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Summary.. We present results of five-colour photometric observations of the SU
UMaa system VW Hyi, made on six nights during the November 1984 superoutburst.. The light curve is dominated by superhump variations, whose amplitude in
alll passbands decreases with time (in the V-band from 0.16 mag about 4.5 day
afterr the superoutburst reached maximum brightness, to 0.10mag about 5 day
later).. The superhump light curve depends strongly on wavelength. In particular
itt appears that the light curves in different passbands are mutually shifted: the
largerr the wavelength is, the more the light curve is delayed.
11 Introduction
SUU UMa type systems are a subgroup of the dwarf novae with orbital periods below the 'period
gap'' (i.e. less than ~2hr), which exhibit two types of outburst with very different durations, the
'normal'' outbursts (lasting for at most a few days), and the 'superoutbursts' which last for about
twoo weeks, and reach a somewhat higher maximum luminosity.
Thiss bimodal distribution of outburst durations may well be the extension toward short orbital
periodss of the division between long and short outbursts observed in many dwarf novae above the
periodd gap (van Paradijs 1983).
AA distinct property of superoutbursts is the occurrence of superhumps, i.e. periodic brightness
modulations,, which become visible a few days after the superoutburst has reached maximum
brightness.. They have an amplitude of up to -0.35 mag, and gradually disappear as the superoutburstt decays. The period of the superhump variations is longer (by a few per cent) than the orbital
period;; the difference between the two periods increases with orbital period (Stolz & Schoembs
1981;1981; Robinson et al. 1987). After returning to the quiescent brightness level some systems have
shownn 'late superhumps' together with the normal orbital hump; the former are shifted by 180°
withh respect to the superhump ephemeris (Haefner, Schoembs & Vogt 1979; Schoembs & Vogt
1980;; Warner 1983; Schoembs 1986; van der Woerd 1987).
Althoughh various models have been proposed for superhumps (see Warner 1985; Charles et al.
dd on observations made at the European Southern Observatory, La Silla.

' oo

S. van Amerongen, H, Bovenschen andj. van Paradijs

1985)) there is at present no generally accepted explanation for this phenomenon, which has
becomee a defining characteristic of SU UMa systems (Vogt 1980).
Wee report here on results of multicolour observations of VW Hyi during a superoutburst,
whichh show that in this system the superhumps, as observed in different passbands, are shifted in
phase.. The longer the wavelength is, the more the light curve is delayed. This wavelength
dependencee of the superhump light curve of VWHyi provides another riddle to the already ill
understoodd superhump phenomenon, for which we cannot offer an obvious explanation.
22 Observations
Ourr superoutburst observations of VW Hyi cover the period between 1984 October 30 and
Novemberr 4. These observations, which were made with the Walraven photometer on the 90-cm
lightt collector at the European Southern Observatory, were part of a multiwavelength campaign
(comprisingg X-ray, ultraviolet, and optical observations of VW Hyi; see Pringle et al. 1987). For
ann overview of the Walraven data obtained during this campaign we refer to van Amerongen &
vann Paradijs (1987, their fig. 1).
Thee observations consisted of long series of 16-s integrations, which were interrupted every
—300 min for measurements of the sky background and a nearby comparison star (CPD-71°252).
AA total of 2600 such measurements were collected during the superoutburst. These data were
reducedd differentially with respect to CPD-71°252. An absolute flux calibration for this star was
obtainedd through observations of Walraven standard stars (see van Amerongen et al. 1987). Our
resultss are presented in terms of log Fv, where F„ is the flux in ergernis" 1 Hz" 1 .
33 The superhump light curve
Thee 1984 November superoutburst of VW Hyi started on day (JD-2440000) 5995 with a precursorr which, particularly in the far UV, is very similar to a normal outburst (Polidan & Holberg
1987).. This precursor lasted for about 3 days. Between day 5998 and 5999 the final rise to the
superoutburstt maximum occurred, after which the brightness of VWHyi slowly decreased until
aboutt day 6010, when a rapid decline of the superoutburst had started (see Pringle etal. 1987, figs
22 and 6). Our observations span from day 6003.54 to 6008.76, during the slow decline of the
superoutburst. .
Superposedd on the long-term brightness decrease during the slow decline, and the correspondingg steady reddening of the average colours, are short-term brightness variations, dominated by
thee superhumps, and quasi-periodic oscillations.
Wee have estimated the characteristic time-scale of the quasi-periodic oscillation by making
periodogramss obtained for data, separately for each night, after subtracting the average superhumpp light curve (see below). We find that the characteristic periods of the oscillations drift from
~ 88 min to ~6 min during the time interval of the observations.
Fromm the average times of maximum light in the V and B light curves, and the times of
maximumm light obtained from observations at SAAO (Verbunt etal. 1987), we find the following
quadraticc superhump ephemeris:
HJDmax=2445998.4430+0.077144 £-3.13x10 * &
55
0 6
Thee linear and quadratic terms of this ephemeris are in good agreement with the corresponding
valuess given by Vogt (1974) and by Haefner, Schoembs, & Vogt (1979) for other superoutbursts
off VWHyi. The superhump period, which is on average 3.3 per cent longer than the orbital
period,, decreased by ~1 per cent during the superoutburst.
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Figuree 1. Average superhump light curves ofVWHyi in the V-band (top), and U-band (middle), and (V-U) colour
curvee (bottom). Units arc given in log F, for the V- and (/-bands, and Alog Fr for the V-U band, where tickmarks
separatee intervals of 0.02, 0.01 and 0.01, respectively.

