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Abstract—The results of a study of the integrated brightness of the SU UMa eclipsing binary V1239 Her
are presented. The system was monitored on nine nights in 2013—2014 when the binary was in quiescence.
The orbital period is refined ( P,;, = 0.100082222(2)%) and the system’s light curves obtained. These curves
provide evidence for active processes in the system between outbursts: the depths of both minima and
the amplitude of the pre-eclipse hump vary, and one of the light curves exhibits no hump at all. The
parameters of the accretion disk, hot spot, and gas stream in V1239 Her for several epochs are determined
in a “combined” model taking into account the contributions to the total radiation flux from the opaque
part of the gas stream and the hot spot on the lateral surface of the disk. Lower limits for the time scale
for variations of the disk characteristics are estimated: the viscosity parameter (o), temperature of the
inner parts of the disk (7i,), and thickness of the outer edge of the disk (84). These can vary appreciably
over less than 10 orbital cycles. In the model used, the solution for the light curve that lacks a pre-eclipse
hump (JD 2456746) implies the absence of a hot spot on the disk’s lateral surface: the radius of the spot
is negligible, and temperatures of the spot and at the base of the gas stream are lower than those obtained
for the other light curves. The disappearance of the hot spot is accompanied by an abrupt decrease in the
disk radius and a4, as well as a decrease in the thickness of the disk’s outer edge. A comparison with the
system’s parameters derived from the light curve for the previous observation date (JD 2456718) suggests
that the disk mass decreased significantly between these two dates (~280F,y, ); this decrease could be due
to a reduced outflow rate from the secondary, as well as the possible infall of a considerable fraction of the

matter from the disk onto the surface of the white dwarf.

DOI: 10.1134/S1063772915040034

1. INTRODUCTION

Cataclysmic variables (CVs) are close binary sys-
tems with a late-type main-sequence star that fills its
Roche lobe and is losing matter that accretes onto its
white dwarf (WD) companion through the inner La-
grange point. CVs are subdivided into the two broad
subclasses of dwarf novae and nova-like stars, as well
as several smaller subclasses (see, for example, the
catalog of highly evolved close binaries [1]). Ordinary
dwarf novae flare by 2™—6™ in outbursts that last
several days and recur with intervals from several
weeks to several months, or even years. Dwarf novae
can be subdivided into several subtypes according to
the outburst parameters, one of which is SU UMa
stars. These systems display two kinds of outbursts:
normal outbursts and superoutbursts, which differ
from ordinary outbursts in their longer durations and
the presence of so-called superhumps in their light
curves, whose periods exceed the orbital period by 3—
6%. On average, SU UMa stars have the shortest
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orbital periods among CVs (<3 hours). The short-
est orbital periods in this subgroup are possessed by
TU Men (Pyy, = 2 hours 81 minutes) and UZ Boo
(P, ~ 3 hours).

The very uneven distribution of orbital periods dis-
played by CVs has been considered in many stud-
ies (see, for example, the review in [2]). The main
feature of this distribution is the very low number of
systems with orbital periods between two and three
hours. This interval was called the “period gap,”
because it was completely void of CVs when these
systems were first studied. Proposed explanations
of this phenomenon include (1) an abrupt decrease
in angular momentum; (2) dynamic instability of the
system; and (3) a decrease of the secondary’s mag-
netic activity at the stage when the star becomes
completely convective, so that mass transfer via the
inner Lagrange point is temporarily discontinued. In
the “standard” evolutionary scenario, CVs at early
stages of their evolution typically have periods from
three to eight hours, with three hours being the up-
per limit of the period gap, and mass-transfer rates
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of 1072—-10"% M /year. A CV loses angular mo-
mentum during its evolution, which is taken away
by stellar wind from the secondary due to magnetic
events. Not long before the end of magnetic brak-
ing, the mass transfer abruptly decreases, and the
secondary shrinks to the thermal-equilibrium radius,
which is inside its Roche lobe. When the orbital
period reaches two hours due to the radiation of grav-
itational waves, mass transfer again begins, at a rate
of 10710 M /year. Here, the mass of the secondary
can decrease to ~0.05 M.

Further studies gradually filled the period gap. It
was first populated with magnetic stars, mainly po-
lars, whose presence in the gap was explained as
reflecting the absence of an accretion disk, and thus
a different direction of their evolution. With time, the
gap became filled with other kinds of CVs as well.
Until recently, it contained no SU UMa dwarf novae,
with the exception of TU Men, whose period is at
the upper limit of the period gap. The first SU UMa
system in the middle of the period gap was NY Ser[3];
a detailed review of publications on this system can
be found in [4]. By 2003, the gap contained seven
SU UMa stars [2], and this number has now in-
creased to about thirty [4—6]. The boundaries adopted
for the period gap can differ from study to study: 2—3
hours, or 2.1—2.8 hours. Orbital periods for 26 dwarf
novae, 23 of which are SU UMa stars, are presented
in [4], where the period gap is somewhat shifted to-
wards longer orbital periods (2.15—3.18 hours).

Studies of the behavior of stars in the period gap
are very important, since, from theoretical consid-
erations, a binary in this period range should have
no mass transfer from its secondary. However, the
presence of SU UMa stars with regular outbursts
in the period gap testifies to the existence of mass
transfer and must be explained. One of the close
binaries in the period gap is the eclipsing system
V1239 Her = SDSS J170213.26 + 322954.1, which
is the subject of our current study.

Section 2 presents basic information about the
parameters of V1239 Her derived earlier from spec-
troscopic and photometric observations. Section 3
describes our own observations. Sections 4 and 5
consider the ephemeris of V1239 Her and our light
curves. Section 6 brief describes the “combined” CV
model we used to determine the system’s parameters.
Section 7 presents the parameters derived from the
model light curves of V1239 Her, which we discuss in

Section 8. Our main conclusions are summarized in
Section 9.

2. MAIN INFORMATION
ABOUT THE SYSTEM
V1239 Her = SDSS J170213.26 4 322954.1 was
identified as a new eclipsing cataclysmic variable dur-
ing the Sloan Digital Sky Survey (SDSS)[7].
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The first outburst of the system was detected in
late September and early October 2005. Boyd et
al. [8] present the evolution of white-light light curves
as the outburst developed; they found the times of
minima and derived the following ephemeris of the
orbital variations:

Min. phot. = HJD 2453648.236507(29)
+0.10008215(1)E.

