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Abstract—R-band photometric light curves of the eruptive eclipsing binary SDSS J090350.73+330036.1
obtained during a superoutburst in May 2010 (JD 2455341–2455347) are analyzed. Observations
covering an interval near the outburst maximum and the post-maximum decrease by 0.7m are presented.
Oscillations (superhumps) whose period differs from the orbital period by several percent are observed
in the light curve together with eclipses, suggesting that the studied system is a SU UMa dwarf nova.
A “spiral arm” model is used to fit the light curves and determine the parameters of the accretion disk
and other components of the binary system. Together with a hot line, this model takes into account,
geometrical inhomogeneities on the surface of the accretion disk, namely, two thickenings at its outer edge
that decrease exponentially in the vertical direction with approach toward the white dwarf. The increase in
the R-band flux from the system during the superoutburst mainly results from the enhanced luminosity of
the accretion disk due to the increase in its radius by up to ∼0.44a0 at the outburst maximum (a0 is the
component separation), as well as a shallower radial temperature decrease law than in the canonical case.
As the superoutburst faded, the disk radius decreased smoothly at the end of our observation (to ∼0.33a0),
the thickness of its outer edge and temperature of its boundary layer decreased, and the parameter αg

approached its canonical value. Deviations from the mean brightness of the system as a function of the
superhump period Psh are analyzed for each out-of-eclipse set of observations. Various factors affecting
the appearance and amplitudes of superhumps in the orbital light curves are considered.

DOI: 10.1134/S1063772912110078

1. INTRODUCTION

Eruptive variables (EVs) are close binary systems
with short orbital periods and a wide range of param-
eters specifying the shapes of their light curves. Most
close binaries in their final evolutionary stages are
EVs. EVs generally consist of white-dwarf primaries
that are gravitationally bound to late-type, evolved
K–M secondaries that fill their Roche lobes. The
EV evolutionary stage is characterized by a quasi-
constant flow of matter from the secondary, which
expands during its evolution and ejects its matter onto
its nearby companion through the inner Lagrangian
point L1. An accretion disk that facilitates dissipation
of the angular momentum of the inflowing matter
forms around the white dwarf, provided that it has
a sufficiently low magnetic field (≤106 G). The pa-
rameters of the accretion disks (size, temperature,
luminosity, viscosity, etc.) vary over a wide range of
acceptable values. Different sources can contribute
appreciably to the total flux and determine the orbital
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variability, depending on the model: the secondary
and associated ellipsoidal and reflection effects, an
accretion disk with a complex shape (including pos-
sible geometrical perturbations of the inner surface of
the disk), an optically thick part of the gas flow and the
area where it interacts with the accretion disk (the so-
called “hot line”), a shocked region on the windward
side of the hot line and a hot spot on its leeward side, a
boundary layer between the surface of the white dwarf
and the inner layers of the disk, which specifies, for
example, the disk luminosity, etc.

The main observed property of EVs is their out-
burst activity. Since eruptive activity and the scale
of the observed phenomena are different for different
systems, EVs are divided into several types: novae
(a single large-amplitude outburst), recurrent novae
(more than one outburst), dwarf novae (smaller, more
frequent outbursts), and nova-like stars (with some
characteristics similar to novae). The novae include
classical and symbiotic novae. Dwarf novae are di-
vided into three subclasses: U Gem, Z Cam, and
SU UMa. SU UMa variables are characterized by
the occurrence of superoutbursts, along with ordinary
outbursts.

819



820 VOLOSHINA, KHRUZINA

Normal outbursts in SU UMa stars are not pro-
longed, and are irregularly distributed in time. Many
models have been proposed to describe these out-
bursts; see, e.g., [1]. These superoutbursts have
much longer durations, and occur more rarely and
have higher amplitudes (up to 4m). The light curves
of SU UMa stars always have superhumps with pe-
riods 3–7% longer than their orbital periods. The
superoutburst profiles occurring in different systems
of this type are similar: first, the brightness increases
rapidly over ∼10% of the total outburst duration T0;
after it reaches the maximum, the brightness de-
creases slowly over ∼0.8T0, with this latter stage
being accompanied by the appearance of superhumps
with amplitudes of ∼0.3m–0.4m in the light curve,
independent of the orbital inclination of the system.
The brightness then falls rapidly to the pre-outburst
level.

Many models have been proposed to describe
the properties of superoutbursts and superhumps.
Earlier models were based on possible asynchronous
rotation of the donor star [2], the weak magnetic
field of the white dwarf [3], elliptical orbits of binary
components [4], variations in the rate of mass ex-
change [5, 6], instability of the accretion disk [7], and
a combination of the two last models [8]. A review
of these models, together with a discussion of their
various shortcomings, can be found in [1].

The main factor characterizing a binary system is
the shape of its light curve. The processes in accretion
disks in their active state can be studied in detail using
light curves of EVs during outbursts, since the nature
of the stellar components of EVs is known fairly well
(non-magnetic white dwarfs and normal stars), and
their orbital variability can often be used to determine
the geometry of the binary system reliably. By fit-
ting the light curve of a close binary system using
a specific model, we can determine the parameters
of the stars, accretion disk, matter flows, and other
components of the system, as well as estimate to what
degree the model considered can plausibly explain
observed features in the light curve.

The main goal of this paper is to verify whether or
not a model with spiral arms representing geometrical
inhomogeneities on the surface of accretion disk near
its outer edge can be used to describe brightness
variations observed in an SU UMa system during a
superoutburst. We analyzed the poorly studied EV
SDSS J090350.73+330036.1, which was discovered
recently in the Sloan Digital Sky Survey (SDSS).
We have determined the parameters of the binary
system using detailed photometric observations dur-
ing an outburst, and draw some conclusions about
the applicability of the considered model. Section 2
presents currently available data on this variable sys-
tem and Section 3 describes our own observations.

Section 4 is devoted to the orbital ephemerides of
SDSS J090350.73+330036.1 at the epoch of our ob-
servations. Light curves based on these ephemerides
and the characteristic features of these light curves
that specify the spiral-arm model used to determine
the orbital parameters are considered in Section 5.
The main parameters of the model are described in
Section 6. Section 7 gives the results of out anal-
ysis of the system parameters during outburst and
describes changes in these parameters during the
brightness decline. Section 8 consideres factors that
could affect the superhump parameters. The con-
clusions in Section 9 summarize the main results
obtained in this paper.

2. BRIEF DESCRIPTION OF THE SYSTEM

The system SDSS J090350.73+330036.1 (fur-
ther J0903) was identified as a new EV in the fourth
year of the SDSS (2004–2005). J0903 was con-
sidered to be an eclipsing binary system with a high
orbital inclination and an orbital period of ∼1.3 h,
based on the occurrence of brightness variations of
Δg ∼ 1m on time scales of 80–90 min [9]. SDSS
monitoring of the object yielded several estimates of
its brightness in the inactive state: u = 18.89m, g =
18.84m, r = 18.79m (the u, g, r filters have effective
wavelengths of 3551, 4686, and 6166 Å, respectively,
in the SDSS photometric system). We have for the
red i and z filters i = 18.87m (λeff = 7480 Å) and z =
18.85m (λeff = 8932 Å) [9].

The eclipsing nature of J0903 was confirmed
in [10]. Orbital ephemerides for this system were first
determined using high time resolution photometric
data obtained in the u, g, and r bands. Eleven eclipse
epochs were used to analyze the light curve obtained
on March 5–8, 2006, when the system was in its
inactive state:

Min. phot. = BJD 2453800.394707

+ 0.059073543dN.

Littlefair et al. [10] did not notice any appreciable
deviations of the orbital period from a linear O–C
relationship over the observation interval.

The main parameters of J0903 were derived by
analyzing the shape and duration of the eclipse of
the white dwarf, assuming that (1) the secondary
fills completely its Roche lobe, i.e., μ = 1, where μ
is the Roche lobe filling factor, and (2) the eclipse
width for the white dwarf depends only on the orbital
inclination i and the component mass ratio q [10]. The
radius of the white dwarf is derived from the duration
of the eclipse ingress and egress (∼40 s). A rela-
tionship between q and i can be obtained for a fixed
eclipse semi-angle using the analytical expression for
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Table 1. Parameters of SDSS J090350.73+330036.1 according to [10]

Parameter Value Parameter Value

i, deg 80.8 ± 0.1 a0, R� 0.652± 0.006

q = Mwd/Mred 8.547± 0.220 Kwd, km/s 58 ± 2

Mwd, M� 0.96 ± 0.03 Kred, km/s 494 ± 5

Mred, M� 0.112± 0.004 Rd, a0 0.27 ± 0.02

Rwd, R� 0.0086± 0.0003 Twd, K 13000± 300

Rwd, a0 0.0132± 0.0006 d, pc 274 ± 10

Rred, R� 0.141± 0.003

a0 is the distance between the centers of mass of the binary components, Kwd and Kred are the amplitudes of the radial-velocity curves
of the white dwarf and the secondary, respectively, and d is the distance to the binary system.

a tangent to the Roche lobe. The disk radius Rd

was calculated assuming that the gas flow direction
corresponds to a ballistic trajectory and the hot spot
is located at the point of intersection between the
disk and this ballistic trajectory. The three unknown
parameters (q, i, Rd) can be found using the times
of ingresses and egresses of the hot-spot eclipses
and the width of the white-dwarf eclipse. Finally, we
assumed that the mass of the white dwarf corresponds
to the theoretical mass–radius relationship for a white
dwarf with the corresponding effective temperature,
in order to determine the component masses using
the obtained mass ratio q. In turn, the effective
temperature was determined from the color changes
that occur during the white-dwarf eclipse ingress and
egress. This technique is valid only for observations
with very high time resolution, and cannot be used
if the time resolution is too low, so that the different
eclipse stages cannot be clearly identified. Table 1
presents the parameters of J0903 obtained in [10].

