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ABSTRACT.  Th e origi n o f  th e chemica l  abundanc e patche s o n A p star s 
i s considered .  Th e possibl e connectio n o f  th e patche s wit h 
lon g live d hydrodynamica l  structures ,  suc h a s zona l  stream s an d 
solitar y vortexes ,  i s pointe d out .  Th e mechanis m o f  th e chemica l 
separatio n du e t o th e nonequilibriu m atomi c level s populatio n i n 
th e hydrodynamica l  structure s i s discussed . 
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1.  INTRODUCTION 

The mos t  amazin g featur e o f  A p star s i s tha t  th e observe d 
anomalie s o f  th e chemica l  compositio n ar e distribute d ove r  th e 
surfac e no t  homogeneously ,  bu t  i n th e for m o f  larg e abundanc e 
patches .  I t  seems ,  a t  firs t  sight ,  tha t  an y loca l  inhomogeneit y 
must  rapidl y sin k o r  g o upwar d an d smea r  ou t  i n th e surroundin g 
matter .  Eve n a  small-scal e turbulenc e and ,  t o a  grea t  extent ,  a 
large-scal e flo w enhanc e thi s tendency .  Th e A p ar e ver y quie t 
stars .  They ,  apparently ,  hav e no  chromospheres ,  coronas ,  stella r 
winds ,  flare s o r  eruptions .  Th e spac e prob e observation s o f  A p 
star s gav e n o evidence s o n X  -  ray ,  U V b r  visua l  spectra l  rang e 
emissions ,  typica l  fo r  thes e phenomena .  A  fe w exception s are , 
apparently ,  relate d t o binar y systems ,  wher e th e emission s ar e du e 
t o th e A p sta r  partner .  However ,  som e spectra l  characteristic s o f 
th e A p star s may b e explaine d b y th e assumptio n tha t  ther e exis t 
smal l  scale .  (  1 0 km )  turbulen t  action s wit h th e characteristi c 
velocit y 1 km /  s  o n thei r  surfac e (Ebbets ,  1980) .  Suc h a  tur -
bulenc e i s abl e t o mi x th e matte r  o n th e surface ,  s o tha t  th e 
observe d lon g lifetim e o f  th e abundanc e patche s seem s t o b e ver y 
surprising ,  unles s th e patche s ar e dynamicall y stabilize d becaus e 
of  som e nonlinea r  effect s o r  ar e maintaine d b y som e a n externa l 
source .  Th e numbe r  o f  magneti c A p star s amon g norma l  star s o f  A 
typ e i s o f  th e orde r  o f  1 0 -  15%.  Mor e tha n a  fe w ten-years-lon g 
observation s o f  A p star s sho w n o noticeabl e chang e o f  th e surfac e 
abundanc e distribution .  Thi s mean s tha t  th e lifetim e o f  th e abun -
danc e patche s exceed s 1 0 -  1 0 year s an d may b e muc h longer . 

Theoretica l  investigation s sho w tha t  longlive d loca l  chemica l 
inhomogeneitie s i n a  thermodynamicall y ope n system s ar e possibl e 
(Haken ,  1978) .  Meste l  (196S) ,  Meste l  an d Mos s (1986 )  hav e con -
sidere d th e notion ,  temperatur e an d molecula r  weigh t  distributio n 
int o rotatin g stars .  Hydrostati c equilibriu m i n thi s cas e require s 
tha t  an y horizonta l  variation s o f  molecula r  weigh t  mus t  hav e 



associated  with  corresponding  variations  in  temperature.  The 

plasma  motion,  induced by the  - nonuniformity and by the rota-

tion of the star  (meridional circulation)  leads to the  horizontal 

variation of the radiative flux divergence, so yelding a molecular 

weight current.  The current tends to choke the actions and stabil-

izes  the  - nonuniformity (Mestel, 1963, Mestel and Moss, 1986). 

This important result demonstrates the  principal  possibility  of 

the equilibrium nonuniform  - distribution. 

2. BRIEF CRITICAL REVIEW OF THE CURRENT THEORIES 

The origin of Ap star chemical anomalies has been intensively 

discussed in the literature (Khokhlova, 1983). The most popular is 

the hypothesis that chemical elements are separated by the  diffu-

sion  process  driven  by the gravity and radiations  (Vauclair and 

Vauclair, 1982). According to the  hypothesis  chemical  abundance 

patches  are  created  owing to the different diffusion rate along 

and across the magnetic field. The diffusion across the  field  is 

by  a  factor  (1  +  t
2

c
) slower than along the field (  = e B/mc 

being the gyrofrequency and  l/t
c
  - the collision frequency of  the 

ions).  It may lead to the increase of the number dencity of heavy 

ions in regions occupied by magnetic traps. 

