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Outline

•Introduction

•The best intermediate-mass black hole candidate 
  ESO 243-49 HLX-1

•Unification



Ultraluminous X-ray Sources
•What are the characteristics of a ULX?

- off-nuclear, extragalactic
- binary systems: irregular variability (seconds to years)
- apparent luminosity violates the Eddington limit 
 of a 20-M⊙ object (LX>3 x 1039 erg/s)
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1) beaming 

- mechanical beaming (King+ 01)
geometric collimation by the inflated inner disc and   
outflowing wind at high accretion rates
  (e.g. rotate SS433 to point to your eyes)

- relativistic beaming (Körding+ 02)
  (X-rays from jets not from disk)

Explanations for the ULX 
phenomena:



2) super-Eddington accretion (Begelman 02)

- L > LE

- increase X-ray luminosity up to a factor 10
- L does not follow T4 law (rather inverse law)
- b: beaming factor
- soft excess, turnover, opacities τ=5-30 (Gladstone+ 09) 
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Explanations for the ULX 
phenomena:
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Accretion rates and beaming in ultraluminous X-ray sources

A. R. King!

Theoretical Astrophysics Group, University of Leicester, Leicester LE1 7RH

Accepted 2008 January 11. Received 2008 January 7; in original form 2007 November 28

ABSTRACT

I show that extreme beaming factors b are not needed to explain ultraluminous X-ray sources

(ULXs) as stellar-mass binaries. For neutron-star accretors, one typically requires b ∼ 0.13, and

for black holes almost no beaming (b ∼ 0.8). The main reason for the high apparent luminosity is

the logarithmic increase in the limiting luminosity for super-Eddington accretion. The required

accretion rates are explicable in terms of thermal-time-scale mass transfer from donor stars

of mass 6–10 M", or possibly transient outbursts. Beaming factors !0.1 would be needed to

explain luminosities significantly above 1040L40 erg s−1, but these requirements are relaxed

somewhat if the accreting matter has low hydrogen content.

Key words: accretion, accretion discs – black hole physics – binaries: close – X-rays: binaries.

1 I N T RO D U C T I O N

The nature of the ultraluminous X-ray sources (ULXs) is still not

definitively settled. In one view, they are intermediate-mass black

holes (IMBH) accreting at rates below their Eddington limits. In

this Letter, I will adopt the contrary view (cf. King et al. 2001)

that they represent a very bright and unusual phase of X-ray binary

evolution, in which the compact object is fed mass at a rate Ṁ well

above the usual Eddington rate ṀE. In this picture, the large apparent

X-ray luminosity LX = 1040 L40 erg s−1 is a result of two effects (see

below). First, the bolometric luminosity genuinely exceeds the usual

Eddington limit by a factor of ln(Ṁ/ṀE), which can be significant.

Second, the X-rays may be collimated by a factor of b by scattering

within an optically thick biconical outflow. These conditions could

in principle reflect a genuine state of high mass transfer, or a transient

outburst (King 2002). Comparing this picture with observation is

currently complicated by the fact that there is freedom in choosing

both the super-Eddington factor Ṁ/ṀE and the beaming factor b.

In several ULXs, it is possible to identify a soft X-ray component,

and indeed infer a lengthscale R ∼ 109 cm associated with it. I show

here that in the context of the adopted model for ULXs, this quantity

and LX essentially fix both the Eddington and beaming factors for a

given mass M1 of the accretor.

2 S U P E R - E D D I N G TO N AC C R E T I O N

An accretor supplied with mass at a super-Eddington rate arranges

to expel matter from its accretion disc in such a way that it never

exceeds the local Eddington luminosity (Shakura & Syunyaev 1973;

cf. Begelman, King & Pringle 2006; Poutanen et al. 2007). In this

picture, there is a characteristic lengthscale Rsph where the mass in-

flow first becomes locally Eddington (also called the spherization or

!E-mail: ark@astro.le.ac.uk

trapping radius) (cf. Begelman et al. 2006, equation 14). Following

Shakura & Syunyaev (1973), we write

Rsph =
27

4

Ṁ

ṀE

Rs, (1)

where Rs = 2GM1/c2 = 3 × 105m1 cm is the Schwarzschild radius

of the accretor.

