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THE IMPORTANCE OF
AGNJET-IGM INTERACTIONS

2t Kinetic energy deposition into environment (feedback) can:

Stop cooling in gas reservoir

Blow away IGM - Lii, up to 100 ergs s-!

Disrupt accretion flow

Seed magnetic field/relativistic particles into environment

Induce large scale motions & turbulence into environment
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XRBs make jets
Jet power can be significant fraction of Lgdd

XRB jets must run into the ISM

What happens then?

Radio lobes
Thermal shells

Hot spots (termination shocks)






LOOKING FOR LOBES IN
ALL THE RIGHT PLACES

“Microquasar” radio lobes:
@ Do they exist?
®  Are they detectable?

Probes of jet physics & environment
® Calorimeters

© Chronometers

@ Particle sources

Impact on the Galaxy:
®  Cosmic rays

@ Magnetic held



1E1740.7-2942 (Mirabel et al. 1992) GRS 1758-258 (Hardcastle 2005)
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% Critical quantities: Wiet, b st e SO

s¢  Dimensionles
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LOOKING FOR LOBES IN
ALL THE RIGHT PLACES

Hxrp < 104 N acN

XRB environment (ISM):

low pressure, low density compared to AGN environment (IGM)

XRB radio lobes must be larger

XRB radio lobes must be dimmer

Heinz 2002
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LOOKING FOR LOBES IN
ALL THE RIGHT PLACES

s¢ Radio lobe size:
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¢ Radio luminosity:
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s¢ Radio lobe size:
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¢ Radio luminosity:
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Gallo et al. 2005



Size:

Shock temperature:

Shock velocity:
Source age:
Power:

For comparison:

5 pc (diameter)

10 K < 7' < 3x10° K

20 kms! < v < 360 kms!
2x10% yrs < t < 3.2x10° yrs
1030 ergs/s < W < 10% ergs/s

Lol ~ 10% ergs s°!

Gallo et al. 2005



VLBA jet: %

Stirling et al. 2001

Wiet =~ 2 x 10%° ergs s_lfp+ flcﬁlz/?’

Woire > 107° ergs S

p

Low synchrotron filling factor: < 10

®  Proton loaded jet: > 500 protons per radio electron

That explains why the cavity 1s not filled by radio emission

Heinz 2006



RADIO-X-RAY RELATION
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RADIO POWER
VS

KINETIC POWER

¢ Jet power 1s related to synchrotron core luminosity as:

oD 2 s
L.x W s

jet

e

Heinz & Sunyaev 2003



IMPACT ON THE ISM
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IMPACT ON THE ISM

¢ X-ray — radio j
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Maccarone & Fender 2005,Heinz & Grimm 2005



IMPACT ON THE ISM

[" X-ray — radio — jet power « LXMQ]
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Maccarone & Fender 2005,Heinz & Grimm 2005



IMPACT ON THE ISM

[" X-ray — radio — jet power « LXMQJ

2% Normalization:
+ AGN jets (M87, Cyg A, Perseus A, ...)

+ XRB radio lobes: Cyg X-1

Heinz et al. 2004, Maccarone & Fender 2005,Heinz & Grimm 2005



IMPACT ON THE ISM

(Wiot) = 5 x 10°° ergss™"

WWRQE

10.0- 4
= i
A 1.0¢ :
Z : |
] 7
0.1 7 B
: 8

W, [ergs s7']

Maccarone & Fender 2005, Heinz & Grimm 2005



- T
T i T %

e T - ol

: =

b

o Pl
1 s




GRS 1915+105

TEXTBOOK EXAMPLE OF
SUPERLUMINAL MOTION

300 mas ~ 0.02pc ~ 4 x 10'° r, *|



XTE J1550-564
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Corbel et al. 2002



XTE J1550-564 HOTS SPOTS
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XTE J1550-564 HOTS SPOTS

Distance traveled (arcsec)
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1H 1743-341
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BULLET DYNAMICS

% Bd(OT) = —Cyl*BcdAM
¢ Ram pressure (dynamical friction) = Cq ~ 1/3

¢ Ram pressure confinement: Pb =~ Pram

Heinz & Aloy 2006
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Heinz & Aloy 2006
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XTE J1550-564

For jets in GRS 19156+106, XTE J1550-564, GRO J1655-40:

Unless microquasar jet opening angles are pathologically small:

&

. These jet must have excavated dark radio lobes

w

Heinz & Aloy 2006
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¢ Wrt. the ISM, microquasars do the same things AGN jets do - qualitatively

¢ The ISM provides a much weaker barrier against the jet thrust

Thus: XRB lobes are bigger and dimmer

¢ Analysis of shocked shells (e.g., Cyg X-1) powertul diagnostic
Jet power: <Wtot> ~ 5 x 10°° ergs St

Composition: > 500 protons per radio electron

¢ Jet propagation into ISM: decelerating hot spots

dynamical probes of environment:

fossil radio lobes (like in AGN5s)