However,such explanation meets some difficulties: 
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a). The condition (  t
c
)

2
  > 1 holds for most of  ion  species 

only  in  the region where the optical depth  is less than 10
-2
 if 

the field В exceeds  10
5
  Gs.  Observations give no unambiguous evi-

dences on the depth of regions occupied by the chemical anomalies. 

However, the data about spectral lines, belonging to various  ele-

ments  and located in both sides relative to Balmer peaks, suggest 

that the anomalies are extended to the optical  depth more than 10
-2 

(Khokhlova,  1983); 

b). The observed surface dipole field has a magnitude  10
3
  -

10
4
  Gs  and  does  not  form  magnetic traps corresponding to the 

observed large-scale chemical  spots which have a very  complicated 

configuration; 

c). Magnetic traps are always imperfect. The chemical separa-

tion  process  in  the field is assumed to be due to the diffusion 

which needs a long time 10
6
 - 10

8
 years  (Vauclair  and  Vauclair, 

1982). 

However,  ions  are  able to escape from the trap together 

with the surrounding hydrogen plasma  because  of  various  plasma 

instabilities  which  take  much shorter time. Observations of the 

ions diffusion across the field and the  theory  of  this  process 

(Krommes  et  al.,  1983)  show  that  the diffusion coefficient 

, where B
Q
 is the basic large scale field and b

1 

is the fluctuating part of the field. The fluctuating 

part is usually in the laboratory conditions not less 

than 10
-2
 from the basic field. Conditions on Ap star 

surface are hardly more quiet than in the laboratory. 



Ther e ar e als o othe r  unjustifie d assumptions .  Th e dependenc e 
of  th e opacit y o n th e chemica l  compositio n i s ofte n ignored ,  whe n 
hydro-dynamica l  processe s ar e investigated ,  thoug h i n region s wit h 
chemica l  anomalies ,  "  blanketin g " ,  du e t o th e absorptio n o f 
radiatio n b y heav y element s (Mihalas ,  1978) ,  ca n essentiall y 
chang e th e hea t  transpor t  an d th e hydrodynamica l  motions .  Thus , 
th e common treatmen t  o f  heav y atom s an d ion s a s tes t  particle s may 
lea d t o errors . 
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Some attempt s hav e bee n mad e t o explai n th e observe d 
anomalie s b y th e assumptio n tha t  the y ar e create d du e t o th e 
accretio n o f  matte r  fro m th e circumstella r  mediu m (Havenes ,  1975) . 
Thi s matter ,  accretin g o n th e ho t  stars ,  i s  expose d t o ionizin g 
radiatio n an d fall s o n th e differen t  surfac e area s owin g t o th e 
separatio n b y th e stella r  magneti c fiel d i n dependenc e o n th e mas s 
and th e charge .  However ,  ther e ar e som e elements ,  an d firs t  o f 
al l  helium ,  whos e anomalie s ar e ver y difficul t  t o explai n b y 
accretio n withou t  an y additiona l  assumptio n abou t  th e presenc e o f 
some diffusio n inwar d o r  outwar d th e surface . 

Let  u s conside r  som e alternativ e possibilities. 

3.  POSSIBL E L0NGLIVE D HYDRODYNAMICAL STRUCTURES ON A p STARS 

Beside s th e chemica l  spot s o n A p star s w e kno w sola r  spot s 
(an d thei r  analog s o n th e convectiv e stars )  an d spot s i n th e 
planetar y atmosphere s (th e grea t  Jovania n re d spot ,  fo r  example) . 
Sola r  spot s ar e create d becaus e th e loca l  magneti c fiel d 
suppresse s th e convectiv e motion .  Ther e ar e variou s ordere d struc -
ture s i n planetar y atmospheres : 

1) .  Th e grea t  re d spo t  an d othe r  spot s o n th e Jupite r  are , 
apparently ,  th e solitar y vortexe s create d b y Rosb y wave s (Nezlin , 
1986) ; 

2 ) .  Terrestria l  typhoone s ar e solitar y vortexes ,  forme d b y 
gyrotropi c turbulenc e (Moisee v e t  al. ,  1983) ; 

3 ) .  Th e quasistationar y zona l  stream s i n th e plane t  atmo -
sphere s ar e large-scal e structures ,  generate d b y th e small -  scal e 
turbulenc e (Hasagawa ,  1985 )  etc. . 

