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Abstract. We report the TESS observations of the SU UMa-type dwarf nova
V503 Cyg in 2019 and 2021 during a superoutburst, normal outbursts and
quiescence. We identified stage A of the growing superhumps and stage B
in positive superhump evolution. We found that the stage A lasted ∼ 0.8 d;
during stage B a mean period of 0.081367(93) d decreased with the derivative
Pdot/P = −4.8∗10−5. We estimated the mass ratio q = 0.195 using a fractional
period excess for stage B. The quiescent state was represented by a strong signal
at negative superhumps and a weak one at the orbital period. We detected a
gradual increase of the 0.076-d period of negative superhumps in quiescence
preceding normal outbursts in 2019 and 2021, and an abrupt decrease of the
period during normal outbursts. This means that the radius of the accretion
disk increases sharply during the outburst and gradually decreases towards the
onset of the next outburst. Such behavior is consistent with the thermal-tidal
instability model.

We found that the light curve folded on the orbital period shows a profile
that changes from double-peak to single-peak, respectively, in the tilted and
non-tilted state of the accretion disk. We speculate that this difference may be
caused by a state of the accretion disk: in the tilted disk state, one spot is the
hot spot on the edge of the disk, while another one may be a spot caused by
the matter hitting the inner disk. During the non-tilted disk state, there is one
spot on its edge.

Key words: accretion, accretion disks – cataclysmic variables – stars: dwarf
novae – stars: individual: V503 Cyg

1. Introduction

SU UMa type dwarf novae are a subtype of cataclysmic variables with orbital pe-
riods ranging from ∼ 76 minutes to 3 hours and a mass ratio of ≤ 0.25 (Warner,
1995; Whitehurst, 1988; Lubow, 1991). They exhibit two types of outbursts:
”normal” outbursts, lasting 2-3 days, caused by the thermal instability of the
accretion disk and ”superoutbursts”, lasting 10-20 days, caused by the thermal-
tidal instability model (Osaki, 1989, 1996). Normal outbursts are more frequent
events and are localized between superoutbursts. The disk matter accretes (but
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not completely) onto the white dwarf during each normal outburst (for general
information on cataclysmic variables and dwarf novae, see e.g. Warner (1995)),
thus, by the beginning of the next outburst, the radius of the disk Rd is larger
than at the beginning of the previous one, and eventually it reaches a 3:1 res-
onant radius Rd < 0.47a, where a is the binary separation at which a tidal
instability is triggered and a superoutburst occurs. The disk begins to precess
in the orbital plane (prograde apsidal precession). As a result of precession,
so-called positive superhumps (the wave-like changes in brightness with vary-
ing amplitudes, up to several tenths of a magnitude) appear, the period Psh of
which is several percents larger than the orbital one. This period is related to
the orbital period Porb and the precession period Pprec by the relation

1/Pprec = 1/Porb − 1/Psh. (1)

Period of positive superhumps systematically varies: it is constant and biggest
during the superhumps growing (stage A), variable during the next stage B and
shorter, stable at a late stage C (Kato et al., 2009).

Another type of accretion disk precession is the retrograde nodal precession,
probably caused by an accretion disk tilted to the orbital plane (Montgomery &
Martin, 2010; Wood et al., 2011). This precession results in negative superhumps
with a period slightly shorter than the orbital one. While positive superhumps
are an attribute of cataclysmic variables with a mass ratio ≤ 0.3, the negative
superhumps can appear in systems with any mass ratio (Montgomery, 2010).
However, there are far fewer known cataclysmic variables with negative super-
humps than with positive ones.

V503 Cyg is an active dwarf nova of the SU UMa type (Harvey et al., 1995).
Its orbital period obtained from both radial vilocity (Harvey et al., 1995) and
photometry (Pavlenko et al., 2012) is 0.07776 d, the interval between super-
outbursts (supercycle) is 89 d. The interval between adjacent normal outbursts
(cycle) varied from 7 to 30 d on a scale of ∼ 20 years. Negative superhumps with
a period of 0.076 d were found by Harvey et al. (1995) and Szkody et al. (1989)
in epoch of infrequent outbursts. Later a disappearance of negative superhumps
was recorded by Pavlenko et al. (2012) along with a decrease in the normal cy-
cle to 8-9 d. Yet in 2002 Kato et al. (2002) noticed a decrease in the normal
cycle of V503 Cyg. This was an observational confirmation of the idea of Osaki
& Kato (2013b) about the appearance/disappearance of negative superhumps
with the lengthening/reduction of the normal cycle. Information about V503
Cyg state (with or without a disk tilt) and periodic processes for different years
is presented in Table 1.

