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Abstract. We carried out imaging and long-slit spectroscopic observations of the Red RectangleNrbtr using the

8.2-m SUBARU telescope. The resulting images reveal a central bright core and an extended nebula. The central core is slightly
extended in theN-band. The core radius is estimated to~4@09”, which corresponds to 60 AU. The core spectrum is well
modeled by blackbody emission with a temperature of 358 K. The estimated size and temperature are in good agreement with
the predictions of recent dusty torus models. In the risathth nebula, unidentified infrared (UIR) emission features gir8.6

and 11.2«m are prominently observed. At radiil” they completely dominate tHé-band spectra, suggesting that the nebula

seen alN-band wavelengths is primarily brightened by the UIR-band emission, not by scattered light. We also detected shifts
in the UIR-feature peaks with increasing distance from the center. These may be attributed to isotopic shifts due to the presence
of 13C in polycyclic aromatic hydrocarbons (PAH) like particles. In addition to the UIR emission, a broad feature atrhi1.27

is seen at a distance of 0.2n all sides of the nebula. We attribute this to crystalline silicate olivine grains around the central
torus.
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1. Introduction Murakawa et al. 2003). These structures can be accounted for

. . by the presence of an optically thick torus (disk) and reflection
The_Red Rectangle (AFGLILS) is a well-known blpola_r "9obes around the binary system. The dusty torus completely ob-
flection nebula around an evolved binary system. The prim

[ . . .
ures the central binary system so that no direct light from the
star, HD 44179, has a spectral type of AQ (Cohen et al. 19765 ars can be seen. The presence of a gravitationally bound torus

and its companion IS conS|dered_to_be a cool, Iummou_s Hisk) was also inferred from the extremely narrow microwave
ant based on its spectral energy distribution (Rowan-Robin

B emission (Jura et al. 1995). Osterbart et al. (1997) com-

. %ared the extinction of the north and south lobes seen in optical
Red Rectangle of 330 pc has been frequently cited for over t\'zvv‘;’;lvelengths and determined an upper limit of (faf the torus

decadeT,_, t;lljt re(;ent tmos/lel cyaLcuAgll(tlonstSlfggggtzthat 710 PC)3dlus. Recent model calculations suggest that the radius of the
more reliable estimate (Men'shchikov et al. )- torus is in the range of 0.68.09’ and its hydrogen density

The nebula shows a rectangular or an X-shaped strygz o5 % . 112 (Men’'shchikov et al. 1998, 2002).
ture extending over 40 The X-shaped spikes can be seen The Red Rectangle is known to be a strong emitter of

over a wide range 9f wavelengths from optical (.g., COh%rlllidentified infrared (UIR) emission features (e.g., Cohen

et al. 1975) to mid-infrared (Hora et al. 1996 and the refer- .
- . et al. 1975) that are commonly attributed to carbonaceous

ences therein; Waters et al. 1998). Recent optical and near-, . . .

. . : . ; . _materials such as polycyclic aromatic hydrocarbons (PAHS).

infrared imaging observations with sub-arcsecond spatial res-

olution have revealed that the nebula has two lobes dividegrmw'band 'maging (Bregman.et al. 1993; Hora et al. 1_996)
X I . and slit spectroscopic observations (Sloan et al. 1993; Kerr
by a dark lane whose thickness~i6.15" at the innermost re-

gion (Roddier et al. 1995; Osterbart et al. 1997, Men’shchikoe\} al. 1999) have revealed that carbonaceous materials are

et al. 1998, 2002; Mekarnia et al. 1998; Tuthill et al. 2003148l distributed in the nebula. The presence of the UIR
batures strongly indicates that the nebula has a carbon-rich

