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Abstract. Results of synchronous time-resolved spectroscopic and photometric observations
of the peculiar polar BY Cam at high state of brightness (14™2 — 1576) obtained with the 6 m
telescope of the SAO using the TV scanner and the photometer NEPh in February 1990 and
March 1991 are presented. From 117 spectra with a mean temporal resolution of 300 s and a
spectral resolution of about 2A in the wavelength range 3900-5000A an analysis of variability
of equivalent widths, central intensities, half-widths and radial velocities of the hydrogen and
Hell 4686 A emission lines has been performed. The analysis has shown the presence of significant
variations of the parameters of lines depending on the phase of the spin period of the white dwarf
and on the photometric state (flaring or pulsating) of the system. The mean equivalent width
of the line HeIl4686 A increased by a factor of 1.5 in the flaring state as compared with the
pulsating state. The radial velocity curves measured from the broad components of the emission
lines HelI4686 A, Hg, H, were approximated by least-squares sinusoids. In the pulsating state,
they showed pronounced departures from a sinusoid, which are about 1.4 times of the amplitude of
the sinusoid. The observed variability may be indicative of changes in the geometry of accretion
on a time scale of 20-40 minutes. In the pulsating state the narrow emission line components
disappear for a short time around the phases associated with a photometric minimum whose
duration differs and is of 20 minutes for the Balmer lines, 15 minutes for Hel4471A and 5
minutes for Hell 4686 A. The half-widths of the Balmer lines in the pulsating state vary with
a quasiperiod approximately equal to a quarter of the white dwarf spin period, which is not
observed in the flaring state. Possible causes of the revealed spectral and photometric variations
are discussed.

Key words: accretion — stars: individual: BY Cam — stars: binaries: general — stars: cataclysmic
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1. Introduction Reviews of properties and observational data of AM
Her type systems are presented by Cropper (1990)

and Vojkhanskaya (1990).

The X-ray source H0538+608 was discovered as
a result of the programme of optical identification of
X-ray sources carried out by the orbiting observatory
HEAO 1 and the specialized satellite Uhuru (Forman
et al.,, 1978; Wood et al., 1984). After the circular
polarization had been revealed, the source was ranked
among polars (Remillard et al., 1986).

The AM Herculis type stars (polars) are a subclass
of cataclysmic variables consisting, according to the
standard model (Liebert & Stockman, 1985), of a
white dwarf with a strong magnetic field (primary)
and a low-mass dwarf (secondary) filling its Roche
lobe. The magnetic field affects the gas stream mo-
tion from the secondary component, channelling it to
the magnetic poles of the white dwarf. The spectral

range of the energy liberated in the polar regions of
the white dwarf is very wide: from the hard X-rays
to the far infrared region. A characteristic distinc-
tion of polars is the strong proper linear and circular
polarization of their optical radiation (Tapia, 1977).

Two brightness states are observed in the system:
high (& 14™ —15™) and low (= 17"5) (Szkody et al.,
1990; Mason et al., 1989; Silber et al., 1992; Andronov
et al., 1992; Silber, 1995). The X-ray-to-optical flux
ratio in H0538+608 is one of the highest in polars
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(Remillard et al., 1986; Kallman et al., 1993).

Spectra obtained in the ultraviolet region have
shown that the NV1240A and CIV1550A line in-
tensity ratio in H 05384608 reaches 10-20, where-
as it equals 0.3 in other polars (Bonnet-Bidaud &
Mouchet, 1987). This spectral property can be best
explained by the anomalous content of the CNO-
cycle elements. This anomalous composition is char-
acteristic of Novae after the burst (Bonnet-Bidaud &
Mouchet, 1987). However, Silber et al. (1992) noticed
no bursts in BY Cam on the archive plates. The dif-
ference between its chemical composition and solar
can be explained by the chemical composition of the
secondary companion whose outer layers have been
lost during evolution (Mouchet et al., 1991).

The VLA observations gave an upper limit of the
radio radiation of this magnetic cataclysmic variable
(Mason et al., 1996).

Cropper et al. (1989) detected cyclotron bands in
the BY Cam spectrum and estimated from them the
magnetic field strength at the poles as 40.8+1.5 MG.

