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ABSTRACT
We have obtained high-resolution far-infrared maps of nine regions with 10 Herbig Ae/Be stars

(intermediate-mass preÈmain-sequence stars). Similar maps were obtained for 10 embedded IRAS sources
with km) and L D 200 which are possible evolutionary precursors of HerbigSl(100 km)[ Sl(60 L

_
,

Ae/Be stars. Single far-infrared sources were found in most maps. The embedded sources have positions
in agreement with those of the IRAS PSC, but some of the Herbig Ae/Be stars are o†set signiÐcantly
from the position of peak far-infrared emission. For all objects where it was possible to obtain 100 km
Ñux densities, they are consistent with those observed by IRAS, but derived 50 km Ñux densities are
larger than expected. The far-infrared maps reveal that objects in at least 17 of 19 emission regions are
signiÐcantly extended at the 30AÈ40A resolution of the Kuiper Airborne Observatory at 100 km. Only
sources associated with AB Aur and possibly IRAS 05338[0624 have unresolved far-infrared emission.
Detailed analyses of the Ñux densities and positions from our maps suggest the far-infrared emission in
regions with Herbig Ae/Be stars may not immediately surround these stars in all cases. Instead, far-
infrared emission from these objects may originate from dust heated externally by the Herbig stars, or
from dust heated internally by other sources. For other objects arguably surrounded by far-infrared
emission, the Herbig stars or embedded IRAS objects have similar mean deconvolved sizes (i.e., 0.10È
0.15 pc), but possibly have di†erent mean deconvolved shapes (i.e., aspect ratios). Thus, far-infrared emis-
sion here may originate from Ñattened dust envelopes ; the appearance of a far-infrared object as either a
Herbig Ae/Be star or an embedded IRAS source may be merely a matter of viewing orientation.
Subject headings : infrared : stars È stars : preÈmain-sequence

1. INTRODUCTION

Protostellar objects form deep within molecular clouds as
the result of the gravitational collapse of dense core
material. Most studies of this process have focused on low-
mass objects (i.e., for which a standard modelM

*
\ 2 M

_
),

has been developed (see et al. for a general review).Shu 1993
In this model, collapse begins within an isothermal core
having a steep density distribution [n(r) P r~2.0] and pro-
ceeds from the inside out. However, it is uncertain if the
formation of high-mass stars adheres to this model. For
example, di†erent physical conditions within some dense
cores could promote the formation of higher mass stars
over lower mass stars. & Myers (see alsoFuller (1992)

& Fuller proposed that some envelopes alsoMyers 1992)
may be supported by nonthermal, turbulent processes,
which allows initial core density distributions to be shallo-
wer than n(r) P r~2.0, and such processes could be more
important in the formation of massive stars (see, e.g., Myers,
Ladd, & Fuller Evidence for a link between stellar1991).
mass and the initial distribution of core material may be
retained within protostellar envelopes whose structures
reÑect the physical conditions of collapse.

PreÈmain-sequence objects of intermediate mass (i.e.,
2È10 provide excellent opportunities to determine theM

_
)

upper mass limit for which the inside-out collapse picture is

1 Currently at Harvard-Smithsonian Center for Astrophysics, 60
Garden Street, MS42, Cambridge, MA 02138.

relevant, and to investigate links between initial physical
conditions and stellar mass. The environments surrounding
these objects are less disrupted than those of still higher
mass stars, but they are luminous enough to generate suffi-
cient far-infrared emission to probe envelope structure.
Typically, spectral energy distributions (SEDs) alone,
including far-infrared Ñux densities, have been used to con-
strain models of the circumstellar environment of these
objects, but this method leaves open the question of
whether the emission at a given wavelength arises from a
disk or from a much more extended envelope. FrancescoDi
et al. demonstrated that far-infrared continuum(1994)
images can distinguish between disks and envelopes. For
example, disks of size D100 AU should appear unresolved
to the Kuiper Airborne Observatory (KAO) at far-infrared
wavelengths, where its 30AÈ40A beam equals 4200È5600 AU
on the sky at the distance of the nearest young objects in
Taurus. If the emission is extended, it arises in the
envelopes, and the extent of the emission can provide an
independent constraint to models of collapse.

Examples of intermediate-mass objects include the
Herbig Ae/Be stars : young stellar objects that are the
intermediate-mass counterparts to the T Tauri stars

de Winter, & Pe� rez High-(Herbig 1960 ; The� , 1994).
resolution far-infrared observations from the KAO have
been used already to constrain models of the envelopes of
these stars. For example, et al. obtained one-Natta (1993)
dimensional (1D) 100 km cuts across regions containing
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seven Herbig Ae/Be stars (or similar objects) and found Ðve
to be extended at 30AÈ40A spatial resolution. The observed
sizes and SEDs of these Ðve sources were reproduced using
spherical envelope models similar to those used by Butner
et al. to characterize the envelope of the low-mass(1991)
young stellar object L1551 IRS 5. Although two sources
required density distributions typical of early low-mass col-
lapse [i.e., n(r) P r~2.0], the other three sources required
distributions much shallower than suggested by the stan-
dard model [i.e., n(r)P r~0.5 ; see also et al. andNatta 1992

& Natta for models of the envelope of HerbigButner 1995
Ae/Be star LkHa 198]. Francesco et al. obtainedDi (1994)
1D far-infrared cuts across six regions containing other
Herbig Ae/Be stars with more modest infrared excesses than
those studied by et al. In this study, Ðve of sixNatta (1992).
objects were also extended at 100 km, which indicates that
the far-infrared emission comes from envelopes rather than
disks.

The visible Herbig Ae/Be stars are generally assumed to
be relatively evolved with respect to more embedded
objects. Their envelope structures and the physical condi-
tions they reÑect also may have evolved substantially from
the initial core conditions. To explore this possibility,
similar far-infrared observations of the envelopes of highly
embedded intermediate-luminosity (i.e., 100È1000 L

_
)

sources are necessary. As for Herbig Ae/Be stars, models
using such data as constraints can probe their envelopes.
Also, comparison of the two samples can provide clues as to
how physical conditions may evolve as star formation pro-
ceeds. Already, far-infrared maps (and the SED) of one such
object, IRAS 05380[0728, have been reproduced by a
spherical dust envelope model with a density distribution of

n(r) P r~0.75 by Di Francesco, & HarveyColome� , (1996).
This density distribution is also shallower than predicted by
the standard model, but is not as shallow as required by

et al. for the envelopes of several Herbig Ae/BeNatta (1992)
objects.

Further observations and models of other sources are
necessary to determine if general trends exist in density dis-
tribution (i.e., physical conditions) with mass and/or evolu-
tion. In this paper, the sample of high-resolution,
far-infrared maps of regions containing Herbig Ae/Be stars
provided by Francesco et al. is expanded with theDi (1994)
inclusion of new two-dimensional (2D) and/or 1D maps of
the six regions studied earlier, as well as three new regions.
In addition, 10 regions containing highly embedded sources
of intermediate luminosity have been observed in a similar
manner. Our sample and observations are discussed in ° 2.
Results on locations and intensities of peak emission, as
well as the sizes and shapes of sources, are shown in ° 3.
Inferences drawn from these data are discussed in A° 4.
summary and our conclusions are found in ° 5.

2. OBSERVATIONS

2.1. Source Selection
The Herbig Ae/Be stars in this study were chosen because

they were observed by IRAS to have bright pointlike emis-
sion km)[ 100 Jy] associated with them. In total,[Sl(100
nine regions containing 10 Herbig Ae/Be stars were
observed (BD ]40¡4124 and V1686 Cyg are located in the
same region). The 10 stars are listed in along withTable 1,
distances, compiled by et al. or et al.The� (1994) Hillenbrand

from the literature. (The optical or ““ expected ÏÏ posi-(1992)

TABLE 1

LIST OF OBSERVED SOURCES

Dist.a S
IRAS

(100)c L
IRAS

d G.S.D.f Calibrationg
Source Name (pc) IRASb Name (Jy) (L

_
) Datee (arcsec) Object

Elias 3[1 . . . . . . . . . . . . . . . . 140 04155]2812 144 9.39 1995 Aug 497 IRC ]10420
AB Aur . . . . . . . . . . . . . . . . . . . 160 04525]3028 138 9.89 1991 Dec 0 IRC ]10216
MWC 137 . . . . . . . . . . . . . . . . 1300 06158]1517? 337 653. 1991 Dec 294 IRC ]10216
LkHa 215 . . . . . . . . . . . . . . . . 800 06299]1011? 315 136. 1991 Dec 114 IRC ]10216
MWC 297 . . . . . . . . . . . . . . . . 450 18250[0351 1800 485. 1991 Aprh 0 Ceresh
BD ]40 4124 . . . . . . . . . . . 1000 20187]4111? 880h 1210i 1991 Dec 422 IRC ]10216
V1686 Cyg . . . . . . . . . . . . . . . 1000 20187]4111? 880h 1210i 1991 Dec 441 IRC ]10216
HD 200775 . . . . . . . . . . . . . . 600 21009]6758? 1090 418. 1992 Sep 0 IRC ]10420
LkHa 234 . . . . . . . . . . . . . . . . 1000 21418]6552? 1210 1210 1991 Dech 100 IRC ]10216h
MWC 1080 . . . . . . . . . . . . . . 2500 23152]6034 227 2000 1991 Dec 359 IRC ]10216