Send gprint requests toT. Miyata, environment. However, oxygen-rich materials have also been
e-mail:miyata@kiso.ioa.s.u-tokyo.ac.jp detected in the nebula. UV spectroscopy by Reese et al. (1996)
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suggested the presence of OH molecules. Observationsfimyction (PSF) measurements and flux calibration. The ab-
the ISO Short Wavelength Spectrometer (JS@S) showed solute fluxes of the stars were adopted from Cohen et al.
features that indicate the presence of,@fas and crystalline (1999). The full widths at half maximumFWHMs) of the
silicate (Waters et al. 1998). The fact that the OH and G&s PSF were measured to be 0/28.28’, and 0.30, at 8.8, 9.8,

are observed in absorption indicates that oxygen-rich mateaird 12.4:m, respectively.

als are located in the dusty torus. Therefore it is suggested thatThe N-band spectra were obtained using the long-slit low-
the crystalline silicate is distributed in the torus (Waters et aksolution spectroscopic mode. The slit was located on the cen-
1998); however, direct observational confirmation has not yeal core position along the north-south direction-® posi-
been obtained. tion) and the east-west direction{®&/ position) (see Fig. 2).

Since the Red Rectangle nebula shows a complicated sp&e slit position was confirmed by slit-viewer images a8
tial structure, observations with high spatial resolution are ifaken at the same time, and the accuracy was estimated to be
dispensable in studying the spatial distribution of dust grair®s high as 0.5 pixeH0.07”). The pixel size was 0.185The
Since the size of the dusty torus and the nebula is eﬁ‘lt width was 0.33, close to the dfraction-limited resolution
mated to be 10010000 AU, |arge ground_based te|escopé§ the SUBARU telescope in thd-band. A SpeCtral resolution
must be used to obtain spatially resolved images or spec®h~250 was achieved at 12.&. As in the imaging obser-
Observations in th&l-band are particularly important becaus¥ations, secondary chopping with a frequency of 0.45Hz and
of the UIR-band features and the thermal continuum froghthrow of 20" was used. The obtained spectral images were
warm dust grains that are detectable in this wavelength rang@rected for geometric distortion and combined to produce an

We may also find evidence for crystalline silicates, becauBage at each slit position. The combined images cover tfe 10
they produce Strong features in tNeband. field and a Wavelength range of 7—K34ym The total on-

ource integration time was 2.7 s for the position NS and 4.7 s
troscopic observations in thi-band (8-13.2um) with the or the position EWB Gem was observed just after the obser-

SUBARU telescope. In Sect. 2 we describe the observatio‘@ions of the Red Rectangle and used for the correction of at-
and the data reduction procedures. In Sect. 3 we present %spheric and instrum_ental transmissi_on. Finally we co-adde_d
images obtained and the spatially resolved spectra, In sect! 3 spectra of two continuous rows, which corresponds to a slit

we discuss the structure of the central part of the nebula (coWel th of 0.3', from the calibrated images, to obtain the final

and the spatial distribution of dust in the nebula. The results e
this study are summarized in Sect. 5.

In this paper we report the results of imaging and spe

3. Results

. ) 3.1. Imaging
2. Observations and data reduction

TheN-band images of the Red Rectangle are shown in Fig. 1. A

We observed the Red Rectangle with the COoled Migright core and an extended nebula are visible in all the images.
Infrared Camera and Spectrometer (COMICS) mounted Hieir appearance is in good agreement with the results of pre-
the Cassegrain focus of the 8.2-m SUBARU telescope dwious observations (Hora et al. 1996; Waters et al. 1998). The
ing 2000 8-9 December. The COMICS is a ground-based itore seems to be compact, Imatt a point source. It is slightly
strument that is designed for observations in the mid-infraregitended FWHM ~ 0.4”) in all the images. Neither the elon-
wavelength region (826pxm) and has imaging and long slitgation nor the multiplicity of the core emerges in optical and
spectroscopic capabilities withftfiaction-limited spatial reso- near infrared images. The detailed structure of the core will be
lution. It employs five 32& 240 Si:As IBC detectors for spec-discussed in Sect. 4.1.
troscopy and one for imaging. Details of the COMICS design The nebula shows a rectangular or an X-like shape with
and performance are given in Kataza et al. (2000) and Okam®E-SW and NW-SE spikes. The contrast between the neb-
etal. (2003). ula and the core varies slightly with wavelength: the nebula is

