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ABSTRACT 

We present a new paradigm for stellar evolution 
which deall with a detailed treatment of mus 100s pro
c_. The paradigm ü presented u a logical diagram 
which deKribei the relpective dependencies of atmo
Ipheric propertiel relevant to mus 1011 generation. 

INTRODUCTION 

"Claaic" paradigma of etellar evolution deacribe 
the changea of the evolutionary ItatUi of stare by mod
eling the dominant nucleosynthem proceues in the Itel
lar cores. Mus 1011, which playa a crucial role for the 
"right" choice of the Itellar evolution trach ü therm 
conaidered u a given function of the poaiÜon of the 
Itar in the H-R diagram. We note that thü acenario 
ü IOmewhat incomplete becauae the evolution of Itarl 
in turn generates lpecific conditione, which allow the 
mus 1011 ratea to be explained in phymcal terma. At
mOipheric conditione relevant to the generation of mus 
1011 include global OICillatione, convective inetabilHies 
~anges. in the thermal preuure acale height, thermal 
blfurcaüon, and formation of molecules and dUit. In 
general we have to coneider the principal effect. of in
terior evolution on stellar atmOipherel, including con
aequences of these effecta on mua 1011 u weil u conee
quences of mUI 1011 on Itellar evolution. In our diacul
mon we limit our coneideration to that range of atellar 
muael and &ges when convective envelopes are present. 

PRINCIPAL EFFECTS OF INTERlOR EVOLUTION 

The effectlof interior evolution on Itellar atmo
Ipherea are caUled by changes of the intemal energy 
generation rate. The net effect of gradual wanetion 
of a given, current core fuel ü a reaulting increaae in cen
tral temperature and corresponding eventual increaae in 
Itellar luminolÏty. For 101ar compoaition, the envelope 
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and atmOIphere reapouae includes an overall increaae 
in radiUl and reduced lurface temperature and gravity. 
Thü change afrect. the generation and tranemÎllÎon of 
Ihort and long-period wave modes and promotea atmo
Ipheric conditione for thermochemical inltabilitiea and 
thermal bifurcation. 

Stars undergoing ,Mil kmi., exhibit thü aet of 
changea on a relatively morte timeKale, eapecially when 
the aheU ü approaching the core/envelope boundary 
and/or ü undergoing tranlient fouA even". ThOie Itarl 
initiating care kmi., change their interior Itructure in 
an oppoaite manner, leading to reduced radiUl, higher 
lurface temperature and gravity boundary conditione 
not u conducive to thermochemical inetabilities. Doom 
et al. (1986) and Maeder" Meynet (1989) ha..-eltudied 
in detail the evolution of Itarl with different mauea. 

CONSEQUENCES OF THESE EFFECTS ON MASS 
LOSS 

We coneider four obaervable atellar propertiel (em
ergent Itellar radiation, IUbsurface convective turbu
lence, global OICillatione, and magnetic fields) which 
are certain coneequencea of Itellar evolution. 

Emergent Itellar radiation plaYI a crucial role in 
the production of mus 1011 in evolved Itarl. Radi ... 
tion forcea act on molecular linea (e.g., Maciel 1978, 
1977, Elibur et al. 1989) and on dUIt graÎnl (e.g., 
Kwok 1975). Reduction ohhe atellar effective temper ... 
ture promotes conditione for the formation of molecules, 
which in combination with hydrodynamic enhancement 
of atmOipheric denlÏty, providea an abundance of extra 
opacity to capture photon momentum. Thermal bifur
cation which becomel very effective in evolved giant. 
and lupergiants dependa crucially on the Itellar radi
ation field (Ayrea 1981, Kneer 1983, Muchmore 1986, 
Muchmore et al. 1987). These and lubsequent point. 
are diagrarnmed in Fig. 1. 

