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A B STR ACT
We report on observations of the young binary system HD 35187 (SAO 77144). For
the first time, we have obtained spatially resolved optical spectra of the individual
stars. Analysis of their effective temperatures indicates that the stars have spectral
types of A2 (HD 35187B) and A7 (HD 35187A). Analysis of the Hg Balmer line
indicates a luminosity class V for both stars. At the time of these observations, net
Ha emission was present only towards HD 35187B. However, there is evidence that
the photospheric Ha line in HD 35187A has been ‘filled in’ relative to its expected
strength in an A7 star, so this star may also be associated with some process leading
to Ha emission. Moreover, both stars exhibit absorption in the He I l5876 line well
in excess of that expected for their spectral types. Comparison with earlier
observations reveals that both the Ha and He I lines are variable, so both stars are
‘active’ in some sense. We suggest that the variable He I absorption detected towards
both stars is a result of chromospheric activity, and is not necessarily related to the
circumstellar environment.

We find tentative evidence for a narrow Ca K circumstellar absorption line and
excess redshifted absorption of the Na D line profiles in the spectrum of
HD 35187B, both of which are absent in the spectrum of HD 35187A. The
heliocentric radial velocity of the presumed circumstellar Ca K line (+54.5 km sÐ1)
is similar to that of redshifted circumstellar absorption lines previously identified in
IUE spectra of this star, and the velocity range of the Na D absorption precisely
matches that of the UV circumstellar components. Moreover, by placing the stars on
the HR diagram (with the aid of the reliable Hipparcos distances) we find evidence
that HD 35187B is dimmed by about 0.4 mag of grey circumstellar extinction.

The detection of net Ha emission, circumstellar absorption lines, and significant
circumstellar extinction for HD 35187B suggests that it has far more mass in its
circumstellar environment than its companion, and that the observed IR excess of
this system originates from a disc surrounding HD 35187B alone.

Key words: binaries: spectroscopic – stars: individual: HD 35187 – stars: pre-main-
sequence.

1 INTRODUCTION

Herbig (1960) originally suggested a list of 26 stars which
are considered to be the higher mass counterparts to the
young T Tauri stars. These Herbig Ae/Be (HAeBe) stars are
pre-main-sequence, intermediate-mass stars generally with
an infrared (IR) excess emission attributable to the
presence of dust in the circumstellar environment. The

original criteria for membership of this class, as laid down by
Herbig, were revised by Bastien et al. (1983), who suggested
that HAeBe stars should be considered as ‘stellar objects,
earlier than F0, associated with a region of obscuration and
a reflection nebula; in their spectrum they exhibit emission
lines of the Balmer series of hydrogen’. Herbig’s list was
expanded by Finkenzellar & Mundt (1984), who studied the
emission lines of 57 HAeBe stars. Since then, the list of

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article-abstract/298/1/275/976353 by Birkbeck C
ollege, U

niversity of London user on 13 August 2019



members or possible members of the class has risen signifi-
cantly, with Thé, Winter & Pèrez (1994) cataloguing over a
hundred such objects.

Here we report new observations of the possible HAeBe
star system HD 35187, which lies at a distance of 150¹55 pc
(ESA 1997) in the Taurus molecular clouds. Attention was
first drawn to this object when it was discovered to have an
IR excess similar to the ‘Vega-like’ stars found by the IRAS
survey (Walker & Wolstencroft 1988; Oudmaijer et al.
1992). Dunkin, Barlow & Ryan (1997a,b) included
HD 35187 in their optical study of 14 Vega-like stars, but
noted that the star has very similar characteristics in its
optical spectrum to Herbig Ae stars. It has also been classed
as a HAeBe star by Böhm & Catala (1994, 1995) and by
Grady et al. (1996). The observations of Dunkin et al.
(1997b) revealed changes in the Ha emission-line profile
when compared with observations by other authors, and
such spectral variability is not uncommon in HAeBe sys-
tems.

