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АЬstгасt. R.esults of sупс:hrопсlus tirrre геsоlr,еd sllес:tгоsсllрiс апd 1ltrotometriс observatiotrs
of tlrc pecrrliar роlаr BY Сапr at high state of Ьгightпеss (14']'2 - 15'."6) ohained ц,itlr the б rrr
telescope of the SAO usirrg tlre T\i sсапtrег arrd tlre plrtltorrretci, \ЕРh in FеЬruаrу- 1990 and
l{arch 1991 аrе prescnted. Frоm 117 sресlrа rгith а пlеiilt 1е1]lроrа1 reso}ut,iorr of З00 s and а
sllectral rescllution of about 2А in tlre ц,ar.e]engtlt гirrrgc З900 ;000_{ an atialvsis оГ r,ariatlilitr.
of equivalent r.iidths, сепtrаl irrtc:nsities. iralf-ri,idths and гtrdiirl r.e]ocities of the hч<lгоgеп arrd
НеII 4686А eпrission lines 1ras Ьееп регfогrrrеd. Tlic analr,sis has slro,"r,rt tlre рrеsепсе of significarrt
lariations of the рагапrеtеrs of lirres dcpcrrdirrg olr the phtrse of tlrc sliin регiоd оf t}re rvhite drr,arf
and оп tire p}rotornetric state (flarirrg оr pulsatirtg) оf tlre s),stollr. Тhе nrean eqrril,zllerit п,idth
of tlre 1ilre НеII 46SбА incrcased Ь\. а factor of 1.5 irl t}re flагiпg sturte as c:otTrpa,retl ц,itlr tlre
pulsatirrg state. The rаdiаl r,clocitv сuгt,еs rrteasltгerl llclrlr tlrc llrоасl cclrnprlrrents of ttre etrrissitltr
lirles HеIIrtr686A, Н,з, Н._,. п,еге аррrохimаtес1 bl-1сirst-sqliагс.s siltrtsclicls. In the prrlsatirrg stattl.
they sirowed proritlunced departrrгes fгопi а sirrrrsoir1. rr,lritllr :r,re a.bout 1 .:1 tirnc,s clf t}re iirnplitirde of
the sirrusoicl. The observed variabi}ity пtа\i Ье itldicalir:e of c:htrnges in thе gеопrеtгч of acct,et].,_,ti

on а tirne scale of 20 40 minrrtes. In t}re prrisirlirrg sta-te the пагr()w crrrission line cornponerits
disарреаг fоr а short tirne аrоuпd thc pliases associrrted rvit}r а photorrretric rnirrirnurrr ,"i,hose

duratiorr diffеrs ancl, is of 20 rrrirrlrtes for tlre Rаlrпег lirres. 15 trrirrutc:s for HeI 4471 А апс1 5

mirrute-q for HeIl 46Е6,.L. The halГ-widtlrs of t}re Ваimег lines in thc: prrlszrtirig statc l,arl.ц,itlr
а quasiperiod арргохiпrаtеl1, equal to а сlш:rгtс:г of tlrc: ц,hite tlц,агf spiri 1leriod, which is rrot
obsc:rvcd irr tlre f]a,Tirrg st:rte. РоssiЫе саusеs of tlre гсl,еаiеd spt-.tltгal alrtl p}rotoilretгic var,latiorrs
агс llist,lt>st,rl.

Кеу words: accretiori stагs: inclir,iclual: BY Ctrrrr stагs: llitraric:s: generirl stаrs: catac:lr,sпrit,
r-aгiallie,s \-гаys: stагs

].. Introduction

Тhе _\\I Ifсгr:ulis t\ipe stars (роlагs) аrе а srrbclass
of catac,ll,snliс r,ariablc:s consistilrg. accorclirrg to tlre
stапсlагсl rTrodcl (LiеЬегt & Stocftnran, 1985), оf а
rтhite сirr,агf ti,itlr а stгопg nragrietic {ield (ргiпrагч)
апс,1 а 1oч,-rrlass drr-агf (secorrdarv) fillirig its Rorlhe
lobe. Tlre rriagtletic field affec:ts t}re gas strеаlrr mо-
tion fгоm tlre secondar},component, c:hannelling it to
the nragrletic poles of tlre rvtrite drvaTf. The spectral
гаrrgе оf the епегg1, liberated in tlrc роlаr гegions of
the ч,hitе c_lli,at,f is r,егr- lTide; frorn tlre hагd Х-rауs
to the fal lrlfгагеd геgiоп, А c}rzrracteristic: distinc-
tion of роlаг_ч i,q the stгопg рrореr linear апd сirсulаr
polarization of tlrеiг o1ltica1 гac_liation (Tapia, 1977),

Reviervs of рrорсгtiеs and obserl,;ltiorrirl data оf A}I
Нег t1,,pe s},-чtепrs аrсl pгesonted br, Сrорреr (199L;

arrd \Ъjk}iansk:ri.a ( 1990).

T}re X-rav soltl,ce I{0538+608 rvas <lisсоl,егесl а.
а rcsult, clf tlrc рrоgгаmпit, uf l11ltit,;tl irlcrrtificatiorr oj
Х-г:iч stiuгсеs r::rrriеd tllrt bt t}ri: orbitirrg оЬsегlartогr
IltrА() 1 and t}re speciirlized sateliitc Ulruгu (}-orrrrar.

et а1.. 1978; \\boti et al., 1984). Аftеr tlre с,irt:lrlаг

роlагizаtiоrr had been геl.еа}еd. the sоurсс: u,аs гаrtl,,есi

anrorrg роlагs (Rеrпillагd et al., 1986).

Тп,о brig}rtriess states iiгс observed in the s1,-stetll:

high (= 14?7| - 15'i) and lolv (* 17Т'5) (Szkody et аl .

1990; \Iasorr et а1., 1989; SilЬег et а1., 1992: Androno-,-
et al,, 1992; SilЬег. 1995). Тhе X-ra1,-to-optical flu:,.

ratio in Н 0538+608 is опе of tlrt higlrest in plolar.