From the analysis of radial velocities of the nar-
row component of the H, line, the orbital period of
the system was found to be 32373 + 0°005 (Silber
et al., 1992). This period differs from the spin pe-
riod of the white dwarf by about 1% (8.5¢) (Mason
et al., 1989, hereinafter MLS). The analysis of radial
velocities measured from the narrow components of
Hp and H, confirmed the asynchronous rotation of
the white dwarf with respect to the orbital period
(Bonnet-Bidaud et al., 1992; Mouchet et al., 1997).
BY Cam is a second polar with asynchronous rota-
tion of the white dwarf with respect to the orbital mo-
tion. The first polar of this type is V1500 Cyg, (Nova
Cygni 1975), in which synchronization of the white
dwarf rotation and the orbital motion is expected to
occur on a time scale of 200-300 yr (Schmidt & Stock-
man, 1990; Katz, 1991; Pavlenko & Pel’t, 1991). A
third object, RX J1940.1-1025, has recently been dis-
covered in which, contrary to the two previous ones,
the period derived from radial velocities of the nar-
row emission line component turned out to be shorter
than the spin period of the white dwarf (Friedrich et
al., 1996). The time of synchronization of the white
dwarf roration with the orbital motion for BY Cam
was estimated to be about 1200 years (Piirola et al.,
1994). Systems of BY Cam type are important objects
for studying the nature of synchronization in polars.

Concurrent spectral and photometric observations
are of interest from the point of view of studying the
nature of the object. In the paper we present the
results of the investigations of the variability of the
emission line profiles. Behaviour of equivalent w
W, central intensities R., emission line half-widths
and radial velocities of the broad components of the
hydrogen and Hell 4686 A lines in respect to the
phase of the spin period of the white dwarf and the

revealed spectral variability in combination with the
photometric variations of the system are analysed.
This paper is an extension of the study of this pecu-
liar system (Bonnet-Bidaud et al., 1992; Mouchet et
al., 1997).

2. Observations

Simultaneous spectral and photometrical observa-
tions of BY Cam were made at the Special Astro-
physical Observatory in February 1990 and March
1991. The spectral observations were performed with
the 1000-channel TV spectrophotometer (Somova et
al., 1982; Drabek et al., 1986; Afanasiev et al., 1991)
installed in the secondary focus N1 on the spectro-
graph SP-124 of the 6 m telescope. Using the diffrac-
tion grating B2 (1200 gr/mm, providing a dispersion
of 50 A/mm (1 A/channel) and a spectral resolution
of about 2 A), we recorded spectra at 3800-4900 A A
on February 25, 1990 and at 4000-5100 AA on other
dates. The wavelength calibration of the spectra was
done using a He-Ar-Ne lamp. Depending on the see-
ing, the diaphragm of the spectrograph was 2 and 3.
The data were registered in a frame-by-frame mode
(Somov, 1986).

The photometric measurements were performed
with the photometer NEPh installed at the secondary
focus N1 (Vikul’ev et al., 1991). When deriving a light
curve in the B band with a temporal resolution of
0.1s, 50 % of the light was recorded with the photome-
ter, while the other half was recorded with a scan-
ner for spectral investigations. The photometer di-
aphragm was 12”. The standard star 3C147F (13™8)
was used for the UBVR (Johnson) measurements

Neizvestny, 1995). The log of observations is given in
Table 1. To calculate the phases, we used ephemeris
(MLS) T(0)=HJD2446586.2559417(+ 0.000001) +
0.138423802E(=+ 0.00000058) (midpoint of the sharp
rop in circular polarization), with the spin period of
the white dwarf 32322171 & 0"000014.

A new ephemeris for BY Cam (Piirola et al., 1994)
appeared later, T(0)=HJD2446138.8202(+15) +
0.13878415(=14)E (transit of the positive circular
polarization), where a new estimate of the spin
period of the white dwarf, 3"3308196 & 0"0000034,
was given. We also use this ephemeris in our further
phase computations. The phases calculated from
this ephemeris are presented in the text in brackets,
following the phases obtained from the ephemeris of
Mason et al. (1989).

The processing of the observational data was
performed by the standard technique using the
programmes written in the algorithmic language
SIPRAN (Somov, 1986).
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Table 1: Log of observations

Date Spectroscopy Photometry A%
Start End | Start End
(UT) _ (UT) | (UT) (UT)

25.02.90 | 17:39  19:04 | 17:40  20:46 14.6
19:51  20:41

10.03.91 | 16:32  17:42 | 16:44  21:10 | 15.0-15.6
17:49  18:49
18:57  20:01
20:05  21:06

12.03.91 | 16:39  17:39 | 16:43  20:13 | 14.2-14.9
17:44 18:16
18:21  19:33
19:38  20:23

3. Photometry
3.1. Light curves

The photometry results have already been reported
in our paper (Mouchet et al., 1997). The system’s
brightness in the V band for the 3 dates of observa-
tions are tabulated in Table 1, from which it can be
seen that the system was at high state of brightness,
14m2 — 15™6. The light curves in the B band (with
a resolution of 25.6 s) for the three above mentioned
dates are displayed in Fig. 1. They demonstrate two
activity levels of the system. The large variability
amplitude of the light curves on February 25, 1990
and March 12, 1991 (Fig. la,c) points to the “flaring
state” (FS) of BY Cam and on March 10, 1991 (Fig.
1b) the light curve indicates a level of activity close
to the “pulsating state” (PS) (Mouchet et al., 1997).
These states had been revealed earlier in the X-ray
range (Ishida et al., 1991) and in the optical range
(Silber et al., 1992). The arrows in Fig. 1 mark the
minima of the light curves. The first arrow in Fig. 1a
(February 25, 1990) falls at phase = 0.4(0.9), i.e. it is
located near the possible primary eclipse. In Fig. 1b
(March 10, 1991) the arrow (referred as Min II in the
following) is close to phase =~ 1.0(1.5).

