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Abstract. Adaptive optics observations afzc 1068 have al- dusty/molecular torus. Along some lines of sight, the torus ob-
lowed us to reach with a 4 m class telescope, diffraction-limitestures and even fully hides the central engine and the BLR.
images at 3.5m (FWHM=0.24") and 4.8um (FWHM=0.33") In that respect, the casewfic 1068, a bright Seyfert 2 ac-
of the central arcsec region. These observations reveal the ptigs-galaxy, is particularly enlightening. The spectrophotometry
ence of an unresolved core (radius less than 8 pc at Half Max-polarized light reveals the presence of a hidden BLR (An-
imum) and an 80 pc sized “disc-like” structure at P-ALOC°, tonucci & Miller 1985), the conical shape of the narrow line
which is interpreted as the dusty/molecular torus invoked in thegion (NLR) — both on large (Pogge 1988) and small (Evans
AGN unification scheme. They show as well an extended emét-al. 1991) scales — indicates that the ionizing radiation is col-
sion region along the NNE-SSW direction, of 100 pc full sizdimated by an opaque blocking torus and, finally, the symmetry
most probably associated with dust in the NLR. The position oénter of the UV/optical polarization map (Capetti et al. 1995)
the unresolved core at 3.5 and 4.8 is found to be coincident is found to be coincident with the radio core (Gallimore et al.
with that of the core observed at 2:&h and outlines the loca- 1996a), the 12.4m peak (Braatz et al. 1993) and the maser
tion of the central engine in the AGN sf:c 1068. Considering emission (Gallimore et al. 1996b), suggesting that this is the
as well previous AO observations at 2.2 we infer that there location of the hidden true nucleus.
must exist a very steep gradient of the dust grain temperature, This object appears then particularly suitable for unveiling
close to the central engine. At a distance of 30 pc from the cehe putative torus through its infrared emission, which, accord-
tral heating source, the dust grain temperature deduced frimg to current models should be quite strong (e.g. Pier & Krolik
the [L-M] color is found to be~500 K. The mass of warm dust1992a, b, 1993; Granato & Danese 1994, Efstathiou et al. 1995;
(T, >500K)inthe 0.6 diameter coreis foundto be0.5M;. Granato et al. 1997). In this search, high spatial resolution is
The spectral energy distribution from 1 to Afh is provided for a requisite in order to locate very precisely and to character-
the 0.6’ diameter core. These results are briefly discussed in ilae the structure of emission sources. Hence, adaptive optics
context of current torus models. (hereafter abbreviated AO) in the 1 window is the tool. At

the distance okcc 1068 (14.4 Mpc), 1’ is equivalent to 72 pc
Key words: galaxies: individual: NGC 1068 — galaxies: Seyferfassuming =75 km/s/Mpc), allowing us to reach a spatial res-
—galaxies: nuclei —infrared: galaxies — galaxies: active — instmiution of a few parsecs. Through AO observations, simultane-
mentation: adaptive optics ously in the visible and near-infrared, the 2:2 peak emission
has already been found to be offset49.3’ S of the optical
continuum peak as defined by Lynds et al. (1991) and to be
1. Introduction coincident with the previously identified “hidden true nucleus”

(Marco et al. 1997). In the current study, we are presenting new
Series of observational facts assembled over the past deageggits obtained at 3.5 and 4.8 with ADONIS, the AO sys-

on Active Galactic Nuclei have led to the so-called “unifiedfem working at the ESO 3.6 m telescope on La Silla and fully
model of AGN (for a review of these facts, as well as for the derescribed in Beuzit et al. (1994).

tailed characteristics of the unified model see Krolik 1999). Our
current specific interest in the unified model is that the central . .
engine (black hole and accretion disk) and its close environméntObservations and data reduction

(dense gas clouds emitting the broad lines which constitute ¢, ohserving run took place from August 13 to 19, 1996, under
broad line region, BLR) are embedded within an optically thick, ~a|jent seeing and transparency conditions (Table 1).