The nature of the accretion flows outside and inside this radius dif-

fers markedly. The region outside Rsph releases accretion luminosity

∼LE in the usual way, where LE = 1.6 × 1038m1 is the Eddington

luminosity (for hydrogen-rich material). But at and within Rsph, ra-

diation pressure drives an outflow which keeps the local energy

release very close to the Eddington value and creates a biconical

geometry, collimating the outgoing radiation. This region releases

a bolometric luminosity

Lacc % LE

[

1 + ln

(

Ṁ

ṀE

)]

. (2)

Because of the geometric collimation by a factor 1/b" 1, an observer

viewing such a disc in directions within one of the cones sees an

apparent bolometric luminosity

L %
LE

b

[

1 + ln

(

Ṁ

ṀE

)]

(3)

(cf. Shakura & Syunyaev 1973; Begelman et al. 2006). The enhance-

ment of L over LE by beaming and the logarithmic factor is the basis

of the interpretation of ultraluminous X-ray sources (ULXs) as hy-

peraccreting stellar-mass binaries (Begelman et al. 2006; Poutanen

et al. 2007).

Because the accretion flow within Rsph is optically thick, the disc

region there must produce a soft blackbody component (by repro-

cessing of harder radiation, if for no other reason). This must have

characteristic lengthscale Rsph and luminosity Lbb # LE. This is only

a part of the accretion luminosity (2), the harder power-law-like

C© 2008 The Author. Journal compilation C© 2008 RAS

(Shakura & Sunyaev 73, King+ 08)

in



3) intermediate-mass black hole (Colbert & Mushotzky 99)

- standard disk and accretion
- kT~ 1 keV M-1/4

- cool disk of ~0.1 keV
- high black hole mass (not violating the Eddington-limit)
MBH=50 -104 M⊙

- X-ray states might be different in ULXs 
(see talk Fabio Pintore) 
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Explanations for the ULX 
phenomena:



4) “mixture”

- some beaming

- and high accretion rate

- with a black hole mass of 100 M⊙ (Zampieri+ 09)
(see talk Emanuele Ripamonti)

“One can fit the X-ray spectrum even with an elephant” 
(Nowak+ 02)
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Explanations for the ULX 
phenomena:



5) alternative objects & misidentification: 

  - recoiling supermassive black holes (Jonker+ 10)

  - young supernova remnants
  
  - tidal disruption events

  - background AGN

For these many reasons a bona fide ULX is above 1040 erg/s
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Explanations for the ULX 
phenomena:



Intermediate-mass Black Holes



Intermediate-Mass Black Holes
	

 - ULXs (Colbert & Mushotzky 99)
	


  - central black hole of a globular cluster 
(Miller & Hamilton 02, Maccarone+ 04)
	

 surface density profile & velocity dispersion measure (MBH- σ* )
	


  - core collapse of 100-1000 M⊙ Population III stars 
(Fryer+ 01, Madau &  Rees 01)
  
  - seeds of supermassive black holes at high redshift   
(Ebisuzaki+ 01)

  - hosted by young dense star clusters 
(Portegies Zwart+ 02,04)
  
 



How to test scenarios?

•  dynamically constrain mass via optical spectroscopy (M)
 
•  use the environment as a calorimeter (beaming)
 
•  feedback on environment (hyperaccretion)  
 
•  estimate accretion rate (M)

•  evenly populated mass range? (M)

•  scale invariance of jets? (M)

(see next talk by Manfred Pakull)



Counterparts

~600ULXs (X-ray)

Optical (point source or nebula) ~20

Radio (nebulae+jets)  ~4+1



•Introduction

•The best IMBH candidate ESO 243-49 HLX-1
 (Webb, Cseh, Lenc, Godet, Barret, Corbel, Farrell, Fender, Gehrels, Heywood 12)

•Unification



The Best IMBH Candidate(s)

New class is called Hyperluminous X-ray Sources (HLXs)

•ESO 243-49 HLX-1:

  Lx=1.1 x 1042 erg/s  in the 0.2-10 keV band (Farrell+ 09)
  d=95 Mpc (Wiersema+ 10)

•Other HLXs:
  ~10 ULXs known to have Lx >1041 erg/s
   (Gao+ 03,  Walton+ 11, Sutton+ 12)
 

- Cannot be explained with beaming or hyperaccretion



Observations of HLX-1

Swift/XRT light curve 2008-2011, FRED pattern

Periodic outburst: ~367 days



Hardness-Intensity Diagram of HLX-1

10 Servillat et al.

Table 4
Results of the PDS Fitting

Obs CP χ2
ν (ν) C1/f (10−4, BPL) R2 (10−2, BLN) rms(%)

