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A completely new «ind of varlable star has recently bdeen discovered
(MeGraw, et. al. 1979). Designated as PGLl139~033 (hereafter PG) this
star ls distinguished not only bv the cumplere lack of aydrogen in its
spaectram but also bDv an effective temperacure that axceeds 3 = L0” X
(MeGraw, private communication). The photometric data show that this
atar ls pulsating witn two periods - 539 seconds and 460 seconds and
the liznt curve is very reminiscent of that of a Z2 Cetl variable star
1O\ white dwarfs pulsating in aon-radial modes). dowever, it3 spectral
characceristics show tiat {¢ cannot be Llncluded in this class since
andlvsis of boech optlcal and IUE spectra show that the major athos-
pheric consctltuents are probably heligm and carbon and that iis surfac.
gravity is conslderabiv lower than 107 cm sec™ ~ characteristic 3@ 1 20
white dwar?. [:3 energr distribuctlon suggests a small amount I red-
dening and since it 15 far out of the plane {r must be az 1 distanca ac
least | xpe. This estimate ls supported bv 1 null proper motisn var a
13 vedr buseline (Luyzten 1977, private communicatlon o J Lleber:).
These datd sudgest that Lzs luminosity exceeds U)- Ly,  Ia 1av cise,
would need 1 luminosicy aa large as L0 Ly to fall m oor abova the wal
fwart cooling curve a4t [, = 3 x 10° K (Lamb and Van Hora 1973, all
these Zacks suggest strongly that this scar is unigque and 1 aew <ind »
pulsating 'ariabla.
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T™is szar does not fall near anv of the &nown rezions >f lastabi-
Lity Lla the HR diazram whlich sugzest that the ilnstabllisw aechaaism
JLL1 net b helium and hvdrogen lonizacion as {n the Cepield wariaolas,
cherefore, La order to digecver the cause oI the lagzaplillicy in 20 owe
Hdve turied o mora2 unusud. compositions.

w oumad 2073 approximate poslcion fan cha HR Jdilazram 13 1 gulde and
ompared L7 Lo oan evalutlonar? zoiek oomputed v Sehdnperaer LT,
Thiy sracs tsee Vlaure 1) was obtalned by aevolviad 1 L.) My star
shrougih the vhase if ellum=shell-Ulashing and jradudlly semoving mass
Zromoche surface A€ 1 rize conglétens wita a lelmer; il
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Flpure 1. The mass loss very lLate evolutfon of a L My star according
tu Schonberrer.

By the time the star has reached Lts facthest excursion o the blue,
ics mass has decreased to - 0.6 M. Tts core Ls nearlwv pure cuarbon and
Lts envelope contalns helfum oad carbon, Most ot the hvdrogen has been
cjected. LY we assume that PG has undergone such an evolution, ther we
can assume a similar mass and composition and construct stellar enve-
lopes Lo test for (ngtabiility.  Our moedel 15 at polnt Lowa Figure L.

A stellar envelope with 300 Lagrangian zones has been constructed
wiztii a4 onass of 0.6 Mgy Ty = 50,000 Ky and o surface laminosity ol Ly =
5151 Ly This Lacluded 43 peccent of the mass and 89 percent o Lhe
radfug.  About 30 zenes were ahove the phetosphere. The surfaee compo-
sttfon {5 half helfum and halt carben by mass to a depeh of 3 on o=
ol the mass (175,000 K)o Deepur lavers are pure carhbon,  In tnis car-
bon cure taere are two thin convee fon zones, and Inslunit {oant one
between 0,24 and 0030 2 10P K and amother where convectfon carrles up
to X percent or the total luminostve ot that level between ) aed
.50 % L0 K. Opacitioes and cyguatfons of state were sl talned Vrom the
Astrophvsical Opacley Library of Juebner, ot al. (L9770,

This model has a varfable tumfnosfly e schematicaily aviow tor
the cooling of the carbon core ajone the track of Fleure 1. e ormula
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with q the mass fraction M(r)/M, qp the core mass wita luminosily Ly
and q; the mass fraction above which the luminosi:ir is the suriace
luminoasity Lg. In this model for PG qg = 1.9 x 10'8. q1 = 3 x 10-10,
and L./L, = 0.0126.

9’ “9

This structure of the internal T, 5, and opacicy variation 13
given in Figure 2 whera the absciasa 1s the logaritnm of the suriace
mass fraction.
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Figure 2. Tlemperature. opoc'ty, and densily atructure of the
mode! for PG1199=03S8. Puisation griving 18 in the
outer 10°7 of the stedar mass a! a Iractlional
radius of 0.93 of the star.

