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Abstractt  - Three candidate Herbig Ae/Be type stars, found in the IRAS-point source and the IRAS-LRS catalogues, have 
beenn studied photometrically and spectroscopically. From this study it is found that HD 37411, HD 100546, and HD 104237 are 
importantt  new members of the Herbig Ae/Be group. Especially HD 100546(̂  = 6?6) and HD 104237 (V = 678), which are 
brightt  enough to be observed in the UV and in the visual in high resolution mode, should be studied further . In this paper  several 
importantt  parameters of the stars and their  circumstellar  dust envelopes have been estimated using visual and infrared magnitudes 
andd low resolution visual spectra. 

1.. Introductio n 

Brightt  enough Herbig Ae/Be type stars, which can be observed 
inn the UV and in the visual in high resolution mode, are rare. 
Welll  known bright Herbig Ae/Be type stars are, for  example, 
ABB Aur, HD 163296 and HR 5999. It is therefore very impor-
tantt  to find new bright candidates of this group. Such a search 
can,, however, be confused by: (1) classical Be-type stars and (2) 
proto-planetaryy nebulae. Fortunately, Herbig Ae/Be type stars 
havee properties which are distmguishingly different from those 
off  objects (1) or  (2). The infrared excess in Herbig Ae/Be stars 
iss dominated by thermal re-radiation of a circumstellar  dust 
shell,, whereas in classical Be-type stars it is caused by free-free 
emissionn of an extended gas shell. The central stars of proto-
planetaryy nebulae are supergiants, (e.g. Lamers et al. 1986, and 
referencess therein) so that they can be separated spectroscopi-
callyy from Herbig Ae/Be stars, which are of luminosity class V, 
IVV or  at most III . 

Thee Infrare d Astronomical Satellite (IRAS)-point source 
andd other  catalogues have been searched for  objects hav-
ingg above mentioned distinguishing properties. A fundamental 
qualificationn of a Herbig Ae/Be candidate is that it should be 
associatedd with a dark cloud or  is located close to i t Three 
off  the 20 objects we have found (HD 37411, HD 100546, and 
HDD 104237) could be observed in January/February, 1988, at 
ESO,, La Silla (Chile) photometrically and spectroscopically. 
Thee result of the study of these data together  with those in the 
IRAS-catalogues,, is presented in this paper. 

Inn Sect. 2 we give the selection criteri a in more detail. 
Thee observations are presented in Sect. 3, and analysed and 
discussedd in Sect. 4. The conclusions we can draw from this 
studyy are given in Sect. 5. 

2.. Selection criteri a 

Cotéé &  Waters (1987) have studies the far-I R colours of Be-type 
starss using the IRAS point source catalogue. Since the spectral 
energyy distributio n (SED) of Be-type stars towards the infrared 
iss dominated by free-free emission, their  far-I R colour-colour 
relationss wil l be different than those of stars of which the far-I R 
SEDD is influenced by thermal re-radiation of circumstellar  dust 

Forr  the search of the candidates of Herbig Ae/Be stars we 
havee used the following criteria: 

1.. they should be bright enough so that T Tauri stars are 
excluded, , 

2.. they should be of luminosity class III , IV or  V according 
too a spectroscopic catalogue, 

3.. in connection with the far-IR colour-colour  relations of 
normall  Be stars, they should have deviating colours which in-
dicatee far-I R temperatures lower  than 300 K. 

Tablee 1. Fundamental data of the three Herbig Ae/Be stellar  candidates. 

Name e IRAS S R.A.. (1950) Dec. mPflSp.T. 

**  Based partly on observations made at the European Southern Ob-
servatory,, La Silla, Chile. 

HDD 37411 05358-0526 Q5h35m4TJ)5 -05°26'53?4 9.0 B9 Ve 
HDD 100546 11318-6955 llh31m14*.13 -69°55'06'.'9 6.6 B9 Vne 
HDD 104237 11575-7754 llh5mXM -77°54'50T5 6.8 B/Ape 

Wee then also examine the following criteri a of the candi-
datess (see Jaschek &  Jaschek 1987): 

a)) the possible presence of Hot emission in their  spectrum 
usingg Wackerling's (1970) or  other  catalogues, 

b)) the probable connection with a dark cloud, or  star-
formingg region, and additionally, 

c)) the presence of silicate features at 9.7 tan in the LRS-
spectrumm of the candidates. 

