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ABSTRACT 
Optical and high-dispersion IUE observations of three hot B subdwarfs (UV 1758 + 36, Ton S-227, and 

Feige 65) are presented. These data are analyzed with model atmosphere techniques, and element abundances 
for C, N, and Si are derived. The abundances are either near (N) or below (C, Si) the solar value; large varia- 
tions (i) in the extent of underabundances of carbon and silicon among our objects, as well as (ii) in the abun- 
dances (with respect to the solar values) characterizing each star are observed. A preliminary interpretation of 
the observed variations in these and other hot subdwarfs in terms of radiative forces disrupting the downward 
diffusion of heavy elements is presented. 
Subject headings: diffusion — stars: abundances — stars: atmospheres — stars: subdwarfs — 

ultraviolet: spectra 

I. INTRODUCTION 

Any understanding of the evolutionary status of hot sub- 
dwarfs and the importance of these objects for the evolution of 
low- and intermediate-mass stars must provide answers to the 
two following questions: (1) Are the hot O and B subdwarfs 
genetically related? If so, what evolutionary phase do they 
represent? If not, why are some of their properties and charac- 
teristics so similar? (2) What are the physical mechanisms that 
influence the surface composition of hot subdwarfs? 

Over the past 10 yr, some clues to the atmospheric proper- 
ties and evolutionary status of the hot subdwarfs have become 
available through both theoretical studies of model evolution- 
ary tracks and detailed model atmosphere and abundance 
analyses of individual objects. In particular, the abundance 
differences that have been found between various classes of 
subdwarf stars will, ultimately, have to be interpreted either in 
terms of different initial conditions, or as a logical consequence 
of physical processes (such as convective mixing, or element 
diffusion) operating along a single evolutionary track. 

Abundance analyses of hot subdwarfs based on high- 
dispersion, far-ultraviolet observations from the International 
Ultraviolet Explorer (IUE) constitute a powerful tool for the 
study of these questions; initial studies of high-dispersion 
spectra of hot subdwarfs have underscored the usefulness of 
such observations by revealing an ultraviolet spectrum very 
rich in metal lines (Baschek, Kudritzki, and Scholz 1980; Grus- 
chinske et al 1980; Simon et al 1980; Bruhweiler, Kondo, and 
McCluskey 1981; Baschek et al 1982 [BKSS]; Baschek, Höf- 
flich, and Scholz 1982 [BHS]; Heber et al. 1984a; Lynas-Gray 
et al. 1984; Rossi, Viotti, and Altamore 1984). These investiga- 

tions, some of them still in preliminary stages, have already 
revealed some interesting patterns. Silicon, for example, has 
been suggested to be in solar abundance in the hot sdO, but 
strongly deficient in the intermediate-temperature OB sub- 
dwarfs. This result is interpreted by BKSS and BHS as the 
result of a change in the ionization state of the Si atom, which 
could affect its radiative support. That this explanation is at 
least reasonable can readily be appreciated from the work of 
Michaud, Vauclair, and Vauclair (1983), which shows that 
radiative forces on heavy elements can be large in low-mass 
horizontal-branch stars. The radiative support would be even 
more efficient in the hot B subdwarfs, which have comparable 
gravities but even higher effective temperatures. 

In order to further elucidate the potential importance of 
various physical mechanisms in the photospheres of hot sub- 
dwarfs and to study the genetic links between the existing sub- 
classes, we have initiated a study of metal abundance patterns 
in the hot B subdwarfs. As part of this effort, we have observed 
three stars, UV 1758 + 36, Ton S-227 (PHL 1126, FB 19, SB 
707, GD 1391, CD -24°731), and Feige 65 (PG 1233 + 426, FB 
101), with the IUE satellite in the high-dispersion mode.3 

These three objects, with effective temperatures ranging from 
26,000 to 34,000 K cover a domain not sampled in earlier 
abundance studies of hot, hydrogen-rich subdwarfs. Their 
analysis, together with existing abundance determinations in 
several other sdOB and sdO stars, is expected to provide quan- 
titative information on the element abundance patterns on the 
so-called extended horizontal branch (Greenstein and Sargent 
1974). 