The first arrow in Fig. 1c is at phase ~ 0.13(0.63),
the second at = 0.8(1.3), the third at ~ 1.0(1.5) and
the fourth at ~ 1.15(1.65). Now in the text we will
pay attention to spectral variations near these phases.
The time interval between the minima at phases =
0.13(0.63) and ~ 1.15(1.65) is 3.3422 hours, which,
within our measurement errors, is consistent with the

white dwarf spin period measured by Piirola et al.
(1994).

3.2. Short-period brightness variations. Search
for quasi-periodical oscillations

The flickering had been detected earlier in many AM
Herculis type systems. In the similar asynchronous

system V1500 Cyg, Kemp et al. (1977) observed a
low-amplitude flickering with a characteristic time of
2 minutes and over 10 minutes. Kaluzny and Chle-
bowski (1988) noted oscillations in the same system
in the B band with an amplitude of about 0™2 and a
characteristic time of 4 minutes. Pavlenko (1992) also
revealed short-period brightness variations of V 1500
Cyg with periods of 26 minutes and 5 minutes.

We should like to emphasize that for the light
curve of March 10, 1991 in the PS of the system
the maximum amplitude fluctuations occur at phases
0.9-0.12(1.4-1.7) and 1.35-1.5(1.85-2.0) which are lo-
cated near the possible eclipses (Min I and Min II).
The minimum fluctuations fall within 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).

Remillard et al. (1986) showed that variations in
light curves of BY Cam with a characteristic time of
5 minutes in the optical and X-ray ranges are cor-
related. As a result of search for periodicity in. the
light curves in the interval between 6 and 40 min-
utes, Silber et al. (1997) found variations at 10 and
15 minutes.

We studied quasiperiodic oscillations (QPO) in a
number of AM Her systems (Bonnet-Bidaud et al.,
1991, 1996; Somova et al., 1992). Fourier analysis of
our BY Cam light curves in the B band shows vari-
ations on a time scale from a few minutes to tens of
minutes. So on March 12, 1991, when the system was
in the FS, large-amplitude (up to 50 %) variations in
the range of periods 300 to 400 s were observed. The
variations occurred at orbital period phases ¢ = 0.1-
'0.4(0.6-0.9). In the FS of the system on February 25,
1990 oscillations with a period of about 500 s were
observed. On February 25, 1990 and March 12, 1991
the variations do not show considerable power excess
in the indicated periods. This may suggest that they
are not coherent.

An example of the power spectrum of the oscilla-
tions in the light curves of BY Cam of March 10, 1991
when it was in the PS is displayed in Fig. 2. A peak
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Figure 1: Light curves of BY Cam in B band for three dates. Phases reported on top of figure are calculated
using ephemeris from Mason et al. (1989).
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Figure 2: Power spectrum of the light curve in B band
for March 10, 1991. The dashed line indicates the 60
level.

corresponding to 3-minute quasiperiodic oscillations
is visible. On March 12, 1991 QPO with an amplitude
up to 40 % and characteristic time of about 30 min
were observed at phases ¢ = 0.7-1.1(1.2-1.6). Similar
quasiperiodic oscillations were, apparently, observed
by Silber et al. (1992) and Pavlenko et al. (1996).

4. Spectroscopy
4.1. Long term variability

The general view of the integral spectrum of BY Cam
of February 25, 1990 is shown in Fig. 3. The spectrum
is seen to be represented (as is the case with polars in
a high state of brightness) by emission lines of hydro-
gen, Hell4686 A and HelI4541 A, the lines of Hel,
and the blend CIII-NTII 4640-4650 A. In Table 2 are
listed the mean values of equivalent widths W, cen-
tral relative intensities R., half-widths (FWHM) of
February 25, 1990, March 10, 1991, and March 12,
1991 derived from a set of these parameters from
5-minute spectra. The root-mean-square deviations
from the mean value per night are given in brackets.

The nightly mean Wy of Hell 4686 A in the FS,
i.e. on February 25, 1990 and March 12, 1991, are
(Table2) 43 A and 46 A, respectively, which is about
1.5 times as high as in the PS on March 10, 1991
(31A). This is an interesting long term variation.

