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New insights into the study of magnetic ﬁeld in the clumpy torus of AGN
using near-infrared polarimetry
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We present J, H and Kn imaging polarimetry of IC5063. NIR polarimetry observations may advance our
understanding of the mechanisms of polarisation and hence magnetic ﬁeld strength in the torus of AGN. In these
proceedings we summarize the polarisation results of the central 1.2 aperture (∼263 pc) of IC5063. We present
a simple polarising model to account for various mechanisms of polarisation in the central regions of IC5063.
The model is consistent with dichroic absorption from diffuse stellar emission through dust in the nuclear bulge
and electron scattering as dominant mechanisms of polarisation at J and H. Dichroic absorption from aligned
dust grains within the torus of IC5063 is dominant at Kn with a visual extinction of Av = 48±2 mag by the torus.
Through the use of various components to the central engine of IC5063, we estimated the intrinsic polarisation
from dichroic absorption to be Pdic
Kn = 12.5 ± 2.7%. The dust grain alignment mechanism is assumed to be
produced by paramagnetic relaxation. In this case, the intrinsic polarisation, Pdic
Kn , and the visual extinction by the
torus, Av , are related with the magnetic ﬁeld strength. The magnetic ﬁeld strength is estimated to be in the range
of 12–128 mG, for the physical conditions and environments of the gas and dust in the NIR emitting regions of
the torus of IC5063.
Key words: AGN, torus—infrared: polarimetry.

1.

Introduction

The Uniﬁed Model (Antonucci, 1993; Urry and
Padovani, 1995) of Active Galactic Nuclei (AGN) holds
that all AGN are essentially the same object, viewed from
different lines of sight (LOS). A geometrically and optically thick, dusty, molecular torus is obscuring the central
engine from some LOS. In this scheme, the AGN classiﬁcation depends solely on the LOS and precise torus properties.
In the case when the LOS affords a direct view of the central engine, both the accretion disk and the broad emission
line region (BLR) are observed, showing strong UV/optical
continuum and broad and narrow emission lines, termed a
Type 1 AGN. At larger angles of inclination to our LOS,
the torus blocks the radiation from the BLR and continuum
with only narrow lines observed, termed a Type 2 AGN.
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The torus absorbs a substantial amount of ﬂux from the
central engine and re-radiates this energy in the infrared
(IR), predominantly in the mid-infrared (MIR; 7.5–25 μm).
Early models (e.g. Pier and Krolik, 1992; Granato et al.,
1997) assumed the material in the torus had a homogeneous
distribution. In order to reproduce the observed spectral energy distributions (SED) from wide photometric apertures,
these models extend the torus to sizes up to a few hundred parsecs. In the last decade, several studies have constrained the physical boundaries of the torus. The reverberation mapping study by Suganuma et al. (2006) estimated
an inner-radii of 0.01–0.1 pc, corresponding with the outer
radii of the BLR. High-resolution interferometric MIR observations (Tristram et al., 2007) in Circinus suggested a
torus outer edge of 2.0 pc, with a warm disk-like component of 0.4 pc radius.
Observations and theoretical models assuming homogenous torus have been shown to be in disagreement. Further models assumed a clumpy distribution of the torus
(Nenkova et al., 2002, 2008). These models present radiative transfer calculations of a clumpy media, proposing that
the dust is distributed in clumps, and correctly accounts for
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Fig. 1. Total ﬂux contours with polarisation vectors of the central 6 × 6 at J (left), H (middle) and Kn (right). A vector of 5% of polarisation is shown
at the top right of each plot. The lowest-level total ﬂux contour represents an uncertainty of 0.8% in the degree of polarisation. Contours are plotted
in intervals of 10% to the peak of the total ﬂux at each band. North is up and East left.

Fig. 2. Polarised ﬂux images of the central 6 × 6 at J (left), H (middle) and Kn (right) bands. North is up and East is left.

(a) the low temperatures close to the central engine; and
(b) the variety of SEDs produced by the geometry, clumpy
distribution and spectral features, such as the 10 μm absorption. The clumpy torus model is able to distribute the
clumps in a few parsecs, consistent with the observations
(e.g. Radomski et al., 2002; Jaffe et al., 2004; Packham et
al., 2005a). This means that the torus cannot be resolved at
optical/IR wavelengths, even with the resolution performed
from 8-m class telescopes. Recent high-spatial resolution
observations of Seyfert galaxies, for both types of AGN,
have shown that the clumpy torus model can account for
the NIR and MIR emission (see Mason et al., 2006; Ramos
Almeida et al., 2009, 2011; Alonso-Herrero et al., 2011).
These investigations permit, from a statistical view, an examination of the general properties of the torus, i.e. inclination to our LOS, number of clouds, covering factor, optical
depth of clouds, etc. However, the intrinsic properties of
the clumpy torus, i.e. the dust grain composition, grain size,
grain alignment, etc. remain unknown.
Polarimetry techniques shown a powerful potential to obtain the intrinsic properties of the torus. Several polarimetric studies in the IR to NGC1068 (Mason et al., 2007; Packham et al., 2007) have demonstrated this potential, constraining (1) interstellar dust properties; (2) upper-limit diameter of the torus; (3) mechanisms of polarisation and
hence magnetic ﬁeld directions involved in the central few

