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The big brother…



The little brother: 
         The jets of  “micro-quasar” GRS-1915 as viewed by Merlin

The apparent velocity of motion is superluminal too!



Hm…
Cir X-1
also does
this kind
stuff!

Assuming 
ejection 
starts during
X-ray flare
⇒Γ>10!!

Oops…

Isn’t
this a 
neutron
star??

(Fender et al. 2004)



“Hysteresis” in Aql X-1 2000 outburst – 2nd parameter for state transition?

Aql X-1 (NS)
2000 outburst

Maitra et al. 2003



XTE J1550: Black Hole

Rodriguez et al. 2004

Hysteresis too!



M87 – FRI (a weak jet)

X-RAY

Mostly synchrotron emission?

Resolved X-ray emission -> in situ acceleration!?

Radio

Optical

Optical
     +
X-Ray



Of course it is an oddball object…

With Chandra can now actually 
say something for more objects…

XTE J1550!

But do galactic binary jets
show extended X-ray emission?
 
SS433 – Yes!

Kaaret et al. 2003



Mkn 421

Mkn 421

GeV Blazars…

TeV Blazars…

EGRET

Pian et al. 1998

Gaidos et al. 1996

Fossati et al. 2002

Rapid spectral 
variability!



Fender & Maccarone 2003



Markoff et al. 2003

The jet explains everything…



Aharonian & Atoyan 1998GRS 1915 

Or it’s there, but not so easy to see…



Poutanen & Coppi 1998

Cyg X-1 Model 

Total disk + corona thermal 
luminosity = constant; disk truncated at
varying r_in (varying disk lum., temp).

Constant non-thermal acceleration
component (maybe this is jet?)
 



The High Energy Tail?                            Cyg X-1 “Low,” Hard State
                 McConnell et al. 2002



Cyg X-1 “High,” Soft State
McConnell et al. 2002

Non-thermal electrons



“Fourier Resolved Spectroscopy” (Gilfanov et al 2000)

Time Domain Version
(Maccarone & Coppi 2002)

[Iron line reverberation]



Harmon et al. 1997

So is there any jet emission at X/gamma energies?

Mirabel and Rodriguez 1999

GRS 1915+105?

X-rays go away during ejection, but …



Paredes et al. 2000

EGRET detection of microquasar? 

Maybe…



Corbel et al.2002



GX339 - Corbel et al. 2004 AGN !? - Maccarone et al. 2003

The X-ray/Radio correlation …



GRS 1915, Rau & Greiner 2002

Spectral index – flux correlation expected in 
Comptonisation model (pivoting), but depends on
radio state!?

Jet and corona know each other!



GeV Blazar Models & Complications…

Blazejowski et al. 2000

Boettcher et al. 2001

vs.

3C279

Seed photons: IR from dust

Beamed from behind, reduced efficiency?

Which photon field(s) does jet interact with???



2 (naive SSC)TeVxLL∝

         (ERC, SSC,           hadronic model)TeVxLL∝

Steady X-Ray
Component??

N.B. June 1997 data (after main flaring) included!

Multiple X-Ray Emission Components in the TeV Blazar Mrk 501?

Linear
Axes!

Key – 3 keV flux
tracks TeV flux
relatively poorly



?
Interesting fact: estimated
black hole mass for 1959
is 1/10th mass for Mkn 501
-- yet many things, including
shortest variability timescales, 
appear very similar … ? 

Krawczynski et al. 2003



Poutanen 1994

Polarization can disentangle components….

[ N.B. EC polarization
may be very low if jet 
not cold, well-collimated…]



Summary

Jets seem to be ubiquitous phenomenon in accreting stellar mass black holes. Speeds are
mildly to very relativistic(??, Γ>10) --  but beware of selection effects, keep finding new
things! Radio polarization signatures (both circular and linear) similar to AGN jets? =>
Fundamentally same process?  Microquasar studies complementary to AGN studies, e.g.,
outburst cycle takes months vs. thousands of  years in AGN.

Neutron stars can show jets too! => Ultimately accretion disk phenomenon?

Disentangling accretion disk and jet emission currently a problem. X/gamma-ray emission
NOT as obvious as in AGN. Typical observed emission is probably from disk or corona
(standard interpretation). But clearly there exists jet/outflow – disk/corona correlation.
Corona =“ base of jet?” Polarization measurements can definitely help sort out emission
components.

First principles prediction of expected polarization signatures difficult! (Too many
parameters, processes, bad spatial resolution = confused emission components.) Most
useful polarization information may be the energy and time dependence, especially in
microquasars where things vary quickly. Tells us when and where something is changing.

Advantages of X-ray polarimetry: probes innermost regions of jet/disk, highest energy
particles; X-rays/gamma-rays not subject to most plasma/opacity (e.g., Faraday
depolarization) effects that cause problems in radio.



Zdziarski 2002



More hysterisis loops

BHC

BHC

Aql X-1 (NS)
1999 outburst

Aql X-1 (NS)
2000 outburst
Maitra 2003

(Maccarone & Coppi, 2002)

(Maccarone & Coppi, 2002)

(Maccarone
 & Coppi, 2002)



Compilation by A. Zdziarski



Basic ingredients that seem to be relevant for galactic black holes,
MOST of the time (maybe not during ejection event)