IRAS 05338[0624 . . . . . . 450 (same) 488 68.7 1991 Dec 349 IRC ]10216
IRAS 05373]2349 . . . . . . 1000 (same) 194 274. 1993 Dec 272 Ceres
IRAS 05380[0728 . . . . . . 450 (same) 227 118. 1994 Jan 729 Ceres
IRAS 06249[1007 . . . . . . 500 (same) 154 107. 1993 Dec 191 Ceres
IRAS 20050]2720 . . . . . . 700 (same) 397 158. 1992 Sep 348 IRC ]10420
IRAS 20081]2720 . . . . . . 700 (same) 1317 620. 1992 Sep 635 IRC ]10420
IRAS 21391]5802 . . . . . . 750 (same) 425 139. 1992 Sep 205 IRC ]10420
IRAS 21526]5728 . . . . . . 750 (same) 207 116. 1994 Jan 422 Ceres
IRAS 22198]6336 . . . . . . 900 (same) 415 \265. 1992 Sep 171 IRC ]10420
IRAS 23568]6706 . . . . . . 840 (same) 824 251. 1993 Dec 296 Ceres

a References for distance estimates are et al. andHillenbrand 1992, Elias 1978, W89.
b IRAS sources separated from nearby Herbig Ae/Be stars by angular distances greater than their IRAS positional uncertainties

are marked with a ““ ?,ÏÏ which indicates their questionable association.
km) is IRAS color-corrected Ñux density.c Sl(100

d Integration over four IRAS bands ; upper limits to result from upper limits at 12 km.L
IRASe Date object was observed.

f Angular distance to guide star used during observations.
g Calibration object observed during the same Ñight series as source.
h Further observations made in 1992 September with IRC ]10420 as calibration object.
i Calculated from the single IRAS point source in BD ]40¡4124 region.
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TABLE 2

ASSUMED FLUX DENSITIES, OBSERVED SIZES AND OFFSETS OF CALIBRATION OBJECTS

j Sl FWHM O†set
Source Name (km) Scan Type (Jy) (arcsec) (arcsec)

IRC ]10216 . . . . . . 100 2D 790 ^ 120 (45 ^ 2) ] (32 ^ 5) 11.
100 1D 790 ^ 120 (32 ^ 2) 5.5
50 2D 6200 ^ 1300 (35 ^ 4) ] (21 ^ 3) 11.
50 1D 6200 ^ 1300 (28 ^ 4) 7.0

IRC ]10420 . . . . . . 100 2D 170 ^ 26 (40 ^ 2) ] (35 ^ 2) 2.2
100 1D 170 ^ 26 (31 ^ 2) 2.8
50 2D 900 ^ 190 (29 ^ 3) ] (18 ^ 2) 1.5
50 1D 900 ^ 190 (22 ^ 2) 1.2

Ceres . . . . . . . . . . . . . . 100 2D 190 ^ 28a (43^ 5) ] (37 ^ 6) 11.
100 1D 190 ^ 28a (29 ^ 1) 2.2
50 2D 520 ^ 79b (35^ 3) ] (23 ^ 3) 6.1
50 1D 520 ^ 79b (19 ^ 2) 0.62

a 100 km Ñux density of Ceres during Ðrst two Ñights ; reduced to 170^ 25 on last Ñight.
b 50 km Ñux density of Ceres during Ðrst two Ñights ; reduced to 460^ 69 on last Ñight.

tions of these objects can be found in The spectralTable 4.)
types of our sources range from O9 (MWC 297) to A6 (Elias
3-1) with eight sources earlier than B9, which suggests a
slight bias toward more massive members of the Herbig
Ae/Be class. To compare with the embedded source sample
(which was selected against sources with d [ 1.0 kpc ; see
below), we consider only Herbig Ae/Be stars with d ¹ 1.0
kpc. The mean distance of this subsample is 644^ 365 pc,
and the mean IRAS luminosity (derived using all four IRAS
bands) is lists the name ofL

IRAS
\ 497 ^ 521 L

_
. Table 1

the IRAS point source nearest each Herbig Ae/Be star, its
color-corrected 100 km Ñux density (derived following

and its IRAS luminosity. Of the 10 starsBeichmann (1985)),
observed, nine had dereddened SEDs at j \ 20 km that
were modeled with optically thick disks by etHillenbrand
al. However, Elias 3-1 was the only source in a(1992).
survey of nine Herbig Ae/Be stars Francesco et al.(Di 1997)
to have deÐnite interferometric evidence at millimeter wave-
lengths for disk-sized circumstellar structure.2

The embedded sources in our sample were identiÐed by
et al. hereafter W89) as potential protostellarWilking (1989,

candidates from the IRAS Point Source Catalog. Each
source in their sample was required to be located within a
known region of obscuration, have km)[ 100 Jy,Sl(60
have km), and have an IRAS detectionSl(100 km)[Sl(60
at 25 km. Taken as indicative of a color temperature, these
Ñux densities correspond to T \ 50 K; hence the term
““ cold IRAS source ÏÏ used by In addition, each sourceW89.
was required to have a minimum 98% correlation with the
IRAS point source template and to have no known associ-
ations with optically identiÐed objects. Also, the sources
were restricted to be north of d(1950)\ [30¡, but near the
galactic plane, i.e., o b o\ 2¡È25¡. All 50 sources identiÐed
by are associated with strong CO J \ 2 ] 1 emission,W89
and 24 exhibit high-velocity wings, which suggests extreme
youth. We chose 10 sources from that are at most 1.0W89
kpc distant but had km)\ 1500 Jy, criteria imposedSl(100
to exclude sources of high luminosity. lists theirTable 1
names, distances, color-corrected 100 km Ñux densities, and
estimated IRAS luminosities. lists their ““ expected ÏÏ(Table 4

2 Recently, & Sargent detected interferometricallyMannings (1997)
millimeter continuum emission from seven Herbig Ae stars, of which only
AB Aur appears in our sample.

positions from the IRAS Point Source Catalog.) esti-W89
mated the total bolometric luminosities of these sources to
be 100È550 or a mass range of D3È5 assuming aL

_
, M

_
,

main sequence mass\ luminosity relationship of (L /L
_
) \

The mean distance of our sample is 704^ 188 pc,(M/M
_
)4.

and the mean IRAS luminosity is 212 ^ 161 reasonablyL
_

,
similar to the mean values for the distance-restricted sample
of Herbig Ae/Be stars. For 22198]6336, the upper limit to
its 12 km Ñux density was used to calculate the upper limit
to its IRAS luminosity, and this limit was included in the
mean.

also lists the calibration object used for eachTable 1
region (IRC ]10216, IRC ]10420, or Ceres). Each cali-
bration object has been shown to be pointlike at equivalent
angular resolutions at far-infrared wavelengths (see Harvey
et al. 1991).

2.2. Observations and Data Reduction
The program objects were observed from the KAO

during various periods from 1991 to 1995 ; dates of obser-
vations are listed in We used the University ofTable 1.
Texas 20 channel far-infrared imaging array, a 3He-cooled
instrument of two columns of 10 Si bolometers aligned
roughly with the elevation axis of the 0.9 m KAO telescope.
This detector arrangement allowed for either 2D or 1D
far-infrared mapping. Two distinct observational modes
were used to create 2D or 1D maps ; a ““ sweep ÏÏ mode for
stronger sources km)[ 200 Jy] and a ““ stare ÏÏ mode[Sl(100
for weaker sources km)\ 200 Jy]. Sweep-mode[Sl(100
maps were created by averaging single sweeps of the array
made in azimuth (for 2D maps) or elevation (for 1D maps),
where each sweep was binned into 2A or 4A bins, along 200A
or 400A baselines. Approximately 10 sweeps were averaged
to construct either 2D or 1D maps, but 1D maps had lower
noise levels because the output of 10 detectors arranged in
elevation could be averaged. Stare-mode maps were created
by placing the array at several positions (for 2D maps) or
one position (for 1D maps) for integrations 5 or 10 s in
duration, alternating with integrations of equal duration at
suitable adjacent o† positions. Approximately 50 integra-
tions per sky position were averaged in this mode to
produce 2D or 1D maps. Two Ðlters, a ““ narrow ÏÏ one cen-
tered near 100 km and one centered near 50 km, were used
(see All nine regions containing Herbig Ae/BeHarvey 1979).
stars were observed at 100 km, and eight sources were



No. 1, 1998 HIGH-RESOLUTION FAR-IR STUDIES 327

observed also at 50 km. Among the regions containing
embedded sources, 10 were observed at 100 km and seven
were observed also at 50 km.

A few Herbig Ae/Be stars in our sample were bright
enough to be guided upon by the on-board tracking system
of KAO. However, most Herbig Ae/Be stars and all embed-
ded IRAS objects required nearby bright stars, separated by
up to 750A from the targets, for guiding. In these cases, the
array was o†set from the optical position of the guide star
to the position of the target prior to observations. Table 1
also lists the angular displacement of the guide stars, or
guide star distances (GSDs), from each program object.

In every map, spikes greater than 5 p were replaced by
the average of data in adjacent bins. Spatial frequencies in
the data exceeding that possible given the resolution of the
telescope were Ðltered out. In general, sweep-mode obser-
vations were processed more than stare-mode observations.
For example, background emission levels were removed
from sweep data by subtracting the averages of several bins
on the ends of each sweep. Also, each sweep was cross-
correlated with a Gaussian to determine corrections from
possible positional drifts. Further shifts were applied to
correct for the separation between columns in 2D sweep
maps. Data from either mode were then averaged in spatial
pixels of size approximately that of the 2A or 4A spatial bins
of each baseline.

Two-dimensional maps were analyzed using routines in
the Astronomical Image Processing System (AIPS) , and all
sources in 2D maps were Ðtted with elliptical Gaussians to
determine their sizes. One-dimensional maps were analyzed
similarly, except a 1D Gaussian Ðtting algorithm was used
to determine source sizes (see, e.g., 1969, p.Bevington 204).
Conversion factors from observed counts to intensities were
determined from unresolved calibration objects and applied
to the program objects. Flux densities were obtained by
integrating maps either within a box surrounding the
source (for 2D maps) or along the baseline (for 1D maps).

