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What are AGN and why should we care?




AGN - in a Nutshell

.MBH= 105 — I\
eL,,; = 103 — 1011w * - =

* Powered via accretion




AGN Unification
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Unification Theory of AGN: Miller & Antonucci 1983;
Antonucci & Miller 1985
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Origin of X-rays

* UV/Optical photons from
accretion disc

e X-rays from hot Corona

* Reflected X-rays off
the disc or torus
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Motivation for studying AGN winds
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* Main questions:

* Origin of winds
* Launching Mechanism
* Location and Geometry
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* M-0o relation
* Galaxy impact
e Co-evolution
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Talk outline

1. Photoionisation modelling -
> Photoionised Plasma proper
» Model: PION

2. Results from X-ray analysis on AGN
» NGC 5548
» NGC 3783

3. NGC 7469

» My Analysis from Multiwavelength Campaign
» Distance Measurements

4. Current work: NGC 1068
»Spectral analysis

5. Future: ATHENA
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Photoionisation Modelling




PION model in SPEX

e Assume photoionisation equilibrium
e Rate of ionisation = Rate of recombination E

* State of the photoionised gas depends on the
ionisation parameter ¢

PION

e Self consistent model (M. Mehdipour et al. 2016)

e Simultaneously models the continuum and ionised plasma
 Requires SED of AGN

 Computes both the photoionisation solution and X-ray

spectrum
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Plasma Properties
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RGS spectrum of Mrk 509;
Detmers et al. 2011
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N g - the line depth

° 1024 —_ 1028 m-2

E _ Lion
 nré

e logé=0-3

U tyurp - line broadening
 ~10'-10%kmst

Vout - line centring

e >10%2-10°km s

* Blueshifted

Multiple components to
fit all the emission/
absorption lines

- jonisation
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NGC 5548

ESA/Hubble




Spectral Features
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RGS Spectrum 2013;
M. Whewell et al. 2015

Chandra Spectrum 2000;
J. Kaastra et al 2000
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The Obscurer

Towards Observer

Warm
NLR Absorber

Obscurer

UV/optical

X-ray path
path

BLR

I a2 forus

Black Hole and Accretion Disc
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Vo, ~ 5000 km/s

Covers 80% of X-ray flux

r = few light days

Obscuration event 7+ years long
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O VII Discrepancy

= Data points forbidden
— Best fit with B and E absorption +

Rest A  Measured 1% ¢ low velocity

Best fit with no absorption

(A) (A) (km s™")
21.602 21.601+0.004 -20 + 50
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NGC3783 - | . B
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NGC 3783
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2000-2001 (unobscured)
11 Dec 2016 (obscured)
21 Dec 2016 (obscured)

10" ergem? s A
10™* Photons cm™2 s &~

Swift XRT 0.3-1.5 keV
Swift XRT 1.5-10 keV

1 1 ‘
10
Observed Energy (keV)

count s™

2000-2001 (unobscured)
11 Dec 2016 (obscured)
21 Dec 2016 (obscured)

h\@ G ég
I

| NGC 3783
L ::"'
Swift XRT hardness ratio (HR) %} =
%: :® ]

=

XMM—Newton RGS

:m®@®_5 — T T T T T T T T T T T T T T T T T T T T T
|
[

O VI triplet

@ : 0

Days (MJD) - 57515 - ! , _
Observations with XMM, . . WWMW W Wi UA M "‘" i .L‘um | M“hf'm
30

I-_Iar_dness ratio triggering NuSTAR and HST 15 20 35
limit Observed Wavelength (R)

M. Mehdipour et al. 2017

17 SGW - MSSL - Photoionisation Modelling of AGN 10/10/19

10™* Photons cm™2 s~ &7




Multiple Emission
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NGC 7469 -

NASA/ESA/Hubble
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RGS Analysis — Our Contribution
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The Warm Absorber
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th

I-oc—atio n Of E LR f=volume filling factor

To observer @ @

Remz 2 2.6 pc

emz2 2 2.5 pc

R
Ryas = 0.02 - 0.60 pc
RWAZ = 0.10 = 0-30 pC

Ryyay = 0.22 - 1.88 pc Assume-

Reps 2 0.03 .
@ e = DTS PE Torus  Extended regions
Central Engine Reoru. = 1.21 pc * No further absorption by

<l - 1> 10" Mg
WA

Lo, = 1.39 x 1037 W
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 Require fvalue<1

24

Values for f

1991).

1999).

For EM1 and EM2 we assume

For EM3

for most nebulae (e.g. Osterbrock

for BLR (e.g. Sneddon & Gaskell

However ...

Emission
Comp.

+0.31
2‘62—0.73

1.05
292 5o

0.03 = 0.01

e Optical BLR (Kollatschny & Zetzl 2013).

e Kinematics:

 Possible solution:

 But most likely due to ¢ of EM3
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Conclusions for NGC 7469

* WA can be explained by 3 components — different N, v, &

* Most emission lines are fitted with 2 narrow emission
components

* Able to measure the distances of the Narrow Line Region
* Assuming no further absorption by the WA

* Some lines require a broad component

* Uncertain if it is a physical component



NGC 1068

NASA/JPL-Caltech




XMM-Newton Spectra of NGC 1068
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Simultaneous Fitting

RGS 2000
RGS 2014
PN 2000
PN 2014
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—— Best Fit
—— Gaus Lines
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Expect high energy component to be
moving faster than lower two

Find (with Gaussian components) that
lines are blueshifted ~ 2680 km/s
Therefore fix PION at this velocity
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Collisionally lonised Plasma
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SGW et al. in prep
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Looking into the Future




Perseus: Fe XXV Hea, z = 0.01756, o, = 160 km/s
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X-IFU (X-ray integral field unit)

Hyper-luminous quasar
50 ks spectrum
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Summary

* High resolution X-ray spectroscopy and photoionisation modelling
are tools to study highly ionised plasma regions within AGN

e Obtaining distances and parameter measurements of the ELR help
to relate it to the WA and outflowing winds

* Recent obscuring events in Seyfert 1 AGN require further
investigation

e OQutflowing plasma regions will aid us in understanding how AGN
and the host galaxy co-evolve through feedback

e Athena will allow for more accurate high resolution X-ray spectra
across the full energy band



