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ABSTRACT

We present IR observations in J, H, K, L, M, and 8-13 um bands of Herbig Ae/Be stars located in the
southern hemisphere. These results enlarge an already existing data base, increasing the significance of the
correlations which can be obtained from observational parameters. Silicate features detected both in emission
and in absorption indicate the presence of dust around these objects. A first analysis based on two-color dia-
grams, polarization, and luminosity suggests that the spherical geometry for the dust distribution is a more
common feature, with respect to the flattened structure.

An emission model in which the central object is surrounded by a circumstellar envelope of gas and dust is
introduced and the continuum spectrum is computed taking into account radiative properties both of gas
(free-free, free-bound, electron scattering) and dust. The numerical results, compared with the observations,
suggest that anisotropic dust distributions are not necessarily required to account for the emitting properties
of the circumstellar envelopes around Herbig Ae/Be stars.

Subject headings: circumstellar matter — dust, extinction — stars: fundamental parameters —

stars: pre-main-sequence

1. INTRODUCTION

The pre-main-sequence (PMS) nature of the Herbig Ae/Be
stars is at present well established (see, e.g., Catala 1989). Con-
sequently these objects are usually considered in connection
with the lower mass T Tauri stars, with which they share the
gross spectroscopic and photometric properties. However,
when the “common ” properties of these two classes of objects
are investigated in more detail, some differences arise and the
similarities become less compelling.

Among these, the significantly shorter Kelvin-Helmholtz
time scales, the occurrence of a deuterium-burning shell
beneath the photosphere (Palla & Stahler 1991), the greater
projected rotational velocities (Finkenzeller 1985), and the
magnitude of the optical variations exhibited by Herbig Ae/Be
in comparison with T Tauri stars (Herbst, Holtzman, & Phelps
1982) all provide indication of important differences between
the high- and low-mass PMS stars.

Moreover, as already noticed by Herbig (1960) in his orig-
inal work, Ae/Be stars generally show a greater dispersion in
the observed properties with respect to the more definite
homogeneity exhibited by T Tauri stars. This behavior causes
wider uncertainties in ascribing a specific property to the whole
class, so that the statistical approach becomes a very important
tool for studying the evolution of these intermediate mass-
stars.

In this work we investigate the circumstellar (hereinafter CS)
envelopes of the Herbig Ae/Be stars with particular emphasis
on the geometry of the matter distribution. The relevance of
this aspect is due to the fact that the capability to keep or to
destroy flattened structures in the CS environment has a defi-
nite implication about the evolution of these stars toward the
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main sequence. In the case of T Tauri stars, e.g., where the
presence of a disk has been supported both by theoretical pre-
dictions (e.g., Shu, Adams, & Lizano 1987 and references
therein) as well as by many independent observational evi-
dences (Strom et al. 1989; Cohen, Emerson, & Beichman 1989;
Beckwith et al. 1990 and a list of less recent references therein),
the disk itself may contribute significantly to, or even totally
dominate, the energy output from these objects (e.g., Bertout
1989).

Similar definite conclusions lack for the more massive
Herbig Ae/Be stars for which both spherical and flattened
geometries have been invoked. Indirect indications for disks
have been suggested for a dozen of Ae/Be stars (LkHa 198,
Elias 1, V380 Ori, LkHa 208, R Mon, LkHa 25, Z CMa, R
CrA, T CrA, V645 Cyg, LkHa 234, LkHa 233, and MWC
1080). These indications come from polarization maps
(Warren-Smith et al. 1980; Shirt, Warren-Smith, & Scarrott
1983; Scarrott, Draper, & Warren-Smith 1989; Ward-
Thompson et al. 1985; Lenzen 1987; Aspin, McLean &
McCaughrean 1985), by measured line profiles (Edwards et al.
1987; Hamann & Persson 1989), by collimated mass outflows
(Canto et al. 1981; Rodriguez, Torrelles, & Moran 1981 ; Cantd
et al. 1984; Levreault 1988; Sandell & Liseau 1985; Goodrich
1986; Poetzel, Mundt, & Ray 1989; Ray et al. 1990) and,
finally, by biconical nebulae (Calvet & Cohen 1978). Other
arguments have been suggested for LkHa 25 (Rydgren & Vrba
1987) and for Elias 1 (Kataza & Maihara 1991), the latter
representing the first direct evidence, based on infrared speckle
interferometry, for disk structure around an Ae star.

