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3.3.5 Study of different volume filling factors

Within this parameter study, the volume filling factor is changed. Starting from the standard model

with a volume filling factor of 30% and 400 clumps within the whole model space, we halved it

once by distributing only 160 clumps within the calculation domain and doubled it, for which 1500

clumps were needed due to the applied procedure of randomly distributing clumps.

The resulting surface brightness distributions at λ = 12.0 µm are shown in Fig. 3.10 with the three
models given in different rows and for four different inclination angles: i = 0◦, 30◦, 60◦, 90◦. In

the case of the lowest volume filling factor, individual clouds are visible. The distribution of sur-

face brightness of these individual clouds clearly resembles the temperature structure within single

clumps. The directly illuminated clumps are hotter and, therefore, appear brighter. When adding

more and more clumps (increasing the volume filling factor), the chance to directly illuminate

clumps further out decreases and at higher filling factors it is only possible for clumps close to the

funnel. This is clearly visible at higher inclination angles: the higher the volume filling factor, the

clearer the x-shaped feature appears, as only clumps within or close to the funnel can be directly

illuminated. At a volume filling factor of 60%, the surface brightness distribution looks very similar

to the one of the corresponding homogeneous model (compare to Fig. 3.14). At large factors and

close to edge-on, substructure is only visible from clouds in viewing direction towards the cones.

Figure 3.10: Different volume filling factors: 15% (upper row), 30% (middle row), 60% (lower row) for

λ = 12.0µm. From left to right, the inclination angle changes: i = 0◦, 30◦, 60◦, 90◦. The scaling is

logarithmic with a range between the maximum value of all images and the 10−5th fraction of it. Length

scales are given in pc.
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High-resolution studies of AGNs

• Detailed studies

• NGC 1068 (Sy 2), Raban et al. 2009

• Circinus (Sy 2), Tristram et al. 2008

• Cen A (Radio Gal.), Meisenheimer et al. 2007

• Snapshot survey of 7 other, 
weaker galaxies, Tristram et al. 2009

• Results: torus exists, very different 
[temperature, chemical comp., 
orientation] in the three well-studied 
galaxies

23. The MIDI AGN programme
Tristram et al.: The nuclear dust torus in the Circinus galaxy 9

Fig. 4. Comparison of the correlated flux predicted by the physical model (fit 2) with the observations for two distinct wavelengths:
(a) 8.5 and (b) 12.5 µm. The measured fluxes are plotted with asterisks; the continuous lines are the modelled fluxes. Note the
different flux ranges for the different wavelengths.

A total of 21 wavelength bins were used for the fitting, so
that fit 1 has Nfree,1 = 21 · 1− 11 = 10 degrees of freedom, while
fit 2 has Nfree,2 = 21 · 22 − 11 = 451. The resulting total fluxes
for the two models are plotted in Fig. 2 in orange (fit 1) and red
(fit 2) on top of the measured total flux. The observed correlated
fluxes are compared to fit 2 in Fig. 4 at the two wavelengths
already previously featured: 8.5 and 12.5 µm. A comparison of
fit 2 with all of the data is given in App. C.

The two components of this model have similar properties
to those of the purely geometrical model (App. B): there is a
smaller elongated component and a larger, nearly round com-
ponent. A sketch of the result of fit 2 is depicted in Fig. 5
and the flux distribution at 11 µm can be seen in Fig. 6. The
smaller component has a FWHM of ∆1 = 21mas, which corre-
sponds to 0.4 pc at the distance of Circinus. It is highly flattened
(r1 = 0.21) and has a temperature of T1 = 334K. The distri-
bution is found to be an optically thick black body ( f1 = 1).
The second component is significantly larger, as a large part of
the observed flux (∼ 90%) is resolved with our interferomet-
ric set-up. It has a FWHM of ∆2 = 97mas, which corresponds
to 2.0 pc, only a very small ellipticity and a temperature of less
than 300K. The emissivity of the black body radiation from this
component is scaled by a factor of f2 = 0.20. This low scaling
factor is driven by the rather extended flux distribution, which
is necessary to explain the low visibilities, and the requirement
not to overpredict the measured total flux. Note that the scal-
ing factor is not to be interpreted as a geometrical covering fac-
tor. Together with the charactersitic temperature T2, it rather
is a formal description of a significantly more complex multi-
temperature system. This is underlined by the fact that there is a
degeneracy between the temperature and the scaling factor in the
fit. When fitting only the total flux, we see a larger temperature
difference between the two components than for the full fit. In
both cases, fit 1 and 2, the temperatures are the least constrained
parameters. We therefore consider the 330K for the inner com-
ponent as a lower limit for the highest dust temperature and the
300K as an upper limit for the cool component. Our data rules
out any significant contribution from a truly hot component with
temperatures T > 1000K, i.e. close to the sublimation tempera-
ture of the dust. This is consistent with Prieto et al. (2004), who
also found no evidence for hot dust. The conclusion drawn from
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Fig. 5. Sketch of the physical model (fit 2): a highly elongated
warm emission region with a temperature of ∼ 330K (yellow)
is surrounded by an extended, almost round and slightly cooler
emission region with a temperature of ∼ 300K (brown). In the
centre of the sketch, the location of the H2O maser emitters in a
disk from Greenhill et al. (2003) is overplotted: the blue line to
the north-east traces the receeding masers and the red line to the
south-west the approaching masers. The dashed light blue line
traces the edge of the observed ionisation cone, the dotted line is
the cone axis.

