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My proposed questions

1. Are warm absorbers truly irrelevant for feed-back?

2. Which/where is the reservoir for outflowing gas? Does
the "torus" help/is a "torus" required?

3. Which is the relation (if any) between warm absorbers
and X-ray Narrow Line Regions?



M.Guainazzi, "A global view of AGN warm absorbers: WAX", Technion, 22 May 2017

/‘-——‘-

=
ﬁ

?

=

==
/(%é
—

g

.

A (short) historical prologue

Halpern, 1984, ApJ, 281, 90 Kaspi et al., 2002, ApdJ, 574, 643
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Scope of this talk

Studies of homogeneously analysed Seyfert samples at X-
ray high spectral resolution to address the following
guestions:

o incidence of AGN outflows in the local Universe?
e outflow density profile”
o outflows acceleration mechanism?

¢ MHD, radiation-driven, thermal winds??

o outflow structure?
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Samples, warm absorber (WA)/UFOs incidence

Mimimum
Instrument L
Incidence
McKernan+07 HETG 15 Type | AGN WA: ~67%
. WA: ~60%
Tombesi+10 EPIC-pn 42 RQ-AGN UFOs: ~34%
51 Type 1-1.9 . 00
Gofford+13 XIS AGN UFO: ~40%
26 Seyferts 1-1.5 _ +3,
Laha+14 (WAX) EPIC-pn+RGS + 1 LINER WA: 7719_14A>
Tombesi+14 EPIC-pn/XIS 26 RL-AGN UFO: 50+20%

"RQ"=Radio-Quiet; "RL"=Radio-Loud
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The WAX ("Warm Absorber in X-rays") sample

Laha et al., 2014, MNRAS, 441, 2613

[ I I

local AGN -

Parent sample: RXTE X-ray Survey, 3
3-8 keV rate =1 s [Revnivtsev et al. 2004]
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gz
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WAX analysis
Laha et al., 2014, MNRAS, 441, 2613
NGC
o ' NGC 4593
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Baseline X-ray continuum with EPIC-pn spectrum (0.3-10 keV)
Optical to X-ray SED with simultaneous OM/EPIC data
Generation of warm absorber CLOUDY grids

Self-consistent fit of EPIC-pn and RGS spectra

A couple of iterations, as required ...
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NH and vy distributions

Laha et al., 2014, MNRAS, 441, 2613
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lonisation structure: the "ionisation gap”

Holczer et al., 2007, Apd, 663, 799 Laha et al., 2014, MNRAS, 441, 2613
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(04

Density profiles n(r) o< r—

Laha et al., 2014, MNRAS, 441, 2613
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[ignore the dashed line for the sake of this presentation ...]
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Consistent with the a small but well studied sample of Seyfert galaxies (Behar 2009; 1<a<1.3)
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Laos VS Lx: a (WAX) constant of nature”

Laha et al., 2016, MNRAS, 457, 3896
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Lack of global correlations with continuum/source

Laha et al., 2014, MNRAS, 441, 2613; Mc Kernan et al., 2007, ApJ, 379, 1359

Quantity MBH LX _ray Lion [ QOX
WA-highest log & (0.05,0.84) (0.40,0.11) (0.23,0.37) (0.04,0.87) (—0.01,0.97)
WA-lowest log & (—0.34,0.174)  (—0.35,0.15) (—0.48,0.05) (0.10,0.68) (0.11,0.66)
WA -highestlog Ny (0.10,0.68) (0.40,0.10) (0.43,0.08) (0.16,0.53) (0.018,0.94)
WA -lowest log Ny (—0.03,0.89) (—0.19,0.45) (—0.32,0.19) (0.09,0.71) (—=0.11,0.65)
WA-highest velocity  (0.25,0.33) (0.23,0.36) (0.16,0.53) (—0.14,0.56) (0.14,0.58)
WA-lowest velocity (0.29,0.25) (0.036,0.88) (—0.08,0.75) (—0.29,0.24) (—0.04,0.87)

