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Abstract. HD 37776 is а magnetic He-str<-,ng stаr rvhiclr displays а чеr.ч strong, сIеаrlу nondipo-
lаr пragnetic field. If this field is dominantly, quаdruроlаr, HD 37776 пrа1, har.e the strongest pho-
tospheric magnetic field ever detectecl irr а nondegenerate stаг. Irr оrсiеr to study the structure of
the magnetic fie}d of this object, ц,е hat,e uпdегtаkеrr а study of line рrоfilе structure and variabil-
ity in сirсulаr polarization spectrum. \{оrе tharr бL) new Zeeman sресtга of HD 37776 have Ьееп
obtained. well distributed throughout the гоtаtiопа.l plrase. These spectra \&,еrе acquired using the
6 m telescope and the \,f ain Stellar Sресtгоgrарh (N{SS) wittr Zeeman апаlyzеr, А brief description
of the observing technique is ргеsепtеd, and the data reduction technique is summarized, Investi-
gations of the positional and рhоtоmеtгiс ассuгас}, of the spectTopolarization mеаsuгеmепts have
been made, and systematic еrrоrs have been studied. The spectral and magnetic r.ariations of
HeI .\ 5875.7 and SiIII ) 4552.6, 

^ 
4567.9. .\ .157.1.8 wеrе investigaied. The equivalent width of

,\ 5875.7 line shows а double-vrave vaгiation, irl excellent аgrееmепt rvith prer.ious investigations.
\Ъriаtiоп of the equil,alent ъ,idth of SiiII lines is поt in contraciiction ц,ith рrеl,iоus ollserr,ations.
Оur data соmрrisе strong er.idence 1Ьr tire imрогtапt rоiе оf the magrretic field in formatir_ln of
this line. Nleasuremerrts of сепtrеs of gravity trnd соrе positions of HeI 

^ 
5875.7 in orthogonal

polarizatiorrs provide additioTral evidencc fЬr the existencc of а r,erv strопg pliotospheric пrаgпеtiс
field rvitlr а highly сопrрlех struсturе.
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1. Introduction

]гir,еп Ьу the detection of strong magnetic fields iп
-,rnspots Ьу HaIe in 1908, а successitln оf attenpts

, detect rnagnetic fields iп stars led to tlte success
_ Babcock in 1947, who found а line-of-sight mаg-
_:tlc field component of 2 kG stгепgth in the Ар star
-: \iiг. Babcock had constructed а speciaI differential
.:,cular polarization analyzer for simultaneous mеа-

. .l,ement of tlre orthogonally polarized spectra. The

.._lfts of lines between such spectra аrе рrороrtiопаl
lhe line-of-sight (or longitudinal) component clf tlre

- :,г's magnetic field.

Ггоm 1947 to 1958 Babcock detected strong, оr-
,l,ed magnetic fields iп 89 stars (Babcock. 195Е) .

:_iогtuпаtеlу, Babccick's technique is effective опlу
stars with very simple magnetic field structure,

:h mainly the same sign of ttre 1оса1 longitudirral
1 сопlропепt очеr the whole visib]e stejlar hemi

.-еге. In the case of а complex field (fоr ехаmрlе. tlre
-.Iletic field of the Srrn) no net shift is detectable

betr,Teen 1ines in orthogonaliv circtilar polarized spec-
tга, еr.еп 1п tlre prest-.rrce of а l,еrч strong (sеl,еrа1 kG)
field,

Continuirrg lris сirсulаr polarization mеаsurе-
пlents, Babcock (1960) discovered Zееmап splitting
of lilres in the uпроlагizеd sресtrum of the Ар star
HD 215441. \Iagnetic splittirig of lines in unpolarized
spectra cotrstгains а mеап magnetic field Trrodulus
clr.er ihe visible stellar hешisрhеrе. Fоr HD 2l514T,
Babcock iпlЫгеd а mеап magrretic field modu]us of
34 kG, rvhich rеmаiпs to this day the strongest mag-
netic field c]etected in а nondegenerate star. Indeed,
ivhile magnetic fields of similar strength hаvе Ьееп
detected in а hanclful of ot}rer СР stars (HR 7129
with а пrеап field of 28 kG (\\,Ъlft'апс1 \foЪiff, 1976)),
these арреаг to Ье exceptiorrai objects. ivith the av-
еrаgе field strength аmопg magnetic СР stars being
belorv 1 kGл

Iп the 1970s, megagauss dipolar rnagnetic fields
rTere disсor,ered in magnetic white di,varfs (Angel and
Larrdstreet. 1970). As new digital devices wеrе de-
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veloped in the 1980s, investigatoгs rvere abie to Ье-
gin to рrоЬе the fine structure of line profiles, and
to search for rnagnetic fields п,ith corrsiderably mоrе
compiex structures, раrtiсuiаrlу in cool stars (Robin-
son, 1980) . The methods used to detect such соmрlех
steliar magnetic field in cool stars differ сопsidеrаЬlу
frоm Babcock's line shift technique. N{easurements of
nragnetic fields irr соо1 stars shorv that thеir strengths
аrе ne\rer 1аrgеr than а few kG, with surface fillirrg
factors of the оrdег of 10% (whereas fiIling factors fоr
magnetic СР stars арреаr to Ье чеrу c}ose оr реrhарs
identically equa1 to 100%).

In the last decade, important evidence ofexistence
of strопgеr magnetic fields in СР stars has been оЬ-

tained. Due to а persistent search Ьу Canadian and
Russian astrophysicists, the magnetic He-strong star
HD 37776 has been discovercd.

HD 37776 is the сепtrа] star of the rrebula IC 432,

а mеmЬеr of the I Оri O-association (Johnson. 1955).

The distance to the nebula is about 500 рс. Сrаu,-
IЬгd (1958) реrfоrmеd tr,vo-dimerrsional classification
of HD 37776 and determined а spcctral class of В2 \r.
Сrаrчfоrd and Barries (1966) fоuпd а distarrce пrod-
u]us m - Xl : 9.6 and s}rou,,ed that HD 37776 and
iC 432 аrе located at а greater distance than the other
stагs in the Оriоп belt. \rап derr Веrg (1966) noted
that the structure of IC 432 differs sigriificantly" iп
the plates oЫained through red and blue filters. L,{c-

Nаmаrа and Larsson (1962) determined а ргоiесtеd
rоtаtiопаI r.elocity of 145 kш/s fоr HD 37776,

Duriпg t}ie irrr,estigation of уоuпg st,ars in
Огiоп, Nissen (1976) discovered that HD 37776 has
strопgеr than поrmаI helium lines. Pedersen and
Тhоmрsеп (l977) obtained p}rotoelectric observations
iп HeI 

^ 
4026 line and discovered variabiiity wit}r а

регiоd of 1,5385 dal,s. Later. Реdеrsеп (1979) deter-
rnined that the heliurn variations апd uuЬу photomet-
riс r,aгiations оссurrеd in phase, an<i ъ,ith the sarrte

регiоd. Irl adclition. \\Ъ}Ьоrп (1982) noted that SiIII
lines r.аrr- in antiphase with HeI.

