conservation of mass

conservation of energy
conservation of angular momentum

Four solutions are currently known. In these solutions viscosity transports
angular momentum outward, allowing the accretion gas to spiral in foward the
BH. Viscosity acts a source of heat that is radiated away.

The most famous solutions are:

i) Shakura & Sunyaev thin optically thick disk model (standard model)
i) Optically thick Advection-Dominated Accretion Flow (ADAF)

25



Efficient Engine



Shakura & Sunyaev thin optically thick disk model (standard model)

Thin H/R<< 1

Thick, in the sense that each element of the disk radiates as a black body

Longair, Malcolm
pag. 451

27


http://people.na.infn.it/~barbarin/MaterialeDidattico/0-corso%20Fisica%20astroparticellare/0-libro-longair.pdf
http://people.na.infn.it/~barbarin/MaterialeDidattico/0-corso%20Fisica%20astroparticellare/0-libro-longair.pdf

If the the disk is optically thick, we can approximate the local emission as blackbody and the
effective temperature of the photosphere

Spectral Energy Distribution (SED)

Radio |1 PuUmp the peak occurs at UV-soft-X-ray region

Loud _
Big Blue

Bump

v

0B __ 0 B(v)x volert — 1)1

Vinaz = 2.8kT/h ~ 101° Hz



http://people.na.infn.it/~barbarin/MaterialeDidattico/0-corso%20Fisica%20astroparticellare/0-libro-longair.pdf
http://people.na.infn.it/~barbarin/MaterialeDidattico/0-corso%20Fisica%20astroparticellare/0-libro-longair.pdf
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Thermal Comptonization

With this term we mean the process of multiple scattering of a photon due to a
thermal (Maxwellian) distribution of electrons.

There is one fundamental parameter measuring the importance of the Inverse
Compton process in general, and of multiple scatterings in particular: the
Comptonization parameter, usually denoted with the lettery.

y = [average # of scatt.] x[average fractional energy gain for scatt.]

29



Thermal Comptonization
Comptonization on a thermal mHOtphase

= C0rona

plasma of electrons characterized
by a temp. T and optical depth T T Cold phas

v mean relative energy gain per collision

4kT T
; + 16 i for E « kT
me2 mc2

< 0 for E 2 kT

v mean number of scatterings

N ~ (T+T2)
AFE

= Compton parameter y = —-N

Er=F; ey




Thermal Comptonization Spectrum: the Continuum

i L |
0.001 0.010 0.100 1.000 10.000 100,000 1000800
Energie (kav)

Spectral Energy Distribution

IR bump

Big Blue
Bump

log Vv

The exact relation between spectral index
and optical depth depends on the geometry
of the scattering region.

As photons approach the electron thermal
energy, they no longer gain energy from
scattering, and a sharp rollover is expected
in the spectrum.

The observed high energy spectral cutoff
yields information about the temperature
of the underlying electron distribution.

Haardt & Maraschi 1991
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http://articles.adsabs.harvard.edu/full/1991ApJ...380L..51H

Reprocessed features
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http://articles.adsabs.harvard.edu/full/1988ApJ...335...57L
https://academic.oup.com/mnras/article/249/2/352/1029310
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Reflection

At low energies <|0 keV the high-Z ions absorb the X-rays. A major part of
the opacity above 7 keV is due to Fe K-edge opacity.

At high energies the Compton shift of the incident photons becomes
Important.
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Inefficient Engine



Thin Accretion Disk Advection-Dominated
(Shakura & Sunyaev 1973; Accretion Flow (ADAF)
Novikov & Thorne 19/73;...) (Ichimaru 1977: Marayan & Yi
1994 1995: Abramowicz et al.
1995)

Most of the heat energy is
retained in the gas

Most of the viscous heat
energy is radiated

¢ <q =q*

L,<01Mc

L,: 0.IMc

g+ is the energy generated by viscosity per unit valume
g= is the radiative coaling per unit valume
Gad= represents the advective transport of energy



In this solution the accreting gas has a very low density and is unable to cool
efficiently. The viscous energy is stored in the gas as thermal energy instead of
being radiated and is advected onto the BH. Ions and electrons are thermally

decoupled.