2.3. Flux Calibration
Although the KAO had an on-board radiometer for the

monitoring of water vapor levels at the zenith, it did not
perform consistently enough during our Ñights to allow us
to correct for residual atmospheric absorption. An addi-
tional 30% uncertainty was included in all Ñux density esti-
mates at both wavelengths to account for the possibility of
di†erent attenuation toward the program sources and cali-
bration objects.

Far-infrared Ñux densities of Ceres (for 1993 December/
1994 January) were estimated using the HOTROCK
program of G. Doppmann (1996, private communication),
which assumes that Ceres is a slowly rotating sphere of
constant albedo. A diameter of 845 km was assumed, equal
to the average diameter determined for Ceres in the IRAS
Minor Planet Survey from all four IRAS bands et(Tedesco
al. The intrinsic accuracy of the HOTROCK1992).
program to predict the actual IRAS Ñux densities of Ceres
in the far-infrared is D15%, a factor included in estimates of
uncertainty. Flux densities of Ceres were determined to be

km)\ 188 Jy and km)\ 524 Jy during theSl(100 Sl(50
1993 December Ñights, which decreased to Sl(100
km)\ 165 Jy and km)\ 462 Jy during the 1994Sl(50
January Ñight.

For IRC ]10216 and IRC ]10420, far-infrared Ñux den-
sities were obtained from the IRAS Point Source Catalog at

all four bands and color-corrected assuming intrinsic
power-law SEDs (see (IRC ]10216 andBeichmann 1985).
IRC ]10420 both may vary signiÐcantly in the far-infrared,
but the extent of their possible variability is not well docu-
mented.) This procedure yielded km)\ 4010 Jy andSl(60

km)\ 795 Jy for IRC ]10216, and km)\ 579Sl(100 Sl(60
Jy and km)\ 170 Jy for IRC ]10420. MaximumSl(100
uncertainties of Ñux densities after color correction were
estimated to be D15%. These corrected Ñux densities (and
those at 12 and 25 km) were then used to estimate the 50 km
Ñux densities, using an interpolation algorithm that forces
matching of values and slopes at each IRAS wavelength
(see, e.g., et al. This procedure yieldedPress 1986). Sl(50
km)\ 6210 Jy for IRC ]10216, and km)\ 900 Jy forSl(50
IRC ]10420 (each with estimated uncertainties of D21%).

3. RESULTS

3.1. Calibration
Far-infrared 2D and 1D maps of calibration object IRC

]10216 are presented in as an example of a bright,Figure 1
unresolved object. For all calibration objects, the assumed
Ñux densities average measured sizes (FWHMs) of the(Sl),major and minor axes of the beam ellipses, and average
measured o†sets of actual peak intensity positions from
expected (i.e., optical) positions are listed in EachTable 2.
calibration object is pointlike at our resolution ; hence they
measure beam shapes and sizes. These shapes are elliptical
due to the rectangular shape of the detectors and di†rac-
tion, with major to minor axis (aspect) ratios of 1.24 at 100
km and 1.60 at 50 km, on average. The average geometrical
means of the 2D beam FWHMs are 38A at 100 km and 26A
at 50 km. Beams from 2D observations were slightly larger
than beams from 1D observations, a di†erence probably
due to small di†erences in 2D and 1D data reduction. The
observed sizes of calibration objects were roughly consis-
tent between Ñights and Ñight series. The angular distances
between the observed and predicted peaks of emission of
calibration objects are all less than half one beamwidth at
both wavelengths. The larger o†sets (see for IRCTable 2)
]10216 illustrate the increased positional uncertainties
that result from guiding on a nearby star, rather than
guiding on the object itself. Although size data were consis-
tent between calibration objects, source data were com-
pared only to those of calibration objects observed during
the same Ñight series.

3.2. Maps of Program Regions
Maps of all sources detected at either 100 or 50 km are

presented in Figures (Herbig Ae/Be stars), and Figures2È10
(embedded IRAS sources), superposed onto optical11È20

images taken from the Digital Sky using B1950.0Survey3
coordinates. For 1D maps, coordinates are relative to the
position of peak emission, which is shown in an adjacent 2D
image.

3 Based on photographic data obtained using the Oschin Schmidt Tele-
scope on Palomar Mountain. The Palomar Sky Survey was funded by the
National Geographic Society. The Oschin Schmidt Telescope is operated
by the California Institute of Technology and Palomar Observatory. The
plates were processed into the present compressed digital format with their
permission. The Digitized Sky Survey was produced at the Space Tele-
scope Science Institute (STScI) under U.S. Government grant NAG
W-2166.
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FIG. 1.ÈFar-infrared 2D and 1D maps of calibration object IRC ]10216. For 2D maps, positions are given in B1950.0 coordinates. Solid contours
represent levels of constant intensity, crosses are the positions of program sources, and squares are the peak of far-infrared emission. Dashed lines
surrounding the contours of 2D maps indicate their extent. Solid lines across this extent show the locations of 1D observations (in panel below). Triangles
denote the positions of peak intensity in 1D maps. For 1D maps, error bars represent rms levels at each pixel ; because of spatial oversampling, the
uncertainties from bin-to-bin are correlated and therefore only represent variations on the scale of the beam. The vertical dotted lines (with crosses) in 1D
map panels denote the positions of the program objects projected onto the 1D map. Dashed lines show the 1D proÐles of appropriate calibration objects (see

normalized to the peak intensity of the program source, for comparison. (a) 100 km 2D map with contours starting at and increasing in steps of 10 pTable 1),
(123.9 Jy beam~1) overlaid onto a Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and increasing in steps of 10 p (538.0 Jy
beam~1) overlaid onto a Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars. (d) 50 km 1D proÐle with 1 p error bars.

All 19 program regions were observed at 100 km, and 15
of these regions were also observed at 50 km. At 100 km, 2D
maps were made of 18 regions and 1D maps were made of
13. At 50 km, 2D maps were made of 12 regions and 1D
maps were made of seven. A source was considered detected
only if the peak intensity in the region exceeded 5 p. In(Il)cases where a source was not detected, an upper limit to the
Ñux density was determined by adding the Ñux density mea-
sured in the Ðeld around the expected position of the source
to the uncertainty. Two sources, IRAS 21526]5728 (Fig.

and IRAS 23568]6706 were not detected in18) (Fig. 20),
2D maps at 100 km but were detected in 1D maps with
lower noise. Two sources, IRAS 05338[0624 and IRAS
23568]6706, were not detected in 2D maps at 50 km; only
the former source was observed and detected in a 1D map
with lower noise The 100 km 2D map and the 50(Fig. 11).
km 1D map of the Elias 3-1 region as well as the 50(Fig. 2),

km 2D maps of the MWC 137 region and the HD(Fig. 4)
200775 region do not include the entire far-infrared(Fig. 8)
source. Flux densities derived from these maps are lower
limits. In addition, accurate size information could not be
obtained from the latter two 50 km 2D maps.

One far-infrared source is found per region in most maps
with detections, although secondary peaks may be seen in
the 100 km 1D maps of LkHa 215 and IRAS(Fig. 5)
23568]6706 The peak intensities total Ñux(Fig. 20). (Il),densities sizes (FWHM), and position angles (PA) of(Sl),these sources are listed in The 1 p noise levels inTable 3. Ilwere calculated from the mean of uncertainties in all bins
and the rms variation of the baseline or background, added
in quadrature. Uncertainties of include contributionsSlfrom the 1 p noise levels, uncertainties in the Ñux densities
and sizes of the calibration objects, and possible residual
di†erences in water vapor absorption between the sources
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TABLE 3

OBSERVED PEAK INTENSITIES, FLUX DENSITIES, AND SIZES OF PROGRAM OBJECTS

j Sl Il Size P.A.
Source Name (km) Scan Type (Jy) (Jy beam~1) (arcsec) (deg)

Elias 3-1 . . . . . . . . . . . . 100 2D 150^ 87 36.8 ^ 4.70 (111^ 11) ] (49 ^ 20) 61 ^ 7
50 1D 86^ 45 59.1 ^ 5.45 (25^ 4) 129 ^ 3

AB Aur . . . . . . . . . . . . . 100 2D 85^ 48 70.6 ^ 7.35 (46^ 8)] (34 ^ 4) 328 ^ 6
100 1D 75^ 35 69.2 ^ 1.98 (31^ 2) 308 ^ 3
50 2D 110^ 67 105 ^ 8.56 (32^ 3)] (20 ^ 4) 39 ^ 5

MWC 137 . . . . . . . . . . 100 2D 330^ 160 116 ^ 8.70 (82^ 6)] (63 ^ 11) 58 ^ 10
100 1D 220^ 99 93.8 ^ 3.80 (70^ 2) 348 ^ 3
50 2D 130^ 80 75.2 ^ 14.0 . . . . . .
50 1D 270^ 140 101 ^ 11.5 (81^ 3) 349 ^ 3

LkHa 215 . . . . . . . . . . 100 2D 240^ 130 61.5 ^ 10.4 (94^ 32) ] (64 ^ 24) 79 ^ 10
100 1D 180^ 94 53.4 ^ 6.74 (78^ 9) 354 ^ 5

MWC 297 . . . . . . . . . . 100 2D 1300 ^ 640 298 ^ 8.98 (61^ 11) ] (54 ^ 14) 309 ^ 10
100 1D 640^ 290 257 ^ 8.25 (66^ 6) 216 ^ 5
50 2D 1100^ 540 273 ^ 23.1 (57^ 13) ] (46 ^ 15) 292 ^ 10
50 1D 660^ 310 245 ^ 14.7 (57^ 4) 204 ^ 3

BD ]40 4124 . . . . . . 100 2D 730^ 380 262 ^ 13.2 (59^ 7)] (41 ^ 10) 154 ^ 5
region . . . . . . . . . . . . . . . 50 2D 680^ 390 262 ^ 30.7 (58^ 19) ] (43 ^ 14) 116 ^ 10
HD 200775 . . . . . . . . . 100 2D 890^ 440 212 ^ 13.8 (85^ 7)] (64 ^ 6) 241 ^ 5

