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Abstract. We provide new high angular resolutitttband spectroscopic observations of the nucleus of NGC 1068 obtained
with the new 3-D spectrograph GriF coupled to PUEO, the CFHT adaptive optics system. Results match well with the general
framework of the unified model of active galactic nuclei (AGN) and bring more precise evaluation of the size and structure
of the close AGN environment. The-band emission is dominated by the thermal continuum of the compact central source
(albeit resolvedFWHM ~ 0.12”) with a color temperature around 950 K (reddened sublimation temperature of the dust,
corresponding to 1200 K when deredenned), interpreted as the border of a sublimation cavity within the dust torus, surrounding
the central core. Coronal emission lines §8i [Si vii] and [Cavi]) are detected from a few tenths of arcseconds around this
compact source and a new [8] emission spot is found at 0.#orth of the central source. The Brackettmission features

a very broad componenE(WHM = 2500 kms?) in the central 200 mas and we claim that it correponds to the broad line
region seen through the dust. A narrower componENYHM = 1600 kms?) is seen at larger angular distance and is likely

the trace of the narrow line region. Molecular hydrogen emission lines are detected beyord thé central source. We
interpret the lack of emission in the center as a lack of excited molecylatdrg the line of sight, because of the putitative

dust torus shading gas from UV photons. No evidence of stellar activity thradius around the central source can be found.

We also compare these observations to the results of a numerical model of a torus harboring an active galactic nucleus. The
main characteristics of the observed spectra (slope, flux) match well with the unified scheme of AGN, in the case of a dense
(rv = 40) obscuring torus containing silicate grains with an inclination angle of aroundigt2regards to the line of sight.

Key words. galaxies: Seyfert — galaxies: individual: NGC 1068 — infrared: galaxies — instrumentation: adaptive optics —
instrumentation: spectrographs — radiative transfer

1. Introduction nucleus, inferring the presence of a hidden Seyfert | nu-
. . . . : : cleus. Several hints have since reinforced the plausibility of
High angular resolution with adapiive optics (AQ) in the N€3is scheme: radio observations of a compact ionized disk

infrared is an ideal tool to probe galactic nuclei close envirop- allimore et al. 1996a) and detection of an extended CO disk

ment and to test the unified scheme of active galactic nuc &Lhi ! :
. . chinnerer et al. 2000). Rouan et al. (1998) may have obtained

(AGN). This model (Krolik 1990; Granato & Danese 1993} . & )- Rou (1998) may have obtal

that th ¢ | ive black hol h%nfirst images of the torus of NGC 1068 in the near-IR, and
assumest. a di ek compac nudc ZUE (@ rr(;asilve Iac | Of vgg e authors have strengthened this interpretation through AO
an accretion disk) is surrounded by a dusty molecular Orﬁ’f?aging (Marco & Alloin 2000) and spectroscopic studies with

whose d|rect|qn with regards to the line of sight is respon rge telescopes (Alloin et al. 2001; Galliano & Alloin 2002),
ble for the main dierences between Seyfert | and Seyfert et without AO

nuclei. Infrared observations are obviously powerful since the ) _
best AO performances are obtained in this wavelength range -0cated at an approximate distance of 15 Mp¢ (&
and the dust of the tori, which is assumed to hide the acti(® P¢). NGC 1068 is one of closest, brightest and most studied

ity of Seyfert Il nuclei, is more transparent in the IR, allowinge€Yfert nucleus. In this paper, we report on near-infrared long-
spectral studies and imaging of the inner parts of type Il nucl&]it SPectroscopic observations of the core of this Seyfert nu-
Antonnucci & Miller (1985) laid the foundation for this $€US Made with GriF, the new 3-D spectrograph coupled with

unified scheme with their observations of broad permitted nnBé’EQ the CFHT adaptive optics system. First, in Sect. 2, we

in polarized light in NGC 1068, the archetypal Seyfert give a short description of the observing conditions and data
' processing. Section 3 is dedicated to the extraction of physi-

