MML&%QVQi.@.MS&k
obser\m&mms c;:wf ULXS
e 0

Mar Mezcua

UV\éVQT’SE&j of Mownkréal: -



Ultraluminous X-ray sources (ULXs)

o Extragalactic, off-nuclear, point-like X-ray sources
with Lx » Ledd for a stellar-mass black hole:

Ledd = 1.3 x 10%% Man/Mo  erg/s
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o Extragalactic, off-nuclear, point-like X-ray sources
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Ultraluminous X-ray sources (ULXs)

o Extragalactic, off-nuclear, point-like X-ray sources
with Lx » Ledd for a stellar-mass black hole:

o Most ULXs: Lx ~ 10%% - 10%° erq/s
Extreme ULXs: Lx > 2 x 10%° erg/s
Hyperluminous X-ray sources (HLXs): Lx Z 10*! erg/s

Gladstone (2013)
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| Muihwcwei.ehg&k mbserva&m&xs wf ULXs | ‘ | | 3

’ TL‘\E’.MO&M.\”EOULXS

Is the mej emission Lso&royé«c?

4
No, it’s beamed!
¥ %

Relakivistic mild beaming
beaming ¥

Yes, ik is!

Mar Mezcua

Is ik a black hole?

3

Yes, it’s a BH!

v

*

super-£Eddington
accrekion

sub-£ddington

acerebion

| Microquasar | |

v

et

‘i- Inkermediate- ,', { Neutron
. massBH || skar  §




: Mu&nwavelehg&k cbservahams cz:—%: ULXS | | | s o Mar Mezcuo

Tkema&ureoULXs

Is ik a black hole?

No, it’s beamed!

X

Relakivistic Mild
baaméma

accerebion

}i Stellar-wass Inktermedioke- .’

Neubrown

| Microguasar | | |

BH | | massBH |
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Variabiliby

Timing analysis
Distance

Mass measurement
Environment
Jets/outflows
Mownitoring
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CHECKLIST

J. Specéra& av\atjsi,s

i) Var Eabi;i.i;&v ""“’“vs
¥l Timing amai.vsi;s

1 Distance

1 Mass measurement

1 Environment
-
1

Jets/outflows
Monitoring



CHECKLIST

Spectral analysis

2, Variability Kmrays
Timing analysis
Distance

Mass measurement
J, Environment
Jebs/oubflows
Monitoring

QPR&&L, I
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~ Multiwavelength bsrva&i,m of ULXs: X-rays FIRE o

Spectral analysis

Mosk ULXs stetEm:

T
>
)
4
T
»
Ny
£
Q
&
=
=
&
o~
-
)
-

X
-5 0 5 5x10° 104 2x10* 5x10* 102 2x10-3

soft excess ot low energies

Powerwtaw cutoff above ~ 3 keV

NGC 1313 ¥t

Energy (keV)

Mar Mezcua

Bachetti etk al. (013)

Also e.q., Stobbart et al. (Roog),
Walkon ek al. (o11, 2013, 2014, 2018),
Rana et al. (20158)



~ Mulkiwavelength bsrva&:‘,m of ULXs: X-rays i s ~ Mar Mezcua

Spectral analysis
Most ULXs sF:eﬂEm:

Characteristic of
‘ultraluminous’ state
Interpreted as

super-Eddington

- soft excess at low energies

= Fowerwtaw tu&oﬁ above ~ 3 eV

NGC 1513 ¥-1

5x104 103 2x10-3

Gladstone ek al, (2009)
Sutton et al. (2013)

keV? Photons cm™2 s~! keV~!

B Bachelti et al. (2013)

B Also e.q., Stobbart et al. (2006),
Walton ek al. (2011, 2013, 2014, 20158),
Rana et al. (Ro18)
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~ Mulkiwavelength observations of ULXs: X-rays | & o Mar Mezcua

A Variability

- Short-term variabiti,&v observed in many ULXs

middleton ek al. (Ro11)

4

-
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> SN A
y g o
] ]
Lo LR It
AR5 - W e
_r w S -
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: T
- ¥ »
<~ .
y, 2 .

Also e.q., King (2004, 2009)
Poutanen ek al. (2007)

King & Pounds (2003)
Middleton ek al. (Ro14, 2018)
Sutton et al. (013)



~ Multiwavelength observations of ULXs: X-rays | . %

Var E&b&ii&v

Mar Mezcua

- Short-term variabité,&j observed in many ULXs

- Expmmed bj superwﬁddiv\g&on wind

—_————

~ (R = e
ZPNRE T AT S
; ol SR i e SN
p: !