They also demonstrated that the structure of the light
curves between eclipses was very complex, probably
due to interference between the orbital and super-
hump periods. A search for other brightness modu-
lations after subtracting eclipses from the whole set
of observations led to the detection of a signal with
a period of 0.10496(15) days, which could be the
superhump period; the system was classified as an
SU UMa star.

The light curve of V1239 Her in quiescence is
quite interesting. It has a deep (to ~1.5") minimum
(¢ ~ 0.0) corresponding to the primary eclipse with
the 2.4-hour period, a secondary minimum with a
depth to 0.2™ at phase 0.5, and a large hump (to
~0.2™) before the eclipse, due to the appearance of
a hot spot in the line of sight. Radial-velocity curves
for the Ha and Hg lines, which have semi-amplitudes
of 110 + 10 and 124 + 13 km/s, are presented in [7];
the spectral type of the red dwarf was determined
as M1.5 + 1.1, and the distance to the object (d ~
460—650 pc) was estimated from empirical relations.

Littlefair et al. [9] performed time-resolved (~2 s)
photometry of V1239 Her with the ULTRACAM in-
strument on the 4.2-m WHT telescope, focusing es-
pecially on the eclipse profiles. The data from [9]
were re-analyzed in [10]. Considerable flickering was
detected near the eclipse ingress (¢ > 0.8), probably
originating in the inner disk and hot spot.

Photometry of the star was acquired between Au-
gust 11 and 25, 2005, when the system was in qui-
escence [9]. The fluxes from V1239 Her in the u, g,
r filters (with effective wavelengths A\ 3551, 4686,

and 6166 A) were u = 18.52™, g = 17.92™ and r =
17.82™. The following ephemeris of the system was
derived from an analysis of six times of minima:

Min. phot. = HJD 2453594.39209(4) (1)
+0.10008209(9)! E.

The eclipsing character of the variations of
V1239 Her and the availability of observations with
very high time resolution made it possible to deter-
mine the system’s basic parameters (see [9, 10] for
details) from the shape and duration of the WD’s
eclipse, under the assumption that the secondary
component completely filled its Roche lobe, i.e. p =
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Table 1. Parameters of V1239 Her from [9, 10]

KHRUZINA et al.

Parameter Value Parameter Value
i, deg 82.55 £ 0.17 Kya, km/s 94.0 &£ 2.2
q = Mya/M:eq 4.0340.08 Kred, km/s 380 +4
My, Mg 0.91 +£0.03 Ry, ag 0.290 + 0.001
Mieq, Mg 0.223 £0.010 Twa, K 15200 £ 1200
Ry4, Ro 0.0092 + 0.0004 Tied, K 3800 + 100 (M0+0.5 V)
Ruya, ag 0.00974 + 0.00054 d, pc 270+ 16
Rred, Ro 0.252 + 0.004 P, min 144.11821(13)
ao, Re 0.945 + 0.012

Here ayg is the distance between the centers of mass of the binary components; K,,q and K4 are the radial velocity semi-amplitudes

of the WD and secondary; d is the distance to the system.

1, where p is the degree of filling of the secondary’s
Roche lobe. In this case, the duration of the WD’s
eclipse depends only on the orbital inclination ¢ and
the mass ratio ¢ = Myq/M;eq. Littlefair et al. [9]
applied the Nelder—Mead method (the AMOEBA
algorithm [11]) to determine unknown parameters of
the close binary in the classical model of a CV. The
component masses were estimated assuming that the
mass of the WD agreed with the theoretical mass—
radius relation fora WD with the corresponding effec-
tive temperature. The object’s effective temperature
and distance were estimated from spectroscopy of the
red star; the distance to the object was found to be
lower than in [7], d ~ 250—290 pc. The secondary’s
mass was also found to be lower than expected for the
orbital period and its temperature, and higher than for
stars of its mass. Littlefair et al. [9] and Savoury
et al. [10] suggested that these findings indicate
that the secondary is a highly evolved star: its mass
and effective temperature correspond to a star with
a strongly decreased fraction of hydrogen. Note also
that the mass of the WD, M,,q = (0.91 £ 0.03) M),
is above the mean mass of WDs in CVs, (M) =
(0.76 +0.19) My. The parameters of V1239 Her
derived in [9, 10] are compiled in Table 1.

Data of the American Association of Variable Star
Observers (AAVSO, www.aavso.org) obtained in
white light during a superoutburst in 2005 (eight
nights between October 4 and 12) also demonstrate
considerable variations in the shape of the V1239 Her
light curve. As an example, Fig. 1 shows the
system’s light curves for October 4 and 11, 2005
(JD 2453648 and 2453655). It is obvious that the
light-curve shape changed within several days. While
a large hump was observed at phase 0.4—0.5 on
October 4, 2005 (JD 2453648), without the pre-
eclipse “hump” typical of dwarf novae, we observe a

virtually flat out-of eclipse light curve on October 11
(JD 2453655), when the mean brightness decreased
by ~1™. Here, the depth of the eclipse exceeds
2™, As was demonstrated in [8], the residual curve
after subtracting the orbital light curve clearly reveals
superhumps. An estimate of the superhump period
gives Py, = 0.10496(15).

Kato et al.[12, 13] analyzed the behavior of the su-
perhump period and the derivative Pyy = (dP/dt)/P
for a large number of SU UMa and WZ Sge stars,
including V1239 Her during its superoutbursts of
2005 and 2011. They used data by different authors to
refine the orbital period (0.100082207%), estimated the
period excess € = (Pyp, — Powp)/Porpy = 6.0%, where
Py, and Py, are the orbital and superhump peri-
ods, and confirmed the star’s classification as an
SU UMa dwarf nova. A list of all known outbursts of
V1239 Her is presented in [13]: superoutbursts were
observed in September—October 2005, September
2007, October 2009, and July 2011, and ordinary
outbursts in July 2006 and February 2009.

