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KAPPN EFFECT PULSNTIONAL INSTABILITY FOR HO'T
FNTREME ITELICN STARS

ARTHER N. CON
Los Mamos Astrophysics, Los Alamos Natiowal Laboratory

L.os Namos, New Mexico 87515

STRACT A long standing problem for the hydrogen deficient
textreme helium) stars has been the mechanism for the pulsation
instability for the hottest members of this class. The usual x mechanism
works well for stars that are in the hydrogen and helium ionization
inatahility strip, and this strip extends to perhaps 20,000k at high
hrminosity (Saio and Jetlery, 1985). However, several stars are definitely
hotrer, Investigations for another ionization instability strip, such as for
cathon, have always shown that there is not enough carbon to praduce a
rapid enongh increase of opacity with temperature to give the well-known
& ellect, ‘This is so even though these hydrogen delicient stars do show
enhanced earbon in their spectra. A strong stellar wind can produce the
observed hydrogen deficiency. Another popular mechanism is mass loss
in a binary system through the Roche lobe, It now is possible that the
missing pulsational instability mechanism is the rapid increase of iron
lines absoiption as the temperature increases above about 150,000K in
the low density envelopes of these ltminous stiars. Recent calculations
hy Rozenayi (1989) and Rogers and Iglesias (19%9) at Livermore show
that the n=:3 to n=3 transitions in iron that were assutied unimportant
in the earlier Los Alamos calculations (Cox, and Tabor 1976) can double
or triple the opacity suddenly as the iron lines appear in a vory sensitive
part of the spectru of the diffusing photons. It has been vroposed
that these iron lines also cause the many varieties of normal B star
puisations, and the hydrogen deficient stars are erely another example
of this new x effect for pulsating stars. The extreme helium star V2076
Oph at 100K, and 38900 i.. lor a mass of 1.1 M., pulsates in the
rivlial Inndimental mode at about | day petiod with a very large linear
growt i rate when the iron lines more than double the opacity, but is
glable otherwise, Probably the first one or two radial modens, but aot
the nonradial modes, are pulsationally unstable for many of the highly
evalved hot stars by this mechanisi,

BACKhGROUND

Many of the luminous helivgn stars, such as the R Col stars, the hydrogen
deticient 1 sias and the extieme helinm stars are observed 1o padsate with
peviods Trom a fraction ol aday to hindeds of day <. Nost of these stans



are in the regular Copheid instability steip, and their pulsations are driven
by the usnal & aud + ollects from helinm icaization. “Fhis instability strip
becomes nmeh wider and its blue edge much bluer at high lnminesity, at
least for these low mass, highly evolved stars. The blue pulsating stars are
driven at surface temperatures up to even 20000k, probably becanse the x
ellect opacity increase in these very low density envelopes occurs over a very
sall temperatare range. giving a high enongh logarithmic derivat,ve of the
apacity witli respect 1o temperature. llowever, a few stars pulsate with surface
temperatures even higher than this blue edge temperature. [investigate in
this paper a possible pulsation mechanism for V2076 Oph with its effective
temperature of 31L900K.

This star and others like BD 4 11°322.0 at 25 000K, BD -9° 1395 at
23000 and LSS 3181 at 22,000K may be pulsationally nnstable by the
sudden opacity increase due to iron lines at mass levels into the stars where the
temperature is about 200,000k. This is again a « effect, but unlike the normal
clfect. the opacity increase is not due to ionization. It is due to the increasing
complexity of the iron atoms that have about half of their electrons ionized at
00.000K for the low densities of 5x10=% g/ew®. The bound valence electrons
are in the M shell, and they can make numerous same-shell transitions that
produce a tremendons opacity for the passing photons. A normal solar
abundanee of iron gives considerable & effect pulsation driving,

The caleulations that have produced these high opacities are from
new Livermore programs and reported by Rozsnayi (1989) and Rogers and
Iglenias (1989, 1990). These iron lines were missed in the Los Alamos opacity
calculations, because these same-shell transitioas are forbidden and have
very small transition: probabilities. 1 is the extremely laege immber of these
transitions with overlapping line shapes that gives the interesting opacity
inerease,

iU shonbd be kept in mind that thes. pulsating extreme helinm stars are
frequently metal deficient, and mayhe the iron lines do not give enough opacity
inerease to produce pulsations, Sinee the pulsating stars that we are discussing
are vory rare, it may be pernsisible to assimie, however, that the solar iron
abundance, mpchanged by evetion, exists in them.