50 2D 980^ 520 212 ^ 34.6 . . . . . .
LkHa 234 . . . . . . . . . . 100 2D 1200 ^ 630 432 ^ 16.1 (62^ 8)] (46 ^ 12) 158 ^ 10

100 1D 850^ 420 499 ^ 7.91 (52^ 6) 82 ^ 3
50 2D 980^ 550 405 ^ 36.7 (45^ 9)] (35 ^ 10) 153 ^ 5
50 1D 830^ 430 512 ^ 21.2 (46^ 7) 79 ^ 3

MWC 1080 . . . . . . . . . 100 2D 200^ 100 112 ^ 11.4 (50^ 3)] (44 ^ 7) 196 ^ 5
100 1D 180^ 85 129 ^ 4.43 (43^ 2) 98 ^ 3
50 2D 200^ 110 113 ^ 9.44 (44^ 8)] (34 ^ 7) 176 ^ 10

05338-0624 . . . . . . . . . 100 2D 430^ 220 241 ^ 11.9 (51^ 8)] (39 ^ 6) 68 ^ 5
100 1D 280^ 130 239 ^ 5.03 (34^ 2) 356 ^ 3
50 2D \350 146 ^ 30.4 . . . . . .
50 1D 320^ 170 213 ^ 20.8 (32^ 3) 359 ^ 3

05373]2349 . . . . . . . 100 2D 270^ 180 170 ^ 16.2 (62^ 2)] (40 ^ 3) 55 ^ 5
05380[0728 . . . . . . . 100 2D 210^ 150 110 ^ 9.12 (49^ 5)] (44 ^ 9) 115 ^ 5
06249[1007 . . . . . . . 100 1D 240^ 120 136 ^ 6.68 (45^ 3) 4 ^ 3
20050]2720 . . . . . . . 100 2D 550^ 300 300 ^ 19.2 (51^ 3)] (46 ^ 3) 113 ^ 9

100 1D 400^ 190 289 ^ 5.83 (39^ 2) 60 ^ 3
50 1D 240^ 130 125 ^ 9.80 (35^ 4) 59 ^ 3

20081]2720 . . . . . . . 100 2D 1900 ^ 930 302 ^ 14.6 (91^ 6)] (70 ^ 9) 160 ^ 5
50 2D 1100^ 600 245 ^ 36.8 (71^ 8)] (52 ^ 11) 170 ^ 5

21391]5802 . . . . . . . 100 2D 430^ 230 195 ^ 15.1 (52^ 4)] (49 ^ 5) 296 ^ 4
100 1D 280^ 140 188 ^ 7.76 (39^ 1) 238 ^ 3
50 2D 320^ 150 108 ^ 15.8 (51^ 4)] (40 ^ 9) 307 ^ 4

21526]5728 . . . . . . . 100 2D \220 72.4^ 15.5 . . . . . .
100 1D 160^ 73 64.3 ^ 3.53 (61^ 5) 83 ^ 5
50 1D 53^ 25 46.2 ^ 3.43 (28^ 3) 75 ^ 3

22198]6336 . . . . . . . 100 2D 310^ 130 168 ^ 14.5 (52^ 3)] (45 ^ 4) 248 ^ 5
100 1D 230^ 120 166 ^ 5.45 (37^ 2) 160 ^ 4
50 2D 270^ 110 125 ^ 13.9 (35^ 3)] (29 ^ 5) 67 ^ 5

23568]6706 . . . . . . . 100 2D \640 160 ^ 22.4 . . . . . .
100 1D 180^ 91 96.7 ^ 8.25 (86^ 13) 134 ^ 3
50 2D \220 104 ^ 32.6 . . . . . .

and the calibrators (see For 2D maps, the position° 2.3).
angles are the angle of major axis of the 2D Gaussian Ðt
counterclockwise with respect to north. For 1D maps, the
position angles are the angle of the direction of the map,
from positive to negative o†sets, counterclockwise with
respect to north.

3.3. Positions and Source IdentiÐcations
The embedded objects in our sample were identiÐed

directly by IRAS ; however, it is not clear how the Herbig
Ae/Be stars in our sample are associated with the far-
infrared emission in their respective regions. As described
earlier many Herbig Ae/Be stars in our sample are(° 2.1),
located outside the error ellipses of the nearest IRAS point
source (see On the other hand, the correspondingTable 1).

IRAS Ñux densities of these sources have been included in
the SEDs of the Herbig Ae/Be stars, albeit with reservations
(see et al. Our high-resolution maps ofHillenbrand 1992).
the regions in our sample allow us to test the association of
some Herbig Ae/Be stars with IRAS sources. listsTable 4
the expected and observed peak positions in B1950.0 coor-
dinates from the observations of all 19 program regions and
the angular o†sets between these positions. (By ““ expected ÏÏ
we mean the position of the visible star for the Herbig
Ae/Be stars and the IRAS position for the embedded
sources.)

First, potential uncertainties in position arising from
guiding on a nearby, bright star, rather than the Herbig
Ae/Be star itself, must be addressed. Positional discrep-
ancies can arise owing to errors in the guide star position,
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FIG. 2.ÈFar-infrared 2D and 1D maps of region containing Elias 3-1. See for symbol/line deÐnitions, but note that open triangles here denote theFig. 1
positions of individual detectors in 1D stare-mode maps. (a) 100 km 2D map with contours starting at and increasing in steps of 2 p (9.4 Jy beam~1) overlaid
onto Digital Sky Survey image of region. (b) Locations of 50 km 1D map overlaid onto Digital Sky Survey image of region. (c) 50 km 1D proÐle with 1 p error
bars.

rotation of Ðeld, or plate scale (see We use the embed-° 2.2).
ded objects to determine the accuracy of our pointing with
increasing GSD (i.e., the angular separation between
program object and guide star positions) by measuring dif-
ferences between their positions of peak intensity in our(Il)2D maps and their positions listed in the IRAS Point
Source Catalog. We can apply this information to decide
whether or not the far-infrared emission peaks on the
Herbig Ae/Be stars. Both subsamples were observed with a
similar range of GSDs, i.e., between 0A and 750A.

Examining only 2D maps to ensure that the peaks of
emission were observed, we Ðnd that the peaks of all 10
embedded sources are within half of the KAO beam of the
IRAS position. This result suggests that any objects more
than a half-beam away from our peak position are unlikely
to be associated. However, only Ðve of 10 embedded objects
peaked within the IRAS error ellipses. The remaining Ðve
objects are likely still related to the IRAS point sources,
since they were observed with guide stars most distant from
the targets in our sample (i.e., greater than 340A). Figure 21
shows the general increase of positional o†set with GSD for

the embedded sample (and calibrators) for 2D maps at both
100 and 50 km. Least-squares Ðts to these samples (also
shown in have correlation coefficients of r \ 0.88Fig. 21)
and r \ 0.70 for 100 and 50 km maps, respectively. Given
that the association of these far-infrared objects with the
IRAS sources is fairly unambiguous, these Ðts provide an
empirical means to gauge how positional uncertainties
increase with GSD for all of our data.

In general, only some maps of regions containing Herbig
Ae/Be stars show well-associated far-infrared emission. For
example, only six of 10 Herbig Ae/Be stars surveyed are
located within a halfÈKAO beamwidth of observed peaks of
far-infrared emission (e.g., D15AÈ20A at 100 km). Further-
more, only four of these six stars (AB Aur, Elias 3-1, MWC
297, and MWC 1080) also lie within the IRAS error ellipses
of the nearest IRAS point source (see Besides EliasTable 1).
3-1, these objects were bright enough to be observed
without requiring a separate guide star (i.e., zero GSD),
so positions of in the KAO maps should be relativelyIlaccurate. (For MWC 297, however, a large positional
o†set was found at 100 km, but was still consistent with
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FIG. 3.ÈFar-infrared 2D and 1D maps of region containing AB Aur. See for symbol/line deÐnitions. (a) 100 km 2D map with contours starting atFig. 1
and increasing in steps of 2 p (14.7 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and increasing
in steps of 2 p (17.1 Jy beam~1). (c) 100 km 1D proÐle with 1 p error bars.

both the halfÈKAO beamwidth and the local IRAS ellipse.
This large o†set also was not seen in the 50 km map of the
region.) For Elias 3-1, a guide star D500A distant was
used, but the local position of is still relatively closeIlby despite the widespread emission in the region (see(6A.2)
Fig. 2).

Other regions containing Herbig Ae/Be stars show less
well-associated far-infrared emission. For example, the
other 2 stars located within halfÈKAO beamwidths of the
peaks of far-infrared emission, LkHa 215 and LkHa 234,
are located outside error ellipses of the nearest IRAS point
sources. However, these two sources were observed with
guide stars located, respectively, 110A and 100A distant, and
their o†sets are consistent with those expected from such
GSDs (see Therefore, the data from these regionsFig. 21).
are consistent with the far-infrared emission surrounding
the stars themselves (see Figs. and No such explanation4 9).
exists for the large o†sets seen for the other four Herbig
stars in our sample, MWC 137, HD 200775, and BD
]40¡4124 (with nearby V1686 Cyg). Each star is displaced
signiÐcantly from the peaks of far-infrared emission in their
respective regions, and displaced much more than can be

accounted for by positional uncertainties (see TheFig. 21).
signiÐcance of these displacements is discussed in ° 4.1.

3.4. Observed Flux Densities and Source Sizes
Flux densities of all objects (or upper limits) were calcu-

lated only from 2D maps of each source because 1D maps
might miss considerable emission in directions orthogonal
to the cuts. Derived 100 km Ñux densities were[Sl(KAO)]
then compared with color-corrected 100 km Ñux densities
from the IRAS Point Source Catalog to deter-[Sl(IRAS)]
mine if a signiÐcant decrease in accompanied theSldecrease in beam size.

