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АЬstrасt. Results of liпеад polarization measurements of the closest Wolf-Rayet eclipsing bi-
палу CQ Сер (А = ZORO) made in the В band lvith the telescope Zeiss-1000 of the SAO RАS
in 1994 and 1996 аrе presented. А comparison of tцzо obtained polarization curves with each
оthеr and with the results of earlier polarimetric investigations of CQ Сер has shоwп that the
linear polarization of the system is subject to substantial long-term vaлiations. Not only the mean
polarization (Р = 4.5 %-6.6%), but also the amplitude (А = 0.4%-1.6%) of its variation over the
orbital period undergo аЬruрt changes from one observational ruп to апоthеr. Using the generally
accepted method, а FЬuriеr analysis of two new polarization curves of CQ Сер has been made.
It has revealed that the most рrоЬаЬlе value of the inclination of the system's orbit lies around
70О * 5О. The data оп the distribution of scattering matter in the system's envelope obtained in
the analysis in combination with the fact of shаrр envelope еlесtrоп density vaлiations from ruп
to ruп point to ejection of great mаýsеs of gas to the envelope of the system preceding the 1994
observations arrd probable expulsion of the outermost layers of the соmmоп envelope of CQ Сер
before the observations in 1996.
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Ву the present tirne а rаthеr large sеriеs of оЬ-
servations of polaгization variability of WR binaries
and suspected Ьiпагiеs have Ьееп accumulated. The
ргiпсiраl results of these studies аrе presented in the

рареr Ьу Schulte-Ladbeck and Vап dеr Hucht (1989)
(see Section А of ТаЬlе б therein). It is poinied out
in the рареr that all double-line spectroscopic WR
binaries that have been оЬsеrчеd polarimetrically (12

frоm 23 known) show double-wave phase-dependent
liпеаr polarization variations predicted in the model
of Тhоmsоп scattering of radiation frоm the соmрап-
ion (оr both соmропепts) Ьу free electrons of the
WR envelope (Вrоvrп et al., 1978). The effect re-
vealed has not only made it possible to iпtгоduсе an
additional сгitеriоп fоr establishing duplicity of WR
stars, but also opened up а possibility of dеtеrшiп-
ing раrаmеtеrs (inclination and orientation) of thеiг
orbits and obtaining data on the сhагасtеr of dis-
tribution of the scatteгing matter in the WR enve-
lope Ьу mеапý of harmonic analysis of polarization
сurчеs of WR binaries. The orbit inclinations (ipor.)

of the systems determined Ьу роlаrimеtrу permitted
accurate measurement of masses of the components
of WR spectral binaries irrespective of whether they
аrе eclipsing оr поt (Rudy and Кеmр, 1978; Вrоwп

et ai., 1978). Besides, the mеаsurеmепt of amplitudes
of phase-dependent polarization variations of WR bi
паrу stars (lying around 0.2 %-0,8 % before оur stud-
ies of CQ Сер) enabled rеliаЬlе estimates for the elec-
trоп density of WR envelopes and mass loss rаtе in
WR stагs to Ье made (St-Luis et al., 1988). Schulte-.
Ladbeck and Van dеr Hucht (1989) noted. horvever,
that the observational data summarized iп their ра-
реr регmit the polarization variability analysis оп а
time scale from several days to а month. Тhеrе аrе по
data оп short-period linear polarization variations in
WR stars. Vеrу little is known about the long-term
variations of their polarization on scales очеr several
months.

In the present wоrk ап attempt is made to in-
vestigate the long-term variability of linear polariza-
tion of the closest of WR binaries CQ Сер (Раз 1964:

WN7 + O9,5III). The system is vrеll studied both pho-
tometrically and spectroscopically. At the same time
it has Ьееп debated whether the companion lines аrе
visible in its spectrum. Тhеrе аrе great disagreements
over the solutions of the light and radial velocit1-
сurчеs of CQ Сер that cause an uncertainty in esti-
mations of geometrical and physical раrаmеtеrs of the
components of the system resulting in ап uncertaint1,
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in its ечоIutiопагу status. Оur tп,o рареrs (Kartashe-
va, Svechnikov, 1996; Kartasheva, 1996) have сlагifiеd
the points of CQ Сер light curve amplitude instabi]-
ity and of the causes of рооr visibility (and at times,