Although much of the recent work on HD 35187 has
tended to assume it to be a single star, it has been known to
be a close multiple system since the middle of the last cen-
tury. The Washington Visual Double Star Catalogue (Wor-
ley & Douglass 1996) lists three stars in the system: two
components of similar brightness (V28.5), separated by 1.3
arcsec, and a much fainter (V215.5) component lying 8.7
arcsec from the brighter pair. The two brighter stars of the
system have now been observed by the Hipparcos mission
(ESA 1997). The Hipparcos Catalogue Double and Multiple
Systems Annex (DMSA) lists component ‘A’ as having a
Hipparcos magnitude Hp\8.734¹0.017, and component
‘B’ (the more northerly component) as having
Hp\8.586¹0.015 (note that the Hipparcos magnitude, Hp ,
is very similar to the Johnson V magnitude; cf. p. 59 of Vol.
1 of ESA 1997). Thus, rather unusually, the Hipparcos cata-
logue has assigned the identifier ‘B’ to the brighter compo-
nent of the pair. In order to avoid confusion, we will follow
the Hipparcos nomenclature. The angular separation of the
principal components is 1.386¹0.005 arcsec, with a posi-
tion angle of 192° (DMSA).

The main aim of the present work was to obtain separate
spectra of these components in order to determine whether
both are Herbig Ae stars, and to identify other differences
between them which may affect the interpretation of the
circumstellar environment. In addition, we were interested
in searching for circumstellar absorption lines similar to
those found towards the Vega-like star b Pictoris.

2 OB SERVATIONS  A ND  DATA  R EDUCTION

The observations were performed on 1996 November 27
with the 3.9-m Anglo-Australian Telescope (AAT), using
the UCL echelle spectrograph (UCLES) with the 79 line
mmÐ1 grating. The detector was the AAO Tektronix CCD
(1024Å1024 24-lm pixels, binned by a factor of 2 in the
spatial direction). Two separate exposures were made, with
central wavelengths of 4010 Å (giving incomplete spectral
coverage from 3660 to 4515 Å), and 6216 Å (covering the
range 5060 to 8330 Å). The individual orders were extracted
from the CCD image using the FIGARO data-reduction pack-
age (Shortridge 1988), and background light was measured
from the interorder region and subtracted. Wavelength cali-

bration was performed using the standard Th-Ar compari-
son lamp. The slit width was set to 1 arcsec, and the seeing
was measured to be in the range 1.5 to 2.0 arcsec. The
spectral resolving power, measured from the FWHM of the
comparison lines, was R\45 000 (6.6 km sÐ1 FWHM).

In order to record spectra of the two components, the slit
was aligned along a position angle of 20°, which appeared to
be the axis of the system as seen by the slit-viewing camera
at the telescope. This angle is somewhat uncertain, because
the two stars were not resolved in the image reflected from
the slit jaws, and is rather different from the 12° (i.e.,
192°Ð180°) subsequently given in the Hipparcos DMSA.
However, given the slit width, the angular separation of the
components, and the prevailing seeing, we are confident
that most of the light from both stars entered the spectro-
graph.

The 1.39-arcsec separation of the two stars projects to 115
lm at the detector in the spatial direction, or 2.4 of the
binned Tektronix CCD pixels (Ryan & Fish 1995, pp. 7–8).
Fig. 1 shows the region of echelle order 34, which contains
the Ha line (6562.8 Å). It is clear from this image that bright
emission in Ha is visible in only one of the two stars (the
northernmost of the pair, HD 35187B), and is in absorption
in the other. This clearly shows that we have been able to
obtain spatially resolved spectral information, even though
the seeing discs of the two stars are not fully resolved. Fig. 2
illustrates this by showing the effect of blending the seeing
discs (1.5 arcsec FWHM) of two stars separated by 1.29
arcsec, binned down to the 0.58 arcsec pixelÐ1 image scale.
It seems clear from Fig. 2 that, by rejecting the central four
rows (2.3 arcsec) of each order, it should be possible to
obtain a spectrum of each star separately from the wings of
the seeing profile. Careful extraction of the individual
detector rows confirms that contamination of the spectrum
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Figure 1. CCD image of the region of the Ha line, showing clearly
that Ha is in emission in one of the two stars and in absorption in
the other. Wavelength increases from left to right (from 6544 to
6616 Å), and north is towards the bottom.
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of one star by the other has indeed fallen to a very low level
(we estimate x5 per cent) for angular distance z¹1.2
arcsec from the centre of each order.

3 BASIC  STELL A R  PA R A METERS

3.1 Spectral type

HD 35187 is classified as A2:V: in the latest version of the
General Catalogue of MK Spectral Types (Buscombe 1995,
where the colons mean that both the spectral subclass and
the luminosity class are uncertain). To the best of our know-
ledge, the spectral types of the two components have not yet
been determined individually, and an initial inspection of
spectra revealed significant differences between them.

