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Whaté to come?

A Brief introduction to nebulae & supershells associated with ULXs (ULXN)
A Energetics: photon and collisional excitation

A Analogies to nebulae associated with normal
X-ray binaries and AGN
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A New results: 5 galaxies, 8 ULXs, how many nebulae?

A Summary




What are supershells / bubbles?

Demonstration by example:

ULX Holmberg Il X -1
He Il region surrounding ULX
Excitation from UV or X  -ray source

Consistent with Lx of ULX if isotropic
Kaaret et al. (2004)
imaging

J HST

ULX

X-ray lonized Nebulae (XIN) have
been detected before: LMC X -1

- (Pakull & Angebault 1986, Cooke et

al. 2008)

HellA4686/Hf3

LMC X -1



What are ULXN / supershells?

Demonstration by example:

ULX Holmberg Il X -1 — ULX Holmberg IX X -1

He Il region surrounding ULX — Shell 1 order of magnitude larger
Excitation from UV or X  -ray source (e.g. Miller 1995, Pakull & Griseé 2008)
Consistent with Lx of ULX if isotropic — Kinetic energy of the shell is

Kaaret et al. (2004) J HST 10752 erg/s, from expansion

imaging -velocity and density A not SNR

(Ramsey et al. 2006)

Subaru

Ha [OIII] B




Quasars and Microquasars

Cen A

FR Il Radio Galaxy Multiwavelength
7] NVSS 2146+82 (Kraft et al. 2008)
3 at1.4 GHz
O (Palma et al. 2000)
-_g Supermassive
G black hole jets
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Bow shock front
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Black Hole X -ray Binary Black Hole X -ray Binary
1E 1740.7 -2942 GRS 1758 -258
(Mirabel et al. 1992) (Marti et al. 2002)

Cygnus X -1: Gallo et al. 2005, Russell et al. 2007



Quasars and Microquasars

: CenA
FR Il Radio Galaxy Multiwavelength
NVSS 2146+82 (Kraft et al. 2008)
at 1.4 GHz

(Palma et al. 2000)

Supermassive
black hole jets
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GRO J1655 -40 (Miller -Jones, Russell, et al. in prep.) Cygnus X -1: Gallo et al. 2005, Russell et al. 2007
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Quasars and Microquasars

: CenA
FR Il Radio Galaxy Multiwavelength
NVSS 2146+82 (Kraft et al. 2008)

at1.4 GHz
(Palma et al. 2000)

Supermassive
black hole jets

Stellar -mass
black hole jets

Predicted by

Heinz et al. 2008 for
fast moving LMXBs

Possible first
detected XB
head-tail source:
SAX J1712.6 -3739 :
(Wiersema et al. 2009)

Bow shocks

-

Cygnus X -1: Gallo et al. 2005, Russell et al. 2007




New observations

We imaged 5 galaxies containing ULXs using 2 telescopes:
The Isaac Newton Telescope and Wide Field Camera (La Palma; north)
The Danish 1.5m Telescope and EFOSC (La Silla, Chile; south)

Many emission line filters:
[Ol] 3727A
Hell 4686 A
Hb 4861 A
[OI1l]] 5007 A
HU 6563 A
[SI] 6716 + 6731 A doublet

Continuum subtraction using redshifted H U line filter and V -band

Gemini North + GMOS : 48 mins of integration on NGC 5204 X -1
Pl: J. Gladstone
2 6 4 SRR SRR K G000 A e, SR 2

orientated north Ksouth, strong nebula lines detected



NGC 5204 X -1

ULX has Lx =7 x 10"39 erg/s (0.5 keV) Galaxy Is a warped spiral

— Continuum:

HU redshifted
600 sec _
— Optical counterpart: s
e.g. Roberts et al. By
papers
— HU (continuum ST P
subtracted)
taken with CFHT L RN . A
(Pakull & Mirioni e
2002) 3 _" La . -EF'. PR
— Abolmasov et al. ) :
2007: nebula lines

— [S ] (continuum A 2R T
subtracted) Lol RN

— He Il (continuum | TR B
subtracted) :

P o

— [O 1] (continuum
subtracted)

— [O 1] (continuum
subtracted)




NGC 5204 X -1

ULX has Lx = 7 x 10739 erg/s (0.5 - 8 keV) Galaxy is a warped spiral
D =4.8 Mpc
HU | Hb [S 1] [O11]
e ERAELI s Pt SR SO RN EPTE Strong [S 1], [O 1],
[O 1ll], weak He Il

SS 433/ W50
complex

ULXN: similar
morphology to
e W50, about 2.5
% times larger

& Gemini spectra:
§ a further 6 lines




NGC 5204 X -1

ULX has Lx =7 x 10"39 erg/s (0.5

Gemini GMOS spectra:

¢ — 10 nebula emission lines are detected

— Preliminary results:

— We compare the de -reddened line
ratios to models of radiative shock
waves (MAPPINGS; Allen et al. 2008)

— We infer a probable shock velocity of
~ 200 km/s

— May be powered by the jets of the
ULX? Further investigation required.

— Balmer decrement constrained: E(B

- 8 keV) Galaxy is a warped spiral
D =4.8 Mpc
-V)=0.44+ - 0.04
45 -
L -
3.5 1 ]
3 —[O 1] model
—[C ] obs
25 7 [O1l] observ
5 —[Ne lll] model
—[Ne ] high
15 1 [Ne11l] low
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NGC 4395 X -1

ULX has Lx = 2 x 10739 erg/s (0.1 - 2.4 keV)

No nebula reported so far,
But galaxy is close

HU 1200 sec




NGC 4395 X -1

ULX has Lx = 2 x 10”39 erg/s (0.1 - 2.4 keV)

No nebula reported so far,
But galaxy is close

HU 1200 sec
Continuum subtracted

using H -alpha redshifted
1200 sec




NGC 4395 X -1

ULX has Lx = 2 x 10"39 erg/s

No nebula reported so far,
But galaxy is close

HU 1200 sec

Continuum subtracted
using H -alpha redshifted
1200 sec

[S 11] 1200 sec
Continuum subtracted
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2 x 10739 erg/s

ULX has Lx




NGC 7793

Central X -ray source has Lx = 6 x 10736 erg/s (0.3

Radio

- 8 keV)

D =3.9 Mpc

Pakull & Grisé
(2008);

Soria et al.
(2009): three
X-ray sources
coincident with
radioand H U
nebula

elep InQ




NGC 4861: 2 ULXs

Lx = 6 x 1039 and 2 x 10*40 erg/s (2 - 10 keV) D=17.8 Mpc

[S 1] - continuum HU J continuum

HU nebulae close to both ULXs (mentioned also in Pakull & Mirioni 2002)




NGC 4559: 3 ULXs

Lx =2 x 1070, 1 x 10M0 and 3 x 1039 erg/s (0.3 - 10 keV) D = 9.7 Mpc

Continuum:
HU redshifted 1200 sec

HU 1200 s ( -continuum)

[S1I] 1200 s ( -continuum)
He 11 1200 s ( -continuum)
[O 1] 1200 s ( -continuum)

[O1ll] 1200 s ( -continuum)




