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ABSTRACT The stud y of lin e spectru mvariation sinthe CP2 star
HD5141 8 i s reported . Thes e variation scanbeaccounte dfo r byth e
obligu e rotato r model wit h th e followin g parameters : i=55° ,
Jo=60°, R =2. 4Rgh e rare-earth s ar e overabundan t bya facto r of
3.0-3. 5dex, th echromiu mi s overabundan t bya facto r of 1 5dex
and th e iro n - bya facto r of 0. 5dex . Th e rare-earths , Fe-pea k
element sand Sr ar e concentrate d aroun d th e positv. e magneti c
pole . CaandMgar econcentrate daroun dth enegatv eone. A quali -
tativ e explanatio nof th e photometri ¢ behaviou r can be reache di f
theacto nof th evariabl e blanketin g mechanis mi s assumed .

1. INTRODUCTION

The stor yof HD5141 8= NYAur hasbegu nwit h th e paper of
Gullive r and Winze r (1973) . The y announce dth e discover yof oneof
th e most interestin gCP2sta r wit hlarg eligh t and spectru mvaria -
tons . Jones et al . (1974 ) measure d th e magneti c fiel dand con
firme d th e spectru myvariations . For th efirs ttime , th efac t tha
HB5141 8i sunlik eanyknown Apsta r was pointe dout . Th e spectru
i srathe r crowded , many line s of heav y rare-earth ssuc hasHo an
Dy hav e bee n observed . Hardor p (1975 , 1976 ) foun dout th e depres
sio n 'A520 0 an d propose dth efirs t obliqu e rotato r model s fo r thi
star . Adelma n an d Shor e (1981 ) observe d variation sinMgl | reso
nance line s andnote dth ecomplext yof th eUV spectru m and th
flu x distribution . Twoyear s late r Pyper and Adelma n (1983 ) hav
studie d th e energ y distributio ninth e optica | regio n and hav
estmate d T, andlo gg. Thetos t interestin g conclusio ni s tha
becaus e o f distorte  d optica | energ y distributio n th e compariso
wit ha norma | sta r i srathe r difficul t an d may b e meaningless
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Inour previou spaper (lie vandBarzova , 1986 ) we state d
out more clos e studyin g of th elin e spectru mvariation sinthe
HD51418 . | nth epresen t paper th eresult sof equivalen t width s
and radia | velocit y measurement s ar e reported . Theamount of th e
spectrogram s i s doubled . The parameter s of th e obligu e rotato r
moded an dth ecause s of th e photometri ¢ change s ar e discussed
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2. OBSERVATIONS AND RESULTS

Since 1985 twelve spectrograms have been obtained with the
2-m telescope of BNAO. All plates are on IIa0O emulsion. The
dispersion is 9 A/mm, the spectral region is from 3600 A to
4800 A. The phases of observations were calculated by ephemeris
given by Gulliver and Winzer (1973)

Jh{vis, max.} = 2 441 241.4634 + 5'.‘43795.

Since more than 1000 periods have been passed an 1improvement of
this ephemeris is needed.

The whole collection of 25 spectrograms of the star was meas-
ured once again. For more than 60 lines of Eu II, Ho II, By II,
Fe II, Cr II, Ti II, Si II, Sr II, Ca II and Hg II equivalent
widths were determined. Radial wvelocities were derived for 40
lines. An oscilloscopic comparator of Barwik's type was used. The
blending was the gravest problem that we met. By this reason the
lines for measurements were selected after careful inspection of
the intensity tracing of the 4 A/mm spectrogram with a resolution
of 0.08 A. The mean density of the spectral lines in the region
AR3700-4700 AA is about 3 lines per angstrom.

In the following Figures the equivalent width variations and
velocity curves for rare-earths (Eu, Dy), Fe-peak elements (Fe,
Cr, Ti), Ca, Mg, Si and Sr are plotted. These Figures are con-
structed 1in much the same manner as in the previous paper (Iliev
and Barzova, 1986). Here we can mention only that the results
obtained in close phases are averaged, the accuracy of the normal-
ized equivalent widths is about 7% - 10%, and for the radial velo-
city it is 1.5-2.0 km/s.
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Wha ar e th e most importan t feature s of th e observe d spectru m
variations ~ ?
1. Th e intensitie sof th e rare-eart h line s vary about 33 5
times . Radia | velocit y measurement s exhibi t appreciabl e variation s
wit hanamplitud eof 16km/s .
2. Th e observe d variation sinth eFe, CrandTi line s are quit e

similar

. Thechange s i nth e equivalen

t width sar enot larg e (abou t

1. 5times) . Ther e ar e n o significan t radia velocit y variations
Thus, th eaveragin gof thes ethre eradia | velocit ycurve sgive sus
the systemi ¢ wveloct y of th e star The obtaine d valu e
-25. 8+ 0.5 km/s i sina farl ygoodagreemen t wit hth e average d
one o f rare-eart h radia | velocit vy curve

3. Thechange sof centra | depth sof Call 3933 and Mg || 4481
line s ar ei nantiphas e wit hamos t th e same amplitude . The radia |
velocite s measure dbythes etw oline svar yi n phase , but thes e
variation s ar ei nantiphas ewit hth eradia | velocit ycurv efor th e
rare-earths

4. The variation s in the Si lne s folo w the rareeat h
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variations , but th ephas e shif t betwee n equivalen t width s and

radia | velocit ycurve sisonl y0 1P.
5. Thechange si nth eSrline sar enot large . A compariso n wit h

th e rare-earth s shows that Sr line svar yi nphas ewit hradia |
velocit y variation sand i nantiphas e wit hequivalen t widt h ones .
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Fig. 4, Radial velocity
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Fig. 6. Equivalent widths

and radial velocity vari- 12 ' e Sr I ' '
ations for the §r lines. |a oo ® o T % * .