The collection [11] of the fairly sparse data from
the review [12] shows that the system was in an inac-
tive state between September 2004 (MJD 2453250)
and May 2010. The first information on the sharp
increase in the brightness of J0903 by ∼4m, to g ∼
14.6m–14.8m, appeared after May 20, 2010 [13]. The
first subsequent observations of this object (including
ours) showed that the observed flux increase was
actually due to a superoutburst, since the light curve
displayed obvious superhumps [14].

This first detected J0903 superoutburst
(BJD 2455341–2455352) after its discovery was ob-
served by five teams of astronomers; the observational
results are given in the review of Kato et al. [15],
which is devoted to studies of a number of SU UMa
systems during superoutbursts. Twenty five times
of primary minima of J0903 were analyzed and the

orbital ephemerides of the system were improved
using the data of [10]

Min. phot. = BJD 2453800.394708(2) (1)

+ 0.059073525(4)dN.

The superhump ephemerides were also determined:

Max. sh. = BJD 2455340.4150 (2)

+ 0.060320dE.

The superhump period decreased from 0.060364d

to 0.060073d during the outburst, at a rate of Ṗ /P ∼
12.3 × 10−5.

3. OBSERVATIONS

The report of the detection of the superoutburst
was received on May 23, 2010 (JD 2455340.3) [13,
14]. We began photometric observations of J0903
somewhat later due to the weather conditions, on
May 24, when the system was already at its maximum
brightness, and observed the object until May 30,
2010. Our observations were carried out during
its slow decrease in brightness: the out-of-eclipse
flux from the system decreased by 0.8m over seven
days. On average, the brightness decrease rate
was 0.11m/d, i.e., it took 8.8 days for the brightness
to drop by 1m, which corresponds to a mean value
of ((9 ± 1)m/d), as is characteristic of SU UMa
systems [1].

The object was observed using an Apogee-47
CCD camera mounted on the 60-cm telescope of the
Crimean Laboratory of the Sternberg Astronomical
Institute. The durations of the observing runs de-
pended on the weather conditions, and were normally
2 h. The observations were carried out in the R band
of the Johnson photometric system, since our CCD
receiver had its maximum sensitivity in the red.
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Table 2. Journal of observations for SDSS J090350.73+330036.1 in 2010

Cycle
number

according to
(1)

Start and end
dates of the

observations,
JD 2455340+

Initial and final
phases[1]

ϕ1 − ϕ2

Observed
epoch of

minimum,
JD 2455340+

Number of
measure-

ments
n

ΔRmax

Eclipse
depth,
δR[3]

26085 1.306d–1.376d 0.636–0.815 – 39 ∼1.40m –

26102 2.289–2.359 0.267–0.467 2.33424 62 1.70[2] 0.67m

26119 3.312–3.391 0.591–0.928 3.33894 55 1.64 0.93

26136 4.291–4.380 0.174–0.677 4.34363 103 1.80 0.80

26152 5.260–5.312 0.573–0.446 5.28802 109 1.95 1.08

26169– 6.287–6.361 0.950–0.198 6.29259 155 2.12 0.93
26170 6.35239

26186 7.297–7.356 0.046–0.042 7.29771 108 2.34 0.64
[1] The ephemerides (1) were used to calculate the initial ϕ1 and final ϕ2 observational phases.
[2] The maximum magnitude is given, beyond the anomalous maximum (ΔRmax ∼ 1.54m) detected at phases of ϕ ∼ 0.1–0.15.
[3] The estimated eclipse depth is δR = ΔRmax − ΔRmin.

The star N139 near J0903 was used as a compari-
son star; several reference stars were used to monitor
whether or not its brightness remained constant. We
were not able to find reliable brightness estimates for
this star. According to the NOMAD catalog [16], the
brightness of N139 is B = 14.180m, V = 13.460m,
R = 13.350m. The catalog of positions and proper
motions [17], which contains more than 18 million
stars, gives the somewhat different estimates B =
14.529m , V = 13.889m, R = 13.795m ; i.e., uncer-
tainties in the brightnesses of the comparison star
are ∼0.4m, on average. Since there are no other
stars with known brightnesses in the close vicinity
of J0903, we give our R fluxes measured from the
variable star in arbitrary units, i.e., ΔR = R J0903 −
RN139.

The observational data were processed using the
aperture photometry method and the MAXIM-DL
software package. Table 2 presents the details of the
observations.

Figure 1 presents individual light curves of J0903
in May 2010, shown on the same scale. The light
curves are presented in arbitrary units: the differ-
ences ΔR between the magnitudes of J0903 and the
comparison star are plotted on the vertical axis, and
the corresponding Julian Days are plotted on the
horizontal axis. As the superoutburst proceeds, the
shapes of the light curves change, and the super-
humps evolve (Fig. 1). The observations on May 24,
2010 have large uncertainties due to bad weather, and
are not presented here.

4. ORBITAL EPHEMERIDES

The ephemerides (1) used to determine the phases
of our observations of J0903 yield systematic time
shifts of the primary minima by phases of ϕ ∼
0.04–0.06. These phase shifts could have various
origins: neglecting the barycentric correction to our
observation epochs, insufficient time resolution of our
observations, and distortions of the light-curve shape
due to superhumps during the outburst.

The corresponding barycentric correction
(BJD system) was introduced to the times ti of our
observations (∼0.003d, on average), and these times
were used when calculating the orbital ephemerides
of J0903 [15]. The use of the initial epoch of the
BJD system yields a mean phase shift of Δϕ ∼ 0.05
when calculating the orbital phases obtained in the
JD system; however, it is not correct to simply
add 0.003d to the time of the initial epoch so as
to use the ephemerides (1) for our observations,
since the barycentric correction is time dependent.
Therefore, we decided to use JD 2455342.33444,
which is near the first observed primary minimum in
our observations, as the initial epoch, and the value
Porb = 0.059073525d based on the ephemerides (1) as
the orbital period. With regard to the chosen epoch of
minimum, the light curve observed on May 25, 2010
has the number N = 0. Accordingly, the minimum
observed on May 30, 2010 has the number N = 84.

Observations with high time resolution are re-
quired for precise determination of the epoch of the
minimum, which corresponds to the middle of the
eclipse of the white dwarf by the secondary. In this
case, the epochs of eclipse ingresses and egresses
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Fig. 1. Observed light curves of J0903 obtained on different dates during the superoutburst in May 2010 (JD 2455000.0+).

can be determined for the white dwarf, hot spot, and
accretion disk using features in the light curve; ac-
cordingly, the mid-eclipse epoch of the white dwarf
can be determined with good accuracy. The details of
this procedure are described in [10, 18].

It is far more difficult to determine the mid-eclipse
epoch for a white dwarf using low time-resolution
observations, since it is not possible to reliably
determine the epochs of the eclipse ingresses and
egresses for the close-binary components; moreover,
the observed minimum brightness does not necessar-
ily correspond to the mid-eclipse of the white dwarf.
Figure 2 shows eclipse curves for various close-
binary components calculated using the parameters
obtained for J0903 from the light-curve solution for
cycle N = 34 (JD 2455344.3) of our observations.
The bold curve (0) shows the observed minimum,
where the points correspond to the phases of the
measurements. The thin solid curves show the eclipse
curves of the white dwarf (1), disk (3), and hot line (4);
curve 2 indicates the change in the flux from the red
dwarf due to the ellipsoidal effect. The vertical lines
marked ϕ1 and ϕ2 indicate the eclipse ingress and
egress phases for the white dwarf and the vertical
dashed line w shows the mid-eclipse phase. The ob-
served minimum brightness is the result of summing
the fluxes from all the close-binary components (bold
vertical line o), and is shifted relative to the eclipse of
the white dwarf by Δϕ ∼ 0.006–0.008.

Figure 2 illustrates clearly that the time resolution
of our observations (on average, 0.0005d or ∼0.01P )
is insufficient to determine the mid-eclipse time for
the white dwarf using the technique described in [18].
Therefore, we used the following algorithm to calcu-
late the orbital phases for the light curves.

1.121.081.041.000.96
ϕ

8

6

5

4

3

2

1

0

ϕ1 ϕ2

w o
0

1
2

3

4

FR

7

Fig. 2. Eclipse curves for the components of J0903 cor-
responding to the light-curve parameters of orbital cycle
N = 34: curves 1, 2, and 3 show the eclipse curves for
the white dwarf, the disk, and the hot line, respectively.
Curve 2 shows how the flux from the red dwarf varies due
to the ellipsoidal effect, and curve 0 is the total eclipse
curve. The points in curve 0 denote the phases of mea-
surements for the given observational set. Thin vertical
lines ϕ1 and ϕ2 indicate the phases of eclipse ingress and
egress for the white dwarf, the vertical dashed line (w)
shows the mid-eclipse phase for the white dwarf, and the
bold vertical line (o) denotes the phase of the minimum in
the total eclipse curve.

ASTRONOMY REPORTS Vol. 56 No. 11 2012



824 VOLOSHINA, KHRUZINA

Table 3. O−C values for SDSS J090350.73+330036.1
during the superoutburst in May 2010 (see text)

N
Observed epochs of

minima (O),
JD 2450000+

Calculated epochs
of minima (C),
JD 2450000+

O−C, d

0 5342.33417 5342.33444 –0.00027

17 5343.33886 5343.33869 +0.00017

34 5344.34363 5344.34294 +0.00069

50 5345.28725 5345.28812 –0.00087

67 5346.29258 5346.29237 +0.00021

68 5346.35142 5346.35144 –0.00002

84 5347.29703 5347.29662 +0.00041

1. The ephemerides

Min. phot. = JD 2455342.33444 (3)

+ 0.059073525dN

were used to calculate the orbital phases at the ob-
servational epochs between May 24 and 30, 2010,
and the corresponding mean light curves were con-
structed.