It can be seen from Table 2 that the mean equiv-
alent widths of the Balmer lines Hg and H, change
from date to date, which is, in our opinion, also a
remarkable long term variability. For the spectra ac-
quired on March, 1991 the Hg/H, equivalent width
ratio is higher than on February, 1990. The Balmer
lines at the bases in the spectra of BY Cam turned out
to be broader than in a number of other polars. The
width varies with orbital period phase from 2500 to
3500 km/s. In contrast to the Balmer lines, the Hell
4686 A line width at the base changes from 1500 to
2500 km/s depending on the spin period phase.

4.2. Line profiles

From the frame-by-frame records spectra with an ex-
posure of 300 s each were formed. 26 spectra were
taken on February 25, 1990, 50 on March 10, 1991
and 41 spectra on March 12, 1991. All these data are
uniform in the way of recording and processing.

The Hg, H, and HelI 4686 A emission line profiles
reduced and normalized to the continuum according
to the MSL spin period phase of the white dwarf on
February 25, 1990 are presented in Fig. 4a. Fig. 4b
shows the profiles of H., Hel 4471 A, Hell 4686 A
and Hg of March 10, 1991. The profiles of the same
lines of March 12, 1991 are displayed in Fig. 4c. It
can be seen from the figures that these 5-minute pro-
files demonstrate strong variations and the presence
of several components in both the Balmer and the
helium lines. From Fig. 4a, b, ¢ an obvious variability
of line profiles depending on the phase of the white
dwarf axial rotation period of each date can be seen
and strong variations from date to date are detected.

We pay special attention to the variation of the
line profiles around the minimum on March 10, 1991,
when the system was pulsating. It is clear from Fig. 4b
that the Balmer line profiles in the PS become low-
contrast for 20 minutes at phases 1.01-1.08(1.51-
1.58). The same situation is observed for HeI 4471 A
at phases 1.03-1.08(1.53-1.58) for 15 minutes, while
for HelI4686 A at phase 1.03(1.53) this state lasts
for about 5 minutes. This implies that the time of
the possible eclipse of the regions where the emission
peaks for different lines in the PS form is different:
from 5 minutes for HeIl 4686A to 20 minutes for
Balmer lines.

It is illustrated in Fig.4c that on March 12, 1991
the Balmer lines Hel 4471 A and HeIl4686A were
weak for 5 minutes at phase 0.127(0.627). At phase
1.152(1.652) the emission lines are also seen to reduce
in intensity, and shifted by 0.025 in phase. A sudden
broadening of H, occurred at phase 1.127(1.63). This
is well visible in Figs.4c and 5i.

The 5-minute weakening in brightness on March
12, 1991 at phases =~ 0.13(0.63) and ~ 1.15(1.65)
(Fig. 1c) is coincident in phase with the above men-
tioned changes in the spectra of BY Cam. Such a
behaviour of the line profiles gives ground to believe
that there occur possible secondary eclipses at these
phases. An analysis of the behaviour of the Hg and
Hell 4686 A line profiles in the spectra of BY Cam
with a resolution of 500 s is available in the paper by
Mouchet et al. (1997).
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Figure 3: The integral spectrum of BY Cam, obtained on February 25, 1990. The ezposure time was 10928 s.

Table 2: Mean spectrophotometric parameters of emission lines

Date Line EW R. FWHM
(A) (4)

25.02.90 | HB | 31.7(9.2) [ 1.6 (0.5) | 183 (5.4)

~ H~ 52.5 (8.7) | 2.4 (0.5) | 20.5 (2.8)

Hé 33.4(6.2) | 2.0 (0.4) | 17.1 (4.0)

Hell 4686A | 42.8 (9.2) | 2.4 (0.6) | 18.6 (3.6)

Hel 4471A | 22.1 (46) | 1.2 (0.3) 18 7 (4.9)

10.03.91 HB 45.8(17.9) | 2.62(1.1) 75(6.5)

HA 41.2(15.2) | 2.57(1.0) 14 62(4 5)

Hell4686 | 31.5(10.9) | 2.44(1.2) | 12.32(4.3)

Hel4471 | 19.1(6.7) | 1.4(0.5) | 12.7(5.2)

12.03.91 HB 449 (16.4) | 3.1 (1.2) | 12.8(4.2)

- H~ 40.2 (11.1) | 2.9 (0.9) | 13.1( 3. a)

Hell4686 | 46.2 (17.4) | 4.1 (1.6) | 10.5( 2.7)

Hel4471 | 17.6 (84) | 1.6 (0.6) | 11.4( 4.0)

4.3. Phase variations of equivalent widths, cen-
tral intensities and half-widths of emission
lines

The present paper contains the results of investiga-
tion into the behaviour of spectrophotometric pa-
rameters of the Balmer lines, Hell 4686 A and Hel
4471 A without dividing them into components. We
have measured their equivalent widths W, central
intensities and FWHM. The measurement techniques
were described earlier by Kopylov et al. (1986). Typ-

ical errors in the determination of emission line pa-
rameters are presented therein too. The equivalent
width measurement errors for lines with W, ~ 20 A
are &~ 5%, for central intensities ~ 5% and for half-
widths &~ 4 %. This implies that the measurement er-
rors do not exceed the size of the symbol these pa-
rameters are labeled by in the figures.