Send gprint requests toD. Gratadour, cal and morphological parameters from the shape of the con-
e-mail:damien. gratadour@obspm. fr tinuum and the characteristics of emission lines. These results
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are compared in Sect. 4 to the output from a radiative transfet-2<10™"[ ' ' '
model and we discuss how well they match predictions from [
the unified model. We conclude in the last section. ‘-°"‘°'”_

. goxio~ 14|
2. Observations [

t.m~—2.micron*—1)

2.1. Data acquisition s0x107 11

Long slit spectra of the nucleus of NGC 1068 were obtainéd
during a technical run of GriF (@Het et al. 2002), a 3-D spec-2
trograph coupled with the CFHT adaptive optics system PU EO2
(Rigaut et al. 1998). GriF was used in its long slit mode with a
0.3’ slit. Data were collected with the KIR camera whose pixel ;
scale is 0.0348 2.00 2.10 2.20 2.30 2.40
The AO system was servoed on the nucleus of the galaxy Wovelength (microns)
itself, leading to a spatial resolution of 0/12The dficiency Fig. 1. Spectra at several locations along the slit. Up to down: maxi-
of the AO correction for this kind of extended reference sourggum emission#+0.1”, +0.3”, +0.5", +0.7” and+1.0" north. Spectra
with PUEO has already been discussed in Rouan et al. (19g8pund the maximum spectrum have been re-scaled so that the units
The spectral resolution of the GriF long slit mode is about 238 flux are representative only for the maximum spectrum.
measured from thEWHM of lines produced by an argon cali-
bration lamp. Table 1.Va|t_1es of the power-law spectral i_ndex forfe_'re_nt positions
Six long slit spectra of NGC 1068 were obtained Witﬁlong the slit around the spectrum of maximum emission.
a 300 s integration time for each. The slit axis was along

a.0x10” 4

ox10” 14 -

PA = 5°. In order to obtain a spectrum of the atmospheric trans- Positton g Positon 8
mission and a 1-D PSF, long slit spectra of HD 40335, an AOIV max 2.9
reference star, were also acquired. +0.1” north 2.9 +0.1" south 2.4
+0.2’north 1.9 +0.2"south 1.7
2.2. Data reduction +0.3"north 2.9 +0.3’ south 2.4
We have first applied bad pixel and flat field corrections. The +04'north 2.1 +0.4'south 1.9
misalignment of the grism with regard to the plane of the cam- +0.8 north 2.2 +0.5"south 1.7
era and the slit induces respectively a rotation of spectra with +0.6’ north 1.5 +0.6" south 1.6

respect to the axis of the detector and a quasi-linear shift of

each spectrum with regard to its neighbors. The inverse trans-

formations, rotation and shift, have been applied to reme@gsume, as commonly accepted (see Thatte et al. 1997 for a

these fects. Then, three individual line spectra were averaggtpre detailed discussion), that this maximum emission spec-

to match the spatial resolution of the observations. trum is centered on the true nucleus of NGC 1068 which cor-

Atmospheric corrections are required since kand is responds to the radio source S1 detected by Gallimore et al.

severely &ected by atmospheric emission and absorption. (4996b). All spectra, north and south of this central spectrum

order to correct spectra for atmospheric emission, sky sped#hin a distance of 1 are more or less dominated by a similar

were built for each individual image by computing a media@uasi-power law continuum. Since this near-IR continuum is

spectrum along the slit. A composite spectrum of the atm@ot polarized in most Seyfert I nuclei, it can hardly be reflected

spheric transmission was also built by combining the obtainbght and is generally interpreted as dust emission arising near

spectrum of HD 40335 with a theoretical spectrum of an A0 Ithe central engine.