In what follows, we first present our IUE and optical data, 

1 Guest Investigator with the International Ultraviolet Explorer satellite, 
which is sponsored and operated by the National Aeronautic and Space 
Administration, by the Science Research Council of the United Kingdom, and 
by the European Space Agency. 

2 Visiting Astronomer, Kitt Peak National Observatory, National Optical 
Astronomy Observatories, which is operated by AURA, Inc., under contract 
with the National Science Foundation. 

3 In Heber et al. (19846), Ton S-227 is described as a sdOB star, presumably 
because of its relatively high effective temperature {Te = 34,000 K). We prefer 
to reserve the sdOB (or, perhaps more appropriately, the sdBO) appellation to 
those hydrogen-rich stars which do show He il A4686 (such as Feige 66, HD 
149382, and Feige 110). Ton S-227 has no reported 24686 feature (Greenstein 
and Sargent 1974; Heber et al. 1984h), and that line is, at best, weak in our own 
spectra; we thus adopt the sdB classification for that object. 
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TABLE 1 
IUE High-Dispersion Observations 

Target Image Number (minutes) 

UV 1758 + 36   SWP 20668 225 
Ton S-227   SWP 20337a 240 

SWP 21362 210 
Feige 65   SWP 21373 300 

a Data drop during image transmission. 

together with the various methods of reduction and analysis 
used (§ II). In § III, we describe the model calculations used to 
determine the metal abundances in our program objects. The 
results of these analyses are then presented and discussed in 
§ IV. Finally we offer, in § V, some comments on the astro- 
physical implications of our results, and on how they relate to 
previous abundance determinations in hot subdwarfs. 

II. OBSERVATIONS AND DATA REDUCTION AND ANALYSIS 

a) The IUE Spectra 
High-dispersion IUE spectra of our three program objects 

were obtained with the SWP camera in 1983. The image 
numbers and exposure times are provided in Table 1. Because 
our target stars were all relatively faint for high-dispersion 
work (y = 11.37,11.76, and 12.04 for UV 1758+ 36, Ton S-227, 
and Feige 65, respectively), all our images were underexposed. 

Radial velocities were determined for our three target stars 
on the basis of the measured velocity shifts of the strongest 
among the C m, C iv, N m, N iv, and N v features. Typically, 
12 lines were used to determine the radial velocity. These 
results are summarized in Table 2, where we also list previous 
radial velocity measurements. The agreement with these earlier 
values is fair. In UV 1758 + 36, the stellar radial velocity is such 
that a complete separation of photospheric and interstellar 
components was never possible. This problem was com- 
pounded by the fact that the interstellar lines display an unex- 
pectedly large shift of their own; we measure vlSM = — 43 ± 1 
km s_1 on that line of sight, based on the identification of C n, 
N I, Si ii, and S n features. Ton S-227 and Feige 65 are better 
suited to attempts to separate the stellar from the interstellar 
components, but this procedure has been greatly complicated 
by the intrinsic noise level in our spectra and, thus, has proved 
only mildly successful. Finally, we found no evidence for 
P Cygni profiles (e.g., Hamann et al 1981) or for line velocity 
structure (e.g., Bruhweiler and Dean 1983; Bruhweiler 1984) in 
any of our spectra. 

TABLE 2 
Summary of Radial Velocities 

t>r(kms-1) 

Star This Work Other Studies 

UV 1758 + 36   —51 + 1 -38±10a 

Ton S-227   +73 ±2 +49b±2, +101c, +61±50d 

Feige 65   +36 ±3 +55c 

a Giddings and Dworetsky 1978. 
b Graham and Slettebak 1973. 
c Greenstein and Sargent 1974. 
d Heber et al 19846. 

b) The Optical Spectra 
Optical spectrophotometric observations were also obtained 

in order to determine surface gravities. Feige 65 and UV 
1758 + 36 were observed on 1984 April 8 and 9 (UT), and Ton 
S-227 on 1984 August 11 (UT), with the IIDS system behind 
the “gold” spectograph attached to the Kitt Peak National 
Observatory 2.1 m reflector. The total integration times were 
10, 10, and 14 minutes for Feige 65, UV 1758 + 36 and Ton 
S-227, respectively. The 600 lines mm-1 grating (No. 35) was 
used in second order, and provided coverage of the 4050-5000 
Â region. An entrance aperture of 6" was used, and the 
resulting spectral resolution was better than 4.25 Â. Surface 
gravities determined from the Kß and Hy line profiles are 
obtained in § Ilia. 

