
On the disappearance of a cold molecular 
torus around the low-luminosity active 

galactic nucleus of NGC 1097

1

Nov 27, 2017 
East-Asia ALMA Science Workshop 2017 @KASI/Korea

Takuma Izumi (NAOJ Fellow) 
takuma.izumi@nao.ac.jp

→ T.Izumi et al. 2017, ApJL, 845, L5

mailto:takuma.izumi@nao.ac.jp


2

~a few to 10 pc?

Urry & Padovani 1995, PASP, 107, 803

• Type-1 : 2  = 1 : 4  
(e.g., Maiolino & Rieke 1995, ApJ, 454, 94)

(Strict-) Unified scheme 
(e.g., Antonucci 1993, ARA&A, 31, 473)

Origin (or nature) of the torus has 
been poorly understood!!
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Several scenarios for the origin

• Disk winds  
(Elitzur & Shlosman 2006; Nomura et al. 2016)

Accretion disk scale

Circumnuclear disk scale (~10-100 pc)

• Energy release from massive inflows (Vollmer et al. 2008)


• Starburst/Supernova feedback (Wada & Norman 2002; Wada 2009)


• Radiation-driven fountain (Wada 2012, 2015)

Host galaxy scale
• (Cold gas/dust in galaxy disks)

→ ALMA



R ~10-100 pc

Molecular gas + cold dust

SMBH

Courtesy of K.Wada

E.g., Wada & Norman 2002, Elitzur & Shlosman 2006, Vollmer et al. 2008, Wada 2012

CND-scale obscuration: evolutionary?
4

We expect:  
(i) Inflow/Star formation ⇄ Torus geometry 
(ii) Inflow/Star formation ⇄ AGN power 
(iii) Then, AGN power ⇄ Torus geometry
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Disappearance of tori in LLAGNs?

Low-luminosity AGN (LBol < 1e42 erg/s) ⇄ Geometrically thin torus
The Astrophysical Journal Letters, 763:L1 (6pp), 2013 January 20 Müller-Sánchez et al.

Figure 2. Two-dimensional maps of H2 1–0 S(1) flux distribution, LOS velocity, and velocity dispersion (from left to right), for each galaxy observed with SINFONI.
Contours delineate the K-band continuum emission. The position of the AGN (the peak of non-stellar continuum at 2.2 µm) is marked with a cross. The dashed line in
the middle column shows the orientation of the stellar kinematic major axis measured from the SINFONI data. In all cases, this is consistent with the major axis of the
galaxy. The two dashed lines in the dispersion maps delineate approximately the regions where the radio and/or X-ray emission is observed in each galaxy. Rejected
pixels in the velocity and dispersion maps are those with a flux density lower than 5% of the peak of H2 emission.
(A color version of this figure is available in the online journal.)

for the maps of NGC 1097). Similar morphologies are observed
in the three sample galaxies. The flux distributions show bright
central structures with elongations from northeast to southwest
and morphologies suggesting filamentary formations. While in
NGC 3169 (morphological type S), the photometric P.A. of H2
is similar to the P.A. of the stellar continuum, in NGC 1052
and NGC 2911 (type E4 and S0, respectively), the P.A. of H2 is
strongly misaligned (by ∼70◦–80◦) with that of the stars and the
galactic major axis, indicative of an external origin of the gas,
probably being acquired through merging, as has been proposed
for elliptical galaxies (Morganti et al. 2006).

The velocity fields of H2 exhibit azimuthal symmetry, a zero-
velocity axis (or kinematic minor axis) almost perpendicular to
the kinematic major axis (which is also the photometric major
axis in all cases), and small twists of the isovelocity contours.
Taken together, these features provide strong qualitative evi-
dence for rotation in a disk, but with the presence of radial flows
in the nuclear region. In NGC 1052 and NGC 2911, the gas has a
kinematic major axis that is not aligned with the stellar rotation
axis (Figure 2), providing strong support to the hypothesis of an
external origin of the molecular gas.

