. : AN IR

55§ N 3
W
Vs il A'i

il g

°/ IPAG VAW

s 2Ny

stin.t o5 Planstoledia

Magneto-centrifugal winds from accretion discs
around black hole binaries

Susmita Chakravorty

from
Indian Institute of Science

with
Pierre-Olivier Petrucci, Jonathan Ferreira, Gilles Henri

as part of the CH}:} y 5

ANR-CHAOS collaboration
Institut de Planétologie et d'Astrophysique de Grenoble (IPAG)

Shining from the heart of darkness: black hole accretion and jets
18™ October, 2016



Black Hole X-ray binaries: Fun Facts
Jet

How do we study the BHB?

"see" a BHB in a bi - radiati d ial : i
We "see” a BHB in a binary - radiation from accreted materia Companion Star: UV, optical, infrared

Jets: Radio and Gamma Ray wavelengths

Companion Star ind

Accretion Disk

Material accreted from the star through "Roche Lobe overflow".

When the overflow happens > the structure around the black hole is built

> we see an outburst in X-rays. Accretion Disk + Corona: X-ray wavelengths

The frequency and duration of outburst varies Wind: X-ray, high resolution spectra




What do we see using X-ray spectra?
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If we monitor the source for a long time

We see a “hysteresis”

How long? Days - Months
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Photons cm? s! keV-!

What do we see using X-ray spectra?
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Using a high resolution telescope

Observing in ~ 1 - 10 keV
(e.g. Chandra, XMM-Newton)
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GROJ 1655, using Chandra, Neilsen & Homann, 2012



Photons cm s keV-!

What do we see using X-ray spectra?
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Winds are observed only in the Soft state

Winds are equatorial - i.e. close to the surface of the accretion disk




How are the winds accelerated?

We see the absorption lines when we see through the outflow

Some physical mechanism is lifting material off the accretion disk and accelerating it

Search for the accelerating physical mechanism is on

Magnetic fields: '
Our group has MHD (magnetohydrodynamic) models of outflows
We show how well (or not) we explain BHB winds with them

Why magnetic fields? "

Mhd is the popular model for Jets

Can they also explain winds?

Successful attempts in case of AGN (super-massive black holes)
[see Fukumura+ 2010-2015]

No attempts for BHBs.yet.

ObsID 5461
MJD 53461

Miller et.al. (2008) suggest MHD winds from spectra of GROJ 1655
~ they found very high densities
~ implying wind launched from close to the black hole
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from the accretion disk: the ANR-Chc
Chakravorty+ 2016, A&A, 589A, 119
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Only a small fraction of the outflow is observable wind

A Cold model with ¢ = kZr = 0.001 and p = 0.04 >




ill depend on the MHD model
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Why no winds in the hard state?
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normalized counts s-' keV-!
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Fake Chandra data for 800ks of a F(3-10 keV) =2x10-° ergs/s source.
Disk black body + Powerlaw

1 Gaussian for FeXXV line

2-3 Gaussian lines for the FeXXVTI line

1x10%°

accretion disk: Simulate spectra to

"0.2DfltTransmitted1.sed" ——
"0.2DfltTransmittedS.sed" u 1:($2*2.5) ——
"0.2DfItTransmitted10.sed" u 1:($2*15) ——

"0.2DfItTransmitted15.sed" u 1:($2*350) ——
"0.2DfItTransmitted18.sed" u 1:($2*70000)




. from the accretion disk: the ANR-Cha
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3 from the accretion disk: Conclusions @
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