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Multiple ingredients in AGN tori

!2

Plasma Neutral gas (HI)

Dust

H2O maser

Molecular gas

Imanishi+18

Gallimore+97,04
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Summary

!3

• Temperature and density 
• Chemical composition in molecular torus 

- CO, HCN, HCO+, CS, SO, and CN 
- isotopologues : H13CN, HC15N 
- vib-excited HCN, HCO+ 

•  Vertical structure of a geometrically thick torus 
- Molecular + XDR + plasma  
- Clumpy molecular clouds

Radio absorption observations offer… 

• Distribution of thermal plasma (w/ background synchrotron emitter) 
• Velocity of molecules along the line of sight

For the torus structure and dynamics

We can estimate an approximate size of the foreground
absorbing molecular gas using the relation =N f n LvH H2 2 , where
fv is the volume filling factor, nH2 is the molecular hydrogen
volume density, and L is the size of the molecular gas. Here we
simply assume fv = 0.01. Adopting NH2 of 10

24–1025 cm−2 from
our results and nH2=(0.1–2)×106 cm−3 in the Galactic CND
(Smith & Wardle 2014), the resulting L is approximately on 1-pc
scales. It is consistent with the approximate size of the
circumnuclear torus of NGC1052 (Kameno et al. 2001). On
the other hand, the size of the innermost receding jet component
can be estimated as 0.2–0.4 mas from the VLBA images at
43GHz (Kadler et al. 2004; Sawada-Satoh et al. 2008), and it
corresponds to 0.02–0.04 pc in linear scale.

Based on our measurements of the radial velocities and the
distribution of HCN absorption features, the mass infall rate of
the gas accretion toward the central engine can be estimated by

r= WM f R Vv in
2

in˙ , where fv is the volume filling factor, Rin is an
infall radius, ρ is the mass density of the infalling materials, Vin
is the infall velocity, and Ω is the solid angle of the torus from
the center. Here we assume r = N m RH H in, where NH is the
column density of a hydrogen atom and mH is the mass of a
hydrogen atom. Giving Rin = 1 pc, NH=1024–1025 cm−2, and

Vin = 200 km s−1 as the approximate velocity of the HCN
absorption feature with respect to Vsys ( -V Vp sys in Table 1),
the derived mass infall rate ranges Ṁ=(47–470) fv(Ω/
4π)M☉ yr−1. If (Ω/4π) takes a few 0.1 and fv is 0.01, it would
be comparable to the calculation of the accretion rate of
10−1.39M☉ yr−1 from the hard X-ray luminosities by Wu &
Cao (2006). We note that the X-ray luminosity indicates an
instantaneous accretion rate. However, our estimation of the
accretion rate in the molecular torus gives a long-term (Rin/
Vin∼5000 year) activity. The coincidence of the two accretion
rate values suggests the continuity of AGN activity in
NGC1052.

5. SUMMARY

We have conducted 1 mas angular resolution observations
toward the HCN(1–0) absorption of the circumnuclar region in
NGC1052 with the KVN. Two HCN absorption features are
identified and reach a depth of �10% from the continuum level
at 1656 and 1719 km s−1, redshifted with respect to Vsys. We
find an NHCN of 1015–1016 cm−2 in the center of NGC1052,
assuming an HCN covering factor of 1 and a Tex of 100–230 K.

Table 1
Column Density of HCN (1–0) Absorption

Label Vp Vp − Vsys Δv ò tdv NHCN,100 NHCN,230
(km s−1) (km s−1) (km s−1) (km s−1) (1014 cm−2) (1014 cm−2)

(1) (2) (3) (4) (5) (6) (7)

I 1656 149 31.7 9.3±0.6 9.5±0.6 50±3
II 1719 212 52.9 19±1 20±1 101±5

Note. (1) Absorption feature ID, shown in Figure 1. (2) Peak velocity of the absorption feature. (3) Velocity with respect to Vsys. (4) Line width. (5) Velocity-
integrated optical depth. (6) HCN column density with Tex=100 K. (7) HCN column density with Tex=230 K.

Figure 3. (a) Possible model of the oriented double-sided jet and the circumnuclear torus. The near side of the torus covers the receding jet side. (b) Schematic diagram
for the intersection of the circumnuclear torus in NGC1052. The torus has two-phase layers on the inner surface, the X-ray heated plasma region and the X-ray
dissociation region (XDR). HCN absorbing gas is located in the cooler molecule region next to XDR. HCN absorbing gas could be clumpy, and the line of sight passes
through several clumpy clouds with a different radial velocity.
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1.5. The Aim and Scope of this Thesis 21

= 1

= 0.1

= 10

= 100

= 0

Changes of the peak frequency for various FFA opacities

Figure 1.5: Spectral changes for various FFA opacities τf .
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Figure 3 Top: Total intensity map at 4.8 GHz restored by an elliptical Gaussian whose FWHM is 1.9 ×
1.4 mas in PA = 0◦. Contours start at ±3σ level and increase by factors of 2, where σ = 1.13 mJy beam−1.
Approaching and receding components are marked as Ak and Rk , where k = 1, 2, and 3. Bottom: Spectra
of components. Values are listed in Table 2.

1 pc

Figure 4 Top: Spatial distribution of FFA opacity τ0 in grey scale
overlaid on the total intensity map at 4.8 GHz in contour. Bottom:
Profile of the FFA opacity along the jet. Errors are derived from the
nonlinear spectral fit using equation (2).
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Figure 5 Schematic diagram of NGC 1052. The double-sided jet
is inclined by 50◦ with respect to the line of sight. A geometrically
thick molecular torus is perpendicular to the jet, and its inner surface
is illuminated by ionising photons from the nucleus. The ionised
region obscures radio emission from the jet, in terms of free–free
absorption. The long path length through the ionised region towards
the nucleus results in a large opacity, as is shown in Figure 4.

32 Chapter 2. Asymmetric Free–Free Absorption towards a Double Lobe of OQ 208
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Figure 2.7: A schematic model of OQ 208. Two-sided jets are emanating from the central core to form double
lobes at the end. The overall structure is buried in the ambient plasma, which causes free–free absorption (FFA).
The asymmetric FFA is due to a difference in the opacity along the line of sight by the slant jet axis.

Table 2.4: Spectral fit for free–free absorption (FFA) and synchrotron self-absorption (SSA).

NE lobe SW lobe
Model S0 (Jy) τ χ2/d.o.f.∗ S0 (Jy) τ χ2/d.o.f.∗

FFA . . . 16.6 ± 1.5 6.4 ± 0.4 25/3 1.6 ± 0.9 11.7 ± 4.6 14/3
SSA . . . 0.29 ± 0.03 51 ± 7 16/3 0.006 ± 0.0006 230 ± 28 63/3

∗Degree of freedom.

be close to the line of sight. Then, one might suppose that the asymmetry is due to a Doppler-
boosting effect of approaching and receding jet components with a relativistic speed. If this were
the case, the bright NE component should have a blue-shifted spectrum. However, the lower peak
frequency of the NE lobe than that of the SW lobe rules out Doppler boosting. As stated earlier,
the extreme stability of the total flux density at 1.4 GHz (Stanghellini et al. 1997) also suggests
that the Doppler-boosting effect is not working.