While the H2 velocity fields indicate rotating disks, the dis-
persion maps suggest that these disks are fairly thin in the outer
r > 0.′′4 (σ ∼ 20–30 km s−1), but remarkably thick in the vicin-
ity of the AGN (σ increases up to ∼150 km s−1). In all cases,
σ also increases in a direction almost perpendicular to the H2
kinematic major axis (in NGC 3169, this is observed only in
the southeast; Figure 2). Our experience with previous integral-
field observations of other galaxies reveals that increases in
dispersion in particular directions surrounding the AGN are
usually related to the presence of a passing radio jet and/or
outflows (Müller-Sánchez et al. 2011). Radio and X-ray obser-
vations of NGC 1052 and NGC 3169 reveal extended emission
in the direction of the enhancements in σ (Kadler et al. 2004;
Hummel et al. 1987; Terashima & Wilson 2003). A similar situa-
tion is observed in radio maps of NGC 2911 (Wrobel et al. 1984;
Condon et al. 1991). Thus, the regions of enhanced σ -values (de-
lineated by dashed lines in the dispersion maps, Figure 2) are
probably due to radio jets or AGN-driven outflows.

For quantitative modeling, we adopted an axisymmetric ro-
tating disk generated by the code DYSMAL (as in NGC 1097;
Davies et al. 2009, 2011). For determining the disk parameters
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6ALMA, for this study

• Cold molecular gas 
- reflects bulk of CND-scale gas mass  
- suitable to probe connections with, e.g., star formation


• High angular resolution and sensitivity  
- torus: ~ 10 pc structure (<~ 0.1”)  
(- now θ is even higher than the VLT observations)


• Quite high spectral resolution → essential for dynamical modelings



7CO torus of NGC 1068 (LBol ~ 7e44 erg/s)

maser disk (PAmaser = 140° ± 5°; GR96, GA01). The minor-
to-major axis ratio of the dust torus is ;0.8 ± 0.1, an indication
that the disk is spatially resolved along its minor axis.
Moreover, the residuals of the fit show polar emission that
extends south to west out to a distance of ∼10 pc relative to the
torus major axis (Figure 1(b)). The enhanced spatial resolution
of the uniformly weighted data set better illustrates the
goodness of the fit (Figure 1(c)).

Figure 2(a) shows the CO(6–5) intensity map of the CND
obtained by integrating the line emission in the velocity interval
- = - +v v 250, 250o [ ] km s−1. The CO emission from the

east and west knots of the CND is comparatively more
prominent than in the continuum image shown in Figure 1,
which likely reflects the higher percentage of flux recovered for
the line on scales �2″.

Figure 2(b) shows the mean-velocity field of the gas in the
CND. The gas kinematics derived from the new observations
are compatible with the picture drawn from GB14: gas motions
in the CND show a superposition of outward radial flows on
rotation. The molecular outflow is responsible for tilting the
kinematic major axis by ;70° from PA ; 260° in the outer
galaxy disk to PA ; 330° in the CND.

Furthermore, ALMA detects the CO emission from a
spatially resolved lopsided disk located at the AGN, as
illustrated in Figure 3. The size (diameter ; 10 ± 1 pc,
minor-to-major axis ratio ;0.5±0.1) and orientation

= n o nPA 112 20major( ) of the CO disk, hereafter referred to
as the CO torus, are close to those derived above for the dust
torus. The orientation of the CO torus is virtually identical to
that of the radio-continuum source S1 resolved in the VLBA
map of Gallimore et al. (2004). Figure 3 shows no significant
CO counterpart for the polar emission of the dust torus.
(2.) The mass of the torus. From the continuum flux of the

dust torus at 432 μm, ;13.8 ± 1 mJy, we estimate a dust mass
of ~M M1600dust

torus
☉, assuming that a maximum of ∼18% of

the flux at 694 GHz may come from other mechanisms
different than thermal dust emission (GB14). To estimate
Mdust