Send offprint requests t®. Marco The AO correction was performed on the brightest spot of
* Based on observations collected at the European Southern Ob¥étC 1068 in the visible continuum light (Lynds et al. 1991).
vatory, La Silla, Chile. The wavefront sensor (EBCCD after a red dichroic splitter) has

Correspondence t@mmarco@eso.0rg a pixel size of 0.7 and takes into account the gravity center of
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Table 1. Summary of the data sets tion, we applied a selection procedure of 32-images data cubes,
based upon the seeing value and the Strehl ratio. The corre-
filter A Tint Tiotar Strehl  visible  airmass sponding equivalent integration times are reported in Table 1.
[pm]  [s] [s] [%]  seeing[’]
L 3.48 6.0 1152 28 0.7 1.23 : :
M 483 15 790 36 0.55 115 3. Wavefront analysis sensing
PAH 331 60 1440 25 0.66 1.25 To better interpret thescc 1068 observations with ADONIS,

we need to track precisely which visible imagexafc 1068 is
seen by the wavefront analysis sensor (WFAS) in its evaluation

the light within a & diameter circular entrance. Due to the pixedf the AO correction.
size of the wavefront sensor, the contribution of the continuum In order to recover this information, we have used HST im-
and the lines from the central 50 pc around the Lynds et ages with 45 mas pixel size both in the continuum and in the
(1991) peak both fall in one pixel: so the contrast is maximuriines (F791W, F547M F658N, and F502N), properly aligned

The detector was the COMIC camera (Lacombe et al. 199and flux scaled to a same 1 sec exposure at the entrance of the
at the /45 Cassegrain focus, which provides an image scalg&g¢scope, to construct a composite image which mimics the
0.1”/pixel, resulting in a field of view of 12/8< 12.8'. one seen by the WFAS. The image alignment was performed

NGC 1068 was observed in an imaging mode through thgsing point-like sources in the field of view, which allows a
standard spectral L (3.48n), L’ (3.81 um), and M (4.83:m) registration within 10 mas (Tsetanov, private communication).
bands and through a circular variable filter for the PAH (lingéhe flux scaling has included corrections for the exposure time
3.3um rest wavelength, and continuum). Through the L, L’ anaf each image and the mean HST camera efficiency over the
M bands, we observed in a chopping mode, alternating objeorresponding filter. Then, each of these corrected images has
and sky images by the use of a field selection mirror. We chdggen weighted by the corresponding mean WFAS wavelength
an offset of 10 to the N and 10 to the W. response, before addition. We find indeed that the light received

During the six nights, the visible seeing was measured fipm NGc 1068 on the WFAS is largely dominated by contin-
the ESO differential image motion monitor. It was excellentum light and is not much weighted by the [O llI] - line light
during four nights, ranging from 0”4to 0.7’. Therefore, the distribution.
efficiency of the AO correction was optimal and the images And finally, to mimic the image seen on the WFAS CCD,
obtained with COMIC were diffraction-limited. However, therom which the AO corrections are computed, we have degraded
gain of the intensifier was not optimized at that time, whicthe HST composite image by a “seeing” effect-ol”: this
resulted in Strehl ratios lower than expected. includes both an atmospheric effeet.6’” according to the

In order to minimize position offsets between the calibramean seeing value -FWHM- measured on the selected nights of
tion star and the AGN, we selected a reference star withirttee observing run) and the instrumental spread function (9,85
degrees of the target. For both the galaxy and the point spragtich is rather large because of the photocathode -CCD spacing.
function (PSF) reference star, the air-mass was at most of 1A8,the WFAS takes into account, to compute the AO correction,
ensuring differential refraction effects to be negligible (less thake light centroid over a’6circular diaphragm, we have derived
one pixel). the light centroid within a6aperture onthe degraded composite

Individual exposure times were chosen so as to observe &$T image. This position is the reference for the WFAS.
der conditions of background limiting performances (BLIP). In We need also to locate the centroid of the degraded HST
this way, the readout-noise is dominated by the background pkomposite image with respect to the Lynds visible peak, as
ton noise, and we just take an average of the images to improveasured from the HST image F547M. We find a slight off-
the signal-to-noise ratio. We observed several photometric staat between the visible centroid and the Lynds visible peak: the
dard stars to obtain a precise flux calibration and another stavigible centroid (usingicc 1068 for the correction) is located
determine the PSF for later deconvolution. 99 mas to the N and 86 mas to the E of the Lynds peak. This

Standard infrared data reduction procedures were appliféset is taken into account in our estimate of thec 1068
to each individual frame, for both the galaxy and the referenitdrared sources location (Sect. 4.1). The offset may differ from
stars: dead pixel removal, sky subtraction, flat fielding from slgne AO system to another. In the case of ADONIS, the offset is
images at each wavelength. As the AO system compensateddigely due to the 6entrance to the WFAS.
image shifting, no additional shift correction was applied.