An alternative explanation for the asymmetry is related to the differential of the FFA opacities
in the ambient plasma due to a slant jet axis against the line of sight (see figure 2.7). The results
from the spectral fit show a deeper FFA opacity towards the SW lobe, and support that the SW
lobe is further than the NE lobe.

2.3.3 Physical properties of the absorber

As derived in equation A.27, the difference in the FFA opacity, τf , is given by

∆τf = 0.46
∫

LOS
T

− 3
2

e n2
edL, (2.4)

optical depth is proportional to the emission measure
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Figure 3 Top: Total intensity map at 4.8 GHz restored by an elliptical Gaussian whose FWHM is 1.9 ×
1.4 mas in PA = 0◦. Contours start at ±3σ level and increase by factors of 2, where σ = 1.13 mJy beam−1.
Approaching and receding components are marked as Ak and Rk , where k = 1, 2, and 3. Bottom: Spectra
of components. Values are listed in Table 2.

1 pc

Figure 4 Top: Spatial distribution of FFA opacity τ0 in grey scale
overlaid on the total intensity map at 4.8 GHz in contour. Bottom:
Profile of the FFA opacity along the jet. Errors are derived from the
nonlinear spectral fit using equation (2).
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Figure 5 Schematic diagram of NGC 1052. The double-sided jet
is inclined by 50◦ with respect to the line of sight. A geometrically
thick molecular torus is perpendicular to the jet, and its inner surface
is illuminated by ionising photons from the nucleus. The ionised
region obscures radio emission from the jet, in terms of free–free
absorption. The long path length through the ionised region towards
the nucleus results in a large opacity, as is shown in Figure 4.
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Figure 3 Top: Total intensity map at 4.8 GHz restored by an elliptical Gaussian whose FWHM is 1.9 ×
1.4 mas in PA = 0◦. Contours start at ±3σ level and increase by factors of 2, where σ = 1.13 mJy beam−1.
Approaching and receding components are marked as Ak and Rk , where k = 1, 2, and 3. Bottom: Spectra
of components. Values are listed in Table 2.
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Figure 4 Top: Spatial distribution of FFA opacity τ0 in grey scale
overlaid on the total intensity map at 4.8 GHz in contour. Bottom:
Profile of the FFA opacity along the jet. Errors are derived from the
nonlinear spectral fit using equation (2).
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Figure 5 Schematic diagram of NGC 1052. The double-sided jet
is inclined by 50◦ with respect to the line of sight. A geometrically
thick molecular torus is perpendicular to the jet, and its inner surface
is illuminated by ionising photons from the nucleus. The ionised
region obscures radio emission from the jet, in terms of free–free
absorption. The long path length through the ionised region towards
the nucleus results in a large opacity, as is shown in Figure 4.
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Figure 3 Top: Total intensity map at 4.8 GHz restored by an elliptical Gaussian whose FWHM is 1.9 ×
1.4 mas in PA = 0◦. Contours start at ±3σ level and increase by factors of 2, where σ = 1.13 mJy beam−1.
Approaching and receding components are marked as Ak and Rk , where k = 1, 2, and 3. Bottom: Spectra
of components. Values are listed in Table 2.
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Figure 4 Top: Spatial distribution of FFA opacity τ0 in grey scale
overlaid on the total intensity map at 4.8 GHz in contour. Bottom:
Profile of the FFA opacity along the jet. Errors are derived from the
nonlinear spectral fit using equation (2).
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Figure 5 Schematic diagram of NGC 1052. The double-sided jet
is inclined by 50◦ with respect to the line of sight. A geometrically
thick molecular torus is perpendicular to the jet, and its inner surface
is illuminated by ionising photons from the nucleus. The ionised
region obscures radio emission from the jet, in terms of free–free
absorption. The long path length through the ionised region towards
the nucleus results in a large opacity, as is shown in Figure 4.
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Figure 3 Top: Total intensity map at 4.8 GHz restored by an elliptical Gaussian whose FWHM is 1.9 ×
1.4 mas in PA = 0◦. Contours start at ±3σ level and increase by factors of 2, where σ = 1.13 mJy beam−1.
Approaching and receding components are marked as Ak and Rk , where k = 1, 2, and 3. Bottom: Spectra
of components. Values are listed in Table 2.
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Figure 4 Top: Spatial distribution of FFA opacity τ0 in grey scale
overlaid on the total intensity map at 4.8 GHz in contour. Bottom:
Profile of the FFA opacity along the jet. Errors are derived from the
nonlinear spectral fit using equation (2).
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Figure 5 Schematic diagram of NGC 1052. The double-sided jet
is inclined by 50◦ with respect to the line of sight. A geometrically
thick molecular torus is perpendicular to the jet, and its inner surface
is illuminated by ionising photons from the nucleus. The ionised
region obscures radio emission from the jet, in terms of free–free
absorption. The long path length through the ionised region towards
the nucleus results in a large opacity, as is shown in Figure 4.
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1.4 mas in PA = 0◦. Contours start at ±3σ level and increase by factors of 2, where σ = 1.13 mJy beam−1.
Approaching and receding components are marked as Ak and Rk , where k = 1, 2, and 3. Bottom: Spectra
of components. Values are listed in Table 2.
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Figure 4 Top: Spatial distribution of FFA opacity τ0 in grey scale
overlaid on the total intensity map at 4.8 GHz in contour. Bottom:
Profile of the FFA opacity along the jet. Errors are derived from the
nonlinear spectral fit using equation (2).
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Figure 5 Schematic diagram of NGC 1052. The double-sided jet
is inclined by 50◦ with respect to the line of sight. A geometrically
thick molecular torus is perpendicular to the jet, and its inner surface
is illuminated by ionising photons from the nucleus. The ionised
region obscures radio emission from the jet, in terms of free–free
absorption. The long path length through the ionised region towards
the nucleus results in a large opacity, as is shown in Figure 4.
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Dense Plasma Torus in the GPS Galaxy NGC 1052 139

Figure 5 with a geometrically thick torus perpendicular to
the jets. The inner surface of the torus is photoionised
by illumination of ionising photons from the nucleus,
while the outer region remains as neutral gas or dust. The
path length through the ionised region can produce the
asymmetric profile of the opacity, when we look from
the viewing angle of 50◦.