A systematic work to observe the millimetric dust emission
and then to provide evidence of disks has been undertaken by
Strom and collaborators, who recently presented their prelimi-
nary results for some intermediate-mass young stellar objects
(Strom et al. 1991). They observed seven objects, four of which,
namely LkHa 198, V594 Cas (otherwise BD +61154), KK
Oph, and LkHa 234, are recognized members of (or candidates
for) the Herbig Ae/Be class. However, due to the fact that
LkHa 198 suffers confusion problems with the neighboring
V376 Cas, which more likely possesses a CS disk (Leinert,
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Haas, & Lenzen 1991), and that LkHa 234 is located in a
region of spatially extended emission, we can speak of unam-
biguous detection only for KK Oph and BD +61154. In the
same paper, using the relation given by Adams, Emerson, &
Fuller (1990), the authors also provide a rough estimate of the
upper limit of the disk mass (0.01 M for KK Oph and 0.3 M
for BD +61154) that, due to the uncertainties on grain emiss-
ivity and disk temperature, should be considered uncertain at
least for a factor of 10.

This determination led them to favor a disk distribution for
the dust because, if this mass were distributed in a spherical
region with dimension determined assuming a thick envelope
at 60 um, these objects would be optically invisible. However,
this assumption appears questionable both because it implies
an envelope necessarily thicker at visual wavelengths and
because it is in striking contrast with the very low optical depth
at 100 ym derived by Natta et al. (1992) by fitting the overall
energy distribution observed in LkHo 198.

The aforementioned difficulties give us the feeling that we
are still far from reaching definite conclusions on the dust
geometry as inferred from visual extinction.

The controversy on the matter distribution around
intermediate-mass young stars emerges more clearly when we
consider that, by exploiting independent methods, opposite
conclusions have been reached for some of the objects listed
above. In fact, near-IR speckle interferometry provides indica-
tion for a spherical structure around LkHo 198 (Leinert et al.
1991) and spatial scans on the same 50 um and 100 um are in
favor of a spherical symmetry (Natta et al. 1992). In the last
case, however, to explain the overall energy distribution, and in
particular the near-IR, a disk combined with a spherical
envelope, or alternatively a pure spherical envelope including
very small grains, has been invoked.

Early FIR observations (Harvey, Thronson, & Gatley 1979)
including LkHa 198, V380 Ori, R Mon, MWC 1080, have been
interpreted in terms of a spherical dust shell with p(r) oc 1/r
density distribution, and more recent numerical radiative
transfer codes, used to explain the far-UV to far-IR energy
distribution of the prototype object AB Aur, confirm the spher-
ical geometry (Sorrell 1990).

Other examples of these difficulties come from the work of
Bastien & Menard (1990) who point out that sources with a
centrosymmetric pattern in their polarization maps, such as
V380 Ori and LkHa 208, not necessarily must be surrounded
by an optically thick disk. This is because single scattering in
an optically thin spherical dust distribution also provides
such a pattern. Moreover, indication of a dust ring around
LkHa 234 comes from the submillimeter maps of Dent et al.
(1989) so as the absence of mid-IR with respect to the near-IR
and submillimeter emission has been interpreted by Bechis et
al. (1978) as due to a spherical dust distribution.

Finally, at variance with the T Tauri stars, a strong indica-
tion favoring a spherical geometry is the observation in the
Herbig Ae/Be stars of a symmetric profile in the [O 1] line at
6300 /% together with a reduced Balmer excess (Catala 1989).

The presence of disks is however of primary evolutionary
significance and the fact they have been detected in highly
luminous young stellar objects of the kind of S106 IRS 3 and
GL 490 (Persson, McGregor, & Campbell 1988) as well as in
main-sequence A stars like a Lyr and § Pic (Aumann et al.
1984 ; Smith & Terrile 1984; Paresce & Burrows 1987) must be
considered. This is because these objects can be thought of,
respectively as progenitors of and successors to the Herbig

Ae/Be stars, even if some doubts could be raised on the evolu-
tionary link with the former, that could be merely higher mass
objects. It is difficult, however, to quantify the importance of
this disk in determining the IR emission at the stage of the
Herbig Ae/Be stars because we do not know when and how an
initially massive disk (~1 M ) evolves in a much lighter struc-
ture (~107® M) as observed in « Lyr and § Pic.