2. When determining the close-binary parameters
based on the shape of the observed light curve, the
array of fitted parameters was supplemented by Δϕ—
the orbital-phase shift of the observed relative to the
model curve, such that the true mid-eclipse epoch for
the white dwarf corresponds to phase ϕ = 0.0.

3. The calculated corrections were added to the
phases of the normal points in the mean light curves
(see Table 4), and also to the observed epochs of
minimum brightnesses in Table 2.

Table 3 presents these improved epochs of mini-
mum brightnesses derived from observations (O) and
calculated using the ephemerides (3), as well as the
O–C deviations. Figure 3 shows the O–C deviations
as a function of the cycle number N . The solid line
presents the mean value O−C = 0.00004d. The local
character of the observed deviations between O–C
and their mean value suggests that these deviations
could be due to the effect of superhumps on the light
curves.

5. LIGHT CURVES

Determination of the parameters of the system
components using photometric data requires reliable
light curves that have been cleaned of random fluc-
tuations. Our data cover the outburst maximum
(JD 2455341.3) and the subsequent drop in bright-
ness (by ∼1m for JD 2455347.3). For simplicity, light

curve 1 will be taken to refer to the convolution of
the observations for JD 2455341, light curve 2 to
the observatons for JD 2455342, and so on, through
JD 2455347 (light curve 7).

Our light curves for J0903 show that the max-
imum flux from the system dropped by ∼0.8m over
seven days and the minimum flux decreased by
∼0.6m. The eclipse depth varied in the range
0.6m–1.1m during the outburst as the total bright-
ness of the system decreased. Unfortunately, the
observations carried out near the maximum of the
superoutburst (May 24) are not sufficient to enable
us to construct a complete light curve of the binary,
since the data corresponding to eclipse phases are
absent due to weather conditions. The observational
runs obtained on successive nights contained one
or two minima per run. The time resolution is
0.0005d, on average, which corresponds to ∼0.01P .
According to [10], the eclipse duration for the white
dwarf in J0903 is ∼0.04P in a spectral range close
to the R filter, while the durations of eclipse ingress
and egress are ∼0.008P ; therefore, there are between
six and eight observational points corresponding to a
complete eclipse, with our time resolution.

Figure 4 shows observational data obtained be-
tween JD 2455342 and JD 2455347 and convolved
with the ephemerides (3). The individual (un-
averaged) data reveal flux fluctuations at a level of
∼0.04m–0.12m; the light curves obtained on May 28
(JD 2455345) and 30 (JD 2455347) have gaps of
∼0.13P and ∼0.14P , respectively. Light curves 2
and 5 are anomalous; light curves 4 and 6, with
humps before eclipses, have close to classical curves;
light curve 3 has a hump near an orbital phase of 0.5;
and it is difficult to assign light curve 7 to some
particular type, since the flux during the eclipse egress
corresponds to the out-of-eclipse flux, and there is no
hump before the eclipse ingress. Dips with different
amplitudes at different orbital phases are visible in
out-of-eclipse parts of all the light curves. Other EVs
(e.g., UX UMa and IY UMa [19–21]) demonstrate
similar patterns, both during outbursts and between
their active and quiscent states.

Light curve 1 was obtained on May 24, 2010 (the
first day of our observations; Fig. 5). This light
curve cannot be used to reliably determine the close-
binary parameters, since it does not include data cor-
responding to the eclipses of the white dwarf and the
energy-release region. It can only be concluded that
the mean R brightness of the system out of eclipse
was ΔR � 1.53(4)m relative to the comparison star.

The mean light curves used to determine the pa-
rameters of J0903 are presented in Table 4. We
did not average data within the primary minimum,
to ensure that the shape of the minimum was not
significantly distorted. To estimate the uncertainties
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Table 4. Mean R light curves of J0903 during the superoutburst of May 2010

Curve 2 (JD 2455342) {62} Curve 3 (JD 2455343) {55} Curve 7 (JD 2455347) {108}

ϕ ΔR σ n ϕ ΔR σ n ϕ ΔR σ n

0.0172 2.331 0.013 1 0.0027 2.573 0.010 1 0.0090 2.952 0.013 1

0.0372 2.146 0.013 1 0.0227 2.285 0.010 1 0.0169 2.982 0.013 1

0.0572 1.935 0.013 1 0.0425 2.076 0.010 1 0.0251 2.875 0.013 1

0.0768 1.755 0.013 1 0.0758 1.976 0.008 2 0.0404 2.622 0.004 2

0.0968 1.633 0.013 1 0.1389 1.918 0.003 4 0.0566 2.468 0.017 2

0.1277 1.541 0.013 1 0.2283 1.900 0.004 5 0.0970 2.352 0.010 8

0.1573 1.622 0.010 2 0.3175 1.818 0.024 4 0.1697 2.381 0.010 10

0.2178 1.682 0.013 5 0.3870 1.726 0.015 3 0.2506 2.359 0.016 10

0.2694 1.700 0.014 5 0.4464 1.643 0.021 3 0.3152 2.353 0.016 6

0.3205 1.702 0.010 5 0.5163 1.654 0.013 2 0.3676 2.367 0.009 7

0.3685 1.708 0.018 5 0.5761 1.730 0.011 2 0.4200 2.436 0.014 6

0.4103 1.758 0.027 3 0.6157 1.743 0.006 2 0.4684 2.384 0.013 6

0.4432 1.778 0.008 3 0.6653 1.714 0.007 3 0.5330 2.352 0.014 10

0.5020 1.786 0.002 3 0.7248 1.741 0.004 3 0.5976 2.382 0.015 6

0.5614 1.829 0.004 3 0.7739 1.781 0.003 4 0.6420 2.425 0.015 5

0.6210 1.826 0.020 3 0.8101 1.813 0.016 3 0.6822 2.422 0.016 5

0.6804 1.874 0.010 3 0.8369 1.805 0.019 3 0.7266 2.434 0.018 6

0.7398 1.869 0.020 3 0.8696 1.827 0.002 3 0.7751 2.430 0.014 6

0.8092 1.897 0.010 4 0.9035 1.855 0.007 3 0.8194 2.409 0.007 5

0.8787 1.884 0.014 3 0.9432 1.909 0.010 1 0.9708 2.650 0.018 3

0.9181 1.944 0.013 1 0.9632 2.154 0.010 1 0.9768 2.753 0.013 1

0.9381 2.008 0.013 1 0.9830 2.517 0.010 1 0.9908 2.881 0.013 1

0.9581 2.115 0.013 1

0.9777 2.241 0.013 1

0.9976 2.367 0.013 1

Curve 4 (JD 2455344) {103} Curve 5 (JD 2455345) {109} Curve 6 (JD 2455346) {155}

ϕ ΔR σ n ϕ ΔR σ n ϕ ΔR σ n

0.0064 2.599 0.015 1 0.0035 3.032 0.018 1 0.0013 3.003 0.047 3

0.0174 2.557 0.015 1 0.0156 2.843 0.007 2 0.0137 2.889 0.093 3

0.0284 2.341 0.015 1 0.0276 2.670 0.018 1 0.0256 2.705 0.043 3

0.0504 2.154 0.016 3 0.0357 2.470 0.018 1 0.0378 2.493 0.018 3

0.0781 2.018 0.017 2 0.0479 2.344 0.008 2 0.0479 2.511 0.063 2

0.1221 1.968 0.010 7 0.0600 2.289 0.018 1 0.0584 2.439 0.037 3

0.1692 1.989 0.009 6 0.0680 2.239 0.018 1 0.0686 2.351 0.025 2

0.2134 1.958 0.029 6 0.0762 2.148 0.018 1 0.0786 2.332 0.015 3

0.2423 1.966 0.025 4 0.0842 2.120 0.018 1 0.0890 2.318 0.065 2
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Table 4. (Contd.)