We can estimate the physical condition of the absorber,
if we assume the torus model. The maximum value of
τ0 ∼ 300 towards the nucleus gives

n2
eT

−3/2
e = 650, (4)

when the path length is the same as the width of the
absorbed area covering the receding jet, say, L ∼ 1 pc.
The ionising condition of Te ≥ 104 K gives the lower limit
of ne ≥ 2.5 × 104 cm−3. The upper limit of Te can be
given by the absence of significant free–free emission
below the brightness temperature of Tb ≤ 4.9 × 106 K at
15.4 GHz or Tb ≤ 5.4 × 106 K at 8.4 GHz. Since the torus
is optically thick, in terms of bremsstrahlung, we have
Te ∼ Tb ≤ 4.9×106 K and then ne ≤ 2.6×106 cm−3. This
evaluation indicates that the FFA absorber consists of cold
(104 ≤ Te ≤ 4.9×106 K) and dense (2.5×104 ≤ ne ≤ 2.6×
106 cm−3) plasma. The average value of the electron
density derives the electron column density across the
plasma torus (L ∼ 1 pc),

neL = 0.8 × 1023

(

Te

104 K

)3/4

cm−2. (5)

This electron column density is comparable to the atomic
column density of ∼1023 cm−2 measured by ROSAT and
ASCA X-ray observations (Guainazzi & Antonelli 1999).

We mention that the location of water maser spots
(Claussen et al. 1998) coincides with where the FFA
opacity is large. The torus model explains the results
of the water masers: the H2O molecules can survive
inside the torus, shielded against exposure to the nucleus.
The seed photons from the receding jet are amplified by
excited molecules in the torus. Amplification does not
work towards the approaching jet, because the torus is
not in front of the jet which supplies continuum seed pho-
tons. Absence of masers towards the eastern jet can be
understood by this model. A detailed monitoring program
would verify this model by detection of orbital motion of
maser spots within the torus.
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Dense Plasma Torus in the GPS Galaxy NGC 1052 139

Figure 5 with a geometrically thick torus perpendicular to
the jets. The inner surface of the torus is photoionised
by illumination of ionising photons from the nucleus,
while the outer region remains as neutral gas or dust. The
path length through the ionised region can produce the
asymmetric profile of the opacity, when we look from
the viewing angle of 50◦.

We can estimate the physical condition of the absorber,
if we assume the torus model. The maximum value of
τ0 ∼ 300 towards the nucleus gives

n2
eT

−3/2
e = 650, (4)

when the path length is the same as the width of the
absorbed area covering the receding jet, say, L ∼ 1 pc.
The ionising condition of Te ≥ 104 K gives the lower limit
of ne ≥ 2.5 × 104 cm−3. The upper limit of Te can be
given by the absence of significant free–free emission
below the brightness temperature of Tb ≤ 4.9 × 106 K at
15.4 GHz or Tb ≤ 5.4 × 106 K at 8.4 GHz. Since the torus
is optically thick, in terms of bremsstrahlung, we have
Te ∼ Tb ≤ 4.9×106 K and then ne ≤ 2.6×106 cm−3. This
evaluation indicates that the FFA absorber consists of cold
(104 ≤ Te ≤ 4.9×106 K) and dense (2.5×104 ≤ ne ≤ 2.6×
106 cm−3) plasma. The average value of the electron
density derives the electron column density across the
plasma torus (L ∼ 1 pc),

neL = 0.8 × 1023

(

Te

104 K

)3/4

cm−2. (5)

This electron column density is comparable to the atomic
column density of ∼1023 cm−2 measured by ROSAT and
ASCA X-ray observations (Guainazzi & Antonelli 1999).

We mention that the location of water maser spots
(Claussen et al. 1998) coincides with where the FFA
opacity is large. The torus model explains the results
of the water masers: the H2O molecules can survive
inside the torus, shielded against exposure to the nucleus.
The seed photons from the receding jet are amplified by
excited molecules in the torus. Amplification does not
work towards the approaching jet, because the torus is
not in front of the jet which supplies continuum seed pho-
tons. Absence of masers towards the eastern jet can be
understood by this model. A detailed monitoring program
would verify this model by detection of orbital motion of
maser spots within the torus.
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Plasma free-free absorption survey

!7

• 19 GPS sources 
 (young radio galaxies) 

• five-frequency 
 VSOP + VLBA obs. 

• 6/19 show torus-like FFA

0108+3880201+113 0248+430

0500+0190646+6000738+313

0742+103

0743-006

0902+490

1143-245

1333+459 1843+356 1848+283

2050+364

2126-158

2149+056

2337+264

NGC 1052
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Plasma free-free absorption survey
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0108+388
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Spatial coincidence of FFA and H2O masers
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1 pc

(c)

(d)

Sawada-Satoh+2008 Kameno+2003

Masers (XDR) locate where τFFA, 22 GHz ~ 0.2
Amplification of background jet radiation



ALMA molecular absorption survey 
 in  

nearby radio galaxies



ALMA molecular absorption survey in 
nearby radio galaxies

Source Host 
galaxy FFA Dust 

disk Emission Absorption

NGC 1052 E Y Y CO CO, HCN, HCO+, SO, CS, 
CN, H2O, HCS+ 

NGC 4261 E Y Y CO CO, HCN, HCO+, CS

NGC 6328 SAB ? Y CO, HCO+, CS HCO+

IC 1459 E ? Y - CO, HCO+ (?)

3C 75 E, binary ? ? - CO (?)



NGC 1052 Host galaxy  E4 BT=11.41 mag 
Distance  20.3 Mpc, 1˝=98 pc 
Velocity  Vsys(LSR, Radio) = 1471 km s-1 
Radio continuum 0.4 Jy@345 GHz 
Radio Jet  β = 0.25, i=62º±10º 
H2O maser  velocity = 1400 - 1850 km/s 
Line absorption HI, OH, HCO+, HCN, CO 
Free-free absorption

1 pc

(c)

(d)

composed of cold dense plasma, molecular gas, and the XDR
between them, might control the continuum and maser flux
densities. Cold dense plasma in the torus attenuates the con-
tinuum emission from the jet. Since free-free absorption (FFA)
is substantial along the western jet within 10 mas of the central
engine, the time variability of the continuum flux density can be
ascribed to changes of the attenuation through cold dense
plasma. When a knot runs behind the inhomogeneous mixture
of plasma andmolecular gas in the torus, the attenuation by FFA
and the maser gain along the line of sight would change. Escape
from the ionized region will increase the continuum flux den-
sity and entering the molecular cloud increases the maser flux
density and decreases the maser velocity width at the same time
(see Fig. 3). The optical depth in terms of FFA is a function of
frequency ! in GHz as

"! ¼ "0!
"2:1; ð5Þ

and the FFA coefficient "0 in NGC 1052 can be regressed as
"0 ¼ 245 #"1, where # is the separation from the central engine
in milliarcseconds (Kameno et al. 2003). The gradient of the op-

tical depth, d" /d#, at 22 GHz and at # ¼ 0:31 mas can pro-
duce a decrease of attenuation by 20% and an apparent motion
of 0.03 mas for 0.25c in 3 days.