рrоЬаЬlу, full disappearance) of the cornpanion's lines
in the spectra of the system which аrе connected with
еасh other. These lines аrе simply veiled Ьу the time-
variable addition to the continuuпr radiation caused
Ьу the radiation of the gas condensation resulting
from collision of the stellar winds of the соmропепts.
The рооrlу visible companion's lines can Ье detected
опlу on high resolution (R< 1А) spectra. In the оЬsег-

vations of 1981-1982 реrfогmеd ъ,ith thе \Iain Stеllаr
Spectrograph of the бm telescope of the S.{O R_\S
CQ Сер spectra with а resolution of 0.3 А-0.9 _\ п,еге

obtained. Тhе interpretation of these spectra as ц,еll

as the refined soiution of the radial velocit\, сuг\,еs

of the components is presented in Ьгiеf in оuг рарег
(Kartasheva, Snezhko, 1985) and their mоге extended
presentation can Ье found in сhарtеr I\- of the Thesis

+4.898 5.464 58,2
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+4.902 5.462 58.1
+4.982 6.598 65.5
+5.099 6,771, 65.5
+5.191 6.686 64.5
+5.503 6.626 62.0
+5.611 6.702 61.6
+5,670 6.555 60.0
+4.604 5.517 61.7
+,{.912 5.614 59.4
+3.898 4.831 63.1
+3.989 4.822 62.1
+3.917 4,852 63.0
+4.084 4.840 61.2
+4.180 4.867 60.4
+4.21,2 5.018 61.5
+4.131 5.001 62.2
+4.287 5.132 б1.6
+4.114 5.071 62.9
+4.19l 4.918 60.7
+4.230 4.770 58.7
+4.301 4,950 59.8
+4.463 5.064 59.6
+4.428 t.974 58.5
+3.948 4.897 63.1
+4.|72 4.938 61.1
+3.8з5 4.681 62.5
+4,699 5.839 63,3
+,1.740 6,208 65.1
+4.699 5.858 63.3

ofone ofthe аuthогs (Kartasheva, 1995). Our spectro-
scopic inr.estigatiorrs supplemented with the Tesults of
solution оf ttre most low-amplitude сurче clf cQ Сер
(Kartasheva, Svechnikor,, 1996) rеturп the system to
огdiпац, \\rR binaries with а less rnassive WR соm-
ponent (j\{ivn = 18.3N{oi N{6 : 22x4u;.

The first po}arimetric observations of CQ Сер
wеrе accomplished Ьу Hiltner in 1948 (Hiltner, 1950).

Using the photoeiectric technique, he obtained thе
mеап polarization value of the system, Р : 4.5 %, and
the position angie of the piane of pгedomirrant oscil-
lations, О : 62?5. The sрrеаd in ralues at the lel,el of
оЬsеrl,аtiопаl еrrоrs prevented Нiltпеr frоm detect-
ing арргесiаЬlе polarization variations with orbital
period phase. As has already been pointed out Ьу
DTissen et aI. (1986Ь), the estimate of the degree of
роlагizаtiоп of CQ Сер ргеsепtеd Ьу Hiltner (1951) in
the catalogue (Р: 5.2%; О: 64О), which was based
оп lаtег оЬsегr.аtiопs, differed essentially frоm his rе-
sults of r9]8. А iittle later, in August,September

1 49547.403
2 49547.427
3 49547.433
4 49548.480
5 49548.487
6 49548.492
7 49549.416
8 49549.424
9 49549.432
10 49551.367
1i 49551.373
t2 50246.430
13 50246.439
14 50246.447
15 50246.456
16 50246.464
17 50315.491
18 50315.500
19 50315.511
20 50315.520
2| 50316.30з
22 50316.318
23 50316.334
24 50316.351
25 50316.359
26 50316.371
27 50316.380
28 50331.362
29 50332.265
30 50332.273
31 50332.351

0.301 -2.42I
0.316 -2,332
0.319 _2.408

0.957 -4.327
0.961 -4,455
0.965 -4.215
0.528 _3.691

0.532 -3.667
0.537 -3.290
0.716 -3,039
0.720 -2.718
0.218 _2.853

0.223 -2.709
0.228 -2.862
0,233 -2.597
0.238 -2,493
0.296 -2.726
0.302 -2.820
0,309 -2.820
0.314 _2.965

0.791 -2.б74
0.800 -2.204
0.810 -2.448
0.820 -2.392
0.825 -2.264
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1951, Dombrovsky апd Novochadova (1953) investi-
gated the polarization of CQ Сер in two spectral rе-
gions Ьу а photographic method. Having concluded
that the polarization of radiation frоm the system is
independent of wavelength vdthin the accuracy of оЬ-
servations, they provided the following parameters fоr
it: Р: 6.6%+0,4%; о = 87" * 1о.