Curve 4 (JD 2455344) {103} Curve 5 (JD 2455345) {109} Curve 6 (JD 2455346) {155}

ϕ ΔR σ n ϕ ΔR σ n ϕ ΔR σ n

0.2740 2.003 0.007 4 0.1004 2.060 0.024 3 0.1010 2.203 0.034 4

0.3223 1.983 0.007 6 0.1286 2.009 0.015 4 0.1214 2.197 0.010 6

0.3687 1.992 0.018 5 0.1569 2.048 0.030 3 0.1476 2.233 0.012 6

0.4233 2.006 0.017 4 0.1891 2.066 0.020 5 0.1916 2.232 0.012 6

0.4630 2.041 0.006 3 0.2295 2.091 0.016 5 0.2362 2.234 0.009 5

0.4959 2.047 0.011 3 0.2617 2.146 0.019 3 0.2766 2.222 0.031 5

0.5347 2.001 0.009 4 0.2860 2.105 0.010 3 0.3210 2.245 0.019 6

0.5786 1.973 0.007 4 0.3182 2.081 0.013 5 0.3695 2.191 0.007 6

0.6097 1.949 0.064 4 0.3505 2.131 0.026 3 0.4180 2.199 0.021 6

0.6391 1.939 0.021 4 0.3748 2.155 0.014 3 0.4665 2.126 0.012 6

0.6816 1.954 0.006 4 0.3989 2.141 0.033 3 0.5149 2.131 0.008 6

0.7255 1.915 0.016 4 0.5467 2.188 0.034 4 0.5645 2.117 0.004 6

0.7750 1.903 0.016 5 0.5750 2.257 0.021 3 0.6182 2.148 0.015 7

0.8246 1.832 0.012 4 0.5993 2.280 0.015 3 0.6706 2.155 0.010 6

0.8630 1.826 0.007 3 0.6236 2.170 0.024 3 0.7190 2.151 0.012 6

0.9017 1.855 0.005 4 0.6478 2.156 0.014 3 0.7675 2.113 0.013 6

0.9292 1.942 0.015 1 0.6720 2.178 0.021 3 0.8159 2.111 0.012 6

0.9402 1.991 0.015 1 0.7003 2.212 0.013 4 0.8643 2.127 0.011 6

0.9512 2.060 0.015 1 0.7327 2.192 0.024 4 0.9005 2.150 0.025 5

0.9621 2.109 0.015 1 0.7651 2.223 0.010 4 0.9165 2.177 0.023 3

0.9735 2.198 0.015 1 0.7935 2.240 0.003 3 0.9289 2.210 0.027 3

0.9845 2.415 0.015 1 0.8178 2.258 0.016 3 0.9387 2.237 0.025 2

0.9954 2.483 0.015 1 0.8421 2.283 0.002 3 0.9449 2.262 0.025 1

0.8663 2.256 0.009 3 0.9491 2.334 0.025 1

0.8945 2.335 0.032 4 0.9531 2.358 0.025 1

0.9228 2.363 0.016 3 0.9589 2.441 0.025 2

0.9429 2.457 0.030 2 0.9671 2.552 0.025 2

0.9631 2.516 0.009 3 0.9754 2.741 0.012 2

0.9792 2.640 0.018 1 0.9812 2.865 0.025 1

0.9873 2.811 0.018 1 0.9853 2.928 0.025 1

0.9953 2.997 0.018 1 0.9914 3.053 0.040 2
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Fig. 3. O–C as a function of the orbital cycle number N for J0903 during its outburst in May 2010.
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Fig. 4. Observed orbital curves of J0903 in the R band during the decline in brightness, near and after the superoutburst
maximum. Phases based on the ephemerides (3) are plotted along the horizontal axis.

of these points, we used the mean σ calculated using
a corresponding out-of-eclipse light curve. The total
numbers of measurements in the considered observa-
tional datasets are given in curly brackets.

6. MODEL USED TO DETERMINE
THE SYSTEM PARAMETERS

Spectroscopic observations of EVs (e.g., IP Peg,
U Gem, EX Dra, SS Cyg, V347 Pup) during super-
outbursts with high time resolution provide evidence
for large-scale asymmetric features having the form
of spiral arms located in the outer parts of accretion
disks [22] and a shock in the form of “hot line” [23].

This spiral structure was first discovered in a study of
the dwarf nova IP Peg during outburst [24].

The appearance of spiral arms is believed to be
due to tidal shocks initiated by a fairly massive sec-
ondary [25] and changing conditions for angular-
momentum transfer in the disk when the disk tem-
perature increases during an outburst [26]. Three-
dimensional gas-dynamical computations of flows of
cool gas in close binaries [27] show that two spiral
arms are formed in outer regions of the disk, with
the orientation of the arms in a rotating reference
system being almost constant. These computations
also indicate that the appearance of a spiral-density
wave in the inner (denser) layers of a slightly elliptical
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Fig. 5. The observed (left) and the mean (right) light curves of J0903 in the R band near the outburst maximum (JD 2455341).

disk, which precesses with a period that is a few
percent greater than the orbital period, opposite to the
direction of matter motion in the disk.

Spiral structure can be detected using both spec-
tral and photometric observations of EVs if the spiral
features protrude above the disk surface. Such spiral
bulges were found on the accretion disk of the EV
V1494 Aql (Nova Aql 1999-2) in a study of the pho-
tometric variability of this system [28]. Gas heating
at the shock front and the increase in temperature
and density inside the spiral arm lead to an increase
in thickness of parts of the disk perpendicular to the
orbital plane of the system. When these thickened
parts of the outer edge of the disk lie in the line of
sight, dips appear in the orbital light curve of the
EV, due to the eclipse of inner, hotter regions of the
disk [27, 29].

Dips can also arise in the light curves of close
binaries when dense, massive blobs of matter in the
outer parts of the disk are situated in the line of sight.
These blobs can eclipse both the inner (hotter) parts
of the disk and the white dwarf, if the velocities of the
blobs differ from the velocity of the disk material [30].
This hypothesis was investigated in most detail in
connection with the low-mass close-binary system
HZ Her [30, 31]. The appearance of these blobs
is believed to be due to a non-stationary outflow of
matter from the secondary, in particular, the ejection
of a massive blob of matter through the Lagrangian
point L1 toward the accretion disk. This blob inter-
acts with the outer part of the disk and splits into
a set of smaller clumps that move high above the
orbital plane, resulting in dips in the observed light
curves. Phenomenologically, these blobs resemble
thickenings of the outer edge of the disk; since they
move more slowly, they are not at rest in a coordinate
system rotating with the orbital velocity. However,

these blobs do not last very long (e.g., they survive
for a few orbital periods in HZ Her).

In any case, whether they are spiral waves or blobs,
these features are geometrical inhomogeneities pro-
truding above the surface of the accretion disk, mostly
near its outer edge, giving rise to eclipses of inner-
disk regions.

Fitting the light curves of EVs in various ac-
tivity states within various models [19–21] shows
that the standard close-binary model with a hot spot
in the region were a gaseous flow collides with the
disk agrees well with a classical EV light curve,
with a hump before the primary minimum, but fails
completely to fit anomalous light curves and dips in
light curves out of eclipse. The hot–line model [32]
agrees well with observed anomalous light curves,
e.g., humps during the egress from an eclipse, but
it likewise cannot explain dips in light curves out of
eclipse during outbursts. The best fit between the
theoretical and observed light curves of EVs in their
active states is achieved in models with geometrical
inhomogeneities on the inner surface of the disk, near
its outer edge [33]. Since the geometrical pertur-
bations in this model have the form of spiral arms
whose amplitudes decrease exponentially with ap-
proach toward the white dwarf, we they refer to them
as “spiral arms”. This model was used to determine
the parameters of the J0903 components during the
superoutburst.

The main aspects of our model used to explain the
behavior of an eruptive variable during an outburst are
listed below.

1. The surface of the secondary (red dwarf) is
described using a Roche potential with a filling fac-
tor of μ = 1.0. The stellar surface is described with
648 area elements, for each of which the radiation
intensity toward the observer is calculated, taking
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into account gravitational and edge darkening effects
(using a non-linear edge-darkening law).

2. The surface of the primary (white dwarf) is ap-
proximated as a sphere of radius Rwd, whose center is
located at one focus of the accretion disk.

3. The accretion disk is slightly elliptical (we spec-
ified e = 0.05 for this system). The unperturbed shape
of the disk is described by a figure that is generated as
follows:

—an ellipsoid with semi-axes a, b, and c is fitted to
the outer surface of the disk, where a and b lie in the
orbital plane and c is perpendicular to this plane;

—the inner surfaces of the disk are described by
rotating paraboloids (for more detail see [34]);

—the orientation of the disk is determined by the
angle αe between the position vector drawn from the
white-dwarf center to the disk periastron and the line
connecting the centers of mass of the stars;

—the variation in the temperature is given by the
relationship [35]

T (r) = Tin

(
Rin

r

)αg

, (4)

where Tin is the temperature in the inner regions
of the disk near the stellar equator, at a distance of
Rin ∼ Rwd from its center. The parameter αg = 0.75
to first approximation, if every point of the surface
radiates as a perfect blackbody [35]. In the active
states of EVs, the flux from the disk increases by a
factor of several hundred and αg can decrease to ∼0.1
(see, e.g., [36]); as a result, the radial temperature
distribution becomes flatter as the accretion-disk flux
becomes higher. Both the radiative heating of an
area element by the secondary (although this effect is
not very important) and heating of this area by high-
temperature radiation coming from inner regions of
the disk are taken into account when calculating the
local temperature of a given area element. This latter
effect also leads to an increase in the temperature of
the secondary surface facing its companion, that is, a
reflection effect.

4. Simulations of the hot line and the associated
parameters is described in detail in [32].

The hot line along the gaseous flow of matter
emerging from the inner Lagrangian point L1 is de-
scribed as a part of an ellipsoid with semi-axes av,
bv, and cv , which is elongated toward L1. The lateral
part of this ellipsoid coincides with the tangent to the
elliptical disk, for any size and orientation of the disk,
an the center of the ellipsoid is located in the orbital
plane, in the disk at some distance (∼av) from its
edge. Only the part of the ellipsoid situated beyond
the accretion disk is used as the hot line.

The energy of the shock is released at the hot
line surface, in accordance with a Planck distribution,

both at the shock front (on the side of the incident
flux, or the “windward” side), and on the opposite
(“leeward”) side. The temperatures of area elements
on the hot-line surface are calculated independently
for each side. The temperature variation is determined

by a cosine law with the maxima T
(1)
max and T

(2)
max on

the windward and leeward sides, respectively. The
minimum temperature of the hot line at the point rmin
coincides with the temperature of matter located at
a distance rmin from the center of mass of the white
dwarf that is not heated by the shock.

5. The shapes and locations of the large-scale
geometrical perturbations of the outer edge of the disk
(the spiral arms) are described as two thickenings of
the outer edge of the disk, on its inner surface, within
a limited range of azimuth. The amplitudes of these
spiral arms decrease exponentially toward inner parts
of the disk. A detailed technique for constructing such
a disk is given in [33].

In general terms, when simulating the geometri-
cal perturbations on the surface of an elliptical disk,
we assumed that, when the disk area with the co-
ordanates (x, y, z) falls within a spiral arm, its z
coordinate increases as

Z = z(x, y)h = z(x, y) (5)

× ζ√
[r/Rd(ψ) − exp(ψ − η − B)]2 + 0.0025

.