c) Method of Analysis of the IUE Images 
Because of the numerous absorption lines expected in the 

far-ultraviolet spectra of hot subdwarfs, and of the intrinsic 
noise level in our high-dispersion images, there seems to be no 
truly objective way to set the continuum level in our spectra. 
After different attempts, the procedure we have adopted con- 
sists of fitting a spline through each individual (and previously 
smoothed) spectral order, using typically from 10 to 15 visually 
chosen points per order to define collocation points. The 
resulting continuum was used to measure equivalent widths. In 
order to gain some understanding of the systematic errors 
inherent to different continuum setting procedures, we have 
used our method to measure equivalent widths of several lines 
in the high-dispersion images of the sdOB stars HD 149382 
(SWP 5193) and Feige 66 (SWP 14567); these images were 
obtained from the Astronomical Data Center, and were 
analyzed in detail by BKSS and BHS, respectively. A compari- 
son of their published equivalent widths with our own mea- 
surements shows average differences of ~20%—with our 
widths being generally, but not consistently, lower than theirs. 
Some of that difference is undoubtedly due to our correcting in 
an approximate manner for the improper background subtrac- 
tion due to order overlap at the short-wavelength (A < 1500 Â) 
end of the SWP camera (see § lld\ while Baschek and collabo- 
rators preferred the standard IUE background correction pro- 
cedure. 

Another check on the consistency of our procedure was pro- 
vided by the use of an earlier image of Ton S-227 (SWP 20337). 
Although its usefulness for abundance determinations is 
limited because of a data drop during transmission, this image 
permits an independent measurement of the width of selected 
lines. The measured equivalent widths reproduced within 
15%-20% on the average. 

Our line identifications were made by comparing the 
velocity-corrected wavelength of observed features with those 
tabulated in Kelly and Palumbo (1973). In general, a wave- 
length agreement of 0.1 À between laboratory and measured 
values was required for identification. Because of the intrinsic 
noise level in our spectra, we have restricted the data presented 
and analyzed here to photospheric features associated with the 
astrophysically important (and abundant) ions of C, N, and Si. 
For those ions, our identifications were cross-checked against 
those of BKSS and BHS in the bright sdOB stars HD 149382 
and Feige 66. The lines of these three ions identified in our 
program stars, and their equivalent widths, are listed in Table 
3. In addition, we have also tentatively identified features 
associated with various ionization states of the following ele- 
ments on our best image, that of UV 1758+36 (SWP 20668): 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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TABLE 3 
Line Identifications and Equivalent Widths 

Ion 

WÀ (mÀ) 

X (eV) UV 1758 + 36 Ton S-227 Feige 65 
C il. 

C ni , 

Civ . 

N ni . 

N iv . 
N v . 

Si il . 

Si ni. 

Si iv . 

1323.91/3.95 
1335.70 
1174.-1176.a 

1247.38 
1531.85 
1620.05 
1922.93/3.14 
1548.20 
1550.77 
1183.03 
1184.54 
1387.37 
1729.94 
1747.86 
1751.24/1.75 
1804.3/4.5 
1805.66 
1845.71/5.86 
1846.41 
1885.25 
1718.55 
1238.82 
1242.80 
1190.42 
1260.42 
1264.74 
1304.37 
1206.51/6.53 
1301.15 
1303.32 
1393.75 
1402.76 

9.3 
0.0 
6.5 

12.7 
32.1 
32.2 
33.5 
0.0 
0.0 

18.1 
18.1 
30.5 
41.0 
18.1 
18.1 
41.3 
30.5 
41.3 
41.3 
33.2 
16.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10.3 
6.6 
6.6 
0.0 
0.0 

110 
187 
940 
130 
104: 

108 
209: 
231 
115 
136 

<134 

145 
150 
60: 
53: 

85 
91 
43 

<60 

41 
51: 

384 
<20 
<79 

163: 
23 

<207 
118 
98 

<186 
61: 

118 
333 
114: 
74: 
41 

166: 
<148 

73 
94 

<20 
<20 

<20 
<20 

168 
320 

1217 
180: 
134: 
42 

<199 
225 
139: 
130 
160 

<62 

36 
280 
116 

66: 