4.3.3. Interactingg Maser Model

Interacting masers are another mechanism for extremely
bright masers. When two maser clouds sized % 1014 cm are
aligned along the line of sight (‘‘interaction’’) with a separation
of % 1016 cm, the maser emission is beamed and high brightness
temperatures up to 1017 K can be produced (Deguchi &Watson
1989). The synchronicity of continuum and maser flares is not
required in this model. The typical relative velocity of two
clouds in NGC 1052 can be estimated as % 200 km s"1 from
the velocity width of a broad maser. Motion in % 106 s will be
% 1011 cm, much less than the typical size of a maser cloud.
Thus, it is difficult to change the alignment of two maser clouds
in such a short timescale.

4.3.4. The Jet Maser Model

As has been explained for the flares of maser and contin-
uum in Mrk 348 (Peck et al. 2003), an interaction between the
radio jet and an encroaching molecular gas can produce a

Fig. 3.—Schematic diagram of the jets and torus in NGC 1052. Double-sided jets are inclined by k57 & with respect to the line of sight. The cross section of a
geometrically thick molecular torus perpendicular to the jet is drawn. The inner face of the torus is ionized by irradiation from the central engine and causes free-free
absorption. The X-ray dissociation region (XDR) is formed in the interlayer, where excited molecular gas performs maser amplification.

NARROW H2O MASER FEATURE IN NGC 1052 149No. 1, 2005
Sawada-Satoh+2008 Kameno+2003

Kameno+2005



/ 37Torus 2018 in Puerto Varas, Seiji Kameno : A Radio Absorption Study of AGN Tori

Molecular gas distribution and velocity (CO)
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CO (3-2) total intensity map

core

SMG

jet

moment-1 (velocity field)

Vsys→
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CND (CircumNuclear disk) rotation
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moment-1 

V

co
nti

nu
um

• radius ~ 100 pc 
• rotation speed ~ 150 km s-1 
• enclosed mass = 5x108 M⊙
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Long-baseline view
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000.26⇥ 000.20 beam

000.065⇥ 000.053 beam
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High-resolution velocity field

!16

←Vsys

different components 
from the CND
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CO line profile toward the nucleus

!17

Spectra toward 
the nucleus

CO (J=2-1) : inverse P-Cyg profile
blue emission + red absorption 
implication of inward gas motion



/ 37Torus 2018 in Puerto Varas, Seiji Kameno : A Radio Absorption Study of AGN Tori

Absorption features
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Spectra toward 
the nucleus
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Optical depths
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Absorption features are likely to 
originate in a molecular torus
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Presence of vibrationally excited lines

!20

1300 1400 1500 1600 1700 1800

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

NGC 1052

LSR Velocity [km/s]

O
pt

ic
al

 D
ep

th
 (

+
 o

ffs
et

)

HCN J=4−3 v=0

CO J=3−2

HCO+ J=4−3

CO J=2−1

HCN v2=1 J=4−3 l=1f

H13CN v=0 J=4−3

SO 5_5−4_4

SO J_N=7_8−6_7

CS J=7−6 v=0

HCO+ v2=1 J=4−3 l=1f

Vsys

HCN

HCN v2=1

H13CN

CO (3-2)

CO (2-1)

HCO+ v2=1

HCO+

SO
SO

CS

HCN J=4-3 and HCO+ J=4-3
• line ratio (v=0 to v2=1) : R=0.6 
• if optically thin, Tex = 520 K 
• IR (14 µm) pumping from hot dust?

Sakamoto+2010, ApJL, 725, L228
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Locating HCN absorption with KVN
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millimeter and submillimeter interferometric observations have
detected the vibrationally excited HCN emission lines in the
dust-enshrouded AGN of the luminous infrared galaxies
(Sakamoto et al. 2010; Imanishi & Nakanishi 2013). The
derived H2 column density (NH2) ranges 10

24–1025 cm−2, using
the values of NHCN in Table 1. Hence, equivalent NH would be
of the same order as NH2. It is one or two orders higher than the
estimate of the NH∼1023 cm−2 from modeling of X-ray
spectra (Guainazzi & Antonelli 1999; Weaver et al. 1999;
Guainazzi et al. 2000; Brenneman et al. 2009), and the electron
column density of ∼1023 cm−2 estimated from the FFA opacity
of the dense plasma (Sawada-Satoh et al. 2009).

4.2. Circumnuclear Torus Model

Kameno et al. (2005) and Sawada-Satoh et al. (2008)
proposed that the circumnuclear torus consists of several phase
layers. On the inner surface of the torus, a hot (∼8000 K)
plasma layer is formed by X-ray emission from the central
engine and causes FFA. A heated (above ∼400 K) molecular
layer or X-ray dissociation region (XDR; Neufeld et al. 1994;
Neufeld & Maloney 1995) lies next to the plasma layer, and the
H2O megamaser emission arises from here. As well as FFA
opacity distribution, the HCN opacity shows high values on the
western receding side of the jet. Thus, HCN absorbing gas
could be associated with the torus, like the dense plasma. If Tex
of HCN is ∼230 K, HCN molecules should lie in the cooler
molecule layer next to XDR. The redshifted HCN absorption
against the continuum emission is likely indicative of ongoing
gas infall. The velocities of the HCN absorption features are
close to the centroid velocity of the broad H2O maser emission
(∼1700 km s−1). Therefore, H2O and HCN could trace the
same infall motion inside the torus. The HCN absorption
spectrum consists of at least two narrow absorption features,
and HCN absorbing gas is more likely to be several small
(�0.1 pc) clumps or layers with a different velocity, rather than
a large homogeneous structure with a single velocity. We have
seen the opacity contrast between the absorption features I and
II, and the contrast also suggests inhomogeneity inside the
molecular torus. In Figure 3, we present a possible model for
the geometry of the circumnuclear torus and the jet in NGC

1052. Since the jet axis is inclined from the sky plane, the near
side of the torus should cover the receding jet side. The line of
sight intersects at least two HCN gas clumps inside the torus.
As we have mentioned in Section 3, there is no significant

detection of absorption features around 1500–1600 km s−1,
close to Vsys. A possible explanation is that the missing
absorption features could arise not from the compact molecular
clumps in the circumnuclear region, but from the foreground
diffuse interstellar medium in the host galaxy. If so, their
covering factor would not vary on scales between a few parsecs
and a few hundred parsecs, and thus the depth of the absorption
features would be ∼−3%, the same as the PdBI results. It is
comparable to the rms noise level of our spectral profile with
the KVN, and no significant detection comes as a consequence.
Furthermore, when their background continuum sources have a
faint and extended structure, the background continuum
emissions should be fully resolved-out. Therefore, the absorp-
tion features against the resolved-out background sources
would be invisible in our KVN data.

Figure 1. Spectral profile of the HCN (1–0) absorption line toward the center
of NGC1052 obtained with the KVN. Two velocity features of HCN
absorption were detected at 1656 and 1719 km s−1. We gave labels to the
former (I) and the latter (II), respectively. The rms noise in the normalized flux
density is 0.035.

