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ДЬstrасt. Reduction of Zeeman echeile sресtrа taken tith the coude spectrograph CEGS of
tlre 1m telescope of ttre Special Astгophr.sical ОЬsеrr,аtоr1., foT the рrоgrаmmе of rriagnetic sur\re}'

of the поrthеrп hеmisрhеге пrain sequence stars is described. The reduction algorithrns have Ьееп

tested Ьч tlre sресtrа, of tlre magrretic Ар star 53Сапi (HD65339).

Кеу wогds: stars: magnetir: fieids instruTrtents: echelle: СtrGS database: \aALD stаrs:

indir.idual: HD 65339

1. Introduction

In 1995 the wоrk rvas initiated оr,сг c:arrvi,rtg out а
magnetic surче\, of поrthеrп sk1, rnain sequence stal,s

up to Г : .lP0. The aim of the surче}, is to construct а
selection-independent function of distribution of mаiп
sequence stars оц magnetic fields (see Bychkov et а1.,

1997) , This kind of irrformation п,ould make it possi-

Ьlе to соmраrе magnetic рrореrtiеs of main sequence
stагs and evolved stals --- white d,K,arfs. This surve},

сап help to cletect new magnetic staIs. Part of the
surve}, ргоgIаmш]е stars (аррrохimаtеlу, 1/3) 1ral,e

Ьееп mеаsurеd Ьу, оthеr autlrors п,ith an accuracy of
about 60 80G rvittr the рuгроsе c-rf cletection of rnag-
netir: fields (Landstreet, 19Е2). Ноп,еr,ет no significant
пIagnet,ic field has becn found in any- of tire ob.jects.

This suggests tlrat either the magnetic field ilr tlrerTr

is actually,absent, оr it is 1ess tlran б0 80G. \\,-е are

facing tlre рrоЬlеm of detecting and measuring пiаg-
netic fiejds r,vith ап ассurас_ч as high as possible (bet-

tеr than 60-80G). This rеquirеs high-qualitv spectla
rvith а high signal/noise and mastering of пеrч mcth-
ods of high-accuracy, dеtеrmiпаtitэп of magnetic line
shift in the spectra. During the period betr.r,een 1995

and 1997 т,е obtained qualitv spectIa fоr the nrajor-
ity, of the rrragnetic suryе}, stars 1vith tlie coude-eclrellc
spectrograph CEGS (\,{usael,, 1996), The descгiptiorr
of tlre ргосеdurе of polarimetric: observaticlns п,itir
this device carr Ье found in Bvchkov ct а1. (1999).

Therein опе call also find the descriptiorr of :r рсl-
lагimеtriс fac:ilitv used to шIeasure пragrretic: fir..lds.

The reductiori of the data obtairred c:alled for the сге-

a,tion of algorithnrs fЬг recluctiorr of Zeeman егhе]lе

Spectra. S,эme of tlre surчеч stars пrаr, shorт the рге_с-

ence of strоп€! magrrcticl fields (оl,еr .LkG). Tliat is

ll,hч. the algoritlrms пlltst invo]ve lrotli а po.sslbilitг

of high-accuracv revealing п,еаk magrretic fields and
а possibilit1. о1 dctcction of strorrg rnagtretic fields.

\\re present in this рареr the fu1l complex of рrо-
cedures of reduction of spectra1 data obtained for the
magnetic sur\.еy рrоgrаmmе. \\ie give also the Tesults
of reduction fоr соmраrisоп of оur results with the
results of otheT authors.

2. Principal reduction stages

Tlre plocessing of tlre echelle sресtrа obtained rvith
the polaTimc:tric arrall,ser is саггiеd out irr the \{IDAS
clrr-lt,onlnerrt usirrg the context ЕСНtrLLtr (Balester,
1992). The particularities of these sресtrа геqrrirе
cl.anges in most of the stапdаrd \{IDAS procedures
tЬг rесluсtiоп of echeile spectra. The spectra takerr
п,itlr the polarirnetric atr:rlr,ser (hеrеаftеr rеfеrrеd to
as Zeeman) consist from spatiall}, separated (orr the
detector) spectla iп tlr,o opposite сirсulаг polariza-
tions (left circular polariza,tion LCP and right сirсulаr
polarization RCP).

This kind of reduction is distinct fоr the presence
of closelv spaced spectral оrdеrs in the LCP and RСР.
Separation of the sаmе оrdеrs in diffегепt polariza-
tions is 4 + 5 pixels (this scatter п,i11 Ье discrrssed
furthег in this рарсг), whicli is much less than tlre
separation of adjacent огdетs irr the sапrе polariza-
tion. 1j + 25 pixels. and соmрагаЬlе r,vith the огdеr
F\\IH\{ асrоss the rnairr dispersion (i.e. in siit height.
alorrg the Y-coordinal,e) rThich nrakes 2 + 3 pixels. А
colt,cct extraction of рагtiаliу оr,еrlаррiпg spcctra in
diflЫent polarizations is needed. An irrcorrect extrac,
tiort пtar. 1ead to а mаrkеd depolar,ization irr tlle spec-
trtttrr :rrrcl tlrrrs to еrrоrs in the nragnetic fielcl l,alue
tlct elrrLination.
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Arrotiier distirrction is that tlte рrеsепсе of tlrc ро-
lariпretriс anall.ser in the optical patlr of the sресtrсь
graph c:itlses complic:ation of the clispersiotr curr.e. It
follolvs ti,опr tlre equatiolr of the grzrting that rTl.\/d :
--, L п,hеr,е nr is the absolrrte пrimЬег of the оr-
х/ )i' f2
dег, d is the pericld of the grating, ,\ is tlre wal,elength,

/ ls the foсal length of tl,Le саmеrа. Х is the сооrdi-
n;rte in thc dispersion pla,rre rесоrdесl fiопr the point
of irrt.er-qcction of tlre саiпеrа :rxis ъ,ith tlre detector
plarre. In tlre case rvhore tlrr: сапlеrа focal lclrgth is
пtuсh grеаtеr than the spectrtrrn image size. / >> Х,
the c:qriation of thc gгatirig сап Ье rеduс:еd to the form
m.\ : оХ * Ь, rv}rere а a,ncl Ь аrе аrЬitrат}, constants.
In otrr c:rse strch а re]ation рооrlч describes the rеа1

position of sресtга1 lines.
The pac:kage of procedures in the N{IDAS envi-

rопrпепt which rve have t,rittеп realizes the folloц,in8
stages of reduction of Zeeman echelle spectra:

о determination of the position of tlre оrdеrs;
. rеmоl,аl of particle hits;
о definition and srrbtra,ctiolr of ttre backgгorrnd

in the cornparison spectrtrnr image;
r c:xtrac:tion of echelle orders of the сошраris,-lп

Spectг11In;

о normalization and sсаrсh fоr lirres iп the соm-

рагisоп sрссtrulll;
о tclrriputatiolr of tlre dispersicln crleflicients;

о гепttlr,аl clf cclsinic iэarticle hits frоm t}re stаг
spectruln iпiage;

с tlre Ьа.r;kgrrэuпd sttbtra.ction in the star spec*
truпr ilriagr,:;

r extraction of cсlrellc orclers of tlre star spoc-
trrlm (separatel1, for diiTerent polarizatiorrs);

r normalizatiorr and sеаrсh fог lines in the star
sресtrum (sepa,ratelr, {ог diffeTent polaTizations) ;

r }inearization of the star spectrum;
о iderrtification of 1ines;

о cletermination of ma8lietic shift of lines.