torus we used a modified black-body function with a dust
temperature Tdust ; Tgas = 150 K, an emissivity index β = 2,
and a value for the dust emissivity κ694 GHz = 0.34 m2 kg−1.
The values of Tdust and κ694 GHz are based on the analysis of the
line excitation and SED fitting done in GB14 and Viti et al.
(2014), and on the adoption of a value for
κ352 GHz = 0.0865 m2 kg−1 (Klaas et al. 2001). Assuming that
the gas-to-dust ratio in the central 2 kpc of NGC 1068 is ;60
(GB14), we derive a molecular gas mass for the
torus = o ´M M1 0.3 10gas

torus 5( ) ☉.

4. CLUMPY TORUS MODELS

We combined the ALMA Band 9 continuum thermal flux
with the NIR/MIR continuum and MIR interferometry data
obtained by several groups in apertures �0 05–0 3 to
construct the nuclear SED of NGC 1068 from 1.65 μm to
432 μm (Marco & Alloin 2000; Tomono et al. 2001; Weigelt
et al. 2004; López-Gonzaga et al. 2014; this work). We also
included as an upper limit the ALMA Cycle 0 Band 7
continuum flux from GB14. The 8–13 μm spectrum is the sum
of components 1 and 2 in López-Gonzaga et al. (2014). We

Figure 2. (a) The CO(6–5) intensity map of the CND of NGC 1068. The color
scale and contours span the range: 3σ, 5σ, 9σ, 12σ, 15σ to 40σ in steps of 5σ,
where 1σ = 0.34 Jy km s−1beam−1. The filled ellipse at the bottom left corner
represents the CO(6–5) beam size (0 07 × 0 05 at PA = 60°). (b) The CO
(6–5) mean-velocity map (color scale). The dashed polygon identifies the
region where significant (>5σ) emission was detected in GB14. Velocities refer
to vo(HEL) = 1136 km s−1.

Figure 3. Overlay of the continuum emission contours of Figure 1 on the
CO(6–5) emission (color scale) from the AGN torus. Units are in
Jy km s−1beam−1.
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CO(6-5) 
(colour)

• Nearby luminous type-2 AGN


• Clear concentration of the CO(6-5) emission at the center → Torus  
→ Mgas ~ 1e5 Msun; σ/Vrot > 1 (i.e., H/R > 1 = geometrically thick)

7 pc



8This study: LLAGN NGC 1097 (LBol ~ 8e41 erg/s)

• Low-luminosity AGN (LLAGN) 
- LBol = 8e41 erg/s  
(= 1/875 of NGC 1068)


• D = 14.5 Mpc (1” = 70 pc)


• Extensively studied at mm/submm 
(e.g., Izumi et al. 2013)


• ALMA Band 7 study in Cycle 1+3 
- 12CO(3-2) + 860 μm continuum

3 kpc

AGN

Starburst ring Resolution Sensitivity

860μm cont. 0.11” x 0.08” ~50 μJy/b

12CO(3-2) 0.17” x 0.11” 0.84 mJy/b  
(dV=10 km/s)



galactic inclination (i), and P.A., all of which can be varied for
each ring. Our initial fits indicated a dynamical center as the
AGN position, Vsys as 1254 km s−1. Thus Vrot, σ, i, and P.A. are
free parameters. We modeled 19 concentric rings of Δr=0 05
from the center. The Vrot and σ estimated by the dynamical
modeling of the NIR H2 emission (Hicks et al. 2009) were
adopted as our initial guesses for the CO(3–2) modeling. While
this code does not account intrinsically for non-circular motions,
those can be revealed by subtracting the two-dimensional
rotation map from the observed data (e.g., Salak et al. 2016).

