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Abstract

Broad fluorescent emission lines are produced by reflection of photons at the inner-
most regions of the accretion disk. The primary photons might either originate from
a hot corona covering parts of the disk, or from a source above the black hole on
its rotational axis (lamp post geometry). Depending on the geometry and location

of the primary source, the resulting broad line will have a different shape. We will
show that for an irradiation of the disk by a jet elongated along the rotational axis
no broad lines will be produced, although the black hole is maximally rotating.

Lamp Post Geometry

The “lamp post” geometry was first proposed by Martocchia
& Matt (1996), in order to explain huge equivalent widths of
the observed fluorescent Fe Kα emission lines seen in AGN and
GBHs. It assumes that photons from a stationary point on the
rotational axis (e.g., the base of a relativistic jet) are emitted at
height h and focused onto the disk to be reflected and produce
the observed fluorescent lines. This scenario has been recently
investigated intensively (see, e.g., Fukumura & Kazanas, 2007;
Wilkins & Fabian, 2012).

Figure 1 : A sketch of the lamp post geometry, showing a photon
track (red) emerging from the primary source (blue) at height h

above the black hole.

The Emissivity Profile

The canonical emissivity of a reflection component produced in a corona above a thin accretion disk, behaves ∝ r
−3 (Shakura

& Sunyaev, 1973). However, in many observations (see, e.g., MCG−6-30-15, Wilms et al., 2001), the emissivity profile is observed
to be extremely steep at the inner radii of the disk, which could be explained by the lamp post geometry (see Figure below).

Figure 2 : (a) The incident intensity on the accretion disk and (b) the resulting emissivity index ǫ in the lamp post geometry for
different heights of the primary source. The index is related to the intensity via I ∝ r

−ǫ . The black line in (b) indicates the canonical
emissivity index of 3. Figure 2c shows the emissivity profiles for an elongated jet. While the bottom of the jet is varied from 3-25 rgno
significant changes are visible. Even if there is emission very close to the black hole, the profile is dominated by the complete height of the
emitting source. Hence, for an elongated jet the inner parts of the accretion disk become less important.

Broad Lines from Elongated Jets?

Figure 3 (left) : The line shape for combinations of high and low spin (a = 0.99 and a = 0) of the black hole and for a compact jet
(at 3 rg) and extended jet (from 3 rg to 100 rg). Only for high spin and a compact, low jet the line will be observed as being broad (red
field). Figure 3 (right) : A simulated XMM-Newton observation of 100 ksec exposure of the Fe Kα line for (a) a compact (h = 3 rg)
and (b) an extended jet (h = 3-100 rg). Parameters were taken to be similar to MCG−6-30-15 in the XMM-Newton observation with
Obs. ID 0111570101.

Conclusions

• Irradiation of the Accretion Disk in the Lamp Post
Geometry can explain the observed, large emissiv-
ities at the smallest radii of the disk.

•The relline model can be used to fit rel-
ativistic reflection in the Lamp Post Geometry
(see www.sternwarte.uni-erlangen.de/~dauser/research/

relline/; Dauser et al., 2010)

•Emissivity Profiles from Elongated Jets are domi-
nated by a large, flat part at medium radii. The inner
parts get less important for a larger jet. There-
fore the observed fluorescent lines from such systems
won’t be broad, although the black hole spin is max-
imal and the disk reaches down to the ISCO.

• Introducing a velocity of the jet leads to even less
photons irradiating the inner regions, as most of
them are beamed in the direction of the jet.

Broad Lines are only produced for high BH
spin and a low, compact primary source.

Hence, if we observe NO Broad Line, we
cannot tell if the BH is indeed slowly rotating,
without excluding an irradiation of the accretion

disk by an elongated jet.
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