In order to quantify these differences, the spectrum syn-
thesis code UCLSYN (Smith 1992) was used to compute local
thermodynamic equilibrium (LTE) solar-metallicity model
atmospheres (utilizing the code ATLAS6; Kurucz 1979). Ini-
tially, models were generated assuming Teff\8990 K (Gray
& Corbally 1994), log g\4.1 cm sÐ1 (Allen 1973), a micro-
turbulent velocity j\3.0 km sÐ1, and a rotational velocity
v sin i\93 km sÐ1 (Dunkin et al. 1997a). Adjustments of
these values to match the observed data resulted in effective
temperatures of 8990¹400 K (A2) for HD 35187B and
7800¹400 K (A7) for HD 35187A. These temperatures
were obtained by modelling over 30 lines from the Kurucz
(1995) line list. As an example, Fig. 3 shows an expanded
view of the 4500-Å region for both stars, with synthetic
spectra appropriate for a range of temperatures superim-
posed. It will be seen that our quoted range of ¹400 K
brackets the data fairly well, and that it is quite impossible to
fit both stars with the same temperature.

The luminosity diagnostic hydrogen lines were not
properly covered in our UCLES wavelength settings. How-
ever, additional low-resolution spectra of the two stars were
kindly obtained for us by Dr Mike Bessell, using the Aus-
tralian National University 2.3-m telescope at Siding Spring,
on 1997 March 1. We have modelled the Hg line in these
spectra, and have obtained an estimate of the surface
gravities of the two stars (Fig. 4).

The stellar parameters that we have derived for this sys-
tem are summarized in Table 1. The v sin i of both stars

appear to be very similar, with little deviation from the
93¹5 km sÐ1 value previously found for the system (Dun-
kin et al. 1997a). Although the measured heliocentric velo-
cities of the two stars appear to be different by 3 km sÐ1, we
do not consider this to be statistically significant.

3.2 Evolutionary status

For a HAeBe classification to be strictly correct, HD 35187
must be a pre-main-sequence object, not yet having reached
the zero-age main sequence (ZAMS). To determine their
evolutionary status, we have placed both components of the
system on an HR diagram, using the accurate distances, and
other observational data, given in the Hipparcos catalogue
(ESA 1997). For the purpose of estimating the visual extinc-
tion, we obtained the (BÐV ) colour index from the Tycho
magnitudes (BT , VT), using the formula given in ESA (1997,
Vol. 1, p. 60), and intrinsic colours from Schmidt-Kaler
(1982). This resulted in a visual extinction
AV[=3.1E (BÐV )] of 0.43 mag. The absolute magnitudes
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Figure 2. The effect of blending the seeing profiles (each 1.5 arc-
sec FWHM) of two stars separated by 1.39 arcsec, and binned
down to the spatial pixel scale (0.58 arcsec pixelÐ1) of the present
observations.

Figure 3. The observed 4500-Å region for the two stars. The
smooth lines represent synthetic spectra calculated for different
effective temperatures using the UCLSYN program (Smith 1992). It
is apparent that a temperature range of ¹400 K brackets the
observed data quite well. In addition, for each star we show the
model appropriate for the best-fitting temperature of the other,
and it is clear that both stars cannot be fitted with the same effect-
ive temperature.
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were then calculated using the standard distance-modulus
relation, adopting the Hipparcos distance (150¹55 pc) and
V magnitudes converted from the Hipparcos (Hp) magni-
tudes using the relations given in Vol. 1 of ESA (1997,
p. 59). Bolometric magnitudes were derived using the bolo-
metric corrections given by Schmidt-Kaler, which were then
used to obtain values for log(L*/L>) for both stars.

Fig. 5 shows the positions of the two stars on an HR
diagram. The errors indicated on the luminosities reflect the
1s errors on the distance quoted in the Hipparcos catalogue.

However, as the stars form a binary system, and are there-
fore at the same distance, they must retain a constant (0.1
dex) difference in luminosity, irrespective of how they are
allowed to move vertically in the diagram as a result of the
distance uncertainty. The evolutionary tracks in Fig. 5 are
taken from Palla & Stahler (1993), and start at the birthline
(i.e., the point at which protostar accretion stops), and end
at the ZAMS.

From Fig. 5, it appears that both stars in the HD 35187
system lie on, or close to, the ZAMS. However, given their
respective effective temperatures (Table 1), we would
expect HD 35187B to be more luminous than its cooler
companion by about 0.4 dex (cf. Schmidt-Kaler 1982).
Indeed, the simple observation that two stars with effective
temperatures differing by 1200 K have such similar luminos-
ities immediately tells us that there is something peculiar
about the HD 35187 system: most probably that the two
stars are affected by differing amounts of circumstellar
extinction.