In this paper we present new infrared observations which
allow us to derive in § 2 the dust temperature (Tj,,) and optical
depth (tg 7 ,,), While in § 3 the catalog of the IRAS fluxes is
given and the selection criteria are discussed. In § 4 we analyze
the bolometric luminosities of the Herbig Ae/Be stars and how
their position in the Hertzsprung-Russell (H-R) diagram is
related to the observed properties. In § 5 a model is presented
to compute synthetic spectra emerging from CS envelopes of
young stars. The correlations between observed parameters
and the comparison of our numerical results with the observa-
tions are discussed in § 6.

2. OBSERVATIONS AND RESULTS

The observations were carried out in 1989 April at the 1 m
ESO telescope (La Silla, Chile), equipped with an InSb detector
(J, H, K, L,and M bands) and a Ge-Ga bolometer (N1, N2, N3
bands). The filter characteristics and the absolute flux cali-
bration are given by Bouchet, Manfroid, & Schmider (1991).
We used a focal plane aperture and E/W chopping throw of
15" and 27", respectively.

In the 10 um region, multiple observations of the program
stars were made on different nights allowing us to give uncer-
tainties for the N1, N2, N3 photometry, accounting both for
intrinsic errors (statistical, zero-point calibrations, atmospheric
extinction) and for the reproducibility of the observed magni-
tudes.

Two northern Ae/Be stars have also been observed (1990
July) in the near-IR, at the 1.5 m Italian IR telescope at Gor-
nergrat (CH), and the obtained magnitudes are reported for
completeness.

The overall results are presented in Table 1, which gives the
magnitudes (J, H, K, L, M, N2) and the color indices
(IN1 — N2], [N2 — N3]), used to evaluate the occurrence, in
emission or absorption, of the silicate feature (at 9.7 um). The
relationship between the observed colors and the physical
parameters, namely temperature (Tj,) and optical depth
(9., um) of the CS dust envelope, is established using the
model described in a previous paper (Berrilli et al. 1987, here-
after Paper I). However, two minor modifications are here
introduced:

1. The optical efficiency Q(4) for the silicate grains (assumed
to be 0.01 um in size), is now taken from Draine & Lee (1984).

2. Since the effective wavelength of each filter varies with the
spectral shape of the incident flux E(1), we introduce a new
effective wavelength A, defined by

_ { AE(A)S(A)dA 1)
T [ E(W)S(AydA
where S(A) is the instrumental response function, assumed coin-
cident with the filter response. The last modification affects
mainly the N1 and N3 bands because they fall on the wings of
the silicate feature, where the spectral slope is rapidly changing
with the wavelength.