(g) Special .,\st,roph_vsiсal ()Ьstlrl,аtоrч of tlre Rrrssjalr дS, 1!rl,.
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(Remillard et al., 19В6; Kallman et al., 1993).
Spectra obtained in the ultraviolet геgiоп have

shown that the NV1240A and СГV1550А Шпе in-
tensity ratio in Н0538+608 rеасhеs 10-20, whеrе-
as it equals 0.3 in оthеr polars (Bonnet-Bidaud &
Mouchet, 1987). This spectrai рrореrtу сад Ье best
explained Ьу the anomalous content of the CNO-
сусlе elements. This anomalous composition is сhал-
acteristic of Novae after the burst (Bonnet-Bidaud &
Mouchet, 1987). HoweveT, Silber et at. (1992) noticed
no bursts in BY Саm оп the аrсhiче plates. The dif-
ference between its chemica] composition and sola.r
can Ье explained Ьу the chemical composition of the
secondaTy companion чrhоsе оutеr layers hal.e Ьееп
lost during evolution (Mouchet et al., 1991).

The VLА observations gave mr uppeT limit of the
radio Tadiation of this magnetic cataclysmic vaTiable
(Vlason et aI., 1996).

Сrорреr et al. (1989) detected сусlоtrоп bands in
the BY Cam spectrum апd estimated frоm them the
magnetic field strength at the poles as 40.8 * 1.5 \{G.

Frоm the analysis of radia] velocities of the паr-
rоw component of the Но line, the огЬitа] регiоd of
the system was found to Ье 3}373 * Ф005 (SilЬеr
et ai., 1992). This period diffеrs fтош the spin ре-
riod of the white dwarf Ьу about 1% (8.5о) (\{аsоп
et al., 1989, hereina.fter MLS). The analysis of rаdiаt
velocities measured frоm the паггоIч,сошропепts of
Нр and Н., confirmed the аsупсhгопоus rotation of
the white dwarf with respect to thе orbital period
(Bonnet-Bidaud et а1., 1992; Mouchet et al.. 1997).
BY Саm is а second роlаr чrith asl-nchTonous rota-
tion of the white drMarf чrith rеsресt to the orbital mо.
tion. The first polaT of this type is Y1500 Cyg, (Nora
Cygni 1975), in which synchronization of the в.Ыtе
dwarf rotation and the orbital motion is erpected to
occur on а time scale of 200-300 ут (Schmidt & Stock-
mап, 1990; Katz, 1991; Pal,len}o & Pel't. 1991). А
third object, RXJ1940.1-1025, has recentlv Ьееп dЪ-
covered in which, сопtrаrу to the two previous ones.
the period derived fTom radial velocities of the пат-
rо,w emission line component turпеd out to Ье shогtег
than the spin period of the white dтлагf (Fгiеdriсh et
al., 1996). Тhе time of synchTonйation of thе п-hitе
dwarf roration Tvith the orbita] motion fоr By Саm
was estimated to Ье about 1200 yeaTs (PiiToIa et а]..
1994). Systems of BY Cam type аrе iшроrtапt objects
for studying the nature of synchTonization in polars.

Сопсurrепt spectral and рhоtоmеtгiс obserrations
are of interest frоm the point of чiет of stuфiпg the
nature of the object. In the рарег we рrеsепt the
results of the investigations of the rаriаЬfiq- of the
emission line profiies. BehaviouT of equiralent widtb
IV;, central intensities .R". emission line half-widtb
and radial velocities of the Ьrоаd сошропепts of the
hydrogen and НеII 4686А hпеs in rеýресt to the
phase of the spin period of the white dп-аrf ацd the

гс:l-еаiеd -чресtrаi vaгiability irr combination with the
рhоtопrеtгiс variatiorrs of the systern аrе analysed.
This ilарег is ап extension of the study of this pecu-
llal sl-stenr (Bonrret-Bidaud et al., 1992; Nlouchet et
al,.1997).

2. Observations

Simultaneous sресtrаl and photometrical observa-
tions of ВY Саm wеrе made at the Special Аstrо-
physical ОЬsегчаtоrу in February 1990 and,\4arch
1991, The spectral observations were реrfоrmеd with
the 1000-channel ТV spectrophotometer (Somova et
al., 1982; Drabek et а1., 1986; Afanasiev et aI., 1991)
installed in the secondary focus N1 on the spectro-
gTaph SP-124 of the б m telescope. Using the diffrac-
tion gTating В2 (1200 gr/mm, providing а dispersion
of 50 А/mm (1 A/channel) and а spectral resolution
of about 2 А), we recorded spectra at 3800-4900 АА
оп FеЬruаrу 25, 1990 and at 4000-5100 АА on other
dates. The vravelength calibration of the spectra rvas
done using а He-Ar-Ne lаmр. Depending on the see-
ing, the diaphragm ofthe spectrograph was 2" and 3''.
Тhе data were Tegistered in а frаmе-Ьу-frаmе mode
(Somov, 1986).

The photometric measurements wеrе performed
rn,ith the photometer NEPh installed at the secondary
focus N1 (Yikul'ev et а1., 1991). When deriving а light
cuTve in the В band with а temporal resolution of
0.1s. 50 % of the light was recorded with the photome-
tег, whi.le the other half was recorded with а scan-
пеr fог spectral investigations. The photometer di-
арhrаgm тr,as 12". Тhе standard star 3С147F (13У8)
п-аs used for the UBVR (Johnson) measurements
(ýeizTestn1,, 1995). The 1og of observations is given in
ТаЫе 1- То calculate the phases, we used ephemeris
(\ILS) T(0):11392446586.25594L7(* 0.000001) +
0.1З8423802Е(+ 0.00000058) (midpoint of the sharp
dTop iп circular polarization), with the spin period of
thе п-hite dв-arf зlзzz171 * ф000014.

А neк- ерhеmегis foT ВY Cam (Piirola et а1., 1994)
appeared lаtег, Т(0):113Р2446138.8202(*15) +
0.13878415(+1.1)Е (transit of the positive circular
роlаrйаtiоп), пhеrе а new estimate of the spin
регiоd of the Tvhite dчrаrf, 3}3308196 + ф0000034,
was given. \\Ъ a]so use this ephemeTis in ouT furthеr
рhше computations. Тhе phases calculated from
this ерhеmеris аrе presented in the text in brackets,
foЦo*-ing the phases obtained from the ephemeris of
\Iаsоп et al. (i989).

