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• What are Ultra-luminous X-ray 
Sources (ULXs)

• Why they are interesting & overview of 
observations and theory
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• Flow structure & radiation 

mechanisms
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What are ULXs? 

ULXs are extragalactic off-nuclear 
BRIGHT X-ray point sources.

Display short term (~ days - weeks) 
variability 

→ relatively compact in comparison to 
supernova remnants

implies some type of x-ray binary phenomena

located in both spiral and elliptical
galaxies, but the most luminous ULXs
seem to track star formation

→
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why are ULXs interesting?

Not all of them are interesting.  In fact, most
of them are not.  However, a small fraction of 
them are quite interesting because they are 
unusually bright.  Brightest ULXs are found
in spirals w/

Lx ≥ 1040erg s−1

for ~10-20 or so sources (                   )

and, note that:

LEDD =
4π GMbhc

κes

! 1039

(
Mbh

10M!

)
erg s−1

∼ 0.2 − 10 keV
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two uncomfortable, yet 
unavoidable explanations 

i.e., if we accept that they are X-ray binary 
phenomena and that they UN-BEAMED, then

1) ULXs are powered by sub-Eddington 
Accretion onto INTERMEDIATE MASS Black 
holes                                    : interesting from 
an astronomical perspective

(
Mbh ∼ 10

2
− 10

5
M!

)

2) ULXs are powered by super-Eddington 
accretion onto STELLAR MASS black holes 
with                               : interesting in terms 
of the basics physics of accretion

(
Mbh ∼ 10

1/2
− 10

3/2
M!

)

e i t h e r w a y, U L X s a r e w o rt h 
understanding→
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the trapping problem
The flow becomes 
“critical” when 

tcool ∼ r/vr ∼ tvisc

For radiatively 
efficient shakura-
sunyaev like accretion, 
this occurs when

Ṁ ∼ ṀEdd =
4π GMbh

cκes

Above the eddington 
rate, the radiative 
efficiency goes down 
like
η ∝ Ṁ−1

if Ṁ ≥ ṀEdd

a result of LOCAL 
DISSIPATION
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→

reasons for adopting the IMBH
scenario

1) breaking the Eddington limit for a 
sustained amount of time seems difficult.

Compare with 
kBTd ∼ 0.1 − 0.5keV

2) Many of the luminous ULXs have a cool 
thermal disk-like spectral COMPONENT with

kBTd ∼ 1keV for a                 BH disk @    ∼ 10M! Ld = LEdd

for a Quasar disk @    Ld = LEddkBTd ∼ 0.01keV

Implies larger emitting areas than normal 
BHXRBs powered by accretion onto a stellar 
mass BH and a smaller emitting area than a 
Quasar powered by accretion onto a super-
massive BH.      
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adopting the Intermediate mass
black hole scenario

more specifically,

Hd τrφ
dΩ

dlnr
= F

+
! σ T

4
eff

Shakura-
Sunyaev 1973
prescription

GMbhṀ

r3
∼ σT

4
eff ⇔ L(r) ∼

GMbhṀ

r

the characteristic disk temperature scales 
like                  for a constant eddington ratio 
since                for BH accretion flows.  
Therefore, intermediate temperatures imply 
intermediate masses.

Td ∝ M
−1/4

bh
r ∝ Mbh

But, let’s take a closer look at the 
observations
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Spectral properties of Highly studied 
XMM and Chandra ULXs with               .               LX ≥ 1040 erg s−1

All contain a cool disk component 
however, the fraction of power released in the 
disk component is SUBDOMINANT when compared
to the POWER LAW COMPONENT
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Two Examples of extrapolated spectra               

clearly, these are not 
thermal emitters
average spectral index 
of 

〈Γ〉 ∼ 2

Power-law component, 
presumably the result 
of THERMAL 
COMPTONIZATION is 
responsible for a 
fraction
f ∼ 0.7 − 0.95

of the radiative energy 
release
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early summary

  

non-local energy release implies that binding 
energy is transported to the observer in part
by a means other than thomson scattering-
limited radiative diffusion