From Fig. 5, we see that HD 35187A is located close to
the 1.7-M> evolutionary track at an age of 10 Myr (cf. the
time markers given in fig. 10 of Palla & Stahler 1993). Given
that the stars form a binary system, and therefore presum-
ably formed together, we can use the evolutionary tracks to
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Figure 4. The observed Hg line profiles (M. S. Bessell, personal
communication) compared with theoretical profiles for a range of
surface gravities. For HD 35187B, the thick line indicates
log g\4.2, with models for log g\4.1 (upper) and 4.5 (lower) also
shown. The thick line (best-fitting model) overlying the HD
35187A spectrum represents log g\4.1, and the weaker line is for
log g\4.2; it was found that a log g\3.9 value was barely dis-
tinguishable from the log g\4.1 model.

Figure 5. Evolutionary tracks in the HR diagram, taken from Palla
& Stahler (1993). The birthline (dotted line) lies to the right of the
diagram, the ZAMS to the left. The two stars in the HD 35187
system are marked, showing that they lie close to or on the main
sequence. The vertical error bars correspond to the 1s errors on
the distance given in the Hipparcos catalogue.

Table 1. Derived stellar parameters for the HD 35187 binary sys-
tem. Teff is the effective temperature; j is the microturbulent velo-
city; v sin i is the projected rotational velocity; and V> is the
heliocentric radial velocity.
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determine the mass and luminosity of HD 35187B for the
same age of 10 Myr. We find that a self-consistent solution
is possible if the intrinsic luminosity of HD 35187B is
actually 45 per cent (0.16 dex, or 0.4 mag) higher than
indicated in Fig. 5, in which case the star would have a mass
of about 2.1 M> and would lie just above the ZAMS. Of
course, this would imply that HD 35187B suffers from an
additional 0.4 mag of (mostly grey) circumstellar extinction
caused by relatively large (radii a0.1 lm) grains in its
circumstellar environment. This explanation is consistent
with the work discussed in Sections 4 and 5 below, which
suggest that HD 35187B is surrounded by a substantial disc
of gas and dust, while HD 35187A is not.

It is interesting to note that the position of the stars on the
HR diagram strongly supports a distance close to the middle
of the 150¹50 pc range given in the Hipparcos catalogue. If
they were close to the (1s) lower limit of 100 pc, both stars
would lie significantly below the main sequence; on the
other hand, if they were as distant as the 200-pc upper limit,
not only would they then be well beyond the estimated
distance of the Taurus clouds (140 pc, Ungerechts & Thad-
deus 1987), but they would lie on the same evolutionary
track (2.0 M>) at different ages, which is inconsistent with
them forming together as a binary system.

4 INDI V IDUA L  LINES  OF  INTER EST

4.1 Ha

Ha emission from the HD 35187 system has been observed
on several previous occasions (Zuckerman 1994; Böhm &
Catala 1995; Grady et al. 1996; Dunkin et al. 1997b). It is
clear from these earlier observations that the Ha emission-
line profile is highly variable. The line generally has a
double-peaked profile (similar to a Beals [1950] Type III
Cygni profile), but with considerable variations in the depth
of the central reversal. For example, compare fig. 3 of Zuck-
erman (1994), where the central absorption extends below
the adjacent continuum, with fig. 3(a)i of Dunkin et al.
(1997b), where it is very much weaker. Moreover, in the
former spectrum, the central reversal is displayed towards
the red, whereas for a true Type III P Cygni profile it should
be displaced towards the violet. This redshifted absorption
would seem to suggest the presence of infalling material.
This is also true from the spectrum presented by Grady et al.
(1996, their fig. 14) which, although classed by them as Beals
Type III, actually appears to be very similar to a classic
inverse P Cygni profile. On the other hand, our integrated
Ha profile (i.e., summed over both stars) shows only a
single-peaked emission, superimposed on an underlying
broad stellar absorption line (i.e., Beals Type VI), and
Böhm & Catala (1995) also observed only a single-peaked
emission profile. Thus at least one of the components of the
HD 35187 binary system exhibits variable Ha emission.

