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OverviewOverview

�� What are What are MicroquasarsMicroquasars??

�� A bit of historyA bit of history

�� A gallery of objectsA gallery of objects

�� The link to AGNThe link to AGN

�� A bit of theory of power generationA bit of theory of power generation

�� ConclusionConclusion
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XX--ray Binary starsray Binary stars

�� Many XMany X--ray sources found ray sources found 

to be in binaries to be in binaries –– periods periods 

of several hrs to days of several hrs to days 

~300 in Milky Way~300 in Milky Way

�� Accretion onto a compact Accretion onto a compact 

object formed by a object formed by a 

supernova, releases supernova, releases 

gravitational energy and gravitational energy and 

produces Xproduces X--ray emitting ray emitting 

binary starbinary star

�� ~ 50 found to have radio ~ 50 found to have radio 

emission (REXRB) : jets emission (REXRB) : jets 

produced in some objectsproduced in some objects--

microquasarsmicroquasars

Accretion

Jets produced
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A A ““ MICROQUASARMICROQUASAR ”” AT THE GALACTIC CENTRE REGIONAT THE GALACTIC CENTRE REGION
F. Mirabel., L.F.Rodríguez, Paul, Cordier, Lebrun
(1992)

Black Hole

Wang et al. ApJ 2002

Belanger, Goldwurm, Goldoni, ApJ 2006

INTEGRAL

Chandra
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HistoryHistory

�� 19701970’’s s –– search for counterparts to search for counterparts to 

the newly discovered Xthe newly discovered X--ray sourcesray sources

�� 1971 Braes and 1971 Braes and MileyMiley detection of detection of 

compact radio emission from compact radio emission from CygCyg XX--

1 and 1 and ScoSco XX--1 with the GB 1 with the GB 

interferometerinterferometer

�� 1972 1972 –– Giant outburst on Giant outburst on CygCyg XX--3 3 

Nat. Phys. Nat. Phys. SciSci. 239 114. 239 114--
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CygCyg XX--3 1972 Outburst 3 1972 Outburst ––-- 21 21 
papers in Naturepapers in Nature

Anderson et al. MkI-Defford
408 MHz
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History contd. History contd. 

�� 1975 Radio 1975 Radio emisionemision from Xfrom X--ray transient ray transient 

A0620A0620--00 Davis et al 197500 Davis et al 1975

•• KuulkersKuulkers et al. 1999 et al. 1999 –– we found the old 1975 we found the old 1975 

data data –– was in fact extended ~ 3was in fact extended ~ 3”” –– a jet?a jet?

�� 19801980’’s: Images of the radio bright objectss: Images of the radio bright objects

�� 19901990’’s: More sensitive surveys, jet s: More sensitive surveys, jet 

expansion measuredexpansion measured

�� 20002000’’s: s: FindamentalFindamental plane, Xplane, X--rayray--Radio Radio 

correlations, Xcorrelations, X--ray state dependenceray state dependence
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Davis et al 1972

->

Kuulkers et al 1999

A0620-00 Monoceros X-1
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SS433SS433

-Discovery of a radio jet,
- Spencer Nature  1979, 282 483

Hjellming and Johnston 1981
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Gallery:   SS433Gallery:   SS433

-MERLIN

VLBI  --
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POWERFUL DARK JETS FROM BLACK HOLESPOWERFUL DARK JETS FROM BLACK HOLES

Radio (Dubner et al);  X-rays: (Brinkmann et al)

SS433/W50

• Moving H α lines : matter moving at 0.26 c

• In precessing jets, period 162.5 days

1o = 60 pc

1arcsec

VLA  λ20cm

W50
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SUPERLUMINAL EJECTION IN A SUPERLUMINAL EJECTION IN A µµµµµµµµQSOQSO

1 arcsec

Mirabel. & L.F. Rodriguez, 1994

VLA

GRS 1915+105

Vapp > C  ---Jets have apparent

superluminal motions

•GRS 1915+105 (discovered with GRANAT)

•1 M
�

red giant orbiting a 14 M
�

BH (Greiner et al.)   
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GRS1915+105 GRS1915+105 –– blob ejection!blob ejection!

Radio 
Outburst:
5 GHz Merlin
Oct 1997
d=11 kpc, 
v/c=0.98
θ=66o

And again 
In March
2001 
(plus 
another 7
Epochs)

NB the images have been rotated in the above
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1994 and 1997 results 1994 and 1997 results 
comparedcompared
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Cygnus XCygnus X--1 1 –– a radio jet in  a persistent black hole a radio jet in  a persistent black hole 
XRBXRB

VLBA 8.4 GHz
August 1998
-discovery of jet 
in Cyg X-1 on 
~15 mas scale
(Stirling et al 2001)

VLBA 15 GHz
Showing compact jet
~3 mas long 

(in low/hard X-ray state)
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Cygnus XCygnus X--1 Bubble1 Bubble

(Russell, Fender et al. 2007)
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UNIVERSAL DISKUNIVERSAL DISK--JET COUPLING IN JET COUPLING IN 
BLACK HOLESBLACK HOLES

Fender et al. (2006); Corbel et al. (2006);  J. Rodriguez et al. (2004-2009)

Low-hard X-rays

Persistent, flat spectrum 
radio source: Γ < 2Γ < 2Γ < 2Γ < 2

Soft X-rays

Transient, optically 
thin radio jets: ΓΓΓΓ > 2

•Disk-jet coupling also observed in QSOs (Marscher et al Nature 2004)

•How are BH binary states related to AGN types ? (Köerding et al.)