<114 

<58 
28 
79: 

<202 
39: 

<24 
345: 
123 
117 
516 
374 

1 Six components at A = 1174.93,1175.26,1175.59,1175.71,1175.99,1176.37 Á. 

Ne, Mg, Al, P, S, Ar, Ca, Sc, Ti, V, Cr, Mn, and Fe. However, 
confirmation of these preliminary identification and abun- 
dance analyses for the heavier metallic ions, such as those 
performed in the exhaustive investigations of BKSS and BHS, 
must await additional LUE images with increased exposure 
levels. 

d) IUE Background Correction Procedures 
It is a well-known problem that the decreasing spacing 

between echelle orders at the short-wavelength end of the SWP 
camera leads to problems in the evaluation of the background 
level. In the present analysis, we have used the empirical 
method of Bruhweiler and Kondo (1982) to correct the equiva- 
lent widths for the improper background subtraction in our 
image. For features below ~ 1500 Â, the measured widths were 
divided by a smoothly varying factor, interpolated from the 
values provided by Bruhweiler and Kondo (1982). 

After much of our analysis was completed, we became aware 
of a recent paper by Bianchi and Bohlin (1984), where a 
method is devised to correct the net IUE spectra for order 
overlap. As a test of our overlap-correction scheme, we imple- 
mented the Bianchi and Bohlin procedure and performed some 
spot-checking of its results. We found differences between the 
widths obtained from the two procedures occasionally as large 
as ~20%, but on the average of only ~5%. Hence, we feel 

that our empirical correction procedure is entirely adequate for 
the widths measurements presented here. 

III. ATMOSPHERIC PARAMETERS AND METHOD OF ANALYSIS 

a) Atmospheric Parameters 
Before proceeding with our planned abundance analyses, we 

must first obtain effective temperatures and surface gravities 
for our program objects. The effective temperature is obtained 
by fitting the composite (optical and ultraviolet) energy dis- 
tribution with fluxes determined from model atmosphere cal- 
culations. The gravity is then determined through fits to the 
Balmer line profiles. As helium is always deficient in the B 
subdwarfs, the exact helium abundance is inconsequential for 
the determinations of Te and log g, as well as for that of the 
heavy elements. 

For UV 1758 + 36, we have used the effective temperature 
recently determined for that object, Te = 31,800 ± 1100 K, a 
result based on the analysis of Voyager far-ultraviolet spectro- 
photometry (Wesemael et al. 1985). The surface gravity was 
then determined by fitting the Hß and Hy profiles. Our line 
profile fits yield log g = 5.6 ± 0.3; these results are displayed in 
Figure 1. Earlier, Giddings and Dworetsky (1978) had present- 
ed a model atmosphere analysis of UV 1758 + 36 based on 
intermediate-band photometry and optical spectroscopy. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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DELTA LAMBDA(A) 
Fig. 1.—Best fits to Hß {top) and Hy (bottom) profiles of UV 1758 + 36. 

Profiles shown are for Te = 31,800 K and log g = 5.6. Both observed and 
theoretical profiles have been normalized at ±60 Â from line center, and 
theoretical profiles have been folded with a Gaussian of FWHM = 4.25 Â. 
Zero-point of lowermost plot is at bottom of figure; that of top plot is indi- 
cated by long tick mark. 

Their results, Te = 32,500 ± 2500 K and log g = 5.25 ± 0.25, 
are in good agreement with those presented here. 

For Ton S-227, we have used the results of Heber et al 
(1984h), Te = 34,000 ± 2000 K, log g = 6.0 ± 0.3, based on 
analyses of IUE spectrophotometry and Balmer line profiles.4 

Our fully independent reanalysis of low-dispersion IUE and 
optical spectrophotometry of this object (using similar 
assumptions—see footnote 4) yields results identical to those of 
Heber et al. (1984h), and thus provides a useful check on both 
analyses. Because of this agreement, the results of our fits are 
not displayed here. 