Subsurface convective turbulence cannot directly 
control the mus 1011 behavior of altar. However, it 
teeml to he eaaential for mgnificant mUI 1011 to oc
cur, becauae it generatea Ihort-period acoUltic waftS 
which propagate outward to higher atmOipheric layen 
and lead to the generation of Itochutic Ihocb (e.g., 
Cunb 1987). These Ihoch account for heating to chro
mOipheric temperaturea, which cool by emÎllÎon of UV 
radiation. Cool molecular material 10 irradiated may 
form molecular ione which aerve to catalyle molecular 
reactione, including thOie leading to the formation of 
molecular clUlten and dUIt particlea (e.g., Gail" Sedl
mayr 1986, Mamon et al. 1987). However, it ü lurely 
a different mechanilm which places lufficient amount. 
of mus in the upper Itellar atmOIphere to begin with 
(e.g., Cunb 1990). 
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Fig. 1: The new Paradigm of Stellar Evolution 



Global oec:illaiioDl are a direci conaequence of inie
rior liruciue and are moei teDliiive io (and changeable 
by) ihe evoluiion ofihe iniemal energy generaiion raie. 
The iniluence of global oec:illaiioDl on ihe liellar aimo
Iphere iI ihreefold: Fini, ihey lead io a lubtianiial 
enhancemeni of ihe ouier aimoepheric deDliiy. Sec
ond, global oec:illaiioDl CaD promoie aimoepheric dy
namiet due io momenium traufer. The combined in
fluence of boih effect. CaD lead io mUI loei, depending 
on ihe pariiculan (e.g., Wood 1979, Bowen 1988). In 
addiiion, global oec:illaiioDl CaD, ihird, produce hydro
dynamic refrigeraiion, when radiaiive eooling and hy
drodynamic inieraciion in iime-dependeni aimoepherie 
flowl reduce ouier aimoepheric iemperaiure. to beIow 
radiaiive equilibrium valuel. The ODiei of ihermochem
ical iDltabiliiia CaD lubtequenily lead io ihe formaiion 
of molecula and dUii. A paradigm for dUli-driven 
mul loei bued on obtervaiional cODliramt. wu al
ready lupplied by Siencel ei al. (1986). 

Masneiic fieldtterve largely io limii mauloel while 
ihe inierior dynamo iI effeciive enough io produce clOied 
loop geomeiry,leading io coronal heaiing, which CaDDoi 
oiherwile he provided by acoUliie Ihock wave diuipa
iion (e.g., Si~pieil &I: UlmIchneider 1989). Hoi coron&e 
provide a druiic increate in the ihermal prellue gra
dieni, leading to Parker-type Itellar windt with high 
lpeedt bui very low mUI flux (Parker 1958, Hammer 
1982, among oiherl). However,laie-type giant and IU
pergiant lian largely lack coron&e, IU88e.ÛDg reduced 
lipificance of ihe dynamo. Ii iI IUlpected ihai ihete 
liarl may loee mu. due to diuipation of Alfvén wave. 
along moeily open magnetic field geometrie. (e.g., Hari
manD &I: MacGregor 1980), although ihil mechanilm iI 
unceriain becaDle the required magneiic fieldt are UD

deiectable in moet ofihete Itar. (e.g., Marey &I: Bruning 
1984). 

CONSEQUENCES OF MASS LOSS ON STELLAR 
EVOLUTION 

Fundamenially, there are two limit. in which Itel
lar mul loei could affect intemal Itmciure and pol

libly evoluiion. Fint, when the dynamo iI effective, 
magneiie braking CaD Ilow the Itellar roiation over a 
mam tequence life time, U iI .irongly IU88e.ied by the 
obterved correIaiioDl of X-ray flux with rotation raia 
(e.g., Ruiten 1987). Second, when the mUI loei rate 
growl large with respect io the iotal Itellar mu. and 
the nuc1ear iimetcale of intemal energy generaiion, ihe 
eniire enveIope (in extreme cue.) could be removed be
fore a lhifi in nuc1ear fueb or a .hifi nom core to .helI 
burning (or .ubiequeni core re-ignition) hu a chance 
to occu. Ou conteniion iI that leu extreme iniemal 
change. CaD cauae or be affecied by the ODiet of heavy 
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mu. loeI due to stellar pulaation and dUit formaiion 
epochl. The generation of exteDlive cireumateUar .hen. 
around red supergiani stars (Siencel et al. 1989) may 
be an example of ihil behavior. Quaniificaiion of ihe 
paradigm ouilined here should permii UI io eventually 
eompute improved boundary conditioDl io be ineorpo
rated inio deiailed siellar evoluiion models. 
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