The model results, calculated for selected values of g 7
and Ty, are shown, as a grid, in the two-color diagram of
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TABLE 1
IR PHOTOMETRY OF SOUTHERN HERBIG Ae/Be STARS
A. OBSERVATIONS
Number? Source J H K L M N2 [N1 — N2] [N2 — N3]
25 s CoD —443318 8.08 6.96 5.87 427 3.85(5)
26 ... HD 76534 7.64 7.58 7.42 7.36 (30) >74
by RCW 34 9.24 8.84 8.54
28 it RCW 36 8.34 7.19 6.57 6.19 (12) 6.88 (50)
29 i Herbst 28 9.59 9.22 9.07
30...ieene.. HD 97048 7.40 6.89 6.22 4.80 4.68 (16) 2.53 (8) —0.51 1.42
31 i HR 5999 573 (3) 5.07 4.25 291 2.55(3) 0.97 0.22 0.24
32, HD 150193 7.02 (3) 6.28 5.47 4.23 (3) 3.93 (6) 0.97 0.83 0.01
33 CoD —4211721 7.36 (3) 598 4.51 238 1.75 0.23 (11) —-0.03 0.58
34 . KK Oph 8.52 6.99 5.64 397 (4) 2.59 (20) 1.37 0.58 0.15
35 HD 163296 6.28 (3) 5.58 4.72 3.50 318 (3) 0.69 0.74 0.05
36 i LkHa 118 8.88 (3) 8.40 7.99 7.54 (31) >6.5
37 i, LkHa 119 9.83 (3) 9.40 9.04 8.30 (32) >6.5
38 MWC 297 6.35 (3) 4.63 3.19 1.23 0.58 —1.17(9) 0.11 0.64
39 VV Ser 8.77 (3) 747 6.32 4.81 (3) 4.34 (7) 2.38 (18) 0.72 0.65
40............ MWC 300 9.29 (3) 8.20 6.19 2.79 1.77 —0.57 0.17 0.74
41 .0l AS 310 10.34 10.03 9.48 7.39 (23) >6.6 2.45 (13) 0.18 0.59
42 .. TY CrA 7.56 7.02 6.70 6.23 (4) 6.56 (19) 2.72 (9) —0.78 1.41
43 ... R CrA 7.53 5.41 3.63 1.48 093 —097 (8) 0.41 0.52
4. T CrA 925 775 6.4 476 431 (5) 2.35 (15) 0.27 0.75
55 it HD 216629 7.25 (3) 6.84 6.36 6.69 (8)
56 . .ciinnnt BHJ 71 8.44 (3) 7.97 7.55 6.99 (3)
B. FILTER CHARACTERISTICS®

Parameter J H K L M N2 N1 N3
Agge (m) .o 1.23 1.63 2.19 3.79 4.64 9.69 8.38 12.89
Zero magnitude flux

(watt cm™2 um™1) .. ... 324 x 10713 126 x 10713 420 x 107!* 522 x 107!° 244 x 10715 112 x 107'® 208 x 1076 355 x 1077

Note—Errors given in parentheses are expressed in units of 10~2 mag whenever they exceed 0.02 mag. The errors in the colors [N1 — N2], [N2 — N3] are

shown in Fig. 1.
* List number given by Finkenzeller & Mundt 1984.

b Effective wavelength and the zero magnitude corresponding flux for each filter are reported.

Figure 1. In the same figure the observed colors, also given in
Table 1, are superposed. No reddening correction has been
applied because both the intrinsic low value of the relative
extinction A(A)/A, (see Rieke & Lebofsky 1985), and the spec-
tral vicinity of the three filters.
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FiGg. 1.—[N1 — N2], [N2 — N3] color plot for the observed Ae/Be stars.
The dash-dotted lines correspond to different dust temperatures (200, 300, 400,
600, 800, and 1200 K), while the dashed lines correspond to different optical
depths in emission or absorption. The solid line represents the blackbody line.

As in Paper I, when the error box associated with a source
includes the blackbody line we consider the source featureless
(BB). In the other cases, we distinguish between silicate emis-
sion (E) and silicate absorption (A). The resulting assignment,
as well as the derived dust temperature and optical depth at 9.7
um, are listed in Table 2 (BB denotes the absence of any
feature). As a comparison, the identification of the same feature
obtained by different authors is given. For the sake of homo-
geneity, we reconsider our previous observations (Paper I,
adopting the two modifications (1) and (2) described above.
The results reported at the bottom of Table 2 show that the
discrepancies with Paper I are always less than 20%, thus
leaving unaffected our previous conclusions.

In order to enlarge our sample, we preferred the filter photo-
metry (N1, N2, N3) instead of CVF spectrophotometry,
because the narrower CVF bandpass impose a higher flux
limit. Nevertheless, three out of the brightest objects (CoD
—4211721, MWC 297, and R CrA) have been also observed in
the 813 um range, with the CVF at low equivalent resolution
(R = 20).