Figure 2. Color images of the HCN (1–0) optical depth of (a) feature I (1656
km s−1) and (b) feature II (1719 km s−1) in the circumnuclear region of
NGC1052, overlaid by a contour map of 89 GHz continuum emission. The
contour starts at the 3σ level, increasing by a factor of 2, where σ = 3.9
mJybeam−1. The absorption maps have achieved a 1σ noise level of 4.6 mJy
beam−1 in intensity, or ∼0.02 in optical depth. The velocity width of one
channel map is 52.9 km s−1.

3
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• absorption feature 
toward receding jet 

• clumpy, with a filling 
factor ~ 0.03

millimeter and submillimeter interferometric observations have
detected the vibrationally excited HCN emission lines in the
dust-enshrouded AGN of the luminous infrared galaxies
(Sakamoto et al. 2010; Imanishi & Nakanishi 2013). The
derived H2 column density (NH2) ranges 10

24–1025 cm−2, using
the values of NHCN in Table 1. Hence, equivalent NH would be
of the same order as NH2. It is one or two orders higher than the
estimate of the NH∼1023 cm−2 from modeling of X-ray
spectra (Guainazzi & Antonelli 1999; Weaver et al. 1999;
Guainazzi et al. 2000; Brenneman et al. 2009), and the electron
column density of ∼1023 cm−2 estimated from the FFA opacity
of the dense plasma (Sawada-Satoh et al. 2009).

4.2. Circumnuclear Torus Model

Kameno et al. (2005) and Sawada-Satoh et al. (2008)
proposed that the circumnuclear torus consists of several phase
layers. On the inner surface of the torus, a hot (∼8000 K)
plasma layer is formed by X-ray emission from the central
engine and causes FFA. A heated (above ∼400 K) molecular
layer or X-ray dissociation region (XDR; Neufeld et al. 1994;
Neufeld & Maloney 1995) lies next to the plasma layer, and the
H2O megamaser emission arises from here. As well as FFA
opacity distribution, the HCN opacity shows high values on the
western receding side of the jet. Thus, HCN absorbing gas
could be associated with the torus, like the dense plasma. If Tex
of HCN is ∼230 K, HCN molecules should lie in the cooler
molecule layer next to XDR. The redshifted HCN absorption
against the continuum emission is likely indicative of ongoing
gas infall. The velocities of the HCN absorption features are
close to the centroid velocity of the broad H2O maser emission
(∼1700 km s−1). Therefore, H2O and HCN could trace the
same infall motion inside the torus. The HCN absorption
spectrum consists of at least two narrow absorption features,
and HCN absorbing gas is more likely to be several small
(�0.1 pc) clumps or layers with a different velocity, rather than
a large homogeneous structure with a single velocity. We have
seen the opacity contrast between the absorption features I and
II, and the contrast also suggests inhomogeneity inside the
molecular torus. In Figure 3, we present a possible model for
the geometry of the circumnuclear torus and the jet in NGC

1052. Since the jet axis is inclined from the sky plane, the near
side of the torus should cover the receding jet side. The line of
sight intersects at least two HCN gas clumps inside the torus.
As we have mentioned in Section 3, there is no significant

detection of absorption features around 1500–1600 km s−1,
close to Vsys. A possible explanation is that the missing
absorption features could arise not from the compact molecular
clumps in the circumnuclear region, but from the foreground
diffuse interstellar medium in the host galaxy. If so, their
covering factor would not vary on scales between a few parsecs
and a few hundred parsecs, and thus the depth of the absorption
features would be ∼−3%, the same as the PdBI results. It is
comparable to the rms noise level of our spectral profile with
the KVN, and no significant detection comes as a consequence.
Furthermore, when their background continuum sources have a
faint and extended structure, the background continuum
emissions should be fully resolved-out. Therefore, the absorp-
tion features against the resolved-out background sources
would be invisible in our KVN data.

Figure 1. Spectral profile of the HCN (1–0) absorption line toward the center
of NGC1052 obtained with the KVN. Two velocity features of HCN
absorption were detected at 1656 and 1719 km s−1. We gave labels to the
former (I) and the latter (II), respectively. The rms noise in the normalized flux
density is 0.035.

Figure 2. Color images of the HCN (1–0) optical depth of (a) feature I (1656
km s−1) and (b) feature II (1719 km s−1) in the circumnuclear region of
NGC1052, overlaid by a contour map of 89 GHz continuum emission. The
contour starts at the 3σ level, increasing by a factor of 2, where σ = 3.9
mJybeam−1. The absorption maps have achieved a 1σ noise level of 4.6 mJy
beam−1 in intensity, or ∼0.02 in optical depth. The velocity width of one
channel map is 52.9 km s−1.
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We can estimate an approximate size of the foreground
absorbing molecular gas using the relation =N f n LvH H2 2 , where
fv is the volume filling factor, nH2 is the molecular hydrogen
volume density, and L is the size of the molecular gas. Here we
simply assume fv = 0.01. Adopting NH2 of 10

24–1025 cm−2 from
our results and nH2=(0.1–2)×106 cm−3 in the Galactic CND
(Smith & Wardle 2014), the resulting L is approximately on 1-pc
scales. It is consistent with the approximate size of the
circumnuclear torus of NGC1052 (Kameno et al. 2001). On
the other hand, the size of the innermost receding jet component
can be estimated as 0.2–0.4 mas from the VLBA images at
43GHz (Kadler et al. 2004; Sawada-Satoh et al. 2008), and it
corresponds to 0.02–0.04 pc in linear scale.

Based on our measurements of the radial velocities and the
distribution of HCN absorption features, the mass infall rate of
the gas accretion toward the central engine can be estimated by

r= WM f R Vv in
2

in˙ , where fv is the volume filling factor, Rin is an
infall radius, ρ is the mass density of the infalling materials, Vin
is the infall velocity, and Ω is the solid angle of the torus from
the center. Here we assume r = N m RH H in, where NH is the
column density of a hydrogen atom and mH is the mass of a
hydrogen atom. Giving Rin = 1 pc, NH=1024–1025 cm−2, and

Vin = 200 km s−1 as the approximate velocity of the HCN
absorption feature with respect to Vsys ( -V Vp sys in Table 1),
the derived mass infall rate ranges Ṁ=(47–470) fv(Ω/
4π)M☉ yr−1. If (Ω/4π) takes a few 0.1 and fv is 0.01, it would
be comparable to the calculation of the accretion rate of
10−1.39M☉ yr−1 from the hard X-ray luminosities by Wu &
Cao (2006). We note that the X-ray luminosity indicates an
instantaneous accretion rate. However, our estimation of the
accretion rate in the molecular torus gives a long-term (Rin/
Vin∼5000 year) activity. The coincidence of the two accretion
rate values suggests the continuity of AGN activity in
NGC1052.

