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How Thermal Instabity shapes my scientific life 



  

Conclusion first

AMD data provided by Ehud Behar
Model computed with TITAN (Anne-Marie Dumont)
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Our first AMD paper

Adhikari +15,  single TITAN model for Mrk 509



  

Our first AMD paper

Adhikari +15,  normalization of AMD - wrong



  

Conclusion first

Normalization and the position of the drop agrees



  

Spectral analysis

Detmers +11, Mrk 509,
XMM=Newton, RGS 600 ksec

Each line fitted with Gaussian 
profile, energy shift gives    v i
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Spectral analysis

Each line fitted with Gaussian 
profile, energy shift gives

EW – standard XSPEC command 

Ionic column densities integrated 
over the model:   

With Solar :) abundances
photoionization calculations

Connects N
i
 with N

H
 and N

tot 

column density of the absorber
AMD – broad 

vi

Detmers +11, Mrk 509,
XMM=Newton, RGS 600 ksec



  

Curve of growth

Linear dependence of EW
(named W here) on ionic 
column density is valid only if
lines are unsaturated 

For saturated lines velocity matters



  

Curve of growth from TITAN model



  

Questions to the audience

Do we observe saturated lines in X-ray domain?



  

Dunn +10, SDSS J0318-0600, VLT, z=1.96

Holczer +05, NGC 3783, HETG

UV lines in AGN

Velocity components clearly seen
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Dunn +10, SDSS J0318-0600, VLT, z=1.96

Holczer +05, NGC 3783, HETG

UV lines in AGN

Velocity components clearly seen

Different absorbers 

Ionic column densities by 
integration over data

Covering factors possible

  
   

Photoionization calculations,  AMD? 
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Photoionization calculations

Parameters: A
i
 – Solar :),

R, n
0
, N

tot
, L

ion
, SED, C

f
=1

1D non-LTE radiative transfer with 
ionization and thermal eq.:
CLOUDY, XSTAR, TITAN, PHASE,
PION, SPEX, XABS, SLAB

Ionization parameter

X-ray atomic data !!!

Energy balance:



  

One photoionization component

Continuity equation:
n=const, ξ = const, v=0
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One photoionization component

Continuity equation:
n=const, ξ = const, v=0

All codes – T, N
tot

, ξ, EWs

Location does not depend on 
gravity of the central BH 

Three components:
log(ξ)=4.5, 3.5, 1
v = -580, -450, -310 km/s

NGC 4051, King +10



  

NGC 3783, Goncalves  +06
 ξ = 2500, N

tot
= 4 x 1022 cm-2, v= 800 km/s

Momentum equation:
P

tot
=const, v=0

TITAN does this including 
calculations of P

rad
(τ)

Continuous photoionization component, Różańska +06



  

Continuous photoionization component, Różańska +06

NGC 3783, Goncalves  +06
 ξ = 2500, N

tot
= 4 x 1022 cm-2, v= 800 km/s

Momentum equation:
P

tot
=const, v=0

TITAN does this including 
calculations of P

rad
(τ)

T(τ), n(τ), ξ(τ), N
tot

  , EWs 
Stability curve:  T vs. Ξ

NGC 3783
Netzer  +03



  

Questions to the audience

Do we observe saturated lines in X-ray domain?

Do we derive AMD for UV absorbers?

Are we able to distinguish between const. P and const. n 
models from observations? 



  

Dynamical ionization parameter 

Krolik +1981

Hess   +1997, Stability curve 



  

Dynamical ionization parameter 

Krolik +1981

Hess   +1997, Stability curve, Influence of abundances 



  

Stability curve 

Chakravorty +12,  Different SEDs



  

Stability curve 

Chakravorty +12,  Different SEDs Różańska +08, Processes 

Solid line – n = 1010 cm-3

Dotted line – n = 108 cm-3

Dashed line – n = 106 cm-3



  

Questions to the audience

Do we observe saturated lines in X-ray domain?

Do we derive AMD for UV absorbers?