During the acquisition of the CVF spectra, the standard star
HR 6134 (« Sco) was repeatedly observed in the N1, N2, N3
filters, to check the stability of the zero points. These remained
constant, within 0.02 mag, during the measurements. More-
over, because the standard star showed blackbody colors at
these wavelengths, all the spectra have been reduced assuming
that HR 6134 radiates as a blackbody at a temperature of 3600
K (spectral type M1 I).
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TABLE 2
SILICATE FEATURES IN HERBIG Ae/Be STARS

Other Observations®

T,® 8-13 ym and
Number® Source Feature® K) 9.7 um)’ References®
HD 97048 A 600 14 A(1); E (11.25) 2, 3)
HR 5999 BB 700 Flat (1)
HD 150193 E 350 12 E(1, 4
CoD —4211721 A 900 0.5
KK Oph E 500 30
HD 163296 E 400 1.8 E(1,95)
MWC 297 A 650 04 Flat (%) (6)
VV Ser BB 350
MWC 300° A 550 04 Flat (1)
AS 310 BB 600 E@®)
TY CrA A 1050 1.7 E (11.05, 11.25) (3)
R CrA BB 500 Flat (?) (8) E (6)
T CrA BB 450 Flat (%) (8)
LkHo 198 E 200 1.5 E (1), flat (6)
BD +61154 E 300 1.5 E (5)
AB Aur E 500 04 E(L5,9)
HK Ori A 350 0.7
8 i, T Ori A 500 0.8
9 e V 380 Ori E 400 15 E (9)
13 ..., HD 250550 BB 200 E©9)
17 e, HD 259431 A 750 03 A (1), flat (5)
22 e, Z CMa A 450 0.7 A (9), flat (5)
49 ... HD 200775 A 450 04
52 i, LkHa 234 A 450 0.3
54, LkHa 233 E 400 0.3
57 e MWC 1080 BB 500 A(1,9)

 List number given by Finkenzeller & Mundt 1984.
® Occurrence of silicate absorption (A) or emission (E) with BB denoting the absence of any

feature.
¢ Derived dust temperature.
4 Optical depth at 9.7 um.

¢ Other observations made by different authors in the same spectral range, are reported for

comparison.

f The source MWC 300 (number 40) is included in this list (but not in the following analysis) only
for completeness, because it is recognized as an evolved star (B1 hypergiant according to Wolf &

Stahl 1985).

REFERENCES—(1) IRAS-LRS 1986. (2) Aitken & Roche 1981. (3) Roche, Aitken, & Smith 1991. (4)
Elias 1978a. (5) Sitko 1981. (6) Volk & Cohen 1989. (7) Cohen 1974. (8) Vrba, Strom, & Strom 1976.

(9) Cohen & Witteborn 1985.

The CVF observations are shown in Figure 2, where the
error bars account for the statistical error (one standard
deviation) due to integration on the source. The solid lines
represent profiles obtained using values of Ty, and 7g 7,
derived by the filter photometry (see Table 2). The agreement is
satisfactory and provides a direct proof of the reliability of this
approach.

Finally, to fully account for the existing data in the N1,
N2, and N3 photometric bands, we computed T, and 7g 7 .,
for eight sources whose fluxes are available in literature.
The results are given in Table 3, but demand some caution
because they come from inhomogeneous data sets (see notes
to Table 3).

3. IRAS FLUXES

Since the dust is certainly associated to the Herbig Ae/Be
stars, it is worthwhile to search for IRAS counterparts of these
objects, obtaining photometric data between 12 and 100 um,
which elucidate about the dust emission down to a few tens of
kelvins. Moreover, some of the spectral energy distributions
derived from near-IR observations of the Herbig Ae/Be stars,

TABLE 3
SILICATE FEATURE IN HERBIG Ae/Be STARS

T,

Source Feature (K) To.7um  Reference
XY Per® 1
Elias 1 E 250 22 2
HD 37490 BB 2000 3
LkHo 208 E 500° 0.12¢ 4
R Mon BB 450 4
LkHa 25 BB 500 5
BD +404124° . 6
V645 Cyg A 400 1.1 7

* List number given by Finkenzeller & Mundt 1984.

® The authors used an N2 filter (A, = 10.8 um) which is more displaced
toward the red when compared with those usually employed; thus, it could
originate some uncorrect interpretation about the occurrence of emission or
absorption feature.

¢ Given parameters are computed by the authors themselves.

RErFERENCES.—(1) Cohen 1973a b. (2) Elias 1978b. (3) Gehrz, Hackwell, &
Jones 1974. (4) Cohen & Witteborn 1985. (5) Rydgren & Vrba 1987. (6) Cohen
1972.(7) Lebofsky et al. 1976.
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F1G. 2—Low-resolution CVF spectra of R CrA, CoD —4211721, and
MWC 297 in the range 8-13 um. Solid lines represent the F(4) profiles derived
from the N1, N2, N3 photometry of the same objects (see text).

seem to peak at greater wavelengths, where substantial contri-
butions may arise to the bolometric luminosities.