Тhе pгocessing of the observational data was
реrfогmеd Ьу the starrdard technique using the
рrоgтадImеs wTitten in the algorithmic language
SIPRAI{ (Somov, 1986).
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3. Photometry
3.1. Light сurчеs

The photometry Tesults have аlrеаdу been reported
in оur рареr (N'Iouchet et aI., 1997). The system's
brightness in the V band fог the 3 dates of оЬsеrl.а-
tions аrе tabulated in ТаЬlе 1, frоm which it сап Ье
seen that the system was at high state of brightrless,
14Р2 * 15Т'6. The light сuгчеs in the В band (with
а resolution of 25.6 s) fоr the three above mentiotred
dates аrе dispiayed in Fig, 1. They demotrstrate two
activity levels of the system. The lагgе variability
amplitude of the light curves оп FеЬruаrу 25, 1990
and Nlarch 12, 1991 (Fig. 1а,с) points to the "flaring
state" (FS) of BY Саm and оп N,Iаrсh 10, 1991 (Fig.
1Ь) the light сurче indicates а level of activity close
to the "pulsating state" (PS) (\,{ouchet et aI., 1997).
These states had been revealed earlier irr the Х-rау,
range (Ishida et al., 1991) and in the optical range
(Silber et aI., 1992), The аrгоws in Fig. 1mark tlre
minima of the light сurчеs. The first аrrоw in Fig, 1а
(FеЬruаr1,25, 1990)falls at phase з 0.4(0.9), i.e. it is
located пеаr the possible рrimаrу eclipse. Iп Fig. 1Ь
(\iагсh 10, 1991) the аrrоw (rеfеrrеd as \4in II in the
folloп,ing) is close to phase l 1.0(1.5).

Тhе fiгst аrrоw in Fig.lc is at phase t 0.13(0.63).
the second at l0.8(1.3), the third at в 1.0(1.5) and
the fоurtlr at ý 1.15(1.65). Now in the text we п,ill
ра\- attention to spectral variations пеаr these phases.
Тhе tiпlе iпtеrча1 between the minima at phases в
0.13(0.63) and ry 1.15(1.65) is 3.3422 hours, which,
rтithin оur mеаsuгеmепt еrrоrs, is consisterrt и,ith the
rтhite drr,агf spin реriоd mеаsurеd Ьу Piirola et al.
( 199r).

3.2. Shогt-реriоd Ыightness variations. Search
fоr quasi-peгiodical oscillations

Тhе fliсkегiпg had been detected еагliег in mапу АА,{

Hercrrlis t\-pe sгstellls. Irr the similaT asynchronous

SOMOUA, SОМОV, BOI\rNET-B lD ДUD, MOU СНЕТ

system \r 1500 Cyg. Kernp et al. (1977) observed а

ioц,-aпrplitude flickering ц,ith а characteristic time of
2 minutes atrd over 10 minutes. Kaluzny and ChIe-
boъ.ski (1988) rroted oscillations in the same system
iп the В band rvith ап amplitude of about 0Т2 and а
сhаrасtегistiс tirne of 4 minutes. Pavlenko (1992) also
rечеаIеd short-period brightness variatioris of V 1500
Cyg with periods of 26 пiinutes and 5 rninutes.

We should like to emplrasize that fоr the light
curve of N{аrс}r 10, 1991 in the PS of the system
the maximum ampiitude fluctuations occur at phases
0.9 0. 12 (1.4-1.7) and 1.35-1.5 (1.85-2.0) which аrе 1о-

cated пеаr the possible eclipses (N,Iin I and N4irr II).
Тhе miпimurп fluctuations fall rvithin 0.5-0.6(1.0
1.1), 0,8-0,9(1.3 1.4) and 1,75-1.85(2.25-2.35).

Rernillard et а1. (1986) showed that variations in
light сurчеs of BY Саm with а characteristic time of
5 minutes in the optical and Х-rау rапgеs аrе соr-
related. As а result of sеаrсh fоr periodicity in t}re

light crrrves irr the interval between б and 40 miп-
utes, Silber et а1. (1997) found variations at 10 and
15 minutes.

Ц'е studied quasiperiodic oscillations (QPO) in а

пumЬеr of AN,I Неr systems (Bonnet-Bidaud et al..
1991, 1996; Somova et al., 1992). Fоuriеr analysis оf
оur BY Саm liglrt сurчеs in the В band shows r,аri-
ations on а tinre scale frопr а felv minutes to tens of
minutes, So оп N'iаrсh 12, 1991, ъ,lren the system ч,as
iri tlre FS, large-amplitude (uр to 50 %) variations ir_

the rапgе of periods 300 to 400 s wеге observed. The
variations оссurrеd at orbital period phases Ф : 0.1
0.4(0.6 0.9).In the FS of the system on FеЬruаrу 25.
1990 oscillat,ions with а period of about 500 s ц,,еrе

оЬsеrчеd. On ЕеЬruагу 25, 1990 and N{arch 12, 1991
the variations do not shorv considerable power excess
in the indicated periods. This mау suggest that ther,
аге not соhеrепt.

Ап ехаmрlе of the роl,ч,еr sресtrum of the oscil]a-
tions in the light сurчеs of BY Саm of Маrсh 10, 1991
vrhen it rvas in the PS is displayed in Fig. 2. А peai.