The magrretic field оf HD З7776 rvas discovercd
Ь1, Воrга апс1 Landstreet (1979) using rneasurernents
of сirсulаr polalization in the wirrgs of Нр. Lаtеr,
Тhопrрsоп and Landstгeet (1985) forrnd that, when
p}iased ассогdiпg to the ерhепlеris JD 214б724.669 +
1.53869 Е. the longitudinal magnetic field displavs
а double-ri,ar-e r-ariation, with ехtrеmа of -2 kG and
-г2 kG. TlTel, concluded that the magnetic {ield georn-

etlr- сliffегеd significantly, frоm а simple dipolar соп-

figuгаtiоп. as }rad Ьееп observed for marry other пrаg-

пеtiс А апс] В -сtагs. Воhlепdеr (1988) and Bohlender
arid Lаrlсistгееt (1990) ргороsеd а сопrрlех multipolar
i clipolt -qrrасlгuроlе*octupole) magnetic field mode1,

li,}rir:h геllгос]Lrсеd the lorigitudinal field variation of
HD 3;;76 qulte il,e1l. This model predicts а 60 kG
nlcarl iield rnodulus. considerably iп excess of that
ilbselгeci lol HD 215]41 (Fig.1).

А fеп, уеаrs later, Kopylova and Romanyuk
(i992), using photographic Zeeman spectra of
HD 37776, noted that sоше lines (SiIII, N'IgiI, СII)
have r,еrу diIТerent profiles in orthogonall},circular-
poiarized spectra; Ьrоаdепiпg and even splitting rvere

seen. \\iеrе t}ris broadening magnetic in origin, а 70_-

80 kG magrtetic field ц,olrld Ье геquirеd. Unfortu-
natel1., the accrrracy of these ptrotographic mеаsurе-
ments rvas |61у, and ассuгаtе рrоfilе mеаsurеmепts
rvere impossible.

An atterrrpt to measure continuum сirсulаr and
linear polarization of HD 37776 (Rоmапуuk et al..
1992) was also made. \,Ieasurements rvere obtained
using the hydrogen-line nragnetometer of the б m
telescope. Rоmапуuk et ai, (1992) detected constant.
попzеrо liпеаr polaгization and zero сirсulаr polariza-
tion irr the corrtinuum, and concluded that the lirreaT

polarization r.t,as сirсumstеliаг оr irrterstellar in па-

ture.
Во}rlепdеr (199.]), rrsing Ваlrпеr-liпе lorrgitudina1

field rпеаsurеmепts and high S/N unpolarized sрес:-

trа. pubiished а multipolar magnetic fieirl model: а

coaxial dipole, quadrupole and octupole, with ро-
lar field strengths of +3.4 kG (dipole), *59 kC;

(quаdruроlе), and +44 kG (octupole). While this
rnagnetic field gеоmеtr1, reproduces the longitudina-
nu-ignetic field mеаsuгетпепts and unpolarized iiir,.

рrоfilе variation quite well. furthеr observatitlns аr.

necessar)i iп огdеr to cletermine wlret}rer the ргороs",.
field gеопiеtгу is irideed а good rерrеsепtаtiоп tlf tlr.
magnetic field of HD 37776.

Recently Adelrnan (1997) rnade Strоrпgrеп ut,b-
оЬsегr.аtiопs of HD 37776. Не imргочеd the регiоd с:

photornetric variations. Не adopted the zero phase с.

Thompson arrd Larrdstreet (1985) and fciurrd:

J D : 2445Т24.669(+0.02) + 1.53867б (*0.000005) Д

HD 37776 has а single mахiпrum iп uчЬу п,hich occltt:,

at approximately,the sаmе time in eac:h соlсlur пеа--

plrasr: 0.75 lr,ith arr amplitude of 0|'03 - 0Т04.
Furthеr рIоgгеss сап Ье obtained frоm detai]t.

analysis of high S/N Zeeman spectra of this sta:

Since tlre арреаrапсе of а nerv CCD dеtесtог on т:.

NISS of the б пr teiescope, rve have beeri obtairri:-.
such observatiorrs using the Zeeman апаll,zеr.

2. Observations
2.1. Observing technique

оur observatiorrs of HD 37776 rvere obtained fT, :

October 1994 to September 1997 ъ,it}r the N{SS of :_ ,

6 rn telescope, in the red апd blue spectral ranges.

NIоrе than 60 Zееmап sресtrа have been асquiг, -

well distributed очег ttre rotational period of the st.,--

The NzISS was used in these measurements рriпl---
ily due to оur experience r,vith this instrument. h.,
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HD З7776 Нр Data
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Figure 1,: The longi,tudinal Jield of HD 37776 апd mod,el field uariat,ions (Воhlе,пdеr, 1988). The solid, сu"ruе,is
the lопgi,tu,di,паl field чаri,аti,оп рrоrluсеd Ьу the model апd the dash,ed сuruе is the mеап field, mоd,ulus uаr,iоt,iоп
proltt,ced Ьч ttte model.
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ing otэtained оr,еr 2000 sресtrа usiTrg the Zeeman ana-
l},zer. In addition, there is foTcible evidence that nlag-
rretic rneasurernents obtained rvith this iпstгumепt are
irr good agreement пith those olэtainecl at оthеr оЬ-
s,.lrl:atclries (Wade et trl., 1997).

The first zeeman observations ц,ith the ccD
slror,,,ed immediately that the пlaglletic field of
HD 37776 rnust Ье чеrу strong. А brief description of
геsrilts of these measurements ý,as published iп tlьo
short рареrs (Rоmапl,uk et а]., 1995. 1997). Тhе рriп-
cipa1 goals of the рrеsепt рарег аrе to dissemiTrate
tire obserrations to date, to describe оur observirrg
lechnique, and to present ouI measulernents of the
spectral and rnagnetic variability of HD 37776.

observations wеге саrriеd out with tlre асhrо-
rratic circular polarization апаlуzег (Najdenov and
Chountonov, 1976). The devices and technique of
эhоtоgrарhiс Zeeman п}easurements have been de-
scribed several times in the literature (е.g. Bychkov
,-t а1., 1988). In this investigation ч,,е have emplo1.ed
] different CCD detectors, controlled using DOS and
,_-\IX operating systems. Since пе hal,e по dеsсriр-
lоп of оur Zееmап mеаsurеmепt techniques with the
. CD yet, rve сlеsсгiЬе them hеrе.

Fгопr October 1994 to 1996 we used the rеd CCD
_:tector (К 585 forпrat 530 х 580 рх (Borisenko et
,_ . i991)). This CCD w,as mounted оп tire NISS Ьу'.'.Е. Panchuk and his colleagues. The pixel size is
_ > х 24 ;rm, and the effective sресtrаl rапgе is 5000- ll0 А. This detector is сопtгоllеd uпdег DOS. оЬ-

servations of HD 37776 emplo1,ed the second саm-
еrа of the },{SS (' : 1] _\/mm, spectral resolution
0.25 Aipx). Arr anall,sis of errrission-line соmраrisоп
spectra slroп,s that iп а11 cases а nominal instrumen-
tal рrоfi}е iпrаgе оf 2.0 2.5 рх has been obtained. \Ve
have reduced оur spectra in а standard w-а1, with cos-
miс rачs rеmочеd. r,vavelength calibration and соп-
tinuunr deteгmirration. The соmраrisоп sоurсе was
а ТhАг enrission lаmр. rvith the line identification
made using the at]ases of Burenkov et а1, (1979) and
D'Odoriko et at. (1984).

