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How Thermal Instabity shapes my scientific life
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Our first AMD paper

Adhikari +15, single TITAN model for Mrk 509
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Our first AMD paper

Adhikari +15, normalization of AMD - wrong

[| A4 Model with n, =108, £,=3.4 x10°
102 - — Detmers et al. 2011
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Normalization and the position of the drop agrees



Spectral analysis

Newton, RGS 600 ksec

Detmers +11, Mrk 509,

. XMM:
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Counts m~2 571 {71

Counts m—2 =1 &~

Spectral analysis

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

) e Each line fitted with Gaussian
= £% 1§ profile, energy shift gives v;,

=% %2%s3%:z % ¥z ~
I T T T ® EW — standard XSPEC command
] f
= 1I4- 1I5 1IE~ I I 1I?
o - 'I':'u:l'.rellengtlh I[ﬁl:l | I

T I O Y A

- T

i i i i i i i i i i i i 1
17 1B 19 20
Waovelength (&)



Counts m~2 571 {71
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Spectral analysis

Detmers +11, Mrk 509,
XMM=Newton, RGS 600 ksec
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e Each line fitted with Gaussian
profile, energy shift gives v;

e EW — standard XSPEC command

® [onic column densities integrated
over the model:

. meC
N; = ’?Te2f)x /T(y)dy
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Spectral analysis

Detmers +11, Mrk 509,
XMM=Newton, RGS 600 ksec
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Waovelength (&)

e Each line fitted with Gaussian
profile, energy shift gives v;

e EW — standard XSPEC command

® [onic column densities integrated
over the model:

. meC
N; = ’?Te2f)x /T(y)dy

e With Solar :) abundances
photoionization calculations
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Spectral analysis

Detmers +11, Mrk 509,
XMM=Newton, RGS 600 ksec
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e Each line fitted with Gaussian
profile, energy shift gives v;

e EW — standard XSPEC command

® [onic column densities integrated
over the model:

. meC
N; = ’?Te2f)\ /T(y)dy

e With Solar :) abundances
photoionization calculations

e Connects N. with N, and N

column density of the absorber
AMD - broad



Curve of growth

Linear dependence of EW For saturated lines velocity matters

(named W here) on ionic

column density is valid only if
lines are unsaturated

| linear

e

=l =

flat damped /_
B 1

Jr! square root =
251 / .
4 gt )
¥ /
In'W e P
155y
. bnear =L
d /. =7 loganthmic (saturatec) - |
051
1

L | I L I | L I L 1 I

14

16 18 20
log N {em™#)



log(EW)

log(EW)

Curve of growth from TITAN model

Curve of growth
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Questions to the audience

® Do we observe saturated lines in X-ray domain?
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Flux (10* photons stem? AY
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Normalized Flux

Flux (10* photons stem? AY

UV lines in AGN

Dunn +10, SDSS J0318-0600, VLT, z=1.96
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Flux (10* photons stem? AY
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Flux (10* photons stem? AY

UV lines in AGN

Dunn +10, SDSS J0318-0600, VLT, z=1.96
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Questions to the audience
¢ Do we observe saturated lines in X-ray domain?

¢ Do we derive AMD for UV absorbers?
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Photoionization calculations
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Photoionization calculations
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Continuous photoionization component, Rozanska +06
NGC 3783, Goncalves +06
¢=2500, N_=4 x 10°* cm™?, v= 800 km/s _
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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
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Dynamical ionization parameter
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Stability curve

Chakravorty +12, Different SEDs
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Stability curve

Chakravorty +12, Different SEDs Rézanska +08, Processes
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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 ¢, and it occurs
as the point on the stability curve:

NGC 3783, Krongold +03

B_I I I I E T T 1 T I 1 1 1 Ll ] 1 1 1 | —




log T {(in 10* K)

One constant density component has constant ¢, and it occurs

Stability curve

as the point on the stability curve:

NGC 5548, Steenbrugge +05
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Stability curve

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

An absorber under constant total pressure, P, =F_ +F

solves the pressure structure: P_ (1) and Pgas(r), and the
whole stability curve is computed:

HS 1603+3820, Rozanska +12
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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_ .=5.26 x 10° M

Sun
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10_11 1 I IIIIIII I LI LA 1 I IIIIIII I r rrrrria 1 fl

10—12

(erg cm~2 s71)

10—13

log vF,

10_14 1 1 IIIIIII 1 1 IIIIII| 1 1 IIIIIII 1 1 IIIIII| 1 (]
0.001 0.01 0.1 1 10

log hv  (keV rest frame )




High luminosity quasar, M_ .=5.26 x 10° M

HS 1603+3820, Rozanska +12

Sun
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Radiation pressure

All clouds computed by TITAN code for ionized absorber
are dominated by radiation pressure. Agrees with Stern +16
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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
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Fig. 11. The total hydrogen column density Ny, assuming solar abun
dances (Anders & Grevesse 1989) derived using Eq. (3), plotted ver
sus ionization parameter. The ionic column densities were taken fron
Tables 4 and A.1 assuming a velocity broadening of 140 kms™'. Fo
clarity, no upper limits have been plotted. The best fit results fo
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Fig. 10. The hydrogen column density as a function of the ioniza-
tion parameter determined for: single ions (individual points) and
an Ny continuous distribution model (solid line). See Sect. 2.4.2 for
a full description.