Itt  is important to note that (1) criteri a a, b and c do not 
alwayss apply because not all well known Herbig Ae/Be stars 
havee Hot in emission (for  example HD 97300), are associated 
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withh a dark cloud (like HD 163296) or show silicates features (in 
absorptionn or in emission) in their LRS spectrum: for instance 
RR Mon, and (2) there is still a possible confusion with B[e] 
stars,, like HD 45677 (Swings 1973 and Chapter B4), which 
alsoo have excess infrared radiation (Jaschek & Jaschek 1987). 
Handlingg above criteria we have found about 20 candidates of 
Herbigg Ae/Be type stars. Three of them were observed during 
ann European Southern Observatory (ESO) observing run in 
January/February,, 1988. Identification numbers, coordinates, 
approximatee apparent magnitudes and spectral type found in 
thee literature, are given in Table 1. 

Tablee 2. Data from the IRAS point-source and LRS catalogue. 

Namee IRAS fluxes (Jy) 

122 /im 25 iun 60 fun 

HDD 37411 0.75B 2.20B 1.59D 
HDD 100546 65.78A 242.60B 165.19C 
HDD 104237 23.65B 23.05B 14.72C 

IRAS S 
LRS S 

1000 nm 

98.52FF 82 
9.58CC 25 

Dark k 
cloud d 

Orion n 
296.2-7.9 9 
290.9-2.1 1 

225 5 

2.00 0 

1.75 5 
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1.25 5 

1.00 0 
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Fig.. 1. The LRS spectra of HD 100546 and HD 104237. 

3.. The observations 

Thee far-IR fluxes of the program stars measured by the IRAS 
aree listed in Table 2. The letters behind the entries give the 

uncertaintiess of the measurements as defined by the IRAS team 
(1985).. In Table 2 we also give the classification criteria (the 
IRASS team 1986) of the Low Resolution Spectra (LRS) of the 
starss HD 100546 and HD 104237. The LRS classification 25 
forr HD 104237 means that it is surrounded by a dust shell (or 
disc)) and that it shows the 9.7 /xm silicate feature in emission. 
Thee LRS classification 82 for HD 100546 indicates that in its 
infraredd spectrum the 11.3 ttm emission feature due to SiC 
andd several atomic emission lines are present. The LRS spectra 
off  these two program stars are shown in Fig. 1. Note that the 
presencee of atomic lines in the LRS spectrum of HD 100546 
iss only marginal, and, further, that the 9.7 /xm silicate emission 
featuree in HD 104237 is very broad; possibly it is contaminated 
byy emission of the SiC molecule. 

Inn the last column of Table 2 we also give the dark clouds to 
whichh the program stars are possibly associated. HD 37411 is 
locatedd in the Orion nebula HD 100546 is situated in a direction 
nott far from DC 296.2-7.9 (Hartley et al. 1986), whereas HD 
1042377 is located close to DC 290.9-2.1. 

Tablee 3. ANS, Visual and near-IR photometry of the program stars. 

Name e 

HDD 100546 

15W W 

— — 

18 8 

5.88 8 

22 2 

6.32 6.32 

25 5 

6.53 3 

33 3 

— — 

n n 

1 1 

Name e 

HDD 37411 
HDD 100546 
HDD 104237 

U U 

10.11 1 
6.70 0 
6.92 2 

B B 

9.96 6 
6.80 0 
6.87 7 

V V 

9.82 2 
6.77 7 
6.60 0 

R R 

9.76 6 
6.76 6 
6.45 5 

I I 

9.68 8 
6.77 7 
6.30 0 

71 1 

2 2 
2 2 
1 1 

Name e 

HDD 37411 
HDD 100546 
HDD 104237 

J J 

9.06 6 
6.33 3 
5.75 5 

H H 

8.35 5 
5.75 5 
5.14 4 

K K 

7.55 5 
5.Ö9 9 
4.42 2 

L L 

6.31 1 
4.02 2 
3.05 5 

M M 

5.81 1 
3.75 5 
2.58 8 

n n 

2 2 
2 2 
2 2 

Thee photoelectric Johnson-Cousins UBVRI observations 
weree made with the ESO 50 cm telescope equipped with a one-
channell  photometer. As detector and EMI 9658 RA photomul-
tiplierhass been used. A diaphragm of 21 "was used throughout. 
Standardd stars were chosen from the catalogue of Menzies et 
al.. (1980). The UBVRI photometric data are listed in Table 
3.. In this table the JHKLM near-IR data, obtained using the 
ESOO 1 m telescope, are also given. This telescope is equipped 
withh an InSb photometer. The observations were made through 
aa diaphragm of 15". Standard stars were chosen from the list of 
Koornneeff  (1983). ANS data is only available for HD 100546. 