Majority of the radiative energy release in 
bright ULXs DOES NOT OCCUR LOCALLY

observed thermal disk emission cannot be used to 
constrain basic properties of the system such as 
BH mass in a simple way -- BAD FOR IMBH MODELS

thus the trapping of binding energy problem is 
overcome and the Eddington limit loses some (but
not all) of its meaning.

provides motivation to pursue models of bright
ULXs powered by two-phased radiatively effecient 
super-Eddington Accretion onto stellar mass 
BHs.
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picture of the model

  

model has advantage of invoking no new theoretical 
ideas, just realizing the applicability of pre-existing 
ones that have withstood the test of time
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getting the energy out

  

assume disk structure is altered by coronal 
energy injection in the following way

F+
→ F+ (1 − f) ∼

GMbhṀ

r3
(1 − f) ∼ σT 4

eff

and also assume that everything else is the same:

τrφ ∼ αP ; P ∼ Prad ; F−

∝ Prad/τd

the sound crossing time,                 , is a good 
lower limit for the timescale of removing 
randomized binding energy, and should be 
compared to viscous or advection timescale                

ts ∼ Hd/cs

tadv ∼ R/vr
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...getting the energy out

  

the ratio between the two must be < 1

which is ~ 5 for

Perhaps magnetic bouyancy (resulting from MRI 
turbulence) or waves of some sort can 
transport randomized binding energy at this 
rate.  these ideas are old and come from 
observations of the chromosphere and corona of 
the Sun.  But, nobody really knows what the 
mechanism actually is.  We can conclude 
however, that some mechanism for non-local 
dissipation is at work

tadv/ts <
r̃1/2τd

ṁ
∼

r̃2

αṁ2 (1 − f)2

α ∼ 0.1; r̃ ∼ 12; ṁ ∼ 175; f ∼ 0.9
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maintaining a high radiative 
efficiency: lack of wind power

  

two reasons why most of the accretion power may
not be carried away in a wind
1) comptonizing corona do not transfer radiative
power into mechanical power very well because

A) optically thin -- radiation and matter are 
not highly mechanically coupled
B) Every time a photon attempts donate some 
momentum to an electron, it on average takes 
some energy from it
C) relativistic aberration effect enhances 
compton drag from side-scattered radiation

2) Hierarchy of stresses/confinement
    A) pressure in corona is small in comparison 
to the mechanical stresses at large depth, even 
if nearly all of the binding energy if released 
there

B) For example, consider the Sun.
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Spectral Formation:                  
as usual, assume that 
thermal comptonization 
is the coronal emission 
mechanism

Γ, Tc, τc, ad

Can reproduce data if 
Region I extends out 
to at least 

r̃ ∼ 100

for parameters

Γ;Tc, ; τc; ad ∼ 2; 100keV; 1; 1

albedo is the big the issue.  If there is too much 
absorption then             and this model would not be 
able to reproduce the data.

f < 1/2
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albedo/photo-ionization balance         

The inner-regions seem to be a good reflector of
coronal X-rays

from detailed balance

ni

∫
∞

ν0

Fν

hν
dν = neni+1αR(T ) −→

ni+1

ni

∼ 105 near the BH

define                  ε ≡ κabs/κT ∼

niAZσ0

ni+1σT

∼ 5 · 10
−4

(
AZ

5 · 10−5

)

then in the two-stream approximation,          

ad !

1 − ε
1/2

1 + ε
1/2

!

1 − 0.024

1 + 0.024
! 0.953

(forf ∼ 0.9 ; ṁ ∼ 10 ṁEdd ; r̃ ∼ 20)
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summary        
coronal energization resulting from the non-local
dissipation of binding energy is required in order to 
circumvent the trapping problem for a super-
Eddington Accretion

SEDs of the Bright end of the ULX distribution are
dominated by hard power-law coronal emission

This implies that an intermediate mass black 
accretion is not required in order to explain ULX 
phenomena -- stellar mass BH are sufficient

A coronal-dominated accretion flow model can 
reproduce the SEDs of ULXs while maintaining a high 
radiative efficiency
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