Lower far-infrared Ñux densities than observed by IRAS
might be expected from KAO observations, since the poten-
tial for unrelated or di†use sources of emission to be
included within the smaller KAO beam is reduced.
However, only a single far-infrared source per region was
found in most of our 2D maps. After color correction (using
the same method used for the calibrators, as described in

good agreement is found between and° 2.3), Sl(KAO)
at 100 km for all sources. The ratio of toSl(IRAS) Sl(KAO)
at 100 km for all 16 detected sources in 2D mapsSl(IRAS)
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FIG. 4.ÈFar-infrared 2D and 1D maps of region containing MWC 137. See for symbol/line deÐnitions. (a) 100 km 2D map with contours startingFig. 1
at and increasing in steps of 2 p (17.4 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and
increasing in steps of 2 p (29.9 Jy beam~1) overlaid onto Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars. (d) 50 km 1D proÐle
with 1 p error bars.

has a mean of 0.96^ 0.25 (standard deviation). In addition,
is consistent within uncertainties with atSl(KAO) Sl(IRAS)

100 km for each source individually. However, we Ðnd Ñux
densities at 50 km to be slightly larger than expected given
the overall IRAS far-infrared SEDs of all eight cases where

is available. For example, the ratio of atSl(KAO) Sl(KAO)
50 km to at 60 km for all eight detected cases has aSl(IRAS)
mean of 1.41^ 0.39 (standard deviation). High values of

at 50 km, however, appear signiÐcant for onlySl(KAO)
IRAS 22198]6336 and IRAS 21391]5802. Both maps
were obtained on the same Ñight in 1992 September, and
the large o†set may be due to increased water vapor
absorption toward the Ñux calibrator relative to these
objects during that one Ñight.

To determine if the detected sources were signiÐcantly
extended (i.e., at a level greater than 1 p) with respect to the
calibration sources, FWHMs of the 2D or 1D Gaussian Ðts
of program source maps were compared with those of rele-
vant calibration objects. The FWHMs of Gaussian Ðts for
almost every far-infrared source are larger than those of
calibration objects at both 100 and 50 km, which indicates
that the sample is mostly extended signiÐcantly at the

spatial resolutions of KAO at both wavelengths. (For 1D
proÐles, the di†erences between observed program source
and observed calibration ““ point source ÏÏ object sizes can be
seen readily in the 1D proÐle frames of Figures A2È20.)
substantial range in extent is found in the sample. Some
sources (e.g., those in the Elias 3-1 region [see or theFig. 2]
IRAS 20081]2720 region [see are very extended,Fig. 16])
while others (e.g, those in the BD ]40¡4124 region [see Fig.

or the IRAS 05380[0728 region [see are just7] Fig. 13])
over 1 p larger than the beam at 100 km. Only sources
associated with AB Aur (see and possibly IRASFig. 3)
05338[0624 (see are not signiÐcantly extended (atFig. 11)
both 100 and 50 km) in both 2D and 1D maps. Thus, only
these two sources are considered potentially unresolved in
our sample. The linear sizes or upper limits obtained from
deconvolutions of all maps by beams are discussed in ° 4.3.

4. DISCUSSION

4.1. O†set Far-Infrared Sources in Herbig Ae/Be Regions
The optical positions of four Herbig Ae/Be stars (MWC

137, BD ]40¡4124, V1686 Cyg, and HD 200775 ; see Figs.
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FIG. 5.ÈFar-infrared 2D and 1D maps of region containing LkHa 215.
See for symbol/line deÐnitions. (a) 100 km 2D map with contoursFig. 1
starting at and increasing in steps of 2 p (20.8 Jy beam~1) overlaid onto
Digital Sky Survey image of region. (b) 100 km 1D proÐle with 1 p error
bars.

and are displaced from the nearest peaks of far-4, 7, 8)
infrared emission by more than a halfÈKAO beamwidth,
more than can be accounted for by increased pointing
uncertainties due to distant guide stars (see ForFig. 21).
these regions, these signiÐcant o†sets imply the optical
objects are not immediately surrounded by an envelope of
far-infrared emitting dust. Instead, the emission probably
comes from dust situated at a position adjacent to the
optical objects ; this dust may be heated either internally
from highly embedded (optically invisible) objects, or exter-
nally by the Herbig stars themselves, or both. These regions
are examined individually in this section.

4.1.1. T he MW C 137 Region

shows MWC 137 situated in the center of anFigure 4
oval reÑection nebula. shows the relative posi-Figure 22a
tions of the optical and 100 km objects in the region. MWC
137 is located D10A north of the nearest IRAS point source,
just outside its positional error ellipse. Our 2D 100 km map
shows a wide area of bright far-infrared emission around
the nebulosity, but peaking D30A south of MWC 137 itself ;
however, the peak in the 2D 100 km map may not be well

deÐned, considering the Ñat distribution of emission near
the maximum. Unfortunately, our 50 km (stare-mode) map
clearly did not cover the entire source. Our 1D 100 km and
1D 50 km maps show proÐles with surprisingly similar
widths, but also with Ñat maxima. The peaks of these pro-
Ðles are much closer to the optical position of MWC 137
(13A and south of MWC 137, at 100 and 50 km,4A.3
respectively). In fact, these Ñat maxima include the MWC
137 position, which suggests MWC 137 is indeed imme-
diately surrounded by far-infrared emitting dust. Fran-Di
cesco et al. detected interferometrically only a single(1997)
millimeter continuum source at a position D3A south-by-
southwest, between a half- and a full-beamwidth, from
MWC 137. In addition, all our maps peak south of MWC
137, more consistent with the position of the southern IRAS
point source. Therefore, a source of the far-infrared emis-
sion in the region spatially distinct from MWC 137 remains
possible. Far-infrared maps of even higher spatial
resolution are required to untangle this situation.

4.1.2. T he BD ]40¡4124 Region

The BD ]40¡4124 region contains many infrared-bright
sources, including both Herbig Ae/Be stars, BD ]40¡4124
and V1686 Cyg et al. see Figures(Hillenbrand 1995 ; Fig. 7).

and show the IRAS point source located between22b 22c
these two stars and a third object to the east, V1318 Cyg.
Despite the proximity of all three stars to each other, all of
them lie outside the IRAS positional error ellipse, which
makes it unclear which objects are actually associated with
the far-infrared emission. Our 2D 100 km map, however,
peaks much closer to V1318 Cyg (10A o†set) than to BD
]40¡4124 (36A o†set) or V1686 Cyg (22A o†set). Also, the
measured o†set to V1318 Cyg is more consistent with the
relationship shown in between the positionalFigure 21
uncertainty and the GSD. If either BD ]40¡4124 or V1686
were the actual source of the emission, the positional o†sets
would be far from the usual relation. This map suggests
V1318 Cyg is the one object immediately surrounded by
far-infrared emitting dust in the region ; however, the 50 km
data, with higher spatial resolution, is less clear since it
reveals a peak near-equidistant from V1318 Cyg (17A o†set),
V1686 Cyg (17A o†set), and BD ]40¡4124 (19A o†set).
V1318 Cyg was recently identiÐed as the peak of local 800
km emission by Sandell, & Weintraub InAspin, (1994).
addition, only V1318 Cyg (but not BD ]40¡4124 or V1686
Cyg) had compact 2.7 mm emission detected interferomet-
rically by Francesco et al. These results furtherDi (1997).
suggest V1318 Cyg is immediately surrounded by more dust
than either BD ]40¡4124 or V1686 Cyg. External heating
by BD ]40¡4124 and/or V1686 Cyg, however, may still be
signiÐcant given the close proximity of all three objects.

4.1.3. T he HD 200775 Region

The region containing HD 200775 (NGC 7023 ; see Fig. 8)
is the only one in our sample that contains an optical source
(HD 200775 itself ), a nearby IRAS source (IRAS
21009]6758), and far-infrared emission in our KAO maps,
all of which are outside the positional uncertainties of each
other (see The o†sets measured between the starFig. 22d).
and peaks at both 100 (50A) and 50 km (37A) are the largest
in our entire sample. As with the MWC 137 region, our 50
km map did not e†ectively cover the entire far-infrared
source, which makes a determination of the peak position
very inaccurate. HD 200775 was itself optically bright
enough to be observed without requiring a separate guide



FIG. 6.ÈFar-infrared 2D and 1D maps of region containing MWC 297. See for symbol/line deÐnitions. (a) 100 km 2D map with contours startingFig. 1
at and increasing in steps of 2 p (18.0 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and
increasing in steps of 2 p (46.2 Jy beam~1) overlaid onto Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars. (d) 50 km 1D proÐle
with 1 p error bars.

FIG. 7.ÈFar-infrared 2D maps of region containing BD ]40¡4124, V1686 Cyg, and V1318 Cyg (denoted as crosses, respectively, from west to east). See
for symbol/line deÐnitions. (a) 100 km 2D map with contours starting at and increasing in steps of 2 p (26.4 Jy beam~1) overlaid onto Digital SkyFig. 1

Survey image of region. (b) 50 km 2D map with contours starting at and increasing in steps of 2 p (61.4 Jy beam~1) overlaid onto Digital Sky Survey image of
region.
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FIG. 8.ÈFar-infrared 2D maps of region containing HD 200775. See for symbol/line deÐnitions. (a) 100 km 2D map with contours starting at andFig. 1
increasing in steps of 2 p (27.5 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and increasing in
steps of 2 p (69.3 Jy beam~1) overlaid onto Digital Sky Survey image of region.