Some proceriuTos. such as relrror.al of cosmic ратtГ
сlе hits. definition anc1 subtrat:tion of thc backgrorrnd,
extTaction of echelle оrdегs in the comparison spec-
IIllnl аl,е ccilrlpletcli, identic:rl riith those 1Ьr the st:rr
iшаgс, Tlrc lcdirc:tion of sресtrа is pcrformed fo11o,,l-

ing cxactlг the setluence of the abovc рrосесlurеs.
It is l,itа1 tlrat frll, thc high-асс:urасч redtrction of

polarlzation data the spectra should Ье taken in tпо
ро_чltiоris of the спtгаrrсе quarter-rr,ave plate of the

роlаt,ilrrетгiс alralr-ser. In this case the LCP and RCP
spectl,a srlitclr places. \,Iost of tlre instrumerrtal ef-

fccts. slrclr as inr,linatitltr of the slit projection to the
dispelsion clilection itr tlrc sресtrum. diffeTerrt sensi-
tivitv of different агеаs of the dеtесtоr (CCD), in-
clirl:rtiolr of tlir: plarre of s1llitting of tlre Iight Ьеаms

i.fONiN

in the апаlr,sеr ц,lth rеsресt to the sресtrоgrарh slit
orientation (Bl,chkor. et al., 1999).

\\ihеп the plate is rotated Ь1. 90 degrees, the spec-
trurrr t,itir tlre same state of polarizatiorr passes the
sаше optic:al path in tlre spectrograph and is рrо-
jec:ted on1,o orre and the saпte рlасе on the dеtесtог.
The position of the spectrurn still varies а little }эе-

c:ruse of the slightlv diffeTent position of the objecT on
the siit during the first and second ехроsuгеs. Thus
rr,e obtain t\l,'o spectrir fоr еасh obicct (iпсlutliпд; tlre
spectrum of tlre diffrrsed sol:rr ligtrt use as ttre соmраr-
iscltl spectrtrrrr) rvit}r tlltэ positions of the quаrtеr-\ча\iе
platc: diflЫirrg Ь1,90 degrees. The reduction of the tц,о
images is реrfоrrпеd itr an exactly, the same rvay.

3. Searching fоr spectral оrdеrs
The sеаrсh for the positiorrs of spectral orders is
nrade using а star spectrum п,ith Ьrоаd features (large
,"- sili l r.aiues). 'Гhеrе irre pIactically no паrгоw lines in
such objects. but for the tеrrеstгiаl atrrrosphere Iines
t}rat аrс. locirted rrrostlr. in the оrdеrs of tlre spectrrrm
п,itlr а smаllег aLlsolrrte ntrrrrber. The orders rTitlr lаrgе
absoiute numbers are practicallr. fice {iom thc tеr-
геsriаl atrrrosphere lines. The absencc of паггоr,п, lines
irr tlre sресtrum mzrkes it possible to геliаЬlу, dcfirie
tlre positions of spectral оrdеrs in the rl,hоlе image.
Thls alklпs the раrаrпеtеrs of the polvrrornial that de-
scribes the posititxr of spectral оrdеrs to Ье геliаЬl.ч
determined. If thеrе is no star spectrum r,vith broad
erTrission lincs. one сап uso the scattered stllar liglit
spectTutn. In this case the асс]uгас}, of determining
the position of оrdег-q is somet,}rat wоrsе.

Рriог to tlre searr:h fclr thc position of оrdеrs the
irnage is tuгпес] scl that the п,аl.еiепgth increases in
the inrage frоm left to right and frоm bottom up-
rvards. Опе has to mirrоr tlre iniage about its сепtrаl
со]umп. The median filtering of the image is fuгthеr
done оrri1, along the image columns (transverse the
пrаiп dispersion) iп а п.,indolv of 10 pixels. This рrо-
cedure геsults irr marging of tц,,о closelv spaced ordeTs
irr opposite polarizations iTtto orre рsеudо-огdеr. This
is clone in огdеr to subsequerrtl_v find the position of
spectrai orclers tlv rtsing the standard \,IIDAS pack-
age. The \,{iDAS рrосеdurе of firrding the position of
sресtrа1 оrdеr implies а polvtromial variation in the
sерагаtiоп of оrсlеrs a,nd thеrеfоrе it iails to describe
the cliscontirrtrous function of variatiorr in tlie sераrа-
tion of сlr<lегs (trvo closelv spaced orders in opposite
polarizatiorrs. then trTo огdеrs in opposite polariza-
tit-lns, but with the оrdсlr riumber diffегirrg lэ1, 1). Af-
ter that. applying the }IIDAS procedrrre. determine
the mask of the positions of tlre centres of orders. The
nurrrber of the points corгesponding to the girren оrdеr
iп the nrask mач yal,}, lэеtll,ееlr 3L} and б00 (depend-
ing on tlte sрсr:trum qrrality and оп the preserrce of
паIrоц, lirres), The grid of posltions сап Ье fitted Ь_ч а
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REDUCTI1|{ оF ZЕЕмлл- ECHELLE SPECTRA

two-dimensional polynomial of the 4th and 5th degree
along the lines and along the columns, respectivel;r.
trn the поrmаI practice, опе сап find 35 + 40 pseudo-

ordeTs (35 + 40 oTders in the LCR and 35 + 40 orders
in the RCP). This number depends on the quality of
the spectrum used to find the position of orders. We
found it а risk to extrapolate on the basis ofthe poly-
nomial relation of such а high order (5th degree) in
оrdеr to find additional, weaker orders. The mоrе so,

we wеrе interested in sресtrаl оrdеrs with reliable ас-
quisition for high-accuracy measurement of magnetic
fie]ds. Fоr this rеаsоп we used only these 35 + 40 оr-

ders found surely.
Proceeding from the two-dimensional polynomial

that describes the positions of orders, а new mask is
formed of the position of pseudo-orders with an equal
step along the rоws of CCD. The standard deviation
of Y-positions of соmmоп points of the nevr and old
mask is normally 0.04 + 0.05 pixel.

The position of the mask of pseudo-orders is dis-
ptayed in Fig. ??. The figure shows the position of
mask nodes with а step of 50 pixeis along the disper-
sion in thTee parts of the echelle-spectrum image of
the stал oAqI: at the centre, left and right edges. The

рiсturе is magnified approximately 10 times in the di-
rection поrmаl to that of extension of orders. It can
Ье seen that the position ofthe mask nodes describes
well the position of inteTsection of the spectra in the
LCP and RCP.

