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Variations of the superhump period of V368 Peg:
monotonicity or frequency doubling ?
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The superhumps have been detected during the superoutburst in 2000, justifying the SU UMa subtype classification. The
decrease of the photometric period with luminosity by a factor of 2.3 times has been detected. The models of the smooth
character of this dependence vs the “smooth variation + frequency doubling” are discussed. At the brightness maximum, the
presence of the “shot noise”’ is registered.

H3MEHEHHE IIEPHOJIA CBEPXI'OPEA V368 IIETACA: MOHOTOHHOCTH HJH VIBOEHHE 4YACTOTEI?
Ocmpoea H.H., Andpornoe U.JI., Kamemuesa H.A. — Ob6uapyscensi csepxzopbul 6o epema ceepxecnviuiu 2000 200a, ymo
noomsepcoaen npuHaonexcrocme cucmemsl k noomuny SU UMa. Obnapyorceno ymenvuiene gpomomempuneckozo nepuo-
02 co ceemumocmyio 6 2.3 paza. Obcysicoarmes modenu ROCHENeHHO20 XapaKmepa Smoil 3aeUCUMOCU U ‘nocreneHHvle
usMeHeHus + yosoenue vacmomsl’. B maxcumyme bnecka sapezucmpupoearo nanuuue “opoboeozo uyma’’.

3MIHA IEPIONY HAII'OPEA V368 IIETACY: MOHOTOHHICTH YH IIOJBOCHHA YACTOTH ? Ocmpoea H I,
Anoponoe LJI., Kamuweea HA. — Buaeneni nadzopou nio uac naocnanaxy 2000 poky, wo niomeepoxcye Hanexchicmo
cucmemu 0o niomuny SU UMa. Busenene smenuienna gomomempuunozo nepiody i3 ceimuicmio ¢ 2.3 pazu.
Obzosopiolomubca MoOeli nocmynogozo xapakmepy yiei 3anexcnocmi ma “nocmynoeux 3min - nodeoecHna yacmomu’’. 'V
Maxcumymi GIUCKY 3apeecmpoeana Haagnicms “0pitoso2o wymy”.

1. PHOTOMETRIC OBSERVATIONS OF V368 PEG

The dwarf nova V368 Peg was discovered in 1999 by Antipin [5]. Besides the “normal” outbursts, ex-
plained by the instability of the accretion disk, the star exhibits also brighter “superoutbursts”, probably, caused
by the increase of the accretion rate and precession of the elliptic accretion disk. On this basis, V368 Peg was
classified as the SU UMa — subtype star. Unfortunately, any physical characteristics are not known for this newly
discovered star, as it is practically not yet sufficiently studicd.

To study the variability of the star, the observations were obtained by N.1.Ostrova, N.A Katysheva and
S.Yu.Shugarov from JD 2451789.41 to 2451799.56 during the superoutburst and the subsequent brightness de-
crease. At the maximum, the observations were carried out at the 38cm telescope equipped with the CCD camera
ST-7 (JD 2451789-792) of the Crimean Astrophysical Observatory. At JD 2451794-798, the data had been ob-
tained using the 125 cm ZTE telescope of the Crimean laboratory of the Sternberg State Astronomical institute
(SAI) equipped with the CCD camera ST-6. The images were obtained using the R-filter. The exposure time
varied from 10 to about 120 seconds. Altogether, 7 nights of observations (total number of points 416) have been
obtained. The characteristics of observational nights are listed in the Table 1.

In the Fig.1, the overall light curve is shown, representing 4 nights during the superoutburst and 3 nights
after. Here AR - is the average difference betweer: the brightness of the variable star and of the comparison star.

The image processing was carried out using the program CCD-BIG by V.P.Goranskij. To take into account
a difference of sensitivity of pixels, the images have been corrected using the dark current and flat field. The
analysis of the brightness variations during scparate nights (Fig.2) has confirmed that this star belongs to the SU
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Table 1. Journal of observations of V368 Peg in the R- filter.

JD24... Starting time Ending time | Number of observations| Mean value, .nag scatter, mag
51789 0.419 0.597 83 1.434 0.724
51791 0.427 0.518 64 1.583 0.593
51792 0.457 0.602 111 1.740 0.546
51794 0412 0.493 62 2.079 0.445
51797 0.524 0.571 33 4.783 0.128
51798 0.459 0.573 62 4.870 0.120

Table 2. Periodogram of the analysis of observations V368 Peg. In the brackets, the period values are shown for the model
without trend.

