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STUDY OF V E R T I C A L S T R A T I F I C A T I O N OF CR A B U N D A N C E IN THE A T M O S P H E R E OF CP S T A R 

ABSTRACT. T o test  the  hypothesis  o n anomalous  concentration  o f  some  chemi-

cal  elements  in the  uppermost  layers  of  the  atmospheres  of  CP stars,  we 

compared  the  computed  and observed equivalent  widths  of  CrII  lines  (multip-

let  No.  30),  situated  in the  wings  of  Balmer  line  at  different  dis-

tances  from  its  center,  and  hence  formed  at  different  depths  in  the  star 

atmosphere.  Synthetic  spectra  were  computed  for different  vertical  distri -

bution  models,  and  the  photographic  spectra  of  the  star  at  the 

maximal  chromium  phase,  obtained  with  the  Main  Stellar  Spectrograph  of 

the  6 m  telescope  with  a  dispersion of  1.3  A/mm,  were  used. 

It  is  shown  that  the  model  with  homogeneous  distribution  of Cr  abundance 

fits  the  observational  data,  whereas  the  model  with  high  concentration  of 
- 4 

chromium  at  the  level  of  <  10  evidently  contradicts  the  observational 

data. 
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I t  i s  admitte d tha t  th e observe d anomalie s o f  spectra l  line s ma y b e provide d b y 

ver y larg e overabundance s o f  absorbin g atom s i n ver y thi n uppe r  layer s abov e T s t  < 
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The mos t  probabl e caus e o f  th e observe d chemica l  anomalie s i n C P star s i s though t 

t o b e th e separatio n o f  chemica l  element s i n thei r  atmospheres ,  whil e th e mea n chemi -

ca l  compositio n o f  stella r  matte r  i s normal .  Th e mechanism s o f  suc h separatio n ar e 

not  ye t  completel y understood .  Th e mos t  accepte d an d widel y discusse d one ,  sinc e th e 

publicatio n o f  Michau d (1970) ,  i s  th e diffusio n force d b y selectiv e ligh t  pressure . 

Thi s theor y predict s fo r  som e element s formatio n o f  a  highl y overabundan t  laye r  i n 

th e uppe r  atmosphere . 
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  (Alecian,  1981). 

It  is  impossible to distingwish between the models with constant abundance throug

hout  the  photosphere  and  the  model  with  stratified  abundance,  when  a  single,  but 

strong,  line is studied  (Praderie,  1976).  One may attempt to do this only when study

ing different  lines of an element,  but formed at different  levels of  the atmosphere. 

We had made an attempt  to use  the  lines situated on both sides of Balmer jump  (Khokh-

lova,  1978)  and  had  shown  that  for  the  CP  star  HD168733  overabundance  of  titanium, 

chromium and  iron stretched at  least for  optical depths  > 1 0
~ 2
.  Unfortunately 

some  difficulties  of  obtaining  spectra  of  good quality  in  the  spectral  region of 

Balmer jump,  as well as  possible  inadequacy of the atmospheric model  and uncertain

ty of gf-values did not permit  to continue this study. 

In this paper we propose  to study vertical  stratification  of abundances by using 

the  lines disposed in the wings of Balmer  lines that reach their maximal  intensity in 

the  spectra of A and В  type  stars.  Similar  idea of using  the wings  of  strong CaII H 

and К lines  was  earlier used  to study the velocity field at different  levels of  the 

atmosphere of  the Sun  (Aires,  1977). 

