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ABSTRACT. To test the hypothesis o n anomalous concentration of some chemi-
cal elements in the uppermost  layers of the atmospheres of CP stars, we
compared the computed and observed equivalent widths  of Crll lines (multip-
let No. 30), situated in the  wings of .F1"3 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 a® cvn 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
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chromium at the level of rI:M< 10 evidently contradicts the  observational
data.

The most probabl e caus e of th e observe d chemica | anomalie s i nCPstar s i s though t

tobeth eseparatio nof chemica | element s i nthei r atmospheres , whil e th e mean chemi -

cal compositio n of stella r matte r i s normal . Th e mechanism s of suc h separatio n ar e

not ye t completel y understood . The most accepte d an d widel y discusse done, sinc e th e

publicatio

Thi s theor

nof Michau d (1970) , i s th e diffusio n force d by selectiv e ligh t pressure

y predict s fo r some element s formatio n of a highl y overabundan t laye r i n

th e uppe r atmosphere

It i s admitte d tha t th e observe d anomalie s of spectra | line s may be provide dby

very larg e overabundance s of absorbin g atom s i n ver y thi n upper layer s above T, <
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10" (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 T-t > 107, 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 B type stars. Similar idea of using the wings of strong CaIl H
and K 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 B stars the intensity of a line, situated in the wing of a
Balmer line is dependent on its distance A\ from the center of this Balmer line pro-
vided the fixed abundance and atomic parameters. This dependence arises due to the
dependence on B\ 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 AN -

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

ting the equivalent widths of the CrII 1line with fixed parameters (excitation poten-

tial, gf and chromium abundance), varying Jjust the distance A\ from the center of
HB . Computations were made for the atmospheric model (Kurucz, 1979) with the para-
meters T, = 11500, log g=4.0, V =2 km/s. Atomic line parameters used were those for

the line of CrIT A4824.13. The code "KONTUR" (Leushin and Topilskaya, 1986) was used

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

was computed on the basis of Tables by Vidal et al. (1973).
100( 2
Fig. 1. Computed equivalent width
versus the position of the line in "'E‘ 1
the wing of H, line: 1 - when Cr -
B T

overabundance s constanl, being
1.46 Dex throughout the atmosphere;
2 - Cr overabundance is 3 Dex In
the very upper. layer above T <
10™* and is equal to that of s'c:lar D 10 20 [y

whentT > 107%
st
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Computel W of such a line as dependeh on &k is shown in Fig 1. The curve 1 demon
strates the chang of W in the ca® of constan (independeh of depth abundane
which was chosen to be log[N[Cr)/N(H)];=+1.46 to provide W=10 mA when the line was

far from the cente of HB line.

Thecurv e2 in Fig. 1 represent s th e dependenc e of Won &A for th e model of a

-4
st< 10 andth e sola r
abundane at T 10~ . This modd also provides W=10 mA far from the cente of H.B

but when AA  diminishes the difference betweem W s given by thes two modebk

thi n overabundan t laye r wit h 1og[N(Cr‘)/N(H)]; = +3,0 above T

increases The difference is large enoudr to distingwish betwee thes two case
using observationh data especialy at the distance & < 10 A from H'3 center

The problen nov is to seled lines of an elemern which are situated at different
distance from the Balme line cente and to find vertical abundane distribution
which provides coincidene of the observel and computel equivalert widths for all
thes lines.

It turned out to be very conveniemn to use for this purpo® the lines of Crll
multiplet No.30, seven practically unblende lines of which are located in the wings
of H, line. Wavelengtls of thes lines along with the values of AA and gf-values

B
are given in the Table 1.

Table 1.
2

o Cvn Sirius

Noi AA A lg gf| A F4 W WI |WII VIl WIII| W
obs obse comp
1g gf (K} {(X) [ M) | (K)

1 1.13( 4860.20|-1.82(-0.22| 1.500| 4.612.6| 3.2(13.5| 14.8 22 -
2 | 2.29] 4864.32|-1.66(+0.30| 1.029( 32 12 30 | 53 63 87 30 19
3 | 5.14( 4856.19(-2.29(+0.26( 1.500( 33 27 22 19 21 42 10: 12
4 (13.09| 4848.24(-1.40[+0.25( 1.298| 81 16 83 83 89 113 62 60
5 125.1 4836.22|-2.22(+0.29| 1.500| 60 10 | 55 | 33 31 59 27 ‘36
6 (37.20| 4824.13¢-1.20(+0.24| 1.333|103 =7 103 [103 103 130 82 87
T |48.98| 4B12.35)-2.23|+0.24| 1.500| 53 :8 54 | 25 25 53 35 38