Imaging observations were carried out with three bandpa]_w'te striking in the 8.@m image, whereas it is relatively faint
filters in theN-band: 8.3-9.1um (8.8um filter), 9.4-10.3um at 9.8um.
(9.8um filter), and 12.8613.1um (12.4um filter). The pixel
scale was 0.13pixel, and the field of view was 41x 31”.
Secondary mirror chopping with a frequency of 0.45Hz wa%z' Spectroscopy
employed in order to subtract the background radiation. TRéggure 3 displays the obtaineld-band spectra. Each panel
chopping throw was 2Q yielding two on-chip images in a shows six spectra at positions from the core to the outer edge
single chopping cycle. All sky-subtracted images were ath each direction, and each spectrum covers a field 280x
justed for position with an accuracy of 0.1 pix (correspond.33”. The spectral range where telluric 0zone absorptions are
ing to 0.07) and co-added to produce a final image dftrong (9.3-10.1um) is considered unreliable, since the air-
size ~10” x 10”. The total on-source integration times fomass for the Red Rectanglel7) was much larger than for
the 8.8, 9.8, and 12/m filters were 0.85, 0.60, and 1.2 s, rethe standar@ Gem (~1.2). The data in this spectral region are
spectively. We observed standard sfgiGem andx CMa be- plotted as thin dots in Fig. 3. Since they show profiles simi-
fore and after observing the Red Rectangle, for point sprelad to the telluric ozone features, we regard them as spurious
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(a)

Fig. 1. Contour plots of thea) 8.8um, b) 9.8um, andc) 12.4um images of the Red Rectangle. North is top and east is left. Contour levels
are 50, 25, 12.5, 7.25, 3.13, 1.56, 0.78% of the peak surface brightness. Scale bars in the panels correspond to 1 arcsec.

N northysouth nebula. The characteristics of the features vary with
distance not only in their intensities but also in their spec-
0 tral profiles. An upturn in the emission at the shortest wave-

are similar to the features seen at’0.id the norttisouth neb-

ula. However, the width of the feature does not become nar-

rower with increasing distance from the star, in contrast to the

norttysouth nebula, and the feature almost disappears @t 1.0

The 8.6um feature is only marginally detected on the passt

S sides. There is no evidence for the other dust features in the

spectra of the egstest nebula.

Fig.2. Slit positions of N-S and EW superimposed on the  There seems to be a weak feature at aroundu®.2n

8.8um image. the spectra at1” in the north and east positions. The ozone
absorption between 9-30um could also fect this spectral
range and so we cannot confirm whether the feature is real or

features and will not use the spectra in this region in thspurious. We will not discuss this feature in the following.

following discussion.

The characteristics of the spectra vary appreciably with po- .
sition. The spectra are dominated by emission features throufjhPIscussion
out the nebula, whereas continuum emission is always rehal\l Core
tively prominent at the core. Figure 5 shows the core spectra
measured at both slit positions ofH$ and E-W. They are in Figure 4 shows cuts of the core brightness inithband along
general agreement with each other, and show a red continuitva polar (a position angle of 104 deg, left panels) and the
and an emission bump at 1#n. The continuum is a smoothdisk (14 deg, center panels) directions. TR&/HMs of the
curve increasing with wavelength. The bump a2 is faint core were measured to be 073D0.37’, and 0.42 at 8.8um,
relative to the continuum, but we consider it real, because9i8Bum, and 12.4m, respectively. They are certainly larger
is seen in the spectra independently measured at two slit gran the PSFs (shown by crosses in Fig. 4). No clefierdi
sitions. This bump is detected only at the core position; at thaces can be found in the two directions, suggesting that the
other positions the detection is negative or only marginal. core has a circular structure in theband.