Low-dispersionn (172 A mm-1) spectra of the program stars 
weree made with the ESO 1.5 m telescope, to which a Boiler 
andd Chivens spectrograph is attached. The detector is a high 
resolutionn RCA SID 503 CCD. For the three stars we have 
obtainedd blue (3900-6300 A) and red (5900-8300 A) obser-
vations,, which are reduced at the Amsterdam Astronomical 
Institutee using MIDAS-1987 installed on a /iVAX . The results 
aree shown in Figs. 2 - 4. 
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Fig.. 2. The blue and red spectra of HD 37411. The intensity is not 
calibratedd with respect to a standard star. The symbol © indicates that 
thee spectral lines are terrestial. 

4.. Data analysis and discussion 

4.1.4.1. Spectroscopy 

HDD 37411 has been classified by Smith (1972) and Bus-
combee (1980) as B9 V, and found to have Ha in emission 
byy MacConnell (1982). In our spectra only Ha is in emis-
sion.. The other Balmer lines are in absorption. From their 
FWHMM ~ 22 A (uncorrected for instrumental profile) we con-
cludee that the luminosity class V found by Smith and Buscombe 
forr this star is correct. The presence of the absorption line of 
neutrall  Helium (5876 A) and the abnormal strong Nai D\ and 
AA lines indicates that the condition in the extended atmosphere 
off  HD 37411 is not uniform. Note that the K absorption line 
iss not present, so that the Na i D lines are most probably not 
interstellarr lines. 

HDD 100546 has been classified by Houk and Cowley (1975) 
ass B9 Vne. In our spectra the Ha emission is stronger than 
thatt in HD 37411. The H/3 is in absorption with an emission 
core.. Furthermore, HeiA5876 is also in emission, whereas the 
Naa i D{ and A lines are not present at all. In Fig. 5 the enlarged 
profiless of Ha and H/3 are shown. 

HDD 104237 has been classified by Houck and Cowley 
(1975)) as B/A pe. Based on the wide absorption profile of 
thee Balmer lines and the strong if-line, we assume it to be 
off  spectral type A0 Vpe. Besides the strong Ha emission and 
thee emission core of H/3, the following lines are also in emis-
sion:: FenA4924, A5018, A5169, and A5317; Nai A and A ; 

5000 0 6000 0 70000 6000 
WnvtUngt hh (A ) 

9000 0 

Fig.. 3. The same as Fig. 2 for HD 100546. 

Hee IA5876 (blend of 5875.6 + 5875.7 + 5876.0). Enlarged pro-
filesfiles of Ha and H/3 are shown in Fig. 6. Compared to HD 37411 
thee condition in the extended atmosphere of HD 104237 is more 
complex.. The spectral type derived from absorption lines in the 
UVV of IUE data is A4e (Hu et al. 1991). 

4.2.4.2. The spectral energy distribution 

Thee SEDs of the program stars were analysed using a method 
explainedd in detail by Steenman and Thé (1989). The essential 
pointss in this method is that: 

1.. the extinction laws, characterized by the value of Rv = 
AyAy /E(B - V), were determined using the Mie theory by vary-
ingg the upper size cut-off of the size distribution of the dust 
grains. . 

2.. the value of Rv for each program star is determined by 
fittingfitting its extinction-free SED to Kurucz (1991) SED-model 
appropriatee to the MK-type of the program star. The Rv -value 
iss altered until a best fit  is obtained according to the x2-test. 

Forr our program stars we have made a best fit only up to the 
J-passband,, since the passbands beyond 1.3/im are influenced 
byy the thermal emission of the circumstellar dust grains. The 
resultss of the SED-analysis of the three program stars are shown 
inn Figs. 7 - 9, and listed in Table 4. Estimates of the distance 
towardss these stars are also given in this table. 