}1’.0 r * ... ®

{08 B b ®

&

- [ ]

-.E" 24 o, L . ® *e L

g ~261 ¢ ..o *

~ [ ] ... ™

E ~28 1 1 1 1 1 * i f

g 2 & € 8 0 2
phase

3. DISCUSSIONS AND CONCLUSIONS

It i sobviou stha t th evariegate d pictur e of th e observe d
spectru m variation s i nth eCP2sta r HD5141 8 reflect s distribu -
tio nof chemica | element s onth estella r surface . The method s of

"mapping " th e area s responsibl e fo r th e observe d lin epeculiaritie S
canroughl ybedivide dint otwogroups . Thefrs toneusesforit s
purpose s a harmoni ¢ analysi s of radia | velocitie s and
equivalen t widt h curve s (Deutsch , 1970 ; Michalas , 1973) ; th e
second on e need s an informatio n abou t lin e profil e variation sto
solv eth einvers e proble m (Khokhlova , 1975 ; Megessie r et al. ,
1979) . Wit h a dispersio nof 9 AImmanda spectra | resolutio nof
018A nolin eprofi e variation scan be observed . | n thi s
case onl yth e Deutsch’ s metho di s applicable . Th e shortcoming sof
thi s metho d ar e well-known . Oneof th e majo r difficultie s wit h

HD 5141 8 i s th e impossibilit y t oneglec t th e Fourie r coefficient S
greate r tha ntwo . A separat e pape r concernin g especiall yth e "map -
ping" of the CP 2 star HD5141 8wil | bepresente di n futur e
(ie v an d Barzova , i n preparation) . Nowwe shal | discus sonl yth e
qualitativ e descriptio nof distributio n of region s responsi -
ble fo r spectru m variation s inth e framewor k of th e obliqu e
rotato r model .

It i seasyt ointerpre t th e spectru myvariation s observe d in
rare-eart hline sbypresenc eof a spot wit han enhance d concentra -
to nof th ecorrespondin  gions . Asa matte r of fac t th e rare-eart h
spot coincide s wit hth e positv. e magneti c pol esinc eth e magneti c
fiel dreache sit sextremu mat a phas e0. 0 Jone s et al. , 1974) .
Equivalen t widt h variation s of th eFe, CrandTi line shaveth e
simila r behaviou r as th e rare-eart h ones. Thi s means that th e
regio n responsibl e fo r thes e variation sstand si nth esame plac e

as th e rare-eart h spot . Becaus eof th eabsenc eof radia | velocit vy
changes th eare aof thi sregio nwoul dbemuchlarge r tha nth eare a
of th e rare-eart hspot . Onl yi nthi scas ea substantiona | part of
the Fe-pea k spot wil | beanth evisibl e hemispher eof th esta r
regardles s of th e phase . Radia | velocit ycurve sfor Caand Mg ar e
in antiphas e wit h th e rare-eart hones. | ntere sof th e adopte d
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model thi s means tha t th e regio n responsibl efor Caand Mg varia -

tion s stand s i n th e diametricall y opposit e place . Thi splac ei s
th e negativ. e magneti c pole . | nthi sregio n th e Ca i s enhanced ,
whil e Mg i s i n deficiency . I'tislkel ytha tth esiico ni scon -

centrate d aroun d th e positvn. e pol e togethe r wit hth e Fe, Cr and
Ti. The absenc eof 02 5P shiftin g betwee n equivalen t width s and

radia | velocit y curve s may because d by blending . Sever e blendin g
can be th ereaso nfo r th e anomalou s appearanc eof Sr lin evaria -
tio ncurves . Thebehaviou r of th eradia | velocit ycurve s i s very
simla r t otha t of th e rare-earths , but equivalen t width svar yi n
antiphase . Jus t th esamei si nth ecas eof Caand Mg.