This formula defines a helical perturbation along the
disk surface, explaining the name of the model. The
coefficient ζ determines the wave amplitude, the angle
ψ is the azimuth of the area (x, y, z) on the disk, and
η is the angle between the periastron of the slightly
elliptical disk and the position vector at which the
spiral amplitude is maximum (the wave crest). The
parameter B takes on values of 0 or 2π, depending on
the area’s position relative to the crest of the spiral
arm. The second arm is located at position angles
γ + η > ψ > η (γ is the angular distance between the
crests of the spiral waves, γ ∼ π). The amplitude
of the logarithmic spiral decreases very rapidly with
approach toward the white dwarf; as a result, those
parts of the spirals located in outer parts of the disk
appreciably influence the observed flux from the disk.
The temperatures of disk areas within the spiral arms
increase by a constant value ΔTspir, in accordance
with the formula Td, spir(i) = Td(i) + ΔTspir.

Thus, this model enables us to determine the effect
of outer-edge thickenings of the disk surface located
within limited ranges of azimuth on the light curve of
a close binary, and to estimate the depths and orbital
phases of dips in the light curve, independent of the
specific physical processes leading to the appearance
of geometrical inhomogeneities on the disk surface.
Although the code used was initially developed to fit
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dips at orbital phases of ∼0.7 and ∼0.2, the azimuth
of the spiral crest can be chosen arbitrarily.

Formally, the fitted parameters in this model are
the component-mass ratio q = Mwd/Mred, orbital
inclination i, effective temperatures of the white dwarf
Twd and red donor star Tred, radius of the white dwarf
Rwd, and the temperature in inner regions of the disk
(or at the boundary layer) near the white-dwarf equa-
tor Tin. The parameters of the slightly elliptical disk
(e = 0.05) are the semi-major axis a, parameter αg ,
which defines the radial temperature run in the disk in
accordance with (4), azimuth of the disk periastron
αe, and thickness of the outer edge of the disk βd.
The parameters of the hot line are the ellipsoid semi-
axes av, bv, cv , and the maximum temperatures of
the matter heated by the shock at the surface of the
line, near the outer edge of the disk, on the windward

and leeward sides T
(1)
max and T

(2)
max. These temperatures

are added to the temperature Td(i) characterizing an
area located at a distance r(i) from the center of
the disk when the shock is absent, according to (4):

T (i) = Td(i) + T
(n)
max cos δr, where n = 1, 2 and δr is

the shift along the hot line. Considering the spiral
arms introduces several new parameters: ζ , ΔTspir,
Δ1 = αe − η, and γ (or Δ2 = 2π + Δ1 − γ). The
total number of parameters is 20 (in fact, the number
of variables is 23, however, three are technical pa-
rameters that vary within a very narrow range, and
variations of these parameters within these ranges
affect the synthesized light curves only very slightly,
compared to the effect of the main parameters). Thus,
additional information on the system must be invoked
in order to fix some parameters, in order to appreciably
limit the variation ranges for the other parameters.

We fitted a set of homogeneous light curves
of J0903 (obtained with the same equipment and the
same comparison star), which differed mostly in their
out-of-eclipse flux levels. This enabled us to impose
an additional limit on the set of feasible parameters.
Namely, given that there was a set of several light
curves, we used the same energy unit to translate
the synthesized light curves into magnitudes: the
flux from the system at orbital phase ϕ ∼ 0.25 in the
light curve with the lowest out-of-eclipse brightness
(curve 7). This approach made it possible to use not
only the shape but also the changing flux levels when
fitting the synthesized to the observed light curves.
This technique is described in detail in [20, 21, 37].

The Nelder–Mead method was used to search for
the best-fit model parameters [38]. Some tens of
different initial approximations were assigned for each
light curve when searching for the global minimum
of the residuals, since a set of local minima generally
exist if there are numerous independent variables in
a studied range of parameters. The quality of the fit

between the theoretical and observed light curves in
the chosen model was estimated using the residual

χ2 =
n∑

j=1

(mtheor
j − mobs

j )2

σ2
j

, (6)

where mtheor
j and mobs

j are the theoretical and ob-
served magnitudes of the object at orbital phase j, σ2

j

is the dispersion of the observations at orbital phase
j, and n the number of normal points in the curve.

7. FITTING THE LIGHT CURVES
DURING THE SUPEROUTBURST

We fitted the set of homogeneous light curves to
determine the best-fit parameters of the system in
the spiral-arm model in two stages. In the first, a
normalized flux F0 was determined to translate the
theoretical values F into magnitudes and the ΔR0

value corresponding to this flux. Curve 7 has the
lowest out-of-eclipse brightness, and it should ideally
have been used to normalize the set of homogeneous
light curves; however, the low quality of this curve
hindered us from being able to derive unambiguous
parameters. Therefore, we obtained several different
sets of best-fit parameters for this curve with almost
identical minimum residuals. We first searched
for fitted parameters independently with each of
curves 2–7 without tying the to a unified flux scale.
The parameters q, i, Twd, and Rwd were limited to
the ranges q = 8.33–8.77, i = 80.7◦–80.9◦, Rwd =
(0.0177–0.0196)ξ, and Twd = 12700–13 300 K, in
accordance with [10] (Table 1). The red dwarf
temperature was varied in the range 2500–4000 K,
and the disk radius in the range (0.4–0.9)ξ (where
ξ is the distance between the center of mass of the
white dwarf and the inner Lagrangian point L1; ξ is
a function only of the component-mass ratio: ξ =
0.7048a0 for q = 8.547).

For each of curves 2–7, we chose the flux among
our sets of solutions so as to satisfy all the light
curves, namely, we took a flux of F0 = 5.425 (in ar-
bitrary units) to correspond to a relative magnitude of
ΔR0 = 2.36054m. The use of arbitrary units is due
to the fact that the Planck function needed to calcu-
late the fluxes from the area elements on the system
components per unit wavelength interval (in our case,
in cm) is the energy flux per unit area (per 1 cm2).
However, the unit for measuring distances in our
software code is a0, the distance between the close-
binary components, which is a priori unknown.

In the second stage, the best-fit parameters
for J0903 were searched for using light curves 2–7,
including the normalization of the fluxes to F0. The
following mean parameter values were fixed in order
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Fig. 6. Comparison of the mean light curves of J0903 (points) obtained during the May 2010 superoutburst with theoretical
curves synthesized using the parameters in Table 5 (solid curves). The vertical bars indicate the rms uncertainties of the points
in the mean curves.

to reduce the total number of unknown parameters:
q = 8.547, i = 80.8◦, Rwd = 0.018715ξ = 0.0132a0,
and Twd = 13000 K [10]. The red-dwarf temperature
was taken to be Tred = 3325 K. As was stated above,
the eccentricity of the disk was taken to be e = 0.05
(for this eccentricity, the semi-minor axis of the disk
is b = 0.999a, i.e., the disk is almost circular), and
the normalization flux F0 = 5.425 in arbitrary units
corresponds to ΔR0 = 2.36054m. The parameters of
J0903 obtained from the fits for each of curves 2–
7 are given in Table 5; Fig. 6 shows the theoretical
light curves constructed with the corresponding
parameters.

The spiral-arm model describes the geometrical
perturbations on the surface of the accretion disk
only schematically, since it ignores the fact that the
three-dimensional gas-dynamical calculations of [29]
suggest that these structures have different arm-crest
amplitudes. Another disadvantage of the code used
is the simplified structure of the area where energy is
released due to the interaction between the gaseous
flow and the accretion disk. Our code uses a simpler
model for the hot line, whose lateral surface on the
leeward side is located along the tangent to the disk
surface; this choice was mostly due to our desire to
reduce the number of unknown parameters in the
problem. A cosine distribution of the temperature on
this side of the hot line imitates a hot spot on the disk.

However, these disadvantages of the spiral-arm
model do not prevent it from fitting the light curves

of J0903 during its superoutburst in May 2010 fairly
well (Fig. 6). These results enable us to conclude
that the disk parameters change with the decreasing
brightness of the system in our model.

The variations in the fluxes from the accretion
disk and other components of the system during its
superoutburst are shown in Fig. 7. A careful in-
spection of these plots show that the accretion disk
contributes most to the flux of the system during
its outburst: the maximum R flux from the disk
achieved the maximum value of ∼8.1 units on the
third observing night (JD 2455343); the maximum
flux from the disk was slightly lower (∼7.7 units) on
the previous night (JD 2455342), but a comparable
contribution to the integrated flux was made by the
windward side of the hot line (∼3.2 units), leading to
the anomalously shaped light curve 2. Therefore, the
maximum out-of-eclipse flux in the mean light curves
(mmax in Table 5) was estimated outside the radiating
area of the windward side of the hot line, since we are
considering changes occurring in the accretion disk.
After the maximum, the flux from the disk decreased
by one to two units per day, reaching ∼4.4–4.7 units
on the final observing night.