Usingg the propagation of errors we can estimate the error in 
thee distance determination to be at least 15%. Considering the 
distancee of the Orion nebula (~460 pc; Allen 1977) we believe 
thatt HD 37411 is a member of the Orion stellar group which 
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iss associated with the nebula. If the derivation of the distance 
off  HD 104237 is not influenced by large errors in the MK-type 
andd the Ry -value, uien this star is one of the closest stars of die 
Herbigg Ae/Be stellar group. 

AA better estimate of die distance of HD 104237 is made 
byy e Cha, located near HD 104237, as the coordinates of bodi 
starss indicate (see Table 5). The proper motion values listed in 
Tablee 4 suggest diat mese stars are not only visually related, 
butt probably also physically. Since e Cha is a main sequence 
star,, having spectral type B9 V, with V = 4™91 and Mv = 
+0T2,, we obtain a distance of 88 pc for diis star. We will use 
diiss distance also for HD 104237 in our further calculations. 
Thee distance for HD 37411 will be taken similar as for Orion. 

Tablee 4. Physical parameters of the program stars. 

Name e 

HDD 37411 
HDD 100546 
HDD 104237 

E(BE(B - V) 

0F215 5 
OF105 5 
(T220 0 

RvRv Av 

3.11 ö?67 
4.00 0F42 
3.11 (T68 

MMv v 

+(T20 0 
+0?20 0 
+1?30 0 

Vo Vo 

9?15 5 
6?34 4 
5?92 2 

d[pc] d[pc] 

600 0 
170 0 
84 4 

Name e 

HDD 37411 
HDD 100546 
HDD 104237 

Sp.T. . 

B9V V 
B9V V 
A2V V 

TcssTcss d\pc] 

105000 460 
105000 170: 
89700 88 

L*/LL*/L Q Q 

50 0 
90 0 
29 9 

M+/MM+/M e e 

2.5 5 
2.8 8 
2.1 1 

age[Myr] ] 

~3 3 
~2 2 
6-8 8 

5000 0 6000 0 70000 8000 
Wavelengthh (A) 

9000 0 

Fig.. 4. The same as Fig. 2 for HD 104237. 

* * 
» » 

s s c c 

• • 
> > 
a a 
£ £ 

HDD 100546 

*̂» » 

Ha a 

/***"/***" '*•*•*'" V" 

H0 0 

~ " W * V " > ' V ' S * ^ KK M ^ * A 

\\ I 

\\ J VV / 
11 1 

V V 
Wavelength h 

Fig.. 5. The enlarged profiles of Ha and H0 of HD 100546. 
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Fig.. 6. The same as Fig. 5 for HD 104237. 
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Fig.. 7. The observed and extinction-free spectral energy distribution 
(SED)) of the star HD 37411. The extinction-free SED is compared 
too the Kurucz SED-model appropriate to its MK-type. The difference 
fluxflux  AF(A) = Fext.frccW - FKuruczW is also plotted to which 
planckiann curves are fitted. 

4.3.4.3. The properties of the dust shells 

Thee infrared excess of die program stars defined as 

AF(A)) = Fext.free(X) - FKurucz(X) (1) 

iss shown in Figs. 7 - 9. It is clear that for both HD 37411 and 
HDD 100546 die thermal excess radiation is governed by a high 
andd a low temperature zone in die extended circumstellar dust 
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Tablee 5. The coordinates and proper motion of the stars HD 104237 and e Cha, taken from the SAO Catalogue. 

star r 

HDD 104237 
ee Cha 

SAO O 

256895 5 
256894 4 

RA.. (1950) 

ll h57m33s476 6 
ll h57m06!.727 7 

Dec. . 

77°54'50'.'53 3 
77°56'36'.'07 7 

l*a l*a 

-010162 2 
-ff.0161 1 

A/i a a 

1 1 
6 6 

fiS fiS 

+0'.'014 4 
-0'.'005 5 

Ans Ans 

7 7 
5 5 

shell.. For HD 104237, however, the log AF(X) decreases almost 
continuouslyy with log A, Fig. 10, with only a weak indication 
off  the presence of a higher and lower temperature zone. Rough 
estimatess of the physical parameters of the different dust shells 
aree given below. 