Going away from the star, the contribution from contin- The measureB8WHMs are #ected by the PSFs of the ob-
uum emission fades away, and the emission features standseuving system and they can be regarded as a convolution of
in the nebula region. The most prominent features are locatettinsic brightness distributions with the PSFs. We created
at 8.7um and 11.2im. They appear at a distance of 0fBom model brightness profiles by convolving Gaussian functions
the center and almost dominate the spectra beydnith the with the PSFs and compared them with the observed profiles

47 lengths is also discernible within 1’3f the norttisouth neb-
;j ula, including at the core position. Weak features at A0
- and 12.7um are also seen beyond30.
r/}*% w In the eagtvest nebula, on the other hand, a broad feature
RS AN at 11.2um at a distance 0f0.3"” is noticeable. The peak wave-
E \tﬂ length is about 11.3m, and the width is 0.60.7um. They
i
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Fig. 3. Spatially resolved spectra of the Red Rectangle. Each spectrum covers a fi@dx0@". Lower small panels are enlargements of the
spectra. The spectra are ndiset.Upper left spectra from center to the nortipper right to the southLower left to the EastUpper right
to the West.

to estimate the true size of the torus. The observed profilegasured~WHMs most reasonably at all wavelengths when
of the standard stars were used as the PSFs. We found tuatvolved with the PSFs (see right panels in Fig. 4). Therefore
Gaussian functions witkRWHM of 0.18’ can account for the the radius of the torus is estimated to b®.09”, which
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Fig. 4. Brightness distributions of the (upper to lower) g8r8, 9.8um, and 12.4/m images at the coré.eft panelsthe distribution along the
“polar” direction (position angle= 104’). South is left and north is right. The squares connected by lines show the intensity profile of the Red
Rectangle. The crosses are the PSFs of the standard stars. The dotted line shows the Gaussian furiefidtiMsithf 0.24’, 0.26", 0.30

for 8.8um, 9.8um, and 12.4:m, respectivelyCenter panelssame as the left panels, but along the “disk” direction (the position angie).

East is left and west is righRight panelsGaussian function witkHWM of 0.18’ convolved with the PSF.

corresponds to 60AU at a distance of 710pc. No clear ex- In the spectrum of the core we can clearly see tharii2
cess around the wings of the PSF can be seen in then®.8bump emission in addition to the thermal continuum. It is a
and 12.4/m profiles, suggesting that emission from outside thveeak feature, and the feature-to-continuum flux raties05
torus, such as scattered light from the nebula, does not cah-ts peak wavelength. This bump is observed only at the
tribute significantly in the innermost region. core position and not detected at other positions, suggest-

To estimate the temperature of the torUS, we emg that the material from which it Ol’igil’lateS is distributed
tracted the data points in the ranges of-@®, 10.£11.0, only in the dusty torus. The nature of this carrier material re-
and 12.4-12.6um from the spectrum at the core, and fittehains an open question. The UIR-band family has a feature
them with a single-temperature blackbody model. The bestdfound 12.qum, which is attributed to a CH bending mode for

temperature was 358 K, consistent with that obtained by Slod#o hydrogen on the C skeleton. This feature was detected in
etal. (1993). the Red Rectangle by previous observations (Witteborn et al.

The estimated size and temperature of the core are in gofc?g; '_LOT.y et ?]I' 2001, vrr:m D;lgdenhgven et "?"- 2003). Vt\)/e
agreement with the predictions of recent dusty torus mode 0 not believe, however, that this assignment Is correct, be-

Men’shchikov et al. (2002) made two-dimensional radiativ(fé\ar?sef the 12,@mlffature isd ulséually mﬁ] weaker than _the
transfer calculations for a compact, axisymmetric, edge-on fher features at -48n an 'I’_m' which are hot seen in
spectra. Some post-asymptotic giant branch (AGB) stars

cumbinary torus model and successfully accounted for both i 2
ich show the 2m emission also show abnormal features

high-resolution images in optical and near-infrared regions%( he 1 ion. but thei il 100 broad t lai
well as the spectral energy distribution from UV to radio. Thelf '€ Qum region, bu €Ir profiies are 1oo broad o expiain
e bump. Further observational and experimental studies are

model predicts that the torus consists primarily of millimet ded to identify th . il f hich thi :
sized grains with gray emissivity and their temperature go@ge ed to identify the carrier material from which this emis-

down to 358K at a distance e0.07” (50 AU). This is consis- sion originates.

