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Pre-Main-Sequence Star Candidates in the 
Bar of the Large Magellanic Cloud 

J. P. Beaulieu," H. J. G. L. M. Lamers, P. Grison, R. Julien, 
C. Lanciaux, R. Ferlet, A. Vidal-Madjar, E. Bertin, E. Maurice, 

L. Prevot, C. Gry, J. Guibert, 0. Moreau, F. Tajhmady, 
E. Aubourg, P. Bareyre, J. de Kat, M. Gros, B. Laurent, 

M. Lachieze-Rey, E. Lesquoy, C. Magneville, A. Milsztajn, 
L. Moscoso, F. Queinnec, C. Renault, J. Rich, M. Spiro, 

L. Vigroux, S. Zylberajch, R. Ansari, F. Cavalier, M. Moniez 

Candidate pre-main-sequence stars were observed in the bar of the Large Magellanic 
Cloud during the search for dark matter in the galactic halo. Seven blue stars of apparent 
visual magnitude 15 to 17 had irregular photometric variations and hydrogen emission lines 
in their optical spectra, which suggested that these stars are pre-main-sequence stars of 
about 10 solar masses. These stars are slightly more massive and definitely more luminous 
than are Herbig AeBe pre-main-sequence stars in our own galaxy. Continued observations 
of these very young stars from another galaxy, which are probably at the pre-hydrogen- 
burning stage, should provide important clues about early stages of star formation. 

T h e  early stages of star formation are gen- 
erally hidden from optical observations be- 
cause the stars are embedded in their circum- 
stellar dust clouds. T h e  laver the mass of a 
star, the slower its contraction toivard the 
maill sequence where H is ignited. There- 
fore, the only pre-main-sequence stars that 
are optically visible in the galaxy are the 
low-mass T Tauri stars (M = 1 to 5 Mc, 
where M, is solar mass) and the slightly 
Illore massive Herbig AeBe (HAeBe) stars of 
2 to 9 M,. In galaxies with a loiver metal- 
licity, the pre-main-sequence stars are ex- 
pected to have less d ~ ~ s t .  This attribute lnight 
enable us to observe and study the pre-main- 

sequence phase of more massive stars in oth- 
er galaxies, thereby extending our kno~vledge 
of the early evolution of stars to younger 
phases. Here, we report the serendipitous 
discovery of HAeBe stars in the Large Ma- 
gellanic Cloud (LMC) with the EROS ex- 
periment ( 1 ). 

The EROS database was used to search for 
quasi-stellar objects (QSOs) behind the Lb?C 
for spectroscopic studies of the absorption 
components of gas in the Lb?C. About 10 to 
12 QSOs down to magnitude -20 were ex- 
pected in the field of the EROS charge-cou- 
pled device (CCD) camera. Because the 
EROS photometry has only two filters and it 
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is impossible to select QSOs on the basis of 
two-color photometry, we decided to search 
for QSOs on the basis of their light curves. 
We expected about two or three QSOs with 
irregular brightness variations in the EROS 
data set. Seven objects were identified on the 
basis of three criteria: (i) BE — RE < OS 
magnitudes (1), to exclude the red irregularly 
variable stars; (ii) photometric variability 
larger than twice the standard deviation; and 
(iii) either a nonperiodic light curve, or a 
periodic light curve whose most probable pe­
riod was greater than half the duration of the 
observing campaign. Subsequent spectroscop­
ic observations showed that all seven objects 
were stars in the LMC; the stars were conse­
quently named EROS LMC HAeBe candi­
dates (ELHCs). All the objects showed irreg­
ular amplitude variations of about 0.2 to 0,6 
BE magnitudes in their light curves (Fig. 1). 
Most of the stars showed variability on a time 
scale of —10 days superimposed on slower 
variations, except for ELHC7, which had a 
very pronounced dip in its light curve with a 
time scale of —30 days. On the basis of the 
light curve alone, the stars cannot easily be 
classified or grouped into the same class of 
objects. 