Fortunatey relative oscillator strengh for lines of this multiplet is more or
less reliable: the values by Warng (1967) Kurucz and Peytreman (1975 and Kurucz
(1989 coincide perfectly well. The scatte of relative log gf-values which do
matter, does not excea 0.1. As one can see sone smal systematé¢ difference exists
between the data of Kurucz and Peytreman (1975 amd new data of Kurucz (1989 (see
column A log gf of the Table) The only exceptimm is the first line. If the negatiwe

sign of A Ig gf for this line is the result of randan error, then the W of this line
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predicte d by bot h model s wil | beeve nlarger . Al |l line s belon gt o on e multiplet , SO

th e rando m scatte r originatin g fro mpossibl e erro r of temperatur e distributio nis
eliminated . | ncolum nZ of th e Tabl e th e effectiv e Land e factor s ar e give n accordin g
to Becker s (1969) . As the y practicall y do not differ , one shoul d not expec t noti -
ceabl e differenc e of Wvalue s du et odifferen t magneti c intensificatio nof th e lines
The line s of 30-t h multiple t of Crl | liste di nth e Tabl e wer e use d i n thi s paper
for a stud y of vertica | stratificatio nof chromiu mi n th e atmospher e of th e magneti c

CPsta r (12 CV¥n  whic hi sknownasa Si-C r sta r wit h chromiu moverabundanc e (Burbidg e

and Burbidge , 1954) . 1t i s als o known tha t chromiu mi s inhomogeneousl vy distribute d
over th e surfac e of thi s star , th e map of Cr distributio n was obtaine d by Khokhlov a
and Pavlov a (1984 ) usin g th e Dopple r imagin g techniques . Accordin gt o thei r map th e
regio n of enhance d Cr abundanc e i s seenat th ecentra | part of th e stella r dis k at

phase 0.25 . Ther e wer e tw o spectr a of hig hqualit yat thi s phas e among th e photogra -
phi c spectr aof o® CVnobtaine di n 198 1 wit hth e Mai nStella r Spectrograp hof th e6 m
telescop e of th e Specia | Astrophysica | Observator y havin g a dispersio n of 1. 3
A/mm Th e signal-to-nois erati o fo r thes e spectr a ar e about S/N=80 . The average s of
two W-value s ar e give ni nth e Tabl e alon gwit hth e deviations

Computin g equivalen t width s fo r variou s chromiu m distributio n throughou t th e at -
mosphere o f '.'Jt2 CVn, wetrie dtouse th e atmospher e model , propose d by Muthsa man d
Stepie n (1980 ) fo r thi s sta r fo r th e phas e 0.5 , whic h had th e parameter s T,=1150 0 K,

logg=4.0 . But th e compute d H_ profii e fo r thi s model di dnot agre e wit hth e observe d

f

one (Fig . 2a, broke n line)

Fig. Z2a. HB line profiles in the
spectra of 0°CVn: the solid line
- the profile computed for Ku-
rucz (1979) model; broken line
- computed for Muthsam and Ste-
pien (1980) model (see the text);
circles - the observed profile.
b. HB line profiles In the spect-
rum of Sirius: solid line - com-
puted for Kurucz (1979) model,

L ;

circles - the observed profile. ALK 20

Using th e Kuruc z (1979 ) model wit h th e same parameter s we obtaine d a goo d agre -
ement betwee n compute d an d observe d profile s (Fig . 2a, soli d line) . The compariso n

was made fo r th e win g whic h i s les s distorte d by blending ; th e observe d profii e
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(Grey an d Evans , 1973 ) i s denote dby circles

The equivalen t width s WI(K) of th e Tabl e wer e compute d fo r constan t abundanc e
llog{N(Cr)/N(H)}]; =14 6 and Kuruc z model atmosphere , and WII - fo r th e model of
hig h abundanc e of Cr abov e 't"< 10" Inbot hcase s th e abundance s wer e chose nt o get
theW-valu eof th elin e A 4824.1 3t obeequal t oth e observe dvalue

The conclusion s whic h follo wfro mth e compariso nof th e equivalen t width s W,,,
W andWI 1| are :

1. The model (I ) wit h constan t abundanc e of Cr throughou t th e atmospher e pre -
dict s fo r al | seve nline s WT-value s whic har e consisten t wit h th e observe d value s
W,,. withi n th e observationa | errors . Thi si stru e for th e Kuruc z model aswell as

for th e Muthsa mone .