star (Pickles 1998). The sky spectrum was subtracted from each

raw spef:trum and the obtained spectra_t was corr_ec_ted with g"nf 1. Dust temperature

composite spectrum of the atmospheric transmission. The fi-

nal spectra for several positions along the slit are displayedfiistly the slope of thek-band continuum can be examined

Fig. 1. to determine whether it corresponds to thermal or non-thermal
emission. For that purpose, spectra are smoothed by a convo-
lution with a broad (20 pixel) Gaussian distribution to remove

3. Results emission and absorbtion features and to improve fher&tio.
- ﬁ+l . .
3.1. Continuum source ,bep;;c():\{\rlzr law,F, o« A F, o< 2%+, is then fitted to the smoothed

The maximum emission spectrum is, as expected, totally fea- Results, compiled in Table 1, are consistent with the con-
tureless at the level of uncertainty reached after processeigsions of Thatte et al. (1997) and references therein. They
(features appearing in Fig. 1 in the maximum spectrum ameambiguously indicate a thermal emission since the spectral
interpreted as unperfectly corrected atmospheric features). Mex is much steeper than expected in the non-thermal case.
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Table 2. Values of the parameters of the fitted Black Body distributio Zo |
at different locations along the slit. 8 1
Position Temperature a wws; N

+0.3’ north 927 171 e A ]

+0.2” north 971 1.96 £t !

+0.1” north 961 1.56 5 el I

max 935 152 £ 1

+0.1” south 948 1.55 20 1

+0.2" south 948 2.04 G I

+0.3” south 893 2.27 i 1

If the continuum emission at these wavelengths is inte L

S = a 1

preted as reddened thermal black body emission from t. ._ Offset (arcsec)

hot dus_t S.uerundlng_ the active nucleus, one _Ca_n _f't a B'aﬁli;.z. Deconvolved light profile (black) of NGC 1068. The undecon-
Body distribution, weighted by a power law emissivity, on thgojved profile is plotted in grey.

smoothed spectra:

b

F, «aBA™ with B, = ¥ exp(_—hc). the slope, we have deconvolved the light profile of NGC 1068
z AKT with the profile of the reference star. We used the maximum

Table 2 gives the values of the two parametdrstiie temper- likelihood decpnvolution algorithm founq in the IDL astro li-
ature ande, the index of the dust emissivity law) of the ﬁt_brgry. The main result of the deco_nvolutlon process is the reso-
ted Black Body distribution at éierent locations along the slit!ution of the compact central continuum source, witA&HM
around the maximum emission. of 0.12’. This is around the dliraction limited resolution of the

The adjusted mean temperature of these inner parts of ipstrument, but appears significant. It allows us to put a maxi-
nucleus is about 950 K. This is a lower limit of the actual dugfUm value of 0.12-0.18’ on the north-south extension of the
temperature: in fact, it corresponds to the reddened emissioF@rce and excludes a size as large a$.0.2
hotter dust seen through a dusty absorbing environment. This TWO secondary sources appear symmetrically+at3”
dust, very close to the nucleus, must be heated by the stré}@jth and south of the primary source on the deconvolved pro-
UV radiation field and some evidence (see references in Thdttg (Fig. 2). These sources could be linked to the evolution of
etal. 1997) seems to indicate that it is near the sublimation tefie slope of the continuum and temperature around the central
perature. This is expected if we assume that it correspond£fgine. Unfortunately, as the performances of the AO system,
the inner wall of the cavity around the central engine. NotaNnd so the shape of the PSF, depends on the nature (extended or
however, that some authors disagree with this simplistic iRointlike) and magnitude of the sources, we cannot put a strong
terpretation (Pier & Krolik 1993), proposing that outgasing o¥€ight on this result. The two secondary sources could then be
warm dust below the sublimation temperature should be tai@iefacts of the deconvolution process.
into account. In any case, very hot dust is mandatory to ex-
plain the observed slopg. This sublimation temperature and & £mission lines
slope of thek-band continuum depend on the nature of the dust
grains (silicates, graphites, ...). A more detailed study relyifgnission lines (coronal as well as low ionization ones) are
on a radiative transfer model is proposed in the next sectionthe best AGN tracers. Indeed, the mairffelience between