In Fig. 5 we present the variation curves of W),
R. and FWHM for the Balmer lines, Hel 4471 A and
Hell 4686 A, depending on the phase of the white
dwarf spin period of February 25, 1990 (Fig. 5a,b,c),
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Figure 4: a. Normalized to the continuum HB,Hy and Hell 4686 A profiles, obtained on February 25, 1990.
The phases were calculated using the ephemeris from Mason et al. (1989). They are shown at the Y axis. The
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March 10, 1991 (Fig. 5d,e,f), and March 12,1991 (Fig.
5g,h,i). It can be seen from the figures that the pa-
rameters change their values depending on the phase.
The curves look different for different dates.

On February 25, 1990, for instance, the maxima
in the curves Wy — ¢, R, — ¢ for all the lines in the
FS fall at phase ~ 0.4(0.9) (Fig. 5a,b). This coincides
with the phase of the first minimum in the light curve
of this date (Fig. 1a).

In the PS of the system on March 10, 1991 the
maxima, of the curves Wy — ¢, R. — ¢ for the Balmer
lines are at phase ~ 1.4(1.9) (Fig.5d,e). The ex-
tremum in the curve Wy — ¢ for HelI4686 A on the
same date is somewhat shifted towards phases 1.45—
1.5(1.25-2.0) as compared to the Balmer lines, while
the peak in the R, curve falls at phase 1.45(1.95) and
is located near the main minimum (Min I). When
looking at the light curve of this date (Fig. 1b),
one can see that expected weakening in the object’s
brightness at Min I is absent. Similar results derived
in November 1990 were given by Piirola et al. (1994).

On March 12, 1991 the maximum of the curves
Wy — ¢ and R, — ¢ for the Balmer lines, HeI 4471 A
and Hell 4686 A moved to phase ~ 0.3(0.8). Great
differences in the shape of the curves from n1ght to
night are visible.

Fig.5 (c,f,i) shows the behaviour of the half-
widths of the lines Hg, H,, Hs, Hell4686A and
Hel4471 A of February 25, 1990; Hs, H. and Hell
4686 A of March 10, 1991; and for the same lines of
March 12, 1991 versus the spin period of the white
dwarf.

It follows from Fig. 5f that the maxima of the Hg
and H, Balmer line half-widths in the PS on March
10, 1991 are visible at intervals of a quarter of the spin
period of the white dwarf, the half-width maximum
of the line Hg being at phases ~ 0.8(1.3), 1.0(1.5),
1.25(1.75), 1.5(2.0), 1.85(2.35). The behaviour of the
H,, line half-width is basically correlated with that of
Hp, some differences can, however, be seen (Fig. 5f).

Half-widths of Hg and H,, lines of March 12, 1991
and February 25, 1990 obtained in the FS differ from
those obtained in the PS and there is no recurrence
of their behaviour from date to date (Fig.51.c).

The phase dependence of the Hell4686 A line
half-width variations on March 10 suggests that its
behaviour is clearly different from those of the Ba
lines. It can be seen from Fig. 5f that the maxim
its half-widths fall at phases 1.05(1.55) and 1.9
Its half-widths of March 12 in the FS behave
what different (Fig. 51) than those of March lu in the
PS (Fig. 5f). The maxima of its half-width of \Iarc‘"
10 in the PS are at ~ 0.1(0.6) and 0.8(1.3).
tion is attracted by the weakening of the half-width
of Hg, H, and Hell4686 A on March 12 near p”a es
0.7-0. 75(1 2-1.25) when all the lines become the most
narrow. In the March 12 light curve (Fig.lc

€ some-

near
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phase 0.85(1.35) we see a minimum. These spectral
and photometric changes are likely to be interrelated.

4.4. Emission line radial velocities

The true location of emission line forming regions in
polars has thus far been a subject of discussions. It
has been shown in the papers of many authors that
the narrow peak and broad line represent different
regions. The broad line component is deemed to be
formed in the accretion column region and therefore
represents rotation of the white dwarf, while the nar-
row peak may arise on the red dwarf side facing the
white dwarf as a consequence of X-ray heating and
hence represents the orbital period of the system.