4

R :
: |
,

(_More by Matt middleton!)

i . , T —— - . - 8 T = =

~ Observational evidence of

oubflow wind ok 02!

middleton ek al. (Ro11)

Also e.q., King (2004, 2009)
Poutanen ek al. (2007)

King & Pounds (2003)
Middleton ek al. (Ro14, 2018)
Sutton et al. (013)



- Multiwavelength observations of ULXs: X-rays Ve s ~ Mar Mezcua

J Timing analysis
- Twin-peak Mghmfrequ,emcv QP0s found in some ULXs

High-Frequency QPO#1 (0.3 Hz)

33Hz 5Hz

Power (Leahy)

NGC 1313 X-1

Poisson Noise 850501

requency (Hz)

1.0

Power (Leahy)

Frequency (Hz)

ME2 X-1
ObsID: 0150280401
Pasham et al. (2014, 20158)

0.10
Frequency (Hz)



- Multiwavelength observations of ULXs: X-rays Ve s ~ Mar Mezcua

Timing ama&vs LS

- Twin-peak Mghmfrequ,emcv QP0s found in some ULXs

- Frequenhcy - 1/Men U stellar-mass BHs
Extrapolating....=> IMBH! ST

33Hz 5Hz

Power (Leahy)

NGC 1313 X-1

N
™

High-Frequency QPO#2 (0.45 Hz)
850501

g
>

N
KN

N
b

1.0
Frequency (Hz)

Power (Leahy)

ME2 X-1
ObsID: 0150280401
Pasham et al. (2014, 20158)

0.10 1.00
Frequency (Hz)



A Timing ama&vs LS
- Lowmfrequemc:j QP0s found in some ULXs
- Frequency scaling from stellar-mass BHs => IMRBH!

ME2 X-2
Feng et al. (Ro10)

0.001 0.010 0.100
Frequency (Hz)




~ Multiwavelength observations of ULXs: X-rays TR ~ Mar Mezcuo

J Timing analysis
- Lawmfrequemc:j QP0s found in some ULXs
- Frequency scaling from stellar-mass BHs => IMBH!

ME2 X-2
Feng et al. (Ro10)

Bu&...putsa&iov\s reveal neubkron skar'

0
N
N~
™
-
'
_—
2]
S
S
©
o)
g
O
o

Bachetti ek al. (Ro14)

0.001 0.010 0.100
Frequency (Hz)




_ Mullivovelength observobions of UL __ Mar Mescun
CHECKLIST
JL_ Spectral analysis

Variabil "‘&'j erav =
Jl Timing analysis

, Distance
d, Mass measurement
WA e
g, Jets/o ubflows
| Monitoring

QPR&:&L, IR
radio



__Mullivovelongth cbservations of UXs _ Mar pescun
CHECK LILS“T‘

~Eral umaiysus
Varia btltifj

Tinaii \<) &%&{;3,@«} LS
J, Distawnce

i, Mass measurement

d, Environment

J, Jets/outflows
Monitoring

OPR{’:&L IR
X radio /




~ Multiwavelength observations of ULXs: optical - % Mar Mezcuo

O Z tical counter Z arts

- Tens of ULXs with optical counterpart =
Thawnks ko Chandra+HST as&rmme&rj
- Emission kends ko be blue

Wiy ~20-26

. Roberks et al. (00%)




~ Multiwavelength observations of ULXs: optical - % Mar Mezcuo

O 4 tical counter

- Tens of ULXs with optical counterpart =
Thawnks ko Chandra+HST as&rmme&rj
- Emission kends ko be blue

Wiy ~20-26

BUT optical emission from:

? :

Py

¢

. Roberks et al. (00%)




~ Multiwavelength bsrv&&éc}s of ULXs: optical s # Mar Mezcua

O 4 tical counter

- Tens of ULXs with optical counterpart Gladstone et al. (2013)

Thaniks ko Chandra+HST asErcme&rj
- Emission btends to be blue

Wiy ~20-26

BUT optical emission from:

o N companion star? ?

*  x inbrinsic acerebion disk?

2 * X-ray irradiated ouber disk?
* x all the above combined? >

¢

. Roberks et al. (00%)




HST data of 13 ULXs:

- SED: no single spectral type makbch
- SED: pmwer-ﬂi.&w fik o ~ 1-2 (Fv ~ )
- optical vari&b&i.i&v

- Lloglfx/fv) ~ 3 consistent with LMXBs

3

e E o = = — e — g

optical emission dominated by

; )(-*ro\v r&prm&essims on the ouber disk ‘,

log[F, (ergs”’ cm? Hz")‘]. .