5. SUMMARY

We have conducted 1 mas angular resolution observations
toward the HCN(1–0) absorption of the circumnuclar region in
NGC1052 with the KVN. Two HCN absorption features are
identified and reach a depth of �10% from the continuum level
at 1656 and 1719 km s−1, redshifted with respect to Vsys. We
find an NHCN of 1015–1016 cm−2 in the center of NGC1052,
assuming an HCN covering factor of 1 and a Tex of 100–230 K.

Table 1
Column Density of HCN (1–0) Absorption

Label Vp Vp − Vsys Δv ò tdv NHCN,100 NHCN,230
(km s−1) (km s−1) (km s−1) (km s−1) (1014 cm−2) (1014 cm−2)

(1) (2) (3) (4) (5) (6) (7)

I 1656 149 31.7 9.3±0.6 9.5±0.6 50±3
II 1719 212 52.9 19±1 20±1 101±5

Note. (1) Absorption feature ID, shown in Figure 1. (2) Peak velocity of the absorption feature. (3) Velocity with respect to Vsys. (4) Line width. (5) Velocity-
integrated optical depth. (6) HCN column density with Tex=100 K. (7) HCN column density with Tex=230 K.

Figure 3. (a) Possible model of the oriented double-sided jet and the circumnuclear torus. The near side of the torus covers the receding jet side. (b) Schematic diagram
for the intersection of the circumnuclear torus in NGC1052. The torus has two-phase layers on the inner surface, the X-ray heated plasma region and the X-ray
dissociation region (XDR). HCN absorbing gas is located in the cooler molecule region next to XDR. HCN absorbing gas could be clumpy, and the line of sight passes
through several clumpy clouds with a different radial velocity.
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millimeter and submillimeter interferometric observations have
detected the vibrationally excited HCN emission lines in the
dust-enshrouded AGN of the luminous infrared galaxies
(Sakamoto et al. 2010; Imanishi & Nakanishi 2013). The
derived H2 column density (NH2) ranges 10

24–1025 cm−2, using
the values of NHCN in Table 1. Hence, equivalent NH would be
of the same order as NH2. It is one or two orders higher than the
estimate of the NH∼1023 cm−2 from modeling of X-ray
spectra (Guainazzi & Antonelli 1999; Weaver et al. 1999;
Guainazzi et al. 2000; Brenneman et al. 2009), and the electron
column density of ∼1023 cm−2 estimated from the FFA opacity
of the dense plasma (Sawada-Satoh et al. 2009).

4.2. Circumnuclear Torus Model

Kameno et al. (2005) and Sawada-Satoh et al. (2008)
proposed that the circumnuclear torus consists of several phase
layers. On the inner surface of the torus, a hot (∼8000 K)
plasma layer is formed by X-ray emission from the central
engine and causes FFA. A heated (above ∼400 K) molecular
layer or X-ray dissociation region (XDR; Neufeld et al. 1994;
Neufeld & Maloney 1995) lies next to the plasma layer, and the
H2O megamaser emission arises from here. As well as FFA
opacity distribution, the HCN opacity shows high values on the
western receding side of the jet. Thus, HCN absorbing gas
could be associated with the torus, like the dense plasma. If Tex
of HCN is ∼230 K, HCN molecules should lie in the cooler
molecule layer next to XDR. The redshifted HCN absorption
against the continuum emission is likely indicative of ongoing
gas infall. The velocities of the HCN absorption features are
close to the centroid velocity of the broad H2O maser emission
(∼1700 km s−1). Therefore, H2O and HCN could trace the
same infall motion inside the torus. The HCN absorption
spectrum consists of at least two narrow absorption features,
and HCN absorbing gas is more likely to be several small
(�0.1 pc) clumps or layers with a different velocity, rather than
a large homogeneous structure with a single velocity. We have
seen the opacity contrast between the absorption features I and
II, and the contrast also suggests inhomogeneity inside the
molecular torus. In Figure 3, we present a possible model for
the geometry of the circumnuclear torus and the jet in NGC

1052. Since the jet axis is inclined from the sky plane, the near
side of the torus should cover the receding jet side. The line of
sight intersects at least two HCN gas clumps inside the torus.
As we have mentioned in Section 3, there is no significant

detection of absorption features around 1500–1600 km s−1,
close to Vsys. A possible explanation is that the missing
absorption features could arise not from the compact molecular
clumps in the circumnuclear region, but from the foreground
diffuse interstellar medium in the host galaxy. If so, their
covering factor would not vary on scales between a few parsecs
and a few hundred parsecs, and thus the depth of the absorption
features would be ∼−3%, the same as the PdBI results. It is
comparable to the rms noise level of our spectral profile with
the KVN, and no significant detection comes as a consequence.
Furthermore, when their background continuum sources have a
faint and extended structure, the background continuum
emissions should be fully resolved-out. Therefore, the absorp-
tion features against the resolved-out background sources
would be invisible in our KVN data.

Figure 1. Spectral profile of the HCN (1–0) absorption line toward the center
of NGC1052 obtained with the KVN. Two velocity features of HCN
absorption were detected at 1656 and 1719 km s−1. We gave labels to the
former (I) and the latter (II), respectively. The rms noise in the normalized flux
density is 0.035.

Figure 2. Color images of the HCN (1–0) optical depth of (a) feature I (1656
km s−1) and (b) feature II (1719 km s−1) in the circumnuclear region of
NGC1052, overlaid by a contour map of 89 GHz continuum emission. The
contour starts at the 3σ level, increasing by a factor of 2, where σ = 3.9
mJybeam−1. The absorption maps have achieved a 1σ noise level of 4.6 mJy
beam−1 in intensity, or ∼0.02 in optical depth. The velocity width of one
channel map is 52.9 km s−1.
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HCN
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plasma free-free

composed of cold dense plasma, molecular gas, and the XDR
between them, might control the continuum and maser flux
densities. Cold dense plasma in the torus attenuates the con-
tinuum emission from the jet. Since free-free absorption (FFA)
is substantial along the western jet within 10 mas of the central
engine, the time variability of the continuum flux density can be
ascribed to changes of the attenuation through cold dense
plasma. When a knot runs behind the inhomogeneous mixture
of plasma andmolecular gas in the torus, the attenuation by FFA
and the maser gain along the line of sight would change. Escape
from the ionized region will increase the continuum flux den-
sity and entering the molecular cloud increases the maser flux
density and decreases the maser velocity width at the same time
(see Fig. 3). The optical depth in terms of FFA is a function of
frequency ! in GHz as

"! ¼ "0!
"2:1; ð5Þ

and the FFA coefficient "0 in NGC 1052 can be regressed as
"0 ¼ 245 #"1, where # is the separation from the central engine
in milliarcseconds (Kameno et al. 2003). The gradient of the op-

tical depth, d" /d#, at 22 GHz and at # ¼ 0:31 mas can pro-
duce a decrease of attenuation by 20% and an apparent motion
of 0.03 mas for 0.25c in 3 days.