Duringg the 5.2-day time interval of our observations a single period of 0.0764965 day also
describess the times of maximum light in all five pass-bands very well; using this constant period
thee maximum accumulated phase difference with respect to the above quadratic ephemeris is only
0.015. .
Inn order to obtain average superhump light and colour curves we have therefore folded the data
att the fixed period of 0.0764965 day. Before folding we have subtracted the long-term brightness
variationn from the data; this trend is represented by a parabolic fit to the log F„ values, and a linear
fitt to the colours.
Thee average V and U superhump light curves, as well as the V-U colour curve are shown in
Fig.. 1.
Thee superhump amplitude is largest in the V-band, and decreases toward shorter wavelengths.
Forr a given pass-band, the amplitude of the superhumps decreases with time. Also, the superhumpss become redder as the outburst progresses. In order to avoid the effect of the quasiperiodicc oscillations we have estimated the amplitudes of the superhumps during each individual
nightt by making a linear least-squares fit of the nightly superhump variations as a function of the
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Tablee 1. Average brightness (log F, +26) and superhump amplitude (2.5x Alog F,) during the 1984
Novemberr superoutburst of VWHyi.
D a t ee

V

B

L

U

W

(JD-2440000) )
6003.54-6003.76 6 2 . 8 1 99
0 . 1 7 88

(2)
(10)

2 . 8 9 55
0 . 1 7 22

(2)
(11)

2 . 8 6 66
0 . 1 5 22

(2)
(10)

2 . 8 3 33
0 . 1 3 00

(2)
(11)

2 . 8 5 11
0 . 1 2 22

(2)
(14)

6004.57-6004.73 3 2 . 7 8 88
0 . 1 8 22

(1)
(9)

2 . 8 6 33
0 . 1 7 55

(1)
(9)

2 . 8 3 11
0 . 1 6 33

(3)
(9)

2 . 8 0 00
0 . 1 4 66

(3)
(10)

2 . 8 1 55
0 . 1 3 11

(5)
(13)

6005.69-6005.77 7 2 . 7 5 66
0 . 1 3 66

(1)
(8)

2 . 8 2 66
0 . 1 2 22

(1)
(8)

2 . 7 8 44
0 . 1 0 77

(1)
(7)

2 . 7 4 33
0 . 0 7 77

(1)
(7)

2 . 7 5 33
0 . 0 5 99

(1)
(7)

6006.53-6006.76 6 2 . 6 9 66
0 . 1 3 33

(1)
(7)

2 . 7 5 88
0 . 1 2 33

(2)
(8)

2 . 7 1 11
0 . 0 8 44

(2)
(7)

2 . 6 7 00
0 . 0 7 99

(1)
(8)

2 . 6 7 99
0 . 0 7 00

(2)
(10)

6007.55-6007.. 74

2 . 6 4 11
0 . 0 8 00

(1)
(-5)

2 . 6 9 88
0 . 0 6 11

(1)
(5)

2 . 6 5 22
0 . 0 6 00

(2)
(5)

2 . 6 0 66
0 . 0 3 88

(2)
(5)

2 . 6 1 22
0 . 0 4 22

(3)
(7)

6008.54-6003.76 6

2 . 5 6 33
0 . 0 8 55

(3)
(9)

2 . 6 0 99
0 . O 6 88

(3)
(7)

2 . 5 6 22
0 . 0 5 55

(3)
(7)

2 . 5 1 55
0 . 0 3 11

(3)
(7)

2 . 5 2 11
0 . 0 2 22

(3)
(8)

averagee superhump variations (the latter are not affected by the quasi-periodic oscillations, and
havee a well defined amplitude). The fits were made to data binned in 40 phase bins. The resulting
amplitudess are listed in Table 1.

