
Impact of subImpact of sub--keVkeV Soft Excess on Warm Soft Excess on Warm 
AbsorbersAbsorbers

Susmita ChakravortySusmita Chakravorty
IUCAAIUCAA

Ajit Kembhavi
Martin Elvis
Gary Ferland
N. R. Badnell

High Resolution Spectroscopy WorkshopHigh Resolution Spectroscopy Workshop
MSSL, UCLMSSL, UCL

19th March 200919th March 2009



Warm AbsorberWarm Absorber

Absorption Edges in Soft XAbsorption Edges in Soft X--ray Spectraray Spectra

•• CVCV CVI      OVII      OVIII   CVI      OVII      OVIII   FeXVIIFeXVII NeXNeX
392392 490      740        870490      740        870 12601260 1360  (1360  (eVeV))

•• C (V & VI)    O (V C (V & VI)    O (V -- VIII)    Fe (XVII VIII)    Fe (XVII -- XXII)XXII)

•• NeNe (IX & X)  Mg (XI & XII)  (IX & X)  Mg (XI & XII)  SiSi (XIII (XIII -- XVI)XVI)

PropertiesProperties
•• Partially ionized gas in our line of sight to AGNPartially ionized gas in our line of sight to AGN

•• Distance from the source ~ 0.01 Distance from the source ~ 0.01 –– 1 pc1 pc

•• Column Density (NColumn Density (NHH) ~ 10) ~ 102222±±11 cmcm--22

•• Density (Density (nnHH) ~ 10) ~ 1099 cmcm--33

•• Ionization Parameter Ionization Parameter ξξ ~ 10 ~ 10 –– 100 erg cm s100 erg cm s--11

•• Temperature ~ 10Temperature ~ 1055 K K –– 101077 KK

Current IssuesCurrent Issues

•• Absorption features are blue shifted Absorption features are blue shifted 
relative to optical emission lines, indicating relative to optical emission lines, indicating 
outflowoutflow

•• Mass loss rate is a substantial fraction of  Mass loss rate is a substantial fraction of  
the  accretion rate, or exceeds it.  the  accretion rate, or exceeds it.  

•• The XThe X--ray warm absorber could coexist ray warm absorber could coexist 
with a UV absorber, but it is still difficult with a UV absorber, but it is still difficult 
to connect them.to connect them.

•• Is the Warm Absorber in Is the Warm Absorber in 
thermodynamic equilibrium?thermodynamic equilibrium?
•• If so, does the gas have If so, does the gas have 
multiphase nature?multiphase nature?



CLOUDYCLOUDY
““PhotoionisationPhotoionisation Simulation for the discriminating astrophysicist since 1978Simulation for the discriminating astrophysicist since 1978””

http://http://www.nubladowww.nublado/org//org/

ProcessProcess
Basic AssumptionBasic Assumption

Atomic processes reached Atomic processes reached 
timetime--steady statesteady state

Thermal balance achieved
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InputsInputs

Radiation Field Radiation Field 

Geometry Geometry 

Neutral CompositionNeutral Composition

DensityDensity

ThicknessThickness



CLOUDYCLOUDY
““PhotoionisationPhotoionisation Simulation for the discriminating astrophysicist since 1978Simulation for the discriminating astrophysicist since 1978””
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InputsInputs

Radiation Field Radiation Field 

Geometry Geometry 

Neutral CompositionNeutral Composition

DensityDensity

ThicknessThickness

Output Output →→ Thermal state & Ionic composition of cloudThermal state & Ionic composition of cloud

TTeqeq



2-Phase 
medium

High temperatureHigh temperature
low densitylow density
phasephase

Low temperature
high density
phase

Stability CurveStability Curve
Each point in the curve have thermal Each point in the curve have thermal 

and ionic composition informationand ionic composition information

StableStable

StableStable

UnstableUnstable

ξξ= L/nR= L/nR22

ξξ/T ~ (/T ~ (ppradrad))ionion/p/p

Curve Curve –– phase diagramphase diagram



KrolikKrolik etaletal. (1981) :. (1981) : Obtained the Obtained the 
stability curve for cold gas and hot stability curve for cold gas and hot 
gas in AGN.gas in AGN.