For Feige 65, low-dispersion IUE images (SWP 21374, 
iexp = 4 m; LWP 2149, iexp = 5.5 m) were combined with the 
Strömgren photometry of Bergeron et al. (1984) to construct 

4 In that analysis, and in that of Feige 65 which follows, the determination 
of the interstellar reddening is decoupled from the effective temperature deter- 
mination: Te is determined by fitting an unreddened energy distribution, and 
the color excess can then, if necessary, be determined from the optical photo- 
metry. While this procedure is not entirely self-consistent, there are serious 
difficulties in determining simultaneously Te and E(B—V) in lightly reddened 
objects; indeed, an apparently unreddened energy distribution can often 
equally well be matched with a slightly (approximately a few thousand degrees) 
hotter and slightly reddened [£(B — K) < 0.04] model. See Wesemael et al. 
(1985) for further discussions of this point. 

the composite energy distribution shown in Figure 2. Our 
optimal fit to the data, obtained with unreddened, fully 
blanketed solar-composition models from Kurucz (1979), is 
achieved at Te = 26,200 ± 1500 K, and is also displayed. The 
Balmer profile fit then yields log g = 5.3 ± 0.3. The resulting 
fits are displayed in Figure 3. 

b) Abundance Analysis 
Model calculations with the atmospheric parameters sum- 

marized above were performed to determine metal abundance 
in our target stars. The first step in this procedure is the com- 
putation of a LTE, hydrogen line blanketed, metal-free model 
(see, e.g., Wesemael et al. 1980). The temperature and density 
stratifications of this model are then used to compute the 
appropriate level populations of the various metal ions, which 
are thus treated as trace elements. Synthetic fluxes over narrow 
wavelength regions of interest are then recalculated, with the 
metal line opacity now included. The basic features of the LTE 
line formation program are described briefly by Henry, 
Shipman, and Wesemael (1985). 

For uniformity, we have adopted most of the radiative 
damping widths listed by BKSS. Electron (and ion) impact 
widths for several strong ultraviolet lines were also available 
(e.g., from Sahal-Bréchot and Segre 1971) and were included. 
All our oscillator strengths are from Wiese, Smith, and 
Glennon (1966), except for that of C m 21923, which is based 
on the lifetime measurements of Poulizac, Druetta, and Ceyzé- 
riat (1971). Since only a limited number of spectral lines of a 
given element are measurable on our specta, we have not deter- 
mined directly the microturbulent velocity C appropriate for 
each object. Rather, we have made use of the results of BKSS 
and Simon et al. (1980), as well as those of Dufton, Durrant, 
and Durrant (1981), and adopted a constant value ( = 5 km 
s"1 for all three stars. The changes in element abundances 
brought about by small variations in Ç have been investigated 
by BKSS and BHS, and are further discussed in § lYb. 

As a check of the reliability of our abundance determi- 
nations, we have reanalyzed most of the carbon, nitrogen, and 
silicon equivalent widths measured by BKSS and BHS in HD 
149382 and Feige 66, respectively. The abundance we deter- 
mine for individual lines agree generally well with the BKSS 
and BHS values (i.e., within 0.2-0.3 dex); the largest difference 
is for the N m 21885.25 line in Feige 66, where we find (with the 
lower limit of yrad given by BKSS) a difference of 0.6 dex. We 
emphasize that these results include not only differences due to 
the different synthetic line profile programs, but also those 
“ built into ” the different metal-free atmosphere models at 
given values of Te and log g; in particular, the differences in 
surface temperature stratifications between the non-LTE 
models of Baschek and collaborators and our own LTE 
models may well play some role here. 

A final concern is the reliability of LTE line transfer in our 
abundance determinations. However, test calculations per- 
formed by BKSS on C, N, and Si ions suggest no significant 
departures from LTE in HD 149382; we may expect these 
results to apply as well to the three cooler stars analyzed here. 

IV. C, N, AND Si ABUNDANCES IN HOT B SUBDWARFS - 

a) Results of Abundance Analyses 

The average element abundances obtained for our three 
program objects are summarized in Table 4. We now discuss 
briefly the individual determinations for each element. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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 L I i 1 i _l i I i I i_ I i I i I 
1 • 3 • 5 • 7 • 9 • 

1/LRMBDA 
Fig. 2.—Observed combined (Strömgren and IUE) energy distribution of Feige 65, together with optimal model from Kurucz (1979). The Strömgren u, b, and y 

magnitudes are represented by three points with associated error bars, and IUE data by solid line. Effective temperature is Te = 26,200 K. 