In Fig. 6 we present the Ha line profiles for the two stars
separately. As already noted, it is clear that the observed Ha
emission is contributed by HD 35187B (cf. also Fig. 1).
However, close inspection of the wings of the HD 35187A
profile suggests that this star may also have an Ha emission
component superimposed on the photospheric absorption
line. To explore this possibility, the observed profiles were
divided by the photospheric profiles (generated using

UCLSYN) expected for an A2 star (HD 35187B) and an A7
star (HD 35187A). Fig. 7 shows the result, and it is apparent
that HD 35187A also seems to exhibit a single-peaked resi-
dual Ha emission profile.

To check that the apparent emission in HD 35187A is not
caused by stray light from HD 35187B, each of the rows
used to produce the final spectrum of HD 35187A was
analysed separately. All of the rows were found to exhibit
the additional wing emission to some degree. As an addi-
tional check, we constructed an artificial spectrum by com-
bining an extracted row of the net emission-line star and a
photospheric model of an A7 star with no Ha emission.
These were separated by the appropriate distance (1.39
arcsec) and convolved with a Gaussian (2.0 arcsec FWHM)
to reproduce the effect of the (worst case) seeing on the
night of observation. No appropriately extracted row from
the reconstructed spectrum was able to reproduce the emis-
sion seen in a corresponding row of the real spectrum of
HD 35187A. We therefore conclude that there has not been
significant contamination of the HD 35187A spectrum by
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Figure 6. The Ha profiles of the two stars as extracted from the
raw data. The numerous very narrow lines, including those in the
core of the Ha lines, are due to atmospheric water vapour. HD
35187A had been offset by Ð0.4 in residual intensity for clarity.
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the Ha emission in HD 35187B, and that the former star is
also associated with a source of Ha emission, albeit much
weaker than that of its companion. Table 2 gives the equiva-
lent widths and FWHM of these residual Ha emission-line
profiles.

Given that both components of the HD 35187 system
seem to exhibit Ha emission to some extent, it appears that
either, or both, of them could be responsible for the
observed temporal variability. As the stars form a binary
stystem, and are therefore of comparable age, it is certainly
possible that they are both ‘active’. This conclusion is sup-
ported by the observations of the He I l5876 line discussed
below, although only additional, spatially resolved, spec-
troscopy of the system will provide a definite answer as to
the location of the Ha variability.

4.2 He I k5876

Fig. 8 shows the He I l5876 line in both stars. The line is
clearly present in both stars, with that in HD 35187B having
a slightly greater equivalent width than its lower tempera-
ture companion. The measured equivalent widths are

200¹11 mÅ for HD 35187B and 130¹10 mÅ for
HD 35187A.

He I absorption at 5876 Å is not normally expected to be
present in main-sequence stars of this spectral type (model
photospheric profiles produced by UCLSYN are shown in the
figure for comparison), but it is common in Herbig Ae stars.
Although this line was observed by Dunkin et al. (1997b) in
the combined spectra of both stars, it was not detected in
the observations of Böhm & Catala (1995) or Grady et al.
(1996). Therefore, like the Ha emission, the He I absorption
appears also to be variable, showing that both stars are
prone to spectral variability. There appears to be a slight
asymmetry in  this line towards both stars, in the form of an
extended red wing, which may be indicative of infalling
material at high velocities (+200 km sÐ1 for HD 35187B
and +175 km sÐ1 for HD 35187A).

4.3 The Na D and Ca II K lines

The Na I D lines for both stars are shown in Fig. 9, with the
model photospheric profiles overlaid. The observed spectra
follow the model very well, except in the case of
HD 35187B, which appears to have excess absorption to the
red of the central core wavelength, and which we will discuss
in Section 4.5.2. The Ca II K lines for both stars are shown in
Fig. 10, and both show normal photospheric profiles within
acceptable variations for A-type stars. The interstellar, and
possible circumstellar, Ca K lines will be discussed in Sec-
tions 4.4 and 4.5.

4.4 Interstellar absorption lines

Fig. 9 shows that strong, narrow, absorption components
are present superimposed on the broad photospheric Na I D
lines, which we attribute to interstellar absorption. There is
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Table 2. Equivalent widths and FWHM
of the residual Ha emission lines
observed in the two components of the
HD 35187 binary system.

Figure 7. The residual Ha profiles of the two stars after division
into ‘normal’ photospheric profiles of an A2 star (for HD 35187B,
top) and A7 star (for HD 35187A, bottom). HD 35187A has been
offset by Ð0.4 in residual intensity for clarity.