The contributions of the red dwarf and hot line
can be compared for curves 2 and 4–6. The el-
lipsoidal variations in the flux from the red dwarf
are distorted due to the reflection effect, i.e., heat-
ing of its surface by high-temperature radiation from
the inner regions of the disk. The extent to which
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Table 5. Parameters of the dwarf nova J0903 obtained from analysis of the system’s light curve during its superoutburst
in May 2010 in the spiral-arm model

Parameter Curve 2
JD 2455342

Curve 3
JD 2455343

Curve 4
JD 2455344

Curve 5
JD 2455345

Curve 6
JD 2455346

Curve 7
JD 2455347

Cycle no. N 0 17 34 50 67–68 84

mmax 1.7 1.64 1.80 1.95 2.12 2.34

q = Mwd/Mred 8.547 (fixed)

i, deg 80.8 (fixed)

Tred, K 3325 (fixed)

〈Rred〉, a0 0.223 (fixed)

Rwd 0.018715ξ = 0.0132a0 (fixed)

Twd, K 13 000 (fixed)

Parameters of the accretion disk

e 0.05 (fixed)

Rd/ξ(max) 0.643 0.655 0.630 0.608 0.495 0.494

Rd/a0(max) 0.453 0.462 0.444 0.428 0.349 0.348

Rd/a0(min) 0.410 0.418 0.402 0.388 0.316 0.315

a/a0 0.431 0.440 0.423 0.408 0.333 0.332

Tin, K 37905 40598 38391 35757 30870 13116

Td,out, K 3982 4163 3977 3738 3535 1544

β, deg 4.25 4.39 4.05 3.69 3.18 2.01

αg 0.647 0.651 0.655 0.660 0.673 0.695

αe, deg 124.9 110.1 124.9 115.1 129.8 130.1

Parameters of the hot line

av/a0 0.056 0.006 0.089 0.086 0.009 0.057

bv/a0 0.250 0.189 0.296 0.277 0.362 0.188

cv/a0 0.044 0.022 0.042 0.031 0.020 0.017

T
(1)
max, K 34230 7713 19782 29051 8977 38754

T
(2)
max, K 1243 4822 4656 718 3653 981

Parameters of the spiral waves

ζ 0.184 0.370 0.300 0.187 0.447 0.488

ΔTspir, K 3473 1937 1786 2649 3799 6889

Td, spir , K 7455 6100 5763 6387 7334 8433

Δ1, deg 115.3 7.0 175.6 105.7 6.6 21.4

Δ2, deg 292.1 237.7 353.6 280.4 200.0 190.7

χ2 550 1356 412 426 205 105

Δ1 and Δ2 are the angular distances between the spiral-wave crests and the line connecting the system components (measured
clockwise from the disk periastron); Td, out is the mean temperature at the outer edge of the disk; Td, spir = ΔTspir + Td, out is the
temperature at the outer edge of the disk within the spiral.
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Fig. 7. Contributions of various components in J0903 to the integrated flux during the superoutburst (in arbitrary units): 1 red
dwarf, 2 white dwarf, 3 accretion disk, 4 hot line.

the star is heated depends on the temperature Tin,
which decreased smoothly during the outburst (Ta-
ble 5) and approached the effective temperature of the
white dwarf used in the calculations (Twd = 13000 K)
on the final observing night. Accordingly, the flux
from the red dwarf decreases (both its maximum and
mean values). The reflection effect was low on the
final observing night (JD 2455347, Fig. 7) and el-
lipsoidal variations were mostly detected in the red-
dwarf brightness.

The possibility of observing the flux from the wind-
ward side of the hot line depends strongly on the ori-
entation of the slightly elliptical disk and the length of
the region along the hot line where the shock radiates
δr. Even for close values of δr, a change in the disk
periastron azimuth can lead to either an eclipse of the
shock region by the edge of the disk or to favorable
conditions for its observation.

The flux from the white dwarf (∼0.2 units) does not
change during the superoutburst in our model; it is
not high enough to be able to appreciably affect the
light-curve shapes.

Thus, the phase-dependent radiation from an ac-
cretion disk with spiral arms is the major factor deter-
mining the dip phases and depths in this model; the
hot line is manifest mostly through the amplitudes of
the pre-eclipse and anomalous humps, while varia-
tions in the radiation from the secondary result in a
small drop in the brightness near phase ϕ ∼ 0.5, due
to the integrated reflection and ellipsoidal effects in

the red-dwarf brightness. The agreement between
the synthesized and observed light curves for J0903
(Fig. 6) indicate a very satisfactory fit to the dip pa-
rameters in the spiral-arm model.

Let us consider how the model can explain the
variability of the mean out-of-eclipse luminosity of
the accretion disk averaged over an orbital cycle. Fig-
ure 8 shows the maximum out-of-eclipse flux mmax as
a function of the orbital cycle number during the su-
peroutburst, as well as some parameters of the accre-
tion disk, such as its maximum (Rmax) and minimum
(Rmin) radii, semi-major axis (a), temperature in inner
regions (Tin), thickness of the outer edge of the disk
in degrees β, and the dimensionless coefficient αg ,
which determines the radial temperature distribution
in the disk according to (4). The flux from the white
dwarf does not vary, because its effective temperature
was taken to be fixed in at the value 13 000 K; on the
other hand, the superoutburst maximum is associated
with an appreciable increase in the radiation intensity
from the inner disk regions, that is, the boundary layer
located near the stellar equator, which is a source
of accreting matter onto the white dwarf, according
to modern theory. Here, the temperature reaches a
value of Tin ∼ 41 000 K at the outburst maximum and
decreases to ∼13 000 K at the end of our observation.
Figure 8 indicates that the increase in Tin at the
superoutburst maximum (JD 2455343) is associated
with an increase in the radius of the disk (Rd) and the
thickness of its outer edge β. The mean disk radius
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Fig. 8. Maximum out-of-eclipse flux mmax for the system and some disk parameters as functions of the orbital cycle number N
(see the text).

near the outburst maximum reaches a ∼ 0.44a0 (or
a ∼ 0.63ξ, where ξ is the distance between the center
of mass of the white dwarf and L1). The drop in
brightness by ∼0.7m is accompanied by a decrease
in the disk radius to ∼0.33a0 (or a ∼ 0.47ξ), which
is still 20% greater than its radius in the quiescent
state: Rd ∼ 0.27a0 [10]. We conclude that the object
was still undergoing the stage of a slow decrease
in brightness, and had not achieved its pre-outburst
state on the final observing night.

However, if the contributions from the other com-
ponents are small, the increase in the disk radius
alone cannot provide the luminosity observed at the

maximum of the superoutburst. Not only the size of
the disk but also the character of the radial tempera-
ture distribution affects the flux from the disk. In our
model (see Section 6), this distribution is determined
by (4); i.e., the values of Tin in the boundary layer and
αg . For αg = 0.75, each area element is in radiative
equilibrium, i.e., every point on the surface of the
disk radiates as an perfect blackbody; the smaller the
value of αg, the shallower the temperature distribu-
tion over the disk and the higher its luminosity. αg

was minimum (αg = 0.647) for light curve 2. The
radial temperature distribution smoothly approached
the equilibrium on subsequent days as the brightness
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was falling off after the maximum and αg approached
its canonical value of αg = 0.75.

We emphasize that our conclusions that there was
an increase in the temperature in the inner disk and
growth of the disk radius during the outburst, and a
smooth recovery of the balance between the release
of gravitational energy and radiative cooling (i.e, ap-
proach of αg to its canonical value of 0.75) as the
system was returning to its quiescent state, are based
on the R light curves. The increase in temperature in
the inner parts of the disk during the superoutburst
shifts the radiation maximum toward shorter wave-
lengths; i.e., in general, the changes in the shapes of
the light curves and the flux levels should have been
more substantial in U , B, and V than in the red, where
we observed. Multicolor light curves of high quality
in the transition stages between quiescent states to
outburst maxima and back are required to confirm our
results and construct a more detailed picture of the
evolution of the J0903 superoutburst. Unfortunately,
it is fairly difficult to make these observations, since
the initial increase in the brightness to the maximum
(i.e., the very beginning of an outburst) occurs very
rapidly in dwarf novae, and are usually observed only
sporadically. High-quality light curves on the falling
branches of outbursts in the U , B, and V filters can
be obtained for faint objects (∼14m–15m) only with
large telescopes. The integration times for our equip-
ment when we observed J0903 during its superout-
burst were ∼100, ∼150, and ∼200 s in the V , B, and
U filters, respectively, whereas the eclipse duration
did not exceed ∼205 s. Only one or two points fall
into the eclipse region, which limits the information
carried by light curves, even in V . In R, only ∼40 s
exposures were sufficient to estimate the brightness
reliably, yielding four to six points to cover the eclipse
region of the white dwarf and disk.

8. SUPERHUMPS AS OBSERVATIONAL
MANIFESTATIONS OF GEOMETRICAL

PERTURBATIONS AT THE OUTER EDGE
OF THE DISK

Our observations of J0903 during the outburst
clearly indicate the presence of superhumps in the
light curves, suggesting it is an SU UMa variable.
The main properties of these variables are described
in detail in [1].

First, a superhump is always present in a light
curve observed during a superoutburst. The super-
hump period Psh is 3–7% longer than the orbital pe-
riod, and generally decreases by 1–1.25% as the su-
peroutburst evolves [39]. The superhump amplitude
at the maximum brightness is ∼0.3m–0.4m in the
optical. As the superoutburst evolves, the superhump
amplitude decreases more rapidly than the brightness

falls off; the superhump profile broadens, and other
features appear between the main humps [1, 40, 41].

Second, the appearance of superhumps does not
depend on the orbital inclination of the system. More-
over, recurrent dips are present in eclipsing systems
during superoutbursts, which are most clearly seen
near phases of 0.25 and 0.75 [42]. Similar dips
have been observed in the X-ray light curves of low-
massive close binaries [43], and are explained by
an increase in the vertical thickness of the edge of
the disk (by up to 10◦ at the corresponding phases,
to provide the observed depths of the dips in the
UV [44]). Such dips are absent during ordinary
outbursts.

Third, multicolor photometry of superhumps indi-
cates that the superhump radiation becomes bluer
at their minima and redder at their maxima. This
tendency becomes stronger toward shorter wave-
lengths [45], and can be explained by re-radiation of
the superhump flux: studies of UV dips in the Z Cha
and OY Car systems observed during superoutbursts
show that the increase in the vertical thickness of the
disk near its outer edge leads to an eclipse of the cen-
ter of the disk; the UV flux is partially absorbed and
this flux is then re-radiated at longer wavelengths,
enhancing the optical and IR radiation [46, 47].

Fourth, shifts of the γ velocities have been de-
tected for wide absorption lines during superout-
bursts; analysis of these line profiles shows that γ-
velocity variations are due to changes in asymmetric
features in the disk, rather than total line shifts [48]:
many lines appear in the outer parts of the disk, which
display non-circular motions. A feature that displays
non-circular motion rotates with the period Psh rather
than the orbital period, which suggests that it is
closely related to the source of superhump light.
Eclipse ingresses and egresses are not accompanied
by rapid intensity changes, suggesting that the
superhump light source is an extended region on the
disk spanning almost one-fourth of its surface [49].