3. OBSERVATIONS

Our observations of V1239 Her began in 2004 and
continued until July 2014. Since the star’s apparent
brightness in quiescence is fairly low (~19™), the
quality of our V' and R data did not enable their
use for the analysis. This paper presents the results
of our analysis for data from nine nights in 2013—
2014 obtained without a filter (in white, or inte-
grated, light) during the system’s quiescence. We
observed the object with the 1.25-m telescope of
Moscow State University’s Crimean Station using
a VersArray 1340 CCD, with the 60-cm Zeiss-600
telescope of the Astronomical Institute of the Slovak
Academy of Sciences (Tatranska Lomnica, Slovak
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Fig. 1. Light curves of V1239 Her during its outburst in October, 2005 according to AAVSO data.

Republic) using a FLI ML 3041 CCD, and with the
Zeiss-1000 telescope of the Special Astrophysical
Observatoty (SAO, Russian Academy of Sciences)
using a E2V 4000 x 2000 CCD camera. The duration
of the observing sessions depended on the weather
conditions, and were, on average, two to three hours;
the best time resolution was 33 s for the minimum
brightness of the orbital light curve and 17 s for the
maximum brightness. Table 2 presents a log of our
observations.

Since the object is faint, we observed in white,
integrated light. We call refer to these broadband
observations here as “C”. The central wavelength

was A = 6300 A and the bandwidth (at the ~0.5max

level) was A\g5 ~ 4300—8300 A. The transmission
curve was smooth and approximately bell-shaped.

The very nearby star USNO-A2.0 1200-08161936
(“r1”, «(2000) = 17: 02 : 14.250, 6(2000) = +32:
29 :06.91) was used as a comparison star; the con-
stancy of its brightness was monitored using several
check stars. Since we have not yet performed an
accurate brightness determination for this star, we
express our measured C' magnitudes for the variable
in relative, rather than absolute, magnitudes using
the relation AC =5+ C(V 1239) — C(rl), where
“5” is the tentative C' magnitude of the comparison
star. We reduced the data obtained using the aperture
photometry technique in the MAXIM-DL software
package.

Figure 2 shows light curves of V1239 Her for the
nights listed in Table 2 in relative units: the magni-
tude differences AC between the target and the com-
parison star are plotted along the vertical axis. This
figure shows the variations of the light-curve shape
between outbursts. The light curves are arranged in
pairs: in the left plots, fractions of the corresponding
Julian day are plotted along the horizontal axis; in the

ASTRONOMY REPORTS Vol.59 No.4 2015

right plots, we present phased curves, showing the

data folded with the period 0.100082222¢. Though
the system was in quiescence, the orbital light curve
varies, and the orbital pre-eclipse hump is missing on
some nights. Brightness variations of this kind were
reported in [8]: the light curve changed significantly
from cycle to cycle on August 3, 2013 (JD 2456508),
when the system was in quiescence.

4. ORBITAL EPHEMERIS

We used code kindly provided by V.P. Goranskij
to determine the system’s orbital period based on our
entire set of data. The power spectrum derived using
the Lafler—Kinman method, shown in Fig. 3, clearly
reveals a peak corresponding to the orbital period:

P.., = 0.100082222¢.

We used the times of minima from [8, 9, 13], the
AAVSO data, and our own data (in particular, our
observations in Summer 2014) to derive an ephemeris
of the orbital variations at our observing epoch. We
used all the available data to plot the time dependence
of the difference between the observed times of min-
ima and those calculated using the ephemeris, O—C

(Fig. 4).

Our observations are plotted as filled circles, and
data from the literature and the AAVSO as asterisks.
There were no visible changes in the orbital period
during 10 years. On average, the times of minima
deviate from the ephemeris by no more than 30 s, with
deviations probably due to uncertainties and ambigu-
ities in the mid-eclipse times for the eclipses of the
WD (see below). When plotting the O—C' diagram,
we also used the times of five more recent minima
from data we obtained in July, 2014 with the same
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Fig. 2. Panels /—9: quiescence light curves of V1239 Her observed in 2013—2014 on the dates listed in Table 2. The lelt panel
of each light curve shows the brightness variation with time and the right panel the phased light curve folded with the orbital

period Poy, = 0.100082222°. Panel /0 presents the combined light curve for our observing epoch (left) and the observed and

mean phased light curve (grey and black dots, right).

ZTE telescope (see the note to Table 2). We de-
rived the following ephemeris from the O—C' diagram,
which satisfies all the eclipse times we obtained:

Min. phot. = HJD 2456508.28346(15)  (2)
+ 0.100082222(2)¢ E.

Accurate determination of the time of the mini-

mum corresponding to the mid-eclipse of the WD by
the secondary requires observations with high time
resolution. Details of the light curve can then be used
to find the times of the eclipse ingress and egress
for the WD, hot spot, and accretion disk, and thus
determine the time of the WD mid-eclipse with good
accuracy. More information about this procedure is

ASTRONOMY REPORTS Vol.59 No.4 2015
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Fig. 4. O—C residuals versus the orbital cycle number N. Filled circles are our observations and asterisks data from the

literature or the AAVSO database.

given in [14, 15]. Determination of the middle of
the WD eclipse is much more difficult using observa-
tions with low time resolution, since it is not possible
to reliably fix the times of the eclipse ingress and
egress, and the observed brightness minimum does
not necessarily correspond to the mid-eclipse of the
WD (see[16]for details).

We therefore used the following algorithm to com-
pute the phases of the light curves.

1. We used the ephemeris (2) to compute the
orbital phases for the observations obtained in 2013—
2014 and plotted the mean light curves.

2. When deriving the close-binary parameters
from the observed light-curve shape, we added the
orbital-phase shift of the observed light curve relative
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to the synthetic curve Ay to the set of unknown
parameters, so that the true WD mid-eclipse time
should correspond to phase ¢ = 0.0.

3. The computed corrections were added to the
phases of the normal points of the mean light curves
(Table 3). Table 2 contains the derived times of the
WD mid-eclipse, T,.

5. LIGHT CURVES

The light curves displayed in Fig. 2 can be divided
into several groups that are close in time (Fig. 5). We
grouped the data (grey points) as follows and plotted
the corresponding light curves in Fig. 5. [: data
of JD 2456457, 460; 2: JD 2456605, 606, 607; 3:
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Table 2. Log of observations of V1239 Herin 2013—2014

KHRUZINA et al.