Thanks to the length of our observing run, we obtainedf\
largely redundant data set. We discovered in particular that we
had experienced a problem of astigmatism during 2 nights, dd#e presentin Fi@l1 the L and M band imagesiat: 1068. We
to an inappropriate tuning of the visible wavefront sensor leadsed a magnitude (log) scale because of the high dynamics of
ing to a very low signal to noise ratio on the Shack-Hartmarthe images provided by the AO. The images have been decon-
analysor (Alloin & Marco 1997). Being aware of this flaw, wevolved using a Lucy-Richardson algorithm (MIDAS package).
decided to review in depth the AO optimization parameters five have also observedzc 1068 in the L' band: this image is
the entire data set and to remove all suspicious blocks. In adgéry similar to the one obtained in the L band. Thus, our current

Data analysis
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Fig. 1. Left: L band image oficc 1068. Right: M band image ofcc 1068. North is up, East is to the left.

data analysis and subsequent discussion will be based onférent types, piezo-stack for ADONIS and bimorph for PUEO.
two L and M bands, only. The Lucy-Richardson deconvolution applied on both data sets

The L and M band images show: uses PSFs obtained in two different ways: we used an observed

i) an unresolved core down to the resolution (FWHM) aoftellar PSF in the case of the ADONIS data set — as the L and
0.24’ (16 pc) and 0.33(22 pc), respectively at 3.5 and 48:. M band data are less sensitive to rapid PSF fluctuations — and
This core has already been observed a3y Chelli et al. we used the PSF recovered from the AO loop parameters in the
(1987) and at 2.2m by Marco et al. (1997), Thatte et al. (1997rase of the PUEO data set. The two AO experiments differ in
and Rouan et al. (1998). The latter give an upper limit of theany aspects, while leading to a similar result for the structure
core size (FWHM) of 0.12 (less than 8 pc). of the AGN dusty environment. Therefore we are quite confi-

i) an elongated structure at P.A100 particularly promi- dent that this structure is real and not hampered by significant
nent in the M band, but also quite well outlined in the L bandO artifacts (Chapman et al. 1999). Finally it should be noticed
This structure is obviously coincident with the structure seenthat the high resolution image of the AGN ¢ 1068 ob-
the K band by Rouan et al. (1998) and is roughly perpendicutained in the K band with the AO system at the Keck telescope
to the axis of the inner ionizing cone (P.A.Z1%vans et al. (www2.keck.hawaii.edu/realpublic/ao/ngc1068.htral)eals a
1991). It extends in total over80 pc, with a bright spot at eachcomparable structure, pending that a precise orientation and a
of the~E and~W edges at a radius ef25 pc from the central scale be provided for the Keck AO data set.
engine.

iii) an extended emission along the NS direction, almoit
aligned with the radio axis and the ionizing cone axis. At low’
level isophotes (in particular in the L band), a change in the
direction of the axis of this emission can be noticed, reminiscehs it was not possible to observe simultaneously in the visible
of a similar change of direction of the radio jet (Gallimore et aiind in the infrared, we took advantage of a characteristic fea-

1. Location of the emission peaks at 3.5 andi48
and nature of the unresolved core

1996a). ture of AO systems which is to preserve the optical center for all
Down to faint levels, the 4.8m thermal infrared emission objects: the infrared camera field has a position fixed in regard
appears to be extended ove8” in diameter £210 pc). to the centroid of the visible counterpart of the object observed.

It is striking that the two different AO systems used, ADOIdeed, by observing a star (PSF or photometric standard), we
NIS for the L and M bands and PUEO for the K band, revealdetermine a reference position in the infrared image to within
similar structure of the AGN environment. These AO systentige precision we are aiming at in this study (better than one
are using WFS of different types, Shack-Hartmann for ADONIiBfrared camera pixel, 07). Any offset of the galaxy infrared
and curvature for PUEOQ, as well as deformable mirrors of difeak relatively to the star infrared peak would then reveal an
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Table 2. Photometric data faxcc 1068. Observed fluxes are in Jy. I\II ]\IA ]|~ I|< II{ |J
1
filter aperture radius -
03" 04 05 06 09 15 -
L 092 134 178 209 276 3.40 N 0
M 227 323 441 530 7.18 9.73 =
»
ERYE
=
on

intrinsic offset between the galaxy infrared light peak and th§
galaxy visible light peak. This is a method for positioning in- -2 |-
frared versus visible sources in the AGN.

