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What are Warm absorbers?

Observer

Phase 1 and 2 &
R<3kpc % 1000pc
n~10"7/cm*3 >

MNarrow Line Region and Phase 3
R<100pc
n<10"9/cm™3

Broad Line Region
R=0.01pc
n=10"10/cm~3

SIBASISH LAHA (IUCAA)

re

Bamburg 215 June 2012

Smith et al. 2008

June 21, 2012

2/23



@ X-ray signatures of Warm absorbers... J
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WA and the ionising photons

@ These warm absorbers are very sensitive to photons in the energy
range 13.6 eV — 10 keV.
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@ These warm absorbers are very sensitive to photons in the energy
range 13.6 eV — 10 keV.

@ To model WA in a dataset we use CLOUDY
@ Inputs for CLOUDY are

@ input SED shape and flux
Q cloud density
@ cloud metalicity

@ In this study we want to see if there is any difference in WA
parameters for different input SED in CLOUDY.
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WA and the ionising photons

@ These warm absorbers are very sensitive to photons in the energy
range 13.6 eV — 10 keV.

@ To model WA in a dataset we use CLOUDY
@ Inputs for CLOUDY are

@ input SED shape and flux
Q cloud density
@ cloud metalicity

@ In this study we want to see if there is any difference in WA
parameters for different input SED in CLOUDY.

@ Since in many cases we just assume "some” SED in the UV, as it is
unobservable due to Glactic extinction. Also in sample studies to
maintain uniformity!
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A case study

@ To that effect we do a case study with a bright source IRAS
1334942438
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Why did we choose IRAS13349-+24387
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Why did we choose IRAS13349-+24387

@ Seyfert 1 galaxy with a prominent soft excess.
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Why did we choose IRAS13349-+24387

@ Seyfert 1 galaxy with a prominent soft excess.
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@ Seyfert 1 galaxy with a prominent soft excess.
@ Has a prominent warm absorption.
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Why did we choose IRAS13349-+24387

@ Seyfert 1 galaxy with a prominent soft excess.
@ Has a prominent warm absorption.
@ Has XMM-Newton data with a decent flux.

@ The XMM-Newton data shows no variability in HR during the
observation. This is important, since we are analysisng the time
averaged data.
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Why did we choose IRAS13349-+24387

Seyfert 1 galaxy with a prominent soft excess.
Has a prominent warm absorption.
Has XMM-Newton data with a decent flux.

The XMM-Newton data shows no variability in HR during the
observation. This is important, since we are analysisng the time
averaged data.

@ Previous studies done (Sako et al 2001)

e © ¢ ¢
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The Soft-excess models used in our study

@ blackbody
@ nthcomp
@ optxagn

o reflion

SIBASISH LAHA (IUCAA) Bamburg 215% June 2012 June 21, 2012 8/23



The warm absorber model (CLOUDY)
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The warm absorber model (CLOUDY)

@ Cloudy is a photo-ionisation code which simulates WA cloud
properties. We generate WA table models.
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The warm absorber model (CLOUDY)

@ Cloudy is a photo-ionisation code which simulates WA cloud
properties. We generate WA table models.
@ Photoionisation balance and thermal balance...equilibrium solutions.
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The warm absorber model (CLOUDY)

@ Cloudy is a photo-ionisation code which simulates WA cloud
properties. We generate WA table models.

@ Photoionisation balance and thermal balance...equilibrium solutions.

@ The inputs required are the incident continuum shape and the
ionising Flux (from 1 eV — 10 keV) on the inner face of the cloud and
also the cloud hydrogen density.
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@ The inputs required are the incident continuum shape and the
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@ In our preliminary study we used the general Kirk Korista continuum
as the input continuum.
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The warm absorber model (CLOUDY)

)

Cloudy is a photo-ionisation code which simulates WA cloud
properties. We generate WA table models.

Photoionisation balance and thermal balance...equilibrium solutions.
The inputs required are the incident continuum shape and the
ionising Flux (from 1 eV — 10 keV) on the inner face of the cloud and
also the cloud hydrogen density.

In our preliminary study we used the general Kirk Korista continuum
as the input continuum.

And assumed the cloud hydrogen density to be similar to typical BLR
density ~ 10° cm ™3

f, = vWexp(—hv/kTgg)exp(—kTir/hv) + av™* (1)
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Calculating apx for IRAS13349+-2438
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Calculating apx for IRAS13349+-2438

@ We obtained the flux at 21004 from the OM camera of XMM.
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Calculating apx for IRAS13349+-2438

@ We obtained the flux at 21004 from the OM camera of XMM.

@ We corrected the flux for Galactic extinction, using the extinction
curve. Seaton et al 1979.
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@ The 2 keV flux was obtained from the EPIC-pn data
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Calculating apx for IRAS13349+-2438

@ We obtained the flux at 21004 from the OM camera of XMM.

@ We corrected the flux for Galactic extinction, using the extinction
curve. Seaton et al 1979.