P1, P2
Date Ty, T, JD 2456000+ (acc?rgd)i)ng to 22%’6516]& N | ACwmsx | ACwn | Instrument
92013.06.13 | 457.42926—457.53909 | 0.853—1.501 | 457.44386 | 550 | 5.535™ | 7.232™ /
9013.06.16 | 460.41709—460.51451 | 0.699—1.673 | 460.44693 | 319 | 5539 | 7.149 i
92013.08.03 | 508.25751—508.33603 | 0.714—1.499 | 508.28572 | 364 | 5428 | 7.347 2
92013.11.08 | 605.14102—605.17672 | 0.752—1.108 | 605.16561 | 199 | 5477 | 7.187 i
2013.11.09 | 606.13527—606.21994 | 0.684—1.530 | 606.16617 | 450 | 5.377 | 7.103 i
9013.11.10 | 607.13374—607.21576 | 0.665—1.485 | 607.16713 | 423 | 5402 | 7.189 i
92014.02.25 | 714.51062—714.65289 | 0.546—1.968 | 714.55536 | 161 | 5.582 | 7.264 3
92014.03.01 | 718.49238—718.67645 | 0.339-2.178 | 718.65818 | 192 | 5.622 | 7.258 3
92014.03.29 | 746.50400—746.62635 | 0.232—1455 | 746.58155 | 170 | 5.606 | 7.237 3

T, T5 are the times of the beginning and end of our observations; ¢1, w2 the beginning and end phases of the observations, according to
(2); Ty, the observed time of minimum; N the number of CCD images acquired during the night; and ACnax and ACh, the maximum
and minimum magnitudes in a given set of observations. The instruments are: (/) the ZTE telescope (Nauchnyi, Crimea) with a
VersArray1300 CCD camera, (2) the Zeiss-1000 telescope (SAO) with a E2V 4000 x 2000 CCD camera, and (3) the Zeiss-600
telescope (Tatranska Lomnica, Slovakia) with a FLI ML 3041 CCD camera.

JD 2456714, 718, and 4: JD 2456746. We calculated
the mean light curve for each group (black dots).
Panel /10 (right side) in Fig. 2 and Fig. 5 show that the
scatter of the data is considerable, even within two to
three nights; this is clearly seen in panel 2 of Fig. 5.
The mean light-curve shape also varies. For example,
the light curve for March 29 (JD 2456746) lacks an
orbital hump (panel 9 in Fig. 2 and panel 4 in Fig. 5),
and the fluxes at the eclipse ingress and egress are
comparable. Note that the secondary minimum has
moved from phase ¢ ~ 0.5 to phase ¢ ~ 0.55. Such
light curve variations make it necessary to analyze

each of the available curves in order to determine
which parameter variations cause these effects.

Determining the component parameters from
photometric data requires reliable light curves that
have been cleaned of random flux fluctuations. Our
data cover three groups of 2013—2014 observations
separated into least 1000 orbital cycles (Fig. 4,
Table 2). The system did not experience any outburst
activity on the studied dates, but the light-curve
shape obviously varied. The mean light curves used to
determine the parameters of V1239 Her are presented
in Table 3. As a rule, we did not average data within
the primary minimum, to avoid distortion of the shape
of the minimum. We estimated the uncertainties
of such data points using the mean o value calcu-

lated from the corresponding light curve outside the
eclipse. The the total number of measurements in a
dataset is presented in braces.

6. MODEL OF THE CLOSE BINARY USED
TO DETERMINE THE SYSTEM
PARAMETERS

Gas-dynamical studies of the steady-state mat-
ter flow patterns in close binary systems show that
the interaction between the flow and disk is colli-
sionless [17—22]. A shock appears, but only in a
narrow region along the flow edge (a “hot line”), as
a result of the interaction of incoming streams of
the disk and circumdisk halo with the matter in the
flow. Re-processing of the energy released forms
an extended region of enhanced energy release that
coincides with the surface of the optically thick part of
the gas flow. Bisikalo et al. [17] gave this model the
name “hot line”, in spite of the finite (3D) character
of the shock’s extended region, in order to emphasize
the difference of the energy release in this model and
its location from the case of a conventional “hot spot”
model assuming a collisional impact of the gas flow
with the lateral surface of the accretion disk. In
the software developed based on these gas-dynamical
computations, the optically thick part of the extended
region of enhanced energy release was approximated
using a truncated ellipsoid, whose major axis co-
incides with the axis of the gas flow. We will call
the resulting object a hot line (following [17—22]), or
alternatively a hot ellipsoid or hot stream, which is
more correct from the linguistic point of view. The
main morphologic features of the matter flow in a
semi-detached binary with a steady-state cool disk
(Tepr ~ 10000—15000 K)) are described in [20, 23].

The gas-dynamical computations [20] demon-
strate that, in the case of a cool disk, the interaction
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Table 3. Mean light curves of V1239 Her obtained in 2013—2014
JD 2456457{65} JD 2456460{57} JD 2456508{52}