To improve the precision, we have fitted the PSF and the | | | |
NGC 1068 emission peaks by Gaussian profiles. TheLand M 134 136 13.8 140 142 144
band peaks inGc 1068 are coincident within the positional Log frequency (Hz)
precision given above. We have also derived the position of s )
this L and M peak inNGc 1068 with respect to the visible F_lg.Z.SEDolfthecentraI O.6d|am(_etercore (the value for the Nbandis
peak, following the procedure described in Sect. 3: it is offs%'f’tfn(ﬁ.ro'g , hence the d?Shed l'ne. between the.M f”‘”d N bands)'_The
by 0.3 + 0.05” S and0.1 4 0.05” W of the visible continuum otted line repre_sen_ts an interpolation for establishing the lower-limit

. S . of the dust contribution in the K band.
peak and therefore is found to be coincident with the K band
emission peak (Marco et al. 1997), within the error bars.

Therefore, the compact core at 3.5 andgh8can be iden- cone from HST data (Evans et al. 1991) and hidden behind the
tified with the unresolved core detected at 202 (Marco et al. disc of the galaxy in its southern side. Additional local heating
1997; Thatte etal. 1997; Rouan et al. 1998), itself found to be qrocesses, e.g. related to shocks induced by the jet propagation,
incident with the mid-infrared emission peak at 1214 (Braatz might be at work as well along the NS extension. The latter sug-
et al. 1993), the radio source S1 (Gallimore et al. 1996a, b) a@sstion stems from the conspicuous change of direction of the
the center of symmetry of the UV polarization map (Cape@imission at 3.;vm, following that of the radio jet. Indeed, Kriss
et al. 1995). This strengthens considerably the interpretatioredfal. (1992) have shown through the analysis of line emission
the core infrared emission originating from hot/warm dust #atinNGc 1068 the emitting gas in the NLR is partly excited
the immediate surroundings of the central engine. through shocks triggered by the radio jet.

4.2. The torus-like structure at 3.5 and 4.t 5. Fluxes, SED and variability

The location, position angle and extension of the RAO® The spectral energy distribution (SED) of the central region of
structure are strongly suggestive of a dusty/molecular torus. Tthe AGN is an essential parameter in the modeling. To derive
two bright spots on the edges of the structure outline the “diskiffis quantity, spatial resolution is obviously needed to disentan-
nature of the torus, up to a radius ®#0 pc from the central gle the different sources of emission — dust, stars, non-thermal
engine. This dusty/molecular torus would be responsible for taeurce — and, in that respect, AO observations bring precious
collimation of UV radiation from the central engine, leading téhformation.
the ionizing cone (Pogge 1988; Evans et al. 1991). The over- Fluxes at 3.5 and 4,8m have been measured through cir-
all spatial extension of the torus is found to 480 pc at 3.5 cular apertures centered on the near-infrared peak, with a radius
and 4.8:m, while it appears to be slightly smaller at &, varying from 0.3 to 1.5’ (22 to 100 pc). They are depicted
~50pc. Under the very simple assumption of optically thick Table[2. A weak PAH line emission at 3:& has been de-
grey-body dust radiation (Barvainis 1987), it is well understodected as well, although no flux calibration is available for this
that the emission at 2/2m traces hotter dust (#1300 K) than observation, unfortunately.
the emission at 4.8m (T~600K). The observed difference in ~ The aperture flux density as a function of radius, over the
size would then signal the existence of a temperature gradigggion 22 pc< r < 100 pc, can be fitted with a power law: we
of the grains across the torus. find Fr, oc 7=1:%5 and Fy; oc »~199 (where the flux unit is
Jylarcset).

From the set of AO images (this paper and Rouan et al.
1998), as well as high resolution images obtained atrh@Al-
The NS extended emission (overall exter®” down to faint loin et al. 1999), we have reconstructed the SED of the core
emission levels) is also detected at 212 on a similar scale emission through an 0/6diameter diaphragm, as shown in
(Rouan et al. 1998) and at 10 and;2@ on a larger scale, al- Fig.[2. Therefore, this SED refers only to the central engine
though along a similar P.A. (Alloin et al. 1999). This structurand its immediate environment (including the inner parts of the
can be related to the emission of hot/warm dust associated wdtksty/molecular torus as well as some contribution from the NS
NLR clouds identified in the northern side of the ionizatioextended structure). In this plot, the contribution from the stellar

4.3. The North South extended emission
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component has been removed in the J and H bands, followireple 3. Comparison of the infrared fluxes (given in Jy) at two epochs
the spatial profile analysis performed by Rouan et al. (1998)a 3’ diameter diaphragm
while this is not the case in the K band. The part of the near-

infrared to mid-infrared emission which is arising from hot to J H K L M N
warm dust grains can be represented by a series of grey-bodigsy 0.13 03 08 34 97 215
of different temperatures and this summation is expected to 1875 03 17 53 179

sultin a smooth distribution. Yet, an emission bump ariis

observed, which could be interpreted as the unremoved stellar . o
contribution in the K band, within the 0’@liameter diaphragm. the independent photometric monitoring by Glass (1997), the L