10−3 Hz 1 Hz 10−3 Hz 1 Hz
(1) (2) (3) (4) (5) (6) (7) (8)

XMM1 46.11±0.22 1.13(83) <98.8 <58.3 <4.2 <326.3 <32.3
XMM2 16.02±0.01 1.28(120) <2.7 <2.5 <0.49 <58.8 8.4+9.1

−8.4
XMM3 898.11±0.55 0.79(127) <646.8 <579.9 <79.2 <1293.7 <96.7

Note. — Columns: (1) Observations; (2) Best-fitting constant Poisson level in
[rms/mean]2 Hz−1; (3) Reduced χ2 and degrees of freedom of the fits with a constant
Poisson level; (4) Best-fitting C1/f assuming a break frequency of 10−3 Hz; (5) Best-fitting

C1/f assuming a break frequency of 1 Hz; (6) Best-fitting R2 assuming a Lorentzian cen-

troid frequency of 10−3 Hz; (7) Best-fitting R2 assuming a Lorentzian centroid frequency
of 1 Hz; (8) Fractional rms variability within 0.0001–0.1 Hz, assuming the Poisson level
to be the average PDS above 1 Hz. All limits are at a 90% confidence level, except for
the fractional rms (column 8), which is 1σ.

Figure 9. Models of X-ray spectra of HLX-1 in different states as
obtained from the best fit to the data (see Table 2). For XMM3,
the abs(pow)+abs(mekal) model is shown as a dashed line, and the
model without the mekal component as a thick line. For Chandra,
the effect of pile-up has been corrected.

by Godet et al. (2009). However, fewer luminosity states
have been observed and therefore the diagrams are not
equally sampled than for GBHBs.
The high luminosity state of HLX-1 is well described

by an optically thick disk model with temperatures of
0.18 to 0.26 keV (Table 2). Moreover, the low variabil-
ity level in the XMM2 data (∼10%) can reasonably be
ascribed to the dominance of the thermal disk compo-
nent. All this is consistent with HLX-1 being in a ther-
mal state. The temperature of the thermal component is
4 to 5 times lower than for typical GBHBs with stellar-
mass black holes (∼ 1 keV, e.g. Remillard & McClintock
2006). If this soft component we measured is due to
emission from the inner region of an accretion disk, and
the disk extends close to the ISCO, then the temperature
is related to the mass of the black hole by the relation

Tin ∝ M−1/4
BH (Makishima et al. 2000). It is thus possible

Figure 10. Hardness-intensity (top) and hardness-rms diagrams
(bottom) for HLX-1. This plot includes data from Swift, XMM-
Newton and Chandra. The hardness ratios and luminosities are
model dependent, and were obtained from the best fit of the spec-
tra or using a conversion factor for the Swift XRT. XMM3b cor-
responds to the model with the mekal component removed (see
Section 4). We show part of the HID with linear axes as an inset
to better follow the evolution of the source in the high state.

that the lower temperature is due to the presence of a
black hole with a higher mass — by a factor of ∼ 200 to
500 — than a typical stellar-mass black hole (∼ 10 M"),
leading to a possible mass of few 103 M". This argu-
ment has already been used by Miller et al. (2004) for 6
bright ULXs (> 1040 erg s−1) to strengthen their classi-
fication as IMBH candidates even if the thermal compo-
nent was not dominant. In our observations of HLX-1 in
the thermal state, this component is clearly dominant.
A complementary study of HLX-1 in the thermal state
by Davis et al. (2011) using the relativistic disk model

(Servillat+ 11)

State transition



Hardness-Intensity Diagram

(Belloni+ 10) (Servillat+ 11)



Follows L~T4 law

(Servillat+ 11)

State transitions of ESO 243–49 HLX-1 11

Figure 11. Disk bolometric unabsorbed luminosity as a function
of disk temperature kTin (see values in Table 2). The best fit with
a fixed Ldisk ∝ T 4

in is indicated with a dashed line. The XMM3
point should be taken with caution as the disk component cannot
be confirmed nor ruled out in the X-ray spectrum.