HDD 100546 
RR = 4.00 
E(B-V)) = 0.10  0.01 
I * ,, = 10500 K 
logg g = 4.5 

TT = 190 K 

logg X (jun) 

Fig.. 8. The same as Fig. 7 for HD 100546. 
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Fig.. 9. The same as Fig. 7 for HD 104237. 

Iff we assume that the dust grains in the dust shells are black 
bodies,, then it is possible to estimate the temperature of the high 
andd low temperatures zones, by fitting a Planck curve in Figs. 7 -
9forr HD 37411,HD 100546 and HD 104237. The temperatures 
wee obtained are listed in Table 6. If we now assume that the 
absorbedd and re-radiated energy by the dust grains are in thermal 
balance,, and, furthermore, that the absorption efficiency 

Qab.WQab.W ~ 1/A, 

itt is possible to estimate the distance Rd(vat) of the high and 
loww temperature zones, with respect to the central star, using 
thee following formula derived by Rowan-Robinson (1980) 

RRdd = 0.5i2*CZ;/Trf) 2.5 5 (3) ) 

inn which Tj is the temperature of the dust grains, and .R* and T* 
aree the stellar radius and effective temperature, respectively, as 
listedd in Table 4. The results are given in Table 6. It is of interest 
too derive the following physical parameters of each dust shell: 

a)) The optical depth T(A) by using the formula derived by 
Pottaschh (1984) 

r(A)) = 
33 <PF(\) 
22 R2

dirB(\,T)' (4) ) 

inn which F(A) is the flux density measured at the distance d 
fromm the star and *B(\, T) is the Planck function. The result 
forr Txmax of each temperature zone is given in Table 6. 

Tablee 6. Physical parameters of the dust shells of HD 37411, 
HDD 100546 and HD 104237. 

Name e 

HDD 37411 

HDD 100546 

HDD 104237 

Amoz[Mm] ] 

1.9 9 
16.1 1 
1.7 7 

15.3 3 
2.1 1 
9.3 3 

Td[K] ] 

1,540 0 
180 0 

1,660 0 
190 0 

1,370 0 
310 0 

RdRd [cm] 

9.0E12 2 
1.9E15 5 
1.0E13 3 
2.3E15 5 
8.5E12 2 
3.5E14 4 

RRdd[AU] [AU] 

0.6 6 
130 0 
0.7 7 
150 0 
0.6 6 
23 3 

T A m a i i 

0.14 4 
0.01 1 
0.10 0 
0.05 5 
0.15 5 
0.01 1 

b)) The radius of the spherical dust grains, and an indication 
off the composition of the grain material, of which the dust 
shellss are thought to consists of, can be derived by applying the 
followingg method. We can obtain an average distance of the dust 
grainss (rd), by assuming that there is thermal balance between 
absorbedd and emitted energy. Thus the absorbed radiation from 
thee central star 

4TT5 5 
** 2 

ira ira 

shouldd be equal to the re-emitted energy as 

AW<rTJ. AW<rTJ. 

Fromm these equations we can derive: 

rd rd 
WM1 / 2J _ _ 

4Tjj \v*J Ji' 

(5) ) 

(6) ) 

(7) ) 

(2) ) 

Inn the above equations I* is the luminosity of the central star; a-, 
thee Stefan-Boltzmann constant; a, the radius of the dust grains; 
TTdd,, the temperature of the dust shell; rd, the distance of the dust 
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Tablee 7. Distances of the dust shells HD 37411 and HD 100546 using several radii and compositions 
off  the grain material. The error in the distances of the high-temperature zones is about 15%; for the 
low-temperaturee zones about 20%. 

Chem. . 
comp. . 