Under this assumption, an upper limit of 75% for the stellar cof&nd (3.:m) flux has doubled in 18 years, from 1974 to 1992:
tribution to the flux at 2.2:m, can be derived. This upper limitOUr resultis in very good agreement with his finding.
remains far larger than the 6% effectively derived by Thatte Because of the possibly complex way through which the
et al. (1997) within a 1 diameter diaphragm, on the basis op/V-optical photons illuminate and heat the dust grains (direct

the dilution of the equivalent width of a CO absorption featy/@nd/or indirect illumination via scattering on the mirror to the N
arising from cold stars. of the central engine or on dusty regions further out, Miller et al.

In any case, a revision of the AGN modeling farc 1068 1991), it is not possible to infer the size of the dust component
should incorpo,rate the 1 to 1Gn SED derived for the inner- from light-echo effects acting differentially in the near-infrared
most region around the central engine and therefore less affec@8d Mid-infrared bands.
by dilution from other surrounding components (in particular

cleaned from the stellar contribution). 6. Colors, dust temperature and mass of dust
It is interesting as well to compare these 1996/1997 mea-

surements in the infrared to those performed by Rieke & Loﬁ\pll'owing Barvainis (1987), we asslu6me the emissivity of the

as early as 1975. Therefore, we have derived, for tHéidi3 gralnsl t? deper;ld Ohr_‘ Vll’aVe|egggh)Z’5 © and V\{E#geBa simple

ameter diaphragm, the 1996/1997 observed fluxes at 1.25, ﬂ%ﬁe E optica ylt lckgrey- fo yAlgileT]'ss' ; v (Ler)-

(both uncorrected for the stellar contribution), 2.2, 3.4, 4.8 and n the genera S|tL_|at|on ot an , the gran temperc_ature

10um, from Rouan et al. (1998), from the current data set angries strongly with distance to the central engine, following a

from Alloin et al (1999) ' power law (Barvainis 1987)T,,(r) = 1650L%;{%sr 3¢ K,
Before examining the temporal behavior of the near-infrarderé Luv.se is the UV luminosity in units ofl0* ergs st

emission inNGe 1068, the 1997 flux measurements in the KNdr the radial distance in parsecs.

band can be compared to previous determinations. We con-

sider again a’8diameter diaphragm and compare the 1997 A®1. Color gradients in the near-infrared

measurementto classical photometric measurements. Generally

those are performed through much larger diaphragms. Howefe}-1- Colors of the core

Penston etal. (1974) provide a full set of measurements throu®fying to our limitation in spatial resolution in the M band
diaphragms ranging from ¥20 2" diameter. Leaving aside the(rwHM = 0.33’), we can measure at best the [L-M] and [K-L]
measurements from this paper which have been flagged dawbrs of the core through an 0.6iameter diaphragm centered
for bad transparency or other flaws, we obtain the K magnitugg the near-infrared emission peak. We find [L-M] = 8.4

offsetwhen one moves from a'l@iaphragmto a'3diaphragm, and [K-L] = 1.8 + 0.2. It must be noticed however that the
AK = 0.85. This magnitude offset is not expected to vary witBontribution of stellar light in the K band (Thatte et al. 1997)

time because itrefers to the outer parts of the AGN-(110 pc).  has not been removed at this stage and that the observed [K-L]
Then, from the 12 diameter diaphragm measurements by Glagg|or does not relate only to the dust emission.

(1995), who analyzed the variability propertiesnafc 1068,

we can infer/extrapolate the K magnitude at the date of the AO

measurement by Rouan et al. (1998)=6.81. Applying the 6.1.2. Colors of the extended structure

magnitude offset computed above between thed® 3’ di-  As for the colors of the sources forming the extended structures,

ameter diaphragms, we predict that the K magnitude shogfld again because of different spatial resolutions in the K, L and

be of 7.66 at the date of the Rouan et al. (1998) observatignpands, we have considered the mean colors in a ring which

while the K magnitude measured is of 7.26. This agreementigtends from- = 0.3’ to » = 0.5". This ring does include the

quite satisfactory, given the rather large error-bars involved énitting regions forming the extended structures along the two

the Penston et al. (1974) data set which was obtained more thg8ctions P.A~100° and NS, at 3.5 and 4,8n, but excludes