In the case the star spectrum with а large usini
acquired during the night is lacking, we use the spec-

trum of the scattered solar light to find the position
of оrdеrs. The spectrum is rich in паrrоw and deep

lines, therefore the accuracy of construction of thе
mask turns out to Ье somewhat worse, 0.08+0.1 pixel.

Оп the whole, а high acquisition (а signal-to-noise rа-

tio очеr 100) and the same optical path through the
spectrograph аrе vital for соrrесt location of spectral
orders.

The latter condition is not fu}fiied in the case of
use of а tungsten lamp. The difference in the position
of the mask nodes obtained from the staT spectrum
with а large ,u sin а and from the lаmр is shown in
Fig. ??. The difference is shown for each order as а
separate continuous curve. It сап Ье seen that the
difierence for individual оrdеrs mау reach 2 pixels.
Fоr this rеаýоп we do not use the tungsten Iаmр to
find the position of orders.

The grid of the positions of spectral orders is fur-
ther used to construct а mask of the position of spec-

tral оrdеrs in the LCP and RCP. The procedure will
Ье described below.

4. The comparison sресtrum
As the соmраrisоп spectrum, we normally use the
spectrum of the scattered sоlаr light, which wе ас-

quired immediately before and after the observations.
Fоr this рurроsе we expose an arbitrary аrеа of the
morning or evening sklr, the telescope being immov-
аЬlе. The diffused sky light, as we11 as the iight of
the object, passed through the polarimetric anall,ser.
]t fills the slit completel;,, and therefore does not give
spatiallv separated spectra of the LCP and RCP. The
given spectra overlap, forming а соmmоп profile of
an оrdеr across the main dispersion (Fig. ??, dotted
line).

5. Removal of cosmic particle hits

The removai of cosmic hits in the image was done in
the following mаппеr. Filtering of eveTy line of the
image in а window of 10 pixels was performed, At
this extent no inclination of spectral orders Ьу mоrе
than 1 pixel occurs (an lnclination of 1 pixel in the
cross dispersion plane takes рlасе only within 20 pix-
els along the main dispersion). This window is also
Iarge enough for паrrоw and deep lines having а large
intensity gradient in the wings. With а large gradient
in most of the pixels of the window, the median value
will Ье considerably different from the чаluе in а cer-
tain pixel of the windoT,, even if there is no cosmic hit.
This is why, with this kind of fiItration we can miss
high intensity traces of cosmic hits oriented along the
rows of the image. This occurs when the extent of а
particie trасе in the direction parallel with the rows
is соmраrаЬlе with the size of the t,indow оr above
it. Such particie tTaces аrе not cleaned at this step,

but their рrеsепсе is analysed in а one-dimensional
spectrum. This kind of particles make up no mоrе
than 1 + 2%. Ьп ехаmрlе of the clearing рrосеdurе
is shown in Fig. ??. In the figure is presented а small
portion of the image before and after the clearing. It
can Ье seen that the particle traces well localized and
of small extent in the direction parallel with the lines
of the image are cleared very well. The only trace
with а size of 10 pixels was not rеmочеd. When fil-
tering for the median flux changed only in the pixels
in пrhich it was different from the median value in
а windo.v Ьу а value multiple of the standard noise
deviation in the case of poisson noise distributionl
I - Inedion > nr/T*a1*, whеrе I , r-"d,ion is the flux
in the given pixel of the original image and the image
after the median filtration was applied, respectively.
Раrаmеtеr rr, varied from image to image within 2 + 5.

When the line width in the stellar spectra increases,
the gradient in the wings usually drops. This is why,

the aigorithm works well with both narrow-line stellar
spectra and broad-line stellar spectra. The procedure
is checked Ьу analysis of the difference of the two im-
ages: before and after the rеmочаl of particles.
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Figurе \: Posi,t,ion о! the rп,аsk of p.seudo-orders (члh,itе dots) of the left еtlgе,
ed,ge ot the i,mage. Small frаgmепts аrе shouln of i,пdi,ll,itlu,al port,ions of three.
artd RСР (iп black).

at the сепtrе, апd at
сепtrаl sресtrа'|, оrdеrs

Х (pixeI)

Figure 2: D,iffеrепсе ,iп the ylosi,ti,on ot the rпаsk mоdеs ,i,rl the сrоss-d,isреrs,iоп, рlапе urs the posi,t,ion ,i,п the
rпаi,п d"isреrs,iоп yllane. Ап i,nd,iui,dua! сurче r:оrrеsу,юпds to each spectral, оrd,еr.

6. Васkgrоuпсl sutltrшction in the irnage

Еоr рrореr e}itraction of the point sоurсе sресtrum
from the echeile зресtrum соrrесt account ofthe scat-
tered light in the spectrograph ought to lэе taken. It
is variable очеr the iшаgе and mау ча.ry within 2 + 10
percent of the intensity in the nearest spectral оrdеr"

Based on the mask of the positions of pseudo-
orders, а mask of location of the background points is
constructed. The points of the background mask take
uр а position along the columns of the image which is
equidistant fTom trvo nearest centres ofpseudo-orders.
The imaging of the background is reaiized through de-
scribing the points in the background mask Ьу splines
of thе Srd degree along the image colurTrns. The step
in the background шаsk along the lines of the image is
1 pixel. То minimize the influence of the lэасkgrоuпd

fluctuations, the intensit5z in each point of the back-
ground maslt is considered to Ье an average of the
intensities in the пеаrЬ1, pixels (in the vicinit)r of the
central pixel). This vicinity is determined Ьу а rесtаrг
gle of side of 7 pixels along the шаiп dispersion and 3

pixels transverse it. The size of the vicinity is chosen
for the fol}ovririg reasons. Along the main dispersion
thе bending and inclination of orders must not have
an effect on the result of ачеrаgiпg) v,,hile trапsчеrsе
the main dispersiorr th,e vicinity rnust Ье mtrch smaller
tlran the separation of оrdеrs in different polarizations
with the пumЬеr of the order differing Ьу, 1.

Fig. ?? shows the cross-section clf the Zееmап
echelie image of а ýteliar ýоurсе асrоsв the main
dispersion" The cross-section of the background im-
age is superimposed thеrе also. Рriоr to the s,.lb-
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REDLCTION ОЕ ZЕЕ,\fЛN ECHELLE SPECTRA

Eigrrre З: Еrаmрlе, of ореrаtiоп of the рrосеdurе oJ сlеаr,irtg tht. itn,tt,Qr: Jrоm cosm,ic h,its. The left рапеl is the
,irп,аgе 1lri,or to сlеаr,iпg, the right orle Ns that аftеr сl,еаriпq,

|25

FiguTe 4: Section oJ а Zееmап echelLe

оrdеrs. The sec:tion, of tlle Ьасkqrоu,пd

1оOо

Y (p]xel)

i,moge oJ а stellar solllrce trапsчеr,sе the d,i,recti,on of еrtепsi,оп ol spectral
light im,age. is slt,perimposr:d. Tlte Y al:is is tl,t,e intensit,y iп ДDU uпi,ts.

trirction the background in the iпtсrоrdсr spat,e ib

20 + 200 ADU/pixel alid lras а rаthеr clor:l.plcx рrоfilе.
The intensity of the residual 1ight iп the iпtеrоrt]еr
space after the suЬtгасtiоп of t]re background is less
than 2ADU/pixel rvitlr а starrdard noise deviatiolr iri
the inteгordel space of 4.3 ADU/pixel. Thus atTer the
subtraction of the bac:kground the itrtercrrder space
lэecomes а рlапе rl,ith the mеап r,alue eqrta} to zеrо
rтithin the noisc statisti(,s.