tent with our results. The model also predicts that a large num-

ber of grains with higher temperatures exist in the innermagty pyst in the nebula

part of the torus; however, we find no indications of the pres-

ence of high-temperature grains in our spectrum. Since the dAs-mentioned in Sect. 3, the continuum emission weakens with
sity gradient of the torus is extremely steep within 100 AU, arttistance from the center, and the emission features become
the torus is not geometrically thin, grains in the inner regiamore prominent in the norteouth nebula. The most promi-
should be completely obscured and invisible in Myand. nent features peak at & and 11.Zm. To investigate the
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e L R L I I B over a much larger scale-%”). Since we do not see variation

in the band width over this spatial scale (see next subsection),
the band profile variation in the optical and infrared are likely
to be of diferent origins.

20

4.2.1. Outer region (>0.3")

In the outer region, the spectra are nearly dominated by the
sharp emission peaking at 8.7 and Lin®2 Their peak wave-
lengths and the widths are in good agreement with UIR-band
emission. Previous studies pointed out the possibility that the
nebula could be illuminated by scattered light in teéband

on scales out to 15 (Tuthill et al. 2002; Men’shchikov et al.

> r 1 2002). However, Fig. 3 clearly demonstrates that the UIR emis-
- 1 sion provides-90% of the total flux at distancesl”. We con-

L A clude that the nebula outsid¢ 1s brightened mainly by the
emission from the UIR bands, rather than by scattered light.

10 n
L Spectrum at the core Although the UIR features seen in the outer region ap-
i — from N_g,slif. position pear initially similar to each other, their peak wavelength
| _ trom E—W slit position moves to sho_rter ngelengths with increasing d_|stance from
upper hnet) the central object. Figure 7 shows the peak shift in the:6
i O Average 1 and 11.2um features from a distance of 0.70 1.7’. The peak
5 — -BlackBody(358K) N wavelength of the 8.6m feature moves from 8.76m at 0.7/
F 1 (500 AU) to 8.65um at 1.7 (1200 AU). The 11.2m feature
3 4 shifts from 11.27/m to 11.23:m as well. The wavelength cal-
L J ibration was carried out by comparison with atmospheric lines
i | that were observed together with the target spectra, and is con-
Ry sidered to be accurate t60.005:m. We therefore conclude
0 8 9 10 11 12 13 that the observed shifts are real. Shifts in the peak wavelengths

of the 7.7um and 11.2zm emissions in the nebula have also
JLITL been reported by Song et al. (2003). The widths of the features