We first constructed a model with the full resolution CO(3–2)
cube (0 17×0 11, dV=10 km s−1), which we call a
MODEL-1. Figures 4(c) and (d) show the position–velocity
diagrams along the global kinematic major and minor axes,
respectively, overlaid on the observed data. The asymmetric
appearances are due to the spatial offset of the AGN from the
CO arc. The global dynamics can be well reproduced by a
combination of gas rotation and dispersion, although streaming

motions are evident along the minor axis (offset=+0 3
to +1 3).
The torus itself (offset=0 0) does not show a significant

deviation from this global motion, which is a clear contrast to the
case of NGC 1068, where highly perturbed structures are found
in the CO(6–5) velocity field (Gallimore et al. 2016; García-
Burillo et al. 2016). This indicates that the molecular torus of
NGC 1097 is more quiescent than that of NGC 1068, which is
further clarified in the following. Note that no Keplerian rotation
was identified in Figure 4(c), although the gravitational sphere of
influence of the previously inferred 1.2×108 M: black hole
(r 12~ pc or 0 17; Lewis & Eracleous 2006) should be
resolved at our resolution. The MBH of NGC 1097 would thus
be much smaller than previously thought. This is consistent with
the latest estimate (M M10 ;BH

6~ : E. Hatziminaoglou et al.
2017, in preparation) based on a kinematic analysis to CO(3–2)
data also obtained at ∼10 pc resolution.

Figure 3. (a) Global spatial distribution of the CO(3–2) integrated intensity in the central ∼500 pc of NGC 1097, which mainly consists of the CND and two
prominent spiral arms. Inside the CND, an arc-like structure with two (north and south) knots is recognizable. The map shows both the color scale (Jy beam−1 km s−1

unit) and contours (5, 10, 15, 20, 30, ..., and 100σ, where 1σ=0.062 Jy beam−1 km s−1). These contour levels are repeated in the other panels. (b) CO(3–2)
integrated intensity map (contours) overlaid on the Ks-band residual (observed distribution—elliptical model) map (arbitrary units; Davies et al. 2009). The two
prominent spiral arms (labeled 1 and 3), as well as another two weak candidate arms (labeled 2 and 4) are highlighted. (c) A close-up view of (a) at the innermost
∼130 pc. Black contours indicate the 350 GHz continuum emission (Figure 1). (d) CO(3–2) integrated intensity map (contours) overlaid on the 2.12 μm H2 integrated
intensity map (in 10−17 W m−2 μm−1 units; Davies et al. 2009) at the innermost ∼280 pc. In all panels, the bottom-left ellipse indicates the synthesized beam of the
CO(3–2) map (0 17×0 14, P.A.=88°. 8), and the central star marks the AGN location.
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10Close-up view of this LLAGN

• No clear CO peak at the 
AGN (continuum) position


• Mgas ~ 5e4 Msun there  
(1/2 - 1/3 of NGC 1068) 
→ less gas (optically 

thinner torus) in NGC 
1097 than NGC 1068 


• Less active inflows/star-
formation (i.e., energy-
input) there!  
→ Expect: geometrically 
thinner torus  
(w.r.t NGC 1068)

12CO(3-2)Izumi et al. 2017,  
ApJL, 845, L5

AGN

10 pc



The 10 pc scale molecular view of the LLAGN of NGC 1097 7

Figure 4. Intensity-weighted (a) mean velocity and (b) velocity dispersion maps of the CO(3–2) emission in the central 400
pc of NGC 1097. The stars mark the AGN location. The systemic velocity is 1254 km s−1 (thick line). Thin contours indicate
1080 to 1400 km s−1 in steps of 20 km s−1 for (a), and 10 to 40 km s−1 in steps of 10 km s−1 for (b), respectively.

(a) (b)

Figure 5. (a) Radial profiles of the rotation velocity (Vrot; squares) and the velocity dispersion (σ; circles) of the cold molecular
gas estimated from our tilted-ring modelings to the CO(3–2) velocity field. (b) Radial profiles of the σ/Vrot ratio derived from
CO(3–2) emission line (squares) and NIR H2 emission (circles; divided by three).