In late 1961 Shakhovskoj (1964) obtained
Р :4.36 %+0.37% and о = бТ8, using а photoelec-
tric method. Не has поt detected phase-dependent
polarization modulations, since the scatter in est!
mаtеs does not exceed the mеаsuгеmепt еrrогs. Thus,
the low ассurасу of еаrlу polarimetry of CQ Сер could
аllочl only the mеап polarization estimates очеr the
period of observations. Ноvлечеr, even а соmраrisоп
of these values регmit us to suspect long-term lin-
еаr polarization variations in the system and argue
that in the middle of the сепturу possible polarization
variations with orbital period phase did not exceed
0.4%. Тhе next polarization observations were саr-
ried out Ьу Drissen and his colleagues in 1984 (Dris-
sen et al., 1986Ь), when the advance in polarimetric
technology raised the measurement ассurасу Ьу an
оrdеr of magnitude. This rеsеаrсh resulted in а сlеаr-
cut twbwave poiarization сurче (0.8 % in amplitude)
очеr the orbital period, which ргочеs definitely that
we deal with polaгization of radiation in the system it-
self. The mеап value, Р : 5.2 %, obtained Ьу Drissen
and his colleagues was in а good аgгееmепt with the
гesults of the repeated polarimetric observations of
CQCep made Ьу Hiltner (1951). This fact in combi-
nation with that that the observations of Shakhovskoj
(1964) practically replicated the results of еаrliеr оЬ-
servations of Hiltner (1950) has allowed us to drатч а
confident conclusion that thеrе exist long-term vari-
ability of liпеаr polarization of the system. The results
of а пumЬеr of papers (Gusejnzade, 1967; Kartashe-
va,1972;1976; 1987; Kurochkin, 19797) which point
to а strong photometric variability of CQ Сер аrе not
at varia.rrce with this conclusion either. Тhе aim of
the investigation presented below is to сопfirm the
above iпfеrепсе апd to understand паturе and scale

of the long-term liпеаr polarization variability of thе
system.

We conducted the роlаrimеtriс observations of
CQ Сер оп the telescope Zeiss-1000 of tlie SAO
RAS in July, 1994 and Juпе-SерiеmЬеr 1996. А
two-channel роlаrimеtеr developed Ьу i.D. Najdenov
was piaced at the Cassegrain fосus of the telescope.
The quasisimultaneous measurements of the q and
u Stokes раrаmеtегs in В band wеrе made. То оЬ-
tain the parameteIs with an ассurасу of 0.03 %-
0.04 %, 15-20 minutes exi'losures wеrе rеquirеd" Zero-
polarization standard stars wеrе observed to deter-
mine the instrumental polarization. То determine the
efficiency of оur apparatus and the angular difference
between оur istrumental system and the equatorial
system, standard stars with knorvn polarization of
radiation wеrе observed. A1l observations of CQ Сер
wеrе free frоm systematic еrrоrs related to the three
effects пrentioned above. Table 1 contains final results
of оur polarimetric оЬsегчаtiопs. In the first соlumп
of the table аrе listed the Julian dates of the оьsеrча-
tions reduced to the centre of the Suп, in the second
соlumп are the phases in fractions of the orbital с1,-

cle. The phases wеrе computed Ьу а liпеаr fоrmulа
TMi., = 244954d909 + 196412288Е derived from the
mоrе 8епеrаl formula of Kilinc (1994). (The zеrо
phase corresponds to the moment of the main pho-
tometric minimum). Iп соlumпs 3, 4, 5, б аrе tabu-
lated the Stokes раrаmеtеrs (q: Q/I and u = U/I) in
the equatorial coordinate system, the degree of lin-
еаr polarization (Р), and the position angle (О) of
polarization in the equatorial coordinate system, rе-

spectively. The results of роlаrimеtrу аrе preserrted

also in Fig.1. It сап Ье seen frоm the figure that the
observations of 1994 and 1996 designated Ьу differ-
ent symbols give different сurчеs of rariation of ро,
larization раrаmеtеrs (Р, ч, u, О) with orbital cycle
phase. In Fig.2a оur results of photometric studies
of CQ Сер аrе соmраrеd rvith the results of еаrliег
investigations. То rепdеr the picture complete, not
опlу the results of the detailed роlаrimеtriс observa-
tions of the system in 1948 (Hiltner, 1950) and 1981
(Drissen et al.. 1986Ь) but also the mеап estimates
of the degree of CQ Сер polarization (together with
their еrrоrs) made Ьу Нiltпеr (1951), Dombrovsk1,
and Novochadova (1953) and Shakhovskoj (1964) аrе
plotted in the figurе. It can Ье sееп that the lin-
еаr polarization shows essential long-term variations
(unobservable so far in апу other WR binary). Both
the mеап linear polarization value (Р = 4.5% - 6"6%'l

