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Ultraluminous X-ray sources are off-nuclear, point-like

X-ray sources exceeding the (isotropic) Eddington limit
for a stellar-mass Black Hole (StBH)
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Rag. 10% erg/s

Extreme ULXs (eULXs): Lgda > 10%° erg/s

Hyperluminous X-ray sources: Lgda > 10** erg/s
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» Super-Eddington StBHs
(or Neutron Stars)?
Beaming?

Large (Intermediate-
mass) Black Holes?

Foreground?
Background?
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ABSTRACT

The known members of the class of hyperluminous X-ray sources (HLXs) are few in number,
yet they are of great interest as they are regarded as the likeliest intermediate-mass black hole
(IMBH) candidates amongst the wider population of ultraluminous X-ray sources (ULXs).
Here we report optical photometry and spectroscopy of an HLX candidate associated with
the galaxy IC 4320, that reveal it is a background AGN. We discuss the implications of
the exclusion of this object from the small number of well-studied HLXs, that appears to
accentuate the difference in characteristics between the good IMBH candidate ESO 243-49
HLX-1 and the small handful of other HLXGs.

Key words: accretion, accretion discs—black hole physics—X-rays: binaries — X-rays:
galaxies.
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The Eddington [imit works.

Stars: maximum mass
Quasars:

Steinhardt & Elvis,
637-2648 (201 O)
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Intermediate mass BHSs”

Observed Mass Ranges of Compact Objects
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Credits: NASA/JPL

Population Il large StBH, seeds for SMBHs: Madau & Rees, ApJ 551, L27-L.30 (2001).




JET LINE AREA: HIMS:

2 - 50% Lggq. , « Disk starts near ISCO.

= High-frequency QPOs (after) . " = Transition starts around 2 - 50% Lggg.

= Type A & B QPOs (after). "r>2 =TypeC QPOs.

= See radio ejecta (fast) each "crossing” of jet line. ‘ = IR drops.

= RMS drop ("The Zone™) associated with ~0.2 Hz ’ = Radio starts going optically thin j

lowest freqency Lorentzian, close to ejecta time. l and variable (new ejecta?). (
A el
Soft Intermediate

SOFT STATE:
= Optically nuclear thin jet ' \| HARD STATE:

radio emission observed - i

iy, but quanchied by | 2 T B L

w -
:rta:r?:ist’itozno.sox by full )\( o = Lorentzian/broad noise
T o = components.
Gelwoted el | - E ? = High RMS variability.
e i u — 1 = Flat spectrum jet up to

= Type C QPOs. \ :, | & IR/opt.
- :::::‘f;:‘a' /\(\/ x‘.— \\ Intermediate = Compact jet

extending to ~MeV. S : . SR(::::S:;?XS_::SO'VM‘
= Thin disk ~0.1-1.0 Lggq at g

., Soft Hard * Reflection "bump".

Spectral Hardness
(spectral slope, soft=steep, hard=flat)

T. Belloni D. Maitra A .
A Celotti S Markoff HIMS: QUIESCENCE:
S.Corbel 1. McHardy Same as upper branch but: = Thin disk recessed to > 102 R_..
R.Fender M. Nowak = No optically thin radio flare. = BB component seen in UVIOp%icaI.
E“ ﬁ:‘:&e al-gét'::ghu:iicdlt = Radio recovers close to hard state. « Disk 10-100x more luminous than
E. Kalemci  J. Wilms = Lower flux level (hysteresis). LX. By ~10™ Lggg.

# Nn iran linoe?

re  -> Talks by Malzac, Fender, Vaughan, Heill...
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Spectral Hardness % 1.00-02 ]
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.
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ESO 243-49 HLX-1

L> 10* erg/s.

Spectral states c‘c}i‘]‘@a’?’f* oIl
Farrell et al. Nat. 460, 73-75 (2009). to standard BHs :
Lasota et al. ApJ 735, 89 (2011).
Servillat et al. ApJ 743, 6 (2011 Best IMBH candidate |
Godet et al. ApJ 793, (alternative interpretation: King

105 (2014). & Lasota, MNRAS Let. 444, | 30— .
L33 (2014).)

Posters: Webb (B11) and Detoeuf (A6)
for another IMBH candidate, see
Earnshaw’s talk
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ULX sp. .