e Very Hot: Ti™ 102K (Rs/R), Te™ 10%-1K (since ADAF %Hg plaema eam
loses very little heat). ~ O

e Geometrically thick: HYR (most of the viscosity e A ,
generated energy is stored in the gas as internal v e
energy rather than being radiated, the gas puffes B e
e ek L =

e Optically thin (because of low density)

Narayan et al paper
37


https://arxiv.org/pdf/astro-ph/9803141.pdf

ADAF SED

Typical luminosities: L <(0.01-0.1) Ledd

r=1000

r=3 Spectrum from an
Advection-Dominated Accretion Flow

: ‘ \\\\\\\\\\\\\\\\\\
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X'Ra}r‘a
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LOg(v Hz)

Schematic spectrum of an ADAF around a black hole. S, C, and B refer fo electron emission by synchrotron
radiation, inverse Compton scattering, and bremsstrahlung, respectively. The solid line corresponds fo a low
accretion, the dashed line to an intermediate accretion , and the dotted line to the highest (possible) accretion.
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https://arxiv.org/pdf/astro-ph/9803141.pdf

AGN radio loud are
than RQ:
They have another source of

ani7fropy: the jet

40
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Jet Scale

Black hole
Launching
Strong magnetic field, large opening angle,
2 slow bulk motion.
10 Rs
(a0]
-
2 I
E 1 pc Magnetic energy converts into kinetic energy.
E I Bulk speed increases, opening angle decreases.
10°Rs I
I 100 pc
Matter-dominated core, near-equipartition jet.
I Development of shocks and plasma instability.
-
10 Rg 100 kpc
Dissipation
- Jet disruption and formation of radio lobes.
10 Rs Kinetic energy converts into radiation.

Fig. § Schematic view of the main regions of a relativistic jet, according to the current paradigm for magnetically-driven flows. The
radial separation from the black hole is represented in a logarithmic scale, in units of Schwarzschild radii Rs. We also report the
corresponding distance in units of parsecs (pc) for a black hole mass of 10° M_.. The extension of each region is approximate, and may
vary in different jets. VLBI observations at millimeter wavelengths are suited for probing the magnetically dominated jet base and the
transition to the kinetic-flux dominated region.

I — T ———————

41

Paper Boccardi
etal.2017


https://link.springer.com/article/10.1007/s00159-017-0105-6

The jet emission is strongly Doppler boosted

The key parameter is the Doppler Factor 6([3, 0)

6 = [y(1 - Beosh)]
S

:\/Zl — 52) =v/c angle between
bulk velocity the jet axis and
SO ST the line of sight

Blazar Radio Galaxy/SSRQ

The Doppler factor relates intrinsic and observed " B N DL B N H i B
flux for a moving source at relativistic speed v=p c. S

For an intrinsic power law spectrum: F'(v')= K (v')¢
the observed flux density is

Doppler factor, §

Fu(v)= 83 Fy (1)
Al = At /6

0O 10 =20 30 40 S 60 70 80
Viewing angle, 6

Details can be found in Appendix A of  Urry & Padovani 1995 4)
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http://articles.adsabs.harvard.edu/full/1995PASP..107..803U
http://articles.adsabs.harvard.edu/full/1995PASP..107..803U

Blazars are divided

into two classes:

BL Lacs (BL) and Flat Spectrum Radio Quasar (FSRQ)

43

Extremely variable
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Revised AGN Unified Model

Efficient Accretion
DISK

Inefficient flow
ADAF
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Radio Galaxies HERG

Blazar

Observed Properties of Jets and

the Angle to the Line of Sight © +’(0‘\
Host Galaxy AGN Angle ,\)\‘ .
O
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HERG (BLRG): Thermal and non thermal radiation are in competition

Blazar: Non-Thermal radiation dominates all the spectrum

LERG: Non-Thermal radiation dominates the

spectrum having an efficient accretion flow
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Core Emission

Black hole

Strong magnetic field, large opening angle,
slow bulk motion

10°Re

<

1 pc Magnetic energy converts into kinetic energy.
Bulk speed increases, opening angle decreases.

mm-VLBI

10°R.

Matter-dominated core, near-equipartition jet.
Development of shocks and plasma instability.

10 Rg

Kinetic energy converts into radiation.