@ The 2 keV flux was obtained from the EPIC-pn data
@ The value of apx is 1.2
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Joint fit of EPIC-pn and RGS data of IRAS13349+2438
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Results from the joint fit of EPIC-pn and RGS data
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Results from the joint fit of EPIC-pn and RGS data

@ blackbody as SE
o log(¢)= 1.421515, 2.2570%
o log(Ny)= 21.057%% 20.3179:%
o z= 0.1027 £ 0.0001, 0.1035 = 0.0001
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Results from the joint fit of EPIC-pn and RGS data

@ blackbody as SE
o log(¢)= 1.421515, 2.2570%
o log(Ny)= 21.057%% 20.3179:%
o z= 0.1027 £ 0.0001, 0.1035 = 0.0001

@ nthcomp as SE
o log(€)=1.4675:1%, 2.5401,
o log(Ng)= 20.90 + 0.05, 20.2079%
e z=0.1027 + 0.001, 0.1035 + 0.0001
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Results from the joint fit of EPIC-pn and RGS data

@ blackbody as SE
o log(¢)= 1.421515, 2.2570%
o log(Ny)= 21.057%% 20.3179:%
o z= 0.1027 £ 0.0001, 0.1035 = 0.0001

@ nthcomp as SE
o log(€)=1.4675:1%, 2.5401,
o log(Ng)= 20.90 + 0.05, 20.2079%
e z=0.1027 + 0.001, 0.1035 + 0.0001

@ optxagn as SE
o log(¢)=1.4813% 2 23+0.06
o log(Ng)= 20.80 + 0.09, 20.3579%
e z=0.1027 4 0.0001, 0.1035 = 0.0001
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But Kirk Korista continuum is not realistic

@ As we can see that it doesnot have a soft-excess! Even though we
detect a prominent SE in the 0.3 — 2 keV range.

@ So let's make a realistic continuum for this source, as seen by the
Warm absorbers.
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How do we make a 'realistic’ continuum

Current Theoretical Model
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Realistic continuum
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Realistic continuum

1e+09 T
"./new incident- contlnuum -alphaox-1.2. dat ul2 ——
/new xspec-continuum-nthcomp.dat” u 1:2
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@ A diskbb as the Big blue bump. Normalised with the observed flux at
~ 6 eV ~ 2100A
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Results from the joint fit of EPIC-pn and RGS data for

realistic SED
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Results from the joint fit of EPIC-pn and RGS data for

realistic SED

@ blackbody as SE
o log(¢)= 0981555, 245707
o log(Ny)= 20.997%%  20.54
e z= 0.1027 £ 0.001
@ nthcomp as SE
o log(¢)=1.10"99%, 2.8179%
o log(Ni)= 21.107%%, 20.1679%
e z=0.10277%%00, 0.10387 %001
@ optxagn as SE
o log(¢)= 1.017032, 2.4470
o log(Ng)= 20.84 + 0.05, 20.3
e z= 0.1027 £ 0.0001, 0.104
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Results from the joint fit of EPIC-pn and RGS data for

realistic SED

@ blackbody as SE
o log(€)= 0.98105E, 2.45707
o log(Ny)= 20.997%%  20.54

s z= 0.1027 + 0.001 S _
The ionisation states are different

from those obtained previously.

o log(¢)= 1.10t%;°1‘§6 Ogmt%_l; It was log(§)= 1.42701, for bbody

o log(Nu)= 2016335.05, 20-1060%8'1.05 Sako et al 2001 had obtained values
— +0. +0. . . ..

@ 2= 0.1027Zg 0001, 0-1038Z0/0001  sjmilar to realistic case.

@ nthcomp as SE

@ optxagn as SE
o log(¢)= 101755, 244755
o log(Ni)= 20.84 + 0.05, 20.3
e z= 0.1027 + 0.0001, 0.104
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Realistic continuum
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What is hapenning exactly?

@ The models created by CLOUDY for the warm absorbers depend on
the input continuum Flux as well as shape.

@ The ionisation structure of the cloud is affected by the input
continuum shape from 13.6 eV — 1 keV

@ Due to Galactic extinction the region 13.6 eV — 100 eV of the
continuum of the source is unknown. Hence we talk about apx .

@ The concept of apx is very deceptive. It does not specify any shape
of the continuum between 21004 and2 keV.

@ Hence we should only use a 'realistic’ continuum in generating warm
absorber models, or else we may end up getting different values.
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Switch off the Soft excess, and UV parts alternately

1le+09 T T
"new-switch-off-UV-SED.dat" u 1:2 ——
"new-switch-off-SE-SED.dat" u 1:2 -——---
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Results of the analysis
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Results of the analysis

@ UV SED switched off

o log(€)= 0.60 £ 0.1
o log(Ni)= 20.90 £ 0.06

o 7= 0.1027 & 0.001 Note the difference in the ionisation

states. The fit statistics isa little
@ X-ray SED switched off worse in case of the former.
o log(¢)=1.75+0.09

o log(Ni)= 21.09 + 0.05
o z= 0.1027 4+ 0.001
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The Stability curve analysis.
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Conclusions.
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Conclusi

@ We obtain the same WA parameters irrespective of whetever soft
excess model we use. So it is immaterial which model we use for soft
excess as long as it statistically desribes the data well.
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Conclusions.

@ We obtain the same WA parameters irrespective of whetever soft
excess model we use. So it is immaterial which model we use for soft
excess as long as it statistically desribes the data well.

@ The UV and soft X-ray photons affect the warm absorbe models
generated using CLOUDY. The ionisation structure is different for
different continua, even when the ionising Luminosity is same.
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Conclusions.

@ We obtain the same WA parameters irrespective of whetever soft
excess model we use. So it is immaterial which model we use for soft
excess as long as it statistically desribes the data well.

@ The UV and soft X-ray photons affect the warm absorbe models
generated using CLOUDY. The ionisation structure is different for
different continua, even when the ionising Luminosity is same.

@ Hence a 'realistic’ continuum model with properly normalised UV and
soft X-ray flux should be used.

@ A deeper study with S curve analysis would rule out certain continua
for certain sources
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Thank you.
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