and the amplitude of variation of Р очеr t}re orbitai
cycle (А =а.4%-1.6%) uпdегgо аЬruрt changes frоm
опе observing run to another. Besides, Fig.2b shori,s

the trмo quantities to have dirесt linear relationship,
As to the angle of polarization, before оur observa-
tions its пrеап estimate (О) suffered miпоr changes
from ruп to ruп rvithin 61О - 68О (excluding the оЬ-

qo-M_:TW
{r -0.3936 +0.4104
Qz +0.3].09 -0.0533
Qз -0,6649 -0.3151
Qц +0.0320 -0.0919
uо +5.1643 +4.2466
11,1 -0.0066 -0.4309
u2 +0.3432 -0.1971
1Ig +0.3057 *0.0058

u4 +0.5378 +0.0123
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Figure 7: The сu,rl)еs of uаriаtiоп of liпеаr polarization, q апd, u Stokes раrаmеtеrs апd 1losition апglе ofpolarization w,ith phase of the orbital регi,оd, deTit,ed, fоr CQ Сер frоm оur оЬsеruаtiопаl d,ata of 199J ffillal,circles) апd 1996 (ореп сirсlеs). Тhе solid arld, d,ashed, lines аrе the theoretical representatiort, of the лiп,еаr
роIаr,izаtiоп раrаmеtеrs tоr the оЬsеruаt,iопs of 199l апd. 1996, resllectitlely.

servations of Dombrovsky and Novochador.a),

In оur mеаsurеmепts of 1994 and 1996 thе апgiе
of рrеdоmiпапt electric vector oscil]ations геmаiпесl
within the same limits (6 ду 62о, see Fig. t). B.hile
the amplitude of its чаriаtiоцs очеr the оrьitа] cl.cle

iпсгеаsеd bу about а factor of two in 1994 aS соm-
рагеd rтith the роlаrimеtrу Tesults of 1984 (DTissen
et al,. 1986Ь) (Доrsrп l5О, АО199+ ry 9o).in 1996
the amplitude of the poiarization position angle varia-
tions геtuгпеd to the vaiue of 1984. When examining

п
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Figure 2: а) Соmраrisоп о| ошr CQ Сер polarization аr,ruеs lrоrп the 199l оЬsеruаtiопs (filled circles) апd

1996 (ореп circles) with the rеsult of polarimetry of the system d,опе Ьу Hiltner iп 19J8 (crosses) апd, Drissеп
апd his colleagu,es iп 198j (d,ots). Nеаr the polari,zation axis аrе also plotted the mеап uаluеs of Р obtained i,п

еаrlу оЬsеruаtiопs of the systemby Dombrousky (орепtriапglе), Hiltner (ореп squаrе) апd Shakhouskoj (f,Iled

triangle). Ь) Relationship Ьеtwееп the mеап liпеаr polarization uаluе апd the amplitude of Р uari,atioп ouer the

orbital period iпtеrтеd t'rоm polarimetric оЬsеruаtiопs of CQ Сер (designations аrе the sаrпе as iп а)).
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Fig.2, one can see that the shape of the polariza-
tion сurче derived in 1996 is unusual: the polariza-
tion mахimum at phases around the main minimum
of light Ь practically lacking. An attempt to account
fоr this апоmаlу vdll Ье made later.

In spite of the fact that the пumЬеr of measures
of the Stokes раrаmеtеrs q and u, covering, however,
the rvhole orbital period, is small, we tried to make а
hагmопiс analysis of thеiг variations with phase of the

orbital period (sералаtеlу for the observations of 1994
and 1996). То this end they wеrе presented in the
fоrm of ехралtsiоп into а Fоuriеr series up to second
harmonics, that is:

q = q0 * qrcos) * qzsin) * qзсоs2.\ * q+sin2A

u = u0 * urcos.\ * uzsin} * uзсоs2.1 * uasin2.\,

п,hеrе ) - 2тФ, Ф is the orbital period phase. (The
great irregularity in the distribution of observations
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очеr the orbital cycle made it impossible to involve
higher hаrmопiсs in the analysis)"