Equivalenth Hydrogen column densities, ion by ion
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Absorption measure distribution

Holczer +07, constant density slabs

AMD is: %2 vs. log(¢)
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Observed AMD

Stern +14
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Observed AMD modelled by CLOUDY

Stern +14, constant pressure slabs
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Observed AMD modelled by CLOUDY

Stern +14, constant pressure slabs

¢ Radiation Pressure Confinement
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Stern +14, constant pressure slabs

Observed AMD modelled by CLOUDY
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Radiation pressure in TITAN

dl, Jv
= I, — =1, -5
)u'dTy v EH—I—{TF L/ L

Emission coefficient j, is the sum
of three terms, j, = jI" + js¢ 4+ jfl.

Requires iteration with
gas(X,Y,Z) structure due to
equilibrium equations:

- o dP

o Hydrostatic equil. => =
1911 - dT
o Radiative equil. => 7~

o EoS - usually ideal gas



Radiation pressure in TITAN

dl, Jv
= I, — =1, -5
)u'dTy v EH—I—{TM L/ L

Emission coefficient j, is the sum
of three terms, j, = jI" + js¢ 4+ jfl.

Radiation pressure is computed

Requires iteration with from the radiation field and
gas(X,Y,Z) structure due to goes into the gas structure
equilibrium equations: directly.

o Hydrostatic equil. => %/

1ati 1~ dT
o Radiative equil. => 7~

o EoS - usually ideal gas



Observed AMD modelled by TITAN

Adhikari +15, constant pressure single model
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Observed AMD modelled by TITAN

Adhikari +15, constant pressure single model
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Observed AMD modelled by TITAN

Adhikari +15, constant pressure single model
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Thermal instability in transition layer between

disk and corona

Rézanska +96, CLOUDY cooling and heating
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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

The transition layer between an accretion disk and corona:
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Thermal instability in illuminated disk

The transition layer between an accretion disk and corona:

Comparing of work by: Nayakshin, Ballantyne and TITAN:
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Observed AMD modelled by TITAN

Adhikari +15, constant pressure single model

= T 1
[ | A-:a Model with n,=10%, ¢,=3.4 x10°
102 | — Detmers et al. 2011

normalised (¢ dN/d¢)

10! 10? 103 10*
£(ergcms™t)



Observed AMD modelled by TITAN

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

le+25

le+25

le+24 le+24

By g
=3 =)
§ 5
Z el - Z tes23 -
= E 3 z E 3
:o = S == :
= r——p=—- | = r——gf=—- |
E le+22 | - | | I— - 5 E le+22 - | I__ - E
S E 1 | | 3 S F 1 | | 3
5 F 1 | ] = o 1 | ]
r rT & I ' ] r rT | ' 1
| | | | | | | |
les2i 11 | | : 5 les21 11 | | : =
Fod [ [ , ] Eol [ [ , 7
- | 1 | | - o | 1 | | g
r | | I | 7 r I 1 1 | b
1e+20.\ll P P \....Iil 1 L .....Ih - R R ]e+20\.ll P P .....\‘I 1 1 ....\Iﬁ La 11
10 10 10 10 10° 10
Temperature [K] Temperature [K]
164—24:“ T T N I B T T I B I A T T T4 ]€+24:\| T T T T T T T L T T LI — ]
le+23 _ - le+23 - - —
g = = ap = + 7
= F —f— 1 2 f T 1
= I 1 = ——Eq ] ]
N c———F ! " 1 = | i S I [ 1
B N + 7] T
-E le+22 E = 1 ,___--__I E g le+22 E r3:-| | L - E
g F | 0 | 3 E E I | I 3
= = - | | 4 E F - | 4
=) - 1 | g ) - | | g
= 1 ! | = 1 | I =1
L ! - les21 I 1 ' I =
le+21 E - | I | : 3 es21 g r ! | ! E
E | | | I . Fo 1 | | I |
. [ ! - [ ? . [ ! [ ]
B | | | - | B B | | | | i
| | 1 | 1 | 1 |
1e+20"|l . P ....Iil . P .....Ib . L ]e+20\.ll . L """J . . ....\Iﬁ . L
10 10 10 10 107 10
Temperature [K] Temperature [K]
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Modelled AMD structure

