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Fig. 1. The fluxed stacked RGS spectrum in the 7 - 38 Å range.
The strongest lines are indicated and the O i ISM edge can be
clearly seen around 23 Å.

fitting package to fit the spectrum. We updated the wavelengths
of some important transitions for our study (see Appendix A).

We constructed the spectral energy distribution (SED) for
Mrk 509, using the EPIC-pn and OM data to obtain the neces-
sary flux points for the XMM-Newton observations and extend-
ing it with other data. This SED is an average of the Mrk 509
SED during the time of observations (roughly two months time).
The full procedure on how the SED was derived can be found
in Kaastra et al. (2011a). The ionization balance calculations
needed for our spectral modeling (the xabs components, see
Sect. 3.2) were based on this SED and performed using version
C08.00 of Cloudy2(Ferland et al. 1998) with Lodders & Palme
(2009) abundances.

2.3. Spectral models

The unprecedented quality of the spectrum requires a rather
complex spectral model to be described accurately. We describe
each component in more detail in separate sections, but we give
a short overview of the total model here.

We model the continuumwith a spline (see Fig. 2). The main
reason for doing so is that a spline can accurately describe the
(complex) continuum shape without having to make any physi-
cal assumptions about the origin of the shape of the continuum
(powerlaw, blackbody, Comptonization, or reflection, for exam-
ple). We use a redshift z = 0.03450, which combines the cosmo-
logical redshift (Huchra et al. 1993) with the orbital velocity of
the Earth around the Sun, which is not corrected for in the stan-
dard XMM-Newton analysis (see Kaastra et al. 2011a). Galactic
absorption (NH = 4.44 × 1024 m−2, Murphy et al. 1996) is also
taken into account. We use three distinct phases for the Galactic
ISM absorption, a neutral (kT = 0.5 eV) phase, a warm (kT = 4.5
eV) slightly ionized phase, and a hot (kT = 140 eV) highly ion-
ized phase (Pinto et al. 2010). Additionally we model the neutral
oxygen and iron edges of the ISM by including a dusty compo-
nent. Details about the Galactic foreground absorption are given
by Pinto et al. (in prep).

The ionized outflow is modeled with three different mod-
els, each with multiple (two or three) velocity components to
2 http://www.nublado.org/

Table 1. Spline continuum parameters.

Wavelength Flux
(Å) (photons m−2 s−1 Å−1)
5.00 0
5.95 0.7 ± 0.6
7.07 13.95 ± 0.09
8.41 14.28 ± 0.06
10.00 15.10 ± 0.04
11.89 15.92 ± 0.09
14.14 17.27 ± 0.09
16.82 19.36 ± 0.16
20.00 21.31 ± 0.11
23.78 25.15 ± 0.08
28.28 27.83 ± 0.11
33.64 33.62 ± 0.19
40.00 9.80 ± 0.18

account for the separate outflow velocities observed. All mod-
els take a wide range of ionization states into account. These
models are described in more detail in Sect. 3.2. We also in-
cluded eleven broad and narrow emission lines, which are mod-
eled with a Gaussian line profile. Radiative recombination con-
tinua (RRCs) are also included using an ad-hoc model that takes
the characteristic shape of these features into account .

3. Spectral analysis
3.1. Continuum, local absorption, and emission features

The continuum is modeled with a spline with a logarithmic spac-
ing of 0.075 between 5 and 40 Å. We show the spline model in
Fig. 2 and in Table 1. The continuum is smooth, so the spline
does not mimic any broad line emission features. The softening
of the spectrum at longer wavelengths can be seen clearly.

Fig. 2. The unabsorbed spline continuum model used for the
Mrk 509 observations.

The neutral Galactic absorption is responsible for the narrow
O i (23.5 Å) and N i (31.3 Å) absorption lines. To fit the Galactic
O ii absorption line we add a slightly ionized component with a
temperature of 4.5 eV and with a column density that is 4% of
the cold, neutral gas (Pinto et al., in prep). To properly model the
O i edge, we take the effects of depletion into dust into account.
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Driving mechanisms of AGN outflows


Equation of motion (Proga 2007):!

Possible driving mechanisms:!
§  Thermal driving (Krolik & Kriss 2001)!
§  Magnetic driving (Königl & Kartje 1994)!
§  Radiation pressure driving (Proga & Kallman 2004) !


Different kinds of outflows found in AGN: !
§  warm-absorber outflows!
§  highly-ionised outflows!
§  ultra-fast outflows!
§  obscuring outflows!

Origin: accretion disk or the AGN torus?!



Observing program in 2015-2016 (PI: Ehud Behar)!
XMM-Newton (7 × 80 ks), Chandra HETGS (250 ks), HST/COS (14 
orbits), NuSTAR (7 × 20 ks), Swift (50 × 1.5 ks)!






 

Objectives

§  AGN outflows


#- mapping the ionisation, chemical and dynamical structure!
#- density and location!
#- origin and driving mechanism!
#- kinetic luminosity and impact on their environment!