FIG. 9.ÈFar-infrared 2D and 1D maps of region containing LkHa 234. See for symbol/line deÐnitions. (a) 100 km 2D map with contours starting atFig. 1
and increasing in steps of 2 p (32.1 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and increasing
in steps of 2 p (73.5 Jy beam~1) overlaid onto Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars. (d) 50 km 1D proÐle with 1 p error
bars.
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FIG. 10.ÈFar-infrared 2D and 1D maps of region containing MWC 1080. See for symbol/line deÐnitions. (a) 100 km 2D map with contours startingFig. 1
at and increasing in steps of 2 p (22.9 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and
increasing in steps of 2 p (18.9 Jy beam~1) overlaid onto Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars.

star, so the o†set is deÐnitely signiÐcant. et al.Whitcomb
detected 55 and 125 km emission (with 50A(1981)

resolution) at positions similar to our 100 km peak. The
increased resolution of our 100 km maps conÐrms their
observations that far-infrared emission in the NGC 7023
region is well displaced from HD 200775. et al.Whitcomb

argued that the far-infrared emission is only due to a(1981)
dust density enhancement northwest of HD 200775 heated
externally by the optical star alone. No evidence for addi-
tional heating sources embedded within the enhancement
were found by et al. from near-infraredWhitcomb (1981)
imaging (limited to sources with K \ 9.4) or mid-infrared
imaging (limited to sources with N \ 2.5). Recent images of
the NGC 7023 region down to K \ 17 by Palla, &Testi,
Natta will likely further constrain this possibility (see(1998)
° 4.3).

4.2. Far-Infrared Spectral Energy Distributions
Figures and show the SEDs of all objects where23 24

at 100 km was recovered. A good correspondenceSl(KAO)
is found between and at 100 km and aSl(KAO) Sl(IRAS)

slightly larger at 50 km is found relative to theSl(KAO)
overall infrared SEDs (see also Color-corrected° 3.4).

at 12 and 25 km are also shown with Ñux densitiesSl(IRAS)
at 10 km (N band) and 20 km (Q band) obtained by

et al. on the optical positions of theHillenbrand (1992)
Herbig Ae/Be stars. The N-band and Q-band observations
were made with apertures ranging from 6A to 12A in size,
and therefore reÑect the mid-infrared emission in close
proximity to the optical positions, as opposed to IRAS Ñux
densities that reÑect emission within the much larger IRAS
beams (i.e., D120A at 100 km). Several sources in Figure 23
(Herbig Ae/Be stars) show distinct di†erences between these
sets of Ñux densities, which were explained by Hillenbrand
et al. as possibly due to transiently heated dust or(1992)
other sources within the IRAS beam(s).

Single far-infrared sources are overwhelmingly found in
our 100 km maps of these regions, with general consistency
between 100 km Ñux densities, at times signiÐcantly dis-
placed from the optical positions of the Herbig Ae/Be stars.

shows how the ratios of the ground-based toFigure 25
IRAS-Ñux densities at both D10 and D20 km(Fig. 25a)
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FIG. 11.ÈFar-infrared 2D and 1D maps of region containing IRAS 05338[0624. See for symbol/line deÐnitions. (a) 100 km 2D map with contoursFig. 1
starting at and increasing in steps of 2 p (23.8 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) Position of 50 km 1D map overlaid onto
Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars. (d) 50 km 1D proÐle with 1 p error bars.

FIG. 12.ÈFar-infrared 2D map of region containing IRAS
05373]2349 (see for symbol/line deÐnitions) ; 100 km 2D map withFig. 1
contours starting at and increasing in steps of 2 p (32.4 Jy beam~1) over-
laid onto Digital Sky Survey image of region.

decrease with the measured o†set between optical(Fig. 25b)
position and far-infrared (KAO) peak position. (A similar
trend is seen with IRAS PSC positions ; see Figs. and25c

For Elias 3-1, AB Aur, and MWC 1080, both sets of25d.)
mid-infrared Ñux densities appear consistent, and their
small far-infrared o†sets indicate they are probably imme-
diately surrounded by far-infrared emitting dust. For the
remaining sources, all with larger far-infrared o†sets, the
mid-infrared IRAS Ñux densities may be associated with
dust spatially distinct from the Herbig Ae/Be stars. These
results further suggest that far-infrared emitting dust may
not immediately surround Herbig Ae/Be stars in all cases
(see ° 2.3).

4.3. Deconvolved Sizes and Shapes of Far-Infrared Sources
The detected sources in our 2D and 1D maps have been

deconvolved assuming Gaussian beam shapes to estimate
the intrinsic linear sizes and shapes of the emitting areas at
far-infrared wavelengths. Maps in 2D were deconvolved
using the task IMFIT in AIPS, which include position
angles of the source and the beam. Maps in 1D were decon-
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FIG. 13.ÈFar-infrared 2D map of region containing IRAS
05380[0728 (see for symbol/line deÐnitions) ; 100 km 2D map withFig. 1
contours starting at and increasing in steps of 2 p (18.2 Jy beam~1) over-
laid onto Digital Sky Survey image of region.

volved using a straightforward 1D Gaussian method ; i.e.,
Linear(FWHMdecon)2\ (FWHMobj)2[ (FWHMcalib)2.sizes were then estimated using the distances to each source

listed in The deconvolved sizes (and aspect ratiosTable 1.
from 2D maps, where applicable) of each source are listed in

Following far-infrared emission in the BDTable 5. ° 4.1,
]40¡4124 or HD 200775 regions does not originate from
areas immediately surrounding the stars themselves.

Geometrical means of the deconvolved 2D sizes in Table
were calculated to facilitate comparisons. From these geo-5

metrical means, we Ðnd the mean deconvolved size (and
standard deviation) of resolved objects in Herbig Ae/Be
regions at 100 km is 0.22^ 0.14 pc (from the 2D maps of six
objects ; the unresolved AB Aur object, and the BD
]40¡4124/V1686 Cyg, and HD 200775 objects were not
included). In comparison, the mean deconvolved size (and
standard deviation) of the resolved embedded IRAS objects
is only 0.12^ 0.06 pc (from the 2D maps of seven objects),
less than the mean size of the Herbig Ae/Be region objects.
However, this Herbig region subsample includes very lumi-
nous objects at distances greater than 1.0 kpc, while the
embedded regions subsample has no objects greater than
this distance. Removing sources more distant than 1.0 kpc
from the Herbig Ae/Be region subsample, the mean decon-
volved size (and standard deviation) of resolved objects in
Herbig Ae/Be regions at 100 km reduces to 0.15^ 0.10 pc,
very consistent with the mean deconvolved size of the
resolved embedded IRAS object subsample. At 50 km, the
mean deconvolved sizes determined from 2D maps of each
subsample are very consistent despite the small numbers ;
0.10^ 0.01 pc for two Herbig Ae/Be sample objects, and
0.14^ 0.06 pc for three embedded sample objects. Mean
sizes from 1D maps at both 100 and 50 km were also consis-
tent with those obtained from 2D maps. No signiÐcant dif-
ference is found between far-infrared sizes of objects in each
subsample considered. (Including the BD ]40¡4124 and
HD 200775 region objects in these analyses does not a†ect
our conclusions.) The sizes are similar to those of regions
forming low-mass stars. They are characteristic of envelopes
around forming stars and are far larger than the expected
sizes of disks.

A possible di†erence is found in the shapes of the far-

infrared objects in each subsample. The aspect ratios (i.e.,
ratio of major to minor axis) of deconvolved objects show
the embedded IRAS sample is more Ñattened as a popu-
lation than those far-infrared objects that immediately sur-
round Herbig Ae/Be stars (i.e., excluding the BD ]40¡4124
and HD 200775 region objects). For example, the decon-
volved sizes of six of seven embedded IRAS objects in 2D
100 km maps (and two of three objects in 2D 50 km maps)
have aspect ratios that are signiÐcantly larger than expected
for circular sources (i.e, the aspect ratios are greater than 1 p
from 1.0), which suggests signiÐcant Ñattening. In contrast,
only two of six objects in Herbig Ae/Be regions in 2D 100
km maps and zero of three objects in 2D 50 km maps (again
excluding the BD ]40¡4124 and HD 200775 objects) have
aspect ratios signiÐcantly larger than 1.0 when decon-
volved. This dichotomy may be because the uncertainties in
the aspect ratios of the Herbig subsample are slightly larger
on average than those of the embedded subsample. For
example, the mean uncertainty of the aspect ratios of the 2D
100 km maps of seven embedded IRAS objects is 0.22, but

FIG. 14.ÈFar-infrared 1D map of region containing IRAS
06249[1007. See for symbol/line deÐnitions. (a) Position of 100 kmFig. 1
1D map overlaid onto Digital Sky Survey image of region. (b) 100 km 1D
proÐle with 1 p error bars. Coordinates are relative to the peak intensity
located at d(1950.0)\ [10¡07@48A.a(1950.0)\ 06h24m56s.2,



FIG. 15.ÈFar-infrared 2D and 1D maps of region containing IRAS 20050]2720. See for symbol/line deÐnitions. (a) 100 km 2D map with contoursFig. 1
starting at and increasing in steps of 2 p (38.3 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) Position of 50 km 1D map overlaid onto
Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars. (d) 50 km 1D proÐle with 1 p error bars.

FIG. 16.ÈFar-infrared 2D and 1D maps of region containing IRAS 20081]2720. See for symbol/line deÐnitions. (a) 100 km 2D map with contoursFig. 1
starting at and increasing in steps of 2 p (29.0 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and
increasing in steps of 2 p (73.5 Jy beam~1) overlaid onto Digital Sky Survey image of region.
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FIG. 17.ÈFar-infrared 2D and 1D maps of region containing IRAS 21391]5802. See for symbol/line deÐnitions. (a) 100 km 2D map with contoursFig. 1
starting at and increasing in steps of 2 p (30.2 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and
increasing in steps of 2 p (31.5 Jy beam~1) overlaid onto Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars.

for Ðve Herbig region objects (excluding Elias 3-1) the mean
uncertainty is 0.35. Therefore, objects in the embedded
sample could be more easily identiÐed as ““ Ñattened ÏÏ
because of their smaller uncertainties.

