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PULSNHIONS O BSTAR MODELS BY AN OPACH Y MECHANISM

ARTHUR N, €ON
Los Aamos Astropnuvsies, Los Nameos National Laboratory
Los Mamos, New Mexico 7515

SIOBNIN MO MORGAN
Astionomy Department, University of Wasaington
Seattle, Washington 98195

AUSTRACT  “The pulsation mechianism for B stars has been songht

lor 30 years, No proposed radial or nonradial mechaniso, either deeply
stated or jin e sintaee layors, has beeu suceessful in explaining all the
observtional detiods. Perhaps the mi-sing pece in the puzzle is the
opacity of the stellar material. Many times the first author has tried

10 make unconventional sucface compositions give instability, but none
were ever found. We now propose ihiat the sadden appearanees of a
tremendous number of iron lines, as the temperature rises above abont
150000k, gives a high sensitivity of the opacity to temperature at the
very low densitios fonnd in these bine giants, Opacities need to increase
quickly to a factor of three or more above the Cox-Tabor (1976) values

in the range around 200.000K. These inereases are the same needed to
deciease theoretical period ratios of double-mode Cephicids and ¢ Scuti
variables to agree hetter with obsepvidions for conventional yellow giant
masses (Nudreasen, TISR), They are also those now proposed by Rozsnayi
CLOND) and by Rogers and Iglesias (19%0) with unproved accounting for all
the iton lines and their widths, The reason winy not all B stans pulsate

is that a slight primordial deficit in the iron abundanee in the surface
laver (25107" of the wass) can redueo the opacity and its sensitivity

to temperature, X <light amount of iion concentration by radiative
levitation conld make a star pulsate even if it did not originally have
enonel primodial iron to eanse this opacity mechanisi o opecate, Then
aus Slow shight i ciosed by the wustable nonradial pulsations conhd
pestabilize the polaations as actually obsersed oo Vieand 0 CNa, Rapid
levitadion and mixing lor the very Tominons 1 staes with their very low
density envedopes could oven oxplam the puszling bomons blue sariables
with this standard & mechapism, Lage aauplitude pulsations like those
seen in BW Vbl would indicate a somechial latger iron abundanee
compated toall other 138 stars, Modes fownd unstable for a typical 12 37,
21000 £ 20730K, 360 2one stellar model with X=0.70 and Z=0.02 in
hoear nonadiabatic calenlations are the cadial findamental and one or
twor overtanes as well as gontadial pomodes of low degree with periods
faear L8 dav o in the siome cange as the sdial medes, Plas moltineode
hehovion ic theoretpeally expected for ths pulsation medanism, and only
o Aew nonrathal mode s Cposably selected by otation ) aay <nvne to

ol envable amplitades,



BACRCROUND

Since the beginning of this contney Frost, 19020 intinsie vatiations in

Lt el ndiad velodities have heen abserved oe B stars. Pethaps the

tiva fon problem in explaining them bas boen thar no pulsation destabilizing
meclhani=m was Kuown, Nuother kes chaervation is tiat not all B stars pulsate,
ated tho e thiat doyare uot always varving, Fwo sery important recent cases are
a VirgLomb 1975 and 4 CNacy My ron Smith, private commmnication ), whose
liaht variations have pow essentially ceased, e coutrast with the sitnation
for the Copheids is striking. Al Cepheids, RR Lyrae viniables, and Type 11
Cepheid< are alwavs pulsating, and probably theee is no starin the upper
Cophoid instabilony staip that does not pulsate, How can some of the 1 stas
pulsate, while many others soem quite stable?

N clae to this puzzle is the facy that many staes in the fower Cepheid
instahility strip, where dhie @ Seati vaniables aee found, are not pulsating, Fhe
standatd axplanation is that the helivm, withits high opacity and low 5. drains
away froun the pulsation driving lavers so that no longer is there enongh driving
to avercome the sver preseut damping. Thus for B stars, perliaps enongh
diiving thermody namies is not alwass prosent,

[t is now proposed that the B star pulsation wechanism is the well-
Known a eoffect, 1t is ot due to by diogen and helinm ionization, bet 1o the
stwddoy opacity increase at temperatures above MK from ivon lines. These
iton lines can wore than tiiple the opacity over the current best values (rom
the Los Mamos Nstrophysicai Opacity Library, The driving mechanism is
not accotmpanied by the 3 mechanisim, however, because this opacity inerease
with temperature is not accompanied by at increase of jonization as log the
Iy diogen and helinm Copheid instability strip.