Six of the stars are relatively bright, with 
mean BE and RE magnitudes between 14.7 
and 15.8 (Table 1). These magnitudes corre­
spond to apparent visual magnitude V — 14.8 
to 15.8. Assuming a typical interstellar galac­
tic foreground extinction of A v — 0.2 plus a 
mean extinction of A v — 0.30 for the bar of 
the LMC and a distance modulus of 18.50 for 
the LMC, we conclude that the absolute vi­
sual magnitudes M v of the stars (except 
ELHC7) are in the range M v — —3.2 to 
—4.3. This range excludes a classification as 
cataclysmic variables because such variables 
would have been several magnitudes fainter. 

The EROS (Experience de Recherche d'Objets Sombres) 
collaboration: 
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The mean B — V (blue light minus visible 
light) color of the stars is between —0.01 and 
0.10. Correcting for the mean reddening E(B 
- V) — 0.17 of the LMC stars, we find 
intrinsic colors of (B — V)0 -0.18 to 
—0.07. These are typical values for stars of 
spectral types B3 to B9. Combining these 
colors with the values of Mv , we conclude 
that the objects are B-type stars with luminos­
ity classes of about II to III. 

The luminosities L of the six stars, derived 
from M v with the bolometric corrections 
adopted from the intrinsic colors (2), are log 
L/LQ — 3.5 to 3.9 (Table 1). In this estimate, 
we have assumed that the stars have no cir-
cumstellar (CS) extinction. If there is circum-
stellar extinction, the intrinsic colors will be 
bluer, the spectral types earlier, and the lumi­
nosity larger. The CS extinction cannot be 
very large because the minimum allowed val­
ue of (B — V)0 is —0.32. We also calculated 
the magnitudes and colors for an assumed 
additional extinction of E(B - V) 

cs 0.15. 
In this case, the luminosities are in the range 
log L/LQ - 4.2 to 4.8 (except ELHC7). The 
variable ELHC stars are probably abnormal 
B-type giants similar to galactic HAeBe stars 
because they have irregular photometric vari­
ables (3). 

The possibility that the ELHC stars are 
LMC counterparts of the galactic pre-main-
sequence HAeBe stars is supported by the 
optical spectra. Low-resolution spectra of the 
ELHC stars in the wavelength range o{ 3600 
A < X < 7000 A were obtained in August 
1994 at the European Southern Observatory 
1.5-m and 3.6-m telescopes equipped with 
Boiler and Chiven spectrographs (4). All the 
targets have a stellar-type spectrum with a 
very strong Ha emission line and strong pho-

tospheric Balmer absoiption lines; hence, the 
targets are stars, not QSOs. The stellar radial 
velocity derived from the Balmer absoiption 
lines is 270 km s_1, which proves that the 
stars belong to the LMC. We estimated the 
spectral type for each star on the basis of the 
presence or absence of classification lines. 
However, because the metallicity of the LMC 
stars is about one-half that in our galaxy, 
several of the classification lines are weaker. 
Therefore, the classification as B-type stars 
from the spectra agrees roughly with a similar 
classification on the basis of the colors of the 
stars. 

We suggest that our program stars are 
pre-main-sequence stars, similar to the ga­
lactic HAeBe stars. This suggestion is sup­
ported by the following arguments: 

1) All the stars have Ha emission lines 
with equivalent width in the range 11 to 
130 A, quite similar to the range of 8 to 126 
A for the galactic HAeBe stars (5). Normal 
Be stars have smaller Ha equivalent widths 
and do not show the rapid, irregular photo­
metric variations of our stars. 

2) The colors and the presence of the 
strong photospheric Balmer absorption 
lines and He I absorption lines in some stars 
suggest spectral types between late B (for 
stars without strong He I lines) and mid- to 
early B (for stars with He I lines). 

3) The spectra of several of our stars show 
evidence for Balmer continuum emission, 
possibly as a result of circumstellar gas that is 
optically thick in the Balmer continuum, 
which indicates the presence of an accretion 
disk or an optically thick wind (6). 

4) The ELHC stars have irregular photo­
metric variables. Irregular photometric vari­
ability is characteristic of HAeBe stars. The 

700 750 800 850 700 750 800 850 
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Fig. 1 . The light curves in 8 E of the program stars measured in 
the EROS experiment. Variations of the nightly averages, which 
have a typical SD of 0.015 magnitudes, are shown. 
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Table 1. Photomety and approxmate spectral types. Two extreme est~mates of c~rcumstellar reddening, which defne a poss~ble range of lumnos~ty and 
effect~?ie temperature T,,, (in kel?i~n), are gven for each star. 