Data геduсtiоп rгаs регfоrmеd using the rеduс-
tion packages DECH and DECH 20 (Galazutdinol,,
1992). Тhе rчоrk п,ith one-diпrensiorial Zeeшran spec-
trа inchrded deteгrnination оf the centres of gravity of
spectra1 lirres using codes of \i. \,'. Vlasyuk (VEC\IIZ)
and G. А. Galazutdinol. (DECH-2O). The longitudi-
nal соmропепt of the magnetic field was determined
in the same 1паппеr as the еаrliеr analysis of photo-
gTaphic data: а r.alue рrороrtiопа1 to the reiative shift
of the centres of gгavitv of spectral lines measured in
the trvo огthоgопа111, сiгсulаr-роlаrizеd spectra.

The tгапslаtiоп to rb.avelengths was done using а
dispersiorr solution constructed Ьу fitting the posi
tiolt оf ttre сопrраrisоп spectlum emission lines us*
ing а 3rd-dеgrее poiyrromial fit. The continuum ievel
r,,,as deterrrrined Ьу fitting а spline to the "rеfеrепсе
points", well determined places in continuum, whеrе
iines аrе absent.

After N{аrсh 1996, we used а пец, 1160 х 1040 рх
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CCD (Chountonoy and Glagolevskij. 1997); pixei size
of 16 х 16 ;rm, working spectral гапgе 4000 7000 А.
This device is controlled in а uNIx envirorrment
and has been instalied Ьу G. А. Chountonov ех-

ргеsslу fоr magnetic measurements. The поmiпаl (2

pixel FWНN[) spectra1 resolution of this сопfigurа-
tion (1160 х 1040 CCD, N{SS seconcl саrпеrа) is 0.5 А
iп the 5000-7000 А sресtгаl rапgе (D : 14 А/mm)
and 0.35 А in th" 4000 5000 Д spectral rапgе (D : 9

A/rnm). Observations obtainecl rvith the 1160 х 1040
CCD detector wеге reduced using ESO NIIDAS, and
the NICE softr,vare package (Knyazev and Shergin,
1995). In N{IDAS, the LONG context rvas used, as

well as sorTre \{IDAS codes authored Ьу V.S. Shergin
and D.O. Kudrvavtsev.

Duгiпg installatiorr, the CCD detector was ori-
ented in such а way that the axis of tire CCD v;as

раrаIlе1 to the dispersion direction, Fоr technical rеа-
sons, it wаs песеssаrу to rепtоl,е the CCD frоm t}re

саmеrа at the end of each obsc:rr.ing session. It п,as

thеrеfоrе песеssагу to re-install the C]CD preceding
eaclr observing session, reqrriring re-caiibration of in-
strumental раrаmеtеrs. Ttrerefore the alignmeirt of
the CCD in the irrraging plane and with respect to
the dispersion direction and the instrrtment focus djf-
fered siightlv duriпg eaclr observing sessiorr.

It is чеr1, imрогi,апt to епsurе high relative posi-
tional ассurасl,iп magnetic field rleasuгernents, and
it is thеrеfоrе importalrt to check tlie detector inciina-
tion раrаmеtеrs fог constancy. This was done using
measurel,nents of the сопrраrisоп spectra and -ctan-
dard (zеrо field) stars with паrrоw lines. Because of
small differences in the sресtrоgrарh imaging gеоmе-
tr1. from stars and frоm the conrparison lamp, small
sl,stenratical diffеrепсеs in the instrumental shift frorrr
stars and iгоm the larnp аrе оЬsеrчеd.

2.2. Selection of spectral rапgе

In tlre rесl. rтe had the possibility of using а spectral
band 130 .\ for the 5З0 х 580 CCD, апd 220 А fоr
the 10]0 х li60 CC]D. In the Ьluе, we wеrе liпiited
to using the 10-tr0 х 1160 CCD, with which we couid
obtain а 1-10 _\ spectral band. Thus rче had to select
the best -сресtгаl lэalrds fоr observation. дs а resu}t,
ri,e selected 3 sресtга1 bands:

1, )) ;820 5950 (c:ontains the stellar lines HeI
Л ;S75.7. ГеIII ) 5833,6 and the slrarp interstel-
lаr. гаthег thatl сiгсulпstеllаr. lines NaI ) 5890 апd
)5596 l. rire existence of the попstеllаr NaI ]ines
irr this 1lапсl is r,егr- useful as it is possible to use
tllese lines as standaгds both for пrеаsurеmепts of line
eqri1.,,alent ri,idths aIrd magnetic fields (Fig.2).

2. )) 6520 6650 (contains Н. atrd the weak СII
) 657S. ) 65S3 doublet). \Ve (Romanyuk et а1., 1995)
с_,оtltiгIllеd tlle exi,.tence of п,еаk emission in the соге

''l---_-lVГ:Y:
*/V

5870 5880 5890 5900

wavelength

Figurе 2: Vаrtаti,оп oJ HeI Х 5В75.7 line profiles at
three di,ffеrепt, period ph,ases, dashed Liп,е - left с,ir,сu-

larly polarized. solid liпе, - ri,ght с,irсulаrlу polor,ized.
i{al 5890 ап,d 5896 liпеs аrе поп-роlаr,izеd апd поrt-
чаri,аЬlе.

of Но, discovered еаrliеr Ьу \VаlЬоrп (1982). The
emission is longer than the spectrum spreading Ье-
yond the Ьоuпdаriеs. The emission sоurсе is the НII
region п,hiсh арреаrs to surIound HD 37776, this еп-
veiope is also, iri а11 probability, а sоurсе of strong
1iirear polarization.

3. 
^^ 

,1.160 4600 (contains HeL\4,171.
\,{gIL\4481 arrd SiIII triplet ) 4552, .\ 4567 апс1

,\ 4574 lines). Oniy, 7 sресtrа have Ьееп acquired irl
this region vrith the 10,10 х 1160 CCD, Ttre lines irl
this SiIII tгiрlеt have very different Lande fасtогs
(: : J.25 foT 4552 А. z : 1.75 fоr 4567 А un.
z:2.00 for 4574А) and tuгп out to Ье чеrу usefui
iп construction of the magnetic field geometry.