ID 24... P, days ¥, mag AR=C|, mag C,, mag Smax 0, mag
51789 0.0649+0.0012 0.075 1.431+£0.006 | -0.170+0.111 0.497 0.052
51791 0.0784+0.0047 (0.1421+0.0748) 0.062 1.55941.049 | -4.887+6.783 0.623 0.038
51792 0.0726+0.0023 0.052 1.737+0.004 | -0.240+0.097 0.457 0.040
51794 0.0561+0.0047 (0.1292+0.0883) 0.032 2.104£0.059 | 3.650+5.444 0.513 0.029
51797 0.0284+0.0023 0.089 4.798+0.017 | 5.092+1.247 0.333 0.093
51798 0.0314+0.0008 0.110 4.875+0.011 1.181+0.357 0.476 0.088

Uma-subtype because of the presence of prominent photometric waves which may be interpreted as superhumps.
They may originate from the precessing accretion disk because of tidal resonance with the secondary component
(cf. Osaki [6, 7).

By varying the parameter Az, the scalegram analysis was made [3]. As the test-function, dependent on the
filter half-width, we have used the unbiased estimate of the standard deviation of observations from the fit. Such
scalegrams for all nights of observations are shown in Fig.3.

This scalegram shows a presence of variability, dominated with superthumps during all nights. The sharp
decrease of the scalegram's slope with a decreasing brightness is observed. This may be interpreted by an in-
crease of noise in the signal. The brightest night JD 2451789 differs from others, as, besides the superhumps, the
variability was detected, which may be explained by a presence of the shot noise, or of the chaotic variations. It
1s characterized by a large slope of the linear part of the “lgc ~1g At ” curve. Such a behaviour is characteristic
for this type of variability.

The appearance of the shot noise may be interpreted by two possible processes. At first, the accretion
stream collides with the bright spot. The increase of the accretion rate during the superoutburst may lead an in-
crease of the number of relatively strong blobs, the interaction of which cause a shot noise. Another reason of
such variability can be discontinuities of the external parts of the disk. They arise because of unequal speeds of
blobs in various regions of the accretion disk or because the stream impact causes a percussion of external parts.
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Fig.1. Light curves of V368 Peg
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2. PERIODOGRAM ANALYSIS OF THE OBSERVATIONS.

The periodogram analysis of the observational data was catried out by using of the program Four-! [2], im-
plementing harmonic approximation by the least squares method. However, becausc of the presence of a
significant trend in some nights, the program was altered, suggesting a linearity of the trend, and using a mathe-
matical model:

xe (£)=C, +C,coso(t—1, )+ Cysino(l ¢, )+C, (t-1£,) 0

where x. (t) is the signal at time 7, 4, is the mean time of observations, ® =2mn/P, P - is the trial period. The

semi-amplitude » = /CZ +C2 .
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Fig.2. Light curves of V368 Peg. Points: the observations; solid  Fig.4. Periodograms for 6 nights of observations of

line — the running parabola fit with a filter half-width of
At =0.019 day; dashed line - the “sine+linear trend” fit.

V368 Peg: solid line for the sine fit without
trend; points for the sine fit with linear trend (1).
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The periodograms for 6 nights of obscrvations are shown in Fig.4. During the night JD 2451791, the
brightening of the star at the end of the most short run has caused an essential deviation of the formal period
from the realistic value. Therefore, for this night, the model without a trend was used. The sharp weakening of
brightness at the end of the run at JD 2451794 has caused a formal doubling of the period. However, after delet-
ing last four (probably, bad) points, the appropriate valuc of the optimal period became comparable with the
values obtained for other nights. The results of the periodogram analysis, taking into account these notes, are
listed in the Table 2. One may note that, for short runs, the accuracy estimates of the slope exceed the corre-
sponding values. One may note period difference, if applying models with and without trend.

One may note a significant distinction between the optimal values of the period in the first four nights
(when the star was bright), and in the last two nights (when the superoutburst was already completed). Thus the
photometric period varies from values of 0.056-0.078 days in the active state down to 0.028-0.031 days in the
inactive state, i.e. by a factor of 2.3 times.

Such a behaviour is not understood within the generally accepted model of superhumps, where the change
of period may be suggested as a precise frequency doubling owing to the effect of the ellipticity (or, generally,
dominance of the m =2 mode of the non-radial structure) of the accretion disk (two maxima per one period of
rotation in respect to the observer).