4.3.3. Interactingg Maser Model

Interacting masers are another mechanism for extremely
bright masers. When two maser clouds sized % 1014 cm are
aligned along the line of sight (‘‘interaction’’) with a separation
of % 1016 cm, the maser emission is beamed and high brightness
temperatures up to 1017 K can be produced (Deguchi &Watson
1989). The synchronicity of continuum and maser flares is not
required in this model. The typical relative velocity of two
clouds in NGC 1052 can be estimated as % 200 km s"1 from
the velocity width of a broad maser. Motion in % 106 s will be
% 1011 cm, much less than the typical size of a maser cloud.
Thus, it is difficult to change the alignment of two maser clouds
in such a short timescale.

4.3.4. The Jet Maser Model

As has been explained for the flares of maser and contin-
uum in Mrk 348 (Peck et al. 2003), an interaction between the
radio jet and an encroaching molecular gas can produce a

Fig. 3.—Schematic diagram of the jets and torus in NGC 1052. Double-sided jets are inclined by k57 & with respect to the line of sight. The cross section of a
geometrically thick molecular torus perpendicular to the jet is drawn. The inner face of the torus is ionized by irradiation from the central engine and causes free-free
absorption. The X-ray dissociation region (XDR) is formed in the interlayer, where excited molecular gas performs maser amplification.

NARROW H2O MASER FEATURE IN NGC 1052 149No. 1, 2005



NGC 4261
(a) NGC 4261

1) optical & radio images

2) HST dust disk

3) VLBA 5-GHz jets

4) FFA absorber model

Host galaxy  E2-3 
Distance  30.56 Mpc, 1˝=181 pc 
Velocity  Vsys(LSR, Radio) = 2214 km s-1 
Radio continuum 0.21 Jy@345 GHz 
Free-free absorption (Haga+16)
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NGC 4261 : CO emission in CND
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• Keplerian rotating disk  
• Menc = 8x108 M⊙ = 1.6 MBH 
• Coincidence with the dust disk
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NGC 4261 : absorption lines
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NGC 6328

Host galaxy  SAB 
Distance  61.25 Mpc, 1˝=306 pc 
Velocity  Vsys(LSR, Radio) = 4324 km s-1 
Radio continuum 0.2 Jy@345 GHz 
GHz-Peaked Spectrum source (Tingay+97) 
H2 molecular absorption (Maccagni+16)
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lin
at
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(J
20

00
)

(c) NGC 6328

Hubble Legacy Archive 
http://hla.stsci.edu
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CO (J=3-2) emission

!27

• Galactic arm structure  
• Coincidence with the dust lane

Hubble Legacy Archive 
http://hla.stsci.edu

CO (J=3-2) integrated intensity (mom0) CO (J=3-2) velocity field (mom1)
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NGC 6328 : molecular lines

!28
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IC 1459 Host galaxy  E3-4 
Distance  26.93 Mpc, 1˝=131 pc 
Velocity  Vsys(LSR, Radio) = 1800 km s-1 
Radio continuum 0.2 Jy@345 GHz 
Dust filaments 
GHz-Peaked spectrum source (Tingay & Edwards+15)

A new low-redshift GHz-peaked spectrum source 329

Figure 1. A compilation of recent and historical flux density measure-
ments of PKS B2254−367 between 408 and 22 GHz, showing the persistent
peaked spectrum. Pre-1978 data are plotted with open symbols and post-1978
data are plotted with filled symbols. Details of the data points are given in
Table 1.

Figure 2. Time variation of the measured flux density of PKS B2254−367
in the 1.4 (crosses), 2.5 (open squares) and 5.0 (filled triangles) GHz bands.
Details of the data points are given in Table 1.

multi-epoch, multi-frequency ATCA monitoring of Tingay et al.
(2003) confirmed that PKS B2254−367 has a low fractional linear
polarization of less than 0.5 per cent between 1.4 and 8.6 GHz.

The ATCA data also show that PKS B2254−367 is at most weakly
variable over the 3.5-yr period over which it was monitored, again
typical of GPS sources (although see, for example, Tornikoski et al.
2001). The variability index, defined as the rms deviation from the
average flux density divided by the average flux density, was !0.05
at all four frequencies (Tingay et al. 2003). However, Slee et al.
(1994) showed that PKS B2254−367 varied monotonically from
0.7 to 1.2 Jy at 5 GHz over the 20-yr period from 1970, which is
confirmed in the compilation of data in Table 1. As is shown in
Fig. 2, this longer-term variability is visible in the 1.4- and 2.5-GHz
bands as well as the 5-GHz band, with the flux densities in all three
bands appearing to have peaked in the late 1990s.

NGC 1052 (PKS B0238−084) and NGC 6328 (PKS
B1718−649) were also included in the monitoring program of
Tingay et al. (2003), and both showed the same evidence for com-
pact structure and low polarization as seen for PKS B2254−367.

PKS B1718−649 displayed relatively low variability over the
3.5-yr period; however, PKS B0238−084 was somewhat more vari-
able, particularly at 8.6 GHz. Slee et al. (1994) noted long-term
variability for PKS B0238−084 at 5 GHz similar to that seen for
PKS B2254−367, but with additional evidence of shorter-term vari-
ability on a ∼1 yr time-scale.

3 D I S C U S S I O N

3.1 IC 1459 (PKS B2254−367)

The host galaxy of PKS B2254−367, IC 1459, is a giant elliptical
galaxy in a loose group of otherwise spiral galaxies. IC 1459 shows
strong evidence that it is the product of merger activity, and has one
of the strongest counter-rotating core components observed in an
elliptical (Forbes, Franx & Illingworth 1994). Hernquist & Barnes
(1991) demonstrated the formation of a counter-rotating central gas
disc in a merger of two gas-rich disc galaxies of equal mass. How-
ever, a study of the environments of galaxies with counter-rotating
cores by Bettoni, Galletta & Prada (2001) suggests that counter-
rotating cores may be associated with galaxies that are formed
through the merger of small objects early in their formation his-
tory. Although the nuclear emission line gas appears to be well
ordered in IC 1459, the dust distribution is irregular near the nu-
cleus, indicating non-equilibrium motions and the possibility that
material infalling into the nucleus may be currently fuelling the ac-
tive nucleus (Forbes et al. 1994). Huchtmeier & Tammann (1992)
made a marginal detection of CO emission from IC 1459, the line
blueshifted relative to the systemic velocity of the galaxy, further
evidence for irregular gas motions in the galaxy. Recently, the cen-
tral black hole mass in IC 1459 has been determined by Cappellari
et al. (2002), with different techniques yielding values between 4 ×
108 and 3 × 109 M⊙. IC 1459 has optical emission line ratios
that identify it as a Low Ionization Nuclear Emission-line Region
(LINER) galaxy (Verdoes Kleijn et al. 2000).