Reynolds and Fabian (1995) :Reynolds and Fabian (1995) : Warm Warm 
absorber stability conditions as a absorber stability conditions as a 
function of ionizing continuum and gas function of ionizing continuum and gas 
density. density. 

Hess et al. (1997) :Hess et al. (1997) : Causes of Causes of 
instability in Warm gas as a function instability in Warm gas as a function 
of ionizing continuum and abundance of ionizing continuum and abundance 
for lowfor low--mass Xmass X--ray binaries and ray binaries and 
SeyfertSeyfert galaxies galaxies 

KomossaKomossa & & MeerschweinchenMeerschweinchen (2000) (2000) 
and and KomossaKomossa & & MathurMathur (2001) :(2001) :
Stability curve for Warm absorber as Stability curve for Warm absorber as 
a function of ionizing continuum and a function of ionizing continuum and 
chemical composition of the absorberchemical composition of the absorber

Literature SurveyLiterature Survey

NetzerNetzer 1994, 19961994, 1996

KrolikKrolik & & KrissKriss, 2001, 2001

CheloucheChelouche & & NetzerNetzer, 2005, 2005



C07,  2007C07,  2007
&&

C84 1993 to 1996C84 1993 to 1996
(Reynolds (Reynolds –– Fabian, Fabian, ‘‘95)95)

fν ~ ν-α

nH ~ 109 cm-3

Metals : Old Z

0.070.070.22       0.460.22       0.46227474C07C07

0.050.050.05       0.470.05       0.47224545C84C84

ΔΔMMloglog((ξξ/T)/T)ΔΔlog(log(ξξ/T)/T)
~10~1055K      ~10K      ~1066K        K        

NNphasesphasesξξ55VersionVersion

Influence of Atomic PhysicsInfluence of Atomic Physics
Susmita Chakravorty et. al, Susmita Chakravorty et. al, 

2008 MNRAS, 384L, 242008 MNRAS, 384L, 24



The ionizing continuum •• No stable states if No stable states if αα < 0.2< 0.2

•• Multiphase WA if Multiphase WA if αα ~ 0.8~ 0.8

•• For For αα > 1.1, no unstable > 1.1, no unstable 
states states 

ffνν ~ [~ [νν--αα + + ηνην--ααss]]ee--νν//ννmaxmax

Systematic analysis of SSystematic analysis of S--curvescurves
Susmita Chakravorty et. al. 2009 MNRAS, 393, 83Susmita Chakravorty et. al. 2009 MNRAS, 393, 83



Abundance •• No stable states if No stable states if αα < 0.2< 0.2

•• Multiphase WA if Multiphase WA if αα ~ 0.8~ 0.8

•• For For αα > 1.1, no unstable > 1.1, no unstable statesstates

•• ZZ00 : Classical S: Classical S--curvecurve

•• Z > Z > ZZsolsol enhances multiphase enhances multiphase 
extended stable state at 10extended stable state at 1066 KK

•• Z < Z < ZZsolsol reduces multiphasereduces multiphase

Systematic analysis of SSystematic analysis of S--curvescurves

KomossaKomossa & & MathurMathur (2001)(2001)



Abundance •• No stable states if No stable states if αα < 0.2< 0.2

•• Multiphase WA if Multiphase WA if αα ~ 0.8~ 0.8

•• For For αα > 1.1, no unstable > 1.1, no unstable states states 

•• ZZ00 : Classical S: Classical S--curvecurve

•• Z > Z > ZZsolsol enhances multiphaseenhances multiphase

•• Z < Z < ZZsolsol reduces multiphasereduces multiphase

•• XX--ray Group : Most effective groupray Group : Most effective group
(C, O, Fe, (C, O, Fe, NeNe))

•• Oxygen : Most effective element Oxygen : Most effective element 
at 10at 1055 K. Needed for WA.K. Needed for WA.

•• Iron : Most effective element Iron : Most effective element 
needed at 10needed at 1066 K. K. Iron was  Iron was  
formed when Tformed when TUNIVUNIV = 1 = 1 GyrsGyrs..
WA before that different.WA before that different.