25 years ago. in part the secondary peaks which delineate the extended struc-
A comparison of the fluxes within &'3liameter diaphragm tures at 2.2:m. Therefore, at 2.2m, the ring includes more

at both epochs, 1975 (Rieke & Low 1975) and 1997 (this paf the diffuse contribution possibly related with the stellar core

per) is depicted in Tablé 3. One notices immediately that a flasalyzed by Thatte et al. (1997). The colors found for the ring,

increase has occurred over this time interval: by a factor 2 hepresentative of a mean 0.fadius, are [L-M] = 1.6+ 0.4 and
tween 2.2to 4.3m, and by afactor 1.2, at Jan. Accordingto [K-L]=2.8 4+ 0.2.
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6.2. Dust temperature How can the lack of [L-M] color gradient between the’0.6
. o
The advantage of interpreting the [L-M] color is that the L and IZT,itri;g?vr: dagr?Jri]r?t;(;ng:rz jﬁigggisaizeggﬁﬁad; Given
band flux contributions are known to arise almost entirely frogl 12/ from Rouan et al. 1998) it can be inferred that the hottest
the dust component. Within the limitation in spatial resolutiogiJst grains are extrerﬁely confined and located at a radius less
from the M band data SeE' we do not detect any [L-M] colgf,, , 4 pc. With Ly, ., =810%° erg s !, they would be present
graﬂﬁgte\r’vt'thhénstige T::l;tsr:L’rlT:eglc:)nn (;‘flz)etciclacl)lwt'hick rev-bo donly uptor=1.1 pC. Hence, there must exist a very steep dust
P P P y grey Vemperature gradient close to the central heating source. Such

emission from the dF'St component, the observed [L-M] COI%rfew parsec scale corresponds to a resolution which is well
corresponds to a grain temperatiite~480 K. The foreground beyond that accessible at 3.5 & 4. In fact, the L and M
extinction to the core has been calculated by several authdrs . y ’

e o ! )
(Bailey et al. 1988; Bridger et al. 1994; Efstathiou et al. 1995 'SSlon We are measuring in an Oiameter core is already

o i ) Strongly dominated by the warm grains. Because of this sus-
Young et al. 1995; Veilleux et al. 1997; Glass 1997; Thatte L . . -
al. 1997; Rouan et al. 1998) and an estimatelof.30 mag S cted steep temperature gradient, the procedure applied previ

. . i . S ously to derive the stellar contribution in the 08 0.5’ radius
is retained. Applying a correction for such an extinction,

A Wﬁng cannot be used in the core.
deduce an intrinsic color [L-M] = 0.& 0.4 andT,,~700K.
The absolute luminosity.;yy,qp: Of the AGN inNGC 1068 —
assumed here to be the unique heating source of the dust gr&@ids Mass of the hot dust
n th? AG.N enywonment —can be approacheq only |_nd|rectlp/he mass of dust associated with the near-infrared emission
and is still quite uncertain. From the analysis by Pier et

. : g an be estimated only in a rough way, as it depends on the (un-
(1994) who have_ examined various methods for der|V|r_19 ﬂQﬂown) grain composition and grain size distribution. Assum-
absolute luminosity of the AGN inGc 1068 and summarize

h t Kk led thi i ded =% ing graphite grains and following Barvainis (1987), the infrared
€ i:grren 1nowe ge on this question, we de l.Jge?l’Pt —spectral luminosity of an individual graphite grain is given by:
4 10** ergs *. However it should be noted that this figure hasgr 4ma27Qy By (Ty) ergs s~ Hz~! wherea is the grain
- vBPu\Lgr

been obtained assuming a reflected light fractiQp;f~0.01, vir

while the consideration of ionized gas in regions further out ilraadius'QV = ¢ V7 is the absorption efficiency of the grains,
X SO ndB, (T,,) is the Planck function for a grain temperatdig.
side the ionization cone (ENLR) leads to a valugf ~0.001 (Tr) g P &

Following B inis (1987 . inth -
(Bland-Hawthorn et al. 1991). Then a value as high ag L, ollowing Barvainis (1987), we take=0.05um andnthe near

. . 5 infrared,q;, = 1.4 x 10724, v = 1.6 leading toQ,,=0.058 (f
=410%* ergs ! should be envisaged as well. In addition, mo meraKrebacr;]d) % K eading toQ (for

of these estimates have been derived without taking into ac
count the fraction of UV-optical flux which provides the dus{1

grains heating: already the K magnitude of the innermost COj8st grains in that region, hot grains at T=1500K and warm
—_ A H

(FX\{HM ~ 10'12 )’. 9.3, colrresponds toan energy outpubdl grains at T =500 K, matching the extreme values in that region.

