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ABSTRACT The observed hydrogen-line profiles of four X Boo type 
stars— HD 111786, HD 125162, HD 179791 and HD 192640 are presented. 
Existence of two separate groups based on the shape of these lines is 
confirmed. Radial velocity (Vr = - 5 ± 3 kms- 1) and projected rotational 
velocity (vsini = 130 ± 10 kms'1) for HD 111786 are measured. 

INTRODUCTION 

According to the definition of Hauck and Slettebak (1983) Lambda Bootis-type 
stars "are A-F stars with metallic lines which are too weak for their spectral 
types, when the latter are determined from the ratio of their K-line to the 
Balmer-line strengths. They are distinguished from weak-lined Population II 
stars by the fact they have normal space velocities and moderately large rota
tional velocities". 

This definition has initiated the renewed interest in the X Bootis stars 
during the last decade. Hauck (1986) has pointed out that many of the objects in 
Abt's (1984) list of stars with weak Mg II 448lA line also meet the requirements 
of the working definition. Baschek and Slettebak (1988) studied the chemical 
composition of 10 X Bootis stars grounded on IUE spectra. The main result 
didn't vary essentially from the earlier study of Baschek and Searle (1969). 
Heavier elements like Mg, Fe and Ni are underabundant of about 0.5 dex, while 
C, N and O seem to be overabundant or normal. The underabnndance of the 
metals were confirmed photometrically in the well-known Aa system (Maitzen 
and P&vlovsky, 1989). Later fliev et ai. (1990) and Bohlender and Landstreet 
(1990) have shown that A Bootis stars are non-magnetic. 

Gray (1988) improved the working definition by adding the extension: 
"The Lambda Bootis stars fall into two distinct classes, based on the appearance 
of their hydrogen lines. The first class (NHL) is characterized by normal (early 
A-dwarf) hydrogen-line profiles, the second (PHL) by peculiar hydrogen-line 
profiles with weak cores and broad but often shallow wings". However, Baschek 
and Slettebak (1988) mentioned that this separation is founded on subtle dif
ferences in line profiles and should be confirmed by further observations. This 
remark became a starting point of our attempts to answer the question whether 
these two different classes of hydrogen-line profiles really exist. 
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In this paper we represent the results of our study on the H7 and ES line 
profiles of four A Bootis stars. According to Gray (1988) one of them (the A Boo 
itself) belongs to NHL group, the others (HD 111786 and 29 Cyg) have PHL 
profiles. The fourth star (HD 179791) is not included in Gray's list. 

OBSERVATIONS AND SPECTRA REDUCTION 

The observations were carried out at 2-m RCC telescope of Bulgarian National 
Astronomical Observatory. The spectrograms for each star were obtained in 
coude-focus on blue Kodak plates and have a dispersion of 9 A mm- 1 with a 
resolution of 0.18A. The plates were scanned with Joyce Loebl microdensitome-
ter and then processed to "normalized intensity/heliocentric wavelengths" form 
on PC/AT by using the software package ReWiA (Borkowski, 1988). 

During the data reduction a special attention to three stages has been 
paid: noise filtration, drawing the continuum and spectra coaddition. The noise 
filtration procedure followed closely the ideas of Tukey (1977). Multiple median 
and cubic spline smoothing procedures were used. The smoothing was succeed 
by the data restoring in order to eliminate possible loss of information in the 
bottom of the spectral lines. 

In our mind, drawing the continuum is most important step in data re
duction. The reason is that operating with broad and well developed hydrogen 
lines it is easy to produce as an artifact the observed PHL by placing the con
tinuum too low especially above the central parts of the lines. To avoid this the 
continuum was drawn across the whole available spectrum, covering the region 
AA3700-4700AA. 

After the noise filtration and placing the continuum over the every spec
trogram the obtained spectra were normalized and then co-added. Co-adding 
procedure is widely described by Hill and Adelman (1986) and its main goal is 
the increasing of S/N ratio. The coadditions of the spectrograms have been com
pleted for the HD 125162 (9 plates), the HD 111786 (7 plates), the HD 179791 
(6 plates) and for the HD 192640 (12 plates). So, a brief description of the spec
tra reduction looks in such a way — filtering, restoring, drawing the continuum, 
normalizing and co-adding. 

Table I contains identification of the observed stars, their photometric 
indices (b-y) (from Baschek and Slettebak, 1988), their projected rotational 
velocities (from Uesugi and Fukuda, 1982) and their hydrogen-line peculiari
ties (from Gray, 1988). Besides this the number of co-added spectrograms and 
reached S/N ratio are also listed. In the case of coaddition S/N can be easily 
determined as the ratio "mean value/standard deviation". 

Table I Observed A Boo stars 

HD 
111786 
125162 
179791 
192640 

HR/Name 
4881 

A Boo 
7288 

29 Cyg 

(b-y) 
.161 
.051 

-
.101 

vsini 
-

100 
185 
75 

C 
PHL 
NHL 

-
PHL 

n 
7 
9 
6 

12 

S/N 
55 
60 
50 
65 
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RESULTS AND CONCLUDING REMARKS 

First of all, in order to increase the S/N ratio once again both wings of every 
hydrogen line were averaged to right-side one. Then, the observed line profiles 
were compared with Kurncz's (1979) theoretical profiles. 