In  the  case  of  A and В  stars  the  intensity  of  a  line,  situated  in  the  wing  of  a 

Balmer  line  is dependent on its distance  from  the center of  this Balmer  line pro

vided  the  fixed  abundance  and  atomic  parameters.  This  dependence  arises  due  to  the 

dependence  on  of  the  sum  of  the  continuum  and  Balmer  line  absorption  coeffi

cients.  But  if absorbing atoms are concentrated in a very thin upper  layer of the at

mosphere,  the  line  intensity should be practically independent of  

For  the purpose of  illustration we estimated this physically trivial  effect  compu

ting  the equivalent widths of  the CrII  line with fixed parameters  (excitation poten

tial,  gf  and chromium  abundance),  varying  just the distance  from  the  center of 

.  Computations were made for  the atmospheric model  (Kurucz,  1979)  with  the para

meters  T
e
  = 11500,  log g=4.0,  V

t
=2 km/s.  Atomic  line parameters used were  those for 
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the  line of CrII  4824.13.  The code "KONTUR"  (Leushin and Topilskaya,  1986) was used 

to compute the profiles and equivalent widths.  The absorption coefficient for  line 

was computed on the basis of Tables by Vidal et al.  (1973). 



Computed W of such a l i n e as dependent on is shown in F ig 1. The curve 1 demon-

s t r a t es the change of W in the case of cons tant ( independent of dep th) abundance 

which was chosen to be to p rov ide W=100 mA when the l i n e was 

far from the c e n t er of l i n e. 

Table 1. 

F o r t u n a t e ly r e l a t i ve o s c i l l a t or s t r e n g th for l i n es of t h i s m u l t i p l et i s more or 

l e ss r e l i a b l e: the va lues by Warner (1967), Kurucz and Peytremann (1975) and Kurucz 

(1989) co inc i de p e r f e c t ly we l l . The s c a t t er of r e l a t i ve log g f - v a l u e s, which do 

mat te r, does not exceed 0 . 1. As one can see, some small s ys tema t ic d i f f e r e n ce e x i s ts 

between the d a ta of Kurucz and Peytremann (1975) and new d a ta of Kurucz (1989) (see 

column log gf of the Tab le ). The only excep t ion i s the f i r s t l i n e. I f t he nega t i ve 

s ign of l g gf for t h i s l i n e i s the r e s u lt of random e r r o r, then the W of t h i s l i n e 
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The curv e 2  i n Fig .  1  represent s th e dependenc e o f  W o n 

abundance at > 10~ . This model a l so p rov ides W=100 mA f ar from the c e n t er of 

but when d im in i shes, the d i f f e rence between W s g iven by t hese two models 

i nc reases. The d i f f e r e n ce i s l a rge enough to d i s t i n g w i sh between t h e se two cases 

using o b s e r v a t i o n al da ta, e s p e c i a l ly at the d i s t a n c es < 10 A from c e n t e r. 

The problem now i s to s e l e ct l i n es of an element which a re s i t u a t ed at d i f f e r e nt 

d i s t a n c es from the Balmer l i n e cen ter and to f in d v e r t i c al abundance d i s t r i b u t i on 

which p rov ides co inc idence of the observed and computed e q u i v a l e nt w id ths for a l l 

these l i n e s. 

I t tu rned out to be very convenient to use for t h i s purpose the l i n es of Cr II 

mu l t i p l et No.30, seven p r a c t i c a l ly unblended l i n es of which a re l oca ted i n the wings 

of l i n e. Wavelengths of t hese l i n es a long w i t h the va lues of and g f - va l ues 

are g iven in the Table 1. 

fo r  th e mode l  o f  a 

thi n overabundan t  laye r  wit h abov e -4 
< 1 0 an d th e sola r 



predicte d b y bot h model s wil l  b e eve n larger .  Al l  line s belon g t o on e multiplet ,  s o 

th e rando m scatte r  originatin g fro m possibl e erro r  o f  temperatur e distributio n i s 

eliminated .  I n colum n Z  o f  th e Tabl e th e effectiv e Land e factor s ar e give n accordin g 

t o Becker s (1969) .  A s the y practicall y d o no t  differ ,  on e shoul d no t  expec t  noti -

ceabl e differenc e o f  W value s du e t o differen t  magneti c intensificatio n o f  th e lines . 