2006), 1.2 × 108 M⊙, which indicates the importance of
a spatial resolution to measure MBH.
It is particularly interesting that the σ/Vrot ratio

of NGC 1097 at the central r < 20 pc (∼ 0.5) is
significantly smaller than that of NGC 1068 (> 1;
Garćıia-Burillo et al. 2016). This is not expected if the
disk gravity solely controls the torus thickness, consid-
ering the higher Mdyn in NGC 1068 than in NGC 1097
at their very centers (§1). Again, the implied less-active
star formation and/or inflows from the smaller MH2 , as
well as the orders of magnitude less-luminous AGN ac-
tivity in NGC 1097 than those in NGC 1068 2, would

2 This AGN may host molecular outflow in the torus, which
also thicken its scale height (Gallimore et al. 2016; Imanishi et al.
2016).

contribute to squash the thick torus in this LLAGN
(e.g., Vollmer et al. 2008; Wada et al. 2009; Wada 2012).
Note that, very recently, Espada et al. (2017) also found
a cold molecular gas deficiency at the heart of Centau-
rus A (Cen A). As the LBol of Cen A is ∼ 3 × 1042 erg
s−1 (LLAGN; Prieto et al. 2010), their findings would
also fit the evolutionary torus models. Thus, although
the actual physical process remains unclear, we sup-
port the theoretical prediction that geometrically and
optically thick tori will gradually become deficient as
AGNs evolve from luminous Seyferts to more quiescent
LLAGNs. It is however mandatory to enlarge the sam-
ple with ! 10 pc resolution cold gas measurements to
confirm this trend.

12CO(3-2)

11Constraints on the torus geometry

• Regular rotation is 
dominant


• We decomposed  
rotation and dispersion, 
with a titled-ring model  
(3DBarolo code)


• Fit: Vrot, σ, inclination, 
PA, center, Vsys, intensity

Izumi et al. 2017, ApJL, 845, L5

(Δr = 0.05”)
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Figure 4. Intensity-weighted (a) mean velocity and (b) velocity dispersion maps of the CO(3–2) emission in the central 400
pc of NGC 1097. The stars mark the AGN location. The systemic velocity is 1254 km s−1 (thick line). Thin contours indicate
1080 to 1400 km s−1 in steps of 20 km s−1 for (a), and 10 to 40 km s−1 in steps of 10 km s−1 for (b), respectively.
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Figure 5. (a) Radial profiles of the rotation velocity (Vrot; squares) and the velocity dispersion (σ; circles) of the cold molecular
gas estimated from our tilted-ring modelings to the CO(3–2) velocity field. (b) Radial profiles of the σ/Vrot ratio derived from
CO(3–2) emission line (squares) and NIR H2 emission (circles; divided by three).

2006), 1.2 × 108 M⊙, which indicates the importance of
a spatial resolution to measure MBH.
It is particularly interesting that the σ/Vrot ratio

of NGC 1097 at the central r < 20 pc (∼ 0.5) is
significantly smaller than that of NGC 1068 (> 1;
Garćıia-Burillo et al. 2016). This is not expected if the
disk gravity solely controls the torus thickness, consid-
ering the higher Mdyn in NGC 1068 than in NGC 1097
at their very centers (§1). Again, the implied less-active
star formation and/or inflows from the smaller MH2 , as
well as the orders of magnitude less-luminous AGN ac-
tivity in NGC 1097 than those in NGC 1068 2, would

2 This AGN may host molecular outflow in the torus, which
also thicken its scale height (Gallimore et al. 2016; Imanishi et al.
2016).

