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BL Lac udsar, Seyfert 1,

Warm Absorber road-line radio galaxy

127 g7
ff}t-’f Ctir é&
o

N

&
Type Il Seyfert Galaxy
Type | Seyfert Galaxy Type Il Quasar
Type I Quasar




The different AGN outflows
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The different AGN ou’rflows
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Warm Absorber
> Absorption features in Soft X-ray
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How prnotolonization modeling Works
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How: photoionization modeling workss
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How! photoionization codes Work
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How! photoionization codes Work
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How! photoionization codes Work

Out pui;

Lnpuis

Radiation Field

Seomeiry

Abundance . |
L ]
r‘f i ® a

Phase diagram

| -
INICKNess

Heating > Cooling




Relate Warm absorber and S-curve

Cooling > Heating
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Multi-wavelength SED for IRAS 13349+2438
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Log(vf,) erg em~2 s™!

Multi-wavelength SED for IRAS 13349+2438
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“average SED for AGN' in UV
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= We wish to model the far UV
part of the SED with "diskbb".
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XSTAR warm absorber analysis using * correct’ SED
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XSTAR warm absorber analysis using * correct’ SED
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XSTAR warm absorber analysis using * correct’ SED
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Compare the " correct’ and the " incorrect’ SED
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Winds in black hole X-ray binary

Stellar mass black holes are found in binary systems. ‘ |
These systems undergo semi-periodic out bursts and become bright in X-rays. 7_

Credit: Margaret Masetti (GSFC)

During outburst the observed luminosity performs a “hysteresis” wrt spectral hardness.

X-ray spectrum

The binaries pass from Hard to Soft state and back.

The X-ray continuum for the two states are very different.
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Winds in black hole X-ray binary

Stellar mass black holes are found in binary systems.

These systems undergo semi-periodic out bursts and become bright in X-rays.

Credit: Margaret Masetti (GSFC)

During outburst the observed luminosity performs a “hysteresis” wrt spectral hardness.

X-ray spectrum

The binaries pass from Hard to Soft state and back.

The X-ray continuum for the two states are very different.
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Winds in black hole X-ray binary - an overview

There are 20 confirmed black hole binaries
(Remillar & Mclintock 2006)

But 4 BHBs show absorption lines
(RXTE + Chandra or XMM-Newton)

Most observations show absorption lines from ‘only’
FeXXV and FeXXVT (black spectra)

Exceptions (?)
«  GROJ1655, 2006 observation (Miller et.al. 2008) -
has numerous lines (blue spectra)
«  (GRS1915, 2000 observation
* (Leeat.al. 2002, Ueda et,al. 2010)

Photons cm s7! keV-!

0.1
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Neilsen et.al. 2012
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Winds in black hole X-ray binary - an overview

There are 20 confirmed black hole binaries The presence of winds is a "state dependant” effect

(Remillar & Mclintock 2006)
Winds are observed in the Soft state

But 4 BHBs show absorption lines

(RXTE + Chandra or XMM-Newton) Further, winds are observed in objects of high inclination (i.e. low
equatorial angle)

Most observations show absorption lines from ‘only’

FeXXV and FeXXVT (black spectra) 05 ; ; .
All LMXB
Exceptions (?) OF
- GROJ1655, 2006 observation (Miller et.al. 2008) - SoR ey, ¥
has numerous lines (blue spectra) -0.51
«  (GRS1915, 2000 observation i '
(Lee at.al. 2002, Ueda et al. 2010) S
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MHD winds from the accretion disk: the ANR-Chaos project

(Jonathan) Ferreira, 1997 MHD models are adopted for
modeling the wind - providing f(x).
Also Casse & Ferreira 2000 and Ferreira & Casse 2004.
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Disk aspect ratio ¢ (= h/r)
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The solutions are self similar. Hence can spread out to large distances.

The ejection or outflow of material is related to the accretion
Mechanism - **not** a free parameter (unlike ADIOS scenarios)
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Can these solutions represent observable winds (in terms of &, N,
ny and v,,.) - both average ones and extreme ones.

Can we recover the (i) state dependent and (ii) angle dependant
observability?

If these efforts are successful, then we shall apply the same
methods to AGN winds.

Compare the predictions of MHD driven with those from thermally
driven models



To find the detectable wind we need CLOUDY calculations
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To find the detectable wind we need CLOUDY calculations
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To find the detectable wind we need CLOUDY calculations
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To find the detectable wind we need CLOUDY calculations
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CLOUDY (and similar codes) are powerful

I demonstrated the use of Cloudy and Xstar for handling two very
different kinds of analysis in -
Q Active Galactic Nuclei (with supermassive black holes) and
Q Black hole X-ray Binaries

I hope you enjoyed the show!

But a word of caution given to me by Srianand (when I was young!)

"Do not use CLOUDY like a black box"

CLOUDY has beautiful physics involved - as demonstrated in this workshop
Use it wisely and elegantly.

Thank You
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Warm solution through -

An ad-hoc heating function at disk surface and base of
wind

p increased by increasing normalisation

For ¢ =0.01, p <0.11.
Why do we need higher p?

Wind still at Ry, > 105 R, and n, ~ 1010 cm3

GROJ1655 needs Ry, ~ 103 R, because ny, > 102 cm3
Fukumura et.al. papers - p ~ 0.5, to explain AGN winds
Casse & Ferreira 2004 - p ~ 0.45 to explain YSO winds

A rough linear extrapolation puts the wind at 5x104 R, (if p = 0.5)

Choice of & upperlimit decides the results we get.

We had chosen a rather stringent upperlimit, log € < 5.11
Relaxing it to log & < 6 brings the wind closer by ~ 30 times
(actual calculations on € = 0.01 and p = 0.10 solution)
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