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ABSTRACT. Time series analysis of € nights
o OCD obsevationz of WZ Sge after it's nnex-
pected superoutburst on July 23, 2001 has shown
highly asymmetric periclic varations with a pe-
riod 040566513(22), full amplitude 0™218{4) and a
very high asymmetry M — w = 0.670(3), a sec-
cdary minimmum (.33F after the main one. The
mitial epochs are T = BJD2452118.7433(3) and
Tonie = BJDG2118.76M(2). The characteristics of the
phaze Light ourve are hsted. In addition, we have
found superhumps with a semi-amplitude of (™021(2)
and an ephemerizs Twea o = BFD2452117.6230(8) +
0057435(45) E. Other peaks at 21 and 25 minntes pos-
sibly correspond to quasi-periodic oscillations with an
effective semi-amplitude of Q2 (14,
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1. Introduction

W7 Sge was knowm a5 a catadysmic variable (V)
exhibiting cutbursts every 33 years. Previons ones
were detected m 1913, 1946, 1978 with a reomr-
rence time of 11876 (Ritter and Kdlb, 1558), and
the next one, achieved from this short sequence,
calkd be predicted for 2011. However, it ocomrred
an July 23, 2001, &= was reported by T.Watanahe
bazed m observations by M.Oshima. The extend-
ing story of recent studies of this object is pre-
sented] at the VSNET pape wow. onmastroyoto-
1.ac.jp/vanet /D Nefwzsge(l.html. At the figure taken
from this site, one may =ee “evolution of early super-
humps”". Their period is equal to the orbital one, and
there & a hnump at the ascending brandh.

G Mas (www. bellatrivobrervatoryit) presented nu-
mercns individnal light curves obtained at the Bellatrix
Ob=ervatory, often revising his site to add new resnls.

EXmllers presented an outbust Light ouove
which & compiled fom the data obtained dur-
mg previons three ontbursts (hitp://saturnsroa.nl/
-erikl/wesge/wege 1913 1946 1978.gl).

D.Steeghs (wow.astrosdonacak/ ds/fwesgehtml}
presented a timetable containing dates of past and
planed fnture observations of W2 Sge, which played
an impcrtant role for coordinating research of varions
ETCALpS.

The object has become the OV target number one at
the CBA (Center for Badcyard Astrophy=ics} network
supervised by J.Patterson (cha.phys columbia.ed)
and AAVRD (wwwaavenone, divector J Matted). At
these pages, ane may find a list of muns obtained by
the CBA and AAWS(O members.

2. Basic information

Since the first two detected outbirsts in 1513 and
1544, the star was clamified as a recurrent nova, which
coatains a white dwarf (Greenstein, 1957). Krzeminski
{1862} had found, that the star is an ultra-short period
binary star with a period of 82 minutes. Krzeminski
and Kraft {1964}, while searching for # Binary Stars
among Catacly=mic Variables”, have published the pa-
per on this star as the fifth one in these serifes. Thus
the star was one of the key objects leading to a cur-
rent paradigm, that all catacly=mic variables are close
binaries.

Faullmer {1871} propose a model for ulirashort-
pericn] binaries with an example of W7 Sge, according
to which, the mass transfer & powered by gravitational
radiation, determining the evohition. This modd was
developed in detail by Tutukov and Yunpgelson {19797,

Warner and Nather {1972} reported on rapid vari-
ability of W2 Sge while searching for it in blue stars.
The coherent 27.87s ecillations, which are often de-
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tected, arpue for a presence of magnetic white dwarf
(Patter=on et al, 1958). Scmetimes the pericds are
elightly larger, carespanding to beat periods.

However, the natiure o outbirsts was believed to be
similar to the Novae, i.e. the thermonuclear autburst
after gaining of the critical mass of hydrogen on a white
dwarf. The =situation has changed drastically during
the subszequent outhurst m 1578, when the star was
intensely observed photometrically and spectroscopi-
cally. Despite the light coove is very similar to that
of Novae, the authurst is cansed by a distinctly other
mechanEm similar to the 51T T atype dwarf novae,
and thus the subcla= of WZ Sge-type stars was sepa-
rated fram the remirrent novae.

Gilliland and Kemper {1580} panted out a forma-
tion of a ciccnmbinary dik and disussed the origin
of supethumps - photanetric wave with a period Py,
slightly exceeding the orbital ane Ps. Pattersm et
al. {1581} studied the observaticnal appearance of the
sperhump during the outbirst in 1578, In the case of
WZ Sge, the pericd excess Ep = (P, — Poyu)/ Part =
0.2%. Chumrent models o superhumps have been dis-
onmed by Omald (1555), O Donoghue (2000} and Pat-
terson (201).