The coefficients of the Fоuriеr series found Ьу the
least-squares fit аrе listed in Talэle 2. The сurчеs ар*
proximating the variation of the q and u Stokes ра-
rаmеtеrs аrе shown iп Fig. 1 with the so]id line fоr the
observations of 1994 and the dashed line fоr those of
1996. They аrе seen to tэe in good аgrееmепt with оЬ-
servations. Fоr the observations of 1994 and 1996, in
Fig. 3 аrе shown the variations of the Stokes рагаmе-
ters in the (q,u) plane and also (q+.,+) and (q-u_)
trajectories which represent ellipses described sepa-
rаtеIу Ьу the second and the first harrnonics of tlre
series, respectiveiy (see Brown et al., 1978). It is sееп
frоm Table 2 and Fig, 3 that the first hагmопiсs pla.v
an important раrt in the expansion, whic:h is unrisual
fоr Ьiпаrу SyStemS. In the рареr Ьу Вrов,п et al.
(1978) the authors performed rnodel calculation fог
ап optically thin envelope with an аrЬitrаrу density
distribution, which rotates together with а Ьiпаrl-sу-s-
tem and scatters the radiation of an аrьitгаrу пumьег
of point sources. These calculations ailow one to ге-
late the results of expansion of the q and u Stokes
раrаmеtеrs into the Fоuriеr series to some geomet-
riсаl and physical characteristics of binary systems
(through the раrаmеtеrs of the (q+u+) and (q_u*)
ellipses - the geometrical way and through the ех-
pansion coefficients -- analytical). Араrt from the оr-
bital plane inclination angle (i) and the angle of orbit
orientation of а binary in space (Гl). with the aid of
the rеsuits of expansion we can find пumеriсаl val-
ues of some spatial integrals which сhаrасtеrizе the
fеаturеs of the mаttеr distribution in the envelope
(Tolt, To7z, то^lз, то^lц) (Вrоwп et ai,, 1978). In addi-
tion to the results of model computations of Вrоrчп
et al. (1978), in оur work we employed mоrе сопче-
nient fогmulае of the relationship between the Fоuriеr
series coefrcients and раrаmеtеrs of the Ьiпаrу de-
duced Ьу Drissen et al. (1986а) and also the геsults
of model computations of Karitskaya arrd Bochkarer,
(1983), which make роssiЫе unambiguous determi-
nation of апglе Q. Тhе resu]ts of hаrmопiс analysls
of оur polarimetric studies of CQ Сер аге col}ected
in Table3. The first соluшп contains the гesults оf
а similar analysis made Ьу. Dгissen et al. (1986Ь) fог
the observations of the system iп 1984. The геsults оf
the Tepeated computations that rve реrfотmеd аГtеr
the reduction of the phase zего point in the оЬsеr-
vational data of 1984 to the main рhоtоmеtгiс пlilli-
mum аrе given in bTackets. In the fiгst fоuг lines aie
given the orbit inclination angle (i) fог CQ Сер а:с
the angle characterizing its orientation iп space а
i1 and Q1 wеr€ obtained frоm the examination oi :i,e
first haTmonics, i2 and 02 frоm that of the seL.,rlj
harmonics. In the next nine lines of Table3 г..е gi.,,e
the values of fоur spatial integrals (т9^11. il,i1 , -,^ ..
Tg7a) and thеir combinations (TgG : To(.L]-^, : - :.

79Н = 70(fз2 + ^lц')\/2, HlG, 1пlryз,12/11). which
characterize the distribuiion of the scattering nratter
in the envejope of the system. The iast but опе lirrtэ
presents ihe differences Дu' between u"'- the сооr-
dinate of the second trагпrопiс ellipscl сепtrе anci rrJ'
-- t}re раrаmеtеr of iцterstellar poiarizatiorr. In tlre
q'u' coordinate systenr rеfеrrеd to the birrary, these
two quantities must Ье equal (u"' = ut') according to
tlre thеогу of Brorvn et al. (1978). We used the mеа,-
sures of intersteilar polarizatiorr olэtairrerl Ьу Dгis-
sen et aL (1986Ь) frоm stагs clcsest to CQ Сер, In
the 1ast line of ТаЬlе 3 аrе given the values for tire
sеtпi-mаjоr axis of the (q l u1) ellipse, which саrr Ье
expressed iц tеrrпS of the spatial integralS З-g]з аПСl
т6-1а: Ар = т0(7з2 + ъ2)r/2$ + coszi), Alternetiveiy.
Ао са,п Ье represented as а function of sечеrаl phys-
ical раrаmеtеrs of the system. According ttr equa-
tions [3]-[5].of tlre рареr Ьу St-Louis et al. (i988),
Ар - пu - \,{ (п" -- еiесtrоп densitv, il{ -- \,\iR sto.
ma-qs loss rаtе). Frоm examination of ТаЬlе3 а пrlm-
ьеr of conclusions сап Ье drarvn.

