Andrew Wilson, UMD (KITP Jets & Disks Conference 5-24-05) Observational Overview of Extragalactic Jets

PIO\/\ O—j— TQ/K

“_“)("V‘a:z) Stud)es OJ'
(adio 2ks lobes and
hot GFSJFS i radio
galaxies and  gUASA/Y.

— JnfWence of vadio
eecka On As N
c?us{-ers oF ‘ja\/\cx)(,e:,
— The random _0('1%)(OL‘HOA éﬁ'
(adio XS P active oisk

(e Sed e 'r) golaxies.

- JQ{'S l'f\ low {\,{M‘tf\.QJ’lE&
active 9alactic nucle,
U—-LA G[N C[om'lna}Q €&ed!’omg:j_

lufv\\nosit j‘fcm O\_CC{QJC‘IQn
onko ,SI"P@H.

X-RAY EMISSION PROCESSES IN
RADIO JETS AND HOT SPOTS

e THERMAL

Collisionally ionized (10"-*K)
Photoionized (several x 10* - several x 10°K)
Is it observed? - No (1 possible exception)

¢ INVERSE COMPTON SCATTERING

e 4+ 1y = e+ vy

v~ Y

If n(v) =n.oy "yac=as=(p—1)/2

Is it observed? - Yes

What do we learn? Magnetic field strength
plus constraints on I' and ¢ if bulk relativistic
motion is present

e SYNCHROTRON RADIATION

Need 10

Is it observed? - Yes

" for X-rays

What do we learn? Cosmic ray acceleration
processes work to these ~'s and, if pro-
Hl‘ o\
{(ef, max energy of cosmic rays observed is

1)

tons of similar » are present, E
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INVERSE COMPTON SCATTERING.
SOURCES OF PHOTONS. BULK RELATIVISTIC MOTION. _
@ Dlob %Mu‘\j.s 5'., Qv)oc V

e The synchrotron radiation itself (syn-

ol
chrotron self-Compton radiation - SSC.) 73\\[_1
e The cosmic microwave background ra-
S i \

diation (external Compton, EC). Note: W<
1) ecp = con (1 4 2)*, so expect an increase of o Effect depends on Doppler factor:
Ly with z = [[(1 = B cos 0)]

q . where I' = Lorentz factor, 3 = v,ui/c, § = angle
2) v ~ 1,000 (typically meter wave radio syn- between velocity vector and line of sight.
chrotron electrons) Note: . = 1/sin 0, and is achieved when sin

6 =1/rI.

e The galaxy starlight. Note: Very low
8 y & ore ory 1w 1. Radiation isotropic in blob frame

(usually assumed for synchrotron and SSC ra-
servable as radio synchrotron. diation)

S, (v) x &t S, (v).

. . If S, ssc too weak, must increase N and (equiv-
probably beamed along the radio axis. alently) decrease B (B o §-(3+)/(1+a)),

Note:

I. Radiation i= probably dominated by IR, so 2. R,adliftlon ISOtror_nc in (e.g.) Hubble frame
(as applies to cosmic background and approx-

imately to galaxy starlight)

2) Angle dependence of 1€ seattering more S, (v) x g4t s, (v) (Dermer 1995).

distant lobe should be somewhat (depending So S, 5c/Susyncn ox 611 S (v).

Thus can get large boost of S,rc if § > 1. Ex-

pect this effect to be important for jets with

small 6 (BL Lacs, blazars).

energy cosmic rays needed (v ~ 20), not ob-

e Radiation from the active nucleus.

100 - 300 (below normal radio band)
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Fig. 1 CITED IN TEXT | HI-RES IMAGE (173kb) | #

Allowed values of the magnetic field and Doppler beaming factor for knot WK7.8 of PKS 0637-752.
Solid line: Allowed values of B and & if the observed X-ray emission is produced by a SSC model.
Dashed line: Allowed values if the X-rays come from inverse Compton scattering of CMB photons (the
EC/CMB model). Dorted lines: Allowed values of B and & under the assumption of equipartition

- between radiating particles and the magnetic field for two different values of the low-energy cutoff of
the electron distribution, 7, = 10and Y . = 10°. The EC/CMB emission can clearly be consistent

= with equipartition conditions for moderately large values of the Doppler factor (5~ 10), while the SSC
case is far from equipartition unless an enormous degree of debeaming is present (8 < 0.1). For the

calculation, we used the radio flux density at 4.8 GHz and the X-ray flux density at 1 keV reported in
Fig. 2.
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Image: Chandra 0.3-1.5 keV  Contours: HST V band %Pol Moded of Speckl 1N &h.a.yo_ of  MBF ek
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