W wish 1o find a mechanisin that can destabilize any stai from
spectral class AD 1o the late O stars, Also the pulsations shonld be found at
luminositios in this temmperature range from the to even the Hubble-Sandage
vatiables, Dheidea then is to see 1l a small change in the iron abundance
can push the ctabili  over a threshobd 1o cause pulsations, Low metallicity
objects i the Magelanie Clowds or even far ot from onr galiserie center then
would never display these 13 star pulsations,

OPANCLEY DALY

Lhe nes 18 star model discisased in this paper was generated in an
e entional wans, becanse a complete opacity table inelading the newly
discoverod siome shiell transition iron lines is uot available, Fogtanately, the
opacity enhancem=nt in a very thin shell ias vo slfeet on the overall evolution
ol a 12 W star N guess lor the apacity inerease wis nnde in tie Torm of
tamps it anadtiplied the opacity by vanying forors lor temperatues hetween
f and 10 K hen temperatuge density paits in the model were given to
Rover amd Telesias at Livermore togslecailed opacity calewlations, “Then a new
set ol vnps were coded i the moelel aifding program.

Lable T epves the apacity Tactors aelative to the Then it that we now nse
b v Bt miodel s For the o doeity giast Bshis, Large opacity incieases
ated Lpoe longanithanic derivatives with pespoa b 1o tetpecataie are lonud,
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TWELVE SOLAR MASS MODUL

Lhe evolution enuincludes hoth element diffusion effects that loat scme
hydrogen o the sirface, as well as a stellar wind that blows away most of
the hivdiogen abnmlance enhancemert. Material properties for the evolntion
and pulsation calenlations are obtained from the Iben (1963, 1965, 1975
procedures, Madels from the main sequence homogeneous composition state
to alter the central conveetion zone Lias converted all the hydrogen to heiinm
are availabie,

Flie particular model for this paper has a buminosity of 21,600 1,
an effective teperature of 22,750 K. and puwmordial hvdiogen and helinm
tass dractions of X =070 and Z=0.02. [t has almost all the ceutral hydrogen
oxtnsted, aned is at the red "Kink™ incits Heetzsprang: Russell diagraan
caobution ttackh, Fignce T ohows the opacity vepsus mass into the model, e
iportant lowatithoie dedivitive of the opacity with respect ta temperat e
teaches havween Joand 2 at the proper snass depih into the model, producing,
croneliw et to osereotae the strong dampiog inc deeper tesels,

Phe pdsation doving is mosty i a very weak couvection zone hetwoee
2 and I ol the mass into the model at temperatures betweey
FAO000K and 20000001, st a lew pereent of the radius into the model,

PESCESSION AND CONCLUSIQNS

Do propesad Uit tee aan abodamee i veache palsating B wtins s abino-t
criel o pradies ociectalivane to oveseame e nogmead strone dampine,
oo ol these e W Tamaeo oty stan  the pliovea thas alon b by these jron



lines viight be Large enongh to levitate icon so that there is a slight abundance
increases When thar ocenrs, the st would pulsate, However, sinee low orler
vandich andd fow order and degree pomodes are excited tand observed ). these
miglt canse epongh mixing of the sinall iron overabandance, that the driving,
drops again helow the threshold. Fhen pudsitious stop for maybe 107 vears
while the deditation evele operates again.

Lor the very strongly palsating variable BW Val, perhaps the iron is
abridant enough so that no concentration is needed even thoiugh it may occur.
For other B3 stars the possible few percent abundauce increase attaiziable from
levitation is never enough to produce pulsations.

For the very high tuminosity Iabble-Sandage vaciables, levitation of the
irou atoms in the extremely low density envelope might have a short time seale,
Further, the mixing due ta nonradial pulsations might ocenr in only a few
palsation eyeles, Thus OB supergiants might be destabilized by the same iron
lines a etfect, but the palsations would not alwavs be present,
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Fig. 1. Madel apacity versus the extornal mass fraction.
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