%) AC o n %) AC o n ® AC o n
0.0040 | 7.1928 | 0.0132 6 | 0.0025 | 7.0923 | 0.0384 3 | 0.0096 | 7.2943 | 0.0271 4
0.0154 | 7.1035 | 0.0224 6 | 0.0121 | 6.9700 | 0.0180 2 | 0.0249 | 7.1423 | 0.0299 4
0.0250 | 7.0540 | 0.0106 4 | 0.0178 | 6.8477 | 0.0071 3 | 0.0346 | 6.8580 | 0.0165 |
0.0327 | 6.8955 | 0.0334 4 | 0.0239 | 6.8937 | 0.0045 3 | 0.0402 | 6.3080 | 0.0340 5
0.0442 | 6.3530 | 0.0168 8 | 0.0293 | 6.6120 | 0.0126 1 | 0.0509 | 6.2693 | 0.0229 6
0.0586 | 6.2910 | 0.0130 7 | 0.0356 | 6.2495 | 0.0191 4 | 0.0617 | 6.2092 | 0.0122 5
0.0721 | 6.2633 | 0.0124 7 | 0.0495 | 6.2138 | 0.0118 5 | 0.0732 | 6.1380 | 0.0434 7
0.0957 | 6.0177 | 0.0121 11 | 0.0581 | 6.1380 | 0.0126 1 | 0.0855 | 5.9328 | 0.0467 6
0.1462 | 6.0187 | 0.0095 | 12 | 0.1197 | 5.9330 | 0.0156 6 | 0.0980 | 5.9531 | 0.0182 7
0.1692 | 59899 | 0.0048 | 12 | 0.1544 | 5.9013 | 0.0221 7 | 0.1143 | 59517 | 0.0196 | 10
0.1912 | 59605 | 0.0076 | 11 | 0.1896 | 5.9043 | 0.0146 7 | 0.1336 | 59130 | 0.0172 | 10
0.2113 | 59875 | 0.0080 | 10 | 0.2237 | 5.8576 | 0.0179 | 10 | 0.1528 | 5.9441 | 0.0190 | 10
0.2305 | 59573 | 0.0075 | 10 | 0.2486 | 5.8939 | 0.0047 | 10 | 0.1719 | 5.9352 | 0.0149 | 10
0.2496 | 59554 | 0.0062 | 10 | 0.2687 | 5.9051 | 0.0089 | 11 | 0.1911 | 5.9100 | 0.0179 | 10
0.2688 | 5.9473 | 0.0086 | 10 | 0.2908 | 59150 | 0.0088 | 12 | 0.2104 | 5.8888 | 0.0155 | 10
0.2879 | 5.9652 | 0.0069 | 10 | 0.3080 | 5.9325 | 0.0179 6 | 0.2296 | 5.8905 | 0.0087 | 10
0.3071 | 59972 | 0.0111 10 | 0.3770 | 59779 | 0.0117 | 10 | 0.2488 | 5.8731 | 0.0190 | 10
0.3262 | 6.0031 | 0.0076 | 10 | 0.3962 | 6.0223 | 0.0104 | 10 | 0.2679 | 5.8856 | 0.0102 | 10
0.3454 | 59951 | 0.0067 | 10 | 0.4152 | 6.0376 | 0.0093 9 | 0.2872 | 5.8606 | 0.0137 | 10
0.3645 | 6.0392 | 0.0061 10 | 0.4670 | 6.1197 | 0.0081 10 | 0.3065 | 5.9006 | 0.0122 | 10
0.3837 | 6.0224 | 0.0082 | 10 | 0.4862 | 6.1498 | 0.0119 | 10 | 0.3257 | 59170 | 0.0140 | 10
0.4028 | 6.0794 | 0.0117 | 10 | 0.5054 | 6.1642 | 0.0101 10 | 0.3448 | 59167 | 0.0134 | 10
0.4220 | 6.1108 | 0.0089 | 10 | 0.5327 | 6.1505 | 0.0142 | 11 | 0.3734 | 5.9461 | 0.0139 | 20
0.4412 | 6.1342 | 0.0061 10 | 0.6439 | 59214 | 0.0139 9 | 04116 | 59696 | 0.0117 | 20
0.4603 | 6.1887 | 0.0098 | 10 | 0.6648 | 5.8648 | 0.0151 10 | 0.4384 | 5.9594 | 0.0141 8
0.4795 | 6.2399 | 0.0095 | 10 | 0.7124 | 5.7223 | 0.0147 6 | 0.4547 | 5.9860 | 0.0151 9
0.4987 | 6.2351 | 0.0070 | 10 | 0.7276 | 5.6590 | 0.0122 6 | 04813 | 6.05618 | 0.0301 8
0.5187 | 6.2249 | 0.0096 | 10 | 0.7391 | 5.6372 | 0.0074 6 | 0.7311 | 5.5857 | 0.0170 6
0.5388 | 6.2464 | 0.0128 | 10 | 0.7507 | 5.6413 | 0.0092 6 | 0.7466 | 5.6162 | 0.0181 6
0.5580 | 6.2000 | 0.0104 | 10 | 0.7621 | 5.6217 | 0.0097 6 | 0.7612 | 5.5538 | 0.0049 6
0.5771 | 6.2113 | 0.0107 | 10 | 0.7736 | 5.6248 | 0.0126 6 | 0.7727 | 5.5417 | 0.0138 6
0.5963 | 6.1621 | 0.0089 | 10 | 0.7856 | 5.6022 | 0.0167 6 | 0.7842 | 5.5312 | 0.0137 6
0.6154 | 6.1072 | 0.0140 | 10 | 0.8001 | 5.5998 | 0.0090 6 | 0.7956 | 5.5342 | 0.0081 6
0.6346 | 6.0365 | 0.0158 | 10 | 0.8139 | 5.5758 | 0.0097 6 | 0.8072 | 5.5160 | 0.0109 6
0.6537 | 59786 | 0.0117 | 10 | 0.8254 | 5.5845 | 0.0177 6 | 0.8187 | 5.5260 | 0.0233 6
0.6729 | 5.8946 | 0.0128 | 10 | 0.8368 | 5.5792 | 0.0090 6 | 0.8305 | 5.5090 | 0.0116 6
0.6920 | 5.8248 | 0.0081 10 | 0.8483 | 5.6087 | 0.0044 6 | 0.8425 | 5.5155 | 0.0094 6
0.7112 | 57861 | 0.0109 | 10 | 0.8598 | 5.6573 | 0.0070 6 | 0.8539 | 5.5190 | 0.0141 6
0.7303 | 5.7520 | 0.0100 | 10 | 0.8713 | 5.6407 | 0.0111 6 | 0.80655 | 5.4877 | 0.0108 6
0.7495 | 5.7345 | 0.0069 | 10 | 0.8828 | 5.6220 | 0.0097 6 | 0.8800 | 5.5216 | 0.0189 9
0.7687 | 5.6821 | 0.0097 | 10 | 0.8960 | 5.6312 | 0.0159 5 | 0.8974 | 5.5336 | 0.0129 9
0.7878 | 5.6723 | 0.0062 | 10 | 0.9067 | 5.6346 | 0.0047 5 | 09108 | 5.5490 | 0.0219 5
0.8070 | 5.6383 | 0.0080 | 10 | 09167 | 5.6482 | 0.0119 5 | 09203 | 5.5604 | 0.0183 5
0.8261 | 5.6853 | 0.0123 | 10 | 0.9278 | 5.7184 | 0.0121 5 | 09299 | 55936 | 0.0113 5
0.8453 | 5.6322 | 0.0201 10 | 09374 | 5.7502 | 0.0131 5 | 0.9578 | 5.6290 | 0.0083 5
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Table 3. (Contd.)

KHRUZINA et al.