An evolution of the dust temperature along the slit can geyfertland Seyfert Il nucleiis the presence or not of a directly
noticed. Hotter dust seems to appear symmetrically gt 0.@bservable broad line region (BLR), while a narrow line region
north and south of the maximum emission (Table 2). These INLR) is detectable in both types of active nuclei. The fact that
cations correspond to a break in the slope offhband con- the BLR seems to appear in polarized light in some Seyfert Il
tinuum listed in Table 1. This might be the signature of an otheuclei (Antonnucci & Miller 1985; Miller et al. 1991) is one of
type of radiation source (young stars rather than dust heatedltg corner-stones of the unified model.
the central core), or more likely due to a reduced opacity when
g:a:g:g out from the torus, which makes the hot dust emISSI%I:b.l. H Brackett y
The Bracketty emission line is supposed to emerge from the
BLR as well as from the NLR. Many authors had detected this
line with a narrow width in the nucleus of NGC 1068 (Oliva
In order to measure the size of the central continuum source & toorwood 1998; Tamura et al. 1991; Thomson 1996) with
to get a better understanding of the rupture in the evolution lofver angular resolution long-slit spectroscopic observations.

3.1.2. Size of the central continuum source
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In our spectra, a blueshifted (about 1500 ki)sbroad I ]
componentFWHM about 2500 kms) seems to appear very 5 F \/\/\
close to the maximum emission spectrum (respectiv@yl” e 0°F :
and 0.2 north and south), hence likely tracing the BLR$

< o -~

seen through the dust. Because of the residdaceof the ~ °?¢ -~ "~ ... E
(non-redshifted) unperfectly corrected Brackegtline in the O'%.o 02 0.4 06 s 10
spectrum of the calibration star used for atmospheric ab- Distonce / mox (arcsec)

sorption correction, we cannot put a strong weight on thisoso
claim. However, we note the coherence of the width of these, .t
lines, with typical widths of polarized broad lines seen by .40
Antonnucci & Miller (1985); Miller et al. (1991). 2 o030F

This must be considered as a rough estimate, as the accd2°F
racy of the fit realized over this weak component is not fully ¢ .o F
satisfactory. We will see in the next section how this value oo 0.2 0.4 0.6 0.8 1.0
is consistent with our best model of an obscuring torus. This istonce / mox (orcsee)
possible detection of the BLR might be linked to the work dfig. 3. The [Sivi] (top figure, solid line: north, dashed line: south) and

Goodrich et al. (1993) who found an obscured broad PagheRrackety (solid line: north, dashed line: south) line intensity evolution
line in three Seyfert Il nuclei. along the slit. Distance to the maximum is in arcsec and flux is relative

0 ectra reveal also a narrow component bevord Oti the 0.1 line flux. In the Brackety case, only the narrow component
ur spectra rev S arrow P y is plotted so the 0’1line flux is not unity.

north and south of the maximum emission spectrum, whose In-
tensity decreases with distance to the maximum. This narrow
component is blended with the broad one at’0OThe width of

band (IR to visible) survey of coronal lines in NGC 1068 is

— 1 i
the narrow component BWHM = 1650¢:300) kms™ which  ,.54564 in Marconi et al. (1994). Among these features, we
is consistent with values expected for lines emerging from tggtect the [S¥1], [Si vni] and [Cavir] lines.