Dissipation
Jet disruption and formation of radio lobes.

Fig. 5§ Schematic view of the main regions of a relativistic jet, a~.cording to the current paradigm for magnetically-driven flows. The
radial separation from the black hole is represented in a log-sithmic scale, in units of Schwarzschild radii Rs. We also report the
corresponding distance in units of parsecs (pc) for a black brie mass of 10? M. The extension of each region is approximate, and may
vary in different jets. VLBI observations at millimeter w-velengths are suited for probing the magnetically dominated jet base and the
transition to the kinetic-flux dominated region.

Non-thermal radiation coming
from the core region dominates
the SED if the jet intercepts the
line of sight of the observer
(BLAZAR) and/or the accretion is
inefficient (LERG). The Observed

Spectral Energy Distribution
consists of two peaks of emission
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Double peaked Spectral Energy Distribution

Log(L, v)
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Non thermal emission:

Synchrotron: Magnetic Field + Leptons
Inverse Compton:  Photons + Leptons

Non-thermal Emission Processes in AGN Jets:
Leptons



Synchrotron Radiation

Synchrotron radiation is due to
the movement of an electron

charge in a magnetic field. As a b o S8
particle gyrates around a magnetic (v & e
field, it will emit radiation at a e 28 U O Magnetic Field Line
frequency proportional to the il
strength of the magnetic field and

its velocity.

Electron

Synchrotron radiation is highly
polarized and is seen at all
wavelengths. At relativistic
speeds, the radiation can also be
beamed. It is very common in
radio spectrum, but can be seen in
x-rays. It is usually fit as a power
law. For full details, see the review

by Ginzburg & Syrovatskii (1969)
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>

Centripetal
Acceleration
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A moving charged particle in a
magnetic field would be reflected by
the Lorentz force F = q (vxB), where
q is the charge, v is the velocity, and
B is the magnetic field.

In a region with uniform magnetic
field, the curvilinear path of the
charged particle becomes a circle
and if the velocity has a component
in the direction of the magnetic
filed then the trajectory will be a
helix



The synchrotron radiation of
a power law distribution of
electron energies

JV(’)’(:) — I(",‘v’c_p , Ymin < Ye < Ymazx , P = 1 + 2«

esin(l/) 0.¢ KB(1+1I/_O[ erg cm> s srl
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Inverse Compton scattering

When the electron is not at rest, but has an energy greater that the
typical photon energy, there can be a transfer of energy from the electron
to the photon. This process is called Inverse Compton to distinguish it from
the direct Compton scattering, in which the electron is at rest, and it is
the photon to give part of its energy to the electron.

-~ . y - '.l
low-energy X=ra)

yhoton

4
UV >= ;’)"Hl/

¢

L — ‘
electron
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Inverse Compton Radiation

The general result that the frequency of the scattered photons is v ~ 721 is of
profound importance in high energy astrophysics. We know that there are electrons
with Lorentz factors v+ ~ 100 — 1000 in various types of astronomical source and
consequently they scatter any low energy photons to very much higher energies.
Consider the scattering of radio, infrared and optical photons scattered by electrons
with v = 1000.

Waveband Frequency (Hz) Scattered Frequency (Hz)
V0 and Waveband
Radio 107 101> = UV
Far-infrared 3 x 1012 3 x 1018 = X-rays
Optical 4 x 1014 4 x 1021 = 1.6MeV = ~-rays

Thus, inverse Compton scattering is a means of creating very high energy photons
indeed. It also becomes an inevitable drain of energy for high energy electrons
whenever they pass through a region in which there is a large energy density of
photons.
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Inverse Compton

For a power law distribution of electrons:

AT(’)’(;) — K’\,’C_p , Ymin < Ye < Ymaz » D= 1 4+ 2«

InVverse Comptow
_ Ur(v)v®
€c(ve) x Ky, @ f (T)du erg cm3 sl srt

Ur is the radiation energy density

« Synchrotron photons in the jet
* Environment photons from Accretion Flow, BLR, NLR, Torus
« Cosmic Microwave Background (CMB) photons
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Synchrotron Self-Compton

works in BL LAC

Consider a population of relativistic electrons in a magnetized region. They will
produce synchrotron radiation, and therefore they will fill the region with
photons. These synchrotron photons will have some probability to interact again
with the electrons, by the Inverse Compton process. Since the electron “"work
twice" (first making synchrotron radiation, then scattering it at higher energies)
this particular kind of process is called synchrotron self-Compton, or SSC for
short.