BHSPEC provided robust lower and upper limits with
3000 < M < 3 × 105 M!, firmly placing HLX-1 in the
IMBH regime. Godet et al. (2011, in preparation) tested
additional models to physically constrain the nature of
HLX-1 and they also found mass estimates in the IMBH
range.
We report in Figure 11 the temperature and bolo-

metric luminosity of the disk in the thermal state
from the S3, S7, Chandra, XMM2 observations (see
also Godet et al. 2011, in preparation). All those
measurements in the thermal state are consistent with
the correlation between luminosity and temperature ex-
pected from a geometrically thin, optically thick accre-
tion disk (L ∝ T 4, Shakura & Sunyaev 1973). This
supports the idea of HLX-1 being in a generic ther-
mal state as this relation is also observed for GB-
HBs in this state (e.g. Kubota & Makishima 2004;
Remillard & McClintock 2006). It is however different
to the ULX branch reported e.g. by Soria (2007), where
an anti-correlation between disk luminosity and temper-
ature is seen for two ULXs.
During the XMM3 observation at low luminosities, the

spectrum of HLX-1 is mainly described by a power law
model with a photon index that falls in the range 1.4
to 2.1 (Table 2), indicating a hard state as observed for
GBHBs (we presented preliminary results in Farrell et al.
2011). We could not constrain the rms variability of the
source during the XMM3 observation due to low statis-
tics. Therefore, a high rms value of ∼30%, as observed
for GBHBs in the hard state (e.g. Belloni 2010), cannot
be ruled out and would be consistent with our data. As-
suming that this hard state is similar to the one observed
for GBHBs, one would expect enhanced radio emission
(Fender et al. 2004). Such a detection would further con-
firm this state as the canonical hard state of GBHBs and

would allow a mass estimate using the fundamental plane
(Merloni et al. 2003).
In the XMM3 spectrum, dominated by a power law

component, we found marginal evidence for a soft disk
component with temperature kTin = 0.07 ± 0.04 keV,
with a significance of 93%. Such a disk component would
be consistent with the L ∝ T 4 relation reported in Fig-
ure 11, as the expected temperature for a disk unab-
sorbed luminosity of 4 × 1040 erg s−1 is 0.09 keV. A
disk could thus be either extending down to the ISCO,
or maybe truncated as the best fit temperature value is
lower than the temperature expected from the L ∝ T 4

relation. This would again suggest a resemblance with
GBHBs.
During the XMM1 observation of HLX-1, the spec-

trum is found to be well fitted with a steep power law
of photon index ∼3.5. Such a spectral state is also
observed for some GBHBs (steep power law state, e.g.
Remillard & McClintock 2006), supporting the similari-
ties between HLX-1 and GBHBs.
The HLX-1 long term variability seen in Figure 1

presents similarities with some lightcurves of GBHB (e.g.
Gierliński & Newton 2006; Done et al. 2007) and more
generally of soft X-ray transients when they show out-
bursts (King & Ritter 1998). We observed a fast rise
(∼10 days or less), followed by an exponential decay (100
to 200 days) of the X-ray flux from HLX-1 (FRED-like
outburst). This could be explained by theoretical mod-
els of the hydrogen ionization instability controlling the
fast rise (King & Ritter 1998). The cause of this variabil-
ity has been investigated in more details by Lasota et al.
(2011). They concluded that HLX-1 is unlikely to be ex-
plained by a model in which outbursts are triggered by
thermal-viscous instabilities in an accretion disc (Lasota
2001), and they argue that a more likely explanation is
a modulated mass-transfer due to tidal stripping of a
star in an eccentric orbit around the IMBH. This would
still explain a change in the accretion rate, leading to
the state transitions we observe, and might also explain
the rarity of a source like HLX-1, which shows unique
properties for a ULX.

6.2. Comparison with other ULXs

It was suggested that most ULXs (few 1039 to
1041 erg s−1, with power law spectra) are stellar-mass
systems accreting at Eddington ratios of the order of
10–30, with mild beaming factors b ! 0.1 (King 2009).
If a supercritical accretion disk — as proposed in the
Galactic system SS433 for example — is seen face-on,
the expected luminosity could indeed reach 1041 erg s−1

(Fabrika et al. 2007). In the case of HLX-1 in the highest
state, the Eddington ratio would reach 170 and the beam-
ing factor b ∼ 2.5 × 10−3 (King 2011). Freeland et al.
(2006) calculated the broad-band radio–X-ray spectra
predicted by micro-blazar and micro-quasar models for
ULXs. They argued that a disk and a jet could be present
in the system in a high/hard state close to the Eddington
luminosity with a high accretion rate and gravitational
energy released all the way down to the ISCO, leading
to a hard spectrum (Γ=1.4–2.1) at high observed lumi-
nosities (> 4 × 1039 erg s−1). They also proposed the
existence of milli-blazars (IMBH and beamed emission)
with luminosities > 1041 erg s−1. The spectrum of HLX-



Radio observations of HLX-1 2010
with the Australia Telescope Compact Array (ATCA)

Array configuration: baselines up to 5km & 6km
@ 5.5 GHz & 9 GHz central frequency.
Bandwidth 2 GHz, expected rms level is ~10 uJy/beam.