\ Muiwcwl.maﬁk bsrva&i o§ Us: op E,od. | g = w

14.8
loglv(Hz)

Mar Mezcua




- Multiwavelength observations of ULXs: optical e e o Mar Mezcuo
HST data of 13 ULXs:

- SED: no single spectral type makbch
- SED: power“i.&w fik o ~ 1-2 (Fu~ V™)

- OFEECQL vari&bii.&&v
- Lloglfx/fv) ~ 3 consistent with LMXBs

; . 14.8 . 07
, . loglv(Hz ]

log[F, (erg s" cm? HzZ")

e - = o = = — e — S

optical emission dominated by

; X“rav r&pro&essi%g on the outer disk i,

M. ..
What could we do...7




~ Multiwavelength observations of ULXs: optical | | | Mar Mezcuo

e.9., Copperwheat et al. (2005, R007), Patruno & Zampieri (Roo¥ 2010),
Madhusudhan et al. (2o0%), Grisé et al. (Ro11), Gladstone ek al. (2013)



~ Multiwavelength observations of ULXs: optical | | % Mar Mezcuo

Appi.v irradiakion models'

Qaproduca op&i«mt colors

Predict op&itai. Lumimasiﬁv
of emission from star &
accrebion diske

e.9., Copperwheat et al. (2005, R007), Patruno & Zampieri (Roow 2010),
Madhusudhan et al. (2o0%), Grisé et al. (Ro11), Gladstone ek al. (2013)



~ Multiwavelength observations of ULXs: optical | | Mar Mezcuo

Amptfj irradiakion models'

Qaproduae (’)F&iﬁ&t colors

Predict optical Luminosity d>
of emission from star &
accrebion diske

Most downor
skars consistent
with B glanks

e.9., Copperwheat et al. (2005, R007), Patruno & Zampieri (Roow 2010),
Madhusudhan et al. (2o0%), Grisé et al. (Ro11), Gladstone ek al. (2013)



~ Multiwavelength observations of ULXs: optical | % Mar Mezcuo

A Distance

Optical counterpart or background AGN?

Suttown et al. (2015)

Spec&rmsco > needed!

10 ULXs: 2 background AGN

Sutton et al. (Ro18)
17 ULXs: 18 backqground AGN

2 foreground stars
Wowng et al. (oo¥)

23 ULXs: 20 background AGN

3 foreground stars
Gutiérrez & Lopez-Corredoira (2008, 2007) HLX in IC 4320
Gutiérrez (2006, 2013) my = 22.67




~ Multiwavelength observations of ULXs: optical - % Mar Mezcuo

Diskance

Optical counterpart or background AGN?

Spec&rosao pY needed! Sutton et al. (2015)

10 ULXs: 2 background AGN

Sutton et al. (Ro18)
17 ULXs: 18 backqground AGN

2 foreground stars \
Wong et al. (roo%) C * X /«

23 ULXs: 20 background AGN aimy g

J
3 foreqround stars
Gutiérrez & Lopez-Corredoira (2008, 2007) HLX in IC 4320
Gutiérrez (2006, 2013) my = 22.67




~ Multiwavelength observations of ULXs: optical - % Mar Mezcuo

Diskance

Optical counterpart or background AGN?

Suttown et al. (2015)

Spe&&rmsco > needed!

10 ULXs: 2 background AGN

Sutton et al. (Ro18)
17 ULXs: 18 backqground AGN
2 foreground stars

Wong et al. (roo%) C * X /«
23 ULXs: 20 background AGN Aty g J
o
3 foreground stars e
Gutiérrez & Lépez.--(:orredcira (o058, 2007) HLX tn IC 4320
Gutiérrez (2006, 2013) my = 22.67

ULX Location confirmed for many other ULXs
e.q., Pakull & Mirioni (2002), Lehmann et al. (2008), Grisé et al. (2008), Palull,
Grrisé & Mobkch (2006), Kaaret & Corbel (2009), Wiersema et al. (2010), Mobch ek
al. (o11), Roberts et al. (2011), Soria et al. (R013), Gutiérrez & Moon (R014)



 Multisavelongth observabions of O IR Mer Mescus
Meanwhile, in the infrared...

