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Subluminous B stars (sdB) are core helium burning stars ofiabalf a solar mass. A new
class of non-radial pulsators has recently been discoammehgst them at temperatures between
29000K and 35000K. The richness of the pulsation modes mhlkse stars ideal targets for
asteroseismology. We present a detailed abundance anafysgh-resolution ultraviolet echelle
spectra of five subdwarf B stars obtained using $pace Telescope Imaging Spectrograwh
board theHubble Space Telescop&he goal of our observations was to test the hypothesis that
pulsations in sdBs are correlated to the surface abundafdesn-group elements. We study
two pulsators and three non-pulsators. We determined almeoed for 25 elements including
the iron group and even heavier elements such as tin and &ad LTE curve-of-growth and
spectrum synthesis techniques and find strong enrichmédrgady elements up to 2.9 dex with
respect to solar which are probably caused by atomic ddfugrocesses. We find that there is no
clear correlation between pulsations and metal abundaiibésposes a serious challenge to the
diffusion and pulsation theory.

Abundances for the lead isotopes are derived from very l@gblution spectra using an UV line
of triply ionised lead. As Pb terminates the s-process serpigs isotopic abundance ratios yield
important constraints for understanding stellar nucletsssis. It is very difficult to measure
them in hot stars. For the first time we were able to deterntieetin two subluminous B stars
and conclude that thetP’Pb?%Pb are solar.
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1. Introduction

The subdwarf B (sdB) stars are core helium-burning objedts envelopes that are too thin to
sustain nuclear burning. They can be identified with modekxtreme horizontal branch (EHB)
stars; in other words, they have mass€&s5M,, and will evolve directly to the white dwarf cooling
curve, bypassing the asymptotic giant branch.

The possibility of pulsations in sdB stars was theoretycalledicted by [1] at around the
same time they were observed by [2]. The more than 30 knowsafrk (officially known as
V361 Hya stars) havées = 29000 35000 K and logy = 5.2 — 6.0, periods of 1-10 minutes and
amplitudes less than 60 mmag. The richness of the pulsatomtesimakes these stars ideal targets
for asteroseismology.

The driving mechanism of the oscillations is believed toddated to the ionisation of iron and
other heavy elements at the base of the photosphere. Asdaskdor other types of pulsators there
is an overlap in thelgs, logg) plane between pulsators and non-pulsators. Diffusiccutaions by
[3] suggest that the surface iron abundance of pulsatordaghbe higher than that of non-pulsators,
however studies by [4] and [5] find that iron has approximasellar abundance in most sdBs.

For this reason we set out to determine if any correlatiostsXetween surface abundances
of iron-group elements for pulsators and non-pulsatomsceselements such as nickel, manganese
and chromium are not normally accessible through grousgdbaptical spectra, it was necessary
to acquire high-resolution UV echelle spectra with Bgace Telescope Imaging Spectrograph
board theHubble Space TelescopdST/STIR Section 2 describes the spectral analysis technique
used, while Sect. 3 summarises the results of the abundaabteses already published by [6]. We
also report new results on the lead isotopic ratio, the fegction and analysis of a metal isotopic
ratio in a hot subluminous star. Measurements of the Pbpgotatios are important to understand
neutron capture nucleosynthesis both via the s-procesgiatide r-process.

2. Spectral line fits

As input for our spectrum synthesis, we used a metal linekelted LTE model atmosphere
with solar metalicity and Kurucz’ ATLAS6 Opacity Distridoh Functions (for details see [5]).
The spectra were synthesised using Lemke’s updated varsiba LINFOR program [7]. Oscilla-
tor strengths were taken from the Kurucz line list, as weraglag constants for all metal lines. In
the case of species heavier than Zn, values were taken fmesonance line lists of [8,9]. Only
lines that have been observed experimentally were usext sia required the most accurate wave-
lengths possible. For the partition functions of iGaGelv, Sniv and Phv we used these ions’
ground state statistical weight, since no published daaeailable. This is a good approximation
at temperatures of 30 000-35 000 K.

3. Abundances

The results of the quantitative spectral analysis of our ’i8Techelle spectra are plotted in
Fig. 1. Out of the five hot sdB stars two are member of the shenibd, pulsating V361 Hya class.

Abundances of no less than 25 elements including the ironpgamd even heavier elements
such as tin and lead have been determined. The errors ramgeOfl dex to 0.6 dex, with an
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average of 0.3 dex depending on the number and strength idil@edines, degree of crowding,
and quality of oscillator strengths. There is generallyedlent agreement between abundances
from different ionisation sages (for details see [6]).