Such structure s hav e no t  bee n ye t  observe d o n stars ,  becaus e 
th e sta r  surfac e i s no t  resolve d b y telescopes .  However ,  th e larg -
es t  structure s coul d b e investigate d b y th e analysi s o f  spectra l 
lin e contou r  variation s durin g th e sta r  rotatio n period . 

What  condition s tingl e ou t  th e chemica l  spo t  region s o n A p 
stars ? Coul d th e spot s b e relate d t o solitonlik e objects ? 

Region s i n betwee n opposit e directe d zona l  stream s ar e mos t 
suitabl e fo r  th e solitar y vorte x creation .  Th e grea t  Jovania n re d 



spo t  vorte x i s stabilize d b y compensatio n o f  th e wav e dispersio n 
by nonlinea r  effects .  However ,  thi s stabilizatio n doe s no t  preven t 
th e destroyin g becaus e o f  viscou s losses .  Meanwhile ,  th e lifetim e 
of  th e spo t  i s ver y long .  I t  i s  becaus e th e viscou s losse s ar e 
compensate d b y th e energ y o f  surroundin g zona l  streams .  Th e exper -
imenta l  simulatio n (Nezlin ,  1986 ,  Read ,  1986 )  approve s thi s expla -
nation .  Th e typhoonlik e vortexe s ar e feede d b y th e ascendin g 
stream s i n th e gyrotropi c turbulen t  mediu m (Moisee v e t  al. ,  1983 ) 
thes e vortexe s ar e characterize d b y intensiv e horizonta l  circula -
tio n accompanie d wit h th e comparativel y wea k vertica l  one . 

The zona l  strea m creatio n need s th e rotatio n an d turbulence , 
but  no t  necessaril y  ver y intensive .  Suc h condition s may b e real -
ize d i n variou s stella r  object s -  fro m star s wit h develope d con -
vectio n t o stars ,  whic h posses s onl y small-scal e turbulenc e i n 
uppe r  layers . 
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Can th e vortex ,  zona l  strea m o r  som e othe r  simila r  structur e 
provid e th e chemica l  separation ? Th e observe d colou r  an d opacit y 
of  th e Jupite r  vortexe s sho w tha t  thei r  chemica l  composition s ar e 
slightl y differen t  fro m thos e o f  th e surroundin g medium .  Experi -
menta l  simulation s an d th e theor y (Nezlin ,  1986 )  sho w tha t  th e 
mixin g o f  th e matte r  insid e th e vorte x wit h th e matte r  outsid e i s 
ver y slow .  However ,  ther e i s a  noticeabl e redistributio n o f  th e 
matte r  insid e th e vortex .  Thi s redistributio n i s simila r  (bu t  no t 
identical )  t o th e proces s o f  th e te a grai n concentratio n i n th e 
centr e o f  th e vorte x whic h ca n b e create d i n a  teaglas s b y a 
spoon .  However ,  th e mechanica l  separatio n o f  th e multicomponen t 
matter ,  becaus e o f  th e differenc e i n th e molecula r  weigh t  o f  th e 
components ,  i s  no t  s o effectiv e i n th e vorte x a s i t  i s  necessar y 
t o explai n th e chemica l  anomalie s o n A p stars .  Thus ,  on e mus t  loo k 
abou t  fo r  som e othe r  mechanis m whic h ca n ac t  i n th e region s sin -
gle d ou t  b y suc h structur e a s vortexes ,  zona l  stream s etc. . 

4.  CHEMICAL SEPARATION I N A  SYSTEM WIT H A  NONEQUILIBRIU M ATONI C 
LEVEL POPULATION 

Ver y effectiv e mechanis m o f  th e chemica l  element s separatio n 
by th e directe d flu x o f  radiatio n ha s bee n investigate d bot h 
theoreticall y an d experimentall y b y Gel'mukhano v an d Shalagi n 
(1979 ,  1980) .  Thi s proces s ha s nothin g t o d o wit h th e wel l  know n 
separatio n b y th e pressur e o f  radiation .  Th e essenc e o f  thi s pro -
ces s i s a s follows .  I t  i s  wel l  know n tha t  th e therma l  scatterin g 
of  ato m velocitie s lead s t o th e Dopple r  broadenin g o f  spectra l 
lines .  I f  th e atom s ar e irradiate d b y som e oute r  sourc e i n a  nar -
ro w spectra l  ban d insid e th e Dopple r  lin e win g (b y lase r  beam ,  fo r 
example) ,  the n som e o f  them ,  whic h trave l  i n som e definit e direc -
tion ,  relativ e t o th e inciden t  bea m o f  radiation ,  an d hav e a n 
appropriat e velocit y value ,  fal l  i n resonanc e wit h th e radiatio n 
frequency ,  becom e excite d an d chang e thei r  scatterin g abbility , 
wherea s atoms ,  whic h trave l  i n opposit e direction ,  remai n i n th e 
groun d stat e an d hol d thei r  equlibriu m distribution .  Th e drif t 