2. Observations

Observations of the V503 Cyg were carried out by the NASA Transiting Exo-
planet Survey Satellite (TESS) during two seasons at 2-min cadence. The first
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Table 1. V503 state and types of periodicity

Binary state Cycle Period Reference

With disk tilt Negative superhumps Szkody et al. (1989)
0.0760 d

With disk tilt 30 d Negative superhumps Harvey et al. (1995)
0.075694 d
Positive superhumps -”-
0.081041 d
Orbital 0.077708 d -”-

Without disk tilt 7-9 d Kato et al. (2002)
Without disk tilt 8-9 d Orbital 0.077760 d Pavlenko et al. (2012)
Without disk tilt Orbital 0.0777591 d Kato et al. (2014)
Without disk tilt Positive superhumps -”-

0.081446 d

season took place in 2019 between JD 2458683 and 2458737. The second season
occured in 2021 between JD 2459420 and 2459446. The TESS band-pass is wide
∼ 600 − 1, 000 nm, see Ricker et al. (2015) for a description of TESS.

3. Results

3.1. V503 Cyg long-term light curves

The long-term light curve of V503 Cyg is presented in Fig. 1. It includes the
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Figure 1. The overall light curve in 2019 (left) and 2021 (right). Data are expressed

in relative flux.

superoutburst, a normal outburst, a quiescent state around and in between
in 2019, a normal outburst and quiescent state around it in 2021. The total
duration of both normal outbursts was about four days, but their profiles were
different. The 2019 outburst has a sharper increase in brightness compared
to decrease, so it is an ”outside-in” type outburst, and the 2021 outburst is
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rather an ”inside-out” type one (Smak (1984)). According to the AAVSO data,
a slight excess of brightness at the beginning of TESS 2019 set of observations
corresponds to the end of the normal outburst. So one can conclude that the
time between two normal outbursts (a normal cycle) was about 34 days which
is comparable to the 30-day normal cycle recorded by Harvey et al. (1995) in
the era of negative superhumps in the 1994 quiescence.

3.2. Periodicity in outbursts and quiescence

During all states of the V503 Cyg activity a short-term periodicity around 1.8 –
2 hours has been observed. Some examples of the light curves in the quiescence,
the normal outburst and the superoutburst are shown in Fig. 2.
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Figure 2. Examples of the light curves during the quiescence, the normal outburst

and the superoutburst. Data are expressed in the relative flux.

As expected, the brightness changes in the quiescent state occurred with a
different period than in the superoutburst. This is illustrated in Fig. 3, where
there are the periodograms computed by the Stellingwerf method implemented
in the ISDA package by Pel’t (1980) for the quiescent state that preceded the
2019 normal outburst and for the 2019 superoutburst. It can be seen from the
periodograms that an average period of brightness variations during the su-
peroutburst was 0.081367(93) days, while in the quiescence it was 0.076063(12)
days. These values are close to the periods of positive and negative superhumps,
respectively, registered earlier (see Table 1). Broad peaks indicate that both pe-
riods have undergone changes over time. The continuity of observations provided
by TESS made it possible to determine the frequencies of brightness changes in
rather narrow time ranges; in this case, the duration of each range was 0.8 d,
which ensured the accuracy of determining the period in the 4th decimal place.
The result is presented in Fig. 4. The graphs show that the periods of both
types of superhumps do change with time, but the nature of these changes is
different. Let us consider the changes in positive and negative superhumps in
more detail.
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3.2.1. Evolution of positive superhumps and mass ratio

To identify the stages of the positive superhumps evolution for the 2019 super-
outburst, we have determined the moments of maximum brightness of positive
superhumps MaxBJD and calculated the values of O-C using the ephemeris

MaxBJD = 2458726.51 + 0.08145 ∗ E. (2)