Thus the star & still among the first few ones, which
kead to the present kmowledge of cataclysmic variables.

3. Observations

The cbject was alko observed during § nights at the
Alcm reflector of the University of Athens Observatary
by uxing a (CCD SBHI 5T-8 camera by K.G., AY.,
PXN. in the Bess=el B, filter. The comparison star is
Q50 16211830 (=" ") with B=8.663 (Hemden 2001].
Ahagether 1109 data points have been obtained fram
July 24 to July 31 (BJD 2452115.503-2452121.614).
The time series analy=i was made by IL.A.

Onurx light ourves for 6 nins show a nearly linear trend
auly for imtermediate 4 nights from JD 2452116 to
2452115, whereas the first and last nights be =ignifi-
cantly above this line. This conchizion is also justified
by the autburst light ourve obtained during the inter-
naticnal campaign {Fig. 1}, Thus, for further analy=is,
we have nsed extracted 653 data paints obtained dur-
ing 4 subsequent nights on BJD 2452116.332-5.364.

The individnal light curves are showm in Fig2, They
show a composite structure with two minima and two

madma during the pericd. This is also consistent
with the “rie to the outburst” data from the V3NET

{Fig.d).
The study of mdividnal mns and of evehition of char-
arterktics is planed to be dame elsewhere.
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Figre 1: Long-term light curve based on the arbit-
average magnitudes of WZ Sge campiled by D.5teeghs
{hitp: / fwww.astro.aoton.an.nk/~ de/weage 2001 . gif)
using the ¥VSNET and AFOEY data. Ohr data were
cbtaimed after 1...7 day= after the maximnm {oomplete
interval shown by a horizontal line) during a stage of
sipnificant nonlinearity of the decay.
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Figure 2: Light curves of W2 Sge for mdividual nights.
The abscima & a fractional part of barycentric Ju-
lian date. The integer part is shown near correspond-
ing curves. The magnitude iz expressed as “variable-
canparsa”. The magnitude =hift between the sibse-
quent curves is 074,
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Figre 3: Bise to the maximnm and the early evolu-
tion of the light orve fram the VENET observations

probability” of obtaining the wave at a pericf Ffa of
given amplitinde, assuming the signal is white noke,
E only 2. 10~%. The mean =lope {4, 2 = dim}/fdi =
{0.1481 + 0.0007) mag/days corresponds to a charac-
teristic decay time v = {d{m} /di)~' = (6.75 +£0.03)

fmy={h + EC&+1+&P

h=l

(2}

E a time-lependent zero-paint of varations {trend
vahie}. For p = 1, it coincides with the arbit-average
of the fit.

The time of the exponential decay . =2.5+/In 10 =
108577 = 7933 &+ 003 is well consistent with the
range 4...12 days/mag over the first 15 days of the
autburst estimated by Cannimwo {2001). The mean
brightnes= v — ¢ = Q™2433 £+ 0™}014 at the mean
time of ohservations t = 2452118.77. The best fit fre-

(www toisastro. ynto-n.an. jp /v et /DNe/wespal 1 himl}.quency P~ = 17.6518 £0.0007 cycles/day crarresponds

Onir cheervations started 4 hours after these data, when
the night moved from Japan to Earope.

4. Multi-harmonic analysis with a linear
trend

Becanse of fast non-linear variations of the mean
brightness and the light curve, the periodogram anal-
yuis for all data gives us sane “effective” values of the
parameters, which are highly biased by such instability.
The preliminary analysis shows, that, the decrease of
the interval allowed to decrease systematic erroars cwed
to non-linear variations of the mean brightnes. Thns
we have used a trignnometric polynomial of order # su-
perimposed onto the polynamial trend of order p. The
mathematical model &

zelt) = O3 (G cos(har) + Cou sinfhul) +
h=1

]
2021444__‘,#, 'E=t— t, {l}
=1

where ¥ is the mean value of the times of cbserva-
tions, and w = 2xf{F & an angular frequency corre-
speading to the trial period P. The corresponding com-
puter oode extend=s the programs for separate multi-
harmonic and polynomial approximations described by
Andremew {1554, The prelimimary vahie of the period
& then changed to the wahe optimal for given degrees 2
and p for trigonametric and ordinary polynomials, re-
spectively, using the method of differential corrections.
The optimal vahies of # and p are determined n=ing
analys=is of variances (the Frdher's criterion).