•The transient radio jets produced by internal shocks (as in GRBs) 

Outburst with rapid transition 
from hard to soft X-ray state

M., Chaty et al. (2005) 
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The companion star

The accretion disc 
(1000 K < T < 10,000,000 K) 

The corona
(T > 100 MK ?}

The jet
(v ~ c)
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Jets and the XJets and the X--ray stateray state

�� 1997 outburst on 1997 outburst on 

GRS1915+105GRS1915+105

�� Big flare and Big flare and 

ejection followed ejection followed 

plateau low/hard plateau low/hard 

XX--ray stateray state

�� Small, (50 au) Small, (50 au) 

VLBI scale weak VLBI scale weak 

jet present in jet present in 

plateau stateplateau state

VLBI mini-jet
Merlin obs

Plateau state
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UNIVERSAL DISKUNIVERSAL DISK--JET COUPLING IN JET COUPLING IN 
BLACK HOLESBLACK HOLES

Fender et al. (2006); Corbel et al. (2006);  J. Rodriguez et al. (2004-2009)

Low-hard X-rays

Persistent, flat spectrum 
radio source: Γ < 2Γ < 2Γ < 2Γ < 2

Soft X-rays

Transient, optically 
thin radio jets: ΓΓΓΓ > 2

•Disk-jet coupling also observed in QSOs (Marscher et al Nature 2004)

•How are BH binary states related to AGN types ? (Köerding et al.)

•The transient radio jets produced by internal shocks (as in GRBs) 

Outburst with rapid transition 
from hard to soft X-ray state

M., Chaty et al. (2005) 
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The Fundamental PlaneThe Fundamental Plane

Gallo et al 2003
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Spin: Power GenerationSpin: Power Generation
�� BlandfordBlandford and and ZnajekZnajek 1977: energy released  from the 1977: energy released  from the 

accretion disk/blackaccretion disk/black--hole system from BH spin: power in hole system from BH spin: power in 

the jet isthe jet is
2 2 2
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(In ergs/sec, J is spin of BH, B in gauss)

What’s the value of B?    

Typical jet luminosities suggest B~ 108 gauss or more 
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1/ 22
2

2
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But the X-ray luminosity depends on

 accretion rate Mdot

where  is the gravitational radius and  the ISCO radius 

Gives:
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The data: (Jet power from radio synchrotron minimum The data: (Jet power from radio synchrotron minimum 
energy  and length of jet, Lx from Xenergy  and length of jet, Lx from X--ray counts)ray counts)

1.12E+384302.13E+361.25E+001.00E+435.80E+060.610HCygnus X-3

1.51E+3713201.47E+352.30E+009.00E+381.40E+040.92.1HCygnus X-1

9.44E+373009.66E+362.30E+003.00E+437.10E+060.911LGRS1915+105

6.24E+35102.70E+341.04E+005.60E+431.90E+070.264.9HSS433

7.99E+330.34.41E+351.16E+003.70E+396.00E+040.53.2HLS5039

3.76E+36206.84E+351.16E+004.70E+447.90E+080.58.5LGRS1758-258

5.64E+36302.90E+341.16E+002.00E+437.90E+080.58.5L1E1740.7-2942

1.5E+388994.41E+341.16E+003.50E+419.30E+060.58LGX339-4

4.26E+3716004.68E+362.60E+003.00E+421.70E+060.923.2LJ1655-40

1.87E+38500001.15E+352.30E+001.30E+412.60E+060.91.2LA0620-00

maxgamma x L

L X maxS X OverallGammaE ergstjet secsbetaD kpc
Typ

eName
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CounterCounter--rotating BHrotating BH
Jet Luminosity

Spin Parameter

Lx:
1038 -
1037 -
1036 -
ergs/sec
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CoCo--rotating:rotating:

1038

1037

1036

ergs/sec

Spin parameter J/Jmax

Jet Lum.

1
2 1 GX339-4

2 A0620-00

Rest are 
off the
chart !
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1999 2005

Rushton et al 2010 A&A in press.

GRS1915+105GRS1915+105
Log(radio)
------------
Log(X-ray(

X-ray ASM

15 GHz
Radio
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GRS1915GRS1915

�� 3 phases:3 phases:

•• Quenching X: 20 Quenching X: 20 c/sc/s R: < 5 R: < 5 mJymJy

•• Plateau X:50Plateau X:50--40 40 c/sc/s R: 150R: 150--50 50 mJymJy

•• Flaring  X: 40Flaring  X: 40--100 100 c/sc/s R: 40R: 40--100 100 mJymJy

�� Still off the chart!Still off the chart!
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ConclusionsConclusions
�� My rubbish theory!My rubbish theory!

•• doesndoesn’’t fit the mass dependencet fit the mass dependence

•• not efficient enough not efficient enough –– radio power in the jet sometimes radio power in the jet sometimes 
> X> X--ray luminosity ray luminosity –– is spin all there is?is spin all there is?

•• simulations by McKinney and others more relevant!simulations by McKinney and others more relevant!

�� Are there other jet formation mechanisms?Are there other jet formation mechanisms?

�� How does the material get accelerated Why is the How does the material get accelerated Why is the 
velocity in SS433 so constant (0.26c)? velocity in SS433 so constant (0.26c)? 

�� How does the jet formation  process impact on How does the jet formation  process impact on 
the accretion  disk in detail?the accretion  disk in detail?

�� Where are the intermediate mass objects Where are the intermediate mass objects –– ULXULX’’ss
–– do they have jets?do they have jets?
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Questions ?