NLR. The intensity of the south narrow component is lower 1 . [Sivi] (1 = 1.962 um, Eqy = 205 eV) line has
. . - o ’ ion —
than the north one beyond 0.&nplying more obscuration by been detected in many Seyfert galaxies (Marconi et al. 1994)

material on the line of sight, probably because of the inc"”%%d is considered as a tracer of the Seyfert activity. The very

tion of the torus axis on the plane of the sky, a well establishﬁ h transition rate (2.38°8) induces very powerful lines all

result (Packham et al. 1997). The fact that the NLR appegy ng the slit, compared with the other coronal lines. This line

only beyond.O.I nor‘Fh anq south 'S consistent with Fhe ©Xseems to be blended with either a molecular hydrogen line
pected location of this region and size of the obscuring torus

(0.1” ~ 7 pc). The evolution of the line intensity is plotted U= 1-0 S3) or aresidual atmospheric feature which distorts it,

Fia. 3. The | tensity of th h 0 , (ﬁmd so the measured width and integrated flux are not so accu-
'9. 5. 1he fower Intensity ot the south componentis an NGla g pe first hypothesis can be eliminated because this would
cation of an inclination of this torus. In this simple scheme, trbe

Bracketty i tra.of reai located af 6@rh e the only H S3 line to be detected which is very unlikely
racketly lines seen on spectra ot regions locate as several lines corresponding to lower rotational levels are not
and south of the maximum emission spectra must emerge fr

the vicinity of the torus 8&8ected (see next subsection).
' In our spectra, the [Si VI] emission appears frombrth
and south of the maximum emission spectrum. The south com-
3.2.2. Coronal lines ponent seems to be highly attenuated since the intensity of the
north component is five to ten times greater. HWHM of
Coronal lines are forbidden high ionization lines associatétese lines is around 1650 kmtg+400 km s?), and the inten-
with the NLR. The structure of this region is very complex ansity of the two components (north and south) decreases with the
these lines testify to specific mechanisms able to “peel” atomistance to the maximum spectrum. There is an emission peak
almost totally (ionization by hard UV or collision in a veryat+0.7 north which could correspond to the radio peak found
hot medium). An ionization cone has been detected in visilite Gallimore et al. (1996b) at 0/5north of the radio source
and UV in NGC 1068 (Unger et al. 1992 especially througB1 interpreted as an interaction of the jet with NLR clouds. A
low ionization lines) whose direction is correlated to the direenore precise absolute astrometric measurement would be nec-
tion of the jet, with a wider aperture angle. Moreover, the verssary to ascertain this hypothesis. A similar correlation with
high excitation ionization lines were found to follow the coniradio maps has been made in Thompson et al. (2001) with a
cal morphology of lower ones as seen in X-rays by Ogle et {i V1] peak at 1.8 north in a mapping at a larger scale.
(2003). We also detect the [Si VII] emission line at 2.488, but
The coronal line region (CLR) can be considered apaiven the fact that its wavelength is near the edge of the trans-
since atoms are nearly totally ionized. As the width of thesaission wavevelength domain of the filter and in a part of the
lines is narrow, the CLR is always associated with the NLR-band very &ected by atmospheridfects, we only claim the
but the very high ionization degree suggests a particular exdgtection of this line without any measurement of width or flux.
tation mechanism and location (Murayama & Taniguchi 1998), On the same line, we assert that the [Ca VIII] emission line
with maybe maser emission (Greenhouse et al. 1993). A bragd2.321um is also detected in some of the north spectra but
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Table 3. Values of the molecular hydrogen line ratios and temper broad Bry H, lines
tures found at dferent locations along the slit. SiVI. narrow Brv '
! i

Position =~ (=982 =211 Temperatyre .

(v=1-0)SO (v=1-0)SO 2 "
<0.8'north  ~0.5 - ~500 K ) —
+0.8'north  ~1. 0.3 ~1000 K ' \ ,
S No H, lines
>0.8’ north  <0.5 <0.3 <500 K? Hothh

Steep continuum

] ] Fig. 4. Simple model synthetising the morphological properties of the
the measurements of its width and flux are aleaed by at- object consistent with our observations.

mospheric &ects partially corrected.