Spe&&roscopv:
- 4 ULXs: 3 background AGN Heida et al. (2013)

- log(fx/fv)= -1 - 1 E> likely AGN



_ Maltisavclength observabions of U IR Mer Mecus
Meanwhile, in the infrared...

Spe&&roscopv:
- 4 ULXs: 3 background AGN Heida et al. (2013)

- log(fx/fv)= -1 - 1 E> likely AGN

X Twinkle, bwinkle *
Photometry & spectroscopy: B LM stor.. *
- ULX counterparts consistent with red superqgiants

-~ radial velocity contirms ULX Llocation for a few ULXs

- but no ci:jmamitat mass measurement.... YET!

Heida et al. (Ro14, 2015, 2018&)



~ Multiwavelength observations of ULXs: IR | & o Mar Mezcuo

Spe&&roscopv:
- 4 ULXs: 3 background AGN Heida et al. (2013)

- log(fx/fv)= -1 - 1 E> likely AGN

X Twinkle, bwinkle *
Photometry & spectroscopy: B LM stor.. *
- ULX counterparts consistent with red superqgiants

-~ radial velocity contirms ULX Llocation for a few ULXs

- but no ci:jmamitat mass measurement.... YET!

Heida et al. (Ro14, 2015, 2018&)

S ——

——

~ See next talks by Marianne™
N _Heida & Kristhell Lopez! ~ |

= - _ — =
L _ = ————a e




~ Multiwavelength bsrv&&éc}s of ULXs: optical s # Mar Mezcua

Jd Dynamical mass measurement

2 : e.q., Pakull et al. (2006), Kaaret &
Several attempts in the optical... 4. oooy ravutl, crise & motel

(Rook), Grrisé ek al. (2009), Roberts
o M101 X“"“l et al. (R011), Liu et al. (2012)

Lx = 3 x 10% erg/s, Wolf-Rayet donor of 19 Mo



~ Mulkiwavelength observations of ULXs: optical S i  Mar Mezcua

“Dvmamwat mMass measurement

e.q., Pakull et al. (2006), Kaaret &
Corbel (2009), Pakull, Grisé & Mobch
(Rood), Grrisé ek al. (2009), Roberts

e M1lol X-1 etk al. (2011), Liu et al. (2012)
Lx = 3 x 10% erg/s, Wolf-Rayet donor of 19 Mo

Several a&&e_mp%s i the op&iﬁat...

Liw et al. (2o11)
Radial vei.m‘:i,&j variakiowns: 0 S AR AR

¥ 60 kev/s over 3 monkhs

Orbikal Peric:-d: %2 + 0.1 ciavs

|

> | 5 < Mgh < 20 Mo

super-£ddington accretic

radial velocity (km/s)

08 1 12 14 16 18
binary phase



~ Mulkiwavelength observations of ULXs: optical S i  Mar Mezcua

“Dvmamwat mMass measurement

e.q., Pakull et al. (2006), Kaaret &
Corbel (2009), Pakull, Grisé & Mobch
(Rood), Grrisé ek al. (2009), Roberts

e M1lol X-1 etk al. (2011), Liu et al. (2012)

Several a&&e_mp%s i the op&iﬁat...

Lx = 3 x 10 erq/s, Wot{*ﬁav& donor of 19 Mo
Liu ek al, (Ro11)
Radial velocity variations: SRR A O T

¥ 60 kev/s over 3 monkhs

Orbikal Peric:-d: %2 + 0.1 ciavs

|

> | 5 < Mgh < 20 Mo

super-£ddington accretic

radial velocity (km/s)

Signatures of optical thick oubflow!
Shen et al. (2018), Soria & Kowng (2016)

08 1 12 14 16 18
binary phase



Mumwsﬁ Srv&ﬁﬂf r R e ﬁrMZ-W
o ULX P13 n NGC 7793

Downor skar B91a
OP&L«mL/ UV modulakions
Orbikal period ~ 64 days

|

i;
??

\\
“
1

> l‘ Mzu < 16 Mo
super-£ddington accretion

Mokch ek al (014)



~ Mulkiwavelength observations of ULXs: optical S i  Mar Mezcua

o ULX P13 L NGC 7793

Downor skar B91a
OPEE,C&L/ UV modulakions
Orbital period ~ 64 days

> | Man < 15 Mo
ﬂ superﬂﬁddihgﬁan acerelbion

1
!?