1. Assigning а small rveight to the оrЬit inclina-
tion i2 iпfеrгеd frоm analysis of the 1996 polarimetric
observations of cQ Сер (in vierv of the smaliness of
coefficients Qa and uа), find that the rnost likeiy vaiue
of iроIагim. : 70О * 5". This is in f'аir аgrееmепt rvith
the resu]ts of Drissen et al. (1986lэ) as weII as with
the photometric value of the orbit inclination that w.е
derived frоm the soiution of the most 1orv arгrplitude
light curve of the system of 1937 (ipbot. : 59О * 2О
(Kartasheva, Svechnikov, 1996).

2. The t,alues of quantities 01 and 02 repre-qenting
the angles of turn of the major axes of the (q_u_)
and (qlu1) eliipses wit}r respect to the q-axis of
the equatorial coordinate system wеrе obtained ч,ith
rаthеr lагgе еrrоrs (оо = t13", rеsulis of Wolin-
ski and Dolan (1994) wеrе used). Bven this being
taken into account. по good agreement betrveen the
results follorlirrg frоm the analysis of the 1984, ]994
and 1996 оЬsегчаtiопs is attained. As in the апаlу-
sis of оur 1994 observations the condition of oTthog-
onality of t}re axes of the ellipses of the first and
second hаrmопiсs was best satisfied, we corisidered
Q : [(Qt + 90') +a21l2: 129?5 to Ье а value which
is closest to a,ctual.

3. In the analysis of Drissen et al. (1986Ь) Н > G,
ri,hich suggests high concentTation of the scattering
пrаttег at thе orbitai plane and its symmetric distri-
butiort about the plane. The anaiysis of оur obser.r.a-
tions ргоr-idеd Н and G соmраrаЬlе in value. Ву 1994,
а,. соmрагеd lvith 1984, а risе (tц,-o times) in t}re de-
rгее of сопсепtгаtiоп (тбН) of the scatteгing mаttеr
lот,,агds the оrЬitаl plane arrd а \rеrу ýtrопg гisе (ап
огdег оf magnitude) in the degree of asyrnmetry in
lis оistгiЬutiоп (тбG) rn,ith respect to t}re sаmе рlаrtе
,_;ссitггеd. Тhе anall,sis of the 1996 observations shows
:i:al the quantit},TOH returned to the value of 1984,

l
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(u+) -+.+ _4.0 з.6 -2.8 -2.4 |994

0.0 +0.4

ч (ua)

-з.4 _3.0 -2.6 q (.ц)

ъ\lP,\ 0.5

Figurе 3:, Vаriаtiопs oJ Stokes раrаmеtеrs iп the (q, u) рlапе апd аIsо (q+rr+/ (dashed liпеs) апd (q-"-)
trajectory uhich wе оЬtаiпеd frоm the hаrmопiс analysis oJ polarimetric obseпlational data !оr CQ Сер of
199| апd 1996.

the high degree of аsуmmеtгу in the distribution of
matter about the orbital plane being the sаmе.

4, The value of Au' t 0.5% is acceptable and
сап Ье accounted fоr Ьу the ассurасу of measure-
ment of interstellar polarization u1'. The difference
Аu'= 1.2%, which we derived frоm the 1996 ро-
lаrimеtгу of the system is great and, ргоЬаЬlу, points
to the арреаrапсе in the system polarization of а con-
stant component possibly associated with the upset
of sрhеriсаl symmetry of the соmmоп envelope.

5. Examination of the last line of ТаЫе3 allows
us to conclude that Ьу the tiше of our observations
in 1994 the гаtе of mаss loss Ьу the WR star, апd
hепсе the electron density of the CQCep envelope,
had increased twice as compared with 1984. Dur-
ing two years which followed (frоm 1994 to 1996) Й
aлrrd п" Ьесаmе as of 1984. This inference together
with the above-discussed variations in distribution of
the scatteгing matter in the envelope of the system
allows us to assume that а considerable ejection of
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0.0

_0.4

1996

48г

а.а [ о|,

4.0

0.4

0,0

-0.4

{n/

_\

]

we
Text Box



POLARIMETЁIC STUD}, оF тЕЕ WоLF-RлYЕ? ECLIPSJ^-G BIt{ARy CQ сЕрнЕ1 lJ/

-l9и 
19gб

i1 +73.1(67,2) +65.8 +73.5
о,i2 +77.9 (77,3) +70.1 +88,8
а; +101.4 (-sо.s) +29.з *49.6
ло{), -16.5 (-24,9) +139.6 +180.4