We adopted as primary data base the catalog of 57 Herbig
Ae/Be stars given by Finkenzeller & Mundt (1984) which
includes the 26 stars compiled by Herbig (1960). We then
searched for PSC (Point Source Catalog, Version 2; Beichman
et al. 1985) IRAS counterparts whose spatial uncertainty
ellipses (95% confidence level) included the optical identifica-
tion. Only fluxes of quality 3 or 2 (the latter occurring in very
few cases) were considered, excluding upper limit detections. In
particular, the 100 um flux was recognized only for sources
with a cirrus contamination less than 20% (C2 flag <4).

Since we consider the spatial coincidence as the main cri-
terion for the association, we adopted the most accurate deter-
minations of the optical/near-IR position of each star. The
coordinates were taken from the Third Catalog of Emission
Line Stars of the Orion Population by Herbig & Bell (1988)
with the exception of the following stars: HD 37490, HD
52721, HD 150193, HD 163296 (SAO Catalog); RCW 34,
Herbst 28, HD 76534 (Herbst 1975); RCW 36 (Braz & Epch-
tein 1982); LkHa 119 (Herbig 1957); MWC 297 (Allen et al.
1977); LkHa 134 (Herbig 1958); V 645 Cyg (Gezari, Schmitz, &
Mead 1987); HD 216629, BHJ 71 (Blaauw, Hiltner, & Johnson
1959).

Following the above criteria, 30 sources, given in Table 4A,
have been selected, and they form our primary list of identifica-
tions. Four additional sources of Table 4, namely LkHa 25,
HD 97048, MWC 297, and CoD —443318, were selected out
of 14 objects that do not meet the criterion for the spatial
coincidence, but lie inside a box of 1 arcmin? centered on the
optical position. For the first three objects, the N-band (10 um)
ground-based photometry is available, and the selection
criterion has been the comparison between the N magnitude

and the 12 um IRAS flux. In this respect we defined the
parameter A

VF(V)ras
VF| (v)gmund-based

and because the 30 primary identifications have | 4| < 0.5, we
assumed this value as a selection criterion. Finally, for the last
additional source (CoD —443318), for which no N magnitude
is available, we adopted a further criterion based on the spec-
tral index

A =log s 2

L _log (F,/F,)
12 log (vy/vy)
This source has been selected by requiring that
Opm = 0L 12 um = 0.2
to ensure a continuous spectrum and
AL M = %12 ym,25 um £ 0.2

to have the same spectral index between L and 25 um.

These 34 identifications are reported in the first part of Table
4A and in the following will be referred to as the “most prob-
able identifications.” For completeness, we list at the bottom of
the same table six more sources for which the previous selec-
tion criteria were inapplicable due to the absence of ground-
based data. The angular distance from the optical position is
given for each of them, and we shall refer to these sources
merely as “ probable identifications.”

Once the IRAS counterparts have been selected, their com-
pactness coefficients (CC flag in the IRAS-PSC), expressed as
percentage from 100% (A) to 87% (N) (Beichman et al. 1985),
are considered. These indicate the pointlike nature of the
source in each IRAS band with respect to the instrumental
response.

The most probable identifications seem largely pointlike
sources because 20 of them have a type A coefficient for all the
bands, while the remaining sources (five with A and B, six with
ABCD, and only three with some EF) possess type A coeffi-
cients for more than 50% of the detected bands. The same
conclusion does not apply for the last six sources of Table 4A,
for which the A coefficient is not frequently seen (only four
occurrences out of 17 detected bands).

After we have reliable IRAS identifications, we can use the
observed fluxes to draw a two-color diagram for these stars. As
IRAS color (4, — 4,) we define log [F,(4,)/F (A,)], where F (A)
is the flux density (in Jy) in the wavelength band centered on A
(in pm). Such a diagram is shown in Figure 3 in which we note
preliminarily that the stars recognized as “probable
identifications” are listed at the bottom of Table 4A, show
different colors when compared with the bulk of the “most
probable identifications,” confirming the uncertainty of their
association. From Figure 3 it is also evident that the IRAS
spectra of the Herbig stars are not consistent with a single
blackbody, but can be described in terms of different dust com-
ponents with temperature ranging between 70 and 170 K. Fur-
thermore their IRAS colors are more scattered with respect to
the locus (hatched area) defined by a significant number (116) of
classical T Tauri stars, as given by Weintraub (1990).