ТаЬlе 1: Log of оЬsеrчаtiопs
Date Spectroscopy

Start End
(UT) (UT)

Photometry
Start Erid
(UT) (UT)

V

25.02.90

10.03.91

12.03.91

17:39 19:04
19:51 20:41
16:32 17:42
17:49 18:49
18:57 20:01
20:05 21:06
16:39 17:39
17 44 18:16
18:21 19:33
19:38 20:23

17:40 20:46

16:44 21:10

16:.13 20:13

14.6

15,0_15,6

|4.2 |4.9
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Figure t: Li7ht сuruеЕ of ВY Саm iп В Ьвпil fоr thrce dBtes. Phases rеротtеd оп top of figurе аrе calculated
usiпg ерhеmеri,s from Мжоп et al. (1989).
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Figure 2: Роulеr sресtrшrп of the li,ght сurче ,iп В Ьапd

fоr Маrсh 10, 1991. The d,ashed li,ne i,nd;icates the бо
leuel.

corresponding to 3-minute quasiperiodic oscillations
is visible. On VIаrсh 12, 1991 QPO п,ith an amplitucle
up to 40 Yс апd characteristic tirne of about 30 miп
!чеrе observed at phases ф :0.7 1.1(1.2 1.6). Similar
quasiperiodic oscil]ations wеrе) аррагепtlу, observed
Ьч SilbeT et аl. (1992) and Рачlепkо et а1. (1996).

4. Spectroscopy

4.1. Long tеrm variability

The gепеrа1 r,ierv оf the integraI sресtrum of BY Саm
of Fеlэruаr1, 25. 1990 is shorмn in Eig. 3. The spe(,trurli
is seen to Ье rерrеsепtеd (as is the case u,ith роlаrs in
а high state of brigtitness) Ьу emission lines of hl,drо-
gen, Не114686А and НеII4541А, the lines of HeI,
and the blend CIII-NIII 4640-4650 А. tп Tatlle 2 аrе
listed the пrеап va}ues of equivalent widths ltr'д, cen-
trаl reiative iritensities R", half-widths (FWН\,{) of
FеЬruаrу, 25, 1990, N{аrсh 10, 1991, and N,{аrсh 12,

1991 derived frопi а set of these pararneters frоm
5-mirrrrtc: sресtга. The rооt-mеап-squаrе deviations
frоrп the rпеап чаluе рег night аrе given in brackets.

Tlre lrightl1, mеап Lli of НеII 46Sб А iп the FS,
i.c. on FеЫliаr1, 25, 1990 and Nlаrсh 12, 1991, аrе
(ТаЬlе 2) ]3 А апd 46 А, respectively, rvhich is about
1.5 tirnes as high as in the PS оп Nlarch 10, 1991
(31_\). This is an interesting long term чаriаtiоп.

It carl Ье seen frоm Table 2 tlrat the mearr equiv-
alent rтiciths оГ t}re Ваlmеr lines Нв and Н.'' change
fгоrп date to date. ц,hich is, in оur opinion, aiso а
rеrпагkаЬlе lo1]g tегm variabijity. Fог t}re sресtrа ас-
сluiгеd orr \Iагсh. 1991 the Нв lH." equivalent widt}i
гаtiо i,c hlghег than on FеЬruаr1., 1990. The Ваlmеr
liItes at tlre bases irr the spectra of BY Саm turned ctut
to lle llгсlаdеl thatl iп а пumЬег of оthег polars. The
п,idtlr i,at,ies ц,it}r огlэitаl period phase frоm 2500 to
З500 krll ,s, Itl ccltltrast to the Balnrer lines, the НеII
-1686 А line п,iclth at the base changes from 1500 to
2500 km ,s c epending оп thе spin period phase.

SоЛ,{о \и, SOr\,f о И В о,\'А'Е Т-В ID AU D, L|IO U С НЕТ
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4.2. Line profiIes

Frоm the frаmе-Ьу-frаmе rесогds spectra rvith an ех-

роsurе of 300 s eac}i wеrе fоrrпеd. 26 sресtга wеrе
taken оп FеЬruаrу 25, 1990, 50 orr Nlагсh 10, 1991

and 41 spectra orr \{аrсh 12, 1991. All these data аrе
uniform in ttre way of rесоrdiпg arid processirrg.

The Н5, Н^, and НеII4686 А emission line profiles
reduced and normalized to the continuum according
to ttie \ISL spin period phase of the u,lritc dъ,аrf on
FеЬruаrу 25. 1990 аrе presented in Fig. 4а, Fig. 4Ь
shоп,s ttre profiles of Нr, HeI 4471 А, HetI {686 А
alrd Нз оf \{arclr 10, 1991, The profiles of tlre same
lines of \Iагсh 12. 1991 ате displal.ed in Fig. 4с, It
carl Ье seen frorrr the figrrres that these 5-пrirrute pro-
files сlеmопstгаtе strong rlariations arrd the рrеsепсе
of sеr.еrаl c:onrponents in both the Ваlmег and the
hсlium lines. Егоm Fig. 4а, Ь, с an obvious variability
of line рrоfilеs dependirrg orr the phase of the wlrite
dп,аrf axial rotatioti регiоd of each date cali Ье seetr
and strong variations frorrr date to date аге detec:ted.

\\'е рау special attention to the variation of the
iilre ргоfiiеs arourrd tlre rninirnurn on NIагсh 10, 1991.
п,hеп the system was pulsating. It is сiеаr frоm Eig. аЬ
tlrat t}ie Вzrlmег 1ine рrо{i}еs iп tlre PS beconie lorT-

contrast fоr 20 miпutеs at iэhases 1.01 i.08(i.51
1,58) . Т'hе sarTre situation is observed for HeI .1471 А
at pliases 1.03 1.08(1.53 1.58) fоr 15 mirrrrtes, ч,hiie
fог i{еII46ЕбА at phase 1.03(1.53) this state lasts
fог about 5 rninutes. This irTrplies itrat the time of
the possilэle eclipse of tlre rеgiопs whеге the cnrission
peaks fог difrегепt lines iп the PS fоrm is diffеrепt:
frorrr 5 minutes fоr НеII ]6Еб А to 20 minrrtes fог
ваiпrеr iirres.

It is illustrated in Fig..1c t}rat orr NIаrсh 12, 1991

tire Ваlпrеr lines HeI -1471 А аIrd НеII 4686А п,еrе

weak foT 5 mirrutes at phase 0.127(0.627) . At plrase
1.152(1.652) the emission lines аrе also seen to reduce
irr intensity, and shifteci Ьу 0.025 irr phase. А sudden
Ьrоаdепiпg оГ Н. оссuггеd at phase 1.127(1.63). Thls
is rvell r,isiЫе in Figs.4c апd 5i.

