Igacion

Programa

Invest

'.‘.,..- .
P T’ o

o
-
~
Lo
Z
o
-
(0
S
£ =
N ®
3 2
-
> H
> g
-
U =z
— <
>
~
<
&
>~
-




Why QSO varlablllty Iovers (mlght want to)
care about STELLAR-MASS Black Holes

3
.»\ V ~" ks s‘ =~
J -y
e p

Investigacion

leo Munoz Darias \ Programa

Ramon y Cajal

RYC ADVANCED FELLOW @ JIAC-TENERIFE




(Low-Mass) X-ray Binaries
L ow-mass star transferring matter onto Black Hole

via an accretion disc
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Credit: G. Perez (IAC)
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BLACK HOLES are TRANSIENT

Quiescence / Outburst

Credit: R Hynes Credit: R Hynes
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Dynamical BH masses Accretion Processes
General Relativity



BLACK HOLES are TRANSIENT

Quiescence / Outburst

Credit: R. Hynes [l . | Credit: R. Hynesy

Dynamical BH masses Accretion Processes
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ACCRETION STATES

1 SOFT HARD
LX Disc Corona
LEDD dominates CORONA CORONA dominates

>

100 keV 100 keV

0.0

X-RAY COLOUR / VARIABILITY

e.g. Remillard & McClintock 2006 / Belloni et al. 2011



ACCRETION/OUTFLOW PROPERTIES

SOFT TRANSIENT HCARD
Disc orona
Ly 1 7 |
LEDD ' 4 '
HOT WIND 11—-— T—

Compact jet

X-RAY COLOUR / VARIABILITY

This was the picture in 2015 (e.g. Fender & Munhoz-Darias 2016)



ACCRETION STATES IN AGN ¢

Koerding, Jester and Fender 2006
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ACCRETION/OUTFLOW PROPERTIES

SOFT TRANSIENT HCARD
Disc orona
Ly 1 7 |
LEDD ' 4 '
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Compact jet

X-RAY COLOUR / VARIABILITY

This was the picture in 2015 (e.g. Fender & Munhoz-Darias 2016)



V404 Cygni: a nearby and powerful BH transient

V404 Cyg is a ~10 M@ is black-Hole in a 6.5 day orbital period at 2.4 kpc
(Casares, Charles & Naylor 1992, Nature; Miller-Jones et al. 2009)

% Very large accretion disc with Rout ~ 30 light seconds (9 x 106 km)

% In quiescence since 1989....back in outburst in June 2015
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Flux

V404 Cygni: 2015 Outburst
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2015 Outburst

V404 Cygn
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Optical Accretion disc wind from V404 Cyg

GTC 10.4m telescope




P-CY G PROFILES IN 12 EMISSION LINE
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Munoz-Darias et al. 2016, Nature



P-CY G PROFILES IN 12 EMISSION LINE
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P-Cyg Profiles In 12 emission lines

Munoz-Darias et al. 2016, Nature

NORMALIZED FLUX
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High-velocity, optical wind simultaneous with the radio jet
Strong flaring activity and high intrinsic extinction Motta et al. 2017
X-ray wind detected by Chandra King et al. 2015




NEBULAR PHASE

Munoz-Darias et al. 2016, (see also Rahoui et al. 2016 and Mata-Sanchez et al. 2018)
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NEBULAR PHASE

Munoz-Darias et al. 2016, (see also Rahoui et al. 2016 and Mata-Sanchez et al. 2018)
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NEBULAR PHASE

Munhoz-Darias et al. 2016, (see also

Rahoui et al. 2016 and Mata-Sanchez et al. 2018)
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Mass Balance (king, kolb, Burderi 1996)

Disc contains: Mdisc ~10> Mo
e Ejected Mass: >> 0.001 Muisc

NO. 1 Mdisc Casares et al. 2019

e Accreted Mass: ~ 0.001 Muisc
e Transferred Mass (quiescence): ~ 0.003 Mudisc
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Mass Balance (king, kolb, Burderi 1996)

Disc contains: Mdisc ~10-> Ma
e Ejected Mass: >> 0.001 Muisc

NO. 1 Mdisc Casares et al. 2019

e Accreted Mass: ~ 0.001 Muisc
e Transferred Mass (quiescence): ~ 0.003 Mdisc

disc ~ 30 I.s.

Innermost 3 |.s. (Consistent with thermal wind launching radius)




The wind is regulating the outburst! (2)

| Credit. G. Perez (IAC)
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| Credit. G. Perez (IAC)



Conspicuous optical winds in other BHs transients
Munoz-Darias, Torres & Garcia, 2018, MNRAS
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MAXI J1820+070: optical wind during a regular outburst

Mufoz-Darias et al. 2019 Ap| Lett.
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MAXI J1820+070: weak features from a state-dependent cold wind

—— March 21 (Hard)
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MAXI J1820+070: weak features from a state-dependent cold wind
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MAXI J1820+070: weak features from a state-dependent cold wind
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ACCRETION/OUTFLOW COUPLING
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Swift J1357.2-0933: the changing look micro-quasar

Optical dipper seen at very high inclination (Corral Santana et al. 2013, Science)
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Swift J1357.2-0933: the changing look micro-quasar

Optical dipper seen at very high inclination (Corral Santana et al. 2013, Science)
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Swift J]1357.2-0933: the changing look micro-quasar
Optical dipper seen at very high inclination (Corral Santana et al. 2013, Science)




Black Hole transient optical dipper seen at high inclination (Corral Santana et al. 2013)

Swift J1357.2-0933: the changing look micro-quasar
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Dip-resolved spectroscopy Jiménez-lbarra, TMD et al. 2019, MNRAS




Swift J1357.2-0933: the changing look micro-quasar

Jiménez-lbarra, TMD et al. 2019, MNRAS

Helr 1686 A _ HJ

s
O

e
S

0.9 -

Normalised flux

o R gy, R ————

I
!
| i
|

—— -—m - -m-mom - e
0 4 3 -3 -4 0 4 8 -8 -4

Velocity (1000 km s 1)

Equatorial outflow: Blue-shifted absorptions a 0.0l ¢ (blue-edge)

Launching radius (scape velocity) consistent with dip recurrence period
Outflowing structure at ~ 10> km (7000 Rg)




Swift J1357.2-0933: the changing look micro-quasar

Jiménez-lbarra, TMD et al. 2019, MNRAS
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Blue-shifted absorptions observed later in the outburst and modelled by dense and hot outflow component
(Charles et al. 2019, MNRAS)




Stellar-mass Black Holes allow us to:

*To study accreting BHs on human beings time scales
and cleaner environments

*To establish an “Accretion-Ejection” scheme (which
may be present in AGN to some extent)

Strong emission/absorption line variability

* I[n most cases linked to outflows. They do impact on
accretion

* Obscuration effects (might be also related to outflows).