A wider band spectroscopic study (including visible and atUemperatures are found between 500 and 1000 K. On the
near-IR bands) is necessary to improve models on the physmt%I X

. . ) . : . .gther hand, the S1{0)/S0(1-0) ratio is consistent with photo-
conditions in the CLR since lines ratios are obviously unavo'gissociation but this mechanism should induces homogenous
able to derive more physical information.

evolution of the temperature when going away from the excita-
tion source.

3.2.3. Molecular hydrogen These results appear to be globally consistent with thermal

) excitation by UV in a complex environment with obscuring ma-

The (1-0)S1 and £1-0)S0 molecular hydrogen lines have alg g petween the excitation source and thedds. The latter
ready been detected in the nucleus of NGC 1068 (Oliva egins to become a source of emission lines only when UV
Moorwood 1998; Moorwood & Oliva 1990; Thomson 1996p4t0ns are able to reach it, i.e. at a distance of the line of sight
Alloin et al. 2001). The results of Moorwood & Oliva (1990)eyond the border of the torus, as depicted in Fig. 4, the exci-

are consistent with a thermal excitation mechanism. Mapsgfion temperature is then equal to or lower than 1000 K.
the 1-0)S1 emission in dierent apertures around the core

have also been made. The main conclusions are: firstly, the dis-

tribution of H, emssion region in several knots and the poss#3. Stellar component

ble connexion between molecular hydrogen emission knots gnglying for traces of a stellar component is important since:
the shape of the border of the radio jet emission on large scale

(Blietz et al. 1994, with a®x 5” map); and secondly an esti- — Young star activity, detectable through H and He absorption
mation of the core mass which is about Edlar mass (Alloin features or through CO lines tracing giant and supergiants,
et al. 2001), within a 70 pc radius around the central engine, is also invoked to power active nuclei in alternative models
from the velocity diference of these knots. (Terlevich et al. 1987, 1995).

In our spectra, several Hlines are detected, but, and — Boisson etal. (2000) claimed that the stellar population and
this is probably the most important result of our observa- activity may depend on AGN type, a correlation that would
tions of H, there is a lack of molecular hydrogen emission not be explained by the standard unified model. However,
in the direct vicinity of the nucleus, previously observed by the dificulty of selecting a homogeneous sample of both
Galliano & Alloin (2002) with a lower (seeing limited) angu- ~ Seyfert 1 and 2 nuclei may introduce a bias in their study.
lar resolution. The 1-0)S1 line appears symmetrically be-

A composite continuum (power law fitted on the highly
yond 0.4’ north and south, and the1(~0)S0 and {1-0)S2 )
appear beyond 0/6north. Contrary to the Brackeft emis- smoothed spectra) has been subtracted from each of our spec

tra to make CO band heads and He and H absorbtion features

sion evolution, the intensity of the molecular hydrogen IIrleésonspicuous. No stellar activity is clearly detectable in the cen-

increases with d|_st.ance o the_ maximum emission and .d?FaSI 1” around the nucleus in our spectra, but the strength of the
not have a quasi-linear evolution. The width of those lines

. i . continuum might totally hide these absorbtion features. This is
is about the spectral resolution of the instruméadtMHM ~ . S
1200 kms1). The S1(:0)/SO0(1-0) line ratio is around 3.3 not enough to exclude a stellar component in the activity of the

and the S1(21)/S0(1-0) ratio is lower than 0.1 since themnelr partsc;]fthe nuclegsr?nd mﬁmy au.th_org (espeC|aIIy|Th§|tte
S1(2-1) line is not clearly detectable. Such ratios are consist er%ta ] 1997) have argue that stellar activity is a non-negligible
with thermal excitation mechanisms (Black & Van Dishoej(ractlon of the luminosity of the nucleus at other wavelengths.
1987), at an excitation temperature lower than 2000 K.
In order to estimate an excitation temperature and tHe Radiative transfer model and discussion

