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UV-X-ray spectrum
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@ Beyond the standard
*/ IPAG

accretion disc model

*The accretion disc emission explains the big blue bump
but cannot explain the observed X-ray emission

*We need the presence of a hot gaz radiating in X-ray:
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UV-X-ray emission origin
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- Energetics dependency

\Z< Spherical geometry, T=0.I| but
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If the 2 phases are in radiative equilibrium, the corona temperature and
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Radiative equilibrium

If the 2 phases are in radiative equilibrium, the corona temperature and
optical depth follow a univocal relationship.
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Radiative equilibrium

If the 2 phases are in radiative equilibrium, the corona temperature and
optical depth follow a univocal relationship.
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Soft X-ray Excess

Origin still debated....
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rcOutflows composition: method
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Thermal Equilibrium

When the condition of thermal equlibrium is imposed, then
the temperature 1s determined as a function of the 1onization

parameter.

- 4

Discrete vs continuum distribution?
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Column density
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or Temperature
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/me  Reverberation” mapping
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* Photo-ionization modeling = &=L/nr?
* L obtained from spectrum
=> only the product nr* known, not r or n
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/me Reverberation” mapping

de Grenobie

* Photo-ionization modeling = &=L/nr?
* L obtained from spectrum
=> only the product nr* known, not r or n

Different methods may help defining r or n. Here we focus on
“reverberation” mapping:
* If L increases for gas at fixed n and r, then E=L/nr? increases
=» change in ionisation balance
=» column density changes
=» transmission changes
 Gas has finite ionisation/recombination time t_ (varies like ~1/n)

=» measuring delayed response yields t =»n=>r
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o Seyfert | , MBH~ | OSMsun HST image of Mrk 509

* One of the brigtest Seyfert in X-rays

e X-ray spectrum with all the common spectral
components ¥ Big blue bump »
Yiron line (+ reflection hump)

v soft X-ray excess
v WA
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o Seyfert | , MBH~ | OSMsun HST image of Mrk 509

* One of the brigtest Seyfert in X-rays

e X-ray spectrum with all the common spectral

components ¥ Big blue bump »
Yiron line (+ reflection hump)

v soft X-ray excess

v WA
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Broad band continuum analysis
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- Reflecting material
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Flux
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® A multi-black body disc to fit the optical-UV data
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The Model
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® A multi-black body disc to fit the optical-UV data

® A“warm” corona to fit the soft X-ray emission
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The Model
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A “warm” corona to fit the soft X-ray emission
® A“hot” corona to fit the hard X-rays
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~-Best Fit Model Parameters
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= Hot vs VWarm coronae
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[4V)
o

e o O
O o N
[y
O

Hot corona Opt. depth
o
N
Warm corona Opt. depth
o

0.3 .
0.2F 5
0.1 [
O ; L L L . L ST T T T O I 1 L 1 L | L L L . 1
150 200 250 300 0.6 0.8 1 1.2 1.4

Hot corona Temp. (keV) Warm corona Temp. (keV)

Ln/Lc~10 Ln/Lc<l|

* Photon starved geometry *(Slightly) photon fed geometry
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warm/hot
cooling ratio
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Heating/cooling

Origin of the variability

o

[—y
LI

HOT corona

HOT+WARM

WARM corona

o 4/Lc varies

| disc/corona configuration varies

E D)

*The disc UV emission varies by tens
of % while the corona cooling varies
by large factor

_ variation of the geometry
(especially of the hot corona)

4 6 8
Observation number

10
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A Possible Geometry

Hard X
component

UV-Opt-Soft X

\c;.\mpone;tz

Black Hole
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The Outflow of Mkn 509
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Total exposure: 600 ks

Several narrow absorption lines

Stacked RGS spectrum

..................

Detection 31 individual ions M |
Tight upper limits column densities ,’/ "fl
other 18 ions i
Two main velocity components e e e
(-10 and -300 km/s) e m T |
Highly ionised ions in general <@ & :: - : -
higher velocity LN . f“\fj'
lll
| |
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N > Discrete versus continuous

~.—— absorption measure distribution?

Oe: (imxie

 Column densities well approximated
by sum of 5 components

Component logé& N7

A -0.26 £0.55 0.26 £ 0.12
B 0.73+0.16 0.84+0.10
C 208+0.03 48x+04
D 284+006 57x09

E 355025 49x85
9 Tonization parameter m 10 Wm.
® Column density in units of 10 m—=.

% lonic Columns density/ component

* Higher column for higher ionisation parameter

= density stratification
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~< Abundances, Velocities
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(solar) o

c/o 1.19£0.08 (0.97) )
N/O 0.98+0.08 (0.90)
Ne/O 1.11¢0.10 (0.91) o oorA ; M& A
Mg/O 0.68+0.16 (0.87) § + * T ‘F
Si/O(LETGS)  1.3:0.6  (0.87) £ . T 1 ZM\
s/0 0.57+0.14 (0.83) ! A I
Ca/O 0.89+0.25 (0.73) |
Fe/O 0.85+0.06 (0.86) 31 R T L

Steenbrugge et al. (2011) Eg_egrvlvwwme)r et al. (201 1)
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IPAG
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* For each of the 5 components: if L increases, & must increase (as

¢=L/nr?)

Where is the gaz!

* Needs time-dependent model

Transmission

0.96

N
<

0.98

0.94

e Solid lines: transmission for
the 5 components

e Dotted lines: transmission for
0.1 dex luminosity increase

e Dashed lines: ratios of
transmission for the higher to-
the lower ionisation satte

]

0.5 1 2
Energy (keV)
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Where is the gaz!

Component C — O VIlI

* From 10 continuum model fits | /r\ e s |

= predicted § change for each of 10 | [/ \.\‘\, ddren |
observations, compared to average | / [ N

c "'~r:—0-‘—_-,="""'° ———% < ‘i\ P T

spectrum R N7 \ P

: : =k X '\\ o Nl

* If gas responds immediately, | \ /|

. . 0.49 |- g g

transmission outflow changes | \ ;

immediately |
0.48 2 ) 3 R 1 2 2 1 R . 3 R 1

0 1000 2000 3000

fime (ks)

* Changing the distance r of the gas to

the central source will change the Component _ Distance (pc)

. C >91
time delay and the gas density D >5.8
(nr?’=L/E=cste) i.e. the ionisation/ E >5.4
recombination times. Kaastra et al. (201 I b)
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‘Mass loss through the wind

nr-v=(L/E) v

2
Mloss = Qmp nr v

M 1oss < M ace L=T]MaccC2

v (km/s) [-100 [-1000

0.001 |0.0001
1.0 0.1




* Originate at a few pc (from the torus?)

* Higher column for higher ionisation parameter

* Higher outflow velocity for higher ionisation parameter

* |t should occur in narrow, density stratified streamers

n,v, &
outflows
4 e ‘7
\P,yo"& L 7 —0bserver

b .
conftimuum source
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The Big Picture

outflows

'
contimuum source
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observer

contimuum sourc

Hard X
component

UV-Opt-Soft X

\ch:mpone;?

Black Hole

g‘
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