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Great expectations...



Great expectations...

But what exactly do you mean with "MIR"...?





2h integrations of two planets with radius 1 REarth (0.5, 1 AU)

Contrast ~ 3e-9 Contrast ~ 1e-7
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METIS in a nutshell

A&A 576, A77 (2015)
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Fig. 1. Synthetic absorption spectrum of the sky between 0.3 and 30 µm calculated with LBLRTM (resolution R ⇠ 10 000) using the annual mean
profile for Cerro Paranal (Noll et al. 2012). The eight main molecules O2, O3, H2O, CO, CO2, CH4, OCS, and N2O contribute more than 5% to the
absorption in some wavelength regimes. The red regions mark the ranges where they mainly a↵ect the transmission, minor contributions of these
molecules are not shown. The green regions denote minor contributions (see Table 1) from the following molecules: (1) NO; (2) HNO3; (3) COF2;
(4) H2O2; (5) HCN; (6) NH3; (7) NO2; (8) N2; (9) C2H2; (10) C2H6; and (11) SO2.
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Fig. 7. Images of the three component models for the mid-infrared emission at 12.0 µm of the nuclear region of NGC 1068 corresponding to
model 1 (left) and model 2 (right). The image was scaled using the square root of the brightness. Center: comparison between our first best model
and the 12.5 µm image of Bock et al. (2000), taken with the 10 m Keck Telescope. The dashed circles represent the FWHM of the field of view for
MIDI using the UTs (blue) or the ATs (orange). The letters indicate the positions of the [OIII] clouds according to Evans et al. (1991).

Fig. 8. Total flux of the three best-fit model components as a function of
wavelength.

from NE1, do our observations place useful constraints on the
morphology of NE1?

We have investigated whether positions of component 3 near
NE1 are consistent with our AT data. There are such solutions,
but we have discarded them as unphysical because (1) the third
component then requires very high temperatures (>800 K) to
fit the short baseline spectra and (2) the total flux of the third
component exceeds the values reported by Galliano et al. (2005)
and also the ones reported by Poncelet et al. (2008) at the two
closest northern quadrants (3.4 Jy, 4.8 Jy, and 7.5 Jy at 9.0 µm,
10.8 µm, and 12.8 µm for their 1NO region and 1.2 Jy, 1.8 Jy, and
3.1 Jy at the same wavelengths for the 2NO region). Evidence in
favor of the existence of a near-in third component is that the
first two interferometric components do not provide the large

flux (25 Jy) measured by these authors inside the 0.6′′ diameter
central aperture.

We conclude that a third component <100 mas from the core
is necessary to fit the spectra at the shortest projected baselines.
We now investigate whether a new extra component at the po-
sition of the Tongue could improve the fits. To avoid adding an
excessive number of degrees of freedom to our model we have
fixed a priori several Gaussian parameters of the fourth compo-
nent. From the flux values reported by Poncelet et al. (2008) we
think it is reasonable to fix the temperature of this component to
300 K with a very small optical depth and place it 400 mas to
the north of the hot core. From the mid-infrared images reported
by Bock et al. (2000) we fix the PA of the emission region to
∼−40◦. We allow the modeling routines to fit the major and mi-
nor axes, and adjust the scale factor of this component to fit the
single-dish fluxes. We found that including this fourth compo-
nent with these characteristics does not improve the fits. A com-
ponent with a large offset (more than 100 mas) and with similar
or smaller size than our component 3 would produce phase steps
in the 8−13 µm region that are not observed in the data. The exis-
tence of this component is consistent with the short baseline data
only if it is so large as to be essentially resolved out by the inter-
ferometer. This places lower limits of ∼160 mas and ∼200 mas
for the minor and major axes, respectively.

6.3. Cross-identification of the components

Previous single-dish observations (Bock et al. 2000) have clearly
revealed an elongated region of the mid-infrared emission which
extends up to 1′′ to the north, but their resolution was not suffi-
cient to resolve the central emission of the core. From our inter-
ferometric observations we inferred that the emission of the core
can be divided into two distinct regions: one consistent with a
hot emission surrounded by warm dust (first and second compo-
nents) and a large warm diffuse region approximately 100 mas
(∼7 pc) away from the other. We do not have absolute astromet-
ric information about these components and cannot identify one
with the nucleus without further assumptions.