. Lo . are essentially unchanged with distance.
Fig. 5. Spectrum at the core. Two thin lines show independent mea-
surements for the NS (lower) and EW (upper) slit positions. The Hony et al. (2001) and van Diedenhoven et al. (2003) an-
averaged spectrum is plotted as open rectangles. The dashed line idized the UIR emission in many astronomical objects ob-
cates a blackbody emission of 358 K (see text). tained by the ISEBWS and showed that in the majority of
cases the 11/2m feature peaks at 11.28&. This is con-
sistent with the presented spectra at”]1.8uggesting that
profiles of the 8.7um and 11.2:m features in detail, we drewthe material producing the UIR emission in the outer neb-
a straight line between the edges of the features for each batalhas similar characteristics to the normal band carriers in
and estimated the feature profiles above the lines at each the- interstellar medium (ISM). In the central region (within
sition. The straight continua are defined by the data in thdout 0.7), however, the UIR carriers fiier from this. We
ranges 10.510.7um and 11.711.9um for the 11.2um fea- note that the 11.2m feature of the Red Rectangle measured
ture, and 8.28.4um and 8.9-9.1um for the 8.7um feature. by the ISQSWS is slightly shifted to longer wavelengths
Continuum-subtracted features are shown in Fig. 6. (van Diedenhoven et al. 2002; Wada et al. 2003). A shift in the
The feature profiles vary with distance. In the outer part 8i6um feature has also been reported by Peeters et al. (2002).
the norttisouth nebula, the 112n feature shows a sharp pro-The peak wavelengths of the 112 and 8.6um features in
file. The width of the feature is approximately Qua, and its the SWS spectrum are 112 and 8.67m, respectively.
peak is located between 11.23 and 1&% The profiles of They lie at midpoints between the peak wavelengths of the fea-
the feature are similar to each other in the regi®8”. On the tures observed at 0’7and 1.7'. The ISQSWS results can be
other hand, towards the center, the profile of the iinZea- explained by a flux-weighted mean of the shifted UIR emis-
ture suddenly broadens, at a distance of 0Smilar features sion in the inner region and the normal UIR emission in the
can also be seen at the same distance in thenesttnebula. outer region, since the ISBWS had a relatively large aper-
This feature clearly diers from the feature seen in the outer réure (14" x 20”).
gion. We discuss the broader feature seen &t @i the sharp What causes the shifted UIR emission in the inner re-
one in the outer region separately in the following. gion? One possible explanation is an enhancement of the
Scarrott et al. (1992) indicated that there is sharpeningisbtopic carbon€C) fraction in the band carriers. Recently
the unidentified optical-band emission features with distan¢¢ada et al. (2003) made an experimental stud?@fisotope
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Fig. 6. Continuum subtracted spectra of the UIR emission at,037’, 1.0’, 1.3’, and 1.7. Vertical dotted lines indicate the wavelengths
of 8.65, 8.70, 11.23, and 11.2im, respectively. The spectra are shifted to avoid overlapping.

effects on the infrared bands of a laboratory analogue of cdt2.2. Near the torus (~0.3")
bonaceous dust, the quenched carbonaceous composite (Q_r
Sakata et al. 1984). They found that the peak wavelength
the 11um band increases almost linearly with th€ frac-

C; . ,

e broad 11.2m feature is seen not only in the ngitbuth
nebula but also in the easest nebula. To examine the pro-
tion. The shift is large 41 = 0.16um per 13C fraction in file of the feature, we co-added the four spectra observed

the total number of C) enough to explain the present shift 8f0-3" for the north, south, east, and west sides. The co-added
A1 = 0.04um, although the peak wavelength of the QCC emiSPectrum clearly shows a peak around 1L@7and a small

sion (11.4-11.6um) does not match that of the observed banfUMP at 12.¢m (Fig. 8). The width of the 11.2:m feature
The abundance ofC relative t0*2C changes drastically in Is 0.6um, which is three times wider than that of the UIR fea-

the final stage of stellar evolution. It increases during the fiﬁ;e observed in the outer region. Therefore we conclude that

dredge-up on the red giant branch, as the convective en > proad 11.24m feature is dierent from the UIR emission.

lope reaches regions abundant®¢. In the third dredge-up Other dust components must contribute to this feature.

during the AGB phasei®C is generally expected to become The most likely candidate for the carrier material is crys-
less abundant, but it could also increase due to cool bottéHine olivine. Waters etal. (1998) found a number of emission
processing for low-mass stars or to hot bottom burning féfatures in the wavelength range-#b.m and suggested that
more massive stars (Balser et al. 2002). Waters et al. (19§gjstalllne silicate grains exist in the (outer part of the) cen-
indicated relatively strond®CO emission in the 4,6m band tral circumbinary torus. Its temperature has been determined to
for the Red Rectangle. Since the spatial distribution of du¢~120K from the intensity ratios of the 23.75 and 33.85
grains records the history of the stellar evolution, spatial vaRands (Waters et al. 1998). Since crystalline silicate also has
ation in the'3C to 12C ratio should occur. Assuming an ex2n evident feature at 11:8n (Koike et al. 1993), it is expected
pansion velocity of 10 kmr$, the angular extent of the changdhat emission at 11,4m should be seen in thé-band spectra