The eclipse-mapping method used in numerous
papers was effective in revealing the sources of super-
hump light and identifying three regions of the acrre-
tion disk, from where radiation arrives: one located
near the inner Lagrangian point L1 and two others
positioned symmetrically at the edge of the disk near
phases ϕ ∼ 0.75 and 0.25 [23, 50].

Numerous models have tried to explain the ob-
servational facts listed above (see Introduction). The
best fits are achieved in models in which matter flows
from a donor star and accumulates in the disk, leading
to a gradual increase in the disk radius to ∼0.48a0

(for q > 4.5 and a non-viscous disk); the orbits of
particles become unstable above this radius, and en-
hanced energy release occurs in areas of orbit inter-
sections. A precessing elliptical ring forms at the
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outer edge of the disk [50, 51], where these areas
of enhanced energy release are transferred along the
edge of the disk due to Keplerian rotation.

An alternative mechanism for superhump forma-
tion in SU UMa stars was proposed in [27]. Its main
points are as follows: (1) an accretion disk forms in
a system between superoutbursts and accumulates
mass until it becomes denser than the matter flowing
from the inner Lagrangian point L1; (2) inner parts
of the disk cease to experience gas-dynamical pertur-
bations, and a precessing spiral-density wave forms
here; (3) this leads to an appreciable (by an order of
magnitude) increase in the accretion rate, resulting in
a superoutburst; (4) retrograde precession of the den-
sity wave and the compactness of the central region of
energy release cause the appearance of superhumps
with much longer periods Psh than the orbital periods
and independence of the orbital inclination. This
mechanism seems to be able to explain the whole
variety of observational data in SU UMa stars [27];
however, the eclipse-mapping method is not able to
reveal the compact area with excess energy release on
the surface of the accretor. This may be because this
method is very sensitive to the linear sizes of features
and cannot detect bright spots with such small areas
as the surface of the accretor [27].

Our analysis using the geometrical spiral-arm
model to determine the disk parameters during a
superoutburst yielded results consistent with those
obtained with the eclipse-mapping method (see Sec-
tion 6): the hot line and spiral arms in the outer parts
of the disk intersect the flux from the inner parts of the

disk, appreciably influencing the light curve shapes
during the J0903 superoutburst.

Let us consider the results obtained in the pure
geometrical spiral-arm model we have used to deter-
mine the parameters of the disk and hot line during
the evolution of the superoutburst in this system.

The previous section discussed in detail the clear
decrease in the radius and thickness of the disk and
the boundary-layer temperature (Fig. 8), as well as
the growth of stability that occurred as the total out-
of-eclipse brightness of the system was falling off.

Figure 8 also shows the change in the wave-crest
azimuths Φ = Δn (n = 1, 2) in degrees as a function
of the orbital cycle number. All the variations of
the crest azimuths during the outburst are similar,
although the angular distance between wave crests
shifts slightly from π on either side. The superhump
period was determined in [15]: Psh = 0.060320d. This
is a beat period between the orbital period and the
“precession” period Plong: P−1

sh = P−1
orb − P−1

long . The
superhump light source makes one complete revo-
lution in the rotating reference system over Plong ∼
2.88 days, that is 48.75Porb. This superhump light
source made ∼1.7 revolutions in the rotating refer-
ence system during our observations. On the final ob-
serving night, the shift of the crest azimuths deviated
from the correlation Φ(N) observed earlier. However,
the small number of data points (only six points over
84 orbital cycles with a step of ΔN = 17–18) hinder
unambiguous conclusions about how the superhump
light source moves as the activity of the system de-
cays.

The other parameters of the spirals, namely, the
crest height ζ and the temperature inside the spirals
Td, spir (Table 5), describe the structure of the spirals
fairly schematically; the number of unknowns will
increase drastically if we try to describe the process
in more detail. The parameter ΔTspir for estimating
the degree to which the disk matter is perturbed ap-
preciably influences the parameters of the disk only
at its outer edge, where it is comparable with the
temperature of the unperturbed disk (Table 5); the
effect of this parameter is substantially less in the
inner regions of the disk. The temperature in the
spirals Td, spir = ΔTspir + Td, out changed smoothly
near the outer edge of the disk as the outburst de-
cayed (Table 5), reaching its maximum on the final
observing night; however, there is no evidence for a
clear correlation between changes in Td, spir and the
disk parameters considered above.

Thus, we used the spiral-arm model to calculate
light-curve parameters for J0903 on the descending
branch of the outburst; in this model, we can un-
ambiguously conclude that the azimuths of the spiral
wave crests change when the outburst decays. This
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Fig. 10. (a) Relative out-of-eclipse brightness of J0903 as a function of the phase of the superhump period on different
observing nights during the superoutburst in May 2010. (b) Orientation of spiral arms on the surface of the accretion disk; the
arrows indicate regions of orbital phases with the maximum and minimum fluxes from the spiral arms on the disk (see text). (c)
Contributions of the disk radiation (curves 3) and the hot line (curves 4) to the total out-of-eclipse flux. The curves correspond
to observations obtained on May 25–27, 2010 (JD 2455342–JD 2455344).

conclusion does not depend on the physical reasons
for the appearance of geometrical perturbations in the
disk; it depends only on the model for the close binary
system and its components, as well as the shapes of
the light curves observed during superoutbursts.

Observations in one red band are not sufficient
to reveal the physical nature of these perturbations,
since red radiation is generated mainly in the outer
parts of the disk, the common envelope, and the
surface of the secondary, which is heated by the short-
wavelength radiation of the boundary layer.

Let us consider how the hump shift was manifest
in the orbital light curves during the observed super-
outburst. We deleted measurements within 0.08Porb
of the centers of eclipses. The deviations δR from
the corresponding mean level for the remaining out-
of-eclipse measurements were calculated to take into

account the systematic drop in brightness as the
brightness of the system was falling off.

Figure 9 shows δR as a function of the phase φ of
the superhump period Psh = 0.060320d. We used the
ephemerides (2) to calculate φ. The different symbols
denote observations made on different nights. The
phase-dependent curve δR(φ) has a form charac-
teristic of superhumps during the outburts. Since
this figure shows the unaveraged data, it is possible
to trace which observations (symbols) are related to
which parts of the light curve. Since we know the
calculated fluxes from the system components on the
corresponding nights (Fig. 7), we can elucidate which
parameters of the spiral-arm model give rise to the
apparent superhump migration along the orbital light
curve.
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Fig. 11. Same as Fig. 10 for the observations obtained on May 28–30, 2010 (JD 2455345–JD 2455347).

Recall that our ΔR light curves have not only
different out-of-eclipse maximum flux levels, but also
different depths and orbital phases of the dips (Fig. 4),
which vary from light curve to light curve. The accre-
tion disk contributes most to the total R flux during
the outburst, while the contributions of other other
components, even the secondary, are at least a factor
of three to five smaller (Fig. 7). The dependence of
the disk radiation on the orbital phase, as well as the
dip positions and depths, vary with the contribution
from the spiral arms, which is superimposed on the
relatively constant out-of-eclipse disk radiation. The
maximum radiation from the disk at a phase ϕ occurs
for the following spiral-arm orientation: (1) the spirals
are symmetric and not very wide (or not too high,
since the spiral width is a function of the spiral-
crest height ζ in our code); (2) the inner slope of the
more distant spiral arm with a pronounced reflection
effect is clearly visible. Note that it is not possible
to estimate what part of the UV radiation from the

boundary layer on the outer slope of the nearest spiral
arm is re-radiated in the red, since radiative transfer
is not taken into account in the code.

Figures 10 and 11 show the superhump curves
δR(φ) for light curves 2–7 (Figs. 10a and 11a). The
orientation of the spiral arms on the accretion disk in
the orbital plane for a given set is shown in the center;
the contributions of the disk radiation (curve 3) and
hot line (curve 4) are shown to the right (in arbitrary
units). Here, the notation is the same as in Fig. 7.
Some observations are absent from the light curves in
Figs. 10a, 10c, 11a, and 11c; these observations were
removed because they coincide with the primary min-
imum, Δϕ = (−0.08,+0.08). Apart from the smooth
fall-off, the shape of the curves F (ϕ) for the secondary
(Fig. 7) is repeated from set to set, and these curves
are not shown in Figs. 10c and 11c in order to avoid
making them too cluttered.

In curves 2 and 5, which are similar to each other,
the maximum in the superhump curve δR(φ) with an
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amplitude of ∼0.4m arises due to the coincidence of
the radiation maxima for the disk and the hot line
at orbital phases ϕ ∼ 0.1. The spiral arms near the
outer part of the disk are localized at phases ∼0.7
and ∼0.2 (Figs. 10b and 11b); i.e., we observe the
classical pattern obtained from eclipse mapping. The
arrows in Fig. 10b indicate the orbital phase ranges
where the contributions from spiral arms of the disk
are maximum and minimum. The second maximum
(ϕ ∼ 0.55) in the curve of the disk radiation falls with-
in the superhump minimum (Fig. 10a): the hot-line
contribution is minimum here, and the contribution
of the secondary (Fig. 7) has a local minimum due to
the ellipsoidal effect.

For curve 3, the solution obtained for our model
yields fairly broad and asymmetric spiral arms. The
maximum radiation from the accretion disk is ob-
served at orbital phases ϕ ∼ 0.35–0.8, due to the
favorable conditions for observing the reflection effect
at the inner slope of the spiral arm with its crest at
ϕ ∼ 0.3. The maximum flux from the secondary is
also located here. The local minimum of the sec-
ondary flux is compensated by the local maximum of
the disk contribution due to the ellipsoidal effect at
phase ϕ ∼ 0.5. In this set of observations, the sum
of these two fluxes gives rise to a superhump with
an amplitude of ∼0.35m (Fig. 10a). The hot line
contributes to the total flux only on the leeward side
(analogous to a hot spot), but this contribution is not
high: F ∼ 0.5 units.