44 Phase shifts
Fromm Fig. 1 it appears that the maximum in the average V-band superhump light curve occurs
laterr than that in the L^band curve. It is this phase difference which gives rise to the "blue dip' near
superhumpp phase 0.73 (the rise in the (/-band starts earlier) and the 'red peak' near superhump
phasee 0.03 (the decline in the U curve also starts earlier).
Thee phase shift is also apparent in t h e ellipsoidal shape of the track through which the
superhumpp moves in the V versus U diagram (see Fig. 2), similar to a corresponding track for two
phase-shiftedd sinusoids.
T oo investigate this interesting phenomenon in more detail we have cross-correlated the average
H,H, L, U, and W superhump light curves with the V curve. From these cross correlations we find
thatt the phase shift is present in the light curves of all four pass-bands, and steadily increases
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VV
Figuree 2. Average superhump variations represented as a track in the log f, (U) versus log Fr (V) diagram. Tick marks
separatee intervals of 0.02 (V-band). and 0.01 ((/-band).
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Figuree 3. Phase shifts of the average superhump light curves in the B-. L-, U- and W-bands. relative to the V-band
curve,, plotted as a function of the effective frequencies of the five Walraven pass-bands.
towardd shorter wavelengths (see Fig. 3). The total shift over the wavelength range covered by the
Walravenn photometric system (3250-5400 A) is - 0 . 0 6 .
Similarr cross-correlations of the superhump light curves for individual nights show that the
phasee shift is present during each night we observed V W H y i (see Fig. 4). The wavelength
dependencee of the phase shift does not vary significantly from night to night. Thus, the
wavelength-dependentt phase shift of superhumps appears to be a stable feature during the 1984
Novemberr superoutburst of V W H y i . (It should be noted that, on average, the phase shifts
obtainedd during individual nights are smaller than those obtained from the average superhump
curvess by - 0 . 0 1 cycle. This is likely due to the presence of the quasi-periodic oscillations, which
occurr simultaneously in the five passbands; these have been smoothed out in the average
superhumpp light curve.)
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Figuree 4. As Fig. 3. separately for the superhump light curve obtained during the six individual nights of observation.
Thee data are ordered chronologically from top to bottom.
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55 Discussion
Thee main new result of our five-colour observations of VW Hyi during superoutburst is that the
superhumpp variations show a progressive, wavelength-dependent phase shift. In the V-band
(A—54000 A) the superhump light curve is delayed by —0.06 cycle relative to that in the W-band
(A—32500 A). This phase shift gives rise to a rather fast change in colours, with a 'blue dip' near
superhumpp phase 0.75, followed by a 'red peak' near superhump phase 0.10 (see Fig. 1). A similar
colourr variation (in U-B) was also noticed by Vogt (1974) during the 1972 December superoutburstt of VW Hyi.
Thee phase shift is present during all six nights of our superoutburst observations. These
observationss cover a time interval of - 5 . 2 day, corresponding to more than two beat periods
betweenn the superhump period (0.07714 day) and the orbital period (0.074271038 day). This
indicatess that the phase shift is closely connected with an underlying stable structure, which also
causess the superhump phenomenon itself.
Iff superhump variations reflect a periodically changing aspect of the system this structure
(counter)) rotates slowly (with the beat period between the superhump and orbital periods)
relativee to the line joining the white dwarf and the secondary (which is stationary in the
coordinatee frame corotating with the orbital motion). The relatively fast colour variations to
whichh the phase shift corresponds suggest the presence of a highly non-axisymmetric configurationn in the system (one could think here, for example, of occultation of a region with an
inhomogeneouss colour-temperature distribution). This could be located in the accretion disc, or
onn the secondary. Non-axisymmetric structure in the disc connected to the mass-transfer process,
e.g.. shock waves (Matsuda 1986; Spruit 1986), stream penetration (Bath, Edwards & Mantle
1983),, or a bright spot at the edge of the disc, are expected to give rise to variations at the orbital
period,, and cannot therefore account for the phase shift.
Off the superhump models proposed so far, the precessing eccentric disc model (Vogt 1981),
andd the counter-rotating 'active region' on the secondary proposed by Whitehurst, Bath &
Charless (1984), potentially leave room for an explanation of the phase shift, if these models can
bee suitably adapted. The same would appear to be the case for a retrogradely precessing tilted (or
twisted)) accretion disc with an inhomogeneous colour temperature distribution. The model
proposedd by Papaloizou & Pringle (1979), in which the superhumps are due to periodically
varyingg mass transfer from a secondary in a (slightly) eccentric, precessing, orbit could - in
principlee - also account for the phase shift.
Wee conclude that, although we cannot offer an obvious explanation for the wavelengthdependentt phase shift, this shift is closely connected to the superhump phenomenon itself.
Clearly,, the next steps to be taken in this area are: (i) to try and find whether this phase shift is a
universall phenomenon, by making a multi-colour survey of superoutbursts in SU Uma systems;
(ii)) to extend the wavelength range over which the superhumps and the phase shift may be
observable. .
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