JD 2456457{65} JD 2456460{57} JD 2456508{52}
® AC o n ® AC o n % AC o n
0.8582 | 5.6440 | 0.0123 | 10 | 0.9460 | 5.8263 | 0.0084 4 | 0.9637 | 5.8520 | 0.0165 1
0.8679 | 5.6431 | 0.0189 | 10 | 0.9537 | 5.8860 | 0.0227 4 | 0.9654 | 59880 | 0.0165 1
0.8764 | 5.6466 | 0.0305 | 10 | 0.9584 | 6.1080 | 0.0126 1 | 09685 | 6.1575 | 0.0166 2
0.8863 | 5.6591 | 0.0158 | 10 | 0.9661 | 6.2517 | 0.0165 7 | 09722 | 6.0165 | 0.0075 2
0.8959 | 5.6728 | 0.0175 | 10 | 0.9738 | 6.4520 | 0.0126 1 | 09761 | 6.3785 | 0.0166 2
0.9056 | 5.6825 | 0.0200 | 10 | 0.9758 | 6.5480 | 0.0126 1 | 09790 | 6.6230 | 0.0165 1
0.9160 | 5.6990 | 0.0149 | 10 | 0.9776 | 6.6690 | 0.0126 1 | 09914 | 7.2665 | 0.0226 4

0.9256 | 5.7457 | 0.0245 | 10 | 0.9796 | 6.7820 | 0.0126 | JD 2456607{59}
0.9349 | 5.7385 | 0.0179 8 | 0.9834 | 6.8560 | 0.0126 | %) AC o n
0.9456 | 5.7749 | 0.0290 9 | 0.9872 | 6.9370 | 0.0126 1 | 0.0002 | 7.1345 | 0.0323 4
0.9580 | 5.7797 | 0.0260 8 | 0.9910 | 6.9910 | 0.0126 1 | 0.0089 | 7.0690 | 0.0230 5
0.9686 | 6.1287 | 0.0279 3| 0.9949 | 7.0270 | 0.0126 1 | 00174 | 6.9332 | 0.0234 4
0.9742 | 6.2317 | 0.0168 3 JD 2456606{54} 0.0232 | 6.9995 | 0.0815 2
0.9781 | 6.4140 | 0.0136 | ® AC o n | 0.0261 | 6.7250 | 0.0165 |
0.9800 | 6.5400 | 0.0136 1 | 0.0021 | 7.0226 | 0.0209 9 | 0.0280 | 6.8790 | 0.0165 1
0.9819 | 6.6670 | 0.0136 1 | 0.0138 | 6.9938 | 0.0246 4 1 0.0299 | 69130 | 0.0165 1
0.9839 | 6.7650 | 0.0136 1 | 0.0210 | 6.9025 | 0.0756 4 | 0.0318 | 6.5430 | 0.0165 1
0.9858 | 6.9320 | 0.0136 [ | 0.0291 | 6.7184 | 0.0407 5 | 0.0338 | 6.2610 | 0.0165 |
0.9896 | 7.0550 | 0.0368 3 | 0.0346 | 6.2800 | 0.0171 1 | 0.0376 | 6.1480 | 0.0168 3
0.9964 | 7.0807 | 0.0205 3 | 0.0444 | 6.0234 | 0.0149 | 10 | 0.0442 | 6.1027 | 0.0325 4
JD 2456605{30} 0.0624 | 59555 | 0.0182 | 10 | 0.0529 | 6.0660 | 0.0240 5
® AC o n 0.0804 | 5.8479 | 0.0253 | 10 | 0.0605 | 6.0490 | 0.0189 3
0.0035 | 7.0220 | 0.0371 4 1 0.0984 | 5.7300 | 0.0125 | 10 | 0.0672 | 5.9752 | 0.0157 4
0.0117 | 7.0000 | 0.0341 5 | 0.1164 | 57609 | 0.0103 | 10 | 0.0720 | 5.8810 | 0.0165 |
0.0197 | 6.9017 | 0.0127 4 1 0.1344 | 57711 | 0.0146 | 10 | 0.0826 | 5.7855 | 0.0068 | 10
0.0270 | 6.8268 | 0.0128 4 | 0.1524 | 58031 | 0.0145 | 10 | 0.1017 | 5.7675 | 0.0104 | 10
0.0315 | 6.3500 | 0.0177 I | 0.1704 | 57754 | 0.0082 | 10 | 0.1209 | 5.7807 | 0.0119 | 10
0.0405 | 6.1026 | 0.0151 9 | 0.1884 | 57912 | 0.0139 | 10 | 0.1400 | 5.7886 | 0.0127 | 10
0.0569 | 6.0300 | 0.0115 9 | 0.2064 | 57625 | 0.0126 | 10 | 0.1592 | 5.7783 | 0.0083 | 10
0.0732 | 5.9378 | 0.0287 9 | 02329 | 57964 | 0.0083 | 10 | 0.1783 | 5.7576 | 0.0076 | 10
0.0894 | 5.7718 | 0.0142 9 | 0.2509 | 57249 | 0.0107 | 10 | 0.1975 | 5.7461 | 0.0121 10
0.1047 | 5.7869 | 0.0068 8 | 0.2689 | 57598 | 0.0130 | 10 | 0.2167 | 5.7470 | 0.0132 | 10
0.7614 | 5.5493 | 0.0167 | 10 | 0.2872 | 5.7653 | 0.0159 | 10 | 0.2358 | 5.7929 | 0.0125 | 10
0.7803 | 5.5275 | 0.0111 10 | 0.3086 | 5.7504 | 0.0116 | 10 | 0.2550 | 5.7413 | 0.0095 | 10
0.7983 | 5.5757 | 0.0084 | 10 | 0.3277 | 57714 | 0.0224 | 10 | 0.2741 | 5.6871 | 0.0151 10
0.8163 | 5.5578 | 0.0069 | 10 | 0.3469 | 5.7686 | 0.0112 | 10 | 0.2933 | 5.7989 | 0.0086 | 10
0.8343 | 5.5909 | 0.0106 | 10 | 0.3661 | 5.7710 | 0.0100 | 10 | 0.3124 | 5.7017 | 0.0098 | 10
0.8523 | 5.5924 | 0.0189 | 10 | 0.3852 | 5.7802 | 0.0138 | 10 | 0.3316 | 57170 | 0.0111 10
0.8703 | 5.5447 | 0.0098 | 10 | 0.4044 | 5.7950 | 0.0127 | 10 | 0.3507 | 5.7382 | 0.0121 10
0.8883 | 5.5667 | 0.0123 | 10 | 0.4235 | 5.8532 | 0.0080 | 10 | 0.3699 | 57246 | 0.0140 | 10
0.9063 | 5.6349 | 0.0185 | 10 | 0.4427 | 5.8537 | 0.0100 | 10 | 0.3890 | 5.7431 | 0.0104 | 10
0.9225 | 5.6854 | 0.0119 8 | 04618 | 59177 | 0.0117 | 10 | 0.4082 | 5.7735 | 0.0129 | 10
0.9369 | 5.7230 | 0.0109 8 | 04813 | 59534 | 0.0127 | 10 | 0.4264 | 5.8027 | 0.0122 9
0.9513 | 5.7438 | 0.0097 8 | 0.5048 | 59373 | 0.0134 9 | 0.4436 | 5.8080 | 0.0142 9
0.9593 | 5.8510 | 0.0177 1 | 05272 | 59711 | 0.0140 9 | 04608 | 58449 | 0.0216 9
0.9612 | 6.0600 | 0.0177 1 | 0.6980 | 55472 | 0.0193 9 | 04781 | 58808 | 0.0114 9
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Table 3. (Contd.)