-SO -30 0 30 60 

DELTA LflMBDFH A ) 

Fig. 3.—Same as Figure 1, but for Feige 65. Profiles displayed are for 
Te = 26,200 K and log g = 5.3. 

i) Carbon 
We find a greatly variable carbon abundance in our objects, 

with differences of a factor of ~ 1000 in the carbon contents of 
Ton S-227 and Feige 65. Our values are, typically, averages 
based on five lines encompassing three ionization states. We 
found an occasional tendency for C n 21323.9 to yield some- 
what larger abundances than the other features analyzed. A 
similar result was also seen in our reanalysis of the BKSS and 
BHS measurements of that line (see § Illfr). 

The region around 1175 Â, which features the prominent 
C m 2s2p 3P°-2p2 3P transition, is displayed in Figure 4a. The 
same wavelength range in the (brighter) sdOB stars HD 149382 
and Feige 66 is displayed in Figure 4b (BKSS, BHS), and 
typifies the difference in signal-to-noise ratio between both sets 
of observations. 

TABLE 4 
C, N, and Si Abundances in Hydrogen-rich Hot Subdwarfs 

Abundances3 

Star ec eN eSi Reference 

UV 1758 + 36   6.6 ±0.7 7.6 ±0.6 <2.1 This work 
Ton S-227   4.2±1.0 8.0±0.8 <2.2 This work 
Feige 65     7.3 ±0.7 8.2 ±1.0 5.5 ±0.8 This work 
HD 149382    6.6 ±0.3 8.0 ±0.3 <2.3 ±0.6 1 
Feige 66   6.4 ±0.3 8.2 ±0.3 <2.3 ±0.6 2 
Feige 110  <3.0 7.8 <3.8 3 
LB 3459   6.5 ... 6.4 4 
HD 205805    ~8.5 -8.0 -7.5 5 
HD 4539   -8.3 -8.5 -7.5 6 
Sun  8.5 8.0 7.5 

3 £Z = 12 + log [iV(Z)/iV(H)]. 
References.—(1) Baschek et al. 1982; (2) Baschek, Höfflich, and Scholz 

1982; (3) Heber et al 1984«; (4) Lynas-Gray et al. 1984; (5) Baschek and Norris 
1970; (6) Baschek, Sargent, and Searle 1972. 
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ii) Nitrogen 
In contrast to carbon, nitrogen abundance appears remark- 

ably stable from star to star, with variations of a factor of only 
~4 in our sample. The abundances given are averages of 
between five and eight transitions from three different ioniz- 
ation stages. 

iii) Silicon 
For two objects, the silicon abundance rests exclusively on 

the absence of the Si iv resonance lines (>U1393.755, 1402.770), 
which yields stringent upper limits on the Si/H abundance 
ratio. However, in the coolest star of our sample, Feige 65, the 
Si iv resonance lines are seen, as are additional transitions from 
lower silicon ionization stages. The striking difference in 
appearance of the region around 1394 Â is displayed in Figure 
5 for our program objects; the abundance analysis indeed con- 
firms that Si is enhanced in Feige 65 compared to our two 
other targets. 

b) Accuracy of Abundance Determinations 

Two broad classes of uncertainties affect the abundance 
values given in Table 4. First, those pertaining to the observa- 
tional aspects of the abundance analysis, such as the contin- 
uum setting procedure, the IUE background subtraction, 
unrecognized atomic blends, blended ISM components, etc. 
For well-exposed spectra, the measurement of equivalent 
widths of ~ 100 mÂ should be accurate to better than ~ 15% ; 
this uncertainty may increase, however, in the case of under- 
exposed images, or of difficult continuum setting—clearly the 
case here. This would lead to uncertainties in the average 
abundance values of up to ~0.3 dex. 

Second, uncertainties associated with the theoretical model- 
ing of the observed features also affect the abundance determi- 
nations. These include inadequacies in the model atmospheres, 
and uncertainties in the damping widths, oscillator strengths, 
and microturbulent velocities. The uncertainties associated 
with these theoretical ingredients are, for the most part, 
accounted for by the comparisons discussed in § III6 (we adopt 
here a typical uncertainty of ±0.3 dex). Not included in these 
comparisons, however, is the influence of changes in the micro- 
turbulent velocity f. While the importance of f depends on the 
location of individual lines on the curve of growth, its influence 
on the average abundances of, e.g., UV 1758 + 36, is to increase 
the carbon and nitrogen abundance by 0.2-0.3 dex if a value of 
f = 0 km s“1 is adopted instead of £ = 5 km s-1. Further 
details on the influence of £ on individual lines can be gathered 
from the work of BKSS and BHS. 