We identify the first, most compact component with the nu-
cleus for the following reasons: the hot temperature obtained
for the small component is consistent with the temperatures

A71, page 12 of 19
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nent with these characteristics does not improve the fits. A com-
ponent with a large offset (more than 100 mas) and with similar
or smaller size than our component 3 would produce phase steps
in the 8−13 µm region that are not observed in the data. The exis-
tence of this component is consistent with the short baseline data
only if it is so large as to be essentially resolved out by the inter-
ferometer. This places lower limits of ∼160 mas and ∼200 mas
for the minor and major axes, respectively.

6.3. Cross-identification of the components

Previous single-dish observations (Bock et al. 2000) have clearly
revealed an elongated region of the mid-infrared emission which
extends up to 1′′ to the north, but their resolution was not suffi-
cient to resolve the central emission of the core. From our inter-
ferometric observations we inferred that the emission of the core
can be divided into two distinct regions: one consistent with a
hot emission surrounded by warm dust (first and second compo-
nents) and a large warm diffuse region approximately 100 mas
(∼7 pc) away from the other. We do not have absolute astromet-
ric information about these components and cannot identify one
with the nucleus without further assumptions.

We identify the first, most compact component with the nu-
cleus for the following reasons: the hot temperature obtained
for the small component is consistent with the temperatures

A71, page 12 of 19

-0.5"0.5"

0.5"

-0.5"

No. 1, 2009 MOLECULAR GAS IN NGC 1068 751

Figure 1. SINFONI 2.12 µm H2 1–0 S(1) flux map of the central region of
NGC 1068 at a resolution of 0.′′1. A contour plot of the 12CO(2–1) emission
map from Schinnerer et al. (2000) is overlaid on the H2 flux map. The scale is
given in arcsec (1′′ = 70 pc). The position of the nucleus as defined by the NIR
nonstellar peak is represented by a crossed circle. In addition to the previously
known prominent gas concentrations ∼ 1′′ east and west of the nucleus, the
morphology reveals several new distinct structures. One of them is a complete
ring centered ∼ 0.′′6 SW of the nucleus. The other is a linear structure apparently
emanating from the circumnuclear ring and connecting to the AGN along a P.A.
of ∼ −14◦. This new linear streamer is the focus of the discussion in this paper.
The central square emphasizes the location of this linear structure and denotes
the field of the small-scale observations shown in Figures 2–8.
(A color version of this figure is available in the online journal.)

Figure 2. Flux map of the H2 1–0 S(1) emission in the central ± 0.′′4 of
NGC 1068 with a resolution of 0.′′075 (∼ 5 pc). The peak of the nonstellar
continuum is represented by a crossed circle. The image is binned using
Voronoi tessellations (Cappellari & Copin 2003). The line properties could
not be extracted in the very central region around the AGN due to the strong
continuum emission. The bins where the line properties could not be extracted
were masked out and correspond to the diagonal patterned regions. The open
triangles show the projected trajectory of the northern concentration of gas (the
northern tongue, Orbit NT2). The half-crosses show the past trajectory of the
gas, which is currently located in front of the AGN (the southern tongue, Orbit
ST2).
(A color version of this figure is available in the online journal.)

In addition to the nuclear component designated as the
southern tongue, we found another area of high luminosity in the
northern part of the H2 intensity map (see Figure 2). In fact, this
is the brightest region of the linear structure (∼ 1.6 × 104 L⊙),
which extends up to ∼ 0.′′7 north-northwest of the central engine
along a P.A. of −14◦ and apparently connects to a prominent
knot in the circumnuclear ring (Figure 1). We will designate

