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Ultra-luminous X-ray sources (ULXs)


ULXs are off-nuclear extragalactic X-ray sources 
that exceed the Eddington luminosity for a stellar-
mass black hole of  ~20 M¤:


LX > LEdd = 1.3 x 1038 (MBH/M¤) erg s-1


Possible explanations:
•  Beaming [King et al. 2002, Körding et al. 2002]
•  Super-Edd accretion [Gladstone et al. 2009]
•  Intermediate mass black hole (IMBH) �

MBH ~ 102 to 105 M¤ [Miller et al. 2004]


HLXs (hyper luminous) have LX > 1041 erg s-1:
Ø Likely host a IMBH,�

see studies of  ESO 243-49 HLX-1 [e.g. Servillat et al, 2011; 
Farrell, Servillat et al. 2012]

Ø Could represent the missing link between 
stellar mass and supermassive black holes 



Motivations and objectives


•  Enormous amount of  energy radiated
•  Strong interactions with environment �

(nebula, gas, dust, stellar cluster…)

•  Soft X-ray absorbed by gas/dust
•  Re-emitted isotropically in the far infrared
Ø Test isotropy of  X-ray emission


•  Location in the galaxy
•  ULX vs. nature of  the host?
Ø  Clues on origin and evolution

Ø Mapping the gas and dust of  the galaxy
Ø Herschel provides the highest quality data


Selection of  ULXs


•  ULXs from catalogs with distance < 40 Mpc:�
Swartz et al 2011 (Chandra)�
Walton et al. 2011, Sutton et al. 2012 (2XMM)�
Gladstone et al. 2009

Ø Sample of  20 ULX host galaxies observed 
with Herschel PACS (examples of  images are 
shown on the right)



Discussion


Most ULXs associated with arms in spirals
Ø Link with star formation
Ø Indicate relatively young objects


Not aligned with dust clouds, but surrounded
Ø Possibly because of  ionisation of  the environment



IC 342, spiral galaxy at 3.3 ± 0.3 Mpc
X-1, L0.3-10 keV = 3.6 x 1040 erg s-1
X-2, L0.3-10 keV = 1.1 x 1040 erg s-1

M81, spiral galaxy at 3.6 ± 0.12 Mpc
X-6, L0.3-10 keV = 5.4 x 1039 erg s-1

M101, spiral galaxy at ~7 Mpc
X-1, L0.3-10 keV = 3.6 x 1040 erg s-1

Holmberg II, dwarf  irregular galaxy near M81 at 3.6 ± 0.12 Mpc
X-1, L0.3-10 keV = 1.4 x 1040 erg s-1