Warm absorber observables do not correlate with
continuum or source properties

Chandra/HETG: lower outflow rate and higher velocity outflows
could be associated with lower Eddington ratio accreting sources
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Derived WA guantities: launch radius

GM < outflow escape velocity
Fmin =
vgut

J dust sublimation radius

Fdust = RSub,graphite ~ 0.5 * L9165(1800/T8ub)26f(9)

[Barvanis et al. 1987]

Lion V
P = / < Ar/r < 1
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WA launch radius

Laha et al., 2016, MNRAS, 457, 3896

Warm absorber launch (=escape) radius is
commensurable to the dust sublimation radius

10
Paust =0.5L 45" [1800/T,]>°
8} i
_GM
rmin - T3

lOg('rmin/ Tdust)

%.0 3.5 4.0 4.5 5.0 5.5 0 15 110 115 210 25
Minimum launch radius log(=), log(~) WA components
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Diagnostics on acceleration mechanisms

King & Pounds, 2003, MNRAS, 345, 657 Fukumura et al., 2010, ApJ, 715, 636

Compton scattering MHD
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Warm albsorbers as shock cooling front

Pounds & King, 2013, MNRAS, 433, 1369

d(Mow)/dt = 4rtbmpnrey  mass conservation= nrv constant

nre=1/€ = Exv (if L does not vary too much over r)

(v <80 km/s)
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gas forward shock
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shock width ~ 3x10%* cm

log ionisation parameter
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Acceleration in warm absorbers?

Laha et al., 2016, MNRAS, 457, 3896

Weak correlation
Pout VS. Prad
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Laha et al., 2014, MNRAS, 441, 2613

Flat relation
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[similar results in Crenshaw & Kraemer, 2012]
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WA as thermal winds: supersonic condition

Begelman et al., 1983, ApdJ, 271, 70
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Guainazzi & Laha, in prep.

"Escape Temperature" To=GMLu/rk
vs. Inverse Compton Temperature Tic
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Future homework ...

Guainazzi & Laha, in prep.
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Mass loading”

Laha et al., 2016, MNRAS, 457, 3896

The mass outflow rates are 1-10* the accretion rate
Higher for lower column density components

6| WAX R,=-0.71, P, =6e—05
y=—2.37"01 x+52.4610

log(Mout, max/ MEdd)

19 20 21 22 23 24 25
log Ny
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WA vs. UFO.

Laha et al., 2014, MNRAS, 441, 2613

WA and UFO basic observables do
not follow the same scaling laws
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UFO in IRAS17020+4544:
AGN feedback in a normal spiral galaxy

IRAS1/7020+4544 - XMM-Newton/RGS

Longinotti et al., 2015, Apd, 813, L39
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Are WA truly irrelevant for feedback? - |.

Laha et al., 2016, MNRAS, 457, 3896

47

100% Lo
46| -
45 v _
44 0.5

e !

9
40 )_{:i_' + & + log([vf ><EK, Max]Tot)

43.0 43.5 44.0 44.5 45.0 45.5 46.0 46.5

log(L

Bolometric)



M.Guainazzi, "A global view of AGN warm absorbers: WAX", Technion, 22 May 2017

Are WA truly irrelevant for feedback? - |.

Laha et al., 2016, MNRAS, 457, 3896
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Are WA truly irrelevant for feedback? - Il.

Crenshaw & Kraemer, 2012, ApJ, 753, 75
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WAX Summary

¢ WA observational properties:
o Ny=[10",10" cm 1, Vour=[10" 10" km/s], I0g(Esqe)<3
e "jonisation (parameter) gap"

e incidence of AGN outflows in the local Universe
e UFO=z40%, WAz75%

o outflow density profiles
o n(r)o(r-‘l.8—1.4

e outflows acceleration mechanism. Most likely hypothesis:
e WA: thermal/thrust on dust

o outflow structure

e Arguable that UFO and WA belong to a single stratified flow. So?