•• αα--elements only gas : WA unlikelyelements only gas : WA unlikely

Systematic analysis of SSystematic analysis of S--curvescurves



High density gas exposed to steep High density gas exposed to steep ααOXOX
continuum shows effectcontinuum shows effect

Hydrogen free Hydrogen free freefree absorption becomes absorption becomes 
a dominant heating agenta dominant heating agent

Can this become a tool for direct Can this become a tool for direct 
determination of density? determination of density? 

•• No stable states if No stable states if αα < 0.2< 0.2

•• Multiphase WA if Multiphase WA if αα ~ 0.8~ 0.8

•• For For αα > 1.1, no unstable > 1.1, no unstable states states 

•• ZZ00 : Classical S: Classical S--curvecurve

•• Z > Z > ZZsolsol enhances multiphaseenhances multiphase

•• Z < Z < ZZsolsol reduces multiphasereduces multiphase

•• XX--ray Group : Most effective groupray Group : Most effective group
(C, O, Fe, (C, O, Fe, NeNe))

•• Oxygen : Most effective element Oxygen : Most effective element 
at 10at 1055 K. Needed for WA.K. Needed for WA.

•• Iron : Most effective element Iron : Most effective element 
needed at 10needed at 1066 K. Iron was  K. Iron was  
formed when Tformed when TUNIVUNIV = 1 = 1 GyrsGyrs. . 
WA before that different.WA before that different.

•• αα--elements only gas : WA unlikelyelements only gas : WA unlikely

DensityDensity

Systematic analysis of SSystematic analysis of S--curvescurves



Soft XSoft X--ray spectra fit with powerlaw.ray spectra fit with powerlaw.

Fits high energy ~ 1 Fits high energy ~ 1 –– 10 10 keVkeV..

Leaves excess at lower energies ~ 0.5 Leaves excess at lower energies ~ 0.5 keVkeV..

Is likely to influence XIs likely to influence X--ray Group of elements & hence influence WA.ray Group of elements & hence influence WA.

Soft Excess & Warm AbsorberSoft Excess & Warm Absorber

Blackbody as Blackbody as ‘‘Soft excessSoft excess’’
Can be fit with blackbody Can be fit with blackbody –– TTsese ~ 0.15 ~ 0.15 keVkeV..

NormalisationNormalisation wrtwrt. powerlaw . powerlaw –– variable parameter.variable parameter.
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What & Why?What & Why?

Fabian and coFabian and co--authors authors 
Late 90Late 90’’s and earlier this decades and earlier this decade



Disk Blackbody has no effectDisk Blackbody has no effect

Soft excess : 10Soft excess : 1055 K phase. Remarkable stability. Solid support K phase. Remarkable stability. Solid support 
for gas in thermal equilibriumfor gas in thermal equilibrium

101066 K phase : UnaffectedK phase : Unaffected

TTsese : No qualitative difference : No qualitative difference 



A combination of Soft Excess and Super Solar metallicity accountA combination of Soft Excess and Super Solar metallicity accounts for :s for :
Increased stability at 10Increased stability at 1055 KK
Multiphase scenario with 10Multiphase scenario with 1055 K & 10K & 1066 K in pressure equilibriumK in pressure equilibrium

ηη// = 1.0      = 1.0      



•• Z > Z > ZZsolsol enhances multiphaseenhances multiphase
extended stable state at 10extended stable state at 1066 KK

•• XX--ray Group (C, O, Fe, ray Group (C, O, Fe, NeNe) : Most effective group) : Most effective group

•• Oxygen : Most effective element at 10Oxygen : Most effective element at 1055 K. Needed for WA.K. Needed for WA.

•• Iron : Most effective element needed at 10Iron : Most effective element needed at 1066 K. Iron formed TK. Iron formed TUNIVUNIV = 1 = 1 GyrsGyrs. WA      . WA      
before and after that will be different. before and after that will be different. 

•• Continuum having significant Continuum having significant ““Soft ExcessSoft Excess”” enhances WA at 10enhances WA at 1055 K.K.

•• A combination of Soft Excess and Super Solar metallicity gives A combination of Soft Excess and Super Solar metallicity gives the best the best 
description of WA as gas in thermal equilibrium : Enhanced stadescription of WA as gas in thermal equilibrium : Enhanced stability at 10bility at 1055 KK
and multiphase scenario with 10and multiphase scenario with 1055 K & 10K & 1066 K in pressure equilibriumK in pressure equilibrium
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