An alternative explanation of the dichotomy between
shapes of the subsamples could be that an envelope mor-
phology is common to objects of both subsamples but is
viewed preferentially from di†erent orientations. In this sce-
nario, the far-infrared objects associated with sources in
both subsamples may be envelopes Ñattened during col-
lapse, but envelopes around Herbig Ae/Be stars are then
seen preferentially ““ pole-on,ÏÏ along their axes of symmetry,
while envelopes around embedded IRAS objects are seen
preferentially ““ edge-on,ÏÏ along their equators. Pole-on
envelopes would appear more circular than the Ñattened,
ellipsoidal edge-on envelopes, as observed. Given the
reduced optical depths expected along the poles of Ñattened
envelopes and the increased optical depths expected along
their equators (see, e.g., Calvet, & HartmannKenyon, 1993),
Herbig Ae/Be stars may be visible only due to a fortuitous
pole-on orientation of their envelopes with respect to us,

while embedded sources remain invisible due to their
edge-on oriented envelopes. (Of the two far-infrared objects
spatially distinct from nearby Herbig Ae/Be stars that could
contain separate, more embedded objects, the HD 200775
object is signiÐcantly Ñattened but the BD ]40¡4124
object, likely containing V1318 Cyg, is not.) A common
Ñattened morphology for envelopes of both types of
intermediate-mass young stellar objects suggests their dif-
ferences may be related less strictly to evolution than pre-
viously assumed (see In addition, these deconvolvedW89).
shapes suggest the spherically symmetrical envelopes
assumed previously for earlier models of intermediate-mass
objects (see, e.g., et al. may not be applicableNatta 1993)
here.

Finally, the relative sizes of far-infrared emission at 100
and 50 km are surprisingly similar, assuming a centrally
heated envelope by a single object. From objects where 2D
maps at both wavelengths were available (i.e., four objects
in Herbig Ae/Be regions, three objects in embedded IRAS
regions), the ratio of deconvolved size at 100 to 50 km is
1.05^ 0.30 (standard deviation) for objects in Herbig Ae/Be
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FIG. 18.ÈFar-infrared 1D maps of region containing IRAS 21526]5728. See for symbol/line deÐnitions, but note that open triangles here denoteFig. 1
positions of individual detectors in 1D stare-mode maps. (a) Positions of 1D 100 km map overlaid onto Digital Sky Survey image of region. (b) Positions of
1D 50 km map overlaid onto Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars. Coordinates are relative to the position of peak
intensity located at d(1950.0)\ ]57¡28@45A. (d) 50 km 1D proÐle with 1 p error bars. Coordinates are relative to the position of peaka(1950.0)\ 21h52m41s.3,
intensity located at d(1950.0)\ ]57¡28@44A.a(1950.0)\ 21h52m42s.1,

regions, and 1.15^ 0.27 (standard deviation) for objects in
embedded IRAS regions. (Similar ratios near 1.0 are found
when comparing deconvolved 1D maps at both wave-
lengths.) In several instances, the 50 km deconvolved size is
larger than its 100 km counterpart. The envelopes may be
heated by a distribution (e.g., a cluster) of fairly luminous
sources, rather than the single very luminous source
assumed in recent models of other intermediate-mass
sources (see et al. or & Natta ForNatta 1993 Butner 1995).
example, a sizable embedded cluster of objects near IRAS
20050]2720 was detected recently by et al. InChen (1997).
addition, et al. (see also et al. showTesti (1997) Testi 1998)
that the degree of clustering of near-infrared objects is
strongest around Herbig stars of B7 spectral type and
earlier. To determine the e†ect young clusters have on the
far-infrared emission observed in these regions, recent near-
infrared images, e.g., those of et al. must beTesti (1997),
analyzed to compare the positions of highly embedded,
luminous sources (if they exist) with the extent of far-
infrared emission in each region.

5. SUMMARY

High-resolution far-infrared 2D and/or 1D maps have
been obtained for 19 regions containing 20 intermediate-
mass objects with a scanning photometer system and the
KAO. The observed sample included 10 Herbig Ae/Be stars
and 10 intermediate-luminosity, highly embedded IRAS
point sources. In most cases, a single source was detected in
each map at 100 km, and at 50 km if available. All embed-
ded IRAS sources are found to peak within a halfÈKAO
beamwidth of the positions expected from the IRAS PSC.
The situation is more ambiguous for sources in regions con-
taining Herbig Ae/Be stars, with only six of 10 objects
peaking within one halfÈKAO beamwidth of positions
listed in the Herbig-Bell Catalog. Almost all sources are
extended with respect to the KAO resolution at both 100
and 50 km (if available). Only sources associated with AB
Aur and possibly IRAS 05338[0624 are unresolved at
both wavelengths. Derived Ñux densities for all sources at
100 km are quite consistent with IRAS Ñux densities,
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FIG. 19.ÈFar-infrared 2D and 1D maps of region containing IRAS 22198]6336. See for symbol/line deÐnitions. (a) 100 km 2D map with contoursFig. 1
starting at and increasing in steps of 2 p (28.9 Jy beam~1) overlaid onto Digital Sky Survey image of region. (b) 50 km 2D map with contours starting at and
increasing in steps of 2 p (27.7 Jy beam~1) overlaid onto Digital Sky Survey image of region. (c) 100 km 1D proÐle with 1 p error bars.

although derived Ñux densities at 50 km are larger than
expected given the IRAS mid- to far-infrared SEDs. These
maps can provide excellent independent spatial constraints
on envelope models of preÈmain-sequence circumstellar
environments.

The displacements of peaks of far-infrared emission from
the optical positions of some Herbig Ae/Be stars are larger
than expected, given similar observations of the embedded
IRAS subsample. Also, the di†erences between ground-
based and IRAS mid-infrared photometry of Herbig Ae/Be
stars increase with these displacements. Together, these
points suggest that the far-infrared emission may not orig-
inate from regions immediately surrounding the Herbig
Ae/Be stars in all cases. Instead, nearby density enhance-
ments, either heated externally by the Herbig stars or inter-
nally by highly embedded sources, may be producing the
bulk of far-infrared emission, which has been previously
attributed to a disk and/or envelope surrounding the
Herbig Ae/Be stars. This is very apparent for cases like the
HD 200775 object ; the same may be true for cases like AB
Aur or MWC 1080 where the superposition of optical and

far-infrared emission is merely coincidental.
Estimated far-infrared sizes of objects in both subsamples

are quite similar at both wavelengths, but a comparison of
their shapes reveals that sources in the embedded IRAS
subsample may be generally Ñatter than those immediately
associated with Herbig Ae/Be stars. The di†erence between
sources in our subsamples could be merely a matter of
orientation ; a Ñattened envelope structure common to
objects of both subsamples, but viewed from di†erent
angles, may account for this behavior. Finally, the relatively
similar sizes of emission at 100 and 50 km suggest the
envelopes may have multiple, rather than singular, sources
of heating. Recent sensitive, near-infrared images of these
regions must be analyzed to determine if nearby highly
embedded luminous sources are found at positions more
consistent with that of far-infrared emission than the optical
sources. If the inferences drawn from our far-infrared data
are valid, previous models of intermediate-mass sources,
which assumed spherically symmetric envelopes surround-
ing a solitary luminous source, are likely inapplicable to
these objects.
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FIG. 20.ÈFar-infrared 1D maps of region containing IRAS
23568]6706. (a) Position of 100 km 1D map overlaid onto Digital Sky
Survey image of region. (b) 100 km 1D proÐle with 1 p error bars. Coordi-
nates are relative to the position of peak intensity at a(1950.0)\

d(1950.0)\ ]67¡06@57A. The range in coordinates is doubled23h56m53s.9,
with respect to 1D proÐles in other Ðgures.

FIG. 21.ÈPositional o†sets of observed peaks in 2D KAO maps from
expected positions vs. positional o†sets from guide stars used in obser-
vations (GSD). Circles indicate o†sets from expected positions of cali-
bration objects (see Open squares indicate o†sets from expectedTable 2).
positions of embedded IRAS objects (see Filled squares indicateTable 4).
o†sets from expected positions of Herbig Ae/Be stars (see ErrorTable 4).
bars are estimates of intrinsic pointing uncertainty from calibration objects
with zero GSD. Solid lines are least-square Ðts to the calibration and
embedded IRAS object sample (see text).
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TABLE 4

EXPECTED AND OBSERVED PEAK POSITIONS OF HERBIG AE/BE OBJECTS

j O†set
Source Name (km) Scan Type Expected R.A. Expected Decl. Measured R.A. Measured Decl. (arcsec)

Elias 3-1 . . . . . . . . . . . 100 2D 04 15 34.51 ]28 12 01.8 04 15 34.85 ]28 12 06.2 6.2
50 1D 04 15 34.51 ]28 12 01.8 04 15 34.27 ]28 12 08.8 7.7

AB Aur . . . . . . . . . . . . 100 2D 04 52 34.24 ]30 28 21.9 04 52 34.51 ]30 28 17.7 5.5
100 1D 04 52 34.24 ]30 28 21.9 04 52 34.48 ]30 28 19.2 4.1
50 2D 04 52 34.24 ]30 28 21.9 04 52 34.37 ]30 28 14.5 7.6

MWC 137 . . . . . . . . . 100 2D 06 15 53.51 ]15 18 09.1 06 15 53.75 ]15 17 38.0 31.3
100 1D 06 15 53.51 ]15 18 09.1 06 15 53.64 ]15 17 56.2 13.0
50 2D 06 15 53.51 ]15 18 09.1 06 15 52.68 ]15 17 54.3 19.0
50 1D 06 15 53.51 ]15 18 09.1 06 15 53.74 ]15 18 06.4 4.3