For the *shortened” data set, the values # = 3 and
P = 1 are statistically significant. The *false alarm

to the pericd P = 010566513 £ 020000022. The light
curve is highly asymmetric with a mean madmum
at BID 2452118.7483+0:0003 with a trend-corrected
vahie v — ¢ = 0™130 £ 0004 and minimum at BJD
2452118.76700.0002 with w — ¢ = 07348 + 0™004.
Thus the total amplitude of the fit Am = (™218 +
07004, asymmetry 0670 £ 0.005.

Often the coefficlents of trigmometric paynamial
are studied mstead of the real brightness vahes for
variable stars of varicus types (e.g. Eukarkin and Pare-
nagn, 1937; Niarchos, 1978; Kopal, 1926; Petersen,
1586). In this case, the term

oy, cos(kut) + Oy, min{kwl) =

= — vy omloft — Ty — 2ok} 3
Here T, & initial epoch {we nse that corresponding to
the brightness maxirmm, i.e. the minimmm of the mag-
nitude fit), and py & the phase of maximmm of the
catribution. These characteristics are listed in the
following table:

Table 1. The amplitndes v, and phases o, of the
cantributions with a period Pk,

k L Wi

1 QO7a6+0020 005140004
2 (0530020 Q055+ Q.006
3 (OOETE0020 N41T7E0037

Ty 7 P — kg

1 L0000+ 000 Q.0000.000
2 R4 033 0.15840.010
3 A1T7+ 027 H1.263H).035

The phase ght cirve and the best fit are shoom in
Figd. Despite the scatter of the individiual eurves is
rather sinall, there are phy=ical variaticns of the shape
of the Eght curve.
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5. Superhurnps

The =catter in the phasze curves iz cansed by real
variability of the shape. Dne mechanizm is the lumi-
nosity dependence of the phase ourve, which conld be
studied separately. Another important mechanis=m & a
po=ible of superlnmps - periodic waves with a period
larger than the orbital one.

Kato et al. (2001} reparted that superhnmps become
dominating over the orbital variability m Ang.4.53
with an amplitude 0.10 mag and a period 0057143 +
0000046, Their later chservations during next two
nights *have shown huother development of super-
humps up to 023 mag and give a mean period of
0.0588760.000023 day” . They called these muperhums
as “permine”, contrary to the "early smperhumps®
which they called the prominent hump structure of the
crbital variations.

To lock fr pos=ible *gennine” superhumps at the
beginning of ontbursts, we have made a pericdogram
analy=is of the residuals *0-C" of the data framn the
fit {1). The periodogram shows three distinct groups
of peaks cansed by daily aliases. The most promi-
nent peak ocourred at the pericd 020611, far fram
the value achieved for ¥ permine” superhumps. How-
ever, the second peak with a height differing fram
the first one by auly one per cent. The carespond-
ing period & 0057435 + 0000046, in an excellent
agreement with the superhumps. The initial epoch
Tenn =B ﬂiﬁﬂllf.ﬁﬁmﬂ:ﬂfhﬂﬂa, and a =emi-
amplitude 0™208 £ 0™Q018. This one may conchude
that * gemmine” mupethumps started at least two days
after the ontburst.

Two other gronps of peaks cormrespond to frequendes
57.88 and 67.80 cycles/day (21-25 minutes) and equal
semi-amplitudes of 0™0144+0™02. The frequency dif-
ference between the highest peaks from these groups,
~ 10 cycles{day does not cerespond to the orbital
frequency of the system (1765 cvcles fday). These fre-
quencies are also much larger than the frequency 3100
cycles/day of the ccherent 27.837-second oscillations.
Thus pessibly this variability & cansed by some quasi-
periodic aecillations and needs additional study.

. Resulis

Cnir ohservaticns started ~ 19 after the ontburst,
where the mean light cirve behaved non-linearly. Such
a decrease of dwm/di was interpreted by Cannizzo
(M1} as a consequence of incresse of viscms time
scale with decressing mass of the accretion disk. He
interpreted the outburst as a consequence of the =id-
den accretion of 10 g of gas onto the white dwarf.

We present remilts of the ¥ mmbtiharmonic+trend” fit
of the orbital variation, report on the presence of su-
perhumps much before their amplitnde became domi-
nating. An imteresting phenomenon are 21-25 minute
waAves.
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Figure 4: Phase light curve of WZ Sge for 4 nights
used for the fit. The data are trend-comected. The
3¢ —order trigomometric fit and it +1c limits are
shovm as sdlid lines shifted by Q™15 from the data
Ppromts.
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