in the spatial distribution of the 11;@n feature corresponds(F'g- 1 of Waters et al. 1998). Based on the derived temperature

to 250-350 years; i.e., the time scale of the isotopic variatioA'd the strength in the 23.75 and 33.85bands, the peak flux
if any, must be-300 years. at 11.3um is estimated to be 6 Jy, assuming that the feature is

resolved in our spectra and that the carriers are not distributed
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Fig.8. Summation of the spectra at 0.3north, south, east, and
west (filled rectangles). The expected intensity of a crystalline
olivine 11.3um feature is shown by a thin line. The temperature of
the olivine is assumed to be 120K (Waters et al. 1998).

5. Summary

10.5 11 115 12 We obtained 8.8m, 9.8um, and 12.4m images and low-
pm resolutionN-band spectra of the Red Rectangle nebula. Both

Fig.7. Comparison of the UIR features in the outer nebulf! the imaging and the spectroscopy, we attaindttatition-
(0.7'-1.7"). The spectra shown here are the same as in Fig. 6, Biiited spatial resolution with the 8.2-m SUBARU telescope.
are not shiftedUpper panelsfeatures in the north side of the nebula. ~ The following is a summary of this study.
Lower panelssame as the upper panels, but in the south €ideter (1) The central core is slightly extendedMtband wave-
panels shift of the peaks. The filled rectangles indicate the peak poséngths. The radius of the torus is estimated to~x09”,
tions. The peak positions clearly move to shorter wavelengths as dignich corresponds te-60 AU. The core spectrum can be
tance increases. approximated by blackbody emission with a temperature
of 358K. The size and temperature are in good agreement
with the predictions of the compact, axisymmetric circumbi-

] ] o ] nary torus model of Men’shchikov et al. (2002).
widely in the nebula. The expected olivine feature is also plot- (2) The UIR emission features at @ and 11.2m

tedin Fig. 8. Thisindicates a_good agreementwith the co-addgd prominently observed in the outer regior0@”) of the
spectrum not only in the width and peak wavelength of the,ysouth nebula. The peak wavelength of the UIR emissions
feature but also in the band flux. It suggests that most crygisis slightly to shorter wavelengths with increasing distance
talline silicate grains detected by I1SO are concentrated aroypgh, the central star. This may be attributed to the isotopic shift
the torus. due to3C in the band carriers.

It is noteworthy that the feature is seen only around the (3) A broad feature peaking at 11,2 is seen at a dis-
core but is undetected at the core position itself (see Fig. &nce of 0.3 (200 AU) in all directions within the nebula. The
This suggests that crystalline silicate emitting the L2 profile and integrated intensity of the feature are in good agree-
feature is present only in the low-density region outside thgent with those expected for a crystalline olivine feature of the
torus 200 AU), and does not exist in the torus. Previous stugheasured temperature and observedGpectrum. The fea-
ies have suggested that grains in the torus can grow to submijte is not seen at the core position, suggesting that crystalline
limeter sizes (Jura etal. 1997; Men'shchikov et al. 1998). Larggicates are present only around the dense torus, with the sil-
grains with sizes-10um cannot &ectively emit the features in jcate grains in the torus growing too large to emit the feature
the N-band. Therefore the absence of a crystalline silicate fegtectively.
ture from the core may be explained if most crystalline silicate
is locked up in large grains in the dense torus. To elucidate theknowledgementsThe authors would like to thank all of the fita
distribution of the crystalline silicate clearly, spatially resolvethembers of the SUBARU telescope for their continued help and sup-
spectroscopy in the 2815um wavelength range is required. port. We also thank S. Wada for helpful suggestions and comments.
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