10** ergs *. It might be important to consider the energy raSoIving the equatio, 2 F L yF for

diated in the near- to mid-infrared bands for the evaluation, i ee bands ava""a”gfgsu}r(edl_ and ”,(}ﬁ?é deri\?gggéKm] q

Of Lyv.opi- In conclusion, the figures currently available fog 1 7 o the number of ,gra’ins at 1500K and 500K respec-

Luv,opt I NGC 1068 _m|ght be lower I'm'j[s' . tively, in the 0.6’ diameter core. This indicates that there are
St|||,_un_der the S|_mple model of optically th'Qk grey-bodyN450 times more warm dust grains than hot dust grains in the

duster115|35|on,1reach|rigrm480 Katr= 2.8 pcrequires L‘Vv?i’t 0.6’ diameter core. The warm dust grains dominate the [L-M]

- 810 _ergs -, a value rogghly conS|stenF W'th the hlghes(t:olor. With a grain density=2.26 gcnt?, the mass of warm

figure given above for Ly, op¢ I NGC 10GS. This figure gOeSUp ot grains is found to ba! (warm dustj-0.5 Mo, This mass

— 46 1; i i
oLyv.opt = 6'51.0 ergs ifthe grain temperatur_e is0f 700K is above that of hot dust grains detected in two Seyfert 1 nuclei:
atr =28 pc (extinction-corrected estimate), pushing: 1068 .05 My, in the case okGc 7469 (Marco & Alloin 1998) and

to the limit between AGN and quasars. This question certai 02 M, in the case of Fairall 9 (Clavel et al. 1989). This result

deserves further attention and above all the consideration Lﬂ)ports the fact that only a small fraction of the dust present

more elaborated mpdel OT the dust region, with regard to ﬂ'?the torus is heated close to its sublimation temperature.
geometry and heating. This is beyond the scope of the current

paper and will be discussed in the future.

The [K-L] color in the extended structures can be contar: Grain number density in the warm dust
inated by some stellar contribution in the 2:2 band. From o i
grains atl},,,~480 K, which are the dominant contributors, wéh NGC 1068, like in other AGN (see for instancecc 7469),
expect a [K-L];.. color of 4.0. Given the observed [K-L] value,dUSt is _present also in thg NLR region (_see_ Eig. 1). It has been
we deduce that the percentage of the flux aj@awhich arises shown in Se_ct. 5 that the infrared emission ia th& M bandg
from the dust component (with at mdgj, ~480 K) is 30%. For over the regior22 < r < 100 pc follows a power-law. In addi-

this estimate, we have not considered any correction for extifion the temperature of the grains deduced from the [L-M] color
tion. has been found to remain roughly constant with radius. Thus, we

can derive the radial profile of the warm grain number density

" Because no [L-M] color gradientis detected towards th& 0.6
iameter core, we consider the simple case of 2 populations of
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in the NLR region,(r) o »—#. Under optically thin condi- 9. Conclusion

tions, probably applicable in the NLR, the brightness is directly

proportional to the grain number density. Then the observeHe observation, for the first time at high angular resolution, of

brightness power-law leads 1.0, suggesting a concentrated ¢ 1068 a_t 3’.'5 and 4.gm prowdes new information to_t_)unc_i
A . ! ; a more realistic model of this AGN under the current unification
grain distribution (a uniform grain density would correspond tgcheme

]% :r(galrr:)a?g 17 ‘;_')6(9'\}';??0\’;?2? (1133;[3;: omponent led to a figure With regard to the AGN structure, we do observe:
(i) an unresolved core, already known at 212 to have a size