2.3, The observed spectra

Frоm initial examination of the HD 37776 spectra i:

ъ,аs noted that the magrietic field of this star must Ьс
tluite strong and соmрlех, due to the obvious differ-
ences in shape of lines obtained in orthogonai polaT-
izations, Тhеrе is no simple shift as the опе obserтec
in the case of HD 215441. The 1og of observation.
of HD 37776 is presented in Tabie 1. Phases haгc
Ьееп computed according to the ephemeris of Adel-
mап (1997) (JD :2415724.669 + 1.538675 Е). Th+
strongest lines in оur selected spectral rапgеs аrе Н.,
with rveak emission in the соrе. HeL\ 5875.7. FеIII

^ 
5833. сII ) 6578, 

^ 
6583, SiIII 

^ 
4552, 

^ 
4567. .,,

4574, N'IgII ) 4481, ancl HeI Л 117|.
It is сlеаr from Table 1 that rnost of оuг оЬsегr а.-

tions hаче Ьееп obtained in the spectral rапgе со1_-

taining HeL\ 5875.7 (about 40 Zeemarr spectra rтe.-

distributed оr,еr the rotational phase). оur inr.estiga-
tiоп of the magnetic and spectral variations is base -
primarily on the study of these spectra.
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HD 37776 obseruati,oпs
JD 2400000+ JD 2400000+ Phase Spectral rап

CCD

,q rlt
гl: u-

:er1.

49641.379
49641.40,1
49641.433
49641.471
49641.600
49642.12].
49642,14,6
49642.471
49736,245
49736.275
49736.304
497з6.325
49736.]46
497з8.216
,197з8.237
,49738.262

4973в.296
49788,18з
49788.208
497вв.225
50056.52 1

5005б.542
50057.288
50057.308
50057.4в8
50057.508
50059.388
50059.408
5с}060.з 12

50060. з25
50060.525
50060.546

0.508
0.524
0.543
0.5 68

0.652
0.186
0.20 1

0.2 18

0.163
0.182
0.201
0.215
0,293
0..1.11

0.458
0.173
0,.19 6

0.917
0.9зз
0.94б
l.J. J -I J

0.32 7

0.812
0.825
0.942
0.95б
0.176
0.1в9
0.77т
0.785
0.915
0.929

х 580
6520,6650
б280-6410
6190_6320
5820 5950
5820 595t)

6520 -6650
6280 6410
5в20_5950
6520 6650
6520 6650
б820-595L)
б820 5950
5820 5950
6520 б650
6520 6650
5820 б950
5820 5950
5820 5950
5820-5950
6520-6650
5820 5950
5820 5950
5820_5950
б820 5950
5Е20 j950

5820 б950
5820 5950
5820 5950
5820 5950
5820 595t)

5820-5950
5820 5950

50062.392 0.129
50062.416 0.|14,
50087.371 0.362
50087.396 0.379
50088,271 0.948
50090.338 0.291
50090.358 0.304
50091.2,tr2 0.879
50091.267 0.895
50118.179 0.з85
50118,195 0.396
50119.166 0,026
50119.1в7 0.040
50119.,125 0.195
50121.275 0.397
50121.296 0.411

CCD 1040 х

5820 5: 9
5820_5950
5820 5950
5820-5950
5820 5950
5820_5950
5820 5950
6520-6650
6520 6650
5820 5950
5820 5950
5820_5950
5820-5950
5820 5950
5820-5950
5в20 5950

Tlre
Ьс-
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3. Spectral variations

Воhlепdеr (1988) found ап ехtгiiоrdiпаrу, sllectrrlm
i,aгiability of HD 37776. Fоilоъ,iпg Воh]епdег (1988),
The heliurTi }ine profile variations suррогt the ic]ea

lf а band of enhanced helirrrn r,чhiсh crosses the liпе
lf sight at ф - 0.00 and Q = 0.33 пеаr trvo posi-
il,e ехtrеша of the magnetic field. Variations of рrо-

:1es of silicon as well as mаgпеsium, пitrоgеп, оху-
.ett. саrЬоп and a]uminium аrе all similar, and in-
.icate the рrеsепсе of at ]east two regions of 1ocal
,lrгiсhmепt of each element. silicon and these otlier
.enrents sееm to Ье concentrated at the ne€]ative ех-

,l,еmа of the effective field of HD 37776". Цrе investi
.ated the sресtrum variatioris of helium, irorr and sil-

lrr ]irres using the polarized spectra and compared
-ll data with Boh]ender's mеаsuгеmепts. Because of

- .е чеrу srtrong and соmрlех rnagnetic field in this
- аr, the influence of magnetic intensification can Ье
:_роrtапt.

50,113.404
50413.442
50414,329
50414.353
504i 5.371
50415.396
50,115.,114

504i 7.487
50417.513
505ii0.251
506в1.558
50707.471
50709.550
50710..192

0,235
0.280
0.856
0.872
0.5з4
0.550
0.563
0.909
0.926
0.698
0.531
0.372
0.723
0.335

3.1. Sресtгорhоtоmеtrу ассurасу

Fог cletalleci exaпrination of the ассurасу, of оur mеа-
suгenrents ц.е hal,e used поп-r,аriаЫе spectral lines.

Tirc effective tеrпреrаturе of HD 37776, Т", is
2300t] К (Glagolevskij and Chrrrrakciva, 1986), thеrе-
fоrе slrагр and пагrоп, lines of NaI ) 5890, 

^ 
б896

cantrot belong to the star. They are fоrmеd in the
сirсumstеllаг envelope. пrust Ье constant and can Ье
used for checking the ассurас1, of mеаsurеmепts.

T}re line identification rvas done using N,{ooTe ta-
bies (N{ооrе, 1945) and \,'ALD calculations (Piskunov
et а1., 1995). Eqrril,alent ц,idths of lines were mеаsurеd
usirrg the standaгd рrосеdurеs of DECH 20 (Galazut-
dinov, 1992) and N,iiDAS packages.

\\re need to check the аgrееmепt bet.ween different
s.l,sienrs оf equil alent rvidtlrs because it is песеssагу to
take into account the fact that оrrr observati<эns rvere
пrаdе using diffегепt CCD detectors, and the data
rеduсtiоп rvas регfогmеd using different packages.

At fiIst we пlеаsurеd the equivalent widths of ihe
сirсumstеllаr NaI lines. \Ve selected 2 попrаriаЬlе

i 160
5740 5960
5740-5960
5740 5960
5740_5960
5740_5960
5740 5960
5740 5960
4,160- 4600
,1.160 4600
4460 4600
4460 _4600

4460-4600
.1,160 4600
4460 4б00

ТаЬlе 1: The
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interstellar оr circumstellar (попstеliаr) NaI lines ,\

5890 
^ 

5896 as а standard of equivalent vridth. IЩ.
Thus rve ha,,.e obtained а reliable соmраrisоп of оur
data. Let lts consider this рrоЬlеrп in mоrе detail.

Тhе results of equivalent rмidth mеаsurеmспts of

NaI lines in two opposite polarizatiorrs агс presented

in ТаЬlе 2, L and R аrе LCP (left сiгсulаrlу-роIаrizеd)
and RCP (right circularly-polarized) profiles.

