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Central Aim

To constrain the geometry around the black holes



Motivation

Czerny & Janiuk 2007, A&A, 464, 167



Motivation

Wilkins & Fabian 2012, MNRAS, 424, 1284



Aims

X-ray source position/size/shape.

Accretion disc geometry in strong gravity.
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Aims

X-ray source position/size/shape.

Accretion disc geometry in strong gravity.

Host BH parameters:
Mass
Spin

Scaling relations between AGN and XRBs.



Current paradigm

X-ray corona

Accretion disc



Current paradigm

Approximation of spherical corona by point source



Current paradigm



Current paradigm

Direct continuum

Reflected component



Motivation
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X-ray reverberation: Observations

-Soft band variations lag behind hard band variations-



X-ray reverberation: Observations

-Soft band variations lag behind hard band variations-

1H 0707-495
0.3–1 keV vs 1–4 keV

Most negative delay 30 s

Fabian et al. 2009, Nat, 459, 540

1 day 1 hour 10 min



X-ray reverberation: Observations

MCG-6-30-15

Mrk 766

ì

ì

ì

ì

ì

ì

ì

ì ì

ì ì

ì
ì
ì ì

è

è

è

è

è

è è

è
è

è

è

è

è è è

5´10-410-3 5´10-3 2´10-2-50

0

50

100

FrequencyHHzL

T
im

e
la

g
Hs
L

è

ì

0.5–1.5 keV vs 2–4 keV

Emmanoulopoulos et al. 2011, MNRAS, 416, L94



X-ray reverberation: Observations
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X-ray reverberation: Observations

Positive time lags: Accretion flow

Negative time lags: Reflection
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X-ray reverberation: Modelling

Response profiles: Dovčiak et al. 2011, ApJ, 731, 75

Spin= 0.676, Height= 3.6 rg and Angle=40◦
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X-ray reverberation: Modelling

Response profiles: Dovčiak et al. 2011, ApJ, 731, 75

Spin= 0.676, Height= 3.6 rg and Angle=40◦
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X-ray reverberation: Modelling
GR reflection component: BH Spin
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X-ray reverberation: Modelling
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X-ray reverberation: Modelling
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X-ray reverberation: Modelling
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X-ray reverberation: Modelling
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X-ray reverberation: Modelling
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X-ray reverberation: Modelling
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Conclusions

• Small heights, ≈ 3.5 rg, above the accretion disc.



Conclusions

• Small heights, ≈ 3.5 rg, above the accretion disc.

• New method, INDEPENDENT from X-ray spectral fitting:

BH mass

BH spin

Viewing angles



Complimentary: TL studies
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Complimentary: TL studies

Light-curve decomposition⇐⇒Power spectral density

For a set of observations xi measured at ti (i = 1, . . . , N )

|DFT (fj)| =

∣

∣

∣

∣

∣

N
∑

i=1

xie
2πifjti

∣

∣

∣

∣
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2

where j = j

N∆t
and j = 1, . . . , N/2



Complimentary: TL studies

Reprocessing: Neutral Fe Kα
(NOAR MC scattering code, Dumont et al. 2000, A&A, 357, 823)

GR effects
(Dovčiak et al. 2011, ApJ, 731, 75, Dovčiak et al, 2004, MNRAS, 355, 1005 )

light bending
gravitational lensing
energy shift (Doppler and gravitational)
relativistic time delays



Complimentary: TL studies
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Complimentary: TL studies

GR reflection component: Angle, θ
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Complimentary: TL studies

GR reflection component: Angle, θ
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Complimentary: TL studies

GR reflection component: Height, rh
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Complimentary: TL studies

GR reflection component: Height, rh
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Complimentary: TL studies
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Complimentary: TL studies
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Complimentary: TL studies

Fe KΑ H6.4 keVL

Soft excessH0.5-1.5 keVL
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Complimentary: TL studies

Is this really the case?



Complimentary: TL studies

Tanihata et al. 2001, Apj, 563, 569



Complimentary: TL studies
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Complimentary: X-ray spectral
studies

’Harder when brighter behaviour’

1.0 1.5 2.0 2.5

1.80

1.85

1.90

1.95

X-ray flux in 2-10 keVH�10-11erg cm-2s-1
L

P
h

o
to

n
in

d
e

x
in

2-
1

0
ke

V
y=H-0.063±0.018Lx+H1.99±0.04L

RXTE

Emmanoulopoulos et al. 2012, MNRAS, 424, 1327



Complimentary: X-ray spectral
studies

NGC 7213: XRB in hard state
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Complimentary: X-ray spectral
studies

’Harder when brighter behaviour’
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Complimentary: X-ray spectral
studies
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Complimentary: X-ray spectral
studies
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Complimentary: X-ray spectral
studies
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Complimentary: X-ray spectral
studies
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