Emission lines in the BY Cam spectrum have
a more complex structure as compared with other
polars. In (MLS) the spectra of BY Cam were ob-
tained during one orbital cycle. The authors detected
as many as four components (narrow, broad, high-
velocity and asymmetric) in the Hg and H, emission
line profiles. Silber et al. (1992) studied the H, line
for 6 nights and showed that the profiles of this line
are chiefly composed of two components.

The complex and variable line profiles in BY Cam
make analysis of radial velocities rather complicated.
In the given paper radial velocities are measured from
the centre of gravity and line peak. The resultant ac-
curacy of radial velocity determination is £25 km/s.
For weak lines this error may be twice as high. The
data obtained were approximated by the least-squares
fit of the curve

V(¢) = Ksin(2n(6 — o)) + 7, (1)

where V' is the radial velocity, v is the gamma ve-
locity, ¢ is the white dwarf spin period phase (MLS
ephemeris), K is the half-amplitude of the radial ve-
locity curve. The measurements of radial velocity pa-
rameters for a number of emission lines in the spec-
trum of BY Cam are listed in Table 3, as well as the
parameter errors, given in brackets. Also in this ta-
ble, the o parameter is equal to the root-mean-square
deviations (km/s) of all measurements from a sinu-
soid. In the separate column of the table, the way
of emission line radial velocity measurement is indi-
cated: CGR — from the centre of gravity of a line,
PIC — from the line peak. It can be seen from Ta-
ble3 that on February 25 HelI4686 A has minimum
departure from the sinusoid. For illustration we dis-
play in Fig. 6 the radial velocity curves for this line
measured from the line peak and the centre of gravity
on this date. It is seen that the radial velocity curves
of the narrow and broad components are practically
in phase but have different amplitudes and gamma
velocities.
The March 10 and 12 radial velocity curves mea-
sured for Hg, H, and Hell4686A from the centre
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of gravity are shown in Fig.7a-i. The sinusoid fit — measured from the broad components of the Balmer
of the radial velocity measurements on March 10 is  lines on March 12 (Fig. 7h,i) are similar to those de-
shown in Fig. 7d, e,f and Table 3. Fig. e, f shows that  rived by Silber et al. (1992) in the FS.

at phases 1.1-1.5 (1.6-2.0) there are deviations from The radial velocity curves derived from the broad
the sinusoid. These deviations are best seen in the  components of the HelI4686 A and Balmer lines of
radial velocity curves of March 12, when the system March 10 in the PS were also sinusoid fitted by the
was in the FS. They are visible at phases 0.1-0.55  least-squares method (Fig.7d,e,f). They showed a
(0.6-1.5) for Hg (Fig.71i) and 0.1-0.65 (0.6-1.15) for  considerable departure from the sinusoid (by about

H, (Fig.7h). a factor of 1.4) with respect to the half-amplitude of
The sinusoid fit of the radial velocity measure-  the sinusoid at phases 1.8-1.9 (2.3-2.4).
ments for Balmer lines on March 12 gave the largest It is seen from Figs.6 and 7 as well as from Ta-

errors for the three dates of observations, so we donot ~ ble3 that the parameters of Hell 4686 A radial ve-
present them in the table. The radial velocity curves  locity curves differ from those of the Balmer lines.



we
Text Box


STUDY OF SPECTRAL AND PHOTOMETRIC VARIABILITY 131

12.03.91 12.03.91 12.03.91
S o S B S 2 ———— T T SN B AL A B B
I " 4 50t , ‘xH | 15 /, ¥’, .: HB b
o [ i 1 m RN 2 A i
- y\-.“ \HB 1 2.5py \"VM*“» { .~ 10t ¢ u ot
= sol {"* - o< 191 v
I RS s D (U UEUDISEUNS I
3.25 MNW#MQM _Qﬁ - o E NP | 1
& L Hea7L T | sop Ve By ] E SRR
53] I F + _r ka‘” 4‘\ ,-‘\"&r x’ ‘ 1 20 y '
1 25] gedun'™ N""‘"‘ i, H :
100} : : 15E s By e
L ] - R R h Wil
750 00 44t lof ML
[ 44 WA Heldsss , | 7oL ™ ' *
5017 ] sl ¢ v Hell4686 | M ———
¥ «&Vf"‘/\ 1 3~0_;r»~.! A ] H 114686
i R W o A He P
25; . 2_31 \”J’\’ 150 'l “¥u . 7{ /‘ e
b1 . 10f ¥ ¥V, . P
- Py B [y g [ DO | AP ORI Y 4
0 0.5 1.0 15 0 0.5 1.0 15 5
Phase Phase IR AR
0 0.5 1.0 1.5
Phase
Figure 5: g—.
T 1 !
e 4
300 i
2 200
&
z
2 0
S
-200
0