3. VARIATIONS OF THE SUPERHUMP PERIOD - MONOTONICITY OR FREQUENCY
DOUBLING?
Suggesting a linear relation between a logarithm of period and the stellar magnitude, and neglecting the
weight difference, the following relation was obtained:

lgP =-1.280(£0.022) - 0.113(0.013)(AR - 2.75) )
or, taking into account the weights according to the accuracy estimates of the values of period
lgP =-1.39(£0.21) = 0.098(0.022)(AR - 3.67) €))

The ratio of the coefficient of correlation 7 to the value of its error estimate &, = J(a- Y I(n=2) is
equal to 8.6 and 4.4, respectively. In this approximation, the power index in the ratio L ~P7 is cqual to
v=335+039 (y=3.97+£0.90 for a case of different weights), what is much more than the value
v=1.0£0.2 obtained by [4] for the nova-like star BZ Cam with considerably smaller amplitude of variations of
the average brightness.

In the Fig.5, the diagram "photometric period — the mean
stellar magnitude" is shown. The larger error estimate of the p,, 4 | 1 T T T

photometric period for the 2 and 4-th nights, is owed to a .
relatively short length of the run. Unfortunately, there arc no 0.07 }_ —£
points in the diagram between the groups of bright and low

states. Therefore, in this case, the observable effect of de- i
crease of the superhump period may be interpretcd by two 096 - 7
possible models. ]

Considering the precise frequency doubling of the su- ;45
perhumps at the end of the superoutburst, one has to suppose
a "switch-like" character of the period variations. During the
superoutburst, the system brightness is at maximum. The base
frequency — the frequency of a superhump therefore is visible.
The contribution from harmonics is relatively small. With a 003 :{12
decreasing brightness, the amplitude of the main wave de-
crecases, and may become more important an effect of . | 1 |
ellipticity of the asymmetric (not only elliptic) accretion disk. 008, 2 3 4 5
Thus the first harmonic becomes dominating over the main Fig.5. Dependence of the pﬁotometﬁc period on the

mean magnitude.
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oscillation, This causes a precise doubling of the frequency valuc. According to this model, there is a sharp
switch of the period values, and, therefore, the intermediate values should not be observed.

If the period varies not so sharply, a model of monotonic decrease of period is applicable. That is, with de-
creasing brightness of the system, the oscillation frequency grows and, equally, the period of a superhump
gradually decreases. This may be a case observed in BZ Cam, the star at a nearly continuous outburst, sometimes
interrupting by the excursions to a low luminosity state [4]. This effect can be interpreted by a decrease of period
of rotation of the blob at the outer parts of the accretion disk owed to a step-by-step decrease of its characteristic
radius. Thus, at the end of the superoutburst (when the system luminosity approaches its minimum), elliptic ac-
cretion the disk accepts gradually circle form. Therefore the photometric period P should come closer to the
orbital value P,

A “symbiotic” model may be proposed, according to which, the period decreased by a dozen per cent at the
top of the outburst. Then the first harmonic becomes dominant at some level, causing the apparent frequency
doubling (or, equally, the photometric period switch).

The final choice between models of step-by-step and "switch-like" variation of the photometric period can
be made only when obtaining new observations during the superoutburst at a level of a luminosity, intermediate
between an inactive state and the supermaximum.

CONCLUSION

The research of the dwarf nova V368 Peg has confirmed that this star belongs to the SU UMa subtype. The
superhumps during the outburst have been detected. At the bright state, the presence of the red noise was re-
vealed, that is rather rare for these systems. The photometric period variation with brightness is very clear, and
the monotonic dependence may be suggested. However, it may not be justified or ruled out because of lack of
observations at the descending branch between the bright and faint states. Another possibility is the gradual de-
crease of the period with luminosity at maximum with a subsequent frequency doubling at some level, where the
Fourier harmonic becomes dominant over the main wave. The period ratio does not justify the effect of precise
superhump frequency doubling while changing from the superoutburst maximum to its end. New observations
arc needed to cover the “period — luminosity” relation more densely, with a high importance of multilongitude
campaign, taking into account a rapid decline from the superoutburst. If the frequency doubling occurs, the
brightness level should be detected, where it takes place. If not, the parameters of the smooth variation should be
obtained for further theoretic explanation. The theoretical explanation of the photometric period change of V368
Peg is to be proposed.
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