Log L / L ,  
Log L/Ls,  

Star N (J2000) 
6, RE 6 - I' (6 - V)o i 4  (derived :zE (assum~ng H a  8 (J2000) Log Tei; from M,,) CS 

extnct~on) 
(4 

galactic IHAeBe stars of earl\- spectral type 
exhibit small brightness variations (1V - 
0.1) mith a time scale of 20 to 63  days and 
with no  evidence for clear periodicities, as 
n;ell as large brightness changes that are com- 
pletely irregular and unpreclictable. The  tiine 
scale of about 12 to 43 day-s for photometric 
variations of our LTroeram stars is similar. 

L u 

5) T h e  most important characteristic of 
the  galactic H h e B e  stars is their association 
with nebulosities and their location in star- 
forlning regions. Unfortunately, n7e do not 
kno\v if our stars are in star-forming regions 
in the  bar of the LLIC. However, the two- 
dimensiollal optical spectra of our stars 
S ~ O L V  that all of them (except ELHC1, for 
which the resolution and sig~lal/lloise ratio 
are too lorv) are located in H I1 regions. 
This findine indicates that our stars are 
associated mith 0 stars, that is, nit11 yoimg 
regions mhere star formation might occur. 

The  ELHC stars are i ~ p  to 10 times as 

Fig. 2. Locations of the ELHC stars in the 
Hertzsprung-Russel diagram. The ELHC stars are 
ndcated by two pos~t~ons: the c~rcles and squares 
correspond to the mnmum value of E(B - V) = 0.1 7 
and to E(B - V )  = 0.32, respect~vey. The ocatons 
ot the galact~c HAeBe stars (8) are ndcated by tran- 
gles. The dotted line s the upper Imit of the HAeBe 
stars, 10~1th the exception of two lumnous hot and 
cool stars. The solrd rne IS the maln sequence, 
shown along with masses. 

luminous as the galactic IH.%eBe stars in the 
u 

salne temperature range (Fig. 2). The  lumi- 
nosity of the stars suggests that they are pre- 
main-sequence stars with masses between 7 
and 12 b1, if E(B - V) = 3.17, or between 12 
and 25 L,lp it E(B - V) = 0.32. These Inasses 
are greater than those of the galactic H.%eBe 
stars, which are typically in the range of 2 to 
9 Ms. 

The observed upper linlit for the galactic 
IH.%eBe stars coi-respollds approximately to 
the location of the galactlc birth line (8) for 
an accretion rate of 10pi M,: yearp'. This 
line gives the location of the pre-main-se- 
quence stars in the Hertzsprung-Russel dia- 
gram \\,hen they- beco~ne optically vislble 
through their surrounding dust clouds. For 
stars Inore luminous than ahout 2 X 10' L,, 
the birth lilne coillcides \\;it11 the nlain se- 
quence. Thiis, pre-main-sequence stars of bl 
> 9 M, are not expected to be optically 
visi17le before the\- reach central IH ignition on 
the ~naill  sequence. The  ELHC stars are clear- 
ly above the galactic birth line, which lnigllt 
be partly attributable to a selection effect of 
the briglitest variable stars in tlie Lh4C. IHo\v- 
ever, of the many galactic HheBe stars stud- 
ied, at lnost one of them reaches the bright- 
liess of the ELHC stars in the same tempera- 
ture ranee. 

W e  propose three possible explallatiolls 
for the  dissimilar luminosities of the ELHC 
stars: 

1)  T h e  lo\v n~etallicitv of the LMC stars 
results in a slnaller amount of clust around 
contracting stars than in our galaxy-. As a 
resi~lt, LLIC pre-main-sequence stars mill be- 
colne opticall\- visible in an earlier phase of 
their contraction than \\,ill their galactic 
counterparts. 

2) T h e  accretion rate of the vre-main- 
sequence stars in the LLIC may be higher 
than for galactic stars of the same luminositv, 

u 

possibly because the radiation pressure in 
circumstellar matter of low metallicit\- is 

snlaller than for galactlc stars. This effect 
will shift the birtli line to greater luminosit\-. 

3) A n  accretion disk, an associated nebula, 
or hot11 might contribute a nownegligible 
fractlon to the luminosity of the ELHC stars. 
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