Ta^h +0.30.10-3 (-0.26 . 10-3) +2,76.10-3 _1.00 . 10-3
Tolz -0.19 . 10-3 (+-о.tэ.tо-з; .-1.29 . 10*3 -2,16 . 10-3
то^lз +2.93.10-3 (+2.89.10*3) -о.зl . to-. -з.15 . 10*3
тоlц +2.05.10*3 (+1.80.10-3) +z.go.to*' +0.92.10-3
ToG +0.36.10-3 (+0.31.10-З) +з.оо.lо-' +з.16.10-3
тоН +3.58.10-3 (+3.40.10-3) +o.gb,to-' +3.28.i0-3
H/G +10.2 (+11.0) +2.23 +1.04
lцllз +0.70 (+0.62) -0.46 -0.29
1"l^y, *0.62 (-0.72) -1.61 +2,16

Au' +5.2.10-3 (+z.э,tg-З;

Ар +3.74.10,3 (+3.57.10-З)

-4.9 . 10-3 -11.9 . 10-3

+7.75.10-3 +3.28.10*3

matter inside the system preceded оur 1994 obserr,a-
tions, whereas the 1996 observations were likely to Ье
made after the оutеrmоst lауеrs of the envelope had
been expellecl. This assumption is сопfirmеd tэi, the
anomalous shape of the CQ Сер polarization сurче
of 1996. It is the expulsion of the оutеrmоst parts
of the envelope that could cause t}re sudden increase
in brightness of the О соmрапiоп at the main mirri-
mum phases (О star is in front of WR), which would
aЫuptly decrease the degree of polarization of the
s),stem at these phases arrd bring about а reduction
(and even disappearance) of the polarizatiorl maxi-
murrr at phases close to 0|0.

Оur 1996 polarization оЬsегr,аtiопs of CQ Сер со-
incided irr time ,k,ith the latest photometric studies
of the systern регfоrmеd bi, Dеmiгсаrr alrd his col-
leagues in Арril-DесепЬеr. 1995 апd Jurle-August,
1996 (Dеmirсап et al.. 1997r, \о shаrр anlplitude
variations оr iпсгеаsеd scatieI of po-:lis оп the lig}rt
сurvе Wеrе rесоrdеd irl the neT, l:l;,:о:-tlе::,iс, с_,Ьsег-

vations of CQ Сер. -\п аtiепр,. -, :-,...,. -::: О С',
diagram of the system (the il:.g:a_::. _: ::.- iгра.:-
tures of the moments of рrimаrr, а::,i stc. :.:._:.,, :,ill-
ima frоm the calculated ones) n,ith l:-,,.,.,.,.-::_.:_: -: :iл+

latest рhоtоmеtrу data of Kilinc li99i D=::__: .:. -,:

al. (1997), and also Аgеrет and Hue'oscil..: __.;: _....
revealed that in the interval fгопl 196!l ,. _ '_.::,.: ,.:..,

(О*С) dераrturеs form а соmmоп Ьгаl-сl-., J:_:: : _:-
gests t}rat no abrupt changes iп thе о:э_:r__ ;,. --
of the system wеrе observed betrveen 199 i а:_ '- '-'::.

The only distinction of the light сuгl,еs i=:.-,-_ .

Demircan et al. (1997) is the аЬsоrрtiоп а: ::.-. ::_.-__t..

after t}re сепtrе of the secondtrr.v miпiпrа. wlrich is
visible oll all thгее соlоurs (Fig.aa). АЬsоrрtiоп clf
the sarne оrdеr of magnitude (Дrп = 0}1) and at the
same phases was noted еаrliег оп the light curr.,es
constructed Ьу Kurochkin (1979) 1iclln photo-plirtes
of 1937 апd 1938 atrd рrе.чепtеd for соmраrisоп in
Fig.4b. It wiil Ье гесаliеd that thе 1937 light сuгr,е
of CQ Сер has а loiv aпrplitude (Апl : Ш."2) arrc] а
погmаllу-рhаsесi рriпrаrу ma_ximlrm (Ш25) (see the
рарег Ьу Кагtаshеr,а and Sl,ecirnikov (1996), сопtаiп-
ing а solutiorr of this light сuгче). The 1938 ligirt сLrгr,е
does not differ in amplitude frоtп ordirtaгy В t:uгчеs
Of the svstem (,\пr > t}J'4). Since а trew Ьrапсh rr,as
noted to fогпr оп tlre (О-С) diagr:aшi in 1937 (Каrtа-
slrer.a апd Svechrrikol,. 1989), irl examirring апd solv-
ing t}re 1937 1ight cullie ц,е considered its "alrorrla-
lous" amplitude as due to loss clf с]поrпtоus masses of
gas Ьу the system. rvhich sinrplifiec] the struсturе of
the соmmоtt errvelope. Simila,rit1, of distortions that
сап Ье seen с;п the CQ Сер ligtrt сuryеs of 1995 1996
and 1938 rпа1, Ье the only phoiornetric evidence irr
fаr,оur of оur conclusion about the expulsion of the
otlteгlllost CQ С]ер ellvelope lаl,егs which ргоЬаЬlч ос,
сirггеd shогtlу аftеr оur роlаrimеtriс observations iп
199,1.