the growth of the size of the emitter with wavelength (Sect. A),
namely that the temperature of the emitter decreases with in-
creasing distance to the nucleus, is confirmed by the lower tem-
perature of our larger component. The small component only
contributes a minor fraction to the total flux. This can be seen
in the top left graph of Fig. C.1: the flux contribution by the ex-
tended component is delineated by a dashed line and that by the
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MIDI AGN programme
MIDI is the MID-infrared Interferometric Instrument (VLTI)



High-resolution studies of AGNs

Centaurus A
3

Credit: ESO/WFI (Optical); MPIfR/ESO/APEX/A.Weiss et al. 
(Submillimetre); NASA/CXC/CfA/R.Kraft et al. (X-ray)
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High-resolution studies of AGNs

Centaurus A• closest major merger / 
radio galaxy / AGN at ~ 
3.8 Mpc (54 mas / pc)

• dust lane from 
interaction with other 
gal 500 Myrs ago

•

possible source of UHE cosmic rays

• warped molecular gas 
disk 110 pc x 280 pc / 
P.A. = 140° at the center 
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High-resolution studies of AGNs

Centaurus A
6

major axis of 
the dust disk

148.5°

N

W
51°

0.2 pc

10.8 mas

resolution of the VLTI

radio core (unresolved)

jet axis

• only weakly 
emitting dust disk 
(Ldust  ~ 0.1 Ldust, 

Circinus), no optically 
thick torus

• disk ⊥ VLBI jet axis

• disk size: ~ 0.6 pc x 
0.2 pc (68° inclined 
thin disk?)

• point source flux 
ratio ~ 50% 
(synchrotron core)

Meisenheimer et al. 2007

Burtscher et al. 2009
(in preparation)
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Centaurus A
Connection to 
larger scales?

7

major axis of 
the dust disk
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jet axis

Neumayer et al. 2007

~ 145°



High-resolution studies of AGNs

NGC 4151

• Brightest (N ~ 1 Jy) and 
nearest (D ~ 14 Mpc) Sy 
1 galaxy

• Difficult to observe (mag. 
limit for VLTI, very 
northern DEC)

• Successfully observed in 
April 2008 with fringes 
on two different baselines 
(60m, 90m, at similar 
P.A.s)

8

gri image – Hogg, Blanton and SDSS
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High-resolution studies of AGNs

NGC 4151
9

200 K
285 K
350 K

[Ne II]

Spitzer
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Dust (color) 
temperature ~ 300 K, 
i.e. similar to other 

AGNs observed with 
MIDI



High-resolution studies of AGNs

Radiative 
transfer 

models of 
dusty tori
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Type 2 galaxies:
NGC 1068, Circinus, ...

Type 1 galaxies:
now for the first time 
torus in NGC 4151 

resolved
Schartmann et al., 2008
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•UT2-UT4 (~90m)
•UT3-UT4 (~60m)

NGC 4151 – correlated flux
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•UT2-UT4 (~90m)
•UT3-UT4 (~60m)

NGC 4151 – correlated flux

• Mid-IR Emission has been resolved.

• Possible weak silicate emission 
feature (non-standard-ISM dust?)
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• Two component model: blackbody (25 
mas, ~ 300 K) + point source (< 15% of 
total flux)

• FWHM size (25 mas, i.e. 1.7 pc) is 
comparable to the sizes of tori in type 2 
galaxies (NGC 1068)

NGC 4151 – Size of the Mid-IR emitter 
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• Two component model: blackbody (25 
mas, ~ 300 K) + point source (< 15% of 
total flux)

• FWHM size (25 mas, i.e. 1.7 pc) is 
comparable to the sizes of tori in type 2 
galaxies (NGC 1068)

12 µm: 
(31 ± 7) mas
point source: 

0.26 Jy

10.5 µm: 
(23+6-4) mas

9 µm:
(25 +5-5) mas
point source: 

0.13 Jy

NGC 4151 – Size of the Mid-IR emitter 



High-resolution studies of AGNs

Compared to...• K band interferometry 
from Keck: majority of K 
band emission comes 
from r < 0.05 pc (Swain 
et al. 2003)

• lag time between K and V 
band flares: rreverberation ~ 
0.04 pc ~ rsublimation 
(Minezaki et al. 2004)

• Radio observations: H I 
absorption seen against 
background by Mundell et 
al. 2003

13

Mundell et al. 2003

250 pc
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?
NGC 4151 – Open questions

• Silicate emission feature? Spitzer data 
inconclusive... (Buchanan et al. 2006)

• Warm vs. hot dust: We see ~ 300 K warm dust – 
where is the hot dust that should be seen face 
on in a type 1 (1.5) Seyfert?

• Cool point source spectrum (0.13 Jy @ 9 µm, 
0.26 Jy @ 12 µm). This is not what one would expect 
to see from the hot unresolved dust...

14



High-resolution studies of AGNs

Summary
154. Summary

• To test the unified model we observe the dusty torus 
of nearby Active Galactic Nuclei with mid-infrared 
interferometry

• Detailed observations of the nearest radio galaxy 
Centaurus A have revealed a thin disk ⊥ VLBI jet axis

• For the first time, a torus is now resolved in a „type 
1“ (unobscured) galaxy, NGC 4151

• Outlook: Studies of more AGNs will allow us to get 
statistical information, further modelling (hydro + 
rad. transfer) will give more physical insight