13 Sep  2010        12 hr total integration time
  3 Dec 2010        12 hr 

26 Aug 2011         8.5 hr 
31 Aug 2011         8.5 hr
1   Sep 2011         8.5 hr
3   Sep 2011         8.5 hr
4   Sep 2011         12  hr



Observations of HLX-1: visit to Oz

ATCA



First Detection of Jet Ejection Events

(Webb, Cseh, Lenc+ 12, Science, in press)

HLX-1

ESO243-49



Non-Detection of HLX-1

(Webb, Cseh, Lenc+ 12, Science, in press)

ESO243-49



Variability



What is expected?
•GBHBs have flares up to 1-10 Jy
•Scaling simply by distance and linear mass:

1) S~ 45 uJy 

2) M~ 5 x 103...4  M⊙

•Flares occur above 10% of the Eddington rate:

3) M~ 9 x 103...4 M⊙

•Fundamental Plane: the hard state radio flux

4) S~2 uJy



Observational Results

•S = 35-68 uJy/b

•X-ray modelling suggests, mass is ~104 M⊙ 

  (Godet+11, Davis+11, Servillat+11)

•Flaring emission is 10-100 above non-flaring continuum 
emission.



Future Observations

•We got 70 hrs and already accepted 36 hrs more (PI Webb)

•Get spectral index?

•Evolution of flares

•Variability

•EVLA proposal 10 times 1-hr long observations (PI Cseh)
(1 hr EVLA equivalent of 12 hrs ATCA)



Unification



Hardness-Intensity Diagram

(Belloni+ 10) (Servillat+ 11)



Unification

A Transient Radio Jet
in an Erupting Dwarf Nova
Elmar Körding,1* Michael Rupen,2 Christian Knigge,1 Rob Fender,1 Vivek Dhawan,2
Matthew Templeton,3 Tom Muxlow4

Astrophysical jets seem to occur in nearly all types of accreting objects, from supermassive black
holes to young stellar objects. On the basis of x-ray binaries, a unified scenario describing the
disc/jet coupling has evolved and been extended to many accreting objects. The only major
exceptions are thought to be cataclysmic variables: Dwarf novae, weakly accreting white dwarfs,
show similar outburst behavior to x-ray binaries, but no jet has yet been detected. Here we present
radio observations of a dwarf nova in outburst showing variable flat-spectrum radio emission
that is best explained as synchrotron emission originating in a transient jet. Both the inferred jet
power and the relation to the outburst cycle are analogous to those seen in x-ray binaries,
suggesting that the disc/jet coupling mechanism is ubiquitous.

Jets launched by accreting objects seem to
be a ubiquitous phenomenon, suggesting
that accretion and jet launching may be in-

trinsically coupled. Jet emission from accreting
white dwarfs (WDs) has been reported for super-
soft sources (WDs with thermonuclear burning)
(1) and symbiotic stars (highly accreting binary
systems) (2). However, no jets have been found
in cataclysmic variables (CVs), except perhaps
after Nova eruptions (3). In fact, the lack of jet
emission from dwarf novae (DNe), a class of
weakly accreting nonmagnetic CVs, has been
used as a constraint for jet-launching mechanisms
of accreting objects (4, 5). Radio emission, which
is often used as a tracer for a jet, has only spo-
radically been found for nonmagnetic DNe (6, 7),
and the radio detections are usually not repro-
ducible (8). It has thus been suggested that the
radio emission is correlated with the optical out-
burst (9). X-ray binaries (XRBs), which do show
jets, share many properties with DNe: The trig-
gering of an outburst as well as the subsequent
evolution of the accretion disc (for example, a
truncated disc) are thought to be similar (10).