The line s o f  30-t h multiple t  o f  CrI I  liste d i n th e Tabl e wer e use d i n thi s pape r 

fo r  a  stud y o f  vertica l  stratificatio n o f  chromiu m i n th e atmospher e o f  th e magneti c 

CP sta r  ,  whic h i s know n a s a  Si-C r  sta r  wit h chromiu m overabundanc e (Burbidg e 

and Burbidge ,  1954) .  I t  i s  als o know n tha t  chromiu m i s inhomogeneousl y distribute d 

ove r  th e surfac e o f  thi s star ,  th e ma p o f  C r  distributio n wa s obtaine d b y Khokhlov a 

and Pavlov a (1984 )  usin g th e Dopple r  imagin g techniques .  Accordin g t o thei r  ma p th e 

regio n o f  enhance d C r  abundanc e i s see n a t  th e centra l  par t  o f  th e stella r  dis k a t 

phas e 0.25 .  Ther e wer e tw o spectr a o f  hig h qualit y a t  thi s phas e amon g th e photogra -

phi c spectr a o f  obtaine d i n 198 1 wit h th e Mai n Stella r  Spectrograp h o f  th e 6  m 

telescop e o f  th e Specia l  Astrophysica l  Observator y havin g a  dispersio n o f  1. 3 

A/mm.  Th e signal-to-nois e rati o fo r  thes e spectr a ar e abou t  S/N=80 .  Th e average s o f 

tw o W-value s ar e give n i n th e Tabl e alon g wit h th e deviations . 

Computin g equivalen t  width s fo r  variou s chromiu m distributio n throughou t  th e at -

mospher e o f  ,  w e trie d t o us e th e atmospher e model ,  propose d b y Muthsa m an d 

Stepie n (1980 )  fo r  thi s sta r  fo r  th e phas e 0.5 ,  whic h ha d th e parameter s T e =1150 0 K , 

lo g g=4.0 .  Bu t  th e compute d profil e fo r  thi s mode l  di d no t  agre e wit h th e observe d 

one (Fig .  2a ,  broke n line) . 

Usin g th e Kuruc z (1979 )  mode l  wit h th e sam e parameter s w e obtaine d a  goo d agre -

ement  betwee n compute d an d observe d profile s (Fig .  2a ,  soli d line) .  Th e compariso n 

was mad e fo r  th e win g whic h i s les s distorte d b y blending ;  th e observe d profil e 
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The conclusion s whic h follo w fro m th e compariso n o f  th e equivalen t  width s W obs , 

WI  an d WI I  are : 

1.  Th e mode l  (I )  wit h constan t  abundanc e o f  C r  throughou t  th e atmospher e pre -

dict s fo r  al l  seve n line s WT-value s whic h ar e consisten t  wit h th e observe d value s 

W ob s withi n th e observationa l  errors .  Thi s i s tru e fo r  th e Kuruc z mode l  a s wel l  a s 

fo r  th e Muthsa m one . 

2.  Th e mode l  I I  wit h enhance d chromiu m abundanc e nea r  th e surfac e predict s fo r  th e 

line s situate d nea r  th e cente r  o f  lin e (th e line s No .  1  an d No .  2 )  th e value s o f 

equivalen t  width s whic h ar e significantl y large r  tha n Wob s ,  an d thi s differenc e i s 

much large r  tha n th e observationa l  errors .  Th e resul t  i s  qualitativel y th e sam e i n th e 

case s o f  bot h Kuruc z (K )  an d Muthsa m (M )  atmospheri c models . 

3.  Furthe r  consideratio n o f  thes e dat a show s tha t  fo r  th e line s whic h ar e situate d 

fa r  fro m th e lin e cente r  bu t  whic h ar e weake r  tha n th e lin e 4824 .  13 ,  th e com -

pute d W fo r  th e model s I I  an d II I  diffe r  fro m th e observe d W,  bu t  wit h th e opposit e 

sign :  th e predicte d Ws ar e smalle r  tha n th e observe d ones . 