2. Themodel | | wit henhance d chromiu mabundanc e near th e surfac e predict s fo r th e
line s situate dnear th ecente r of H.3 lin e (th eline sNo. 1 andNo. 2) th evalue sof
equivalen t width s whic h ar e significantl y large r tha n W,. , and thi s differenc ei s
much large r tha n th e observationa | errors .Theresul t i s qualitativel y th esamei nth e

cases o f bot hKuruc z (K) an d Muthsa m(M ) atmospheri ¢ models .

3. Furthe r consideratio nof thes edat ashows tha t fo r th e line s whic har e situate d
far fro mth e H|B lin ecente r but whic h ar e weaker tha nth e lin e A 4824 .13, th ecom-
pute d Wfo r th e model s I | and Il | diffe r fro mth e observe d W, but wit h th e opposit e
sign : th e predicte d W, ar e smalle r tha nth e observe dones .

This resul t coul d be understoo d i f one keeps i nmind tha t th e weaker line s ar e
forme d at deepe r layers , wher e Cr abundance , accordin gt o our stratifie d models , i s
small . Th e differenc e i ndepth s of formatio nof our line s of 30-t h Crl | multiple t
can b e estimate d fro mFig. 3 showin g th e dependenc e of integran d of th e solutio n of
transfe r equatio n fo r th e intensit 'y i nth ecente r of a spectra | lin e S{TstJ'E“Thl

on T
st

éfig. 3. The dependence of in-
?tegrand (T )EX(T_ ) on T

E_vhen solving transfer equation

gfor intensity at the center of
I
rIl multiplet No. 30 lines.
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The othe r caus e of thi s differenc emay be blendin gof thelin e A4824 .13wit ha
weak Fel | lin e of Kurucz' s (1981 ) list . One may fin d th e chromiu mabundanc e i nth e
upper laye r whic h predict s correctl y th e Ws o f weake r unblende d line s but the nth e

Ws of line s whic har enear th e cente r of H (wit hsmal | &A) tur nout t obeeven

B
large r whe n compare d wit h th e observe done s (se e colum nWil | i nth e Table) . Thi s pro -
vide s additiona | confirmatio n o f unfittnes s o f th e thin-laye r model .

To check-u p th e metho d we used , we ha d compute d th e same line s of Crl | and th e l-I’3
lin e in the spectr aof Sirius . We use d Kuruc z (1979 ) model wit h th e parameter s
T.=9500and lo gg=4. 0whic har enearl yth evalue s recommende dby Savano v (1987) . The
observe d equivalen t width s wer e take n fro mth e pape r by Koh| (1964) . A compariso nof
th e compute d an d observed , profile sisshowninFig . | bandof chromiu mline s i nth e
Tabl e 1. Th e best fi t was obtaine d assumin g th e constan t abundanc e
{loglN(Cr)/N(H)]};=+0.9620.07. Savanov (1987 ) obtaine d i nhi s analysi s chromiu move -
rabundanc e equa | t o +0.66 . No systemati c differenc e betwee n th e compute d an d observe d
HB profle s coul d be notice d aswell as nodependenc e of th e differenc e betwee n

th e compute d an d observe d Won Al (th edistanc eof a lin efro mth e H, center)

B

CONCLUSI ONS

The compute d equivalen t width sof Crl | line s locate d i n th e wing sof HB lin e
at differen t distance s fro mit scente r i nth espectr aof th e CPsta r a® CVn wer e com-
pare d wit h th e observe d ones . The computation s wer e made fo r tw o type s of th e model :
one was wit h constan t (depth-independent ) abundanc e throughou t th e atmosphere , th e
othe r suggeste d tha t hig h overabundanc eof Cr i s localize di na ver ythi nlaye r of a
sta r atmospher e abov e 'E“< 10 * (stratifie d abundanc e model)

The model wit h moderat e but constan t overabundanc e predict s th e Wvalue s whic har e
ina good agreemen t wit h th e observe d ones . The "thi nupper layer " model lead st oa
definitel y inconsisten t result

We get convince d tha t studyin g th e line s situate d i nth e wing s of stron g Balmer

line si sa goodtoo | t osoun dth eupper layer sof CPstar s atmospheres . Useof line s
wit h highe r excitatio n potentials , whic h ar e mor e sensitiv e t o temperatur e changes ,
ma provid e an opportunit y to get more specifi ¢ informatio n on temperatur e

anomalie s i nth eupper laye r of CP sta r atmospheres
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