Figure 6: Radial velocity curves for different components of Hell {686 A for the February 25, 1990. (+ -
measured from the centre of gravity, O — from the line peak). The dashed lines show y-velocities for the radial
velocity curve measured from the line peak and centre of gravity. The phases were calculated using the ephemeris
from Mason et al. (1989). The parameters of radial velocity curves are given in Table 3.
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Table 3: Parameters of radial velocity curves

Line Method | K(km/s) | v(km/s) ®o o(km/s)
25.02.90
HpB + H~v CGR 93(18) -82(16) 0.66(0.03) 79
HpB - 103(24) -77(22) 0.67(0.04) 108
Hy - 83(23) -86(20) 0.65(0.04) 101
Hé -2 78(29) -111(26) | 0.68(0.06) 128
Hell 4686 -7 188(14) -76(11) | 0.58(0.01) 57
Hel 4471 s 122(21) -32(19) | 0.71(0.03) 94
Hell 4686 PIC 283(22) 87(18) 0.59(0.01) 88
10.03.91
HpB CGR 227(21) -48(17) 0.60(0.01) 85
Hy - 281(20) 79(17) 0.62(0.01) 82
Hell 4686 -7 327(29) -46(24) | 0.56(0.01) 118
Hel4471 B 230(26) 5(21) 0.63(0.02) 105
Hell 4686 PIC 204(24) -36(20) | 0.62(0.02) 98
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Figure 7: a-i. Radial velocity curves measured from the broad components of Balmer lines and Hell 686 A
line. The phases are calculated from the ephemeris from Mason et al. (1989). Left: a) for Hell 4686 A; b) for
Hy; ¢) for HB, for March 10, 1991. Middle: d) for Hell /686 A; e) for Hy; f) for HB, for March 10, 1991. The
curve parameters are given in Table 3. Right: g) for Hell /686 A; h) for Hry; i) for HB, for March 12, 1991.

Measurements of radial velocities of different compo-
nents of the Hs and HelT14686 A in BY Cam spectra
through fitting by Gaussian (up to 3) are presented
in the paper by Mouchet et al. (1997).

5. Discussion

5.1. Beat period of the system

Though the spin and orbital periods of BY Cam are
not yet accurately determined (Mouchet et al. 1997),

the asynchronism of this system is well established.
Using the value of the spin period of the white dwarf
in BY Cam obtained by Piirola et al. (1994), we cal-
culated the beat period P3 on the basis of the rela-
tionship

Pl—l —P2_1 — P3_1

bl

where P; is the polarimetric period (or the spin pe-
riod of the white dwarf); P» is the orbital period of
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the system. Taking that P; = 3733088196 (Piirola et
al., 1994) and P, = 393817 (Mouchet et al., 1997),
P = 9955. With P, = 373558 (Zucker et al., 1995)
the third period of the system is 21 days. This implies
that the value of the beat period is strongly depen-
dent on the orbital period. The matter of accurate
determination of the orbital and beat periods for the
asynchronous polar BY Cam is still open to question,
and the problem is likely to be resolved by new ob-
servations covering no less than one beat period.

In a long observing run, lasting for 66 days, a pe-
riod of 7 days was found (Silber, 1995), and a period
of 14 days was suggested by Mason et al. (1995a,b).
From the results of ultraviolet spectral observations
a period of 14.5%1.5 days was suggested (Mouchet et
al., 1997). To determine particularly the beat period
of BY Cam, 40-night observations were conducted
(Silber et al., 1997). The authors found a period of
7.24 days in the light curves, which is, apparently,
half of the beat period. The set of data presented
here clearly indicate changes in the accretion geome-
try very probably related to the beat period, however
the time sampling of the observations does not allow
to confirm such effect.

5.2. Spectral and photometric variability

Our concurrent spectral and photometric studies have
shown BY Cam to be far from being a stationary
object. This follows from the B-band light curves
(Fig.1), from the analysis of the emission line pro-
files in the spectra with a sufficiently high temporal
resolution (300s) (Fig.4 a, b, c), from the radial veloc-
ity measurement data (Fig.7) and spectrophotomet-
ric parameters of emission lines (Fig. 5).

In the X-rays, BY Cam demonstrates a non-
typical behaviour with two alternate states:

¢ pulsating state with short-period variation of

brightness, the period is equal to the spin period of
the white dwarf;

o flaring state with aperiodic variations in light
curves.