XRBs can be well studied throughout a full
outburst cycle because the time scale from qui-
escence to the peak of the outburst and back
ranges from weeks to months (11). The accretor
in XRBs may be either a black hole or a neutron
star. One of the main results of the study of black
hole XRBs is the establishment of accretion
states (12), through which a source moves in a
predefined order (13), and their associated jet
properties. These states can be well separated on

a hardness-intensity diagram (HID) (11). At the
beginning of the outburst, the source shows a
hard x-ray spectrum and usually shows radio
emission originating from a jet (the hard state,
zone A in the left panel of Fig. 1) (14). The source
brightens while staying in the hard state until it
makes a transition to the soft state character-
ized by a soft x-ray spectrum. This transition is
typically accompanied by a bright radio flare
once the source crosses the jet line; after this,
the core radio emission is quenched in the soft

state (13). During the decay of the outburst the
source moves back to the hard state—albeit at
a lower luminosity than the hard-to-soft transi-
tion (13). Although the nomenclature of neutron
star XRB states is different, one can map the neu-
tron star states onto the black hole equivalents
(15). This can be visualized in a HID, where they
follow basically the same pattern (16) as shown
in the middle panel of Fig. 1. The main differ-
ence, with respect to their radio emission, is that
the radio emission is only suppressed by a factor
of ~10 when the source is in the analog state of
the soft state (17). The different behavior may
be due to the existence of a boundary layer in
neutron star XRBs, which does not exist in the
black hole case.

The analogy between XRBs and DNe can be
visualized by constructing a disc-fraction lumi-
nosity diagram (18) of a dwarf nova (DN) (Fig. 1,
right panel), which is a generalization of the HIDs
used for XRBs. For a DN, the inner region of
the accretion flow is truncated by the stellar sur-
face and its boundary layer. The boundary layer
is thought to be the origin of the x-ray and ex-
treme ultraviolet (UV) emission. The disc-fraction
plotted in Fig. 1 describes the optical depth of
the accretion flow for UVemission. The described
analogy between XRBs and CVs suggests that
radio emission from a DNe should be most prom-
inent during the initial rise (zone A in Fig. 1)
and the subsequent state transition to the soft
state. However, the time scale of this rise is
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Fig. 1. HID for a black hole, a neutron star, and the DN SS Cyg. The arrows indicate the temporal
evolution of an outburst. The dotted lines indicate the jet line observed in black hole and neutron star
XRBs: On its right side, one generally observes a compact jet; the crossing of this line usually coincides
with a radio flare. For SS Cyg, we show a disc-fraction luminosity diagram. We plotted optical flux
against the power-law fraction measuring the prominence of the “power-law component” in the hard
x-ray emission in relation to the boundary layer/accretion disk luminosity. This power-law fraction has
similar properties to the x-ray hardness used for XRBs. The diagram is based on data from (16, 29), and
we used their conversion factors from extreme UV counts to disc/boundary layer luminosity LD. The x-ray
luminosity LPL for SS Cyg is for the 3 to 18–keV energy range. For the other objects, the hardness ratio
is defined as the ratio of the counts in the 6.3 to 10.5–keV range to the 3.8 to 6.3–keV range, and the
x-ray counts represent the 3.8 to 21.2–keV counts of the Rossi X-ray Timing Explorer.
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(Körding+ 08)



Mass Scaling

(Plotkin+ 12)
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Fig. 2. The fundamental plane of black hole activity. The radiative output in the radio band 
(LRadio) is shown as a function of the output in the X-ray band (LX-ray) that is corrected with the 
mass of the black hole (M). Cf.: Plotkin, Markoff, et al. 2011 

Fig. 1. Artist’s impression of a stellar-mass black hole system. Material accreted 
from the star forms an accretion disk around the BH. A fraction of the accreted 
material is expelled from near the event horizon in the form of relativistic jets, 
which are  comprised of particles and electromagnetic fields moving close to the 
speed of  light. 

HLX-1 

More on the FP:  
Sera Markoff,  Andrea Merloni, Sebastian Heinz, Stephane Corbel, Rich Plotkin



Summary & Conclusions

• HLX-1 is the best IMBH candidate
• Periodic outbursts, X-ray state transitions, L~T4 

• Same phenomenology as in GBHBs
• MBH~104   M⊙ 

• First radio flares from a HLX
• During state transition 

•  Good candidate to fill the gap between GBHBs and SMBHs



Thanks for your attention!

Questions?



More on HLX-1

• Origin of HLX-1
 
- Might be a stripped dwarf galaxy
- HST shows evidence for a young,10 Myr stellar population
(Farrell+ 12)

• Binary model: 
 
X-ray light curve modeled with 
tidal stripping of companion star in orbit around IMBH 
(Lasota+ 11) 


