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Active Galactic Nuclei — X-ray spectrum
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Active Galactic Nuclei — lags
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Active Galactic Nuclei — lags
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Why to study toy model of lamp-post geometry?

» physical motivation: base of a jet
» many effects should be qualitatively similar with this simple geometry
» it can give us certain limits on the model (e.g. spin versus height)

» we can easily explore the dependence on many parameters
(height of the corona, ionization of the disc, ...)

» if we want to study the dependence on geometry, we should know how
other parameters influence the results

(i.e. Is the idea of measuring geometry of the corona via reverberation
feasible ?)



Scheme of the lamp-post geometry

» central black hole — mass, spin

» compact corona with isotropic emission
— height, photon index

» accretion disc
— Keplerian, geometrically thin, optically thick
— ionisation due to illumination
(LP! h, M, a, Ny, an) observer

> local re-processing in the disc Q
— REFLIONX with different directional i
emissivity prescriptions

» relativistic effects:
— Doppler and gravitational energy shift
— light bending (lensing)

— aberration (beaming)
— light travel time
AN

Tout accretion disc



Time delay

t[GM/cY]

Time delay Total time delay
1 (a= 1.0000, 8,=60°) (a= 1.0000., 0, = 60° i = 3)
a= -20 -10 0 10 20 0 3 16 24 32
35 n ——
30 104
25 | 5]
20 b
15 =0 @
10 s
5 e ——— ———
I —
0 L L B e —— i;///:’
0 5 10 15 === T T 7
-10 =5 0 5 10
r [GM/c?] x

» total light travel time includes the lamp-to-disc and disc-to-observer part
» first photons arrive from the region in front of the black hole

which is further out for higher source

» contours of the total time delay shows the ring of reflection that develops
into two rings when the echo reaches the vicinity of the black hole



Light curve

a=0,h=3,At=1

0.25

Photon flux

inclination
850 I
60°

‘/“ 300 P

t[GM/C?)

Photon flux

a=1,h=3 At=1

‘ inclination
85°
60°

30° ——

t[GM/c?]

» the flux for Schwarzschild BH is much smaller than for Kerr BH due to the hole

below ISCO (no inner ring in Schwarzschild case)

» the shape of the light curve differs substantially for different spins

» the “duration” of the echo is quite similar

» the higher the inclination the sooner first photons will be observed

» magnification due to lensing effect at high inclinations




Dynamic spectrum — spectral line
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» signature of outer and inner
echo in dynamic spectra

» large amplification when
the two echos separate

» intrinsically narrow Ka line
can acquire weird shapes
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Dynamic spectrum — ionised disc
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Definition of the phase lag

Fre(E, 1) = No(t) % w(E, 1) = Fren(E.f) =Np(f).W(E, 1)

where '
W(E,f)= A(E.f)e*ED

if
Ny (t) = cos (2xft) and ¥(E) = A(E)eB)

then

Fren(E,t) = A(E)cos {2rf[t+T(E)]} where T(E)EW

F(E.t)~ No(t)x(y(E, D) +8(t) = F(E.f) ~No(f).(J(E.f) +1)

and
_ A(E,f)singi(E,f)
tangrot(E,f) = 5 +A(E,fycosor(E, f)




Parameter values and integrated spectrum
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Energy bands: soft excess: 0.3 —0.8 keV
primary: 1 —3 keV
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Phase lag dependence on geometry
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Phase lag dependence on spin and energy band
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the relative flux in the energy
band where primary
dominates may in some cases
be larger than that in Kt and
Compton hump energy bands

the magnitude of the phase
lag in different energy bands
differs (in extreme Kerr case
the larger lag in SE is due to
larger ionisation near BH)

the magnitude of the phase
lag is smaller in Schwarzschild
case due to the hole in the
disc under the ISCO

the null points of the phase lag
change only slightly with
energy and spin



lonisation
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the phase lag in Ka band is shown

v

the reflection component of the spectra are steeper for higher ionisation
» the magnitude of the phase lag depend on ionisation

v

the null points of the phase lag does not change with the ionisation



Directionality and photon index

a=1,h=3,0,=30° a=1,h=3,0,=30°

10 20 20 T T
L 10
0 ol
10 or
-20 10 b
B 2T z = ool
g o g Or g,
@ o @ B
& 40 / & 60 [ & 4ol
£ / £ £
S 50 - / 4 = =)
/ 80 - 50 - y 1
-60 _~ directionality q 60 |- / photonindex |
__—  darkening 2100 | 15 ——
<70 - — isotropic q <70 P 2 -
brightening 2 —— - 3 —
-80 . - -120 - - -80 = . -
1 10 100 1 10 100 1 10 100
fluHz] fluHz] f[uHz]

» the phase lag in SE band is shown
» the magnitude of the phase lag changes in all three cases

» the null points of the phase lag does not change with different directionility
dependences or power-law photon index



Phase lag energy dependence

for low f:

Ae(E)A(f)
¢e(f)

1R

and

AT(E.N) = - atan [A(E, 1) — A(Eo, )] sin g (f

2nf T T4 [A(E, ) + A(Eo, F)] cos or(F) + A(E, 1) A(Eo, )

and for f such that ¢,(f) = ig:

"
2rnf

AT(E,f) = — [A(E,f) — A(Eo, )]



Phase lag energy dependence
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Phase lag energy dependence
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» if the second phase lag
maximum is too small the
phase lag energy
dependence does not
follow the spectral shape
that well



Summary

» the frequency dependence of the phase lag is mainly due to geometry
(height of the corona)

» the magnitude of the phase lag depends on many details of the model
(height, spin, ionisation, unisotropy, energy, ...)

» lag versus energy follows the spectral shape at the right frequencies

» extended corona
— brings several new parameters
(size, propagation speed, “ignition” position, inhomogeinities)

— broadens the response of the disc
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