contribute to squash the thick torus in this LLAGN
(e.g., Vollmer et al. 2008; Wada et al. 2009; Wada 2012).
Note that, very recently, Espada et al. (2017) also found
a cold molecular gas deficiency at the heart of Centau-
rus A (Cen A). As the LBol of Cen A is ∼ 3 × 1042 erg
s−1 (LLAGN; Prieto et al. 2010), their findings would
also fit the evolutionary torus models. Thus, although
the actual physical process remains unclear, we sup-
port the theoretical prediction that geometrically and
optically thick tori will gradually become deficient as
AGNs evolve from luminous Seyferts to more quiescent
LLAGNs. It is however mandatory to enlarge the sam-
ple with ! 10 pc resolution cold gas measurements to
confirm this trend.
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11Constraints on the torus geometry

• Regular rotation is 
dominant


• We decomposed  
rotation and dispersion, 
with a titled-ring model  
(3DBarolo code)


• Fit: Vrot, σ, inclination, 
PA, center, Vsys, intensity
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Figure 5(a) shows the resultant radial profiles of the
decomposed Vrot and σ of the MODEL-1. In terms of the
molecular gas kinematics, the absolute values of Vrot and σ
agree relatively well (30%) with those measured with the
NIR H2 line (Hicks et al. 2009) at r 202 pc (0 3). Although
the resultant Vrots of the CO(3–2) line (∼0.2–0.4; Figure 5(b))
is a factor of ∼1.5 smaller than that of the NIR H2 (Hicks et al.
2009) there, this difference would not be so significant as
compared to systematic uncertainties of the models according
to our experiences.

On the other hand, the CO(3–2)-based Vrot (MODEL-1)
departs from that derived from the NIR H2, particularly at the
innermost 15 pc (the difference is a factor of ∼2–3). We
suppose that this would be due to the mismatched spectral
resolutions between our CO(3–2) cube (10 km s−1) and the
NIR H2 cube (∼70 km s−1; Hicks et al. 2009). Indeed, we
could achieve a much better agreement (30%) in Vrot at
r 501 pc by matching the spectral resolutions (MODEL-2 in
Figure 5), while the CO(3–2)-based σ now becomes one order
of magnitude smaller than that derived from the NIR H2. Now
that the velocity width of the CO(3–2) emission line
(∼100 km s−1; Figure 4(c)) is comparable to the matched
spectral resolution (∼70 km s−1), the CO(3–2) velocity field

can be modeled well by a combination of Vrot, i, and P.A.,
without large σ. This in turn suggests that the large σ returned
from the NIR H2 modeling already pointed out a genuine
difference in σ between the CO(3–2) and the NIR H2 lines.
In either MODEL, the CO(3–2)-based Vrots ratios are much

smaller than those derived from the NIR H2 (Figure 5(b)) at
r 201 pc. Thus, while the absolute difference of the gas
dynamics probed by each tracer is not well constrained at the
center of NGC 1097, we would naively imply that cold
(∼100–300 K in NGC 1097; Izumi et al. 2013) molecular gas
is distributed in a thinner layer in and around the torus than the
hot (∼1000 K) component.21 Regarding the cold molecular
torus, an estimated scale height with the value of V 0.65rots ~
(MODEL-1) is then ∼4.5 pc at r=7 pc: we regard this
MODEL-1 as fiducial because it is based on the full resolution
CO(3–2) data.
It is particularly worth noting that the Vrots ratio of NGC

1097 at the central r 10< pc ( 0.65;1 MODEL-1) is sig-
nificantly smaller than that of NGC 1068 ( 1;> García-Burillo
et al. 2016). This is not expected if the disk gravity solely
controls the torus thickness, considering the higher Mdyn in

Figure 4. Intensity-weighted (a) mean velocity and (b) velocity dispersion maps of the CO(3–2) emission in the central 400 pc of NGC 1097. The stars mark the
AGN location. The systemic velocity is 1254 km s−1 (thick line). Thin contours indicate 1080–1400 km s−1 in steps of 20 km s−1 for (a), and 10–40 km s−1 in
steps of 10 km s−1 for (b), respectively. (c) and (d) Position–velocity diagrams (PVDs) of the CO(3–2) line along the adopted major axis (P.A.=118°) and minor
axis (P.A.=208°) shown in the blue contours. The overlaid red contours indicate the PVDs produced by our dynamical model (MODEL-1). Both contours are
plotted at 5, 10, K, 40σ, where 1σ=0.84 mJy beam−1. Due to the inclined geometry of the concentric rings, no model component exists at offset 1 1 along the
minor axis.