Stern +14, constant pressure slabs
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Modelled AMD structure

Stern +14, constant pressure slabs
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normalised (¢ dN/d¢)
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Modelled AMD structure
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Modelled AMD structure

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

e Can we distinguish volume density of the absorber?
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Systematic studies of AMD with TITAN
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Systematic studies of AMD with TITAN

n=108 cm?, different SEDs, L,

~ 10* erg/s

Two groups of SEDs in use
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Systematic studies of AMD with TITAN
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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
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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.

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

Adhikari +15, constant pressure slab

1022 B

e
Q
N
[
T
ry

Herrg,

¢ dN/d¢ (cm™2)

-'.'-'-'-X\'ﬁ'\'l'l'\'t'l'l'-'l'l'-'

=

o
[
w0

B

no=10° |

ny=10°

ng=10° [

ng=10° |;

10° 10! 102 10°
¢ (ergecm s™t)



Emission luminosity [erg 5]

Density matters
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Emission luminosity [erg 5]

Density matters

Netzer & Laor 1993, BLR and NLR
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Emission luminosity [erg 5]

Density matters
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Thermal Instability in Sgr A*

Kunneriath +12, Cold gas — 30"
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Thermal Instability in Sgr A*

Kunneriath +12, Cold gas — 30" Rézanska +15, Hot gas — 17"
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Thermal Instability in Sgr A*

Rézanska +15, Gas pressure and density radial structure
from the Bondi flow fitted to the CHANDRA
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Rozanska +14, For SEDs in different Sgr A* luminosity states
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Thermal Instability in Sgr A*

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

Sgra* at 5 arcsec

logLiMrs —a0.26

-4 gl =528
T
& gl =3T 5T
-l gl =38 33
B gl =G
om gl =3 TE
o el =L
- gl =41 33

2 3 =2 1 8 1z
Bag{E} fonization parameber

Sgrat at 0.2 arcsec

- gL 5 2R ' ' '
100 lww tegr_ =36 56 J
- legl, =37 57 :".“ E
&8 logl =38 33 - E
P T ¥ - ]
107 U= leg i, =39 T6 ‘ - ]
- logh, =051 a4
P T ]
g - ]
‘ -
10® | . 9
107 | 3
10 | 4-“1
5

-3 =2 -1 ¢ 1 2 1 4
Eag{E} ionization parameber

logL A —37.47
L a

PR —— Py o]

g gl =6 E ARSI 100 o tegn, =365 1

4+ el =37 5T . -l =37 57 ." 3

o QT ,..-4“'" -l el =38 33 .‘._.I" ]

e gl =306 - SaTRanEID b Dl =3 06 '_. f-“-" i
a gl =39 TE bl o0 logl =39 76 t

B - .:" E 107 Bt logiy, et 61 :' hﬂ" E

LI . L 3

-l gl =4l 33 - r - gl =4l 33 Hh i E

LK il ]

{ 1ot g -

{1 wt 9

E 10" | F

—] -3 —2 -1 @& 1 2 3 4 5 —4 —2 L1} 2 4

Bag{E} fonization parameber

Eag{E} ionization parameber

logLf 2T —qn26, H__ =25 =m0 "7
T — T T —

va | A legl, —3628
10 e . &8 Tl =355 []
F omoy - 5 legl, =377
107 F WL -8 logl =38 33
3 P '-‘ B Dl 306 [
E wh o8 legl, =376
.0 - gD, = AOEL
1 E i s - logl =41 33 N
187 | ]
10 | 4
107 B i
STl S i
—4 -3 -2 -1 1 2 3 4
logl{=E} lonization parameber
logLAXT —g7.47, H_. =36 =10~
== > . .
. L = 2
e B R ]
a P - 2
13 '\'.! K B & '. 3
S oW - - ™
. - : 3
N
10" “4a ﬁ ]
-
187 | o -
.

10%

- oG, =36 25
L D
-l legly =375
- legl, =38 33
L N
e logl, =396
Dol = 40LEL
- -w logl =41 33

107

13"

—1 -2 1] 2 4
logl{=E} lonization parameber

H =235x 100" ergs~! cmm? at 5 arcsec and H_,; = 3.6 107"% erg 51 cm~? at 0.2 arcsec from Sgr A*,



v Are f-f winds more important than Compton winds?

¢ Can we distinguish volume density of the absorber?

e Can AMD indicate the wind density?



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 strongX-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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