Finally it is worth noting that, for the Herbig stars, a signifi-
cant dispersion exists around the value —0.13 of the [25—60]
index. This value corresponds to the spectral slope expected for
an accretion or reprocessing CS disk, thus suggesting that we
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TABLE 4A
IRAS COUNTERPARTS OF HERBIG Ae/Be STARS

Frux DensitY® (Jy)

IRAS ANGULAR
SOURCE IDENTIFICATION® 12 pym 25 pym 60 ym 100 pm DISTANCE
LkHa 198 00087 + 5833 330 88.1 127 183
BD +61154 00403+ 6138 7.39 9.13 5.15
XY Per 03462 + 3849 3.85 4.06 491 -
Elias 1 04155+ 2812 332 99.9 727 168
AB Aur 04525+ 3028 272 48.1 106 114
HK Ori 05286+ 1207 3.79 4.08 ...
BD +9880 0532440959 4.00 596 497
V380 Ori 05339 —0644 8.61 8.85 .
BF Ori 05348 —0636 0.96 0.80 ... e
RR Tau 05363 +2620 1.74 2.20 4.46 36.7
HD 37490 05365 + 0405 1.21 0.58 - e
HD 250550 05591+ 1630 453 9.87 727 10.6
LkHa 208 06048 + 1839 3.39 3.99 5.60
HD 259431 06303 + 1021 12.5 20.2 109 159
R Mon 06364 + 0846 54.7 132 121 149
LkHa 25 06299+ 1011 9.13 9.29
LkHa 218 07003 —1121 0.73
Z CMa 07013 —1128 127 221 322 354
LkHo 220 07017—1121 1.62 2.10
CoD —443318 07178 —4429 6.68 7.60 13.1 33.6
HD 97048 11066 —7722 14.5 40.3 69.9
HR 5999 16052 —3858 18.0 14.5 144
HD 150193 16372 —-2347 17.6 18.1 8.13
CoD —4211721 16555—4237 949 252 1918 2213
KK Oph 17070—2711 9.87 9.56 6.14
HD 163296 17533 —-2156 182 21.0 28.2
MWC 297 18250—0351 159 224 914 1803
VV Ser 18262+ 0006 4.61 3.77 6.33 243
AS 310 18306 —0500 244 933 685 1309
R CrA 18585—3701 111 221 608 1206
V645 Cyg 21381+ 5000 114 219 371 455
BD +463471 2150544659 1.59 1.67 2.60
HD 216629 22513+6152 2.70 2.30
MWC 1080 23152+ 6034 222 25.1 147 e
MWC 137¢ 06158+ 1517 9.67 229 234 337 13"
HD 52721¢ 06594 —1113 1.41 443 18
HD 533674 07020—1022 2.15 210 13
HD 76534¢ 08533 —4316 0.71 27
RCW 34¢ 08546 —4254 29.3 194 1343 2098 11
RCW 364 08566 —4313 0.52 0.30 7.86 20.7 24

* List number given by Finkenzeller & Mundt 1984.

® JRAS name.

¢ Color-uncorrected flux densities in Jy.

4 Probable IRAS associations (see text) together with angular distance from the optical positions.

TABLE 4B
KAO (50 um) FLuxes oF HERBIG Ae/Be STARS

50 pym Flux
Number® Source Jy) Aperture Reference [Q—501° [25—607°
LkHax 198 80 (52 pm) 37" 1 0.78 0.16
V380 Ori 15 45 2 0.29
LkHa 208 <5 3 <-0.01 0.15
R Mon 81 (52 um) 37 1 —0.05 —0.04
Z CMa 390 45 2 0.31 0.16
TY CrA 145 45 4 1.20
R CrA 290 45 4 0.14 0.44
V645 Cyg 290 3 0.26 0.23
LkHa 234 390 (53 pum) 37 5 1.28
LkHa 233 24 45 2 042
MWC 1080 87 (52 um) 37 1 0.82 0.77

* List number given by Finkenzeller & Mundt 1984.