The 5-minute п,еаkепiпg in brightness оп \,Iаrсh
12, 1991 at phases * 0.13(0.63) and х 1.i5(1.65l
(Fig" 1с) is coirrcir]ent in phase rnith the abol,e mеп-
tiorietl charrges in the spectra of BY Саm. Such а

Ьеhачiоur of the line profiles gives grclund to bcllieve
ttiat there оссur possible sесопdаrч ecl\lses at t}re,qe

phases. Ап analysis of the Llehaviour of the Нз апс1

НеII 4686 А line рrоfilеs in tlre spectra of BY Сапl
rvith а resolution of 500 s is available in the рарег br,

\Iouchel et aI. (l997).
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4.3. Phase чагiаtiопs of еqчirлаlепt widtb, сеп-
tral intensities and half-widtb of еmьiоц
lines

The present рареr contains the resulb of investiga-
tion into the Ьеhауiоuг of spectrophotometric ра-
rаmеtеrs of the ВаJшеr lines, НеII 46SбА and EeI
4471Ь vлithout dividing them into соmропепЬ. Iil'е
hаче measured theiT еquirлаlепt йdths Иt, central
intensities адd FWHM. Тhе measuTement techniques
wеrе described еаrliег Ьу Kopylov et al. (1986). Тур

ical егrогs in the determination of emission line ра-
гяmеtеrs аrе presented therein too. The equivalent
*idth mеаsuтеmепt егrоrs for lines with i.4Z1 в 20.&
аге t 5 Yс, tor central intensities t 5 % and foT ha]f-
qidths ж 4Vа. This implies that the measurement er-
гогý do not exceed the size of the symbol these ра-
rашеtегs аrе labeled Ьу in the figures.

In Fig. 5 we present the variation curves of W7,
Л. and FWНМ for the ВаImеr lines, HeI 4471.& and
НеII 4686А, depending on the phase of the white
dTbarf spin period of FеЬruаrу 25, 1990 (Fig. 5а,Ь,с),
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Маrсh 10, 1991 (Fig. 5d,e,f), and Мадсh 12, 1991 (Fig.
5g,h,i). It can Ье seen frоm the figures that the ра-
rаmеtеrs change their values depending on the phase.
The curves look difierent for different dates.

On FеЬruату 25, 1990, for insta,nce, the maxima
in the cuTves }И.r - ф, R" - ф for all the Ппеs in the
FS fall at phase * 0.а(0.9) (Fig. 5а,Ь). This coincides
with the phase of the fiTst minimum in the light curve
of this date (Fig. 1а).

In the PS of the system оп Маrсh 10, 1991, the
maxima of the сuгчеs I'Иr - ф, R" - ф for the Ваlmеr
lines аrе at phase яз 1.а(1.9) (Fig.5d,e). The ех-
trеmum in the сurче Wx - ф fоr Не114686А оп the
same date is somewhat shifted towards phases 1.4Ь
1.5(1.25*2.0) as соmралеd to the Ваlmеr Iingg, ч,rhilg
the peak in the Л" сurче falls at phase 1.45(1.95) and
is located пеаr the main minimum (Min I). Whеп
looking at the light сurче of this date (Fig. 1Ь),
one сап see that expected weakenin8 in the object's
brightness at Min I is absent. ýimilдх гesults deгived
in NочеmЬеr 1990 wеrе given Ьу PiiTola et al. (1994).

On Маrсh 12, 1991 the mшrimuш of the сurчеs
Wx - ф and .R" - ф for the Ваlmеr lines, HeI Ц71 А,
and НеII 46Sб А moved to phase = 0.3(0.8). Great
differences in the shape of the сurчеs frош пiфt to
night аrе visible.

Fig, 5 (c,f, i) shovrs the Ьеhачiоuт of the half-
widths of the lines Нр, Н.7, Н6, НеП4686А алd
Не|447\А of FеЬruалу 25, 1990; Нр, Н,, and IIеII
4686А of Маrсh 10, 1991; and for the sаmе lines of
Маrсh 12, 1991 versus the spin регiоd of the ъ,hitе
dwaTf.

It follovrs frоm Fig.5f that the mа:сimа of the Нр
and Н, Ва.lmеr line half-йdtb in the PS оп Маrй
10, 1991 аrе visible at intervals ofa quагtег ofthe spin
period of the white dwaxf, the half-B,idth mаrсimu:п
of the line Нв being at phases х 0.8(1.3), 1.0(1.5),
1.25(1.75), 1.5(2.0), 1.85(2.35). Тhе Ьеhачiоur of the
Н" line half-width is basically соrrеlаtеd with tЫ of
Нв, sоmе differences can, hоwечеr, Ье sееп (Fig.5f).

Half-widths of Нв and II, lines of Маrсh 12, 1991
and FеЬruаrу 25, 1990 obtained in the FS differ frоm
those obtained in the ps адd thеrе Ь цо rесцIтецое
of their Ьеhачiоur frоm date to date (Fig.5 i, с).

The phase dependence of the Ее114686А Шпе
half-width variations on Маrсh 10 suggests tЫ its
behaviour is сlеаrlу different frош those of the Ваlmет
Iines. It can Ье sееп frоm Fig.5f that the maxima of
its half-widths fall at phases 1.05(1-55) апd 1.9(2.а).
Its half-widths of Малсh 12 in the Fý behаve some-
п,hаt different (Fý.5i) than those of маrсh 10 in the
PS (Fig.5f). The mахimа of its haШ-width of Маrсh
10 in the PS аrе at аз 0.1(0.6) апd 0.8(1.3)- Аttдш-
tion is attracted Ьу the weakening of the half-widtb
of IIр, Н, and Не114686А on Маrсh 12 пел phases
0.7-0.75(1.2-1.25) whеп all the lines Ьесоmе the mшt
паrrотiz. In the Маrсh 12 light счгче (Fig.lc) пеаг

729

phase 0.85(1.35) we see а miпimum. These spectral
and photometric changes аrе likely to Ье interrelated.