Find the ачеrаgе equivalent widths, И,'д (А), оЬ-

tained with two diffеrепt detectors.
1) The CCD 530 х 580 detector

5890L : 0.226 * 0.023; 5890R : 0,225 * 0.021,

589бL : 0,149 + 0.016; 5896R : 0.149 * 0.011,

if we exclude mеаsurеmепts ц,,ith *:

5890L = 0.232 * 0.019; 5890R = 0.231 + 0.016,

5896L : 0.151 + 0.016; 5896R :0.151 * 0.011.

2) Tlre CCD 1040 х 1160 detector

5890L : 0.252 + 0.013; 5890R : 0.246 + 0.009,

5896L : 0.153 * 0.006; 5896R : 0.t51 + 0.005.

\Ve can see tlrat the еrrоrs in the case ofthe А 5896

line аrе smаl}еr than those fоr ) 5890. Fоr explanation
of srrch ап elTect rve rreed first to exclude the рсlssiЫе
iпfluепсе of blends.

Using \ALD (Piskunov et al.. 1995), we calcu-
lated the s1,,nthetic spectra in the spectral rапgе

аrоuпd the NaI 
^ 

5890 line and 
^ 

5896 fоr а noTrrotat-

ing погmаl stаr with 7. :23000 К aTrd log9:4.6.
Тhе rеsults of \ЦLD calcu}ation v,,ith different

саrЬоп abundances аrе given in the table below. The
sресtrаl rапgе )l 5889 5891 was used. 3 lines ,with

intensit1, > 0.01 rvere selected onl1.:

Line depth
Ion .\ \огпrа1 аЬuпd. Underabund.

of СII of СII (0.1 dex)

Ion .\ Line depth
NaI 5895.9240 0.011

\\Ъ conclude that there is no essential blendirrg of the
NaI ) 5895.992 lirie.

Thus, comparirrg the scattering of I,Гд llleasure-
ments frоm .\5890 and А5896 rмe see that а рrоЪаЬlе
егrоr in о for tlre NaI )5890 1ine is about 20 mА, the

^ 
5896 line is not biended and its о is 10 -А. So-e

difIеrепсеs in аr,еrаgе values аrе not essential.
А conclusion сап Ье drап,п that the 1аrgеr scat-

tегiпg in equivalent widths of the NaI ) 5890 liпе is
caused Ьу the effect of чаriаЬlе blending of the weak
steliar СII 1ine, The NaI iines аrе really intersteilar оr
сiгсumstеllаr and there is no evidence fоr thеir vari-
ations.

It is сlеаrlу* seen frоm Table 2 that systematic dif-
ferences iп the mеаsuгеrпепts with different ccD de-

tectors usiпg сliffегепt pacltages for data Teduction do

not exist!

3.2. Variation of the рrоfilе and equivalent
width of the heliurn line 5875.7 А

As Воh]епdеr (1988) noted iп his thesis, Не has а поп-

irпifоrпr distribution оr,еr the surface of HD 37776

fоrпriпg а belt Tith а mахiпrum density rrear phase

0,175.
тhе попuпifоrm distribution of elements оr,сr tht

surfaces of magnetic stars is not extraorclinar_v, Ьu:

some чеrу great overabundances (4 5 оrdеrs fоr RE-
elements, fоr ехаmрIе) couid рrоЬаЬiу Ье sпrаIlег, ai-

lorn,ing for magnetic intensification of lines. Ноп,еl,е:

fог this mechanism of line broadening to effectil,el,,
ореrаtе great fields (tens of kilogauss) аrе needed.

In the case of HD 37776 the magnetic field is ver,

stгопg and thеrеfогс the effect of magnetic intensi{:-

cation of 1ines must Ье ргопоuпсесl.
As it has been mentiorred above, the HeI 

^ 
587j,-

line is not single but consists of 8 compolrents. Tli,
VALD calcrrlations (поrrпа1 helium abundarrce, nol.-

rotatirrg star) of these fоr the spectral range 587{

5S77AA with lines deeper than 0.01 аrе as follorTs:

Ion ,\ line depth
HeI 5875,5990 0.265
HeI 5875.6140 0.386
НеI 5875.5990 0.265
НеI 587б,6140 0.386
HeI 5875.6150 0,436
HeI 5875.6250 0.386
HeI 5875.6400 0.420
HeI 5875,9660 0.396
FеIII 5876.3370 0.126

It сап Ье seen that we cannot mеаsurе each Н.-
line separateiy, а blend оf 8 lines forms оur mеаsul:_
profiie. Tire table above is presented only for iilust:.-

CiI5889.2800 0.112
сII 5889.7760 0.267
\aI 58Е9.9510 0.020

0.025
0.124
0.020

\ote tlrat calculations rvere made fог а поп-rоtаtiпg
stаг. rтhile fог the fast rotating stаr HD 37776 the
lirres аге essentia11).Ьгоаdеr and rчеаkеr.

Tlius ri,e caLL see that the violet wing of the сir-
сrtп_сtеllаг \aI ) 5890 line is blended Ьу the lines
оf СII. L srral}r, сагЬоп is deficient in СР stars and
thеl,еfоге thе CIi blend cannot Ье r,еrу strong. Nev-
егtltеIеs,.. геа1 influence of variable саrЬоп blerrdirrg is

р tls sible.
\\Ъ mас1е the same calculations using _\ЦLD

fоr ihe Ilext ,сресtгаl rапgе, 5895 5897 АА. тье
\ _\LD calcu]ations sho,,ved опlу one line with а depth
1агgег iiran 0.01 (in addition to the main NaI line
) 5S95 99] :
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496,1i.471
49641.600
49642.471,
497зв.262
49788.183
50056.52 1

50056.5.12
5005 7.288
50057.308
50057.188
5005 7.508
50059.3в8
50059.408
50060.3 1 2

50060.5 25

50060,546
50087,371
50087.396
50088.2 71

50090,33Е
50090.358
501 18,179
501 18,195
501 19,1 66

50 1 19.1 87

50,113..101

50-113..142

50414.329
50,11,1.353

5 0415.3 71

5041 5.396
50,115.4i 7

tion, rotation and helium о.,-еrаьuпdапсеs have not
1эeerr taken into account.

In Table 3 mеаsurеmепts of equivalent width
оf HeI line аrе presented. LCP and RCP аrе left
and right circularl5l-polarized рrоfiIеs, Using the data
fгоm 'TalэIe 3 п,е сопstruсt Fig.3. Frоm this figure it
сап Ье seen that the equir,.alent widths of the HeI line
,slrow а double-wa,n e variation rvhich is iп excellent
irgreenrent ц,ith Реdеrsеп and Thompsen's (1977) da-
ta оп the R index and Воhlепdеr's (1988) mеаsuге-
tnents of the HeI Х 447| 1irre. It is interesting that
lhe equivalent width of the А 5875.7 1ine чаriеs iп ап-
tip}rase iл,,ith the surface field stгength in Bohlender's
l988) model.