nature of the thermal mechanism, the SZ{¥S0(1-0) ra-
tio was plotted versus the SH2)/S1(1-0) ratio (Mouri
1993). Indeed, the location of the observed point in thi#/e have built a radiative transfer code similar to those previ-
diagram is a function of the excitation mechanism amalsly developed by élierent authors (Granato & Danese 1993;
of the kinetic temperature when collisions dominate. Theranato et al. 1996). We assume a compact central continuum
S2(1-0)/S0(1-0) ratio we measured spans a large range, 8dV and visible) source, which illuminates its neighborhood

4.1. Description of the model
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13

isotropically, and whose luminosity is3.x 10*® ergss?, ac- 1.5x107
cording to the measured bolometric luminosity, as in Grane

& Danese (1993). The nature and physical state of the medi
surrounding the central source depends on temperature.

long as the temperature is higher than the sublimation tempe

ture of the dustTsupim = 1400 K in the case of silicate grains) = '%*0"
radiation propagates in a transparent cavity. The radius of t%

cavity (in ~ 5L} whereLys is the luminosity of the primary
visible-UV source in units of 14§ ergs s?) is considered as the ; r ]

)

inner radius of the dusty molecular torus. The density disti .
bution beyond this radius is described by%®s? with k = 6 & 505107 7
according to Granato & Danese (1993). ]

The radiative transfer equation is:

13

VIV:_aVIV+jV 3 b

wherel, is the specific intensity, and, and j, are respectively 2.00 210 Wavelgﬁgﬂth m 2.30 2.40

the extinction and emission cieients.l, can be split into two

terms:ly, andl,, where the first component is the contributiofrig. 5. Spectra obtained with the model plotted over the observed
of the central source and, of the dust emitted or scatteredgsPectrum (black) in a 0'2apperture around the maximum. Yellow
emission. and red spectra were obtained with a torus of optical deptk 40,

. . ... silicates grains and an inclination angle of respectively 25 arid 20
The mean specific intensity reads thin= Jy, + J, with: with regards to the line of sight. The blue spectrum is obtained with

3 f' 4 1 L) expT 0 graphite grainsgy = 200 and 22.
vl = 1v = - v

Ar 4nr?

wherer, (r, 6) is the optical deptH,(6) the primary luminosity.
The second component is the radiation emitted or scatteredfdysilicates). Another critical parameter is the inclination angle

the dust: whose range is as narrow &2° in order to obtain a good fit
dr both in term of absolute flux and slope.
Joy = f Ly grainma’pgrain(, 2) exp ) cos) These results are consistent with conclusions made by
Thatte et al. (1997) who obtained a temperature of 1440 K in
Ly,grains = QaBy(T) + Qs J, the case of optically thick dust emission, and represent a direct

confrontation between observations and the unified scheme. At
where dust grains are considered as grey bodies of radiu® 2 microns, the images obtained with the visualization code
density pgrain(r, 2), and respectively scattering and absorbtiofre dominated by a central source whB¥¢HM s around 0.1
efficienciesQ, and Qs. Temperature is derived by solving nuand whose location corresponds to the location of the compact

merically the radiative equilibrium equation central source: this matches very well with observations. The
o0 o0 950 K central temperature found in the study of the continuum
f Qg J, dv = f Qa4 B,(T)dv. (see Sect. 3) might be a reddened temperature o$titikma-
0 0