LkHa 215 . . . . . . . . . 100 2D 06 29 56.1 ]10 11 24 06 29 56.28 ]10 11 33.6 9.9
100 1D 06 29 56.1 ]10 11 24 06 29 56.02 ]10 11 50.0 26.0

MWC 297 . . . . . . . . . 100 2D 18 25 01.22 [03 51 46.3 18 25 02.69 [03 51 34.2 25.1
100 1D 18 25 01.22 [03 51 46.3 18 25 01.58 [03 51 36.1 11.5
50 2D 18 25 01.22 [03 51 46.3 18 25 00.90 [03 51 43.5 5.5
50 1D 18 25 01.22 [03 51 46.3 18 25 01.15 [03 51 51.3 5.2

BD]40 4124 . . . . . . 100 2D 20 18 42.7 ]41 12 18 20 18 45.51 ]41 12 00.0 36.5
50 2D 20 18 42.7 ]41 12 18 20 18 44.22 ]41 12 09.6 19.1

HD 200775 . . . . . . . . 100 2D 21 00 59.7 ]67 57 55.5 21 00 56.22 ]67 58 41.6 50.1
50 2D 21 00 59.7 ]67 57 55.5 21 00 57.95 ]67 58 31.4 37.3

LkHa 234 . . . . . . . . . 100 2D 21 41 57.60 ]65 53 07.1 21 41 56.24 ]65 53 06.9 8.3
100 1D 21 41 57.60 ]65 53 07.1 21 41 56.22 ]65 53 08.8 8.6
50 2D 21 41 57.60 ]65 53 07.1 21 41 57.32 ]65 53 16.1 9.1
50 1D 21 41 57.60 ]65 53 07.1 21 41 56.50 ]65 53 14.7 10.1

MWC 1080 . . . . . . . . 100 2D 23 15 14.84 ]60 34 19.2 23 15 14.55 ]60 34 17.0 3.0
100 1D 23 15 14.84 ]60 34 19.2 23 15 14.18 ]60 34 23.3 6.4
50 2D 23 15 14.84 ]60 34 19.2 23 15 14.47 ]60 34 22.7 4.5

05338[0624 . . . . . . 100 2D 05 33 52.70 [06 24 02.0 05 33 52.96 [06 24 04.6 4.7
100 1D 05 33 52.70 [06 24 02.0 05 33 52.58 [06 24 09.7 7.9
50 1D 05 33 52.70 [06 24 02.0 05 33 52.43 [06 24 04.7 4.9

05373]2349 . . . . . . 100 2D 05 37 21.30 ]23 49 22.0 05 37 21.61 23 49 20.3 4.6
05380[0728 . . . . . . 100 2D 05 38 02.70 [07 28 59.0 05 38 01.48 [07 29 13.3 23.1
06249[1007 . . . . . . 100 1D 06 24 56.20 [10 07 47.0 06 24 56.20 [10 07 48.0 1.0
20050]2720 . . . . . . 100 2D 20 05 02.50 ]27 20 08.9 20 05 02.02 ]27 19 58.2 12.5

100 1D 20 05 02.50 ]27 20 08.9 20 05 02.68 ]27 20 02.2 7.1
50 1D 20 05 02.50 ]27 20 08.9 20 05 02.56 ]27 20 03.0 6.0

20081]2720 . . . . . . 100 2D 20 08 07.00 ]27 20 10.9 20 08 05.96 ]27 20 25.9 20.5
50 2D 20 08 07.00 ]27 20 10.9 20 08 06.14 ]27 20 13.2 11.7

21391]5802 . . . . . . 100 2D 21 39 10.30 ]58 02 28.8 21 39 10.03 ]58 02 33.7 5.4
100 1D 21 39 10.30 ]58 02 28.8 21 39 10.75 ]58 02 27.9 3.6
50 2D 21 39 10.30 ]58 02 28.8 21 39 11.25 ]58 02 24.2 8.8

21526]5728 . . . . . . 100 1D 21 52 39.80 ]57 28 37.8 21 52 41.27 ]57 28 44.7 13.7
50 1D 21 52 39.80 ]57 28 37.8 21 52 42.10 ]57 28 44.5 19.8

22198]6336 . . . . . . 100 2D 22 19 50.71 ]63 36 32.8 22 19 48.56 ]63 36 39.2 5.7
100 1D 22 19 50.71 ]63 36 32.8 22 19 49.99 ]63 36 35.0 5.3
50 2D 22 19 50.71 ]63 36 32.8 22 19 49.62 ]63 36 32.7 7.2

23568]6706 . . . . . . 100 1D 23 56 53.29 ]67 06 56.7 23 56 53.98 ]67 06 57.0 4.0

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
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FIG. 22.ÈRelative positions of optical source (star), IRAS point source ( Ðlled square), and object in KAO map (cross) for selected cases to the guide star.
IRAS positional uncertainties are indicated by dotted ellipses. Solid ellipses are the measured FWHM of the detected KAO object, and dashed ellipses are the
beam size and shape centered at positions of peak intensity. For the MWC 137 region at 100 km, relative positions of the KAO 100 km 1D proÐle (solid line)
and peak (open square) and the KAO 50 km 1D proÐle (dotted line) and peak (circle) are also shown.
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FIG. 23.ÈInfrared spectral energy distributions for selected Herbig Ae/Be stars in our sample. Circles indicate ground-based near and mid-infrared Ñux
densities obtained from et al. Open squares indicate color-corrected IRAS Ñux densities (see text). Ground-based or IRAS Ñux densitiesHillenbrand (1992).
have been connected with solid lines to connect their association. Filled triangles indicate Ñux densities obtained from 2D maps in this paper.
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FIG. 24.ÈInfrared spectral energy distributions for selected embedded IRAS objects in our sample. Symbols and lines are deÐned as for Fig. 23.
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and optical position (KAO-HBC; panels a and b) or between IRAS position and optical position (IRAS-HBC; panels c and d) for regions containing Herbig
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TABLE 5

DECONVOLVED SIZES AND SHAPES OF FAR-INFRARED SOURCES

j Deconvolved Size
Source Name (km) Scan Type (pc) Aspect Ratio

Elias 3-1 . . . . . . . . . . . 100 2D (0.065^ 0.0064)] (0.024^ 0.0097) 2.72^ 1.13
100 1D (0.012^ 0.0044) . . .

AB Aur . . . . . . . . . . . . 100 2D \0.025 . . .
50 2D \0.019 . . .

100 1D \0.018 . . .
MWC 137 . . . . . . . . . 100 2D (0.42^ 0.031)] (0.38^ 0.066) 1.12^ 0.21

100 1D (0.39^ 0.016) . . .
50 1D (0.48^ 0.022) . . .

LkHa 215 . . . . . . . . . 100 2D (0.33^ 0.11)] (0.25^ 0.095) 1.30^ 0.66
100 1D (0.28^ 0.038) . . .

MWC 297 . . . . . . . . . 100 2D (0.12^ 0.021)] (0.11^ 0.027) 1.09^ 0.33
50 2D (0.10^ 0.024)] (0.088^ 0.029) 1.19^ 0.49

100 1D (0.13^ 0.015) . . .
50 1D (0.11^ 0.0096) . . .

BD]40 4124 . . . . . . 100 2D (0.17^ 0.020)] (0.13^ 0.033) 1.25^ 0.35
50 2D (0.26^ 0.084)] (0.20^ 0.065) 1.28^ 0.59

HD 200775 . . . . . . . . 100 2D (0.23^ 0.019)] (0.15^ 0.014) 1.57^ 0.20
LkHa 234 . . . . . . . . . 100 2D (0.16^ 0.020)] (0.14^ 0.037) 1.11^ 0.32

50 2D (0.13^ 0.026)] (0.092^ 0.026) 1.43^ 0.50
100 1D (0.20^ 0.038) . . .
50 1D (0.17^ 0.045) . . .

MWC 1080 . . . . . . . . 100 2D (0.40^ 0.024)] (0.30^ 0.048) 1.34^ 0.23
50 2D (0.38^ 0.069)] (0.30^ 0.061) 1.28^ 0.35

100 1D (0.35^ 0.045) . . .
05338[0624 . . . . . . 100 2D (0.063^ 0.0099)] (0.043^ 0.0066) 1.48^ 0.33

100 1D (0.025^ 0.018) . . .
50 1D (0.034^ 0.021) . . .

06249[1007 . . . . . . 100 1D (0.091^ 0.0089) . . .
05373]2349 . . . . . . 100 2D (0.23^ 0.0073)] (0.075^ 0.0056) 3.05^ 0.25
05380[0728 . . . . . . 100 2D (0.066^ 0.0067)] (0.039^ 0.0080) 1.70^ 0.39
20050]2720 . . . . . . 100 2D (0.12^ 0.0071)] (0.10^ 0.0067) 1.16^ 0.10

100 1D (0.080^ 0.014) . . .
50 1D (0.090^ 0.019) . . .

20081]2720 . . . . . . 100 2D (0.28^ 0.018)] (0.20^ 0.026) 1.37^ 0.20
50 2D (0.24^ 0.027)] (0.16^ 0.033) 1.52^ 0.36

21391]5802 . . . . . . 100 2D (0.13^ 0.010)] (0.12^ 0.013) 1.06^ 0.14
50 2D (0.15^ 0.012)] (0.13^ 0.029) 1.15^ 0.27

100 1D (0.086^ 0.011) . . .
21526]5728 . . . . . . 100 1D (0.20^ 0.021) . . .

50 1D (0.078^ 0.015) . . .
22198]6336 . . . . . . 100 2D (0.14^ 0.0079)] (0.12^ 0.010) 1.19^ 0.12

50 2D (0.11^ 0.0093)] (0.080^ 0.014) 1.36^ 0.26
100 1D (0.088^ 0.021) . . .

23568]6706 . . . . . . 100 1D (0.34^ 0.055) . . .
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