Figure 8. The He I line at 5876 Å for both stars. There is a slight
asymmetry in the red wing of both stars, extending to +200 km sÐ1

for HD 35187B and +175 km sÐ1 for HD 35187A. The spectrum
of HD 35187A has been offset for clarity. The solid line represents
model photospheric lines for an A2 star (top) and an A7 star
(bottom); note that these predict negligible He I absorption for
these spectral types.

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article-abstract/298/1/275/976353 by Birkbeck C
ollege, U

niversity of London user on 13 August 2019



also a weak Ca II K at the same velocity (Fig. 10), which we
likewise infer to be interstellar. We also searched for the
CH R2 (1) line at 4300.313 Å, but only recorded an upper
limit. Table 3 gives the equivalent widths, heliocentric velo-
cities, velocity dispersions (b-values) and column densities
for these interstellar lines towards HD 35187. For the Na D
lines the column density and b-value were obtained using
the doublet ratio method as formulated by Somerville
(1988), adopting the more recent oscillator strengths given
by Morton (1991). For the Ca K line, which is clearly
resolved in the present data, the parameters were obtained
using the line-profile modelling routines in the DIPSO spec-
tral analysis program (Howarth, Murray & Mills 1993).
There is no evidence for significant variation in the inter-
stellar line parameters between the two components of the
binary system.

As noted in Section 1, HD 35187 lines in the direction of
the Taurus dark clouds (see fig. 1 of Zuckerman 1994 for the
position of HD 35187 superimposed on the CO map of

Ungerechts & Thaddeus 1987). The suggestion that the
system is either embedded within the dark clouds (as it
would have to be for its assignment as a HAeBe star to be
strictly correct), or lies beyond them, is supported by the
strengths and velocities of the interstellar lines listed in
Table 3, and also by the Hipparcos distance of 150¹55
pc.

The Taurus clouds have an LSR radial velocity between
about +2 and +11 km sÐ1 (cf. table 1 of Ungerechts &
Thaddeus 1987), which corresponds to heliocentric veloci-
ties of +13 and +22 km sÐ1 respectively. The line of sight
to HD 35187 passes close to the outer (0.5 K km sÐ1)contour
of the Ungerechts & Thaddeus CO map, but approximately
mid-way between two discrete molecular condensations.
These have average LSR velocities of +7.6 and +7.0 km
sÐ1 (+18.8 and +18.2 km sÐ1 heliocentric) respectively,
which, given the typical velocity spread of several km sÐ1,
are consistent with the measured velocities of the narrow
Na I and Ca II absorption lines. Moreover, the moderately
high Na I/Ca II column density ratio (4.7+1.6

Ð1.0) is consistent
with the expected depletion of Ca atoms on to grain surfaces
in a moderately dense interstellar environment (cf discus-
sion by Crawford 1992, and references therein). On the
other hand, the failure to detect interstellar CH means that
the line of sight has not passed through a region of dense
molecular gas, and this is consistent with the fact that the
map of Ungerechts & Thaddeus (1987) shows that the star
lies close to the outer boundary of the CO emission.

Spectroscopy of the binary star HD 35187 281
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Figure 9. The observed Na I D lines of both stars, with model
photospheric line profiles superimposed. The spectrum of HD
35187A has been offset for clarity. The strong, narrow, absorption
lines are interstellar, and are discussed further in Section 4.4. Note
the apparent excess redshifted absorption in HD 35187B (dis-
cussed in Section 4.5).

Figure 10. The Ca II K profiles of the two stars. Note the inter-
stellar line visible in the core of the two profiles.

Table 3. Interstellar lines observed towards HD 35187. Errors
are 2s values.

4.5 Circumstellar absorption lines

One of the objectives of the present work was to search for
absorption lines arising in the circumstellar disc presumed
to be responsible for the infrared excess of HD 35187 (Sec-
tion 1). As is well known, strong, time-variable absorption
lines are observed in the edge-on disc surrounding the
Vega-like star b Pictoris (e.g. Hobbs et al. 1985; Lagrange-
Henri et al. 1992; Crawford et al. 1994), and there is
evidence for similar circumstellar absorption towards a
number of other Vega-like and HAeBe stars (Grady et al.
1996). In the case of b Pic, the temporal variability is gener-
ally interpreted as being due to solid, kilometre-sized, bod-
ies (‘comets’) evaporating as they pass within a few tens of
stellar radii of the star (e.g. Beust et al. 1990). If correct, this
suggests that b Pic, and by implication other stars showing
the same phenomenon, are surrounded by newly formed, or
still forming, planetary systems. In their extensive study of
the bPictoris phenomenon in HAeBe stars, Grady et al.
(1996; their table 2 and appendix A2) found evidence for
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redshifted absorption components in a number of UV lines
towards HD 35187, and it is clearly of interest to determine
if any of these are also present in our optical spectra.