4.4. Ernission line radial velocities

Тhе true location of emission line fоrmiпg regions in
роlаrs has thus far Ьееп а subject of discussions. It
has been shovrn in the рареrs of many authors that
the паrтоw peak and bToad line represent different
Tegions. The broad line component is deemed to Ье
formed iп the accretion column region апd therefore
represents rotation of the white dwarf, while the naT-
row peak mау аrisе on the red dwarf side facing the
Trhite dwaTf as а consequence of Х-rау heating and
hепсе rерrеsепts the orbital period of the system.

Emission iines in the BY Cam spectrum have
а mоrе соmрlех structure as соmраrеd with other
polars. In (MLS) the spectra of BY Саm wеrе оЬ-
tained during опе orbital cycle. The authors detected
аý malry as four components (паrrоw, Ыoad, high-
velocity and asymmetric) in the Нв and Н, emission
line рrоfilеs. Silber et а1. (1992) studied the Но line
fоr б nights and showed that the profiIes of this line
але chiefly composed of two components.

The соmрlех and variabie iine profiles in BY Саm
make analysis of radial velocities rather complicated.
In the given paper radial velocities are measured frоm
the centTe ofgravity and line peak. The resultant ас-
сurасу of radial velocity determination is *25 km/s.
Fоr weak lines this еrrоI mау Ье twice as high. The
data obtained vrеrе approximated Ьу the Ieast-squares
fit of the сurче

У(Ф) : Кsiп(2т(ф - Фо)) + r, (1)

в-hеrе У is the radial velocity, 7 is the gamma че-
locity. d Ь the white dwarf spin period phase (N{LS
ерhеmегis). 1{ is the half-amplitude of the radial ve-
locitv сrrгr,е. Тhе measurements of radial velocity ра-
rаmеtегs fоr а пumьеr of emission lines in the spec-
trum of BY Саm аrе listed in Table3, as well as the
ршаmеtеr еIтоrs, givэn in brackets. Also in this ta-
ble. the о ратаmеtеr is equa1 to the rооt-mеап-ýquаrе
deliations (k-/r) of all measurements frоm а sinu-
soid. In the sepaTate co]umn of the table, the way
of еmis5iба line Tadial velocity measurement is indi
cated: CGR - from the centTe of gravity of а line,
PIC - frоm the line peak. It can Ье seen frоm Та-
ble3 that on FeЬruату 25 Не114686А ha, minimum
dерапuте frоm the sinusoid. Fоr illustration we dis-
pla1- in Fig. б the radial velocity curves for this line
mеаsurеd frоm the line peak апd the centre of gravity
оп this date. It Ъ seen that the radial velocity curves
of the пагrов arrd Ьrоаd cgmponents are practically
in phase Ьut hаче different amplitudes and gаmmа
velocities.

Тhе \Iаrсh 10 адd 12 radial velocity сuIчеs mеа-
surеd fоr Н,з, Н, arrd Не114686А frоm the сепtrе
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of gгаr,it1, аге shorп-n in Fig.7a*i. The sinusoid fit
of the radial velocity measurements оп Маrсh 10 is
shorTn iп Fig. 7 d, е. f and Table 3, Fig. 7 е, f shows that
at phases 1.1-1.5 (1.6 2.0) there аrе deviations from
the sinusoid. These deviations аrе best seen in the
гаdiаl r,elocit}, сurчеs of N{аrсh 12, u,hеп the systeln
rvas iп the FS. They аrе r,isib}e at phases 0.1 0.55
(0.6 1.5) fог Нз (Fig.7i) and 0.1 0.65 (0.6-1.15) for
Н- (Fig.7h).

Тhе sinusoid fit of the rаdiаl veiocity mеаsurе-
nrents fог Ваlrпег lines on NIаrсh 12 gave the largest
еrгогs fоr the thrее dates of observations, so we do not
presellt thепi irr the table. The radial l,elocity сurчеs

measured frоm the Ьrоаd components of the Balner
lirres on \,Iаrсh 12 (Fig. 7h, i) аrе similar to tliose de-

rived b_v SiiЬеr et aI. (1992) irr the FS,
The radial velocity сuгчеs derived frоm the Ьrоас

cornponents of the НеII 4686А and Ваlmеr ]ines о:

N{аrсh 10 in tlre PS rчеrе also sirrusoid fitted by thе
least-squaгes method (Fig.7cl,e,f). They 5[9ц,".1 ..

considerable departure frоm the sinusoid (Ьу аЬоul
а factor of 1.4) with respect to the half-arnplitude с,:

the sinusoid at phases 1.8-1.9 (2.3 2.4).

It is seen frorn Figs.6 and 7 as we1l as from Та-
Ьlе 3 that the раrаmеtеrs of НеII 4686 А rаdiаl ve-

locity сurчеs differ fгоrп those of the Ваlmеr lines,

'!i
l

.}

i\ t. Нв
{ llt d't ._ 'J
lni irl l,u \l, rt *.,,t

Itь .. "it,,.j\l ь, л,,,il _|l/l , ,."'.inl',J

-}

il*
. {'t..ij l

{\

нY

t
a ll
lt i L

j i .. 4.' l
1rо.,/ Ъ*д',rо*j*оr" t i

НеII4686

1,0

we
Text Box



12.03.91

,t

дt\. ,*

gЪ,|_\,НО,l,gЁtr-#

,rЁ 
',ýеIIабSб

ч;Ё,

STUDY ОF SPECTRA.L At{D PHOTOMETRIC ЧЛRIДВILIТY 131

с<
z

о<у

в

ц

"rЬ HeII,rб86л' \****лr

2.

о

5.0

2.5

,1.5

5.0

2.5

20

15

10

5

20

15

10

5

l5
l0
5

1.51.0
Phase

F'igurе 5: 9-d.

tr
tr

о

+
+

+ +

\ iEl |о

" 
qУ",/*

Jo +
+

D
*++

:
j-lL1:-

Figure 6: Radinl aelacity c:аlf:ues !оr iliffercnt сотцюлепts of НеII 4ОВО А fоr the FеЬruаrу 25, 1990. (+ -
mеаsurеd frоm the сепtrc ot gtzviф, О -./тоm the Iiпе pk). Тhе ilоshеd, liпеs shоu 1-uelociti,es tоr the rad,ial

uelocity сurче п,Lе&rurеd !тэтп йе liпe раk апd сепhе о| yт'vity. The рhжеs шеrе calculated, usiпg the ерhеmеris

frоm Маsоп et al. (1989). Тhе роlвtпеtа,s ot rcilial rclocity сuплеs аrc gi,чеп i,п Table 3.