Fig. 5 shows the O-C values along with superhump amplitudes and the super-
outburst light curve. The superoutburst started with a precursor in a form of a
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Figure 3. The periodograms for the superoutburst (thin line) and the 2019 quiescence

(bold line). The peaks point to the mean period of positive superhumps in the super-

outburst and negative superhumps in the quiescence that is limited by the normal

outburst.

sharp brightness increase lasting a third of a day, followed by a slower bright-
ening that lasted about 0.7 day and a sloping plateau with duration of at least
10 days (see Fig. 6). The precursor is thought as a normal outburst launching a
superoutburst. As it can be seen in the bottom panel of Fig. 6, superhumps ap-
peared already at the precursor stage. The fact that the superhumps appeared
not at the main superoutburst, but at the precursor stage confirms the valid-
ity of a thermal-tidal instability theory (Osaki, 1996). From the beginning of
the appearance of superhumps until they reached their maximum amplitude,
only 10 cycles passed. We identified this interval as stage ”A” (Kato et al.,



Superhumps of V503 Cyg 25

2458680 2458690 2458700 2458710 2458720 2458730 2458740

0

100

200

300

400

R
el

at
iv

e 
flu

x

R
el

at
iv

e 
flu

x

BJD

0.070

0.072

0.074

0.076

0.078

0.080

0.082

0.084

Orbital

 P
er

io
d 

(d
)

 

 

P
er

io
d 

(d
)

Orbital

Negative

positive

0.070

0.072

0.074

0.076

0.078

0.080

0.082

0.084

 

Negative

 

 

2459420 2459430 2459440
0

100

200

300

400

  

 

BJD

Figure 4. Upper panel: the period of negative superhumps in the quiescence and

positive superhumps in the superoutburst. Lower panel: 2019 and 2021 light curves.

2009) of the positive superhumps growing and, approximating this O-C seg-
ment with a straight line, determined the period of superhumps to be equal
to PA = 0.08247(51) d. For this period, we found a fractional period excess
ε∗ = 0.057 (∼ 0.8 d) using the relation proposed by Kato & Osaki (2013),

ε∗ = 1 − Porb/PA. (3)

Having reached the maximum amplitude, the superhumps entered stage ”B”.
During this stage, the amplitude of superhumps decreased, the period also de-
creased with a derivative of Pdot/P = −4.8 ∗ 10−5.

Note that the period at extremely short stage A may be distorted due to
the influence of previous negative superhumps and the subsequent influence of
positive superhumps at stage B. A situation, when for some reason the period at
stage A is not correctly determined, was considered by Kato (2022). He proposed
to use the empirical relation between the mass ratio at the resonant radius of
3:1 and ε at stage B:

ε = (Psh − Porb)/Porb, (4)

where Psh is the mean period of positive superhumps at the stage B. In our case,
the average period at the plateau stage (stage B) is 0.08137 d and the orbital
period 0.0777591 d give ε = 0.046 and q = 0.195 (from Table 4 in Kato (2022)).

Fig. 7 illustrates in detail how the positive superhumps evolved during
the stage ”B” for each interval of the inclined superoutburst plateau when
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Figure 5. O-C of positive superhumps maxima (upper panel), their amplitudes (mid-

dle panel) and the superoutburst light curve shown in the top, middle and bottom

panel respectively. The vertical line separates the stages ”A” and ”B” of the positive

superhumps development.

it is divided into four intervals: BJD=2458727.08-2458728.95 (a), 2458729.27-
2458730.73 (b), 2458731.33-2458732.93 (c) and 2458733.33-2558734 (d). Peri-
odograms show the decrease of periods: the average values of the period are
Pa = 0.08211(18); Pb = 0.08110(23); Pc = 0.08126(21); Pd = 0.08087(26) in
these intervals. The corresponding phase curves show decrease of the amplitude
and profile changes along the superoutburst plateau. As in earlier observations
(Kato et al., 2014), the profile was a single peak at the beginning of the su-
peroutburst and became a double peak one at the end of the superoutburst.

