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X-ray binaries





X-ray binaries
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Scale invariant 
jet/accretion 

physics

Superluminal motion
(e.g. Mirabel et al.)
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Key problems of astrophysical jets

• What is the process of collimation and 
plasma/particle acceleration?

• What is the jet composition?

• How does jet feedback impact on the 
ISM/IGM?



Key problems of astrophysical jets

• What is the process of collimation and 
plasma/particle acceleration?

Need to first measure physical conditions at the base of the jet
near acceleration zone

- Magnetic field strength (B)
- Size (R) of acceleration zone

- and many more…



Synchrotron 
emission

(Radiative processes in astrophysics: Rybicki & Lightman)

Absorption
coefficient: 

Power:



Jet infrared observations: problems
1) Contamination by star, disk, dust clouds

Rahoui+11

Cygnus X-1:   MBH > 8 Msun

(HMXB)



Corbel & Fender 2002

Jet infrared observations: problems
2) Absence of sensitive IR detectors till recently

(LMXB)
GX 339-4:   MBH > 6 Msun



X-ray binary transient
long-term light curve

Jet infrared observations: problems
3) Variability, i.e. source can switch off!



• Sensitive

• All sky

• Variability

• Simultaneous bands

2010 revolution



Corbel & Fender 2002

Broad-band jet observations: constraints so far

GX 339-4:   MBH > 6 Msun



• mJy and Nu f nu

X-rays

W4 3  21

Gandhi+11

GX 339-4: 2010 March bright jet-active state 



Mid-infrared                     synchrotron break

Gandhi+11

νbreak ~ (2-6) x 1013 Hz (~10 μm)
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WISE + near-simultaneous multi-wavelength observations



Best constraints on inner jet of X-ray binary

νbreak ~ (2-6) x 1013 Hz (~10 μm)


B ~ 1.5x104 G; R ~ 2x109 cm

Gandhi+11

GX 339-4: 2010 March bright jet-active state 



Jet variability

Rapid  optical flickering

deΔT=50 ms
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GX 339-4:    Gandhi+08, 09, 10
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(ΔT=2.5 s)

(ΔT=50 ms)

(ΔT=50 ms)

(ΔT= 50 ms)

GX 339-4:    Gandhi+10

Optical light curves track each other 

perfectly. Red variability stronger.



Spot the black hole!

GX 339-4:   Gandhi+11

Total time ~1 day  (speeded up)

Band  W3

13 Level 1b images
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Spot the black hole!

GX 339-4:   Gandhi+11
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Total time ~1 day  (speeded up)

Band  W3

13 Level 1b images



GX 339-4
WISE 

variability

Gandhi+11

1. Very strong WISE 
variability (> 3 x)

2. Longer bands more 
variable

3. Bands not in-step
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Summary

• Mid-IR allows us to probe 

inner jet of X-ray binaries 

• For GX 339-4, we measure νbreak,

B ~ 1.5x104 G  and  R ~ 2x109 cm

• Simultaneous band variability

 B, R change by >10x 

on  relatively  short  times.



Next step : What we need

• Accurate color corrections and lowering systematic 
errors



Systematics
limit νbreak 

measurement

GX 339-4:  Gandhi+11



GX 339-4

Red vs. blue 
discrepancy 
can change 
zeropoints.

How much for 
flat spectrum 

(Fν  ν0) 
sources?



Next step : What we need

• Accurate color corrections and lowering systematic 
errors

• Thank you for building WISE!

Anyone for WISE II ?!



Summary

• Mid-IR allows us to probe 

inner jet of X-ray binaries 

• For GX 339-4, we measure νbreak,

B ~ 1.5x104 G  and  R ~ 2x109 cm

• Simultaneous band variability

 B, R change by >10x 

on  relatively  short  times.






