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Definition

Ultraluminous X-ray sources are off-
nuclear, point-like X-ray sources
exceeding the (isotropic) Eddington
limit for a stellar-mass Black Hole
(StBH)

Lurx > 3x103° erg/s
Image from

Zolotukhin et al. ApJ 817, 88, 2016.
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ABSTRACT

We investigate models for the class of ultraluminous nonnuclear X-ray sources (i.e., ultraluminous compact
X-ray sources [ULXs]) seen in a number of galaxies and probably associated with star-forming regions. Models
in which the X-ray emission is assumed to be isotropic run into several difficulties. In particular, the formation
of sufficient numbers of the required ultramassive black hole X-ray binaries is problematic, and the likely transient
behavior of the resulting systems is not in good accord with observation. The assumption of mild X-ray beaming
suggests instead that ULXs may represent a short-lived but extremely common stage in the evolunon of a w1de

class of X-ray binaries. The best candidate for this is the phase of thermal-

in many intermediate- and high-mass X-ray binaries. This in turn sugges: Chandra High-Resolution Camera observations of the luminous X-ray

The short lifetimes of high-mass X-ray binaries would explain the ass«
formation. These considerations still allow the possibility that individua
black holes.

SUPER-EDDINGTON FLUXES FROM THIN ACCRETION DISKS?
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ABSTRACT

Radiation pressure—dominated accretion disks are predicted to exhibit strong density inhomogeneities on scales
much smaller than the disk scale height as a result of the nonlinear development of photon-bubble instability.
Radiation would escape from such a “leaky” disk at a rate higher than that predicted by standard accretion disk
theory. The disk scale height is then smaller than that of a similar disk without small-scale inhomogeneities, and
the disk can remain geometrically thin even as the flux approaches and exceeds the Eddington limit. An idealized
one-zone model for disks with radiation-driven inhomogeneities suggests that the escaping flux could exceed
L4 by a factor of up to ~10-100, depending on the mass of the central object. Such luminous disks would
develop strong mass loss, but the resulting decrease in accretion rate would not necessarily prevent the luminosity

from exceeding L,,. We suggest that the observed “ultraluminous X-ray sources” are actually thin, super-

source in the starburst galaxy M82
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ABSTRACT

We analyse Chandra High Resolution Camera observations of the starburst galaxy M82,
concentrating on the most luminous X-ray source. We find a position for the source of
RA = 09"55™50%2, Dec. = +69°40'46"7 (J2000) with a 1o radial error of 0.7 arcsec. The
accurate X-ray position shows that the luminous source is neither at the dynamical centre of
MB82 nor coincident with any suggested radio AGN candidate. The source is highly variable
between observations, which suggests that it is a compact object and not a supernova or
remnant. There is no significant short-term variability within the observations. Dynamical
friction and the off-centre position place an upper bound of 10°~10° Mg on the mass of the
object, depending on its age. The X-ray luminosity suggests a compact object mass of at
least 500 Mg. Thus the luminous source in M82 may represent a new class of compact
object with a mass intermediate between those of stellar-mass black hole candidates and
supermassive black holes.




Intermediate mass black holes”
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ESO 243:49 HLX-"

Farrell et al. Nat. 460, 73-75 (2009).

Lasota et al. ApJ 735, 89 (2011).
Servillat et al. ApJ 743, 6 (2011).

Delay?

Godet et al. ApJ 793, 105 (2014).
van der Helm, et al. MNRAS 455, g
462, 2016.

P> 0% ey s

Spectral states comparable.
to standard BHs

Best IMBH candidate

(alternative interpretation: King
& Lasota, MNRAS Let. 444, | 30—
L33 (2014).)
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These are certainly super-

Eddington > click here




MB+2014, Nature:
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What about the bulk of ULXs?




(Cool)
disk +
powerlaw?

In Multicolor-disk
models,
T ~ M-1/4

So, 1 keV -> 0.2 keV
means a factor 625 in
mass!

Miller et al., ApJ 585,
L.37-L40, 2003.




Curvature?




Curvature.

Gladstone et al.,
MNRAS, 397,
1836-1851, 2009.
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A life of excess

Taking a two-component model as a
reference, ULXs show a hard excess
(start of a powerlaw?) and a 1-keV
excess (discuss later)

MB+ ApJ 778, 163 (2013).
Walton+ ApJ 779, 148 (2013).
Walton+ ApJ 793, 21 (2014).
Rana+ ApJ 799, 121 (2015).
Walton+ApdJ 799, 122 (2015).
Walton+ ApJ 806, 65 (2015)

(..)