Motch et al (R014)

Lx ~ 4 x 10%% erq/s
Soft excess
Spectral break ot ~ 4.2 keV

—A
>
. @
-
w
c
. O
-
y O
=
&
AR
>
<]
-
/

| SE«SMQ&MV@.S (;)“f

|
)

|

super-Eddington accretion

Energy (keV) 7



~ Multiwavelength observations of ULXs: optical | | Mar Mezcuo

J Environment

o Somwme ULXs near/within »10 Myr | Holmberg IX ¥-1
old stellar cluskers :

o Others near star formation ring

O e |J

Grrisée el al, (2011)

| s TR | e.q., Liu et al. (2007), Fenqg & Kaaret
NGC. 1673 IXO S i (Roo%), Grisé et al. (Ro0F, 2011), Yang
i o | ek al. (2011), Farrell ek al. (Ro12)

Kaaret (2008)




~ Multiwavelength bsrva&a of ULXs: optical e = o

Mar Mezcua

o Some ULXs surrounded bj nebular emission

Subaru Ho Hotmberg IiX X-1
: iy X*ra:; rhotoionized nebulae

Feng & Soria (2011)

|
NGC 1313 X-2

c Faw f IC 342 X-1
Feng & Soria (2011) O IVIRE T S

Shock-lonized
nebulae

e.q., Pakull & Mirioni (2002, 2003),
Pakull & Grisé (200%), Abolmasov
ek al. (Ro07), Kaaret & Corbel
(2009), Kaarek ek al. (2004, 2010),
Moon et al. (2011), Cseh et al. (2012)




~ Multiwavelength bsrva&a of ULXs: optical e = o

Mar Mezcua

o Some ULXs surrounded bj nebular emission

Subaru Ho Hotmberg IiX X-1
: iy X*ra:; rhotoionized nebulae

Lx ~ 10% - 104° erq/s required to produce
high-ionization (e.q., Hell) Line luminosities

Feng & Soria (2011)

|
NGC 1313 X-2

c Faw f IC 342 X-1
Feng & Soria (2011) O IVIRE T S

Shock-lonized
nebulae

e.q., Pakull & Mirioni (2002, 2003),
Pakull & Grisé (200%), Abolmasov
ek al. (Ro07), Kaaret & Corbel
(2009), Kaarek ek al. (2004, 2010),
Moon et al. (2011), Cseh et al. (2012)




~ Multiwavelength bsrva&a of ULXs: optical e = o

Mar Mezcua

o Some ULXs surrounded bj nebular emission

Subaru Ho Hotmberg IiX X-1
: iy X*ra:; rhotoionized nebulae

Lx ~ 10% - 104° erq/s required to produce
high-ionization (e.q., Hell) Line luminosities

> ![ I.so&rc;)pac X‘""“j emission |

Feng & Soria (2011)

c Faw f IC 342 X-1
Feng & Soria (2011) O IVIRE T S

Shock-lonized
nebulae

e.q., Pakull & Mirioni (2002, 2003),
Pakull & Grisé (200%), Abolmasov
ek al. (Ro07), Kaaret & Corbel
(2009), Kaarek ek al. (2004, 2010),
Moon et al. (2011), Cseh et al. (2012)
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 Multiwavelength observations of ULXs: radio | %

o Also radio nebulae

NGC5408 X-1

QF&ECQLLj*&hih s:jm:hrc)&rom emission
Stze ~ 40-200 pe

More Luminous Ehain SN

: L d
p |
' HST [0III] + ATCA 1% GHz i

U

Y .
| HST Ha + VLA 5§ GHz

Cseh ot al, (o12)




 Multiwavelength observations of ULXs: radio . % Mar Mezcua

o Also radio nebulae

NGC5408 X-1

O*F&Lcatlv*ﬁhm s:jwr:hrc)&rom emission
Stze ~ 4-0-200 pc

More Luminous Ehain SN

“ULX bubbles”

Shock-itonized nebulae

.
HST mnl_‘] + ATCA 1% CHz i

IC342 X 1

Radio nebulae

HST Ha + VLA 5§ GHz

Cseh ot al, (o12)



 Multiwavelength observations of ULXs: radio . % Mar Mezcua

o Also radio nebulae

NGC5408 X-1

Qpﬁicatlv*ﬁhm svn«t’:krc}&rom emission
Stze ~ 4-0-200 pc

More Luminous Ehain SN

“ULX bubbles”

Shock-itonized nebulae

.
HST mnl_‘] + ATCA 1% CHz i

IC342 X 1

Radio nebulae

2t
Inflated bj Jets or winds

Energy carried ~ 104 - 10%% erq/s
(SS4-33 ~ 104% erq/s)

HST Ha + VLA 5§ GHz

Cseh eb al. (2012)



Mar Mezcua

 Multiwavelength observations of ULXs: radio | %

o Radio je&s nside nebula

O

Ho T Radio bubble inflated bv Jet
(although optical nebula

produced by photoionization!)