7. Extraction of echelle оrdеrs

In Iiig. ?? is <lispla_ved а рогtiоrr of the ecirelle spec-
trttm of the star crBoo nclrrlral to tlre rrairr с]iгесtiоп
of clispersion (solld line) arrd also а similar ser:tiorr <lf

tlrc comp:rrison spectrun], in thls case the section of
the scattered sоlаr 1ight spectrum (dotted line). Tho
itrtensitv of the scatteгed solaT light spectruni is in-
creasec1 Ь). а factor of 10. The figrrre shоп,s orrlr. а
рагt of the sec:tlclrr tlrat corrtairrs tlrrее spectraI оr-
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ders. The оrdеrs irr the star spectrum in the LCP and
RCP оr,егlар otre another.

T'he extraction of spectra] orders is реrfоrпiеd on
thcl ba.sis of the mask clf the positicln of pserido-ordcrs.
'I'he slit positirln оп the Y-coorclinate (along the сrоss-
clisperskln dirc:ctiotr) witli respect to t}re centre of the

рsеuсlо-оrсlеr is specified interactivcэly. T'he lower ancl

uрреr Ьоuпdаriеs fоr the extracticln of spectral оr-
ciers in the LCP and RCP аrе speci{ied sерагаtеlу"
An imроrtапt point is that the same boundaries of
extraction аrе used for а раir of spectTa of one and
the sаmе object obtained rvith difIererrt positions of
tlre entrance qua,rter-wave plate.

The mask fоr tlie extractiott of orcleTs irr t}зe LCI)
(RCP) is formcd оп tlre basis of the nrask of pserrdo-

оrdеrs Ьу means of introduction of а shift in the
cross-dispersion рlапе. Thc shiI1 is а constant for the
giverr оrdеr and clranges frorn огdеr to оrdеr, The shift
of the оrdег in tlre LCP (RCP) rvith rеsресt to the

рsеudо-оrсlег rагiеs frоm оrdеr to оrdеr fоr two геа-

sons: r,аriаtiоп of magnification bv сrоss-disрегsiоп

рrism a,nd insufficient aclrromatlsm of the polariza-
tion arralr.ser.

Frоm tlre Sресtга rYith а S/N>l00 ,п,,е har.e сх-
amilied lrorl, the distance Ьсtп,ееп tlre пrа-хimum
concentгatiori in tlre cross-dispersion plarie in the
LCP (RCP) arrd the mахiпrtrm concentration irr the

рsеudо-оrdеr as rTell as thc separation of оrdеrs iп ttre
LCP and RCP cliange throughout tlre iшаgе.

The centre-to-centre distarrc:e of the sресtrum in
the LCP (RCP) and the pseudo-order changes mаiпlу,

ilоN,lN,

because of the diffеrепсе in filiing the slit Ь1, the соm-
parisorr spectrurn (scattered light of the Suп) and the
spectrum of t}re object. The compirrison spectrum
fills the slit completeiv. The variatiorr is not zrllove
0.1pixel arrd lче negiect it.

Thc distance rrэIаtiоrr lletween tire orders in the
LCP and R,CP is presented in Fig. ??. Ii is seen frоm
the figrrrе that the separation of the orders in the LCP
and RCP is сlеаrlу dependent оп the wavelength. The
solid iine slroll,s approximation of the points Ьу а 3rd
degree polynomial. The fact that the mаiп contribu-
tion to the variation in distance between the огdеrs
with different states of polarization is made Ьу the
r.ariatiorr of апgu}аг magnification on the рrism is
сопfirmеd Ьч the increase iп the EwH\zI of the оrdеr

рrоfilе in the LCP (R.CP) along thc cross-dispersion
rvhen goirig to оrdеrs rvitlr а smаIlеr allsoiute nlrm-
ber, The EWHNI changes il1, about а factor of 1.3 at
оrdег edges, which is consistent witlr the arnplitude
of r.аriаtiоп in separation of оrdеrs in the LCP and
RCP оп thc edges of the spectra,l ralrge (see Fig. ??).
The F\\rН\I of irrdividrral unbiendcd }ines on edges
of t}re sресtrаl range at ,\4000 - 9000 practically does
not challgc, rr,liich sugplests that the focusing is good
over the rтhole image.

The contribution to tlre variation of separatiorr of
оrdеrs irr Lcp and Rcp c:aused Ьч the insufficient
actirornatisrn of tlle polaгiza,tion апаh,sеr is insignifi-
cant. if at ali.

\Тс use the relationship presented in Fig. ?? to са1-

culate the displacement of tlre rnask cif pseudo-orders

9оо
Y (plXel )

Figuге 5: Роrt,iоп, ot the ser:ti,ot,1 of the echelle sреr:tru,m ot the stаr аВоо поrmаl to the mа,iп d,isре,rs,iоп di,rect,iorl
(solid ltп,е) а,пd, а s,imilrlr sec:tion of the,sclltterer] solar li,ght sресtrum (dotted liпе). Th,e Y alis is the plot о|
iпlепsitу iп ДDU units.
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REDL,CTIO\ оF ZEE,\J,IN ЁсI{ЕrtЕ ,SPECTII,{ r2T

foT c:xtraction of оrdеrs in LCP and RCP,
In sресtга of high quality tlre maslr of positions

is found fTom the sрссtruшl of the object itself, sep-

aTatel1, fоr the sресtruпr in the LCP and RCP (the

mask of positions of pseudo-orders is used as а, fiTst

аррrохiшаtlоп) . The positions of the сепtrеs of ordeTs

i" LCP and RCP аrе detcrmlned bl,fitting а gaussiarl

tl,ansveгse the mаiп dispersion directiorr at clifferellt

points of the оrdеr.
Fоr objects rvith low S/N sрес:trа the limit,s of ех-

traction of spectra of both polarizations (the position

arrcl size of the slit projection оп the detector iп Lcp
and R,СР separately,) rчеrе specified interactivel1, for

each ob.ject, Ъr on the basis of the mask of positiori of

Spectra in the LCP and RCP obtained frоm spectTa

Tith а high S/N Tatio. оr using the relationslrip givorr

iri Eig. ??. Usuall,v а nrask obtained оIIсе а night is

use,] Jo' extracltion of ail objects of the given night

оr. at lcast. fЬr extractiorr of а pair of spec:tra of clne

arrd the same objcct obtained wit}r di{lЫerit 1losition

of the errtrarice qu:r,rter-r,l,ave plate of the polarization

апаl_ysеr. Fоr diffогепt objects опlу а nrilror сопtmоп

clisplacc:rncnt of both пiirsks (tlre mask of the spec-

trtrm in LCP arrd RCP) iluе to somewtritt dilTerent

positions of oll.iects on the slit of ttre sресtrоgгарh is

introducecl. The slit lengtlr to isolate Spectra of the

gil,en polarization clepeTrcls оп the qualitv of the оЬ-

jЪсt image апd ratiges frоm 5 to 7 pixels, А cletailed

сlеsсriрtйп of the integration procedure сап Ье fouricl

irr Ballester (1992).