The error estimates listed in Table 4 for our three objects 
incorporate the uncertainties associated with the three sources 
discussed here, together with the mean error obtained from 
averaging the abundances obtained from several individual 
lines. 

V. ASTROPHYSICAL IMPLICATIONS AND CONCLUDING REMARKS 

The abundances determined in our three target stars, aug- 
mented by those measured earlier by others in six additional 
objects of type sdB and sdOB (see Table 4), permit us to 
identify—perhaps for the first time—some systematic trends in 
the abundances of hot B and OB subdwarfs. Of these six 
objects, four have abundances based on high-dispersion IUE 
observations similar to those presented in this paper. Two 
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Fig. 5.—Same as Fig. 4a, but for region around Si iv A1393.755 resonance 
transition. Feature is absent in Ton S-227 (top) and UV 1758 + 36 (center), and 
its expected location in these two objects is indicated by long vertical marks. 

additional objects have metal abundances estimated or deter- 
mined from optical spectra only. Because hydrogen is their 
dominant atmospheric constituent, we are inclined to consider 
these stars as a reasonably homogeneous group, and we collec- 
tively refer to them as hydrogen-rich hot subdwarfs. 

We present, in Figure 6, a graphical summary of the depen- 
dence of the C, N, and Si abundances in these nine hydrogen- 
rich hot subdwarfs on the effective temperature. The carbon 
abundance shows large variations, by a factor of ~ 103, from 
star to star; in all cases, however, carbon is found to be either 
at, or below, the solar abundance. The data also indicate that 
the carbon abundance may tend to decrease with increasing 
effective temperature; however, the interpretation of the 
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Fig. 6.—Summary of carbon, nitrogen, and silicon abundances determined 
up to now in hydrogen-rich, hot subdwarfs. Filled circles represent studies 
based on analysis of high-dispersion IUE data. Open circles are those based on 
optical data (see § V). In all three panels, dashed line—marked “ O ”—indicates 
appropriate solar abundance. Individual effective temperatures are, in general, 
accurate to ~ ±1500-2000 K. 

behavior of ec at the hot end is muddled by the contrasting 
carbon abundances measured in Feige 110 (ec < 3.0) and LB 
3459 (ec = 6.5), both at Te — 40,000 K. In the hot sdO stars, 
which have either mixed-composition or helium-rich atmo- 
spheres, and which prolong the subdwarf temperature 
sequence above ~ 40,000 K, carbon is also found to be under- 
abundant, but only by a factor <10 (Simon et al. 1980). 

The nitrogen abundance measured in eight hydrogen-rich 
objects is noteworthy in that it displays essentially no varia- 
tions over the range 25,000-40,000 K; in addition, the average 
nitrogen abundance is consistent with the solar value. By con- 
trast, N is enhanced in the hotter sdO stars, by factors reaching 
-100. 

Perhaps the most remarkable abundance behavior in that 
group of hydrogen-rich subdwarfs is that of Si. BKSS and BHS 
had already noted a large deficiency of silicon in HD 149382 
and Feige 66, two hot sdOB stars. Similar results are obtained 
here for the two hottest stars in our sample: in the range 
between 30,000 K and 40,000 K, the silicon abundance remains 
below 10“5 the solar value. At the hot end, the situation is 
complicated—once again—by the fact that LB 3459 and Feige 
110, of similar temperature, have silicon abundance that differ 
by >3.0 dex. Of note, however, is the fact that silicon is over- 
abundant (<1.0 dex) in the still hotter O subdwarfs. At the 
cool end, Feige 65 is also underabundant in silicon, but only by 
a factor ~ 102. The relatively larger Si abundance observed in 
that cooler sdB star is substantiated by the solar silicon abun- 
dances determined (HD 4539) or inferred (HD 205805) in the 
cruder analyses of the optical spectra of two other cool sdB 
stars (Baschek, Sargent, and Searle 1972; Baschek and Norris 
1970). BHS also quoted preliminary analyses of high- 
dispersion IUE data of these two stars (e.g., Baschek, Kud- 

ritzki, and Scholz 1980) which confirm the approximately solar 
silicon abundances of these two objects. Furthermore, Heber et 
al (1984h) also argue for nearly solar silicon abundances in 
their sample of six B subdwarfs below 30,000 K, on the basis of 
the presence of silicon features in low-dispersion IUE images. 

