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Vereinheitlichtes Modell: Aktive Galaktische Kerne
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Superschwere schwarze Löcher: Dopplerverschiebung
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418 R. Bacon et al.: The M 31 double nucleus probed with OASIS and HST

Fig. 8. OASIS velocity profiles along the kinematic axis (PA =
56.4◦, averaged over a width of 0.′′2). Top panel: stellar veloc-
ity. Bottom panel: stellar velocity dispersion. The crosses and
circles correspond to the high S/N (M8), and the high spatial
resolution (M2) datacubes respectively

Fig. 9. Comparison between the SIS kinematics (circles;
Kormendy & Bender 1999; PA = 52.5◦, slit width of 0.′′35) and
the OASIS equivalent slit (crosses). Top panel: mean velocity.
Bottom panel: velocity dispersion

−0.′′235 with a value of 321 ± 33 km s−1 (and a value of
313±36 km s−1 at −0.′′18). This is to be compared with the
offset of 0.′′15–0.′′20 found7 by KB99 and ∼0.′′2 for the slit
profile reconstructed from the OASIS data. The STIS ve-
locity profile crosses the V = 0 line at +0.′′09 (P1 side). At

7 This includes the spatial offset of 0.′′031 discussed in
Sect. 2.3.

Fig. 10. Bulge-subtracted OASIS kinematics along the kine-
matic major-axis of the nucleus compared with the original
OASIS M8 profiles (crosses). The solid line shows the result-
ing kinematics when using a constant dispersion of 150 km s−1

for the bulge, and the dotted line when using the dispersion
predicted by a simple Jeans model

[0, 0] we measure V = −68 ± 6 km s−1. After subtraction
from the bulge contribution, the central velocity gradient
is slightly steeper, with turnover values of −355 km s−1

and 221 km s−1 at −0.′′235 and 0.′′47 respectively.
Comparing the original FOC (Sta+99) and the STIS

data, we find significant discrepancies in both the veloc-
ity and dispersion profiles at the very centre which seem
difficult to attribute to differences in instrumental char-
acteristics. The most surprising difference is the location
of the dispersion peak in the original FOC data which is
nearly centred with an offset of only 0.′′06 from the UV
peak (away from P1). By including the observed spatial
shift of 0.′′025 mentioned in Sect. 2.3, as well as a veloc-
ity shift of 30 km s−1, the comparison looks reasonable
(Fig. 12): this point is discussed below (Sect. 5.4).

5.4. OASIS compared with HST kinematics

Although the STIS and FOC data have similar slit widths
(0.′′1 for STIS and 0.′′063 for FOC) and PAs (39◦ for STIS
and 42◦ for FOC), the FOC data (Sta+99) were obtained at
much bluer wavelengths than STIS (0.45 versus 0.85 µm)
and have a better spatial resolution (Fig. 12). A detailed
comparison between the STIS and FOC data sets thus
requires to take into account these specific characteris-
tics. However, this implies the convolution of the (yet un-
known) 2D kinematics of M 31 at FOC spatial resolution.
We also wish here to compare HST and OASIS kinematical
data: the two-dimensional coverage of the OASIS spectra is

M31



Superschwere schwarze Löcher: 
Geschwindigkeitsvarianz
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Superschwere Schwarze Löcher: Geschwindigkeitsvarianz

MBH related 
to galaxy 
bulge

in normal 
and active 
galaxies 

Kormendy & Gebhardt 2001



Superschwere Schwarze Löcher: Luminosität
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Eddington-Schranke



Eddingtonschranke
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Akkretionsscheiben
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Akkretionsrate und Luminosität
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Plasmajets von Aktiven Galaktischen Kernen
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Plasmajets von Aktiven Galaktischen Kernen
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Entstehung von Plasmajets
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Modell von Blandford und Znajek, 1977

Entstehung von Plasmajets

7.6. AKTIVE GALAKTISCHE KERNE 183
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Abbildung 7.18: Gamma-Spektrum von dem BL-Lac-Blazar Makarian 421 in einem
Zustand hoher Intensität. Die Kurven beschreiben in einem rein leptonischen Mo-
dell die beiden Beiträge von Synchrotronstrahlung und inversem Compton-E�ekt
(Referenzen siehe Dissertation M.Ackermann [20]).