JD 2456605{30} JD 2456606{54} JD 2456607{59}

% AC o n ® AC o n ® AC o n
0.9657 | 6.2562 | 0.0140 | 4 | 0.7131 | 5.5008 | 0.0154 9 | 0.6842 | 5.6762 | 0.0195 | 10
09711 | 6.4090 | 0.0300 | 2 | 0.7292 | 5.5161 | 0.0145 | 10 | 0.7052 | 5.6270 | 0.0191 10
0.9756 | 6.6507 | 0.0324 | 3 | 0.7474 | 5.5171 | 0.0131 10 | 0.7244 | 5.6474 | 0.0187 | 10
0.9828 | 6.8774 | 0.0155 | 5 | 0.7661 | 5.4967 | 0.0076 | 10 | 0.7436 | 5.6113 | 0.0110 | 10
0.9900 | 7.0097 | 0.0322 | 3 | 0.7841 | 5.4789 | 0.0085 | 10 | 0.7627 | 5.6222 | 0.0108 | 10
0.9963 | 7.1212 | 0.0354 | 4 | 0.8021 | 5.4841 | 0.0097 | 10 | 0.7818 | 5.5866 | 0.0098 | 10

JD 2456718{40} 0.8201 | 5.4613 | 0.0100 | 10 | 0.8010 | 5.5615 | 0.0074 | 10

% AC o 0.8381 | 5.4473 | 0.0111 10 | 0.8202 | 5.5333 | 0.0074 | 10
0.0100 | 7.1790 | 0.0310 0.8561 | 5.4487 | 0.0074 | 10 | 0.8393 | 55281 | 0.0104 | 10
0.0256 | 7.1645 | 0.0178 0.8750 | 5.4882 | 0.0087 | 10 | 0.8585 | 5.5260 | 0.0104 | 10
0.0302 | 7.0770 | 0.0177 0.8932 | 54538 | 0.0086 | 10 | 0.8776 | 5.5001 | 0.0186 | 10
0.0383 | 6.6650 | 0.0177 09113 | 54576 | 0.0079 | 10 | 0.8958 | 5.5362 | 0.0134 9
0.0398 | 6.4540 | 0.0177 0.9292 | 54661 | 0.0132 | 10 | 09131 | 55624 | 0.0042 9
0.0639 | 6.2792 | 0.0182 0.9463 | 5.5684 | 0.0172 9 | 09293 | 5.5817 | 0.0084 8
0.0968 | 6.0925 | 0.0144 0.9580 | 5.5740 | 0.0166 4 | 09427 | 5.6907 | 0.0163 6
0.1224 | 6.0150 | 0.0180 0.9625 | 5.7490 | 0.0171 1 | 09552 | 5.6946 | 0.0246 7
0.1543 | 6.0297 | 0.0147 0.9661 | 5.9973 | 0.0033 3 | 09648 | 6.0860 | 0.0254 3
0.1953 | 5.9922 | 0.0166 0.9697 | 6.0930 | 0.0171 1 | 09705 | 6.2463 | 0.0224 3
0.2447 | 6.0202 | 0.0172 0.9724 | 6.4005 | 0.0185 2 | 09753 | 6.4445 | 0.0315 2
0.2956 | 6.0388 | 0.0253 0.9769 | 6.6407 | 0.0568 3 | 09820 | 6.7598 | 0.0327 5
0.3425 | 6.0228 | 0.0124 0.9823 | 6.7210 | 0.0789 3 | 0.9887 | 6.9600 | 0.0070 2
0.3830 | 6.0710 | 0.0074 0.9895 | 6.9706 | 0.0186 5 1 09935 | 7.1060 | 0.0164 3
0.4212 | 6.1202 | 0.0136 JD 2456714{35} JD 2456746{37}

0.4612 | 6.1623 | 0.0189 ® AC o n ® AC o n

0.4995 | 6.2202 | 0.0167
0.5288 | 6.2077 | 0.0165
0.5561 | 6.2063 | 0.0264
0.5833 | 6.1427 | 0.0148
0.6101 | 6.1018 | 0.0159
0.6371 | 6.0675 | 0.0240
0.6643 | 59683 | 0.0135
0.6915 | 5.8740 | 0.0251
0.7187 | 5.7890 | 0.0127
0.7456 | 5.7587 | 0.0216
0.7725 | 56768 | 0.0154
0.7997 | 5.6812 | 0.0140
0.8269 | 5.6870 | 0.0170
0.8542 | 5.6962 | 0.0130
0.8785 | 5.6746 | 0.0141
0.9015 | 5.7282 | 0.0091
0.9240 | 5.7494 | 0.0164
0.9444 | 5.8403 | 0.0250
0.9594 | 5.8847 | 0.0241
09713 | 6.3240 | 0.0300
0.9789 | 6.4900 | 0.0177
0.9819 | 6.6300 | 0.0177