Analyses of Table 3 and Fig.3 show that good
аgrееmепt betTveen variations of equivaient widths
,lf left and right polarized profiles is observed; they
r,агу in phase and have the same amplitudes of vari-

SPECTRUM АI\rD MAGI\IETIC VАRIдТIо.NIS оF HELIUM-S?RONG S?АR HD 37776 99

T oI XX 5890,5896

JD 2400000* Phase 5B9OL 5890R 5896L 5B96R
CCD 530 х 580

0.568 0.255 0.223
0.652 0.244 0.240
0.218 0,2 5 8 0.2 5,1

0.473 0,212 0.205
0.917 0.272 0,213
0.313 0.213 0.239
0.327 0.2.11 0.260
0.812 0.253 0.222
0.825 0.22б 0.231
0.942 0.215 0.230
0.955 0.227 0,218
0.176 0,230 0.205
0.1Е9 0.196 * 0,2\2
0.777 0.232 0,240
0.915 0,21.1 0.222
0.929 0.227 0.220
0.362 0.227 0,237
0.379 0.193 * 0.233
0.9,18 0.236 0.241
0.29i 0.261 0.252
0.30,1 0.220 0.244
0 385 0.1В5'{' 0.18,1

0.396 0,i96 * 0.177
0,026 0.202 0.206
0.0_10 0.221 0.2,1i

CCD 10.10 х 1160

0,2з5 0.241 0.228
0 280 0.2з5 0.240
0 856 0.258 0.254
0.872 0.274 0.252
0.53.1 0.255 0.250
0,550 0.2,19 0.254
0.56з 0,251 0.245

Х lirres li,hen bad pixels от columns of CCD ltave influence.

0.144 0.13.1

0.173 0.157
0.154 0.179
0.136 0.1.16

0.173 0.158
0,138 0.143
0. i32 0.747
0.171 0.145
0.1,11 0.146
0.130 0,138
0.1,13 0.137
0.150 0.i,15
0.137 0.140
0,147 0.158
0.151 0.16з
0.150 0.159
0.147 0.162
0.151 0.150
0.159 0.146
0.195 0.161
0.160 0.154
0.1,13 0.134
0.130 0.136
0.1,1Е 0.138
0.i34 0.1.tб

0.150 0.141
а.ш7 0.15з
0.155 0.156
0.165 0.151
0.157 0,153
0.150 0.153
0.152 0.i49
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Figuге 3: Eclui,ualent midth uariations
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Table 3: Егluiuаlепt l1_1id,th rпеаsurеmепts o.f the HeI )5875.7 liпе (А)

100 RopfA.\Iyi"к, Е-Lкlд', к LDR]aAVТSЕ v', -LAд/DSТR ЕЕТ, WAD Е

JD 2400000+ phase LCP JD 2400000+ рhаsе LCP RCP
49641.471
49641.600
49642.471
49736.304
49736.325
19738.262
.19788.183

49788.208
50056.521
50056.542
50057.288
50057.488
5i0057.508
50059.388
50059.408
50060.312
50060.325
50060.525

0.568
0.652
0.218
0.201
0.215
0.473
0.917
0.933
0.313
0.327
0.812
0.942
0.9б5
0.176
0.189
0,777
0.785
0.915

1.371
1.197
1.344
1.,\71
1.194
1.450
1.263
1.146
1.336
1.390
1.080
7,247
1.326
1.552
1.312
0.993

1 .132

1.293
1.150
l..) l t)

т.472
L.+JI

|.lIL\J

|.249
1.153
1,386
t.'t l t)

0.936
1.202
1.JlJ

1,358
1.19.1

1.036
1.077
1. 132

50060.546
50087.371
50087.396
50088.271
50090.338
50090.358
501 18.1 79
50i18.195
50119.166
501 19.187
50119.425
50413..104
50,41з.442
50414.329
50.1i4.353
50.i15.371
50415.396
50415..11.1

0.929
0.362
0.379
0.948
0.291
0.304
0.385
0.396
0.026
0.040
0.195
0.255
0.280
0.856
0.872
0.534
0.550
0.563

1.243
1.441
1.367
1.216
1..109

1.368
1..166

1..195

1.438
1.415
1.255
1. з44
1.359
1.092
1.102
1.382
1.384
1.311

1.181
1.291
1.361
1.235
1.311
1.355
1.488
t..\1,2
1.425
i.454
1. 183
1.34.1

1.339
1.092
1.095
1.401
1.349
1.329

Talie 4: Ecpiualent uid,th пlеаsurеmепts ol the Si]II li,пеs

JD phase 4552 4567 +i)/+

LCP RCP LCP RCP LCP RCP
50417.487
50.117.513

50500.25 1

5068 1.55в
50709.550
50710.492

0.909 0.277 0.285 а.222 0.210 0.117 в.105
0.926 0.253 0.248 0.204 0.203 0.113 0.109
0.698 0.282 0.2в0 0.227 0.2з2 0.i09 0.120
0.531 0.231 0.216 0.158 0.168 0.094 0.097
0,723 0.281 0.288 0.234 0.235 0.128 0.126
0,335 0.22б 0.193 0.158 0.165 0.083 0.085

ation. Simultalleous r,ariations of LCP arrd RCP рто-
files provide strопg additiorral el,idence for the аЬ-
sence of 1аrgе iпstгumепtаl poiarization effects in orrr
spectrograph.

3.3. Variation of SiIII equivalent widths

\,Ioderateli, stгong SiIII 
^4552, 

)4567 arrd Л4574
lines аге оЬsеrr.еd in the spectrrrm of HD 37776. Un-
fortunatelr-. rтe hаr"е mаdе orr11, а few observations of
SiiII. arrd tlre phase со\.ега8е is not very good. The rе-
sults of ecluivalent rтidth mеаsurеrпепts of these 1ines

аl,е ргеsепtесl in Taiэle 4 and Fig.4.
,\tlall,ses оf ТаЬlе .1 ancl Fig.4 sirorv that оur

Illeasulenlents do not contгadict Bolender's (1988)

геsuLts: }reliurrl and silicon чаrу in ilntiphase, SiIII
tltaxiпtLlпt occLlrs at phase 0.8. Пrе studied spectral
r,агiаtiоrl of iгоrr using опlу а weak (4% depih) FeIiI
) 5533 liп.е \\е lrave found no variation of its equiv-
alent ri,iclth rtith а гоtаtiопаl period 1аrgеr tlran the
еггогs of llleaS].lrenlents.

4. N4agnetic field variations

4.1. Exarnination of positional ассurасу

То c}reck the positional stability of the spectlograp:.
during ma,gnetic observations) we observecl rеgulагl-,,
the standard magnetic stars: non-magnetic stars ani
stагs with the well-known сurче of longitudinal fie]c
variations. Irr addition. as lras been said above. rr,.

measured the doublet of NaL\.\ 5890-5896. Both nal-
rоw lines аrе сiгсumstе}lаr and cannot show апч zec-
mап shifts, so the1,,,чеrе taken as чеIу stable zero-slrif:
test lines fоr measurements of positional stability, Т1l.
геsults of оur measurements of NaI 

^^ 
5890 9б lil_.

аrе presented in ТаЬlе 5.

Тhе obtained shift (difference bcltween tlre сепtl,е,
of gravity of RCP alrd LCP profiles) is presented l:,

the units of pixe1 size of the CCD detector equai l
16 дm.