8. Normalization of the spectrum

The поrmа}izаtiоIl of the spectrum r'r,as реrfоrпIеd in

two ъ,аl,s interactive antl automatj,c, The autoпlatil,

construction of the continuum пas based orr t}ie algo-

rittrm of convolution of the spectrum rvith а gauss-like

п,iпdоw. The algorithm is impieпrented in the fоrпi of

NIIDAS ргосесlurе (Shergin et а1,, 1996), Ttre auto-

matic п,аУ is goocl foT objects rvith паrrоrч enough

lines in the spectrum (with а full ц,idth at the line

base of about 40 pixels), The interactive constrtrc-

tion of the continuuшr required specification of а rruпt-

Ьеr of points in ever1, spectral оrdеr, The points теrе

smoothed Ь5, а 3rd-degree spline for eac}r оrdеr, A1l

tlie points сап Ье edited (add оr rепrочеd) in striving

fоr а mахimum iikeness of norrnalized spectra irr t}re

LCP and RCP in the continuunr,
In objects rvith Ьrоаd lines (takirrg sometimes

mоrе than half of the spec:tral оrdеr) tlrc shape of

the continuu[l Was reconstru(]ted Ьу t}re slter:tTunr of

а tungsten larrrp takerr orr the sапе rriglrt, Lines in thc:

spectiurn of the 1arnp аге missirrg practic:ali1, irr the

*hole spectral rапgе. This is а rough proccchrre irrrd

thеrеfой used but in the spet:tra rvitlr Ьгrlаd lines,

rvhere it rvas difficult to reconstruct the cotrtilturttrr

shape. In оur furthеr studies wе corrternplate t(, i1I-

troduce an algorithrn of c:clnstructiolr tire continuu1l1

iп ап оrсlеr contirining broad errrissiorr lines, rесоп-

structing it bl,interpolatiorr of interrsities in the пеаr-

bl, orcicis rvhic:lr сlо поl corltairr significarrt sресtгаl

fеаturеs "

8.1. Searching fоr lines in the spectrum

searching fоr lirres 1п the соmраrisоп spectrrrm fo1-

lows thc Stand?rrd N{IDAS рrосесiuге, Thls pTocedrrTe

becomes irrefficient оп11,, iTr the case of bToad 1ines

ilhose rvicltlr is сltrеr 40 pixels. In ttris case interactive

search fЬr lines сап Ье implemerrted. making it pos-

sible to locate а 1irre detected, rlelete nristaken lirre

оr rеdеtеrmiпе its position. Тп,,о cases of finding iines

аге possillle: sераrаtеIт foT the LCP and RCP spec-

tгum апс1 оп the sunrrnarized spectrum, orre оr tlre

other ргсlсеdrrrе is applied depending оп tlre spectrurn

qualit1,, orr the prescrrcr: or absetlcc tlf rrot,ic:eable пLаg-

ietic .splittilrg of lines, total rrrrпrber of litles irr tlre

s1_1et:trurTt.

\\ihen itlentifying iirres in spectra of diffeTent ро-

larizations separatelr,, 
'llv rncaris of ап aclditi.:lrral pro-

сеduге. olle and t}re santc: lirre orr botlr sресtга п,ith а

possible shift rтit}r rеsресt to each other due to the siit

inclirratlorr оr causecl b,l, the рrеSепсе of а magnetir,

field is furthсг identified.
This operation Inay геsult in iпсоrгссt iclerrtifica-

tion. for tlris reasorr it is checked iTrteractively, cklse
lirres lr,lrose с:епtrе distatrtle is сопtр:lrаlэ1<: witlt tlrciT
rvic.ltlr аrе c:onsideTecl lэlеrrdесl and аrе excluclcd frorn

firlther tlsc. Irr Spectla of stars of diffЫent spectr:rl

c:lasses arrd ll,itlr cliflherrt osirii values. it is possible

to cletect frorrr а dozen to а fell, thorrsand }ines,

8.2. The dispersion relation

The dispersion геlаtiоп ls c:onstructed frоm the spec-

tTurn of tlre scattered sоlаr light, The sum sресtrum

in the LCP and RCP is used for that, Tlre lаЬоrаtоrч

ll,aleiengtlr is specified for по less than 20 1ines r,vith

the 11Se of the list of sоlаr spec:trum ]ines of Pierce

arrcl Bleckirrridge (1973). Use is made of the sоlаr

SpeсtIunr ilnes. The terrestгial аtmоsрhеrе spectгurn

1irles аrе discarded. sincc filrther опе has to iтrtrо-

tluce а corlection irr t}ie solaT Spectrum line shift drre

to thc rotation of the Eartlr. Tlre shift varies ц,ith-

in - 0.3 + *0.3kпr/s. Tlris ef{ect takerr irrto account,

thc 1irre position rerrrains c:onstant both drrring t}re

rright апс1 betrTeen di{fererrt nights of one ruп r,r,ithirr

1IeaSureшrent асс:uI ас\,.

Tire seaTc:h fоr the dispersion relation lras the fornr

,\7,,67,4 : Л(-f. m. а) rтhere )7об is tlre lаiэоrаtоrч

ъ-ayelertgtlt, rrl is the absolute пirrпllсlr of the spec:-

trа} оrсlсr, I is tlie Х сооrdiпаtе of the lirre, а is
ttLe angle of гоtаtiоп of the irrrage, Arrgle а is dеtег-

tnitred fTorrr the exarnination of the sоlаг sресtrum
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Figurе 6: Sераrаti,оп, oJ orders iп LCP artd RСР as a;t'lt,nr:tion oJ шаllеlепgth (ап,gstrоrпs). The sol'id l,iпе is the
аllрrоl,imаtiоп of the poi,nts Ь,у а ?rd dc:gree, улоll;поrп,iаl.
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lines in the LCP with respect to those in tlre RCP.
'Ivpicallr. thc angle fludrrates n,ithirr 0 + 5'. This ра-
Iitmetcr сan Ьс: olltairrecl ц,itlr ari acclrrac\, 0.2 + 0"3'.
The ас:сurас1,, of constrLrctiorr of ttre dispeгsion геlа-
tiorr is 0.004 {- 0.010А. This арреаrs sufficient to rсэli
alllr. identi{.v sресtгаl lirles. The ассllrа-с:ч in dеtегrпiп-
ing tlre dispersiori relationship does rrot affec:t that of
rnagnetic fie]d measurement bec;ruse rl,е nrake differ-
ential rпеаsurеmепts of thc rnagrretic line sliift. Even
rvith the strongest magiretic fields, the lirre shift is rrо
gгеаtеr t}ralr а feiv А. At the sante tinre пragnetic field
dependerrce on t,avelength is чеrч п,еаk and does not
slrorv up itself in short ц.аr,сlепgth rеgiоrr,