.
HST FR462N + VLA § GHz |Cseh et al, (2014, 2015)

e e oo c— P A——

L




~ Multiwavelength bsrvo&i, of ULXs: radio i s i Mar Mezcua
o Radio jebks inside nebula

-

Ho T Radio bubble inflated bj Jet
(although op&icat nebula

produced by photoionization!)

Cseh et al, (2014, 2018)

Opﬁia‘:auv Ehin sv&wkro&ron emission
Has faded factor ~ 7 in 1.8 Yrs

Has cooled faster than outer components

@ EVN 1.6 GHz



~ Multiwavelength observations of ULXs: radio | & % Mar Mezcua

o Radio je&s nside nebula

' Holl X-1

EVN 1.6 GHz

»
HST FR4-62N + VLA § GHz

Radio bubble inflated bj Jet
(although op&icat nebula
produced by photoionization!)

Cseh et al, (2014, 2018)

Opﬁia‘:auv Ehin sv&wkro&ron emission
Has faded factor ~ 7 in 1.8 Yrs

Has cooled faster than outer components

I
!

| Q&dm bu.bbi.e m{to&ed Je& EJECTA i’

i P _‘




~ Multiwavelength observations of ULXs: radio ey . % Mar Mezcuo

o Radio flares

HLX-1 S ATCA §+9 GHz!

Lx ~ 10%2 erq/s
Periodic outbursts ~months
Spe«:&rat skake Eransitions ~ciav

Transient jet radio emission follows

01"0™30%.0 29°%.0

X-rav spet&rat stake Eransitions L T oo mgntAscension |
(as in Gralactic XRBs!) o i

Men ~ 104 - 10° M, > IMBH

Nucleus of stripped dwarf galaxy?

High/soft X=rau s&o&e_ |

e.q., Farrell et al. (2009), Davis et al.
(Ro11), Lasota (2011), Servillak et al. (2011), 01"10™30°0 29%0 27°.0 26°.0
Godet et al. (2009, 2012, 2014), Yan et al. 12000 Right Ascension

(2018), Cseh et al. (2015) Webb et al. (2012)



XMMU J004243.6+4-12819 in M31

Lx ~ 2 x 10%% erq/s — sub-Eddington regime
Lx ~ 1.2 x 10% erg/s —» ULX, super-Eddington regime
Radio flares, similar behavior as Galactic XRBs

Radio vo\ri,o\bi,i.i,&j ~days & minutes — size ~§ AU

-100
® VLA 5.26 GHz
® VLA 7.45GHz

=
s
€
>
~
7))
-
L))
©
x
b=
(.

Spectral index

~ Multiwavelength observations of ULXs: radio e - o

Milliarcsec

Mar Mezcua

middleton et al. (013)



o Campm‘:& radio emission

NGC 6457 X-9

Lx ~ 3 x 10 erg/s
Short- & Long-term X-ray variability
I - 02 - 0.4 or cool disc?

Jenkins ek al. (004, 2008)

Fundamental plane of BH accretion
(f sub-Eddington):

A
IMBH

Mezcua ek al. (2013a)

DECLINATION (J2000)

04.02 |

~ Multiwavelength bsrva&é of ULXs: radio e - o

~ 30x20 mas? |

1403 41.274 41.272

- ¥

|

41.268
RIGHT ASCENSION (J2000)

EVN 1.6 GrHz

l l I
41.266 41.264 41.262




 Multiwavelength observations of ULXs: radio | | | Mar Mezcua

NG C 2276-3¢ B HST + VLA 5§ GHz

-

Lx ~ & x 10%° erg/s

Short-term X-ray varaabii.i,&v ‘
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ULXs: mixed bag of objects

o X-rays: soft excess, high-energy cubt-off
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o X-rays: high-frequency QP0s §>
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o Radio: jets, fundamental plane
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Sunn mary

ULXs: mixed bag of objects

o X-rays: soft excess, high-energy cubt-off [> stellar-mass BHs
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o X-rays: Mghmfrequem:j QPOs #> e

o Radio: jets, fundamental plane
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o Optical/IR spectroscopy: background AGN?
o Radio/optical: environment, nebulae

3 Qad&o/X—wav monitoring: similarities with XKBs
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