An amalvyils was made Zor pulsational instabdbliiszr uslng cthe Los
Alamos version of Castor's (i1971) linear ..nadidbazic compusar zr.z-aam.
The two observed perivds are mat:-hed with thae second (2H) and zalzd
tJH) overtones with tha thavret.cal pariod ratio Heinz D.33 emparad
to the observed 1.33). The,eigaenvalues give xinetlc enersy srowin rites
DE 1.3 % L073 and 1.9 x 107" per period Zor cheve two modes. The . ower
nodas s«em less unscable bv a4 factor of 10 for iH aaa a factor of Z.0
for thne Zundamental mode. The next hizher overzone (4H) ds 1dout the
same growth rate i3 Jd, hut 3H 13 down Hv a factor of L) and »on La
stable. Wur modeli pradiccs a nesgidle neriod at +1)35 seconds. An:cher
sod8ibilicsy L8 zhat tae =wu modes aeen 1re JH and -H and thaz tie jur-
face luminosizy and izs [ncernal variaczion need Jurther iwd!ustmenc.

Flgure ! slvas the radlal elfgenfuncziong Zor the 3eccend ind hlw
ovarctones. Tuaew arz slmilar to these sioewn for aven Lligner rverzonas
{n the :adge f radlal =cdaes of ol whiza Zwarfs (Con, Hodswn, and
starrcileld 1379; Starriieid, <ox, iad Hodson LT, In tals tuesent



case, however, there is a low upper limit to the unscable overtones.
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Figure 3. Radial puisation eigenvectors far the two modes
of the modei wnich have the observed periada.

The work done per zone to drive th's oulsatiosn Ls jiven Jur the
twe modes in Flgure 4. The peak at zenes 231 amg 232 ‘ot thie second
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figure 4 Nork per i3re ‘o :ouse Suisahan n 'he model verus
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and third overtones) i3 at a =-emperacure of 0.39 i 129 K, lust where
the luminosity reachas igs low core value, Lp. This 1s at a suriace
mass fraction of 3 x 10™° and a radius fraction :Z 0.95. The deeper
driving and damping spixkes ar« due to small changes in derivacives at,
respectivelv, 0.3, 0.5, 0.7, 0.8, 0.9, 1.0, and 1.1 x 10° K where chere
ar2 material property table euntries. They give no appreciable contribu-
tion to inatabiiicy. The deeper damping 1s supprassed in thils model
becauee there is verv lictle luminogity ia the cooling carbon core.

The cause of this instability can be scen by examining the plot of
carbon opacity versus temperature given in Figure 5. There is a "bump"
in the opacity between temperatures 10° and 106 K and all densities.
Our calculated stellar envelope plotted here passes directly chrough
this region and, therefore, suffers a large change in the opacity and
equaction of state derivatives at this noinc. It is commonly assumed
that irregularities in the opacitv curves indicata a region wnere irlv-
iag can oczur. In Zacz, such an irregularity in the opacitvy is usuallr
assoclated with the partial lonizatlon regioa of some element and ia
this case Lt is the ionizacion of the last two elactrons (is=) of car-
Son. This inplies that we have discovered a completely new excitation
mechanism for puisaticn In stellar envelupes - carbon ifonizacion.

IZ zhe carbon is wmixed with nelium or oxvgan the bumps ara smooth-
2d and the driving is reduced. We have not considered now much dilucion
vE the carbon is permissible, however.
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Additional aoodels nave been studied aloag a _ize Jf constant Der-
iod. we seem to find ingtability for the second and lower overtones at
100,000 K and for only the fundamental at 113,300 . Cooler :empera-
tures have not been investigated vet bSecause 25 is aot cooler chan
80,000 K. Further studies of the radial pulsacion for PG should await
a pecter calculation of the fnternal luminosi:zv structura. It may in-
deed happen that as the affactive tcemperature continues to zet qot:ter
as 1n rigure ! and the pericds get shortar, :he qy 3eCs 30 deep chat
radiative damping stabilizes all modas.

We acknowledge useful discussions with John McGraw, walter Hduebner,
and Hugh Van Hora. S. G. Starrfield is grateful to P. A Carruthers
and A. N. Cox for the hospitality of the Los Alamoe Sclentiiic Labora-
tory and a generous alloctment of computer tize.
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