8,3. Wavelength саlilэrаtiоп of the stellar spec-
trrrln

The п,ar.elerrgth calibratiorr of the median position Ье-

tllееп the centres of one and tlre sапtе line preseut iп
the LCP sресtruпt and RCP sресtruпr is perforrned
rl,ith the aid of а tп,o-dimensional dispersion relation.
The position of one and the sanie line in dilTeTent ро-
larizations пrа5, iэе different because of magnetic spiit-
ting. Но,лrеrrет, t}re сепtге between one ancl the sarne

lirre iп diffеrепl polarization.s represents (bv virtue of
symпrеtr\. of tlre splittirrg pattern) the position of the
rrrls}iifted spectia,l llrre componerrt. T}re rесiргсlсаl 11п-

ear dispersicltr ц,аs ctrlculated iTr the l,icinit}, of tlre
rrnshifted colnponent of ечеr1, iirro in tlre spect,Trrln.

А}1 mеаslrгеmепts ill the sресtrurп аrе mаdе ц,itlr-
out lirrea,гizatiotr of tlre entire spectrum, опlу tlre ро-
sitions clf the unshifted соrпропепt of e\ier_v line аrе
conrrerted into rтavelengths. This is dorre in оrdеr to

ar.oid clistortion of the line рrоfilе. Tlrese distorticlns
rnav c)cclll п.hc:rr гсЬiппiпg to eqlrirl lr,avelengtlr steps
(see,\,Iatlivs. 1991).

fh.6-1 rrlд.lrе]{эпgtlrs of ttrc urrshifteci cornponents of
tlrc Zесmап splitting аrе firrther iclentlfied r,vith those
of rlifI'сrепt cherTrica1 elertents.

8.4. Line identification

Ргiоr tо linc identificaticln in the ob.ject sресtгum the
average Dоррlеr shift rl,аs соrгесtеd fоr Earth's rоtа-
tion and orbltal notion. As а first approxirnation. rтe

use tlre rаdiа1 r.elocity value frопr tlre BSC catalogue
(Hoffleit, 1982). Subsequentl},j the total shift due to
thc: rасliаl r,clocitv is varied ilrteractir.e1}, to provide
ttre best identificatiorr and lack of rvavelength depen-
dencc: of deviations of identifieci lines' positions frопr
those of lines frоm the list. correctness of identifica-
tion is checked visually in different раrts of tlre spec-
trurn, Fоr spectral line identification п,е use the list of
lines ftlrmed Ьу the database VALD (Piskunol, et al",
1995). Tire list of lines is forlned in ассоrdапсе with
the basic раrаmеtеrs of а stеllаr аtmоsрhеrе (tem-

реrаturе. grai,r,it1,. rтliсrоturЬulепt velocit1,, chernical
composition). Tlrose раrаmеtеrs for ever.v object аrе
tziken fionr thc: iitеrаturе. 'Ihen the 1ist of ttre lirres
ir-Ierrtificd irr ttre spectrunr i-q соrпраrеd rvitlr t,}re trist

of linos rc:trieved frоm ttre tiatabasc. lп adclition, the
terrestrial аtmоsрhеrе }ines, rvhiclr uпdеrgо rio sig-
nificant shift due to the radiai rrelocit},, аrе identified.
The giverr list of ]ilres rvas issued on the base of tiie list
of Pierc:e a,Tid Bгeckinridge (1973). Such iines пurпЬеr
1868 irr the r.r,a:r,elength range 
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lines аге utilized to inspect the results obtained.

8.5. Magnetic field rrreasuretnent

Тhе ргеsепсе arrd rTragnitude of rrragnetic field аrе
analvsccl frопr 1.he lirre ргоfiiе shift iп olte circttlar р<l-
larization t,ith respect to tlre otlrer. Iri thc presencc of
а niagnetir: {ielc1 а sресtгаi lirrc: lTith а *Ia\.elen8tlr )0
is split irrto sеl.сrаl conrponents. In trarrsition Llctrveen
suЫevels fоr rr.hic:h АМ : 0, rчhсrе М is the pTojot,-
tion of the totai апgulаг moment onto the ruagnetic
field clirectii)ll, т colnponents form. Transition rTith
А,11 : *1 give L, compollents. The splitting l,tilue is
, i, ,I { ,1,1l 

l il ll ,d b.r, I lte explT,,ssion

А_\ : *.х.6i * 10 r39lJ)], (1)

t.lrеrе А.\ is mе:rsuгеd in _\. 9 is the Lande factoT of
the trairsitioir. IJ is t}re magtretic ficlcl strerrgth ех-
prc,<sed in G (soc Landstгeet, 1980). Since the scale
of splittirrg of diiferent lel.els is unequaij the nuпiber
of cotrlporrerris rvill depend orr the clectron c:onfigu-
гаtiоп al]d trraу rеасh а fец, dozens. The cornponents
of splitting art: poiarized. Wiren obser.,,ing transverse
thc: rnagrr;,,tic fiеlсl sense, т conrpont:nts turn out to Ье
1iпеаr11, pclialized parallel to the field, пhile о coln-
poncnts .iге 1irrearriv polarized across the fielcl. \\i-}ien
obseTvirrg along t}re {ield ciirection. а coпlponents e]i-
hibit thc opllclsite tlirсrrlаr poltrrizations. In isol:rtillrg
separateil, tlre left arrd гiglrt сirсulаr po}аrizatlons. wc
гессlrdесl а totalitt of thc iiпе componelrts ъ,ltii th.e
satrre сiгсulаг polarizaticlil states. ]t shoulri Ье noted
that 1iпеаг11. polarized light of а star el}tels r:quall1,

inio lэсtlr t}rc lcft сiгсulаrl1,, polarized spectrtrn and
the right сirсrrlаrlу, рсliагizеd опе.