AU

Lhe model for V2076 Oph disenssed in this paper was generated in an
unconventional way, becanse a complete opacity table including the newly
diseovered same-shell trapsition ivon lines is not available .\ guess for the
opacily inceease was made in the form of ramps that multiplied the oparity

by varving lactors for temperatnies hetween 10 and 105K, Fhen tomperature-
density pains in the odel were given to Rogers and Iglesins at Livermore

for detailed apacity caleulations, "Fhen a new sot of rnmps were coded in the
model building progrim.

Table 1 gives the opacity Tactors relative to the opacity from the Los
Mamos Asreophysical Opacity Library for the composition He9C1 that we now
s fon the low density giant oxtreme helivm stars Large opacity incroases and
e logarthmie derivatives with tespeet to temperatme ate fowd, but ouly in
Phee manvow tempesature ange of 107 1o 1107k,



TABLI T Opacity Factors

FER B [ FYRTTE PO N) sprar/acase Wued[KLANL
1.16 L.h0 117 1.00
[~ 1.20 1,12 [N
20l 1.12 1.12 1.79)
3.0 .6V 2.00 2.12
J.0l 1.82 AN 2.50
1.2 2.U2 2.21 2. 18
10.2 2.19 1.50 2.13
2.1 3.02 112 1.71
RA 3.0 1.21 1.35
6.7 1.03 1.03 1.00
150), 5.01 091 1.00
2940, 299 0.92 1.00
0G4, 7.8 1.00 1.00
22249, 10.0:3 0.9 1.00

V2076 OPH L1 SOLAR MASS MODEL

1 he model for this paper has a luminosity of 28900 L.... an eflective
tompeorature of 31900 K. and an envelope composition of Y =0.96472,
Ne-=0.0516. and XNp.=0.00012. For 1.1 M. this is almost at the Eddington
limit Tuminosity. This 360 mass zone model then has a radius of 6.5 2. Loss
than 5% of the stellar mass is in the model envelope which we extend down

to 0.5 % of the radius. There are three convection zones in this model, but the
ouly strong one hbetween 1077 and 10-* of the mass into the model is where the
pulsation driving is found. Fhis convection zone extemds from a temperature of
about W00 10 300.000K between 0.8 1) and 0.326 of the model radius,

Figure | shows the opacity versus mass into the model. The important
logaritinmic derivative of the opacity with respect to tewmperature reaches
Detween Tand 2 at the importGint mass dept b into the model, prodncing
enough x mechanism to overcome the otherwise strong dampiong in deeper
levels, At more shallow depuhs theee ix the normal helinm driving, where the
logapithmic derivative of the opacity with respect to the temperature is even
over 3, hut at that depth, there is uot enough tass involved to destabilize the
entire minlel,

Figmie 2 presents the work per zone versus the mass zone nunmber. Two
diiving regions ocrur in the model, the outer ope between zoues 260 and 330 is
the wsual helinm g and 5 ofleet destabilization. 'Fie additional, deeper driving,
i~ dwe 1o the jron line » offect,



Fhe new iton line opacities from Livermore can o ain the rare pulsations
ween for very hot extieme helinm stars, These opacitios are also able 10 explain
the model stonetare changes nesded 1o deease donble-model Cepheid period
tation 1o those observed @ Andieasen, 1955 \s repoitesd by Cox (1990) and
Cox and Morgan ¢ 1990), these inereased apacities can also he used to predict
the pulsations of the normal B stars, which are sen as 4 Cophei vatiables aml
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Fir. 1. Model opacity versua the external mass fraction.
Fig. 2. Wonk versus mass 2one wunber showing two diiving regions.
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