4.5.1 Ca II K line

In addition to the interstellar Ca K component discussed in
Section 4.4, careful inspection of the data does reveal
evidence for a redshifted narrow absorption component in
the spectrum of HD 35187B. However, this component is
absent in the spectrum of HD 35187A, which suggests that
this component is circumstellar and not interstellar. Fig. 11
shows an expanded view of the core of the photospheric Ca
K line for the two components of the HD 35187 system, with
the additional circumstellar absorption component towards
HD 35187B indicated. A careful inspection of the raw CCD
image shows that this feature extends over several rows of
the detector, which gives some confidence in its reality. The
heliocentric radial velocity of this circumstellar feature is
+54.5¹1.2 km sÐ1, and has an equivalent width of
10.6¹3.3 mÅ (1s errors).

4.5.2 Na I D lines

As for the Ca line, careful inspection of the Na D profiles
revealed what appears to be excess redshifted absorption in
the spectrum of HD 35187B (Fig. 9, Section 4.3). No such
absorption is observed in the spectrum of HD 35187A,
again suggesting that the absorption is due to circumstellar
rather than interstellar material. The velocity range of the
absorption is from +30 to 110 km sÐ1, which includes the
velocity of the possible Ca K circumstellar line, and also the
range of absorption seen in UV lines (see Section 4.5.3).
Similar redshifted absorption components in Na D profiles
have previously been observed in HAeBe stars (e.g. Gra-
ham 1992), and Sorelli, Grinin & Natta (1996) suggested
that such absorption may be due to evaporation of planetes-
imal-sized bodies close to the star. Finally, we note that
while, at first sight, it is difficult to explain why the D1 line
seems to exhibit stronger circumstellar absorption than the

intrinsically stonger D2 line (Fig. 9), Hubeny & Heap (1996)
have described a mechanism whereby orbiting circumstellar
material, covering only a fraction of the stellar disc, can
exhibit such an effect (cf. their fig. 7).

4.5.3 UV lines

In order to compare these optical interstellar and circum-
stellar lines with the UV lines reported by Grady et al.
(1996), we have re-extracted the only high-resolution spec-
trum of this object in the IUE archive (LWP 21120). As an
example, the region of the Mg II 2803.531-Å line is shown in
Fig. 12. As reported by Grady et al., there are three narrow
absorption components in the core of this (and other) pho-
tospheric absorption lines. Given the uncertainties in the
IUE wavelength calibration, it is difficult to tell whether or
not any of these features occur at the same radial velocity as
the narrow absorption components we have found in the Ca
K line. If we identify the strongest and least redshifted of the
narrow Mg II features with the interstellar line (i.e.,
v>\+20.4 km sÐ1), the other, presumably circumstellar,
components occur at heliocentric velocities of +70.5 and
+105.0 km sÐ1. Given the poor velocity resolution (25 km
sÐ1 FWHM) and signal-to-noise of the IUE data, it is pos-
sible that our +54.5 km sÐ1 Ca K component corresponds
with the +70.5 km sÐ1 Mg II component. However, as cir-
cumstellar absorption components are often variable, we
would not necessarily expect observations taken at different
times to exhibit components at the same velocities. We do
note, however, that the velocity range of the UV absorption
line fits very well with the excess absorption seen in the Na
D lines. In any case, the detection of optical circumstellar
lines towards HD 35187B alone suggests that it is this com-
ponent of the binary system which gives rise to the red-
shifted circumstellar lines detected in the UV.

5 DISCUS SION

We have shown that, at least at the epoch of our observa-
tions, the bright (net) Ha emission from the HD 35187 sys-
tem arose from only one of the component stars
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Figure 11. An expanded view of the core of the Ca II K line for HD
35187B (thick line) and HD 35187A (thin line). Note the presence
of the interstellar line in both stars, but the presumed circumstellar
line is present only towards HD 35187B.