Fe e 

C C 

SiC C 

Radius s 
[pm] [pm] 

TTd d 

0.1 1 
10 0 
0.1 1 

10 0 
0.1 1 

10 0 

HDD 37411 

== 1,540 K 
rr dd [AU] 

0.82 2 
0.06 6 
0.40 0 
0.06 6 
0.34 4 
5.2 2 

1800 K 
rr dd[AU] [AU] 

5.1E2 2 
3.9E1 1 
1.5E2 2 
7.2E1 1 
2.3E2 2 
1.5E1 1 

HDD 100546 

1,6600 K 
rr dd[AU] [AU] 

0.94 4 
0.07 7 
0.46 6 
0.07 7 
6.0 0 
0.39 9 

1900 K 
rr aa[AU] [AU] 

6.1E2 2 
4.7E1 1 
1.9E2 2 
8.7E1 1 
2.8E2 2 
1.8E1 1 

HDD 104237 

1,3700 K 
i\i[AU] ] 

0.86 6 
0.07 7 
0.19 9 
0.06 6 
5.4 4 
0.34 4 

3100 K 
rd[AU] ] 

8.4E2 2 
6.5 5 
13E1 1 
4.0 0 
3.1 1 
1.9 9 

shelll  to the central star, and e, the emissivity (CiR/Cuv) of 
thee dust grains. The factor (e) indicate the dependence of the 
absorbedd ultraviolet radiation and the emitted infrared radiation 
onn the chemical composition of the dust grains: iron, carbon or 
silicatee (Gilman, 1974). It can be written as 

4ea 4ea 
(8) ) 

QQabtabt is the mean absorption efficiency, correlated to the stellar 
temperaturee and the radius of the dust grains, ë is the Planck 
meann emissivity. Both quantities can be obtained using the 
resultss given by Gilman (1974). Applying this method on the 
dustt shells given in Table 6, distances can be obtained (Table 
7)) adopting dust grains radii of 0.1 and 10 /an, respectively, for 
thee materials: iron (Fe), graphite (C), and silicon carbide (SiC). 
Comparingg the distances of each dust shell such as listed in 
Tablee 6 to those obtained with respect to several materials and 
radiii  of the dust grains (Table 7), we can draw the following 
conclusions: : 

1)) Due to the fact that, coincidently, the stellar and dust 
temperaturess of HD 37411 and HD 100546 are similar, we 
obtainn approximately the same results for sizes and composition 
off  the grain material in both temperature zones. For the high-
temperaturee dust shell we obtain the best fit  for spherical dust 
grainss with a radius of 0.1 /an, or somewhat smaller, and most 
probablyy consisting of graphite or iron. The second temperature 
zone,, of about 180-190 K, is most probably build up of graphite 
orr iron dust grains with a radius of 0.1 and 1.0 /an, respectively. 
Siliconn carbide does not give any proper fit in this procedure. 

2)) The IR-excess of HD 104237 decreases more continu-
ouslyy with wavelength. In a first approximation we distinguish 
twoo zones of dust concentrations for comparison. The first tem-
peraturee zone of 1,370 K most probably consists of spherical 
dustt grains of iron with radii of about 0.1 /an. The second tem-
peraturee zone of 310 K is might be of the same material but 
withh dust grains of a somewhat larger radius, ~1 /an. In case 
thee two dust zones are build up of graphite grains, they must 
havee radii < 0.1/an. For SiC grains the inner dust zone will 
consistss of larger grains than the outer one, 10 /an and 0.1 /an, 
respectively.. The results of the comparison of Tables 6 and 7 
aree summarized in Table 8. 

Tablee 8. The properties of the dust shells of HD 37411 and HD 100546. 
Thee distance of the dust shell (Rd) given is the mean of those by 
comparingg Table 6 and from calculations such as presented in Table 7. 

Name e 

HDD 37411 

HDD 100546 

HDD 104237 

TTd d 

[K] ] 

1,540 0 
1,540 0 

180 0 
180 0 

1,660 0 
1,660 0 

190 0 
190 0 

1,370 0 
1,370 0 

310 0 
310 0 

Rd Rd 
[AU] ] 

0.7 7 
0.5 5 
150 0 
140 0 
0.8 8 
0.6 6 
180 0 
170 0 
0.7 7 
0.5 5 
25 5 
27 7 

Chem.. Comp. 