Abbildung 7.19: Schnappschuss einer Simulation der Verdrillung des Magnetfeldes
in der Nähe eines Schwarzen Loches auf Grund des ‘frame-dragging’ und die Aus-
bildung eines Jets. Modell von Blandford und Znajek, 1977
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Abbildung 7.18: Gamma-Spektrum von dem BL-Lac-Blazar Makarian 421 in einem
Zustand hoher Intensität. Die Kurven beschreiben in einem rein leptonischen Mo-
dell die beiden Beiträge von Synchrotronstrahlung und inversem Compton-E↵ekt
(Referenzen siehe Dissertation M. Ackermann [20]).

Abbildung 7.19: Schnappschuss einer Simulation der Verdrillung des Magnetfeldes
in der Nähe eines Schwarzen Loches auf Grund des ‘frame-dragging’ und die Aus-
bildung eines Jets.



Superluminale Bewegung der Knoten in Jets
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Superluminale Bewegung der Knoten in Jets
Superluminal Motion

50 light years

3C279 Wehrle et al. 2001

Superluminal Motion

50 light years

3C279 Wehrle et al. 2001

Uchiyama et al. 2006, Jester et al. 2006

3C 273 Jet

1�



Teilchenbeschleunigung und Gamma-Strahlung
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Teilchenbeschleunigung und Gamma-StrahlungBlazars: emission 
models lman & Rees 1994; Dermer(Maraschi, Ghisellini & Celotti 1992; Sikora, Bege  & Schlickeiser 1993 ...)

Resolved X-ray jet

Blazar emission region

Accretion region

Internal shock 
model
Spada et al. 2001



Modellbeschreibung der Gamma-Strahlung
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Modellbeschreibung der Gamma-Strahlung

B = 0.6 - 0.5 � = 17.8 - 12.3 �b = 550 - 600 Ballo et al. 2002

3C279EC + SSC

B = 0.6 - 0.5 � = 17.8 - 12.3 �b = 550 - 600 Ballo et al. 2002

3C279EC + SSC



Vereinigung von Schweren Löchern
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Vereinigung von Schweren Löchern

  

Figure 6 The radio galaxy NGC326 and its merger. Source Lecture S. Britzen
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Gamma-Strahlen-Blitze (GRBs):  
Historisches

• 1967 Entdeckung (Vela-Satelliten) 

• 1991 Compton Gamma Ray 
Observatory (CGRO), BATSE-
Detektor  

• 1997 Beppo-SAX-Satellit, 
anschließend HETE-2 

• 2004 Swift-Satellit 
 

• AGILE-Satellit  
Fermi-Satellit (GLAST)  
MAGIC (HESS, VERITAS, ...)
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GRB- 
Eigenschaften
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Energiespektrum und Ausbruchsdauer
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First detected in 
gamma-ray, x-ray, radio 
and optical spectrums



Richtungsverteilung
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2704 BATSE Gamma-Ray Bursts
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Fluence, 50-300 keV (ergs cm-2)

10 yr

The Neutron Star Zoo - Harding arXiv:1302.0869



Erwartete Verteilung der GRBs
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19.2 Homogeneous Distribution of Events 289
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Fig. 19.4 The number of GRBs whose peak flux is brighter than flux P. A homogeneous
distribution of bursts in space would imply a slope of −3/2 (see text) (Data from BATSE, figure
from P. Meszaros (http://www2.astro.psu.edu/users/nnp/cosm.html))

a signature of the evolution of the burst parent population with cosmic time, or as
a cosmological geometrical effect, or a combination of both. A more problematic
consequence of the cosmological distances to GRBs, however, is that taking the
measured fluence of the bursts and assuming that the sources emit isotropically
immediately leads to the conclusion that the energy radiated by the bursts are of the
order of 1054–1055 erg, a significant fraction of the energy equivalent of the mass of
the Sun. The question then became: how is it possible to transform "1M# of mass
into gamma rays in a fraction of a second?

19.2 Homogeneous Distribution of Events

We can show that the expected integral flux distribution of a homogeneous source
distribution in Euclidean space is a power law of slope −3/2 with the following
argument. Consider a density n of sources of luminosity L0. There are ∆N =
4πr2∆rn sources in a shell of width ∆r at a distance r from any observer. The
sources in the shell are observed to have a flux s = L0

4πr2 . They are observed in a
flux interval