Frоm ТаЫе 5 it can Ье seen that sоmе iпstг--
mental shift (оr inclination) is оlэsеrчеd. This shift -,

constatrt (r.vith uncertairrties iess than 0.05 pixel) clu:

ь-
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',
х4552 *+ 

+

+

+

_rlg the same run of obserr.,ations and thеrеfоrе curn
tasiiy Ье taken into account. The shift is dс:tегmiпеd
l-,,,, |hg installation precision of the CCD detector оп
he sресtгоgrарh саmеrа at the beginning оf eaсlh гrrrr
f observatiorrs. Тhе shift (dеtегпriпеd fгоm the NaI
1rles) is in good аgrееmспt with thе shift cleteгrnined
.l,оц ngrl-*ognetic stars.

Оur rneasurements shorv that \lie аrе аЬlе to сlе-
:l,r,lniпе the shift соrrесtiоп rvith arr ассurасч better
-iran 0.02 рх:0.005 А. апd t}ren rTe сап Йпсludе
-ilat the systematic еrгоrs of оur nragnetic mеаsurе-
]:lents, caused Ьу the incomplete аllо.,чапсе made for
llclination of the CCD detector. аге riot 1аrgеr than
-150 G.

4.2. Longitudinal magnetic field mеаsurе-
rrrents

\s noted above HD 37776 hаs а complex пragnetic
-..:1cl structrrre and а соmрlех structuгe of line profiles.
- irompson and Landstreet (1985) show essentially
: irltipolar field struсtuге using Ваlmеr line mеаsurе-
._etlts. Taking into account possible (widely spread
-]]lопg Ар stars) поп-uпifоrm distribution of сhеmi-

,1 elements очеr the star's surface, we expect а чеry
lrrplex picture of the longitrrdinai fieid behaviour

х1567

phase

rneasured frоm lines of different еlешепts. Naturally,,
it is t]re modelling of polarization profiles that n.ill
nrake possible construction of а magnetic field model
of tlris stаr. Nevertheless, simple mеаsurеmепts of
Zeematr shifts of some 1ines of different elements mа1,
Ье useful fоr represerrtation of the general vieъ, of the
field ча,luс alrd ýtruсtuгtэ of HD 37776.

Ill ТаЬlе б пragnetic mеаsurеmепts of HeI 
^ 

5875
соrсs. -EIеI 

^ 
5876 сс:rrtге of gravity and FеIII 

^ 
5833

tota] shift (пrаiпiу сепtге of gravity) аrе presented.
О{ с:оursе. оuг rragnetic shifts ргеsепtеd in tliis ta-
ble ,,л,еге ргоduсеd not onl)i Ьу the lorrgituclinal field
(as iri the case of роlаrimеtriс obserrations with the
Ваlmеr liire magnetorneter) . Оur шеаsurеd field (Та-
Ьlе 6) is а шrixture of predominarrtly longitudinal and
surface field and thегеfоrе а соmраrisоп of the da-
ta presented ъ.it]r tlrose of Boti]ender and Landstreet
(1985) is impeded (Fig.5).

Tlre rпеаsurеmепts frоm ТаЬlе б сопfirm t}re соm-
рlех struсtuге of magnetic field. Fоr example, mеа-
suгеmепts оf HeI line cores shoп, а very iarge field
(tens of kilogauss). rvhile mеаsurеmепts of the сеп-
tre of gravity of this line (Babcock technique) show а
small field. FеIII line measurements show the рrеs-
епсе оf the fieid of tens of ki}ogauss. Fig. б shou,s
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Figurе 4: Еqu,iчаlеп,t uiid,th ч{rriQti,оп,s of the SlItI l,iпеs (* LCP, х RCP profiles, о:20 rпА).
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Table 5: Pos,itional rпеаsllrетпепts of поп-rпаgпеti,с:

li,nes (|,IaI ЛЛ 5890 5896)

Shift (pixels)
Date Plrase 5890 б896 Ачеrаgе

+{4

+++

phase

of the mаgпеti,с field rпеаsurеd
л5875.7 line. РrоЬаЬlе еrrог at
о ж хlkG.

49736.325 0.215 _0.09 +0.05 -0.02
49738.262 0.473 +0.09 +0.09 +0.09
49788.183 0.917 +0.25 +0.26 +0.25
49788.208 0.933 +0.31 +0.24 +0.27
50056.521 0.313 -0.24 -0.26 -0.25
50056.542 0.327 *0.25 _0.24 -0.25
50057,288 0.8i2 -0.23 -0.13 -0.18
50057.308 0.825 -0.25 -0.15 -0.20
50057.488 0.9.12 -0.23 -0.20 -0.22
5005 7.508 0.955 - 0.15 -0.17 - 0.16

50059.388 0.176 -0.17 -0.26 -0.22
50059..108 0.189 -0.22 -0.24 -0.23
50060,312 0.777 -0.30 -0.21 -0.25
50060.325 0.785 -0.28 -0.11 -0.20
50060.525 ,0,915 -0.20 -0.27 -0.23
50060.546 0.929 -0.19 -0.29 *0.24

50087.371 0.362 -0.35 -0.26 -0,з1
500Е7.396 0.379 -0.29 -0.31 -0.30
500s8,271 0.918 -0.24 -0.33 -0,29
50090.338 0.291 -0.30 -0.20 -0.25
50090.35s 0.30.4 -0.26 *0.16 -0.21
5011в.179 0.385 _0.05 +0.04 0

50118.195 0.396 -0.07 -0,02 -0.05
50119.166 0.026 +0.04 +0.08 +0.06
50119.187 0.040 +0.02 +0.10 +0.06
50119.,125 0.195 -0.14 0.00 -0,07
50121.275 0.397 -0.10 -0,07 -0.08
50-113.404 0.235 +0.03 +0.01 +0.02
50.113.4,12 0.280 +0.01 -0.02 0

504i-1.329 0.856 +0.05 -0.01 +0.02
50]1.1.353 0.872 -0.02 -0.01 -0.01
50-115.37l 0.534 +0.05 +0.02 +0.03
50.115.396 0.550 *0.01 0.00 0

50]15._117 0.563 -0.02 +0.01 0

ol0
Е
ц
,9л
;U

Е

Figurе 5: Vаr,iаtiоп

fr,оm the соrе of Не
each, m,еаsurеmепt ,is

the И Stokes paraineter distribution очеr the pro-
file of the HeI .\ 5S75.7 line in 25 different phases

of the period. This figure shows сlеаrlу а very соm-

рlех behaviour of the У Stokes parameter, which in-
dicates а поп-fiроlаr configuration of the magnetic
field оп the surface of HD 37776. The lаrgе value of
сirсulаг polaлization vrithin the .\ 5875.7 line рrоfilе
(И : 5%!) confiTms the existence of а very strong
a,nd сошрlех magnetic field. Al1 changes аrе strictly
peTiodical. which suggests а geometrical (changes of
visibilty conditions) but not а physical cause of vari-
abiýty of the magnetic field апd line profiles.