(FWHM) less than 8 pc, and interpreted as the inner region of a
dusty/molecular torus in which the central enginevat: 1068
Several torus models have been developed so far to explaini§i@mbedded,
obscuration of the BLR and UV/X-ray continuum sources along) along P.A~100°, an extended emission up to 40 pc on ei-
some lines of sight (AGN unification scheme). Some of thegiger side of the core, particularly prominent at Ai88. This
models are generic, while others have been designed to majglcture, also detected at 2. up to 20 pc on either side
the case oficc 1068. of the core, is coincident in P.A. with the parsec-scale disc of
Pier & Krolik (1992a, b, 1993) propose a thick, parsec-scalignized gas detected with VLBI (P.A110°), and is found to
uniform density torus illuminated by a nuclear source. The dusé roughly perpendicular to the axis of the ionization cone in
can be heated up to the effective temperature of the nuclgaic 1068. We interpret it as the trace, up to a 40 pc radius, of
radiation at the inner edge of the torus. They investigate modgis dusty/molecular torus seen edge-on,
with effective temperatures between 500K and 2000 K. Sugh) an extended emission along the NS direction up to 50 pc
a model can explain the unresolved core observed at 2.2, ffidm the core and with rather symmetrical properties on either
and 4.§:m with AO in the particular case ofcc 1068. Does  side, both at 3.5 and 4/8n. Again, this extended emission is
it explain the extended near infrared emission also revealedditected, both at 2,2m on a similar scale, and at 10 and;2@

these observations? Indeed, extended emission dv&r 2’ on a slightly larger scale. It reveals the presence of dust in the
couldresultfrom reflected radiation from the torus and/or dustNLR, heated both by hard radiation within the ionizing cone

the NLR. Therefore, this model accounts for most of the featurggd by shocks associated with the AGN radio jet.

unveiled with high resolution imaging in the near infrared. tWith regard to the dust temperature and dust distribution in the

Efstathiou & Rowan-Robinson (1995) propose a model wi . .
. . . central arcsec of the nucleus, we get afinal picture as follows. As
a very thick tapered disk. They assume the melting temperatu{e

8. Comparison with thick tori model predictions

! ) : f .Close as ~1 pc from the central engine, the dust is heated up to
of all dust grains to be identical (1000K), but consider a rad.'ﬁls evaporation temperature, 1500 K. Then the dust temperature

distribution of the grain physical parameters (size and Chem'%aelclines very rapidly and reaches 00K atr < 28 pc. The

composition). In the case afac 1068, Efstathiou et al. (1995) - ) S
g tPtaI mass of warm dust within a 22 pc radius region is found to
have shown that the torus emission alone cannot account Q- round 0.8/
. @.

: o . : b
the total infrared emission. They attribute the excess mfrareg Itis observed as well that the near infrared fluxaf: 1068,

emission toa dls_trlbuuon_ O.f op_tlcally thin dus.t Wifl¥2 in the in the 2.2 to 4.8:m range, has increased by a factor of two over
NLR region. Their modelis in disagreement with the steep grain LY : ) .

. ; : some 20 years, while in the 1on window the flux increase is
temperature gradient across the torus, which we infer to exis

close to the central engine. Conversely, the dust postulatec? P;Iy by a factor of 1.2.

. . . ... Our results bring observational evidence of a dusty torus in
?heeﬂgsggggé?e NLR by their model is indeed detected W'ttHe AGN ofNGc 1068. They further support AGN modelling in

Granato & Danese (1994) and Granato et al. (1996, 19é25frameworkofthe unification scheme: a thick torus surround-

developed a simple thick{ >30) torus model extended over 9@ central engine (black hple and accretion Q|sc). Although
LT several models of the AGN inGc 1068 are available, none
several hundreds pc. To minimize the number of free model pa-

rameters, they have adopted a dust density distribution cons{gr?fCheS in detail all the aspects of the current near-infrared re-

. o Sults obtained at a subarsec scale. Such new observational con-
with radial distance from the nuclear source. But, they do not . : o
ISR traints make it both timely and exciting to run updated models.

rule out the possibility, in the case of smaller values of the op st we are aware that the most convincing and undisoutable
cal depth £.=1.5), that a more concentrated density distribution”’ 9 b

exists. Their predicted size and shape for the near infrared e alrsgument for the presence of the torus-like structure will come

sion are compatible with those derived through AO observatig?rrlgm a study of the kinematics of the gas W'th”? the 100 central
at2.2,3.5 and 4.8m. parsec ofNcc 1068. We expect such information to be soon

A revised modeling of the AGN ivac 1068 is timely, obtained from ISAAC/ANTU observations on Paranal.

owing to the emergence of sub-arcsec resolution images inthi ed Y v thank J.P. Vi dE. Gendron
near infrared (AO techniques) and in the millimeter range (it‘e‘-C nowledgementaiVe warmly thank J.P. Veran and E. Gendron for

terferometric techniques), giving direct access to the dust useful discussions, F. Lacombe for his help on the data reduction and Z.
. q » gving ) A% tanov for his precious contribution in deriving the HST composite
molecular environment of the central engine.

image seen by the WFAS. We acknowledge as well precious comments
from an anonymous referee.
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