External Compton works in FSRQ

The population of relativistic electrons in a magnetized region can also interact with
photons externa to the jet produced in the accretion disk, in the broad/narrow line
regions in the torus. This particular kind of process is called External Compton, or
EC for short.
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In the Self Synchrotron Model,
U(r) is due to synchrotron photons in the jet.

_ Radio mm IR/Opt/UV X-ray high-energy y-rays Spectral energy distribution
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Abdo et al 2011, ApJ 736, 131
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External Compton
U(r) is due to environment photons
from Accretion Flow, BLR, NLR, Torus

Esternal Gomptoh

synchrotron

Illllll
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T
>
e -
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@) N ynchrotron self-
- o compton (SSC)
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PP A T T T A WY A
10 15 20 25
NLRG Log[v(Hz)]
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3C 279 Spectral Energy Distribution
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Compton
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While in LERG jet is always the dominant component, in
HERG jet and disk emission are in competition

Observed Properties of Jets and
the Angle to the Line of Sight ©

Host Galaxy AGN Angle

X-ray Spectra:Accretion Disk and pc-scale Jet emission
are in competion in HERG spectra

Angle of sight = 0° ==> Jet radiation dominates

Angle of sight = 90° ==> Accretion disk dominates
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An example: the case of 3C273. In this FSRQ at small inclination angle, the spectrum is
generally a jet dominated continuum.

However, when the jet is less bright, the accretion disk spectrum and the iron line can emerge
from the continuum.
A o 1 L | lllll' 1 LI Illlll I L IIIIII - B o L] | S | lllll‘ 1 LI Illlll 1 LI lllll' -
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P I i P I
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w [ 1w :
L L
n B g 1 - -
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B
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The observer is near the jet axis



In HERG the thermal components can be observed more easily

For example in the Broad Line Radio Galaxy 3C120, torus and blue bump are evident
in the SED and the Fe iron line is detected in the X-ray spectrum.

Tl E T
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Log v(H=z)

e W

@ Energy (keV)
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In radio galaxies the jet pointed away from the observer
favouring the observation of extended structures.
In blazars they are hidden by the jet luminosity amplification.

Extended structures can be studied

A dominant elliptical in the Virgo Cluster 1 kpc scale

M87 = Virgo A
VLA'Q_O’cm

o

=

25 kpc = 5'

Optical

HST Optical

300 pc

VLBA 2cm
08pc

0.'8_"pc

Radio images
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In the X-ray band

BLAZAR X-RAY IMAGE:
point like source

oty pizel

colourmap

sourtes from:
CMSRUACO0. A

20° 00° 55™40°
Ra———TAN
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Radio Galaxy X-RAY IMAGE
resolves core, jet and lobe

Radio Lobe




kpc-scale Jet
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For low-luminosity (FRI) radio sources, there is strong support for the synchrotron

process as the dominant emission mechanism for the X-rays, optical, and radio
emissions

D.E. Harrist and Henric Krawczynski 2006
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https://www.annualreviews.org/doi/full/10.1146/annurev.astro.44.051905.092446

FRIT sources require multi-zone synchrotron models, or synchrotron and IC models
(seed photons: CMB).

The most popular model postulates very fast jets with high bulk Lorentz factors I'.

FRII-PKS0637-75

COMPTON SCATTERING OF
CosMIC BACKGROUND RADIATION

.
b— \ —
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flux: vF, [erg/cm®/s]
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hundreds of kpcs away from the

Radio Galaxies:

core
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We use new and archival Chandra data to investigate the X-ray emission from
a large sample of compact hot spots of FR II radio galaxies and quasars from
the 3C catalog. We find that only the most luminous hot spots tend to be in
good agreement with the predictions of a synchrotron self-Compton model
with equipartition magnetic fields. At low hot spot luminosities inverse
Compton predictions are routinely exceeded by several orders of magnitude,
but this is never seen in more luminous hot spots. We argue that an additional
synchrotron component of the X-ray emission is present in low-luminosity hot
spots