Iп ъ,еаk rnagrretic fields (а ferr, kiiogarrss ог mоrе)
tlre scale of splitting turns out to Ье оyеr a.n отсlег
of rnagnitude 1ess tharr the spectral гesolrltioll of tlre
spec:trograph. In thls case we do trclt see tlre соmро-
nents of splitting taken scparately, but see tho total
рrоfilе they, forrn. The centre of gravit1, of tlris sunr-
mаrizеd profile in the LCP arrd RCP spectrulrr ()1
arid )д) is tlisp}aced rvitlr rеsресt to .\9 bv

Аir,л: }1,8 - Ао: *4.67х l0 1З < 9 > l*^;. (2)

whеrе ( 9 > is the рrоfilе rveightecl mеап Latde fac-
tоr, 11д is tire longitudinal rtlagneiic field от the pro-
iection оf the rnagnetic field conlponent a,\.el,aged о\lеr
i hc visible hemisplrere of the sta,r on ttre line of siglrt
(\iatlrl.s. 1987, 1991). The "+" sign ln the fclrrTпrlzr

г:оrrсsропds to the RCP. Not tlie line profiie shifi iп
the LCP ог IiCP r,r,itlr respect to )6 is measuTc:cl, but
the rrrutua.l riisplilc:emerrts of the profiles:

А}-}л-.\l-9.3,i*10 "<g>Ё,i3. (3)

It slrould Ье emphasized that п,е mеаsLlrе tlrc cert*

tres of grar.itT of the рrоfilеs п,it}r different state of
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polaгization in t}re non-linearized sресtrum. The lin-
еагizаtiоп рrосеdrrге is applieci опlу to the ъ,avelerrgttr
cieternilration of the line centle found. This is dorre
fоr the prilpose of aтoiding distoгtion of the рrоfilе in
tlris рrоссdurе. whicli could reslrh, irr iпr:огrесt deter-
minatiorr of tire positiorr of the line сеlrtге of gгаr,it1,.
The rTaveierrgth of the ilrre сепtrе сап Ье found fTonr
tlre clispersiorr rel:rtiorr deriled abol,c. The line c:errtre
of gra,r,itv irr the LCP and RCP calr Ье found in а
51дlldдld 1,:дlr;

1.---
,. /r D\

,l R",", (_Y)_Yd{

1л!',fi)lх;ах '

whеге { is tlre coordirrate of :r giчеп point of the

рrо{ilе ехргсssеd irr pixe:ls. ПL"'a'l (Х) is the residual
intensitv of the рrоfilе irr the LCP and RCP. rеsрес-
tivelr.. Еurthеr, in accordarrc:e п,ith the dispeгsion rе-
lation. these positions of tlre сспtrеs of gral,itv аrе
converted to п,al,elerrgths.

Тhе efrec:til,e Larrde factors of lines can Ье оЬ-
tairied using the сlаtаЬа-че \ЦLD. The lines. for rvhich
tlre effectille Lancle facltor rvas rrnknoýln. \теrе ех-
cluded.

8.6. The influence of чаriоus instrurnental ef-
fects

'ltrc deterrnination of thc shi{t of the рrоfilе сепtrс of
gravit1. irr orre pol:iгizatiorr rTitlr rеsресt to that iп the
oi,lrcr is lагgеriч i,rffer:ted bv qiritc: а rrumber of instru-
пtепtаl effects. Anrorig these аrr: tlrc с{tЪсts сlf dероlаr-
izatiorr of ra.dia.tiolr atrc1 spurious роlагizаtiоп of lighi
,"r,hen it passcs thгough the mirrогs of tlre telescope
ir,rrc1 sросl.rоgгарir. lrhese effects hal,e Ьесп exaпrined
bт lJ,r.chlror. et а1. (1998), Tlre.v irave Ьееп shоп,п to
Ье irrsigrrificant. То qlrote Bi,-chkor. (1999), depolariza-
tion docs irot exceetl 1 +2%. These еftЪсts c:hange ар-
prccialэlr, orilr, irl iаrgе rvavelelrgth irrterr.als and шау-
1эе negiected in differenti:tl measurc:rrrerits of tlre slrift
ц,itlrin tlre рrоiilсs of sl,eilar lilrcs. Гhо ,"videst lirres
lr:rve а flril li,itltii of а ferl, dozen arrgstrclrns. rr,}tile tlle
eitc:r:ts of clepolarizatiorl arld adtlitional роl:rгizаtiоп of
гzrdiatiorr cliange mar:kedlv ihrorrglrorrt the spectrurrr
oll sc:ales of thctrrsarrcls of irngstroms. As it r.vill fur-
thег Ье shоц,11. оur rчоrk confirrns these conclusions.
Тhе gооd аgrесmепt of tlre nragnetic fic:ld strellgths
of tlre -qtаr 53 Саm iit cliffererrt phases of the регiоd
of rotation srrggr:sts tlrat everi if tlre abol.e effec:ts il"re
preserrt. tlrev аrе negligiblv sпiall in the case of dif-
{'cTc:ntlal ll]easuren}ellts of the iine s}rift,

Arrotlrcr lэffoct, c:onsists in adtlltiorl:rl slrift of tlre
plofil.es ilr tlre LCP arrd RCP drre to t}tc пrопосhrо-
natic irrc:littirticlrr of tlre slit image tith геsресt t(l the
direr:tion of the mairr dispersion in the sресtruпi. А
cletailer] description of tlre cffc:ct c:an Ье 1bund irr Br,-
c:irkor- et а1. (1999) . Fсlr instance, а slit ilrclliriation of

REDUCT]onl оЕ Z€El,fAN ECHEILE SрЕс]R1

(4)



]

130 MOlfJлl

4n rсsults in ап additional shift of 0,5 pixel" It Bhouid
Ье cmphaBized that the shitt of the profileB in the LeP
and RCP of 0.5 pixel аrоuпd ,\6000 а соrrсsропds to
а magnetic fleld of а 1200G. The Blit inclination ап-
glc with а givcn configuration of thc speetrograph is
detcrmincd in thc procedurc of deriving the disper-
sion relation and checkcd Ьу thc ýресtrum lines hav-
ing а great extent tranýversc the diBpersion direction
in the sрссtrаl order (about 15 pixcls). Тhе accuracy
of determination of the inclination angle in this rvay

mаkеs 0.2 + 0,3u. This соrrсsропds to an additional
shift of 0.02 + 0.03 pixel in thc Bpectrurn of а stаr-
1ikc objeet, which is соmраrаЬlе with the ассurасу of
determination of the line eentre of gravity.

Ву virtue of а пumЬсr of саusеs to which thc resid-
ual alэerrationc of the Bpcctrograph optics сап Ье ref-
fcrrcd, thc inclinatiorr of the Blit image with rеsресt to
the diBpersion dircction сhапgеs in diffcrcnt раrtв of
the echellc frame and mау diffcr Ьу about 1.5 + 2"0u,

which соrrеgропds to а shift of 0.15 pixe1. Fоr this
rсаýоR for high-ассчrасу mcaýuremeRt of magnetic
flcld тrс аррlу а mcthod of еоmраrisоп of Bhifts of
1iпе рrоfiIеs in the LCP and ReP on two indepcn-
dent eehellc frаmеs. Thesc cchclle ýpectra were оЬ-
tained immediatcly folioTving one апсэthеr during the
night rvith different positionB ofthe entranee quaгter-
wavc plate (Bychkov et al,, 1999). Whcn mcasuring
thc piatc position ihc teP and RеР spcctre inter-
ehange thc position on thc dctector, and thercfore
thc magnetic shift (1ine profilc shift in the LCP and
ReP causcd Ьу ihe magnctic field presence) rсчеrsев
its Bign" At the sаmс timc, thc Bhift саusеd Ьу the slit
inclination docs not ehangc thc sign, ThuB, thc mаg-
netic shift can Ьс isolatcd fTom two ехроsurев takcn
with diffcrent positionB of thc quarter-lvave platc in
the following mаRRсr: ДД = (*ААэ а Al1)/2, rvhere