Figure 3. Integrated spectrum of the nucleus of NGC 1068 in the wavelength
range between 1.5 and 2.35 µm (H + K bands). The individual spectra were
added over a 0.′′3 × 0.′′1 rectangular aperture centered at the position of the
nucleus. The dashed line represents the best-fit curve to the continuum emission,
which corresponds to a black body radiating at 700 K. The dotted square
emphasizes the region between 2.05 and 2.20 µm, the wavelength range where
the H2 1–0 S(1) emission line can be found. This region of the electromagnetic
spectrum is plotted in the small panel in the top left. The continuum has been
subtracted in this panel. The H2 1–0 S(1) emission line is clearly seen. Other
relevant emission lines are indicated in the figure.
(A color version of this figure is available in the online journal.)

this extension of the linear structure as the northern tongue. The
region north of the AGN, where apparently the northern tongue
and the circumnuclear ring merge, is characterized by double-
peaked line profiles (Galliano & Alloin 2002). As this region
is out of the central arcsecond, we postpone its quantitative
analysis to a subsequent publication (F. Müller Sánchez et al.
2009, in preparation). The H2 line profiles of the small-scale
data studied here do not show complex morphologies, and thus
they were fitted by one Gaussian component as described in
Section 3.2.

Dust emission at 12 µm from the northern tongue is present
in previous mid-IR observations by Bock et al. (2000), Tomono
et al. (2006), and Poncelet et al. (2007). Overlays of our
two H2 flux maps at different spatial scales and the 12.5 µm
deconvolved image of Bock et al. (2000) are shown in Figure 4.
The image taken at 12.5 µm has the highest angular resolution
and the highest signal-to-noise ratio (S/N) of the mid-IR images
from Bock et al. (2000). For these reasons, we have chosen to
compare this image with our flux maps, in a similar way as
these authors did with other data sets. We want to emphasize,
however, that all mid-IR images show qualitatively the same
features. In both panels of Figure 4, we assumed that the mid-
IR peak is located at the position of the nucleus as defined
by the NIR peak. As can be seen in the two overlays, along
the northern tongue there exists good correlation between the
molecular gas emission and the 12.5 µm continuum. In the
right panel, a dashed line indicates the boundary of the northern
tongue emphasizing this correlation. Also, the alignment gives
a fair correlation between the east–west unresolved mid-IR core
and the H2 southern tongue. The two overlays show a bend
to the east, although the mid-IR bend is more pronounced.
The qualitative agreement of the two images indicates that,
in the central arcsecond, the molecular gas and the dust have
a similar spatial distribution that is predominantly a north–
south linear structure about 1′′ (70 pc) long which contains
two bright components: the southern and northern tongues. Our
observations support the interpretation given by Tomono et al.
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Fig. 7. Images of the three component models for the mid-infrared emission at 12.0 µm of the nuclear region of NGC 1068 corresponding to
model 1 (left) and model 2 (right). The image was scaled using the square root of the brightness. Center: comparison between our first best model
and the 12.5 µm image of Bock et al. (2000), taken with the 10 m Keck Telescope. The dashed circles represent the FWHM of the field of view for
MIDI using the UTs (blue) or the ATs (orange). The letters indicate the positions of the [OIII] clouds according to Evans et al. (1991).

Fig. 8. Total flux of the three best-fit model components as a function of
wavelength.

from NE1, do our observations place useful constraints on the
morphology of NE1?

We have investigated whether positions of component 3 near
NE1 are consistent with our AT data. There are such solutions,
but we have discarded them as unphysical because (1) the third
component then requires very high temperatures (>800 K) to
fit the short baseline spectra and (2) the total flux of the third
component exceeds the values reported by Galliano et al. (2005)
and also the ones reported by Poncelet et al. (2008) at the two
closest northern quadrants (3.4 Jy, 4.8 Jy, and 7.5 Jy at 9.0 µm,
10.8 µm, and 12.8 µm for their 1NO region and 1.2 Jy, 1.8 Jy, and
3.1 Jy at the same wavelengths for the 2NO region). Evidence in
favor of the existence of a near-in third component is that the
first two interferometric components do not provide the large

flux (25 Jy) measured by these authors inside the 0.6′′ diameter
central aperture.