Downward diffusion of helium is now recognized as the 
most likely causes of the helium deficiency observed in the hot 
B and OB subdwarfs (Greenstein and Sargent 1974; Baschek 
and Norris 1975; Winget and Cabot 1980; Kudritzki et al 
1982; Wesemael et al 1982). It thus seems natural to call on 
similar processes to explain the patterns of heavy-element 
abundances summarized above, as has already been done by 
BKSS, BHS, and Heber et al (1984a, b). However, while diffu- 
sion time scales for helium in subdwarf envelopes have been 
presented by Winget and Cabot (1980) and Wesemael et al 
(1982), the diffusion times scales of heavier elements in the 
atmospheres of hydrogen-rich subdwarfs have—to our 
knowledge—never been estimated. 

To remedy this situation, we have calculated diffusion time 
scales for C, N, and Si in the atmospheres of Feige 65 and Ton 
S-227; we follow the method of Fontaine and Michaud (1979), 
in which have been incorporated the improved diffusion coeffi- 
cients of Paquette (1983). Only thermal diffusion and gravita- 
tional settling are taken into account. 

As might have been anticipated for these intermediate- 
gravity objects, the downward diffusion time scales are all rela- 
tively short. We find tc = 2.6 x 103 yr, tn = 2.1 x 103 yr, and 
iSi = 1.7 x 103 yr near tRoss = 10 in Feige 65; in Ton S-227, 
tc = 3.7 x 102 yr, = 2.4 x 102 yr, and TSi = 1.8 x 102 yr. 
Although the evolutionary time scales of sdB and sdOB stars 
are unknown, they are likely to be (much?) longer than the 
diffusion time scales estimated here. 

The short settling time scales of heavy elements imply that 
physical mechanisms disrupting the diffusion process must be 
considered to explain the residual metal abundance observed. 
Radiative element support has already been suggested in this 
context (BKSS, BHS, Heber et al 1984a, b), and the plausibility 
of that suggestion is strengthened by the results of Michaud, 
Vauclair, and Vauclair (1983) for their hottest (least massive) 
horizontal-branch model; at Te = 20,700 K, log g = 5.2, that 
model is cooler than, e.g., Feige 65, but of comparable surface 
gravity. Already at that temperature, selective radiative accel- 
erations are found to be significant (i.e., gR > g) in determining 
the eventual atmospheric abundance. Their relative impor- 
tance will increase further as one considers even hotter objects. 
Within this framework, BKSS and BHS have already sug- 
gested that the large underabundances of silicon observed 
between 30,000 and 40,000 K (see Fig. 6) are associated with 
the noble gas configuration assumed by silicon in the atmo- 
sphere. Indeed, in main-sequence and horizontal-branch stars, 
the predicted abundance anomalies are known to be strongly 
modulated by these configurations (Michaud et al 1976; 
Michaud, Vauclair, and Vauclair 1983). However, only 
detailed calculations of radiative forces can show if the radi- 
ative acceleration, properly averaged over the ionization states, 
can dip sufficiently below its gravitational (and thermal) 
counterpart to account for the large (>5 dex) under- 
abundances observed. This problem is considered elsewhere 
(Michaud et al 1985). 

If radiative forces assume the importance suggested here in 
the atmospheres of hot subdwarfs, the straightforward inter- 
pretation of the observed abundances in terms of ashes of 
nuclear processes (such as the CNO cycle; Gruschinske et al 
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1980; Simon et al 1980; Heber et al 1984a) appears seriously 
hampered, if not outright impossible. Furthermore, it should 
be kept in mind that extremely little is known about other 
potential mechanisms that could hinder diffusion in hot sub- 
dwarfs. More exotic disruptive agents, such as meridional cir- 
culation, turbulent motions, and even a modest mass outflow, 
should perhaps not be dismissed too facilely in these stars. 
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