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Outline

» Before Chandra

» Physics of Jets - What we expect




» Synchrotron model breaks down from radio to
Xray

Now 1t seems that ALL radio jets

have Xray counterparts
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» Physics - Pret, mean probability per cycle that
particle remains 1n jet and 1s
shocked again (Achterberﬁ,et al 2001)
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Nonrel. case : x=
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* When Compton scattering is on
synchroton photons from jet, 1s
synchrotron self-compton
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FR classification

* Paper: Fanaroff and Riley, 1974 MNRAS -
Cambridge One Mile telescope

* "There 1s a definite relationship between relative
positions of the high and low brightness regions
of radio sources and their luminosity"




FR 1

* FR I galaxy 3C 31 - note that jets starts
right near core



FR I physics

» Low power, and a well defined beam head - this means
good contact with external medium

» Based on 3C 31, jet has 3 regions: narrow jet w/
relativistic flow, flaring region bright in radio, outer
region with steady deceleration




FR 11

o~

* FR II galaxy 3C 220.1 - clear
separation of lobes from core - high
power



FR II Physics

« FR II i1s supersonic w.r.t ISM- bow shock forms at end of

jet - we see ,,well collimated jets feeding edge brightened
lobes%o
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FR I/ II Physics

+ Difference (according to Sambruna) lies 1n jet pressure
fits with idea of luminosity discrimination

 Jet pressure in FRII becomes comparable to ambient
farther out - this 1s where shocks form

* Would expect innemost knot closer to core in FR I than
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Jet Schematic

core (nozzle)

shocked
ambient
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Ambient Gas

» Jet terminates at hotspot - light
gray 1s radio emitting fluid - heats
ambient gas producing X-rays



Jet Structures
» Jet features defined based on radio

» Jet - narrow feature, 4x as long as it 1s wide
» Lobe - radio emission not in jet

» Hotspot - compact feature in lobe

» Knot - compact feature in jet



Magnetic Fields

» Field orient. determined by linear polarization in radio

» Significant pol. indicates lack of thermal material -
otherwise differential between front and back of jet
would depolarize it




Superluminal Motion

* VLBI obs. of AGN show jets w/ multiple comp.
around bright cores

* These comp. Expanding - separating w/ Vt ~ 10c
« Blandford, et al. 1977
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Bulk Relativistic Motion - Effects

» Relativistic Doppler Factor:
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External Medium

» Jets mostly distinct from nucleus - X-rays arise
from 1nteraction of hot jet gas with cool dense
medium

» Jet 1s 1n hydrostatic equilibrium - like stellar
Interior

P=—2= , solar abund. u=.6
(d®) (GM,, (7))

(dr) 7




More External Medium

 Follows "Isothermal Beta Model" - see Cavaliere
and Fusco-Fermiano, 1978




More External Medium -Surface
Brightness and Ion Ratio

* Density and T of medium can be determined
from surface brightness, but it's a mess

« XSPEC uses the magic normalization mentioned
in class

e <<12+)?()) =1.8 for solar

np
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» Core dominated, FRI no X-ray emission from
the jets

* Extended X-ray halo?
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* 4%0 long jet 1n X-ray, coincident with radio - X-
ray cuts out at 90 degree bend - radio
polarization 1s at 90 degrees to jet direction
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* Very one sided, knot detected in X-ray, some
yellow blobs significant, upstream and in lobe



Sambruna et al.




Sambruna et al.
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What can we learn?
» Sambruna et al find ~ 59% detection in X-ray of radio
features, around same 1n optical

» Seems that most all FR I's have X-ray counterparts

» All sources 1n Sambruna sample are one-sided - beaming

 Composition: e- & e+ pairs expected near AGN -



Spectral Modeling
* SED modeled for aperature of 1-1.5", limited by Xray

* SED power law from radio through optical to Xray

determines emission mechanism (IC, synch., thermal)

 If optical lies on power law between radio and Xray, then
1 method works for all

ro oxX



More Spectral Modeling
» A single e- population can produce both synch. and IC
present - need input photons from CMB

» Any seed photons will do - CMB 1s most likely
» Energy density of CMB scales (1+z)"4

* For knots 1inside host, starlight works too



More Spectral Modeling

* Sambruna finds trends based on large sample:

* "Common conditions along jet determine the observed
properties of emission features”

* Possible reason for FR I/II: location where jet and
ambient P equalize - causes major slowdown

. around .8



More Spectral Modeling
* Marshall has similar findings on IC/CMB, interesting
results on PA

 First, need to define min. B field strength - find energy in
e- by integrating power law (at min. Ue = 4/3 Ub):
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More Spectral Modeling
» From there, derived quantities and some assumptions
lead to:




What We Don't know:

» Lots! Biased samples - current surveys have selections
effects: L, z

* Need obs. of Xray ISM

* Deep observations - would like to see continuous
emission along all jets
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