Low-luminosity ULXs:
BHs with luminosities
around or slightly above
Eddington

(e.g. Middleton et al. Nat. 493,
187-190 (2013); Liu et al. Nat. 503,
500-503 (2013).)

"Extreme” ULXs —
Lx > 10*° erg/s

Gladstone, Roberts & Done, MNRAS 397, 1836-1851 (2009).




ULX spectra...
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If low-T disk is real,
masses > 1000Mo
(e.g. Miller)
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High-T disk-like?
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¥ Caballero-Garcia & Fabian MNRAS 402, 9559 (2010).
- Gladstone, Roberts & Done MNRAS 397, 1836 (2009).
® King, MNRAS Let. 385, L113 (2008).

0 Miller, Fabian & Miller Ap) 607, 931-938 (2004).

¥ Stobbart, Roberts & Wilms, MNRAS 368, 397 (2006).
% Goncalves & Sorta MNRAS 371, 673 (2006).
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10__\_Wa|ton et al. MNRAS 414, ——— Comptonisation
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l MJD 54478.81195 (TT)
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l | ‘ X NGC 5408 X~1
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variability

)N

QPOs and aperiodic A e

rms-flux correlation
and ‘soft lags’ in NGC

5408 X-1

Heil & Vaughan, MNRAS Let.

405, L86-L.89 (2010). - ] ey :
De Marco, B. et al., MNRAS 436, [o— 0% ff‘“'hmff
3782-3791 (2013). Sl z AW e |

From Feng & Soria, New Astronomy Reviews 55,

-> Caballero-Garcia poster 166 (2011). Authors: Strohmayer+, Rao+, Feng+




ULX phenomenology

Intensity

NGC 1313 X-1
NGC 5204 X-1
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X-ray Luminosity

Hardness

Sutton et al.,;, MNRAS 435,
Spectral Hardness 1 758—1 775 (201 3)

(spectral slope, soft=steep, hard=flat) . :
-> See Tim Robert’s talk




ULX phenomenology
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Spectral Hardness 1758—1 775 (201 3)
(spectral slope, soft=steep, hard=flat) .
-> See Tim Robert’s talk




Harrison.et al. ApJ770, 108 (2013).
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NGC 1313 X-1 with NuSTAR
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= KDBLUR2(REFLIONX)
- DISKBB+COMPTT
= DISKBB+COMPTT (kT.=50 keV)
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MB et al., ApJ 778, 163 (2013).




NGC 1313 X-1 with NuSTAR
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MB et al., ApJ 778, 163 (2013).




N1313 X-1

GIURRO FFS,

CUTOFFS //“ |
EVERYWHERE ||/ S e
i | Hoxx1 | AL
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MB et al. ApJ 778, 163 (2013). P e W I

Walton et al. ApJ 779, 148 (2013). ‘ : = 3

Miller, MB et al. ApJL 785, L7 (2014). |C 342°'X:2

Walton et al. ApJ 793, 21 (2014). &

Rana et al. ApJ 799, 121 (2015). Ho Il X-1
Walton et al. ApJ 799, 122 (2015). - o

Mukherjee et al. arXiv:1502.1764 (2015).




EXCESSES,
EXCESSES
ENAE RNV IHERE(7)

Low energy: a disk-like
<1 keV component in most
sources.

High energy: cutoff in
excess of single-kT

Comptonization

MB et al. ApJ 778, 163 (2013).

Walton et al. ApJ 779, 148 (2013).

Miller, MB et al. ApJL 785, L7 (2014).
Walton et al. ApJ 793, 21 (2014).

Rana et al. ApJ 799, 121 (2015).

Walton et al. ApJ 799, 122 (2015).
Mukherjee et al. arXiv:1502.1764 (2015).

o | e
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N1313 X-1 ™

== DISKBB+CUTOFFPL

=« KDBLUR2(REFLIONX)
DISKBB+COMPTT

== DISKBB+COMPTT (kT.~50 keV)
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VARIABILITY,
VARIABILITY
ENAE RNV HIER E ( ~ )

Several sources showed a
fast (~weeks) evolution
of spectral shapes.

Short-term variability
appears mostly in the soft
intermediate and
broadened disk states (as
previously known).

MB et al. ApJ 778, 163 (2013).

Walton et al. ApJ 779, 148 (2013).

Miller, MB et al. ApJL 785, L7 (2014).
Walton et al. ApJ 793, 21 (2014).