Thi s resul t  coul d b e understoo d i f  on e keep s i n min d tha t  th e weake r  line s ar e 

forme d a t  deepe r  layers ,  wher e C r  abundance ,  accordin g t o ou r  stratifie d models ,  i s 

small .  Th e differenc e i n depth s o f  formatio n o f  ou r  line s o f  30-t h CrI I  multiple t 

can b e estimate d fro m Fig. 3 showin g th e dependenc e o f  integran d o f  th e solutio n o f 

89 

transfe r  equatio n fo r  th e intensit y i n th e cente r  o f  a  spectra l  lin e 

on 

(Gre y an d Evans ,  1973 )  i s denote d b y circles . 

The equivalen t  width s WI(K )  o f  th e Tabl e wer e compute d fo r  constan t  abundanc e 

= 1.4 6 an d Kuruc z mode l  atmosphere ,  an d WI I  -  fo r  th e mode l  o f 

hig h abundanc e o f  C r  abov e I n bot h case s th e abundance s wer e chose n t o ge t 

4824.1 3 t o b e equa l  t o th e observe d value . th e W-valu e o f  th e lin e 



The othe r  caus e o f  thi s differenc e ma y b e blendin g o f  th e lin e 4824 .  1 3 wit h a 

weak Fel l  lin e o f  Kurucz' s (1981 )  list .  On e ma y fin d th e chromiu m abundanc e i n th e 

uppe r  laye r  whic h predict s correctl y th e Ws o f  weake r  unblende d line s bu t  the n th e 

Ws o f  line s whic h ar e nea r  th e cente r  o f  (wit h smal l  )  tur n ou t  t o b e eve n 

large r  whe n compare d wit h th e observe d one s (se e colum n Wil l  i n th e Table) .  Thi s pro -

vide s additiona l  confirmatio n o f  unfittnes s o f  th e thin-laye r  model . 

To check-u p th e metho d w e used ,  w e ha d compute d th e sam e line s o f  CrI I  an d th e 

lin e i n th e spectr a o f  Sirius .  We use d Kuruc z (1979 )  mode l  wit h th e parameter s 

T e =950 0 an d lo g g=4. 0 whic h ar e nearl y th e value s recommende d b y Savano v (1987) .  Th e 

observe d equivalen t  width s wer e take n fro m th e pape r  b y Koh l  (1964) .  A  compariso n o f 

th e compute d an d observed ,  profile s i s show n i n Fig .  l b an d o f  chromiu m line s i n th e 

Tabl e 1 . T h e bes t  fi t  wa s obtaine d assumin g th e constan t  abundanc e 

CONCLUSIONS 

The compute d equivalen t  width s o f  CrI I  line s locate d i n th e wing s o f  lin e 

at  differen t  distance s fro m it s cente r  i n th e spectr a o f  th e C P sta r  wer e com -

pare d wit h th e observe d ones .  Th e computation s wer e mad e fo r  tw o type s o f  th e model : 

one wa s wit h constan t  (depth-independent )  abundanc e throughou t  th e atmosphere ,  th e 

othe r  suggeste d tha t  hig h overabundanc e o f  C r  i s localize d i n a  ver y thi n laye r  o f  a 

sta r  atmospher e abov e <  10 - 4 (stratifie d abundanc e model) . 

The mode l  wit h moderat e bu t  constan t  overabundanc e predict s th e W value s whic h ar e 

i n a  goo d agreemen t  wit h th e observe d ones .  Th e "thi n uppe r  layer "  mode l  lead s t o a 

definitel y inconsisten t  result . 

We ge t  convince d tha t  studyin g th e line s situate d i n th e wing s o f  stron g Balme r 

line s i s a  goo d too l  t o soun d th e uppe r  layer s o f  C P star s atmospheres .  Us e o f  line s 

wit h highe r  excitatio n potentials ,  whic h ar e mor e sensitiv e t o temperatur e changes , 

may provid e a n opportunit y t o ge t  mor e specifi c  informatio n o n temperatur e 

anomalie s i n th e uppe r  laye r  o f  C P sta r  atmospheres . 
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