tion caityof dust surrounding the central core, seen through the
An iterative scheme is used that converges within three or fidgsty torus. The hot wall of the cavity is then identified with the
steps. A visualization code builds an intensity map fedent quasi-pointlike source observed in theband. As the wave-
wavelengths and SED of the object. The main parametersl@‘ngth increases, the quasi-pointlike source is sliding north and
the model are the size, the inclination angle of the torus wits width is increasing, as clearly visible in Fig. 6.
regardsto the line of sight and the dust properties (composition: The other point to focus on is the broad Bracketompo-
silicate or graphite grains, optical depth). nent flux estimated previously. Thanks to the comparison of the
observed continuum slope and intensity against the model, we
find an extinction along the line of sight of = 1.25 in theK-
band. This leads to a primary (i.e. if unobscured by the torus)
The slope and intensity of thi€-band continuum are best re-broad Bracketty luminosity of Lg;, = 1.35x 10716 Wm™2,
produced with silicate grains, an optical depth in the equatoriala 03” x 0.3” aperture around the core, and kg, =
plane ofry = 40 in the visible wavelengths range, and an ir8.2x 10-3Lx,, whereL,, is the totalk-band luminosity in this
clination angle of 22 of the torus with regards to the line ofaperture. This value would lead to an intrinsic Brackeltimi-
sight. This leads to an extinction of = 13.7 (rx = 1.25only nosity of 31 Lg, and thus to a predicted observable luminosity
in the K-band) in the direction of the line of sight. The slop@f 2.4 x 107*®* Wm=2, usingrx = 1.25 andAg,,/A, = 0.051
of continuum emission obtained with graphite grains are by fautz et al. (1997). This value is consistent with the upper limit
too steep (Fig. 5). This might be due to the higher sublimés x 1071 W m=2) deduced by Lutz et al. (2000) for the broad
tion temperature of the graphites (1750 K compared to 1400ckmponent.

4.2. Results
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— Molecular hydrogen emission lines are detected only at a
distance larger than 30 pc of the central source, which is
consistent with a toroidal shape of obscuring material: no
excited b can be found on lines of sight crossing the thick-
est part of the torus because UV radiation cannot reach it.
In the outermost part where several ortho and parhrgs
are detected, the line ratios are consistent with thermal ion-
ization mechanisms, like collisions, and an excitation tem-
perature around 1000 K.

— Tracers of the NLR ([Si VI] and Brackeft emission line)
are also detected from the first few 0.around the core.
An emission spot of [Si VI] is also detected at 0.@orth
of the central source.

— The comparison of the observ&dband continuum with a
numerical model leads us to fix the optical depth € 40
in the equatorial plane), composition (silicates), and incli-
nation of the torus with regard to the line of sigh2¢°).

— A broad Bracketty emission line seems to appear but its
weakness and the residual atmosphefieats forbid any
precise measurement. Nevertheless, the approximate mea-
surement of its intensity in a®’ x 0.3” aperture and the
extinction parameters found with the numerical model are
consistent with constraints fixed in previous studies.

Fig. 6. Images at (from up-right and clockwise) 2.2, 5, 10 ang.80
obtained with the radiative transfer model. Pixel scale: 0.@®wer

law scale representation (index0.1). It seems that a wider band spectroscopic and imaging study (in-

cluding optical and the other near-IR bands) with high angular
The extinction ofA, = 14 on the line of sight is much lower resolution, as achievable with the new NAOS-CONICA system

than the value proposed by Pier & Krolik (1993) in their comVLT), will lead to a better understanding of the morphology of
pact torus model. It is closer to the one used by Granato ett8e closest AGN core, and particularly the exact dimensions of
(1996) even if Signiﬁcanﬂy smaller. However, this value is Coﬁhe torus and the mechanisms involved in its interaction with its
sistent with the lower limits of Lutz et al. (2000) in their study*e¢ighborhood. These first observations obtained with the new
of possibly broad Pfund emission, where they find the lowes(GrF spectrograph coupled to PUEQ strengthen thieiency
limit of their study. For other lines (Brackegtand Bracketty), ©Of adaptive optics in the study of the AGN phenomena.
their minimum value is higher and so not consistent with our
study. However, this value might depend on the considered in-
clination of the obscuring material.

All these clues are clearly in favor of a moderately thickkéferences

extended torus model. _ )
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