pc.
With the aim to calculate the magnetic ﬁeld strength
in the torus of IC5063, we used polarimetric observations
through the J, H and Kn bands. We developed a polarisation
model to ﬁt the total and polarised ﬂux, allow us to interpret the different mechanisms of polarisation to the central
engine of IC5063. Further estimates of the extinction to the
central engine through different wavelengths, allow us to
interpret the origin of the NIR polarisation.

2.

Nuclear Polarisation

Polarisation maps of the total ﬂux at J, H and Kn are
shown in Fig. 1. In these ﬁgures, the overlaid polarisation
vectors are proportional in length to the degree of polarisation with their orientation showing the PA of polarisation.
The lowest-level total ﬂux contour represents an uncertainty
of 0.8% in the degree of polarisation. The polarised ﬂux images at J, H and Kn are shown in Fig. 2.
At J, the extended polarisation can be interpreted to be
dichroic absorption of diffuse stellar emission though the
dust in the nuclear bulge. At H, biconical structure in polarisation ﬂux and the centrosymmetric polarisation pattern
in the polarisation maps are observed. This structure has
a strongly correspondence with the [OIII] ionised structure
observed by Colina et al. (1991) and with the triple structure observed at 8GHz by Morganti et al. (1998). This spa-
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Fig. 3. Model ﬁt to the total ﬂux in a 1.2 aperture (left panel). The diffuse stellar emission through the nuclear bulge (dotted line), AGN through torus
(dashed line), ionisation cones (dashed dotted line) and the total (solid line) are shown. Model ﬁt to the degree of polarisation (middle panel) and
polarised ﬂux (right panel) in a 1.2 aperture are shown. Polarisation produced through the dichroic absorption by the diffuse stellar emission in the
nuclear bulge (dotted line) and within the torus (dashed line), electron scattering (dashed dotted line) and total (solid line) are shown.

tial correspondence provides the ﬁrst polarised ﬂux imaging
observations of the biconical structure of IC5063, consistent
with the uniﬁed models. At Kn , a highly polarised point-like
source is observed.
The degree of polarisation in a 1.2 aperture at J,
H and Kn are measured to be 2.7±0.7%, 2.5±0.9%
and 7.8±0.5%, respectively. The PA of polarisation is
wavelength-independent and measured to be 3±6◦ in the
three ﬁlters. The measured PA of polarisation is entirely
consistent with the PA of polarisation of 3±2◦ measured by
Hough et al. (1987) along the J, H and K ﬁlters, and ∼3◦ using optical (0.45–0.70 μm) spectropolarimetry by Inglis et
al. (1993).

Table 1.
Description
Gas temperature
Grain temperature
Grain size
Cloud column density

Parameter
Tgas
Tgr
a
n

Value
104 K
800–1500 K
10−6 –10−5 cm
104 –105 cm−3

the estimated polarisation through dichroic absorption from
diffuse stellar emission in the nuclear bulge Pdiff
Kn = 0.5–
2.7%; (3) the fractional contribution of the AGN to the tototal
AGN
= 1.3); and (4) the
tal ﬂux (AGNratio
Kn = FluxKn /FluxKn
fractional contribution of the dichroic absorption within the
torus (AGNdic
Kn = 89%). Speciﬁcally, the intrinsic polari3. Polarisation Model
sation through dichroic absorption within the torus, Pdic
Kn , is
We have developed a polarisation model to investigate estimated as:
the polarisation mechanisms in the nuclear 1.2 aperture of
 