Rana et al. ApJ 799, 121 (2015).

Walton et al. ApJ 799, 122 (2015).
Mukherjee et al. arXiv:1502.1764 (2015).




VARIABILITY,
VARIABILITY
ENAE RNV HIER E ( ~ )

Several sources showed a
fast (~weeks) evolution
of spectral shapes.

Short-term variability
appears mostly in the soft
intermediate and
broadened disk states (as

previously known).

MB et al. ApJ 778, 163 (2013).

Walton et al. ApJ 779, 148 (2013).

Miller, MB et al. ApJL 785, L7 (2014).
Walton et al. ApJ 793, 21 (2014).

Rana et al. ApJ 799, 121 (2015).

Walton et al. ApJ 799, 122 (2015).
Mukherjee et al. arXiv:1502.1764 (2015).
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Cir ULX5
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" NuSTAR

CsrULXS | s B 7
VARIABILITY, :
VARIABILITY £
EVERYWHERE(~)

Temperature-luminosity

relation deviates from SS
disk in'Cir UILX-5:

s keV i)

LocT% o~ 1.7 (exp.:4)

EF; [keV" {photons cn

Spectral evolution highly
non-standard.

MB et al. ApJ 778, 163 (2013).
Walton et al. ApJ 779, 148 (2013).
Miller, MB et al. ApJL 785, L7 (2014).
Walton et al. ApJ 793, 21 (2014).
Rana et al. ApJ 799, 121 (2015). - N : -.
Walton et al. ApJ 799, 122 (2015). ' Eegaev) Energy (keV)
Mukherjee et al. arXiv:1502.1764 (2015).

(photons cm™ s

EF; [keV




M82

Two ULXs in M82, both
“extreme” (one borderline HLX...),
showing QPOs:

M82 X-1/X41.4+60: Lx ~104 s
fopo: 50—190 mHz (SMO03, K+06) "

M82 X-2/X42.3+59: Lx ~1040
fapo: 3—4 mHz (FK10)

Both used to infer masses of the
BHs in the IMBH range (FKO7,
FK10)

SMO3: Strohmayer, T. E. & Mushotzky, R. F., Ap] 586, L61-L64 (2003).
K+06: Kaaret, P., Simet, M. G. & Lang, C. C., ApJ 646, 174-183 (2006).
FKO7: Feng, H. & Kaaret, P., Ap] 668, 941-948 (2007).

FK10: Feng, H., Rao, F. & Kaaret, P., ApJL 710, L137-L141 (2010).




Bright New Supernova Blows Up in Nearby
M82 the Clgar Galaxy

",- LN L S 1 \J L_r'xrj : H \'4 L__ ‘_1 l ._;’. L

New supernova in M82

Before

Jan. 22,2014

Before and after photos of the galaxy M82 showing the appearance of a brand new 11.7
magnitude supernova. The object is located in the galaxy’'s plane 54" west and 21" south of its
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M82

Two ULXs in M82, both .
“extreme” (one borderline HLX...), )
showing QPOs:

<
N

QPO

Cospectrum

+ M82 X-1/X41.4+60: Lx ~104 s
fapo: 50—190 mHz (SM03, K+06)"

O
o

- M82 X-2/X42.3+59: Lx ~1040
fapo: 3—4 mHz (FK10)

- Both used to infer masses of the 5|
BHs in the IMBH range (FKO7, ol
FK10) |

SMO03: Strohmayer, T. E. & Mushotzky, R. F., Ap] 586, L61-L64 (2003). 4| N i ST A R
K+06: Kaaret, P., Simet, M. G. & Lang, C. C., ApJ 646, 174-183 (2006). q

FKO7: Feng, H. & Kaaret, P., Ap] 668, 941-948 (2007). f -0-2
FK10: Feng, H., Rao, F. & Kaaret, P., ApJL 710, L137-L141 (2010). oL 0 C
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Cospectrum
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QPO

(Cospectrum ~ Power
spectrum, see MB et al.
Apd 800, 109 (2015).)