з00

-200

12.0з.91

;'v't.д1 Нg
j14 '' v-.,l*r+-ч./

12.0з.91

,1

,,"\i , Нр 
I

о;;rт\.Jr'*Ч

1r]]
'Tl1.I,д,Tl,;i

't Не114686

иfu,!,ъrru/"r.Учi
1.50 0.5 1.0 t.5

Phase

,7

l0
Phase

we
Text Box



Table 3: Раrаmеtеrs of radial чеlосitч сuruеs
Line Method К(kmls) l(km ls) ф,, о|km l s)

25.02.90
H13+Hl

нlз
Н1
нб

НеII 4686
HeI 4471
НеII 4686

cGR

_r, _

_11 _

_rr _

_r1 _

PIC

93(18)
103(24)
83(23)
78(29)
188(14)
122(2|)
283(22)

-82(16)
-77(22)
-86(20)

-1 i 1 (26)
-76(11)
-32(19)
87(18)

0.66(0.03)
0.67(0.04)
0.65(0.04)
0.68(0.06)
0.58(0.01)
0.71(0.03)
0.59(0.01)

79
108
101
128

57
94
88

10.03.91
н|з
Н1

НеII 4686
HeI4471

НеII 4686

CGR
_), _

_), _

_)) _

PIC

227(2|)
281 (20)
327(29)
230(26)
204(24)

_48(17)

79(17)
-46(24)
5(21)

-36(20)

0.60(0.01)
0,62(0.01)
0,56(0.01)
0.63(0.02)
0.62 (0.02)

85
82
118
105

98
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\Iеаsuгеmепts of radiai velocities of different соmро-
nent,s of the Нз апd НеII 4686А in BY Саm spectra
tllгоugh fitting Ь1, Gaussian (up to 3) аrе presented
in the рареr b1-\Iouchet ei а1. (1997).

5. Discussion
5.1. Beat period of the system
Though tlre spin and orbitaI periods of ВY Cam аrе
not тet ассuгаtеlv dеtегmiпеd (N{ouchet et ai. 1997),

12.0з,91

0 5 1,0

Phase

the asynchronisnr of this system is rvell established.
Usirrg the ralue of the spin period of the ц,,hitе dwarf
in BY Саm obtained bl,Piirola et а1. (1994), we cal-
ciilated the beat period Рз oTr the basis of the rеlа-
tionship

Р, -'- Pz- l : Pr-l ,

rvhere Р1 is the polarimetric period (оr the spin ре-
riоd of the rvhite du,,аrf) ; Р2 is the orbital period of
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liпе. The phases аrе calculated frоrп the ephemeri,s Jrоm Маsоп et al. (1989). Left: а) fоr НеII],686А; Ь) fоr
H^li с)/оrНJ. fоr March 10, 1991. Middle: d,) fоr НеII/16SбА; е) fоrНl;f ) fоrНа, fоr Маrсh 10, 1991. The
Сuтljе раrаmеtеrs аrе g,iuen iп Table3. Ri,ght: g) fоr НеII/,686А; h) forH^l;i) fоrНР, Jоr Ма,rсh 12, 1gg1.
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the system. Taking that Р1 = з}з30ввtgб (Piirola et
а1., 1994) and Р2 : 3}3817 (Mouchet et al., 1997),
Рз : gЁss. With Р2 = 3}3558 (Zucker et al., 1996)
the third period of the sуstеm is 21 days. This implies
that the value of the beat реriоd is strongly depen-
dent on the orbital peTiod. The matter of ассurаtе
determination of the orbital and beat periods fоr the
asynchronous роlаг ВYСаm is still ореп to question,
and the problem is likely to Ье resolved Ьу пеw оЬ-
servations covering no less than one beat period.

In а long observing run, lasting fоr 66 days, а ре.
riod of 7 days lvas found (SilЬеr, 1995), and а period
of 14 days Tilas suggested Ьу Mason et al. (1995а,Ь).
F}оm the rеsults of ultraviolet sресtrаl obserrations
а period of 14.5*1.5 days was suggested (Моuйеt et
at., 1997). То determine раrtiсulаrlу the beat регiоd
of BY Саm, 4O-night оЬsеrrаtiопs ч,еге conducted
(Silber et al., 1997). Тhе аuthоrs found а period of
7.24 days in the light cuTves, rrhich Ь, арраrепtlу,
half of the beat period. The set of data pTesented
hеrе сlеаrlу indicate changes in the ассrеtiоп gеоmе.
trу чеrу рrоьаьlу related to the beat period, hочrечеr
the time sampling of the оьsеrrлаtiопs does not allow
to сопfirm such effect.

5.2. Sресtrаl and рhоtоmеtгiс rrariability

оur concurrent spectral and photometric studies have
shorvn BY Саm to Ье far frоm being а stationary
object. This follows from the ВЬапd liфt счгчеs
(Fig.1), from the analysis of the еmЬiоп line рrо
files in the spectra йth а 5llffigigцtly Ъiф temporal
resolution (300 s) (Fig, 4 а" Ь, с), frош the radial veloc-
ity measurement data (Fig.7) and sресtrорhоюmеt-
riс раrаmеtеrs of emission lines (Fig.5).

In the X-rays, ВYСаm demonstrates а поп-
typical behaviouT with tTro alternat€ statcs:

о pulsating state йth shоrt-реriоd rBriation of
brightness, the period Ь equal to the spin period of
the white dwагf;

о flaring state йth aperiodic иriаtiопs iц li8ht
сurчеS.