 obs
dic
diff
ratio
dic
IC5063. The near-infrared (NIR) polarisation from IC5063
Pdic
Kn = PKn − PKn − PKn × 1 + AGNKn ×AGNKn (1)
contains contributions from various processes: (1) dichroic
absorption from diffuse stellar emission through dust in the
Finally, the intrinsic polarisation arising from dichroic
nuclear bulge; (2) electron scattering from ionisation cones; absorption within the torus is estimated to be Pdic =
Kn
and (3) dichroic absorption arising from aligned dust grains 12.5±2.7%.
within the torus. The best ﬁt to the measured total and
polarised ﬂux, and degree and PA of polarisation are shown 5. Magnetic Field in the Torus of IC5063
in Fig. 3. The model is consistent with dichroic absorption
We considering the physical conditions and environments
from diffuse stellar emission through dust in the nuclear of the gas and dust within the torus of IC5063. The gas
bulge and electron scattering as dominant mechanisms of temperature in the BLR reaches values of T = 104 K
gas
polarisation at J and H. Dichroic absorption from aligned (Netzer, 1987). The grain temperature in the clouds of the
dust grains within the torus of IC5063 is dominant (89%) at torus are assumed in the range of 800–1500 K, dependent
Kn with a visual extinction of Av = 48±2 mag by the torus. on the size and grain type i.e. graphite and/or astronomicalsilicates (Nenkova et al., 2008). The grain size is assumed

4.

Intrinsic Polarisation Arising from Dichroic to be in the range of 0.001–0.01 μm. The column densities
Absorption within the Torus
of individual clouds was calculated speciﬁcally for IC5063,

The intrinsic polarisation to the central engine of IC5063
arising from dichroic absorption within the torus is estimated. We corrected the measured degree of polarisation of

Pobs
Kn = 7.8±0.5% in a 1.2 aperture at Kn by (1) the degree
of polarisation through dichroic absorption from diffuse
stellar emission in an off-nuclear region (Poff
Kn = 0.2%); (2)

assuming the following parameters: (1) from clumpy torus
model, Alonso-Herrero et al. (2011) obtained a radius of
2.4 pc and a number of clouds of 14±1; and (2) the gas
column densities, as derived from NIR molecular hydrogen
lines, ranging 1–10 × 1023 cm−2 (Davies et al., 2006; Hicks
et al., 2009). The column density for individual clouds in
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Fig. 4. Sketch of the homogeneous (left) and clumpy torus (right). For the homogeneous torus, the inner side of the torus emits in NIR, the middle
regions emits in MIR, and the outer side emits in FIR. For the clumpy torus, the NIR emission arises from the inner side of the directly illuminated
clouds, while the MIR and FIR emission is produced from the shadowed side of the clumps (see Fig. 5). Note that clumps located at different distances
can produce the same emission at a speciﬁc wavelength.

the torus of IC5063 is in the range of 104 –105 cm−3 . A
summary of these physical parameters is made in Table 1.
Dichroic absorption by aligned dust grains have been
attributed to be the polarising mechanism within the torus.
Davis and Greenstein (1951) argued that the alignment can
be produced by the rotational dynamics of the grain with the
environment temperature and/or by the local magnetic ﬁeld.
The orientation of dust grains by a magnetic ﬁeld is called
paramagnetic alignment, through which grains are become
oriented with their long axis perpendicular to the magnetic
ﬁeld lines. These models have been highly successfully
applied to studies of dust grains in molecular clouds (i.e.
Lazarian, 1995; Gerakines et al., 1995). Hence, if we
assume that the dust grains within the torus are aligned
by paramagnetic relaxation, the polarisation, P(%), and the
visual extinction, Av , are a function of the magnetic ﬁeld
strength (Vrba et al., 1981). Here, an adapted version of
equation (8) by Vrba et al. (1981) is presented to be:

Tgr
(γ − 1) 1 −
Tgas
(2)
where, χ  , is the imaginary part of the complex electric
susceptibility, a measure of the attenuation of the wave
caused by both absorption and scattering; B is the magnetic
ﬁeld strength; γ is the ratio of inertia momentum of the dust
grains; Tgr , is the grain temperature; a, is the grain size; ω, is
the orbital frequency of the grains; n, is the column density
in the cloud; m H , is the mass of a hydrogen atom; k, is the
Boltzmann constant; and Tgas , is the gas temperature.
Purcell (1969) showed that the lower bound for the most
interstellar grains, the ratio χ  /ω is (see review Aannestad
and Purcell, 1973)
67χ  B 2
P(%)/Av =
75aωn



2π
m H kTgas

1/2



where, ab , is the grain axial ratio. A typical value of b/a
for interstellar dust grains is ∼ 0.2 (Aannestad and Purcell,
1973; Kim and Martin, 1995).
Although, Vrba et al. (1981) developed the model for Vband, further studies (Gerakines et al., 1995) have shown
that is also applicable at K band. Using the physical conditions shown in Table 1, the intrinsic polarisation arising
from dichroic absorption, Pdic
Kn = 12.5 ± 2.7%, and the visual extinction, Av = 48±2 mag, by the torus, the magnetic
ﬁeld strength is estimated to be in the range of 12–128 mG.
Modjaz et al. (2005) estimated a magnetic ﬁeld strength
of 90 mG for the water vapor maser at 0.2 pc of the central
engine of NGC4258 using polarimetric observations with
VLA and the GBT at 22GHz. Although for different objects, and at different spatial locations, the range of magnetic ﬁeld strength we determinate compared well to that
by Modjaz et al. (2005).