® The [Q—50] and the IRAS [25—60] color indices are obtained from observations carried out with
different apertures, typically 20"-40" for the former and 45"-90" for the latter.

REerFerReNCES—(1) Harvey, Thronson, & Gatley 1979. (2) Evans, Levreault, & Harvey 1986. (3) Harvey &
Wilking 1982. (4) Wilking et al. 1985. (5) Bechis et al. 1978.
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F1G. 3—The IRAS two-color diagram of the Herbig Ae/Be stars according
to the fluxes given in Table 3. Different symbols indicate the “ most probable ”
(filled circles) and the “probable” identifications (open circles). Solid curves
represent the sum of two blackbodies, one at 1000 K and the other at the
indicated temperature. The ratio at 25 um of the two contributions is also
shown as dashed lines labeled by the relative percentage. The straight line
indicates the colors of a single blackbody at different temperatures. The
hatched area indicates the locus of the classical T Tauri stars (see text), and the
cross represents the mean error in color.

cannot describe the IRAS spectra of the Herbig stars as
emitted by simple disk structures around the central object.
However, because the observations at 25 and 60 um are
obtained with beam sizes of 45” and 90", respectively, a brief
discussion is in order about the possibility that the dispersion
in Figure 3 could find an alternative explanation as a result of
sources confusion or extent.

In this respect, we can compare the IRAS fluxes with
ground-based and KAO observations which are carried out at
wavelengths close to the IRAS ones but typically with smaller
apertures. In this way, a plot of the available N fluxes versus
the TRAS-PSC ones at 12 ym has shown a weak beam size
effect, while a similar plot for the Q band versus the 25 ym
IRAS fluxes suggests that such an effect is present. At longer
wavelengths a comparison between IRAS and KAO observa-
tions at 50 um (see, e.g., Tables 4A and 4B) evidences that, in
most cases, the IRAS fluxes at 60 um are to be considered an
upper limit to the true stellar flux, the same trend being even
more evident at 100 um.

If we now examine the color [25—60], we note that our
sources are evaluated by IRAS as pointlike (see discussion in
§ 3) at both wavelengths so that the source’s extent should not
be the cause of the scatter observed in Figure 3. On the other
hand, to obtain an indication on the possibility of sources
confusion, we can use the ground-based and KAO fluxes,
obtained with smaller apertures (typically 10"-40",
respectively), to derive the color index [Q—S50] that is the
closer alternative to the IRAS [25—60] color index. In Table
4B the KAO data available in the literature are summarized
along with the derived values for the [Q —50] color index and
the IRAS [25—60] color index, the latter reported for com-
parison.

It is apparent that the dispersion in the [Q—50] is not
reduced with respect to that in the [25—60] index. In fact,
if we consider only the six objects for which both KAO
and IRAS data are available we have for the average colors
{[25—60]D¢ep; =027+ 026 and <[Q—50]>¢.; =0.30 £+
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0.31 while, including all the detected sources we obtain
{[25—60]),; =0.21 + 0.33 and <{[Q—50]),; = 047 + 0.43,
the latter being even more discrepant and dispersed with
respect to the value —0.13 expected for a disk.

Therefore we are left with the possibility that the sources are
extended at the scale of the ground-based and KAO observa-
tions. This would account for the higher fluxes observed by
IRAS, but, because of the sizes involved at the distances of the
Herbig Ae/Be stars, it prevents any definite conclusion on the
genuine meaning of the scatter in the color diagram.

It is noteworthy, however, that, despite an increase in spatial
resolution by using ground-based and KAO observations, the
scatter in the color index persists.

4. LUMINOSITIES

Once the IRAS fluxes of the Herbig Ae/Be stars are known,
it is possible to obtain their composite energy distributions
with the aim of reexamining the bolometric luminosities con-
sidered to this point and to discuss their location in the H-R
diagram.

Before computing bolometric luminosities we should have
defined the dust geometry because the presence of a disk (active
or passive) could substantially alter the estimate of the lumi-
nosity by adding contributions due to acc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>