Are we able to distinguish between const. P and const. n 
models from observations?

Are f-f winds more important than Compton winds? 



  

Stability curve 

One constant density component has constant ξ, and it occurs
as the point on the stability curve:

NGC 3783, Krongold +03



  

Stability curve 

One constant density component has constant ξ, and it occurs
as the point on the stability curve:

NGC 5548, Steenbrugge +05 ESO 113-G010, Mehdipour +12



  

Stability curve 

One constant density component has constant ξ, and it occurs
as the point on the stability curve:



  

Stability curve 

An absorber under constant total pressure,  P
tot

 = P
rad

 +P
gas

, 
solves the pressure structure: P

rad
(τ) and P

gas
(τ), and the 

whole stability curve is computed:

HS 1603+3820, Różańska +12

SED dominated
by soft component



  

Conclusions: 

The fact that the photoionization models give the same results 
for broad range of densities is only valid for strong X-ray 
illumination, and weak optical/UV SED component.



  

High luminosity quasar, M
BH

=5.26 x 109 M
Sun

 

HS 1603+3820, Różańska +12



  

High luminosity quasar, M
BH

=5.26 x 109 M
Sun

 

HS 1603+3820, Różańska +12

NLS1, Leighly +04



  

Radiation pressure

All clouds computed by TITAN code for ionized absorber 
are dominated by radiation pressure. Agrees with Stern +16 

Różańska +08,  Double power-law SED with exp. cut-off  



  

Conclusions: 

The fact that the photoionization models give the same results 
for broad range of densities is only valid for strong X-ray 
illumination, and weak optical/UV SED component.

The radiation pressure is dominant in the vicinity of BH.



  

Equivalenth Hydrogen column densities, ion by ion 

NGC 5548, Steenbrugge +05 Mrk 273, Costantini +07



  

Equivalenth Hydrogen column densities, ion by ion 

Holczer +07



  

Absorption measure distribution 
Holczer +07,  constant density slabs



  

Observed AMD 

Stern +14 Behar +09



  

Observed AMD modelled by CLOUDY 

Stern +14, constant pressure slabs

Radiation Pressure Confinement
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constant pressure    



  

Observed AMD modelled by CLOUDY 

Stern +14, constant pressure slabs

Radiation Pressure Confinement

CLOUDY computations under 
constant pressure

AMD deep structure is not 
reconstructed by the model     



  

Radiation pressure  in TITAN



  

Radiation pressure  in TITAN

Radiation pressure is computed
from the radiation field and 
goes into the gas structure 
directly.



  

Observed AMD modelled by TITAN 

Adhikari +15, constant pressure single model
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CLOUDY: 

const. n



  

Observed AMD modelled by TITAN 

Adhikari +15, constant pressure single model

CLOUDY: 

const. n         const. P

TITAN:



  

Thermal instability in transition layer between
disk and corona  

Różańska +96, CLOUDY cooling and heating

The disk in hydrostatic equillibrium



  

Conclusions: 

The fact that the photoionization models give the same results 
for broad range of densities is only valid for strong X-ray 
illumination, and weak optical/UV SED component.

The radiation pressure is dominant in the vicinity of BH.

Thermal Instability occurs only when hydrostatic equilibrium is 
solved. 



  

Thermal instability in illuminated disk 



  

Thermal instability in illuminated disk 



  

Observed AMD modelled by TITAN 

Adhikari +15, constant pressure single model



  

Observed AMD modelled by TITAN 

Goosmann +16, constant pressure model – two clouds, NGC 3783



  

Modelled AMD structure  

Stern +14, constant pressure slabs Adhikari +15, constant pressure slab



  

Modelled AMD structure  

Stern +14, constant pressure slabs



  

Modelled AMD structure  

Adhikari +15, constant pressure slab



  

Modelled AMD structure  

Adhikari +15, constant pressure slab,  compared  to Goosmann +16



  

Questions to the audience

Do we observe saturated lines in X-ray domain?