Figure 12. An expanded view of the core of the photospheric
absorption in the Mg II 2803.531-Å line. The three narrow inter-
stellar/circumstellar absorption components are marked.
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(HD 35187B; Fig. 1). However, the fact that both stars were
observed to have anomalously strong (and time-variable)
He I l5876 absorption (Fig. 8), coupled with the evidence
for in-filling of the photospheric Ha line in HD 35187A
(Fig. 7), suggests that both stars exhibit some level of
activity. This would be consistent with the fact that both
stars, having formed as a binary system, must be of approxi-
mately the same (probably very young) age. This activity is
also indicated by the clear variability of the Ha line between
observations taken over several years (e.g. Zuckerman
1994; Grady et al. 1996; Dunkin et al. 1997b). Various
models of the Ha emission which have been used to
describe the Ha profiles seen in other HAeBe stars, includ-
ing magnetic fields interacting with stellar winds, rotating
envelopes, and stellar winds with velocity gradients. These
models are summarized by Reipurth, Pedrosa & Lago
(1996). Here we merely note that, whatever the precise
mechanism, they all imply an active circumstellar environ-
ment in the HD 35187 system.

The same conclusion follows from our observations of the
He I l5876-Å line. This line is generally expected to form at
temperatures of 110 000 to 30 000 K (Danks & Lambert
1985), and so it cannot be formed in the photosphere of
normal A-type stars, whose surface effective temperatures
are somewhat cooler. One possible scenario for He I forma-
tion is in a circumstellar accretion disc transferring energy
to a boundary layer near the stellar surface, producing ele-
vated temperatures similar to that proposed for T Tauri
stars (Bertout, Basri & Bouvier 1988). However, this
scenario is unlikely to be valid for both stars in the
HD 35187 system, as we now have quite strong evidence
that substantial amounts of gas and dust exist only around
HD 35187B (see below). Böhm & Catala (1995) have
argued that the formation of the anomalous He I l5876-Å
absorption line must be close to the photosphere, at the
base of an expanding chromosphere, since the profiles they
observed were similar in width to the rotational broadening
observed in the star’s photospheric lines. Our data are also
consistent with this interpretation, which may suggest a
chromospheric origin of this line for the stars in the
HD 35187 system also.

The HD 35187 system has a well-known IR excess (e.g.
Walker & Wolstencroft 1988; Sylvester et al. 1996) attri-
buted to circumstellar dust. Our search for circumstellar
lines revealed a possible circumstellar Ca K component at a
heliocentric velocity of +54.4 km sÐ1, and excess redshifted
absorption in the Na D lines, but only in the case of
HD 35187B. No such circumstellar absorption was found in
the spectrum of HD 35187A. Given that we might expect
the circumstellar dust to be associated with a gaseous com-
ponent, our tentative detection of a circumstellar absorp-
tion line towards HD 35187B suggests that the IR emission
may be associated with this star alone. Moreover, we note
that this is also the star which exhibits strong Ha emission
(also indicative of circumstellar material), and which
appears to suffer from significant (20.4 mag) neutral cir-
cumstellar extinction. On the basis of this evidence, we
argue that HD 35187B is surrounded by a fairly substantial
circumstellar disc, and that HD 35187A is not.

Whilst the star has been classed as a Herbig Ae system by
Grady et al. (1996) and Böhm & Catala (1995), it has also
been identified as a Vega-like star in work by, e.g., Sylvester

et al. (1996) and Dunkin et al. (1997a,b), based on the work
of Walker & Wolstencroft (1988). The observed fractional
IR luminosity (LIR/L*) of 0.14 (Sylvester et al. 1996) is
similar to those of ‘classical’ HAeBe stars such as
BD+40°4124 and HD 163296 (LIR/L*\0.06 and 0.26
respectively; Hillenbrand et al. 1992; Sylvester et al. 1996),
and the optical spectra of the HD 35187 system do show
similarities with HAeBe stars (Dunkin et al. 1997b). Indeed,
both components of HD 35187 satisfy most of the HAeBe
criteria.

On the other hand, we have shown that these stars are
very close to their zero-age main sequence (Fig. 5). More-
over, inspection of the spectral energy distribution of
HD 35187 (Sylvester et al. 1996) reveals a dip in its distribu-
tion at 110 lm (a ‘double-peaked’ SED), similar to that
seen by Waelkens, Bogaert & Waters (1994) in their sample
of evolved HAeBe stars. Their suggestion is that this type of
star is at a stage intermediate between the young HAeBe
stars and the b Pic-type stars (the ‘classical’ Vega-likes).
Our work here strengthens this hypothesis, and we argue
that the two stars of the HD 35187 system represent transi-
tion objects between the true Herbig Ae/Be stars and the
less active, prototypical, Vega-like stars.
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