А,\t,э is the shift of thc LCP and RCP linc сепtrсs
of gravity in the lst апd 2nd expoýures) respectiveiy.
The BignB аrе taken in ассоrdапсе with the true mu-

tual positions of sресtга of different polariaations on

the detector. If thc LOP sресtrum is located on the
detectclr сlоsеr to the uррсr епd of the frаше аs соm-
pared ivith the RCP spectrum, the upper Bigns of the
expression should then Ье used. The spectrai orders
having the smаllеr absolute пumЬеr аrе iocated at
thе uрреr епd of thc echelle frаmе. The given ехрrеs-
sion specifies the fleld sign, The true mutual роsitiопs
of the LCP and RCP Bpcctra аrе checked Ьу spcctra
of magnetic stars which do not change the sign dur-
ing the rчhоlе period of rotation. Fоr this purpose we

analyzed the spectrum of the magnetic stаr ВХ Воо
(HD 1З3029) that shows а пеаrlу conýtant positive
magnetic field of +3500 * 600 G.

The magnetic field is dеtеrmiпеd Ьу expression
(3). In so doing, all the identified liпеs in the spec-

trum of the given stаr, foT Tvhich the effective Lande
factors аrе known, are used. In the determination of

the magnetic field thc line wcights аrс employed, The
1ine wcight is detcrmined Ьу the rеsiduаi line intensity
at ihe ccntre of grачitу,ш = (Л!')(Хr)+Л!Л) ("Yл))/z

Fоr n iincs with а magnetic field intenBity ff/d) and
wcight ш;, thс magnetic field is determined аs followB:

The magnctic field detcrmination еrrоr
puted according to the following expression:

5Hl =

(5)

is com-

(6)
Г,T=tui

8.7. Tcst of the algorithmB of reduction and
magnetic ficld dctcrmination

То chcck the соrrесtпеss of operation of а11 thc algo-
rithms, the magnetic field hаs bccn mеаsцrеd frоm
the sрссtrum of the magnctic star 53 Cam at differ-
cnt phascs of thc pcriod of rotation, Тhе Bpcctra тlсrс
taken on Маrсh 6-7 and April 3-4, 1999. Four Zcc-
mап есhсllс spcetra of the star wcrc obtairrcd in each
Of thё two ruпs (two Spectra with опе position of the
quаrtсr-,й/аче plate and tvco with another position dif-
fering Ьу 90"). 53 Саm (HD 65339) is а well-known Ар
stаr vyith а strong magnctic field, The longituclinal
componcnt of the ficld чаriев frоm *5 to *5 kG with
а period of 8.02681 days (Hill, 1998). The gtаr hаg а
stеllаr magnitudc И = бР01. Sресtrа of satiBfactory
quality were obtaincd (rvith а S/N ratio of 20-50 in
the rапgе "\5000 + 6500). Thc spectrum is Teaeh in
narrow lincB bceause of the 1ow Totation vclocity and
Rumсrоus lines of differcnt elemcntв. The magnetic
fieid of the Btar during the first оlэвеrчiпg run mllýt
hачс 1эeen (according to Hill, 1998) еlове to the рhаsе
of thc poBitive extrcmum, whilc duTing the sссопd ruп
we rпust have observed the rnagnetic field sign change.
We have рrосеssеd in а similar manner а11 the avail-
аЬlе sресtrа, using thc procedure described in this
paper. The iist of lineв for identification of different
spectral features and determiTration of their tande
factors hаs been drawn using the database VALD.
Тhе following physical раIаmеtеrs for 53 Саm have
been uBed: T",f l = 8500К, 1og9 = 4,2, the microtur-
bulent velocity is 2 km/s (Adelman, 1985; Michaud
et а1., 1981). The radial velocity of the Btar, *5 km/s,
hаs Ьееп adopted from the саtаlоguез BSC.

Весаusе of the complexity of the pattern of split-
ting, about 90 lines have Ьееп identified in the spec-
trum, 20-30 of vlhich have been selected as uп-
blended, The majority of these are the lines of FеI
(70 %), the Test of them аrе the FеII lines (З0 %).

То excludc the instTumental effects, the magnetic
field mеаsurеmепt has been performed frоm а pair
of images obtaiцed опе after the оthег rvith diffeTent
positions of the entrance quarter-wave plate.
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Table 1: Results of mаgпеt,iс fi,eld ,mеаsurеrпепts ,i,tt,

53 Саm

JD
(2451200+)

Phase Т"*р,
min

тт
11I э

G
,l CHtэ

G

44.402в
44.43]2

0.131
0.134

30
30

з300 28 3,10

44..i5t]2
,+.i .1799

0.137
0,140

30
30

з700 27 340

72.2653
72.2979

0.602
0.606

40
40

-2500 :а 160

72,3576
72.3896

0,613
0.617

40
40

-2800 1.1 330

techniques (Hiil used а polarimeter measuring the de-
gree of polarization in the wings of the hуdrоgеп line
ДВ) and of the fact that the field has been determine<l
frorn ]irres of di erent elements.

Fоr lэrig}rtеr objects frоm the рrоglаmmе of mag-
netic survey) foT which the S/Ili Tatio in the spectra
turпs out to range frоm 100 to 200 and in which the
strong rnagnetic field and therefbre the соmрlех line
spiitiing are lacking, we may expect а much better ас-
сurасJ/ of magnetic field mеаsuтепrепt) uр to 10 20 G.
Ii is this accura{:y that we attain whеп mеаsuriпg the
magnetic field in the scattered solar light spectrum.

9. Conctrusion

Algorithms fоr reduction of sресtrаi data obtained for
the рrоgrаmmе of magnetic survey of northern sk5,
main sequence stars h,ave been irnplemented. Simi-
lаr algorithms аrе meant fоr detection of weak mag-
netic fields (as weak as 10 20 G) in bright main se-
quence stars] up to И : 4-. Such а good mеаsurе-
ment ассurqсl, is provided fоr Ьу the high Iesolution)
Л : 40000, clf the sресtrоgrарh сtrGS, high qual-
ity spectra, hlgh stabilitJr, as we1l as the possibility
of magnetic field rneasurement from а great пumЬеr
of sресtrаl lines (to а few thousands) with the use
of the most a,ccurate data оп the Lande fасtог frоm
the automatic database VALD. The согrесtпеss of the
derived magnetic field strengths has lэееп shown Ь1.

соmраrisоп with the data of other authors. trn раr-
ticular, the magnetic fielci magnitude of the Ар stаr
53 Саm at diffеrепt phases of magnetic field чагiаtiоп
has treen found to check with Hi1l's (1998) data.
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