6.

Discussion

We present J, H and Kn polarimetry observations of
IC5063. The observations shown a highly polarised,
Pobs
Kn = 7.8±0.5%, point-source at Kn with a wavelengthindependent PA of polarisation of 3±6◦ in all three ﬁlters.
To investigate the mechanisms of polarisation to the central engine of IC5063, we developed a polarisation model
to ﬁt simultaneously the total and polarised ﬂux, the degree and PA of polarisation in a 1.2 (∼263 pc) aperture of
IC5063. The model is consistent with dichroic absorption
from diffuse stellar emission through dust in the nuclear
bulge and electron scattering as dominant mechanisms of
polarisation at J and H. Dichroic absorption from aligned
dust grains within the torus of IC5063 is dominant (89%)
at Kn with a visual extinction of Av = 48±2 mag. by the
torus. Through the use of various components to the central
χ 
= 2 × 10−12 Tgr−1
(3) engine of IC5063, we estimated the intrinsic polarisation
ω
from dichroic absorption to be Pdic
Kn = 12.5±2.7%.
Estimates of the extinction to the central engine of
The ratio of the inertia momentum of the dust grains, γ ,
IC5063 at different wavelengths (X-ray, NIR and MIR) prois deﬁned as:

 
vide further constrains on the extinction by torus. The ex1
b 2
γ =
+1
(4) tinction calculated at those wavelengths, shown wide varia2
a
tions in the visual extinction depending on the wavelengths
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Fig. 5. Sketch of the emission and polarisation of an individual directly illuminated cloud in the clumpy torus. (1) The central engine emits radiation
that is absorbed by the cloud, (2) the radiation in the outer layers of the cloud is polarised by the passage of light through the aligned dust grains, and
the NIR polarised emission can be in the direction of our LOS. (3) Those rays with direction to the nucleus of the cloud, are completely extinguished.
(4) and (5) the difference of temperature in the cloud produces that the warm dust in the middle and back side of the cloud emit in MIR and FIR,
respectively.

on which the estimate is based on. Our interpretation of
this are (1) the total ﬂux in the NIR wavelengths is from the
directly illuminated torus inner-edge or inner-facing dust
clump face (i.e. the surface of the dust clump that is directly
illuminated by the central engine, Fig. 4) or perhaps the central engine itself (Kishimoto et al., 2005, 2007, 2008); and
(2) the NIR polarisation arises as the torus dust grains are
aligned, most likely by the central engine’s magnetic ﬁeld
(see Fig. 5).
In this scheme, an individual cloud of the clumpy torus
can (dependent on the cloud’s position and distribution of
other clouds) absorb radiation from the central engine on
the inner-facing face. This dust will re-emit radiation at NIR
wavelengths in all directions. Some of this radiation will
be self-absorbed by that clump, and some will be emitted
into free space. A small amount of ﬂux will be emitted
and penetrate the dust clump at a glancing angle, leading to
obscuration and dichroic polarisation from only a portion of
the dust clump (see Fig. 5).
We adapted the model by Vrba et al. (1981) to obtain the
magnetic ﬁeld strength in the NIR emotion regions of the
torus of IC5063. Note that the model does not take into
account for inhomogeneities and/or turbulences within the
torus. Hence, our estimate of the magnetic ﬁeld strength
in the range of 12–128 mG represents a lower-limit for the
NIR emitting regions of the torus of IC5063.
In this proceedings we are attempting to calculate the
magnetic ﬁeld strength of the clumpy torus in AGN. Specifically, through NIR polarimetry we are attempting to characterize the magnetic ﬁeld structure below the spatial resolution of the telescope. Hence, wavelength coverage is
crucial in our study. High-spatial resolution plays an important role in the reﬁnement and/or modiﬁcation of the
models presented here. The next generation of polarimeters, such as adaptive optics optimized imaging polarimeter
in the NIR (1–5 μm) MMT-POL (Packham et al., 2010)
at the 6.5-m MMT, the MIR polarimeter (7.5–13 μm) CanariCam (Packham et al., 2005b) at the 10.4-m GTC will
provide a high spatial resolution and polarisation sensibility that will allow us to reﬁne and/or modify these studies.
Also, mm-polarimetric observations with ALMA will allow
to reﬁne intrinsic properties of the torus, i.e. dust density,
grain sizes, temperature.
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