Such a behaviour of the system is interpreted by
changes in the accretion geometry (Ishida et al..
1991). It follows from the results of our spectral and
photometric observations that we observed this polar
in two states: flaring on February 25, 1990 and March
12, 1991; and pulsating on March 10, 1991. The fast
spectroscopy results point to the fact the accretion
geometry is likely to change in this system on a time
scale of 20-40 minutes in the pulsating state. This
is inferred from the behaviour of the radial velocity
curves of the broad components of the Hell 4686 A
and Balmer lines (Fig.7d,e,f), where strong (up to
1.4 times) variations in the half-amplitude are ob-
served at phases 1.8-1.9 (2.3-2.4).

The departures from a sinusoid are similar to
those visible in the radial velocity curves measured
from the broad components of the Balmer lines on
March 12, 1991 in the flaring state (Fig. 7). They were
also found in the radial velocity curves for the asyn-
chronous system V 1500 Cyg (Kaluzny & Chlebowski,
1988). The authors explain these departures as due to
the presence of two-pole accretion in the system.

We have shown that W) of the Hell4686 A line
in our observations is, on average, by a factor of 1.5
larger in the flaring than in the pulsating state. It
may be assumed that in the FS, when, as follows from
the photometry results, the brightness of BY Cam be-
comes higher than in the PS (see Table1), the en-
hancement of brightness and increase in the equiva-
lent widths and central intensities of the HelI 4686 A
lines may be due to changes in the visibility of the
accretion regions.

From quantitative analysis of our spectral and
photometric data for BY Cam, significant changes in
W, Re, FWHM and V, on a time scale of 5-20 min-
utes have been revealed. Variations in light curves on
a shorter time scale (1-3 minutes) in the B band have
been found, which follows from the results of our in-
vestigations and the paper of Mouchet et al. (1997).

From the data of Ferrario et al. (1989), Fer-
rario and Wickramasinghe (1990), Somova and So-
mov (1992), in polars, for the case of one-pole accre-
tion the broad emission line half-widths have been
found to vary with orbital period phase, there being
two maxima in the phase curves for most geometri-
cal configurations. It is inferred from the analysis of
half-widths in the case of BY Cam that accretion of
matter occurs in a more intricate manner. The dif-
ference between the white dwarf spin period and the
orbital period of the system causes “switching” of ac-
cretion from one pole to the other (Mouchet et al.,
1997). The possibility of two-pole accretion in this
system was also discussed earlier (MLS).

The geometry of the accretion stream and shock
in the binary system BY Cam must change during
a period equal to the beat cycle between the spin
period of the white dwarf and the orbital period.
This may cause chaotic photometric and spectral
variations similar to those found in the Nova 1975
V1500 Cyg (Stockman et al., 1988).

The average half-width of the emission Balmer
lines on March 12, 1991 turned out to be the small-
est, about 850km/s, whereas on March 10, 1991 and
on February 25, 1990 it was about 1000km/s and
1300km/s, respectively. The average half-width of
Hell 4686 A was smaller than that of the Balmer
lines and was equal to ~650km/s, ~T760km/s and
~1200km/s on the same dates.

The spectral line profile differences on different
dates may be due to accretion gas stream variations
caused by the difference between the white dwarf spin
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period and the orbital period of the system. Emis-
sion line profiles, spectrophotometric parameters of
these lines, radial velocity curves and light curves of
BY Cam show variability according to the phase of
the spin period of the white dwarf and obviously from
date to date. This may be related to the changes in
the accretion structure at different orientations of the
magnetic field of the white dwarf. The influence of
the magnetic field orientation in a dipole on the ac-
cretion rate in close binary systems was discussed by
Andronov (1984).

6. Conclusions
Results of the work done are as follows.

e There are considerable variations of spec-
trophotometric parameters of the Balmer and helium
lines depending on the spin period of the white dwarf
and from night to night. Phases have been isolated,
0.3-0.5 (0.8-1.0), which the maxima of equivalent
widths and central intensities fall at.

e The equivalent width of the HeII4686 A line
turn out to be on the average by a factor of 1.5 larger
in the flaring state than in the pulsating state of the
System.

e During the pulsating state the narrow com-
ponents of the emission lines have been revealed to
disappear short time around a minimum brightness
phase, whose durations amount to 20 minutes for the
Balmer lines, 15 minutes for HeI4471 A and 5 min-
utes for HelT 4686 A.

e The half-widths of the Balmer lines in the pul-
sating state vary with a quasiperiod which is approx-
imately equal to a quarter of the white dwarf spin
period, which is not observed in the flaring state.

e The radial velocity curves measured from the
broad components of the emission lines HelI 4686 A,
Hg, H, in the pulsating state show considerable de-
partures from a sinusoid, which are 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 observed variability may be indicative of changes
in the geometry of accretion on a time scale of 20-40
minutes.

The results obtained may further be used for mod-
elling the structure of accretion in BY Cam.
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