Next, we carried out the prewhitening procedure by subtracting the light
variations corresponding to each interval with a period of positive superhumps.
The periodograms constructed for the data residuals are shown in Fig. 8. The
residual light variations in the first interval (a) are close to the orbital frequency
Forb and the beat period 2F+ − Forb , where F+ is the average frequency of
positive superhumps in this interval. The second interval (c) does not contain
any significant frequencies and the corresponding periodogram is not shown
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Figure 6. The superoutburst (upper panel). Its fragment, demonstrating the appear-

ance and development of positive superhumps, is marked with a rectangle and shown

in more detail in the bottom panel.

in the figure. Periodograms for the third (c) and fourth intervals (d) have a
slight excess of the signal in the vicinity of the average frequency of negative
superhumps. This may indicate that negative superhumps also exist during a
supeoutburst, but they are hardly distinguishable against the background of the
overwhelming power of positive superhumps.

3.2.2. Evolution of negative superhumps

As it was seen in Fig 4, negative superhumps between neighboring normal out-
bursts in 2019 (JD ∼2458684 – ∼2458711) show a gradual increase in the period
(decrease in frequency). During the outburst, which began on JD 2458711, there
is a sharp increase in frequency, which slowly decreases after the end of the out-
burst. The same behavior is observed for the 2021 outburst. The pattern of a
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Figure 7. Original light curves, corresponding periodograms and phase light curves

for different parts ”a”, ”b”, c” and ”d” (see the explanations in the text) of the super-

outburst plateau. The time of the first measurement in each interval was taken as the

initial epoch, i.e. BJD 2458727.08448 for interval a, 2458729.27059 for b, 2458731.32892

for c and 2458733.33031 for d.

frequency change is similar to what Osaki and Kato found in the Kepler dwarf
nova V1504 Cyg (Osaki & Kato, 2013b).

We also analyzed the period variation in both normal outbursts and their
vicinity in more detail using the O-C method. In this case, for the brightness
maxima of the negative superhumps for the first normal outburst, we used the
ephemeris

MaxHJD = 2458711.398 + 0.07616 ∗ E (5)

and for the second - ephemeris

MaxHJD = 2459433.778 + 0.07616 ∗ E. (6)

The O-C course for both normal outbursts is shown in Fig.9. In both cases,
at the maximum of each normal outburst, there was an abrupt decrease in the
period (increase in frequency) of negative superhumps. After the end of each
outburst, the period gradually increased during a normal cycle (see Fig. 4). A
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similar behavior was first observed in the Kepler V1504 Cyg by Osaki & Kato
(2013b).

3.2.3. Orbital modulation

Although there is no prominent evidence of the orbital period in the periodogram
presented in Fig. 3, we decided to check this more carefully: to remove the mean
negative superhump period from the all the quiescent TESS data and to analyse
residuals. The resulting periodogram does contain a weak signal at the orbital
period ( Fig.11, left) that is hidden in the periodogram of Fig. 3. Note that
this mean light curve profile (”orbital light curve”) is a two-humped one, with
humps separated by half a period. The amplitude of a larger hump is about
0m.06. However, the orbital profile in the epoch of the orbital period dominance
and the absence of negative superhumps in the 2010 (Pavlenko et al., 2012) and
2011-2012 quiescence states without a disk tilt (Kato et al., 2013) (see Fig.11,
right) is one-humped with an amplitude of ∼ 0m.2.

To see a potential change of the waveform of orbital variation during the
quiescence, we calculated periodograms for several selected intervals of the 2019
and 2021 quiescence (see Fig. 12). One could see that while the larger hump is
stable at all intervals, the smaller hump displays a slightly variable amplitude.
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curves. The line is drawn through a sharp change in the O-C behavior.

4. Discussion

4.1. Accretion disk radius

According to Larwood (1998), the frequency of negative superhumps is related
to the radius of the accretion disk by a simplified relation

νneg/νorb = 1 + η ∗ 3/7(q/(1 + q)1/2) ∗ (Rd/a)3/2 ∗ cosθ, (7)

where νneg is the frequency of negative superhumps; νorb is the orbital frequency,
q is the mass ratio, cosθ ∼1 for a small disk inclination angle, a is the binary
separation, and η is a correction factor depending on the distribution of matter
density in the disk. Reconciliation of this formula to the evolution of negative
superhumps found by us shows that the radius of the accretion disk abruptly
increases during the normal outburst and gradually decreases towards the onset
of a next outburst. Similar phenomena were obtained for the Kepler V1504 Cyg
(Osaki and Kato) and for the ground-based observations of MN Dra (Sklyanov
et al., 2020), and NY Her (Pavlenko et al., 2021). Such behavior of the accretion
disk is in accordance with the prediction of the thermal-tidal instability model.