As has been found by many previous studies, carbon aburglaarege from virtually none at
all to slightly below the solar value while the N abundancessdightly below the solar value.

While iron is found to be nearly solar (PG 124834, Feige 48, CPD-64°481), slightly
depleted in CD-24°731 and subsolar in Feige 66 by a factor of ten, all other eisnef the iron
group are enhanced by between 0.5 and 2.5 dex with respeglatovalues. The enhancements
are large in Feige 66 and PG 121934, but mild for the three others. The heavy metals Ga, Ge,
Sn and Pb are all enriched with respect to the Sun in all seaashing as high as 2.9 dex for Ga
in PG 1219-534 or 2.75 dex for Pb in Feige 66. These peculiar abundartterpsare probably
caused by atomic diffusion processes in the atmosphere.

We have compared a hot pulsator (PG 1:2534) with two non-pulsators with similar stellar
parameters (Feige 66 and CE24°731) and a cooler pulsator (Feige 48) with a similar non-gqdols
(CPD—-64°481), and found no consistent differences between the mamobeach pair.

The heavy element abundance pattern of €24°731 comes close to that of PG 121834
except for its low iron and nickel. Feige 66 has an even lowmT abundance, but its heavy metal
abundance pattern does not match that of PG 4584 at all. In other words the abundance pat-
terns of two non-variable stars of similar temperature amaglity are too dissimilar for a conclusive
comparison with a pulsator. This finding poses a serioudarige for the theory of both pulsation
and diffusion and leads us to suspect that there must beeamnaih yet unknown, discriminating
factor between pulsating and non-pulsating sdB stars.

4. Lead Isotopes and the%’Pb/2%pPp ratio

Measuring isotope ratios in stars is of key importance ireusidnding the processes governing
nucleosynthesis of the elements. Unfortunately such neamsants are difficult in stars since there
are only a handful of elements where the isotope splittingpafctral lines is large enough to be
measured. The isotopes of Pb have been previously invesdigametal-poor halo stars as well as
in a main-sequence B star in the SMC.

The lead isotopé®®Pb is the terminal point of the decay of the radioactive @irsequence
— those elements that are formed only by tharocess. Nucleosynthesis via te@rocess also
has a final peak &°8Pb. This makes lead one of the most important elements ireasghthesis
modelling.

In metal-poor halo stars lead isotopic ratios have beenunedd$rom very few lines of neutral
lead (Ph). In hot stars, however such as sdB stars lead is highlyedresid the resonance lines of
triply ionised lead Phv are expected to be the strongest.

Very high resolution UV spectrdR= 114000, E140H grating diST/STIS of the sdB stars
Feige 66 and CPD-64°481 covering the wavelength range 1160-1361 A were retliénem the
MAST archive. The spectral line of interested in theilbesonance line at 1313.07 A, which is
one of two Phv resonance lines; the other is at 1028.61 A, outside therspednhdow of HST.

The relative contribution of thé®*Pb, 296Pb, 20’Pb, and?°®Pb to the line blend are shown
in Fig. 2 (left hand panel) assuming a solar system Pb isatafie. In the right hand panel of
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Figure 1: Abundances measured for our five targets. Magenta symbmissent values determined using
singly ionised species, green represents doubly ionisediesp red represents triply ionised species, blue
denotes quadruply ionised species and cyan representslupip® Note the generally excellent agreement
between different ionisation stages (from [6]).
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Figure 2: left hand side: The individual isotope contributions to Bt®v resonance line in CPB-64°481

are shown. The observed spectrum is shown as a histogramtheisotopes shown as follow&*Pb —
dash-dotted?%%Pb — dashed?®’Pb — dotted2%®Pb — solid. As can be seen, the blue most component of the
207pp line is easily resolved. Right hand side: ThePhne profile of CPD—64°481 is shown. Over-plotted

is our model calculated with the solar system Pb isotope,ras well as 0.5 and 0.25 times the amount of
207pp,

Fig. 2 we depict the effect of reducing tR&’PbP%Pb ratio to subsolar values. As can be seen
the 20’PbP%Pp ratio is solar. We cannot make any definitive statemertts nggard to the other
isotopes. In fact, our observations are also consistefitna%*Pb. We can conclude though, that
the solar system isotope mix is consistent with our obsienmnst
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