velocit y o f  th e excite d atom s differ s fro m tha t  i n th e groun d 
state .  I f  som e sourc e provide s a  stationar y exces s o f  suc h 
excite d atoms ,  the n ther e appear s a  stationar y flo w o f  th e con -
sidere d atom s i n a  definit e direction .  Th e requirement s o f  con -
tinuit y fo r  th e mediu m densit y provid e th e opposit e directe d flo w 
of  othe r  elements ,  presente d i n th e medium ,  whic h distributio n 
remain s equilibrium .  Thus ,  th e chemica l  separatio n occurs .  Th e 
selectiv e excitatio n o f  atoms ,  wit h definit e velocit y direction s 
and chang e o f  th e cros s section ,  becaus e o f  excitation ,  ar e th e 
mai n point s o f  th e considere d mechanism .  Th e rat e o f  th e chemica l 
separatio n accordin g t o th e laborator y experiment s an d theoretica l 
consideratio n may b e b y man y order s o f  magnitud e large r  tha n tha t 
due t o th e radiatio n pressur e (Gel'mukhano v an d Shalagin ,  1979 , 
1980) . 
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The separatio n occur s alon g th e directio n o f  inciden t  radia -
tion .  However ,  th e excite d atom s may trave l  predominantl y eithe r 
alon g o r  opposit e thi s direction ,  dependin g o n th e decreasin g o r 
increasin g o f  th e scatterin g cros s sectio n fo r  th e excite d state . 

I s thi s proces s possibl e o n stars ? Th e mai n proble m -  wha t 
i s th e sourc e o f  th e invers e populatio n o f  atomi c levels .  Of 
course ,  th e tota l  intensit y o f  th e stella r  continuou s spectra , 
eve n i n opticall y thi n layers ,  i s  large r  tha n tha t  o f  spectra l 
lines ,  excep t  som e narro w peak s (o r  gaps) . 

Ver y complicate d spectr a o f  stella r  atmosphere s ofte n sho w 
blendin g an d overlappin g o f  spectra l  lines ,  belongin g t o differen t 
chemica l  elements .  I t  may happe n tha t  a  narro w lin e o f  som e ele -
ment  fall s  int o spectra l  interva l  insid e dopple r  contou r  o f  som e 
other . 

Let  u s consider ,  fo r  example ,  a  strea m o f  th e matte r  movin g 
relativ e t o th e res t  mediu m whic h emit s comple x spectr a an d irra -
diate s th e stream .  Th e resonanc e level s o f  atom s i n th e strea m ar e 
shifte d an d broadene d becaus e o f  th e dopple r  effect .  I n thi s cas e 
th e probabilit y  o f  excitatio n i s selectiv e wit h respec t  t o th e 
ato m individua l  velocit y direction .  Th e excitatio n change s th e 
ato m scatterin g abilit y  whic h lead s i n tur n t o th e chang e o f  th e 
drif t  velocities .  I t  provide s th e loca l  chang e o f  th e excite d ato m 
number  densit y an d thu s th e chemica l  separation .  Th e suggeste d 
mechanis m need s specia l  conditions .  I t  may be ,  fo r  example ,  th e 
longlive d hydrodynamica l  structure ,  suc h a s zona l  streams ,  an d th e 
appropriat e distributio n o f  th e spectra l  intensit y o f  radiation . 
We wil l  no t  presen t  her e quantitativ e estimation s (referrin g t o 
th e similarit y wit h th e laborator y experimen t  (Nezlin ,  1986) )  fo r 
lac k o f  dat a abou t  th e rea l  condition s o n stars .  However ,  i f  th e 
condition s ar e favourable ,  the n th e separatio n rat e may b e o f  ord -
er s o f  magnitud e large r  tha n tha t  du e t o th e radiativ e force . 
Thus ,  man y question s remai n unanswere d bu t  a  ne w statemen t  o f  th e 
proble m seem s valuable . 
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