The mai n resul t obtaine d fo r distributio nof element son th e
stella r surfac e i s th e following . At th e positv e magneti c pole
rare-earths , Fe, CrandTi ar eenhanced , Si is , probably , enhance d
too, Sr i s i n deficiency . At th enegativ epole s Cai s enhanced ,
but Hg i s i n deficiency . Unfortunately , a ver y interestin g regio n

of th e negatv e magneti ¢ pol ei s i nunfavourabl e situatio nfor
observations

Inspit eof th eoffset sof th efna | result , th e Deutsch® s
method ha s on e undoubte d advantage . Eve n a partia | realizatio nof
thi s metho d permit st oobtai na good estimato n of th e stellar
radius . We hav e analyze d th e equivalen t width s andth eradia |
velocit y curve s of th e rare-earths . Onlyinthi scas e th e higher ,
Fourie r coefficient s canbeneglected . Equatoria | rotatio n velo -
cit yfo r HD5141 8 obtaine dbythi smanneri s 22+ 2km/s , whic h i n
combinatio n wit hth e measure dbyusv sin i = 18+t1 2 km/ s give sth e
inclinatio nof th e rotationa | axi si = 55° +8 . Afte r that , usin g
the dat a fro m Jone set al . (1974 ) we obtaine dth e angl e betwee n
therotationa | andth emagneti caxe s A =60°+ 8°and th eradiu s
of th esta rR=2 4% 0. ZRGJ

Tohav eth edat aof radi i fo r th eCPstar si sver y importan t
by two reasons . Firs t of all , thes eradi i ofte n hav e bee nuse d
as evolutionar y parameter s (North , 1984) . Second , determinatio nof
the stella r surfac e magneti c fiel dandth e / angl erequire sals o

thedat a of th estella r radii . | nth eexistn g practc e estima -
tion s of th e effectiv e temperatur ear et obeuse dbefor e determin -
ing th e radiu s (Glagolevski j et al. , 1985) . Admittedl y th e

obtaine d i nthi s manner value s of R ar e complementar y complicate d
by error s comin g fro mth e well-know n fac t tha t derivin gof T.
for th e CPstar shas been ofte n difficul t an d ambiguous . The
natura | caus eof thi sfact , i nour mind , i sanomalou s energ y dis -
tibutio  n i n th e optica | region , especiall yforth eCP2 stars

Afte r anexampl eof HD5141 8i t canbeseentha t a stud y of th e

spectra | variation s give s anindependen t estimato nof th eCP2
stella r radii . Finally , itcanbe pointe d out, that th e model
obtaine d by us confirm s practicall y th e secon d alternativ e model

propose d by Hardor p (1975)

Usin g no wth e calibratio nof Strayzi s and Kurilien e (1981 )
for th e sta r wit ha radu sof 2. 4Rg we have T, = 9200-960 O K.
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This is the effective temperature of the normal main sequence
star. The estimations of Pyper and Adelman (1983) for T, are
rather conflicting: 9000 K from the Paschen continuum, 10400 K
from u-b index and 11500 K from the Balmer jump. It becomes clear
that the estimation from the Paschen continuum is more realistic
than the others. Our attempts to obtain log g and T, from the Bal-
mer line profiles showed that the profiles (Kurucz (1979) fitting
well the observed profiles don't exist. This once again shows that
the atmosphere of HD 51418 can't be completely described by atmos-
pheric model with normal chemical composition. Me divided
observed line profiles in three parts: a central part with A3

4 A, a middle part - up to AN~10 -12 A and a third one with&A} 10
- 12 A. Every of these parts can match well any other normal star
line profile. This fact, together with the complex picture of the
element distribution over the surface of HD 51418 can be inter-
preted as a manifestation of the anomalous structure of the stel-
lar atmosphere. In the extreme case, whatever HD 51418 probably
is, to every point of the atmosphere corresponds a different
atmospheric model with its own chemical composition and vertical
stratification. A rough estimation of the abundance of some ele-
ments shows the iron excess of about 0.5 dex, chromium - of
about 1.5 dex and europiumand dysprosium-more than3 - 3.5dex.

If the obtained by us estimation of T = 9400 K is compared

with the temperature derived by Pyper and Adelean (1983) from the
energy distribution in the blue part of the spectrum (k< 4500 A),
an excess of about 1000 K can be registered. This reflects the
specific action of the blanketing Mechanism in CP stars (Iliev,
1983). This mechanism defines the anomalous energy distribution in
the spectra of CP stars. With the action of the variable Dblanket-
ing the photometric behaviour of HD 51418 can be explained. The
relation "amplitude - wavelquth;' observed by Pyper and“ Adelman
(1983)is the following: Au=~0.10, Av~0.02, Ab~0.12 and
Ay~0.1B. The authors make a conclusion that the smaller v amp-
litude can be explained if it 1s assumed that in the region
4000 A the balance between the redistributed from the UV and the
blocked in lines in this region energy 1is reached at vrelative
equalization. He fully agree with this conclusion and offer the
next step. If the conclusion 1is right, in the regions b and vy,
besides the redistributed energy from the UV region, the one from
v-region can be observed.
Moreover, the number of 1lines 1in v-region (A 4000 A) is quite
large and the amount of redistributed energy is large too. In this
very manner the exceptional y amlitude can be explained. For mast
of the CP stars, which photometric behaviour is defined by vari-
able Dblanketing, the "bluer"amplitudes are larger. In HD 51418 we
observe the secondary energy redistribution - not only from UV to
the visible region, but also within the visible region.

This is a qualitative explanation. To prove this, gqualitative
UV observations of the flux variations are needed.
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