Figurе 6: Di,stributi,on о! V раrаmеtеr очеr the
HeI \ 5875.7 liпе.

4.3. Surface magnetic field mеаsurеmепts

The fast rоtаtiоп апd соmрIех structure of the mag-

netic field in HD 37776 make difficult direct obser-

vation of Zeernan splitting in the sресtrа1 lines. \\-.

made an attempt to estimate the surface magneti,-

field В" using the Zeeman splitting of SiIII line соrеs

А4552, 
^4567 

and .\4574. Uпfогtuпаtеlу, опlу 5 Zee-

mап spectra wеге used fоr determination. The rеsult.
of шеаsurеrпепts of these lines аrе presented in Та.-

Ьlе 7.

Frоm this tabie it can Ье seen that our estimates с'
the surfасе field Ьу measuring magnetic splitting col_-

firm fairiy the lаrgе surface field, pгedicted Ьу Bohler--

dег arrd Landstreet (1985) and Bohlender (198Е

Unfoгtunately, our data аrе not sulficient to chec,-

the аgrееmепt betrveen observations and modellil,:
at other phases clf the period.

The чеrу strong magnetic variability has addrc-
ional corrfirmation frоm the view point of distributit:-
of the И Stokes parameters inside SiIII lines (Fig. ,

***
++

***

+

wavelength

we
Text Box



SPECTRUM AND MAGNETIC члRIд?IоNS оF HELIUM-STRONG S"AR HD 37776 103

HeI (kG)
phase Соrе Сепtеr

of gr.
JD FeIII

(kG)

lгеd
гаt

4964|.47l 0.543
49736.304 0.175
49736.325 0.189
49738.262 0..148

49788.183 0.892
49788.208 0.908
50056.521 0.286
50056.542 0.299
50057.288 0.784
50057.308 0.797
50057.488 0.914
50057.508 0.927
50059.388 0.149
50059.408 0,162
50060.312 0.750
50060.325 0.758

* .50060.312 0.750
-- 50060.325 0.758

50060.525 0.88в
50060.546 0.902
50087.371 0.335
50087.396 0.352
50088,271 0.225
50090.338 0.263
50090.358 0.277
50118.179 0.357
50118.195 0.368
50119.166 0.999
50119.187 0.012
50119.425 0.167
50121.275 0.369
50413.404 0.225
50413.442 0.2б0
50414.329 0.826
50414.353 0.842
50415.371 0.504
50415.396 0.520
50415.417 0.533

+22.0 -0.96 +1.75
+9.5 -2.30 *

+9.1 -3.09 *

+0.8 -5,84 -15.57
+9.5 +0.31 +1.67
+9.2 -0.17 +L7.32
+3.7 +0.58 +2,49
+1.3 +1.20 +13.05
_5.0 +0.82 -2.90
-7.2 -t l,10 -3.56

+12.8 +1.13 +6.54
+9.2 +1,03 +2.13
+7,1 -t0.00 +7.33
+8.6 +1.17 -8.37_18.6 -1.20 -|.72
-7.7 -0 86 *

-18.6 -1.20 -1.12
-7.7 -0.86 *

+72.2 +1.18 +3.15
+12.5 -3.13 +0.03

-8.5 -0.-11 -г16.64

-9.3 -0.3i 1-19.j1
+9.5 +1.55 -2,98
+7.9 +_1.26 -6.18
+3.7 +1.00 +12,29

- 14.3 -0.86 +6.05

- 18.3 +0.65 +20.77

-6.1 -0,11 +2.19

-13.8 -1.4i *

-4.1, +3.61 *

- 9.9 * 0.76 *

,i -1,27* -2.22** -1.58* +1.32х* _0.52* _2.24*
,к -1.62* +0.88*х -1.21* _5.72*
х _1,49,k _11.16*
n _ 1.68* -8.33*

Table 7: Magneti,c пlеаs,llгепLепts of the Si liпеs

N{agnetic fietd В" (kG)
Phase 4б52 4567 4574 Average

50417.487 0.909
50417.513 0.926
50681.558 0.531
50709.550 0.723
50710.492 0.335

rvavelength (А)

Figure 7: Di,st,riЬu"tiсlп of V раrаm,еtеr очеr the рrоfilеs
of SiIII lines.

In this figure the 1,alues of the И раrаmеtеr in the
spectral band 4540 4590 АА containing 3 SiIII Iines

^ 

4552, 
^ 

4567 and ) 4574 at б phases ofthe реriоd аrе
presented. It is seerr that the И раrаmеtеr fоr these
1ines changes simultaneously reaching maximum at
phases 0.6 0.7. According to арргохimаtе estimates,
t}re Ьеlrачiсluг of the L" раrаmеtеr with phase of the
rotational реriоd fоr helirrm and silicon lines аgrееs
rvell, ri,hile equivaient rvidths of these lines change in
antiphase.

5. Discussion of results
Iп the ргеsепt paper \Ire rероrt only the first раrt of
оur in,,,estigation of the magrretic helium-strong stаr
HD 37776. \\'е ll,,i]l continue оur investigations fог the
puIpose of coristructing а magnetic field mоdе] of this
unique star. Some геsults, hоrчечег, аrе availabie at
present. These аrе a,s folloц,s:

1. Оur direct magnetic field measurements shorv
the existence of а чеrу strong (очеr 60 kG) and соm-
рlех magrretic {ield on tlre surface of the He-strong
star HD 37776, rvhich confirrTrs the results of Bohlen-
<1еr and Laridstгeet (1985) and Bohlender (1988).
HD 37776 has tlre strongest magnetic field among
nondegenerate stars ,"чhiсlr hal,e so fаr been observed.

2. Неlium and silicon ]ines show а periodical
spectral variability rvith а period of magnetic vari-
atioris (1.538675 davs), This is indicative of the non-
uпifоrпr distribution of tlrese elements очеr the star's
surface. Helium and silicon var1, in antiphase. оur
measurelnents аrе in good аgrееmепt with the рrечi-
ous investigation. Apparently, the effect of magnetic
intensification of sресtrаl lines plays an important
гоlе in the star with such а strong fie]d and needs
to Ье taken into account п,hеп constructing а surfасе
abundance nrodel.

3. Vаriаtiопs of the 'I,/ Stokes раrаmеtеr for he-

JD
28 20 21
22 16 24
78 48 56
56 40 42
|7 16 2\

L.)

21

61
46
18

Ti
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lium and silicon lines аrе well phased il,ith the

sапrе period. N{easurements of HeI 
^ 

5875.7 line соrеs

show double-wave l,ariaticiris with the same period,

1.538675 days. Investigations of Zeeman splitting of

SiIII lines indicate directly an очеr 60 kG magnetic
surface field.

4. Al1 variations of equivalent width and mag-

netic field очеr the iast 10 уеаrs have been stгiсtlу
periodical. Тhе period of variation is 1.538675 days,

5. our nearest futurе objective is to construct а

magnetic field rnodel fоr the star HD 37776 anci to

mар the поп-uпifоrm distribution of c}remica,l еlе-

mспtS о\,ег it s ьurГаr,р.
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