§  Intrinsic accretion-powered emission


#- spectral decomposition of the optical/UV/X-ray continuum!
#- structure of the reprocessing/reflecting regions!
#- origin of the soft X-ray excess emission!

Multi-wavelength campaign on NGC 7469


Chandra 
HETGS!ç 3 months è !



NGC 7469


Image from HubbleSite!

§  Bright Seyfert 1 galaxy    
F0.3-10 keV = 5-6 × 10-11 
erg s−1 cm−2!

!
§  Redshift z= 0.016268!
!
§  Foreground MW NH = 

4.34×1020 cm-2!

§  MBH = (1.0±0.1) × 107 M¤ 
(Peterson+15)!

§  Nucleus surrounded by 
a starburst ring!



NGC 7469


HST ACS/HRC (F330W)!
González Delgado+07 !

§  Ionised outflows seen in the 
UV and X-rays (Kriss+03; 
Scott+05; Blustin+07)!

§  Multiple ionisation and 
velocity components!

!
§  Ambiguity in the radial 

distances from the central 
black hole (R < 100 pc or R < 
600 pc) !

!
§  Link between the UV and X-

ray absorption components,  
and their origin, unclear.!



HST COS spectrum of NGC 7469
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Chandra HETGS spectrum of NGC 7469
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Chandra HETGS spectrum of NGC 7469
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Time-dependent photoionisation modelling


The optical-UV-X-ray SED is 
determined from continuum 
modelling of the Swift, HST, XMM-
Newton, Chandra and NuSTAR 
data (using broadband continuum 
model from Mehdipour+15)!

Photoionisation computation and 
spectral modelling performed 
using the pion code in SPEX.!

SED of NGC 7469! Temperature T (keV) as 
a function of ionisation!
parameter ξ!
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Mehdipour+15!

Model for the AGN broadband continuum


§  The NIR/optical/UV continuum is a Comptonised disk component, which also 
produces the ‘soft X-ray excess’ (warm Comptonisation).!

!
§  A hot Comptonising corona produces the primary hard X-ray continuum.!
!
§  A reflection component from cold and distant material.!



Components of the AGN outflow in 
NGC 7469


log ξ = 3.0

§  NH = 2.4e+21 cm-2, vout = −500 km s-1!



log ξ = 2.5


§  NH = 1.2e+21 cm-2, vout = −650 km s-1!

§  NH = 7.0e+20 cm-2, vout = −900 km s-1!


log ξ = 2.1


§  NH = 1.1e+21 cm-2, vout = −500 km s-1!
§  NH = 1.8e+20 cm-2, vout = −1900 km s-1!

!
log ξ = 1.4


§  NH = 1.0e+20 cm-2, vout = −600 km s-1!

!
log ξ = −0.6


§  NH = 2.2e+19 cm-2, vout = −600 km s-1!
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Components of the AGN outflow in 
NGC 7469


How can we interpret the 
distribution with outflow 
theories?!
!
We need to know the gas 
density and distance from 
the central black hole!



Change in the ionising SED over 
time è change in ionisation 
balance è change in ionic densities!

Measuring response of a photoionised plasma to the 
ionising SED changes: density and distance limits


Photoionisation modelling è ionisation and recombination rates for 
each ion è ionisation/recombination timescale as a function of 
density ne!
!
Observing a timescale of change è constraint on density ne!
!
Then using the ionisation parameter ξ = L / ne R2, limits on the 
distance R from the central ionising source is obtained.!

X-ray lightcurve!



Location of the AGN outflow components


Mrk 509 (Kaastra+12)!



Density and distance limits for the outflows in 
NGC 7469


Preliminary results:!
100 < ne < 480 cm-3 è 5 < R < 11 pc!
340 < ne < 2900 cm-3 è 2 < R < 6 pc!
2900 < ne < 17000 cm-3 è 1 < R < 2 pc!


Size of the BLR: ~ 2-10 light days (Peterson+15)!
Inner radius of the torus: ~0.1 pc (Suganuma+06)!
Size of the NLR: < 170 pc!
Location of the starburst ring: 250-1000 pc!
!
outflows are located between the torus and the NLR !
è thermal wind produced by irradiation of the torus!
!
Mass outflow rate: # # # # #   Kinetic luminosity:                         !
!
!
Kinetic luminosity in NGC 7469: < 0.1% of bolometric luminosity!

Mout = ΔΩ R NH  µmp  vout Lk = 1 2  Mout  vout
2



Conclusions


Combined high-resolution UV and X-ray spectroscopy is key for 
mapping the ionisation, chemical and dynamical structure of 
AGN outflows è origin and launching mechanism!
!
Time-dependent photoionisation modelling and variability study 
of the outflows è density and location!
 !
In bright nearby Seyfert-type AGN (like NGC 7469), warm-
absorber outflows are likely thermally-driven torus winds.!
!
Kinetic luminosity of warm absorbers in Seyferts is a small 
fraction of the bolometric luminosity.!
!
To carry out such investigations in fainter AGN (but with stronger 
outflows), large observing programs with Chandra and XMM-
Newton are needed.!


