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Astronomical Institute
Academy of Sciences of the Czech Republic, Prague

Seminar of the Astronomical Institute ASCR, Ondřejov, Czech Republic
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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?

I Astrophysical motivation:

I observational evidence of a rather compact X-ray source (variability,
micro-lensing) – corona size of tens of Rg = GM/c2

I base of a (possibly aborted) jet?

I Useful simplification:

I many effects should be qualitatively similar with this simple geometry

I it can give us certain limits on the model
(e.g. limits on possibility of spin measurements)

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

I if we want to study the dependence on geometry, we should know how other
parameters influence the results
(e.g. Is the idea of measuring geometry of the corona via reverberation
feasible?)



Scheme of the lamp-post geometry
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I central black hole – mass, spin

I compact corona with isotropic emission
→ height, photon index

I accretion disc
→ Keplerian, geometrically thin, optically thick
→ ionisation due to illumination

(Lp, h, M, a, nH, qn)

I local re-processing in the disc
→ REFLIONX with different directional

emissivity prescriptions

I relativistic effects:
→ Doppler and gravitational energy shift
→ light bending (lensing)
→ aberration (beaming)
→ light travel time

I KYREFLIONX



Dynamic spectrum – ionised disc

E2×F (E)



Parameter values and integrated spectrum
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Lag dependence on geometry
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I the lag amplitude:
I the lag increases with

height

I the lag decreases with
inclination
(exception: low heights
and high spin)

I the lag decreases with
spin
(exception: low heights
and high inclination)

I the lag null points
(due to phase wrapping)

I shift to lower
frequencies for higher
heights due to longer
timescales of response

I change slightly with the
inclination

I change negligibly with
the spin



Lag dependence on other parameters
a)
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Lag energy dependence

a)

-180

-90

 0

 90

 180

 1  10  100  1000

ϕ
r 
[d

e
g
]

f [µHz]

Fourier phase of the disc response

θo = 30°

2.5

µHz

42

µHz

133

µHz

b)

-180

-90

 0

 90

 180

 1  10  100  1000

ϕ
r 
[d

e
g
]

f [µHz]

Fourier phase of the disc response

θo = 60°

2.5

µHz

41

µHz

125

µHz

c)

 0.1

 1

 10

 100

 0.1  1  10

a
b
s
(l
a
g
) 

[k
s
]

E [keV]

Lag spectrum

θo = 30°

f = 2.5 µHz

f =  42 µHz

f = 133 µHz

Fr(E) / Fp(E)

d)

 0.1

 1

 10

 100

 0.1  1  10

a
b
s
(l
a
g
) 

[k
s
]

E [keV]

Lag spectrum

θo = 60°

f = 2.5 µHz

f =  41 µHz

f = 125 µHz

Fr(E) / Fp(E)



Summary

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

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

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



Definition of the lag

Frefl(E , t) = Np(t)∗ψ(E , t) ⇒ F̂ refl(E , f ) =N̂p(f ).ψ̂(E , f )

where
ψ̂(E , f ) = A(E , f )eiφ(E ,f )

if

Np(t) = cos(2πf0t) and ψ̂(E , f ) = A(E , f )eiφ(E ,f )

then

Frefl(E , t , f0) = A(E , f0)cos{2πf0[t + τ(E , f0)]} with τ(E , f0)≡ φ(E , f0)

2πf0

F (E , t)∼ Np(t)∗ (ψr(E , t) + δ (t)) ⇒ F̂ (E , f )∼N̂p(f ).(ψ̂r(E , f ) + 1)

and

tanφtot(E , f ) =
Ar(E , f )sinφr(E , f )

1 + Ar(E , f )cosφr(E , f )
ψr(E , t) =

Fr(E , t)
Fp(E)



Lag energy dependence

for low f :

Ar(E , f ) ' AE(E)Af(f ) and AE(E)' ψr(E)

φr(E , f ) ' φr(f )

and

τ(E , f )' 1
2πf

atan
Ar(E , f )sinφr(E , f )

1 + Ar(E , f )cosφr(E , f )

for f → 0:
τ(E , f )' φr(f )

2πf
Af(f )ψr(E)

1 + Af(f )ψr(E)

for f such that φr(f ) =±π

2
:

τ(E , f±π/2)' 1
2πf±π/2

atan
[
Af(f±π/2)ψr(E)

]
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