We conclude that a third component <100 mas from the core
is necessary to fit the spectra at the shortest projected baselines.
We now investigate whether a new extra component at the po-
sition of the Tongue could improve the fits. To avoid adding an
excessive number of degrees of freedom to our model we have
fixed a priori several Gaussian parameters of the fourth compo-
nent. From the flux values reported by Poncelet et al. (2008) we
think it is reasonable to fix the temperature of this component to
300 K with a very small optical depth and place it 400 mas to
the north of the hot core. From the mid-infrared images reported
by Bock et al. (2000) we fix the PA of the emission region to
∼−40◦. We allow the modeling routines to fit the major and mi-
nor axes, and adjust the scale factor of this component to fit the
single-dish fluxes. We found that including this fourth compo-
nent with these characteristics does not improve the fits. A com-
ponent with a large offset (more than 100 mas) and with similar
or smaller size than our component 3 would produce phase steps
in the 8−13 µm region that are not observed in the data. The exis-
tence of this component is consistent with the short baseline data
only if it is so large as to be essentially resolved out by the inter-
ferometer. This places lower limits of ∼160 mas and ∼200 mas
for the minor and major axes, respectively.

6.3. Cross-identification of the components

Previous single-dish observations (Bock et al. 2000) have clearly
revealed an elongated region of the mid-infrared emission which
extends up to 1′′ to the north, but their resolution was not suffi-
cient to resolve the central emission of the core. From our inter-
ferometric observations we inferred that the emission of the core
can be divided into two distinct regions: one consistent with a
hot emission surrounded by warm dust (first and second compo-
nents) and a large warm diffuse region approximately 100 mas
(∼7 pc) away from the other. We do not have absolute astromet-
ric information about these components and cannot identify one
with the nucleus without further assumptions.

We identify the first, most compact component with the nu-
cleus for the following reasons: the hot temperature obtained
for the small component is consistent with the temperatures
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Figure 7: Detector output from a simulated one hour observation of a 10 mag star at L band as seen with the METIS high 
resolution IFS.  The source can be seen as vertical lines on the central slices. Horizontal lines and bands are due to 
atmospheric emission. 

The results of these estimates are shown in Figure 8.  Although the imaging sensitivity of ground based IR instruments is 
inferior to space the huge gain in angular resolution makes more than up for this.  Due to the large dispersion, the 
spectroscopic sensitivity of METIS is even comparable with JWST-NIRSPEC for unresolved spectral lines (usually the 
case for Galactic targets). 

 
Figure 8 METIS point source sensitivities for a 10σ detection within one hour exposure time including 20% overhead for 
broadband imaging (left) and spectroscopy (right) . Also shown are the published sensitivities for other facilities, corrected 
for the same integration time and significance of detection. 

A more difficult case to accurately calculate (and specify) is the sensitivity to extended emission.  Generally speaking, 
for extended emission the signal-to-noise (S/N) per pixel of an instrument which critically-samples the diffraction limit is 
independent of the telescope diameter, but most extended science targets possess internal structure with compact 
emission.  The simulator is an invaluable tool to provide a realistic estimate of what METIS will be able to “see” on such 
complex targets. 

Saturation Limits 
We calculated saturation limits for both point and extended sources. The extended sources were simulated as uniform 
sources with a flat spectrum. The values given in Table 1 are for a full frame read-out time as a minimum integration 
time. So-called windowing is possible for both HAWAII-2RG and AQUARIUS science detectors, which allows for 
shorter integration times and higher saturation levels than given in Table 1.  

Note: All AGN lines will 
be resolved at the 

METIS (LMS) resolution 
of  3 km/s which will 

decrease the sensitivity.
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SimMETIS

Supports L,M,N, (Q) band imaging and high-resolution 
IFU spectroscopy in L,M; long-slit spectroscopy to be 

supported soon.

http://bit.ly/SimMETIS
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METIS in a nutshell

• Diffraction-limited imaging and spectroscopy in L,M,N (Q) bands


• High spectral resolution IFU (R ~ 100,000) in L and M bands


• Angular resolution: 23 mas (3.5 µm) / 65 mas (10 µm)


• 100's of AGNs


• Torus morphology (polar dust, ...) & kinematics at ALMA 
resolution with the sensitivity of Spitzer (continuum) or JWST 
(lines).


• PDR: May 2019


• Anticipated first light: 2025