21 A Vrots is often used as a proxy for the aspect ratio of a disk under the
vertical hydrostatic equilibrium.
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12CO torus of NGC 1097 (LBol ~ 8e41 erg/s)

• The velocity structure was decomposed to (i) rotation and (ii) dispersion


• σ/Vrot = 0.5 in NGC 1097 (LLAGN) vs. >1 (likely >3!) in NGC 1068 (luminous)


• A CND-scale torus geometry would depend on the AGN power  
(→ via inflows and/or star formation…?)

σ/
V r
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H/
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Figure 4. Intensity-weighted (a) mean velocity and (b) velocity dispersion maps of the CO(3–2) emission in the central 400
pc of NGC 1097. The stars mark the AGN location. The systemic velocity is 1254 km s−1 (thick line). Thin contours indicate
1080 to 1400 km s−1 in steps of 20 km s−1 for (a), and 10 to 40 km s−1 in steps of 10 km s−1 for (b), respectively.
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Figure 5. (a) Radial profiles of the rotation velocity (Vrot; squares) and the velocity dispersion (σ; circles) of the cold molecular
gas estimated from our tilted-ring modelings to the CO(3–2) velocity field. (b) Radial profiles of the σ/Vrot ratio derived from
CO(3–2) emission line (squares) and NIR H2 emission (circles; divided by three).

2006), 1.2 × 108 M⊙, which indicates the importance of
a spatial resolution to measure MBH.
It is particularly interesting that the σ/Vrot ratio

of NGC 1097 at the central r < 20 pc (∼ 0.5) is
significantly smaller than that of NGC 1068 (> 1;
Garćıia-Burillo et al. 2016). This is not expected if the
disk gravity solely controls the torus thickness, consid-
ering the higher Mdyn in NGC 1068 than in NGC 1097
at their very centers (§1). Again, the implied less-active
star formation and/or inflows from the smaller MH2 , as
well as the orders of magnitude less-luminous AGN ac-
tivity in NGC 1097 than those in NGC 1068 2, would

2 This AGN may host molecular outflow in the torus, which
also thicken its scale height (Gallimore et al. 2016; Imanishi et al.
2016).

contribute to squash the thick torus in this LLAGN
(e.g., Vollmer et al. 2008; Wada et al. 2009; Wada 2012).
Note that, very recently, Espada et al. (2017) also found
a cold molecular gas deficiency at the heart of Centau-
rus A (Cen A). As the LBol of Cen A is ∼ 3 × 1042 erg
s−1 (LLAGN; Prieto et al. 2010), their findings would
also fit the evolutionary torus models. Thus, although
the actual physical process remains unclear, we sup-
port the theoretical prediction that geometrically and
optically thick tori will gradually become deficient as
AGNs evolve from luminous Seyferts to more quiescent
LLAGNs. It is however mandatory to enlarge the sam-
ple with ! 10 pc resolution cold gas measurements to
confirm this trend.
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Summary: High-resolution CO study
13

Molecular gas + cold dustSMBH

• Torus geometry would depend on the AGN power  
(via massive inflows and/or star formation): theoretical prediction


• No clear concentration of CO(3-2) at the AGN position of NGC 1097


• ~10 pc scale comparison between NGC 1097 (LLAGN)  
and NGC 1068 (luminous AGN)

NGC 1097 NGC 1068

LBol 8e41 erg/s 7e44 erg/s

Mgas 5e4 Msun 1e5 Msun

σ/Vrot
~0.5

Thin

>1 

Thick