As for the estimation of the disk radius, we have to know the correction
factor η, which is unknown for the V503 Cyg in quiescence. Using equation (7)
for q=0.195, νorb = 12.86, the mean frequencies of negative superhumps νneg
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= 13.20(4) and 13.09(5); νneg = 13.20(4) and 13.09(4) at the start and the
end of the 2019 and 2021 quiescence, we calculated the dependence of the disk
radius on η (see Fig. 10). The range of probable disk radius values is limited
by the possible η=1.94-2.12 (Osaki & Kato, 2013a) and the 3:1 resonant radius
unattainable in a normal outburst. One could see that a larger η corresponds
to smaller radii. Despite of an unknown density distribution of matter in the
V503 Cyg disk, we can take η = 1.22 that Osaki & Kato (2013a) assumed for
the quiescent disk of the Kepler V1504 Cyg. In this case we obtain in average a
decrease of the disk radius from 0.43(3)a to 0.33(4)a during the quiescent state
between two normal outbursts (Fig. 10). Although these values may look close
to reality (see, for example, a discussion in Hellier (2001), we still cannot assert
their truth due to the unknown real density distribution of matter in the disk.
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Figure 12. Orbital period. Periodograms and data folded on the orbital period for the

selected quiescent TESS data in 2019 (left) and 2021 quiescence (right). The zero-epoch

is 2458687.00118 and Porb = 0.0777591 d.
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4.2. Difference of orbital light curve profile in tilted and non-tilted
disk state

A potential contribution of various sources of radiation in CVs to the total
radiation of the system may differ in different CVs, and this determines the
waveform of orbital modulation. A ”typical” profile of the light curve folded on
the orbital period is one-humped due to a hot spot on the rim of the accre-
tion disk. However, there are some exceptions. A one-humped light curve may
be caused also by a reflection effect of the secondary component. Among cat-
aclysmic variables there are cases of double-humped light curves with different
interpretation. They may imply the contribution of ellipsoidality of a secondary,
or a spiral structure of the accretion disk in the dwarf novae with a low mass
ratio, predicted by Lin & Papaloizou (1979). Dai et al. (2018) suggested that
double-humped orbital modulation in the systems with low inclination may be
caused by two spots – one on the edge of disk, the other on its surface.

We believe that the change in the V503 Cyg orbital light curve profile is due
to a change in the state of the accretion disk. As Kimura et al. (2020) noted, that
contrary to the typical case of a non-tilted disk, in binaries with a tilted disk,
the accretion stream not only hits the outer rim of the disk, but also reaches the
inner part of the disk. The two-humped orbital profile of the TESS data may
be due to the fact that in the state with a disk tilt, one spot appears to be the
hot spot on the edge of disk, while another may be from a spot caused by the
matter hitting an inner disk. During the state without a disk tilt, there is one
spot on the edge of disk.

5. Conclusion

We analysed the photometric data of the SU UMa-type dwarf nova V503 Cyg ob-
tained in 2019 and 2021 with the Transiting Exoplanet Survey Satellite (TESS).
The main results are summarized as follows:

- The A and B stages in the positive superhumps evolution during the 2019
superoutburst were identified and the mass ratio was estimated.

- In 2019 and 2021 the strong negative superhumps dominanted during the
quiescence and normal outbursts, so the binary state of V503 Cyg was with an
accretion disk tilt. The period of negative superhumps showed cyclical changes:
it increased slowly between normal outbursts and decreased sharply during the
outburst. This reflects cyclic changes in the radius of the disk, consistent with
the thermal-tidal instability model.

- It was found that in the 2019 quiet state a weak signal was detected at the
orbital period. Its profile was double-humped, as opposed to the single-humped
one observed in the era when the orbital signal was dominant. We hypothesized
that the difference in profiles could be due to the different state of the binary
system. The one-humped profile is caused by a hot spot on the edge of the non-
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titled disk, and the two-humped one is associated with one spot on the edge of
a tilted disk, and the second spot - in its inner part.
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