HD 111786: This is the most interesting star in onr sample. Peculiar 
character of its hydrogen-line profiles is clearly visible in Fig.l(a). Central part 
of both profiles (up to 10 A from the line center) matches well theoretical curves 
for Teff= 7500 K, log g = 4.0. The "wing part" of the observed profiles (starting 
at 30 A from the center) can be fitted with theoretical profiles for Teff= 8000 K, 
logg = 4.0. There is a transition part between central region and the "wing". 
The spectrum of HD 111786 looks a little strange for A Bootis star with too 
many lines of neutral metals. This is mainly due to star's lower temperature. 
The temperature obtained from central part fitting — 7500 K is in agreement 
with (b-y) of the star. We agree with Gray (1988) that in the "wing region" the 
hydrogen-line profiles for Teff = 8000 K, logg = 4.0 doesn't differ considerably 
from the Teff = 9500 K, logg = 3.5 profiles. But in the case of HD 111786 
higher temperature (and lower log g) satisfies neither photometric data, nor the 
appearance of the spectrum. In addition, we were able to determine the radial 
velocity of the HD 111786, which is - 5 ± 3 kms - 1 and the projected rotational 
velocity 130 ± 10 kms- 1 . These values tally with Andersen and Nordstrom 
(1977) statement: "Fast rotation and low radial velocity". 

HD 125162: Observed H7 profile for this star together with the theoretical 
one for TeiF= 8800 K, logg = 4.0 are shown in Fig.l(b). This temperature is 
confirmed by (b-y) indication for the star (see Table 3 from Baschek and Slet-
tebak, 1988). The A Boo itself has a spectrum with substantial lack of metal 
lines. Wings of the hydrogen lines are very broad and especially red part of H7 
can be traced through the spectrum up to 80 A from the line center. This is a 
perfect example of A Bootis type star with normal hydrogen lines. 

HD 179791: This is the fastest rotating star in our list. Observed H7 
profile is shown in Fig.l(c) along with the theoretical profile for Teff = 8300 K, 
log 5 = 4.0. Nearly the same temperature for this star denotes its (B-V) = +0.09 
(from Abt, 1984). As it can be seen from Fig. 3 HD 179791 belongs to the group 
with normal hydrogen profiles. The Mg II 4481A line is strong and/or probaly 
blended. 

HD 192640: The observed E6 and H7 profiles are compared with the theo
retical ones in Fig.l(d). The Teff = 8200 K, logg = 4.0 profile matches well cen
tral part of both lines, while the "wing region" can be fitted with Teff- 8500 K, 
l°g5 = 4.0. The lower temperature — 8200 K is in better accordance with (b-y). 
The Ca II 393 3A line is strong. 

Only by way of illustration the central depths of the most prominent fea
tures in the spectra of the observed stars Ca II 3933A and Mg II 4481A lines 
are listed in Table II. 
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FIG. 1 — Observed and "best-fit theoretical" hydrogen-line profiles of 
HD 111786, HD 125162, HD 179791 and HD 192640. Note 
that top five groups of profiles are shifted. 
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Table II Central depths 

HD 
111786 
125162 
179791 
192640 

3933A 
0.59 
0.82 
0.50 
0.44 

4481A 
0.94 
0.95 
0.87 
0.91 

Finally, it is worth noting that in the cases of peculiar hydrogen lines 
(HD 111786 and HD 192640) theoretical profiles for lower temperature fit the 
central part of the lines, whereas the "wing region" can be fitted with higher 
temperature profile. There is a good agreement between the temperatures of 
all observed stars derived from their photometric indices and the temperatures 
obtained from their hydrogen lines. For both PHL stars the temperature ob
tained "photometrically" is closer to the temperature determined from those 
theoretical profiles that fit the central part of the hydrogen lines. 
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DISCUSSION (Iliev and Barsova) 

CORBALLY: The unexplained absorption in the UV for some A Boo stars 
prompts me to invite you to speculate on the origin of the PHL (peculiar hydro
gen line) feature that you have confirmed in one class of the A Boo stars. 
ILIEV: In our mind there are at least two reasons for the observed PHL's. One 
of them is connected with abnormal structure of the stellar atmosphere, which 
can be produced by energy redistribution from the UV to the visible region, for 
example. The second cause may lie outside the star. Possibly there is cool gas 
surrounding it which could produce such a weak core as that we observe. 
NORTH: In some young associations, some stars have abnormally broad hydro
gen lines, and are classified as having luminosity class Vb. Did you look for any 
link between these stars and A Boo stars? 
ILIEV: No, we did not. But a common mechanism responsible for all these pecu
liarities ought to exist. This mechanism can be searched for; I am thinking now 
about the influence of circumstellar matter (gas and/or dust). In this connection, 
A Boo itself has an IR excess and normal hydrogen line profiles. On the other 
hand, HD 111786 has peculiar profiles and there is no evidence of circumstellar 
gas around it. 
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