Fe e 
C C 
Fe e 
C C 
Fe e 
C C 
Fe e 
C C 
Fe e 
SiC C 
Fe e 
SiC C 

Radius s 
I^m] ] 

<0.1 1 
<0.1 1 
~1.0 0 
~0.1 1 
<0.1 1 
<0.1 1 
~1.0 0 
~0.1 1 
~0.1 1 
~10 0 
~1.0 0 
~0.1 1 

MM d d 

[£] ] 

2.4E19 9 
1.8E19 9 
5.1E23 3 
2.9E22 2 
2.2E19 9 
1.6E19 9 
7.11 E24 
4.11 E23 
2.4E21 1 
1.2E23 3 
5.8E24 4 
7.2E22 2 

c)) The mass of the dust shells (M*) , of which the compo-
sitionss are determined (see above), can be obtained using the 
Pottaschh (1984) formula 

MMdd = 
AapAap <PF(X) 

3Q3Qabtabt(\)(\) B(\,T)' (9) ) 

inn which p is the density of the dust grains; for our constituents 
assumedd to be p = 3.217 g cm-3 for SiC; p = 7.86 g cm-3 

forr Fe, and p = 2.259 g cm-3 for C. Qabt is the absorption 
efficiencyy of the dust grains, of which the values can be obtained 
usingg the mean (Qabt) given by Gilman(1974). The results 
aree listed in Table 8, and are only fractions of Earth's mass, 
6.00 x 1027 g. 

Besidess a distribution of the dust grains of HD 104237 in 
twoo temperature zones, a more continuous distribution outward 
cann be fitted also. S uch a linear fit to the far-IR excess log AF(A) 
versuss log A relation, Fig. 10, gives as result: 

AF(X)AF(X) ~ (1/A)' 0.45 5 

or r 

AF(u)~v~AF(u)~v~11--5555. . 

(10) ) 

(11) ) 
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Fig.. 10. The far-IR difference flux A.F(A) = Fext.frcc(X) -
•Fifurucz(A)) plotted in logarithmic scale versus log A of the star 
HDD 104237. 

Inn accordance to Waters et al. (1987), if the dust shell is optically 
thinn and if Q„b,(X) ~ 1/A (p = 1), in our case the number 
densityy of the dust grains should be decreased outwards as: 

n(r)n(r) ~ r-°"78, (12) 

wheree r is the distance of the dust shell from the central star. 
Thiss decrease is smaller than in the case when the mass-loss 
ratee and the expansion velocity of the shell are constant: 

»(r)) ~ T~2. (13) 

Thiss would indicate that the dust is orbiting the star instead 
beingg part of a continuous outflow. 
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Fig.. 11. HR-diagram with the position of HD 37411, HD 100546 and 
HDD 104237, assuming the astrophysical parameters as given in Table 
4.. The pre main-sequence evolutionary tracks and birthline of Palla & 
Stahlerr (1993) are also drawn. 

5.. Conclusions 

Thee conclusions we can draw from our study are as follows: 
1.. The stars HD 37411, HD 100546, and HD 104237 most 

probablyy belong to the Herbig Ae/Be stellar group. Especially 
thee brighter stars HD 100546 and HD 104237 should be studied 

furtherr spectroscopically in the UV and in the visual in high 
resolutionn mode, see also Hu et al. (1991). 

2.. The astrophysical parameters derived for the three pro
gramm stars indicate that HD 100546 is the youngest and most 
massivee of the three objects, and HD 104237 the oldest and 
lesss massive one, when compared to evolutionary tracks for 
pre-mainn sequence stars of Palla & Stahler (1993), see Table 4. 

3.. The infrared excess of the three stars can be explained 
ass the result of re-radiation of circumstellar dust grains. For 
HDD 37411 and HD 100546 the circumstellar dust shells have 
concentrationss in two zones. In the dust shell of HD 104237 the 
distributionn of the grains is continuously outward with probably 
concentrationss in two zones also. It is of interest to study the 
physicall properties of the dust grains in the circumstellar shells 
withh a more advanced technique. 

4.. The SEDs of the programme stars, Figs. 7 - 9, and the 
distancess of the dust concentration to the central star, indicate 
thee largest separation of the dust zones for the youngest object, 
HDD 100546, and the smallest one for HD 104237. It would be 
off interest to investigate if such a separation of dust zones is an 
evolutionaryy effect. In our case the outer post-natal dust would 
thenn accrete on the more inner parts (see Chapter A3). The 
secondd dust zone will then slowly "dissolve". In such a picture 
thee double peaked IR excess of candidate young objects will be 
aa good indicator of their extremee youth. 
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