3.2 NGC 1052 (PKS B0238−084)

NGC 1052, which lies at essentially the same distance as IC 1459,
also hosts a GPS radio source (PKS B0238−084) (de Vries et al.
1997; Tornikoski, Lainela & Valtaoja 2000; Kameno et al. 2001;
Vermeulen et al. 2003). NGC 1052 also has a counter-rotating core
(Bettoni et al. 2001) and a LINER optical spectrum. An analysis
of Hubble Space Telescope data by Gabel et al. (2000) shows that
photoionization of the nuclear gas by a central continuum source can
explain the nuclear optical spectrum in NGC 1052. To reproduce
the optical spectrum, Gabel et al. (2000) use a multidensity gas
with gas density of ∼3 × 103 cm−3 within 100 pc of the central
source and with gas density of ∼2 × 106 cm−3 within 2 pc of the
central source. They also find that a significant contribution from
dust in the nuclear region is likely, which agrees with their finding of
substantial intrinsic reddening toward the nucleus and a relatively
large minimum covering factor of 0.53 for the nuclear gas. The
broad linewidths in the nucleus of NGC 1052 constitute evidence
for a compact central source, although no estimate of the black hole
mass has been made to date. Gabel et al. (2000) find no correlation
between linewidth and critical density, indicating that the nuclear gas
cannot be described as having Keplerian orbits around the nucleus.

Omar et al. (2002) have detected OH absorption against the nu-
cleus of NGC 1052, redshifted in comparison with the systemic ve-
locity of the galaxy, that coincides with H I absorption (van Gorkom

C⃝ 2003 RAS, MNRAS 346, 327–331

D
ow

nloaded from
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ic.oup.com
/m

nras/article-abstract/346/1/327/2891830 by guest on 13 D
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Tingay+03
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IC 1459 : CO and HCO+ absorption (?)

!30
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3C 75 Double radio galaxy (projected separation= 7.2 kpc) 
Both have extended double-sided jets

180”

7.2 kpc

(a) 3C 75
VLA 5 GHz (Owen+85) ALMA 340 GHz (this work)
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3C 75 : high-velocity CO absorption?

!32
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ALMA molecular absorption survey in 
nearby radio galaxies

Source Host 
galaxy FFA Dust 

disk Emission Absorption

NGC 1052 E Y Y CO CO, HCN, HCO+, SO, CS, 
CN, H2O, HCS+ 

NGC 4261 E Y Y CO CO, HCN, HCO+, CS

NGC 6328 SAB ? Y CO, HCO+, CS HCO+

IC 1459 E ? Y - CO, HCO+ (?)

3C 75 E, binary ? ? - CO (?)

3/5 confident + 2/5 marginal detections
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• Temperature and density 
• Chemical composition in molecular torus 

- CO, HCN, HCO+, CS, SO, and CN 
- isotopologues : H13CN, HC15N 
- vib-excited HCN, HCO+ 

•  Vertical structure of a geometrically thick torus 
- Molecular + XDR + plasma  
- Clumpy molecular clouds

Radio absorption observations offer… 

• Distribution of thermal plasma (w/ background synchrotron emitter) 
• Velocity of molecules along the line of sight

For the torus structure and dynamics

We can estimate an approximate size of the foreground
absorbing molecular gas using the relation =N f n LvH H2 2 , where
fv is the volume filling factor, nH2 is the molecular hydrogen
volume density, and L is the size of the molecular gas. Here we
simply assume fv = 0.01. Adopting NH2 of 10

24–1025 cm−2 from
our results and nH2=(0.1–2)×106 cm−3 in the Galactic CND
(Smith & Wardle 2014), the resulting L is approximately on 1-pc
scales. It is consistent with the approximate size of the
circumnuclear torus of NGC1052 (Kameno et al. 2001). On
the other hand, the size of the innermost receding jet component
can be estimated as 0.2–0.4 mas from the VLBA images at
43GHz (Kadler et al. 2004; Sawada-Satoh et al. 2008), and it
corresponds to 0.02–0.04 pc in linear scale.

Based on our measurements of the radial velocities and the
distribution of HCN absorption features, the mass infall rate of
the gas accretion toward the central engine can be estimated by

r= WM f R Vv in
2

in˙ , where fv is the volume filling factor, Rin is an
infall radius, ρ is the mass density of the infalling materials, Vin
is the infall velocity, and Ω is the solid angle of the torus from
the center. Here we assume r = N m RH H in, where NH is the
column density of a hydrogen atom and mH is the mass of a
hydrogen atom. Giving Rin = 1 pc, NH=1024–1025 cm−2, and

Vin = 200 km s−1 as the approximate velocity of the HCN
absorption feature with respect to Vsys ( -V Vp sys in Table 1),
the derived mass infall rate ranges Ṁ=(47–470) fv(Ω/
4π)M☉ yr−1. If (Ω/4π) takes a few 0.1 and fv is 0.01, it would
be comparable to the calculation of the accretion rate of
10−1.39M☉ yr−1 from the hard X-ray luminosities by Wu &
Cao (2006). We note that the X-ray luminosity indicates an
instantaneous accretion rate. However, our estimation of the
accretion rate in the molecular torus gives a long-term (Rin/
Vin∼5000 year) activity. The coincidence of the two accretion
rate values suggests the continuity of AGN activity in
NGC1052.

5. SUMMARY

We have conducted 1 mas angular resolution observations
toward the HCN(1–0) absorption of the circumnuclar region in
NGC1052 with the KVN. Two HCN absorption features are
identified and reach a depth of �10% from the continuum level
at 1656 and 1719 km s−1, redshifted with respect to Vsys. We
find an NHCN of 1015–1016 cm−2 in the center of NGC1052,
assuming an HCN covering factor of 1 and a Tex of 100–230 K.

Table 1
Column Density of HCN (1–0) Absorption

Label Vp Vp − Vsys Δv ò tdv NHCN,100 NHCN,230
(km s−1) (km s−1) (km s−1) (km s−1) (1014 cm−2) (1014 cm−2)

(1) (2) (3) (4) (5) (6) (7)

I 1656 149 31.7 9.3±0.6 9.5±0.6 50±3
II 1719 212 52.9 19±1 20±1 101±5

Note. (1) Absorption feature ID, shown in Figure 1. (2) Peak velocity of the absorption feature. (3) Velocity with respect to Vsys. (4) Line width. (5) Velocity-
integrated optical depth. (6) HCN column density with Tex=100 K. (7) HCN column density with Tex=230 K.

Figure 3. (a) Possible model of the oriented double-sided jet and the circumnuclear torus. The near side of the torus covers the receding jet side. (b) Schematic diagram
for the intersection of the circumnuclear torus in NGC1052. The torus has two-phase layers on the inner surface, the X-ray heated plasma region and the X-ray
dissociation region (XDR). HCN absorbing gas is located in the cooler molecule region next to XDR. HCN absorbing gas could be clumpy, and the line of sight passes
through several clumpy clouds with a different radial velocity.
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