T

DISKBB+DISKBBE Holl X-1

. diskbb+cor IC342X-1

C ol ) St
R (5

e t ==
DISKBB + COMPTT HolX X-1

1 F: PN R N T T Ol |

Energy (keV)

N1313 X-1

== DISKBB+CUTOFFPL

== KDBLUR2(REFLIONX)
DISKBB+COMPTT

== DISKBB+COMPTT (kT.=50 keV)




hard UL

LJI_X E PR e A o S RS _
BRaca R /”N\‘ BD \
at a g|ance E’,’, v/ \\\\ -
(COmpared E S \SSUL \\\ thermal state
5 3
to BHBs) &
.

Kaaret, Feng, &
Roberts,
arXiv:1703.10728

104

Energy (keV)



™ T T =T FFvE) :
i N 1F , NuSTAR
L H . J/@o13)
NGC 1313 ULX-1 Cir ULX5 R .
10 A= NGC 1313 ULX=-2 | = ;
3 . 4
Kajava & Poutanen gt 1%
E S 1 5§05
m : ¢ Holl ULX~1 -1
J ) ™ \'\ - g
b < v HolX ULX~-1 il o
MN AS, 398, 1450_ = . 2 NGC 5204 ULX~1 4 2 Suzaku
- \ 2006
Y b v NGC 5408 ULX-1 B R
. =
1 460 2009 5L 10" b 4 NGC 6946 X-6 - VY
' 3 - 5 4 2Qo02F oo
St B = |
e L = +
i T 1 2
l”.w - — Tn (keV)
E E 0.01
IR \ 1 %
= \ - |
"
L ki 4
as I ‘.\ l é 102
10 1 1 1 [ I T W [0 15 g
0.1 1.0 ¢
T, (keV) i \
& \
o I . : "
HO IX X—1 V) Energy (keV)
. 001 T
No standard disks = |
107

EF;: [keV* (photons em™

Walton+ ApJ 779, 148 (2013). EEFEEES
Walton+ ApJ 793, 21 (2014). emsms P R

Energy (keV) Energy (keV)




Variability
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Eclipses In
M51: two
birds with a
stone

10

it rale

ACIS-S cour

Urguhart & Soria,
ApdJ, 831, 56,
2016.




Orbital
periods?

Motch et al. Nat., 514,
198-201, 2014:

“64-d orbit with B9
supergiant companion”
But see Fabrika et al.

Nature Physics, 11,

551-553, 2015.
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Covariance spectrum:

Look what spectral component is dominating the variability
Middleton,et al. MNRAS 447, 3243-3263, 2015.




-

s Hard component more vériéigle', o
s put only in soft spectra... “

BD

EL_(10*ergs™)
0.01

W
o
|

|

_, \ hard state

H
U x 1
t+ arXiv:1703.10728 < L+ |
NI} : N [T}
1 Energy (ieV) i & ; 20+ ——* —
~ F NGC 5408 X-1 1 ;I', } |
e | 2 i I HUL %’r
Somn [ NN 10 T 1 = | 4+
i \| = 7 ] 11 2] ==l T
- h 1 + > v 1 ‘L

L ——Middleton+154

Energy (keV)

Flux(1-10 keV)/Flux(0.3-1 keV)

Sutton, Roberts & Middleton, MNRAS 435, 1758, 2013.



scenario:
ft excess: outflow

1. Q SUL spectra: inclined
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Outflows!

Pinto, Middleton, &
Fabian, Nat. 533,
04-67 2016.

Outflows: lines
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Pakull,& Mirioni, Winds 15, 197 (2003).

Mezcua, et al. MNRAS 436, 3128-3134 (2013).
Cseh, D. et al. MNRAS Let. 439, L1-L5 (2014).
Pakull, Soria & Motch, Nat. 466, 209-212 (2010).
Roberts et al, proceedings of Extreme BH
conference

Fabrika+15, Nat.Phys, 11, 551

Ha bubbles
(credit: F. Grisé, in Feng & Soria NAR 55,
166-183 (2011).) 10 arcsec or 190 pc




Are ULX pulsars really different?
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Fig. 1. Two-dimensional diagrams displaying mass and energy flow of super-critical column accretion at the elapsed time of 0.0335 sec. The left two panels

show the structure of a column within » = 37km, whereas the right
left ones. In each pair of panels, the left panels show matter density color contours overlaid with matter velocity, while the right ones show color contours of

o are magnified views of the innermost region enclosed by the gray squares in the

radiation energy density overlaid with radiation flux in the laboratory frame (i.e., Fi + v Ep), respectively. Radial profile of the radiation luminosity leaked from

the side of accreting column with an area of AS = 2nrsin 8 Ar is shown in the inserted figure, where Ar ~ 0.2 km is the mesh spacing

Kawashima+16 PASJ







Open guestions

What's the real accretion

rate” T"E MonE vm.'

How do we model spectra?
What's the hard excess?

THE MORE YOU REALIZE YOU DON'T

How many pulsars?
How many IMBHs? KN

.... see next talks!