Do we derive AMD for UV absorbers?

Are we able to distinguish between const. P and const. n 
models from observations?

Are f-f winds more important than Compton winds?

Can we distinguish volume density of the absorber? 



  

Systematic studies of AMD with TITAN 

n=108 cm-3, different SEDs,  L
tot

 ~ 1045 erg/s
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Systematic studies of AMD with TITAN 



  

Normalization of AMD with TITAN 

N
tot

 ≥ 1023  cm-2

SED – NO soft X-ray bump



  

N
tot

 ≥ 1023  cm-2

SED – NO soft X-ray bump

N
tot

 ~ 1021-22  cm-2

SED – soft X-ray bump

Normalization of AMD with TITAN 



  

Conclusions: 

The fact that the photoionization models give the same results 
for broad range of densities is only valid for strong X-ray 
illumination, and weak optical/UV SED component.

The radiation pressure is dominant in the vicinity of BH.

Thermal Instability occurs only when hydrostatic equilibrium is 
solved.

AMD normaliztion is higher for SED with strong X-ray 
component and weak optical UV component 



  

Position of the drop of AMD with TITAN 

N
tot

 ~ 1021-22  cm-2   , SED – soft X-ray bump
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AMD data provided by Ehud Behar
Model computed with TITAN (Anne-Marie Dumont)



  

Conclusions: 

The fact that the photoionization models give the same results 
for broad range of densities is only valid for strong X-ray 
illumination, and weak optical/UV SED component.

The radiation pressure is dominant in the vicinity of BH.

Thermal Instability occurs only when hydrostatic equilibrium is 
solved.

AMD normaliztion is higher for SED with strong X-ray 
component and weak optical UV component.

For the given SED the position of the AMD drop position 
depends on the volume density.  



  

Density matters



  

Density matters

Adhikari +15, constant pressure slab
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Netzer & Laor 1993,  BLR and NLR 



  

Density matters

Netzer & Laor 1993,  BLR and NLR 

n (R
sub

) = 109.4 cm-3 



  

Density matters

Netzer & Laor 1993,  BLR and NLR 

n (R
sub

) = 109.4 cm-3 

Adhikari +16, const. n CLOUDY, ILR

n (R
sub

) = 1011.5 cm-3 



  

Thermal Instability in Sgr A* 

Kunneriath +12,  Cold gas – 30'' 



  

Thermal Instability in Sgr A* 

Kunneriath +12,  Cold gas – 30'' Różańska +15,  Hot gas – 17' 



  

Thermal Instability in Sgr A* 

Różańska +14,  For SEDs in different Sgr A* luminosity states   
 



  

Thermal Instability in Sgr A* 

Różańska +15,  Gas pressure and density radial structure 
from the Bondi flow  fitted to the CHANDRA



  

Thermal Instability in Sgr A* 

Różańska +14,  For SEDs in different Sgr A* luminosity states   
 



  

Thermal Instability in Sgr A* 

Różańska +14,  For SEDs in different Sgr A* luminosity states   
 



  

Thermal Instability in Sgr A* 

Różańska +17,  For SEDs in different Sgr A* luminosity states   
 



  

Questions to the audience

Do we observe saturated lines in X-ray domain?

Do we derive AMD for UV absorbers?

Are we able to distinguish between const. P and const. n 
models from observations?

Are f-f winds more important than Compton winds?

Can we distinguish volume density of the absorber?

Can AMD indicate the wind density? 



  

Conclusions: 

The fact that the photoionization models give the same results 
for broad range of densities is only valid for strong X-ray 
illumination, and weak optical/UV SED component.

The radiation pressure is dominant in the vicinity of BH.

Thermal Instability occurs only when hydrostatic equilibrium is 
solved.

AMD normaliztion is higher for SED with strong X-ray 
component and weak optical UV component.

For the given SED the position of the AMD drop position
depends on the volume density.

Thermal Instability may play role in shaping BH environment.
Not in all objects, but at least in 50%   
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