{1,чресtiоп of polarization curyes of WR spectral':;iilагiеs 
rc,,,eals that t}iey as а rulе аrе of classica,i

,.iape tP.,o* approximately in elongations and Prri,,
.эрrохiпlаtеll,iп conjunctions) drte to the scatter of
:a_i:aiion frоm the O-cornpanion Ьу frее electrons of
::_r \\-R enгelope. Oniy thrее WR spectra,l binaries
C'QCep iDгissen et а1., 1986Ь), СХСер (Schulte-

i-ac_,eck and \Ъп der Hucht, 1989) and НDtr311884

we
Text Box



а)

138 К дRТдSНЕУА, S I/ECHNIK оV, ROM дNУUк, IfA JDEI\rO У

Аm
m

_0.4

_0.2

0.0

о,2

0,4

0.б

0.8

0.4 0.6 0,8 Phase

ь) a

a

aaa a

a
оa

t..a
a

Ф::. ; r. 
q?i. aj}.

'.{ aa ,/о(Bi
a

.;
;J.{ t'"' ' -Ф.4ri- 

з!
t . -..!.

la.} 9.Ч.' ' . ,.""' Ь'&l{:
Ч.'. о Оa
aa a

aa aa aa

.q.'O.
q".

оaa
-aa

a /
/

l' t.
l ."

о|О.'

{yi

a
aa
a

aa
a
aОr
aaa
a

a
о

'aa
&a

a

.ll.оa
ооо'

"оaaOrt
a

a

0.0 0.2 0.4 0.6 0,8
Phase

Figurе 4: а) The photoelectric UBV light сuп)еs ol CQ Сер deriued, Ьу Dеmirсап et al. (1997) iп 1995-1996.
Ь) The 1937 (uрреr part) апd 1938 (lоwеr part) photographic light шruеs (Кurосhkiп, 1979). The large fi,lled
circles represent the mеап light сшruеs. Dashed liпеs shоu light сuruеs шithоut ап absorpt,i,on effect,
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(Moffat et al., 1990) exhibit the polaгization сurчеs
dгаmаtiсаllу diffеrепt frоm those of the rеst of the
WR systems. Their polarization сurчеs аrе "mirгоr"
to thеir light curves (Р*** approximately in соп-
junctions and Р-;' approximately in elongations).

CQ Сер and СХ Сер аrе eclipsing systems, but in
HDE311884 only а shailow wind eclipse оссurs in
conjunctions when the WR star is in front (Moffat
et al., 1990). The only explanation of the "mirrоr"
behaviour of polarization of eclipsing Ьiпаrу systems
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that сап Ье found in the litеrаturе is associated with
the rеduсеd contribution of non-polarized гаdiаtiоп
in the minima of the system's Ыightness ("effect clf
contrast"). Ноwечеr, this effect does lrot account for
the shape of the polarization сurче of CQ Сер (see
Drissen et al., 19SбЬ) and ail the mоrе so of non-
eclipsing HDE311884, What the three systems соп-
sidered аьоче have in соmmоп is that all of thеm аrе
very close, aithough HDE 311884 is mоrе massive and
lагgеr than the former two. The immersion of the О-
соmрапiоп into the WR wind and the formation оf
the соmmоп envelope for the system lead to upset
of symmetry of the scattering matter with respect to
the WR stаr, to condensation of раrts of the WR
wind flowing очеr the sides of tlre О-соmрапiоп, to
арреаrапсе of а gas condensations betrveen the соm-
ponents, which results fгоm fгопtаl collision of thеir
winds (Kartasheva, Svechnikov, 1996). AlI these dis-
tinguislring characteristics of very close WR Ьiпагiеs
аrе likely to cause the unusual shape oftheir роiагizа-
tion сurчеs. The non-stationary рrосеssеs оссuггittg
in these systems and connected with the presence of
WR stars in them, with filiing Ьу the О-соmрапiопs
their critical lobes and also rvith interaction of stellar
rMinds of the components must cause long-term vari-
ability in polarization of their radiation, which has so
fаr been olrserved опlу in CQ Сер.
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