The orbital light curve obtained for the fourth set of
observations (JD 2455344) has a classical form: there
is a hump before the eclipse and weak oscillations of
the out-of-eclipse brightness. The superhump ampli-
tude (Fig. 10a) decreases to ∼0.25m; the superhump
is mainly due to the flux from the leeward side of
the hot line at phases ϕ ∼ 0.8. The range of the
oscillations of the accretion-disk flux over the orbital
cycle is half that for the previous sets, and does not
show any regular variations.

The superhump amplitude for curves 6 and 7, does
not exceed ∼0.2m (Fig. 11a), and is comparable with
the scatter of the points in the curves. This is clearly
visible in curve 7. The positions and amplitudes of
the dips are determined by the complex, irregular
variability of the spiral-arm radiation. The fluxes from
the hot line and the secondary are small.

Thus, our results for the spiral-arm model lead us
to conclude that the superhump flux is not directly
associated with the orientation of the spiral arms, and
is instead due to a combination of various factors.

The first and main factor is the increase in the flux
from the windward side of the hot line. The spiral-
arm orientation corresponds to the classical pattern
obtained from eclipse mapping.

The second factor is associated with variations in
the flux from the spiral arms of the disk during the
orbital cycle due to changes in the visibility conditions
for the inner slopes of the spiral arms, which are
heated by the hot radiation from the boundary layer
of the disk (the reflection effect on the disk).

The third factor is the amplitude of the reflection
effect on the secondary. The contribution of this factor
is appreciable only in the presence of high radiation
fluxes from the inner disk regions, i.e., during the
superoutburst maximum. It does not depend on the
spiral-arm orientation relative to the secondary, but it
helps increase the amplitude of the orbital variability
of the out-of-eclipse brightness (and the superhump
amplitude) under appropriate conditions; i.e., if a lo-
cal increase in flux from the disk falls within orbital
phases near ϕ ∼ 0.5.

Let us now summarize our results.
1. We have used a spiral-arm model based on

the generally accepted structure of a disk during a
superoutburst: a non-circular disk is assumed to have
spiral arms in its outer part, and a region of enhanced
energy release exists near the hot line, i.e., the region
where the gas flow interacts with the rotating disk.

2. Application of this model enabled us to recon-
struct the shape, amplitude, and time-dependent be-
havior of the mean level of the out-of-eclipse bright-
ness in the light curves of J0903 on the descend-
ing branch of the superoutburst with good accu-
racy,including dips with various depths and at various
orbital phases.

3. To reconstruct the orbital phases and depths
of the dips in the light curves, we must assume that
the azimuths Φ of the spiral-arm crests near the
outer edge of the disk can change. However, the
assumption of regular changes in Φ contradicts gas-
dynamical calculations that indicate that the spiral
shocks appear due to the tidal effect of the secondary,
which suggests that they should be at rest in a coor-
dinate system rotating with the orbital period.

4. The dependence of the superhump orbital phase
on Φ is not obvious. A superhump appears as a
result of the summing of the fluxes of the spiral arms,
the cycle-dependent flux from the hot line, and, to
a smaller degree, the radiation from the secondary,
whose surface is strongly heated by UV radiation
from the inner regions of the disk. The origin of the
observed regular variability in the flux from the hot
line (from either the windward or leeward side) is not
clear. The level of the flux from the windward side of
the hot line is associated with the energy of the shock
that arises due to the collision of matter of the rotating
disk with the gaseous stream. The shock energy
increases with increasing density and/or velocity of
the disk material. One possibility is that a dense blob
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of matter moves in the ring at the outer edge of the
disk in accordance with Keplerian rotation. This blob
moves more slowly than the main matter of the disk,
and thus it will move in the opposite to the orbital
motion in a rotating coordinate system. A similar
hypothesis (injection of a blob of matter into the outer
ring of the disk) was proposed in the 1980s [30] to
explain the observed migration of a dip along the light
curve of the low-massive X-ray binary HZ Her with
the precessing accretion disk (Porb = 1.70016772d ,
Ppres = 34.875d [52]). However, such blobs are un-
likely to be able to exist for approximately 100 orbital
cycles (the mean superoutburst duration).

5. All this implies that the model we have used to
explain the superoutburst is not perfect. The observed
rotation of the spiral-arm creasts could be due to a
more complex structure of the accretion disk during
the superoutburst, and may suggest that other factors
must be taken into account.

An alternative model to explain superoutbursts
and the nature of superhumps was proposed in [27].
This model assumes that a single spiral-density wave
appears in the inner parts of the disk and precesses
slowly around the compact star. However, this model
likewise cannot answer some questions. In particular,
the superhump light source in this model is a slowly
precessing accretion region on the white dwarf near
the orbital plane of the system. The geometrical size
of this region is very small, and the maximum of its
radiation is in the soft X-ray and UV. The flux in
the optical and red is comprised of radiation from the
outer, cooler parts of the disk (T ≤ 10 000 K) and
the reduced UV flux that is absorbed by geometrical
inhomogeneities of the disk and re-radiated at longer
wavelengths. The schemes for matter flows in the
inner parts of the disk [27, Fig. 1] do not indicate
the presence of other geometrical inhomogeneities
along the path of the superhump UV source, apart
from the thickened outer edge of the accretion disk.
Therefore, the proposed mechanism suggests that
the superhump light source observed in the red can
only be a “dynamical hot spot” that appears when
the precessing UV flux from the accretion region is
reprocessed by a directionally heated part of the disk.
This “dynamical hot spot” can produce a superhump
in the light curve, without invoking variable intensity
of the hot line, the motion of tidal waves in the outer
parts of the disk, complex interactions between the
fluxes from the secondary and the disk, etc. However,
it remains clear how this mechanism can explain the
shift of the dips in orbital phase. Another unstud-
ied phenomenon in this model is the observation of
superhumps in the optical and red in close binaries
with small orbital inclinations i: the superhump light
source—the heated inner slope of the thickened edge
of the disk covering a short range of azimuth—should

be seen at all orbital phases in this model. The
superhump amplitude should then decrease with de-
creasing i, which is not confirmed observationally.

9. CONCLUSIONS

The main results obtained in our study of the
SU UMa dwarf nova J0903 during its superoutburst
in May 2010 are as follows.

1. We have carried out photometric observations of
the eruptive variable J0903 in the R filter of the John-
son photometric system (near-IR) during the super-
outburst in May 2010 (JD 2455341–2455347). The
observations cover an interval near the outburst max-
imum and the subsequent slow decrease in brightness
in the second stage of the superoutburst.

2. The light curves convolved with orbital pe-
riod (3) demonstrate qualitative changes in their
shapes on the descending branch of the outburst.
The amplitude of the light curve decreases smoothly
from 0.8m to 0.6m over the course of six nights;
the maximum brightness decreases from ΔR = 1.6m

near the maximum (May 25, 2010) to ΔR = 2.35m

six days later. All the J0903 light curves show deep
dips in out-of-eclipse parts of the curves during the
outburst; two orbital light curves have anomalous
forms. Models taking into account geometrical
perturbations on the surface of the accretion disk are
required in order to reproduce the dips in the out-of-
eclipse parts of the light curves. A hot-line model is
required to fit the superhumps in the anomalous light
curves at phases ϕ ∼ 0.1–0.2 (i.e., during the egress
from the primary minimum).

3. A spiral-arm model was used to determine the
parameters of the accretion disk, hot line, and other
components of J0903. Along with the hot line, the
model includes geometrical inhomogeneities on the
surface of the disk, namely, two thickenings of its
outer edge that decrease exponentially in the vertical
direction with approach toward the white dwarf and
differ in azimuth by 160◦–200◦. We carried out fitting
using this model in order to determine the parameters
of J0903 for six parts of the superoutburst. The light
curves synthesized with the obtained parameters fit
the shapes of the observed curves and the dip charac-
teristics (orbital phases and depths) well.

4. The accretion-disk radius in the red is ∼0.44a0
at the superoutburst maximum (it was Rd ∼ 0.28a0

before the outburst [10]) and the radial tempera-
ture distribution deviates from the canonical law with
αg = 0.75 (αg decreases to 0.647 near the maxi-
mum). The accretion-disk radius decreases smoothly
to ∼0.33a0, the thickness of its outer edge decreases
by a factor of two, and the temperature of the bound-
ary layer approaches the temperature of the white
dwarf as the superoutburst decays; αg approaches its
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canonical value, so that the balance between heating
and cooling of the matter is restored.

5. Our computational results did not indicate the
action of a single mechanism for the superhump phe-
nomenon and the motion of the superhump in the
rotating reference system. In the model we have used,
the superhump appears due to the summing of the
fluxes from the spiral arms and the cycle-dependent
radiation of the hot line; the radiation from the sec-
ondary, whose surface is strongly heated by UV flux
from the inner regions of the disk, contributes to a
lesser degree. The origin of the long-periodic changes
in the flux from the hot line is not clear.

6. The presence of spiral waves in the outer parts
of the disk during the superoutburst is able formally
reproduce the characteristics of the dips in the light
curves, but only if the crests of the spiral arms located
near the outer edge of the disk have time-dependent
azimuths Φ. This contradicts the tidal character of
the spiral waves in the outer parts of the disk. The
dependences of the superhump, superhump ampli-
tude, and other parameters of the spiral arms on the
orbital phase Φ are not obvious, and the superhump
characteristics are determined by other factors (see
item 5). This suggests that different mechanisms
are responsible for the appearance of the dips and the
superhump.
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