NuSTAR
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Frequency (Hz)







03-10 keV
03-30 keV
10-30 keV

¢
.-
+,

a 1

o= 1 41
ki
Fﬁ,

——

w w (=] w o

v : . 2 1
‘ o

o Aﬁ

Hnpow Jad $ Jad siunen A (sW)gzZieL ~ pouiad (36} XNy pasing

m./

b

(@)

&N

4

(&)

5

QN

=)

QN

T — = 4.,
j ﬁE -
1§ ([p]
)

L

|

s

M)

=

©

@

N

=

SIUN0D




10 keV

<
3

-30 keV
10-30 keV

03
0

W) XNy posind

o
O
¥

!
—
<!
P<
—

59

M82 X-2
X42.3+




e —

-,i..

-
ey

L 4
01 0 )
o —
)

TN (x41.4+60) [l

A_u..,A,,_...-.._.-.;-sr‘.,a.#%MM n 9

M82 X-2: A pulsar!"MB et al. Nature 514, 202-204 (2014).
M82 X-1: An IMBH (based on-QPOs)! Pasham, Strohmayer &
Mushotzky, Nature 513, 74-76 (2014).




Models of M82 X-2

a low-magnetic field (~109 G) neutron star in an unusual high-mass X-
ray binary (HMXB), -> new channel for millisecond pulsar and/or BH
formation? [K14];

a highly magnetized pulsar [e.g. L14, E14, DO14];

a pulsar with standard magnetic field ~ 10" G [C14, T15]

a bright, young neutron star [a la MP13] (disfavored by variability)

a spinning intermediate mass black hole (?!) [TK15]

C14: Christodolou et al., arXiv:1411.5434

E14: Eksi et al. MNRAS Let. 448, L40-L42 (2015). L14: Lyutikov, arXiv:1410.8745 (2014). -> POSTER
DO14: Dall'Osso et al., ApJ 798, 25 (2015). MP13: Medvedev & Poutanen, MNRAS 431, 2690
F14: Fragos et al. ApJL 802, L5 (2015). 2702.2013).

K14: Kluzniak & Lasota, MNRAS Let. 448, L43-L47 |10 TerKazarian, ArXiv1506.1222 (2015).
(2015). T15: Tong, RAA 15, 517-524 (2015).
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What about super-Eddington?

ONE DOES NOT
SIMPlv’

. 'q

u’

ACCRETE AT 100 TIMES
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10° §
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And you thought
super-Eddington

luminosity was the
poroblem...

RHD simulations: Hashizume et al. PASJ
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Ram pressure-dominated
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100+ times Eddington mass
accretion rate!
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And you thought super-Eddington

Different
simulation
setups,
consistent
results.

RMHD: McKinney et al. MNRAS 441, 3177-3208 (2014).



Spectra from
simulations

Kawashima et al. ApJ 752,
18 (2012).
Strong dependence of
Isotropic luminosity on
viewing angle

Spectral shapes similar but
still not perfect. Promising

Figure 3. Dependence of isotropic
angle . The red, green, and blue lines display the isotropic luminosity for
L0, 500, and 200Lg /e, respectively




Indications from simulations
MWMNMWW

/(Lgaa/c?) Mpnu/(Lgaa/c?)

* Very high accretion
rates are possible

14;)!1,.’“ [fl‘:(ili

» Ubiquitous outflows/jets

* The mass accretion
rate i1s higher than
inferred from the
Isotropic luminosity,
even accounting for
beaming!

1000 2000 3000 40
R/rg




Wrapping up...

2\ :
\\ :

Toy scenario:
Soft excess: outflow
155, 19 (2004).
Hard thermal 3 Poutanen et al., MNRAS 377, 1187 (2007).
component: disk King, MNRAS Let. 385, L113 (2008).
2 . . Sutton, Roberts & Middleton,
Beaming included in

MNRAS 435, 1758-1775 (2013).
Middlet t al. MNRAS 447, 3243 (2015).
the package ddlston s (0=

See Tim Robert’s talk

Kubota, Makishima & Done, PTPS



Indications of outflows and
Jets’7 Check!

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).

Poster: Cseh (G1) N

Ha bubbles
(credit: F. Grise, in Feng & Soria NAR gl
55, 166-183 (2011).) S0 momaolilon




Open questions

X-ray emission and
absorption from Outflows? T“E M“BE vou

What’s the real accretion rate? K“ nw
How do we model spectra?

THE MORE YOU REALIZE YOU DON'T

How many pulsars?
How many IMBHSs?

.... see next talks!
-> But see talk by Roberts!
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Two(+) IMBHs A neutron star!
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Outflows

what we expect what we see
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