Such а behaviour of the ýystem Ь iпt€rргеt€d Ь,у
changeS in the ассгеtiоп gеоmеtrу (Iýhida d d.,
1991). It fоllоvлs frоц the геsulЬ ofour sресtrаl апd
photometric observations that wе obsgrred йЬ роlаг
in tTyo states: flaring оп FЬЬrчагу 25, 1990 адd Маrсh
12, 1991; and pulsating оп IvIaTch 10, 1991. ть být
spectroscopy results point to the bct the ассгеtiоц
geometry is likely to сhапgе in this ЕБt€ш оп а time
scale of 20-40 minutes in the pulsating ýtat€. тhь
is inferred from the behaviour of the rаdiаl vdocity
сurчеs of the Ьrоаd соmропmts of the Ее[1463бА
and Ваlmеr lines (Fig.7d,e,f), whсrе stаопg (чр to
1.4 times) variations in the half-amplitrrde аrе оЬ
served at phases 1.8-1.9 (2.3-2.4).
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The departures from а sinusoid are similar to
those visible in the radial velocity curves measured
frоm the Ьrоаd components of the ВаImеr lines on
March 12, 1991in the flaring state (Fig.7). They wеrе
also found in the radial velocity curves fоr the asyn-
chronous system V 1500 Cyg (Kaluzny & Chlebowski,
1988). The authors explain these dераrturеs as due to
the presence of two-pole accretion in the system.

We have shочrп that Иr of the Не114686 А Шпе
in оur observations is, on average, Ьу а factor of 1.5
1аrgеr in the flaring than in the pulsating state. It
mау Ье assumed that in the Fs, when, as follows frоm
the photometry results, the brightness of By cam Ье-
colnes higheT than in the PS (see Table 1), the еп-
hancement of brightness and iпсrеаsе in the equiva-
lent widths and сепtrаl intensities of the НеII4686 А
Iines mау Ье due to сhалgеs in the visibiliiy of the
accretion regions.

F}оm quantitative analysis of оuт spectral and
рhоtоmеtгiс data fоr BY Саm, significant changes in
Ид, R", FWHM and V, on а time scale of 5-20 min-
utes have Ьееп revealed. variations in light сurчеs on
а shоrtег time scale (1-3 minutes) in the В band hаче
ьееп found, which follows fTom the results of оur in-
vestigations and the paper of Mouchet et а1. (1997).

Fтоm the data of Fеrrаriо et al. (1989), Fеr-
rаriо and Wickramasinghe (1990), Somova and So-
mor, (1992), in polars, for the case of one-pole ассrе-
tion the Ьrоаd emission line half-widths hаче been
found to чагу чrith orbital peTiod phase, there being
two maxima in the phase curves fоr most geometr!
cal configuTations. It is inferred frоm the analysis of
ha]f-Bidths in the case of Вyсаm that accTetion of
mаttег occllIs in а mоrе intricate manneт. The dif-
feTence betB,een the white dwarf spin period and the
orbital регiоd of the system causes ''switching'' of ас-
сгеtiоп frоm опе pole to the other (Mouchet et al.,
1997). The possibility of two-pole accretion in this
system Bas also discussed earlier (N4LS).

The gеоmеtrу of the accretion stream and shock
in the Ьiпац' S},Stem BY Саm must change during
а регiоd equal to the beat cycle between the spin
регiоd of the Bhite dwагf and the orbital period.
ТЬ ша1- cause chaotic photometric and spectral
lагiаtiоцs similm to those found in the Nova 1975
\-1.500Cyg (Stосkшал et al., 1988).

тhе arerage half-width of the emission ВаJmеr
lines оп \Iатсh 12. 1991 turned out to Ье the small-
est. аЬоut 850h/s. q/hеrеаý on Маrсh 10, 1991 and
оп FеЬruац- 25. 1990 it was about 1000km/s and
1300h/s. гespectirely. The average half-width of
IIеIIа686_{ B-as smaller than that of the Ваlmеr
lines адd вш equal to дg650km/s, av760km/s and
:1200}m/s оп the same dates.

тhе spectTal line рrоfilе differences on d,ifferent
dates mау Ье due to accretion gas strеаш variations
caused Ьу the diffеrепсе between the vrhite drмarf spin
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period and the orbital period of the system. Emis,
sion line profiies, spectrophotometric parameters of
these lines, гаdiаI veiocity curves and light сurчеs of
By Саm show l,ariability according to the phase of
the spin period of the white dwarf and obviously frоm
date to date. This mау Ье related to the changes in
the accretion structure at different orientations of the
magnetic fietrd of the white dwarf. The influence of
the magnetic fieid orientation in а dipole on the ас-
сrеtiоп rate in close Ьiпаrу systems was discussed Ьу
Andronov (1984).

6. Conclusions
Results of the work done аrе as follorvs.

о Tliere аrе considerable vaгiations of spec-
trорhоtоmеtгiс рагаmеtеrs of the Ваlmеr and hеliuпr
lines depending оп the spin period of the white dwarf
and frоm night to night. Phases have been isolated,
0.3 0.5 (0,8-1.0), which the maxima of equiralent
rvidths and central intensities fall at,

о The equivalent width of the HeIi 4686 А llne
turn out to Ье on the average Ьу а fасtоr of 1.5 lаrgег
in the flaring state than in the pulsating state of the
SyStem.

о During the pulsating state the паrrоw corn-
ponents of the emission lines have been revealed to
disappear shоrt tirrre аrоuпd а minimum brightness
phase, whose durations amount to 20 minutes fоr the
Ваlmеr lines, 15 minutes for HeI 4471 А and 5 min-
utes fоr НеII4686 А,

о Тhе half-widths of the Ваlmеr lines in the рul-
sating state чаrу rvith а quasiperiod ъ,hiсh is аррrох-
imately equai to а quarter of the white dwarf spin
реriоd, rvhich is not оЬsегчеd in the flaring state.

о Тhе radia] r.elocity curves measured from the
broad components of the emission lines НеII 4686 А,
Нз, Н. in the pulsating state show considerabie de-

рагturеs fгоm а sinusoid, u,hiсh аrе about 1.4 times
as high as those of the half-amplitude of the sinusoid
at phases 1.8 1.9 (2.3 2.4) during the pulsating state.
The obserl.ed lariability mау Ье indicative of changes
in the gеоmеtг1, of accretion оп а time scale of 20 40
minuteS.

Тhе results obtained may furthег Ье used fоr mod-
elling tlre struсtuге of accretion in ВY Саm.
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