0.0065 | 7.2640 | 0.0240
0.0203 | 7.0555 | 0.0105
0.0342 | 6.7700 | 0.0240
0.0570 | 6.2195 | 0.0134
0.1028 | 6.0228 | 0.0340
0.1578 | 59788 | 0.0257
0.2081 | 59682 | 0.0115
0.2538 | 59132 | 0.0147
0.2996 | 5.9536 | 0.0231
0.3453 | 6.0312 | 0.0132
0.3909 | 5.9890 | 0.0162
0.4339 | 6.0532 | 0.0246
0.4767 | 6.1166 | 0.0150
0.5197 | 6.1388 | 0.0225
0.5597 | 6.1094 | 0.0378
0.5871 | 6.0494 | 0.0365
0.6218 | 6.0081 | 0.0336
0.6576 | 5.8800 | 0.0204
0.6864 | 5.7872 | 0.0253
0.7086 | 5.7484 | 0.0307
0.7310 | 5.7166 | 0.0196
0.7572 | 5.6924 | 0.0318

0.0075 | 7.0877 | 0.0197
0.0258 | 7.0040 | 0.0188
0.0368 | 6.3050 | 0.0186
0.0515 | 6.1860 | 0.0133
0.0598 | 6.0830 | 0.0150
0.0991 | 5.8497 | 0.0358
0.1431 | 5.8087 | 0.0200
0.1871 | 5.7345 | 0.0133
0.2251 | 5.7328 | 0.0169
0.2451 | 5.6985 | 0.0266
0.2648 | 5.7073 | 0.0174
0.2852 | 5.7258 | 0.0195
0.3054 | 5.7258 | 0.0200
0.3276 | 5.7567 | 0.0355
0.3496 | 5.7447 | 0.0346
0.3717 | 5.7753 | 0.0200
0.3937 | 5.7662 | 0.0242
0.4157 | 5.8032 | 0.0220
0.4377 | 5.8032 | 0.0232
0.4682 | 5.8662 | 0.0129
0.5122 | 59018 | 0.0118
0.5563 | 5.9665 | 0.0184
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Table 3. (Contd.)

KHRUZINA et al.

JD 2456718{40} JD 2456714{35} JD 2456746{37}
® AC o n % AC o n ® AC o n
0.9874 | 6.8250 | 0.0177 1 0.7886 | 5.6774 | 0.0154 7 | 0.6003 | 5.8657 | 0.0295 | 6
0.9938 | 6.9980 | 0.0290 | 2 | 0.8171 5.6413 | 0.0216 | 6 | 0.6443 | 5.7923 | 0.0147 | 6
0.8416 | 5.6722 | 0.0255 5 | 0.6884 | 57360 | 0.0117 | 6
0.8636 | 5.6772 | 0.0221 5 | 0.7324 | 56628 | 0.0106 | 6
0.8862 | 5.7262 | 0.0329 | 5 | 0.7764 | 5.7007 | 0.0229 | 6
0.9077 | 5.7278 | 0.0180 5 | 0.8205 | 5.6973 | 0.0055 | 6
0.9304 | 5.7498 | 0.0286 | 5 | 0.8607 | 5.7426 | 0.0146 5
0.9500 | 5.8298 | 0.0158 | 4 | 0.8974 | 5.7356 | 0.0117 5
0.9607 | 6.1130 | 0.0240 1 0.9341 5.8170 | 0.0153 5
0.9678 | 6.3465 | 0.0285 | 2 | 0.9561 5.9650 | 0.0186 1
0.9745 | 6.5190 | 0.0240 | 0.9634 | 6.2200 | 0.0186 1
0.9791 6.8220 | 0.0240 | 0.9708 | 6.5110 | 0.0186 1
0.9928 | 7.0675 | 0.0515 | 2 | 09784 | 6.6360 | 0.0186 |
0.9854 | 6.9360 | 0.0186 |
0.9928 | 7.2370 | 0.0186 1

displays typical features of an oblique collision of two
streams, forming a structure consisting of two shocks
separated by a tangential discontinuity. The region
of the collisional interaction between the flow and
halo has a complex structure. The density of parts
of the halo that are far from the disk is low, and the
shock due to their interaction with the flow is located
along the edge of the flow. The structure is fairly
extended, and this component of the region of energy
release is similar to the hot stream found earlier in
computations for a hot accretion disk; however, in the
case of a cool disk, the surface of the hot ellipsoid on
its leeward side does not coincide with the tangent to
the lateral surface of the disk, and forms an obtuse
angle with it. As the halo gas density increases, the
shock bends and assumes a position on the lateral
surface of the disk, on the leeward side of the flow.
At the interaction site, the halo gas and stream gas
pass through the shocks corresponding to their flows
and become mixed. This matter then moves along
the tangential discontinuity between the two shocks,
heating the matter on the leeward side of the disk,
similar to the classical hot-spot model.

Note, however, that traditional CV models assume
that the center of the hot spot is located at the in-
tersection of the ballistic trajectory of the gas flow
from the secondary and matter at the lateral surface
of the disk. In the model we have used, based on
the gas-dynamical computations [20], the region of
energy release is more complex. It consists of regions
on the surface of the hot ellipsoid located near the disk
and a hot region on the lateral surface of the disk,

represented by a half-ellipse on the leeward side of
the line. The center of the ellipse coincides with the
intersection point of the gas flow axis with the disk.
This combined model is described in detail in [24].

The abrupt change in the gas parameters after
passage through the shocks also leads to a pressure
increase in the region between the shocks, forming
a pressure gradient perpendicular to the system’s or-
bital plane. As a result, the gas begins to expand
away from the orbital plane until the gas-pressure
gradient is equal to the gravitation force. This motion
of gas, together with the motion along the tangential
discontinuity at the outer edge of the disk, gradually
increases the thickness of the circumdisk halo (along
the z axis perpendicular to the disk plane), with the
region of vertical acceleration being mainly limited to
the region of interaction between the disk and the
stream. For this reason, this model assumes that
the thickness of the disk’s outer edge is largest in
the region of the stream’s impact with the disk, and
gradually decreases on the leeward side of the stream,
to the unperturbed state of the disk edge. The entire
region of the disk where the thickness of its outer
edge exceeds the thickness of the undisturbed disk
corresponds to the region of the hot spot.

The following main assumptions were used when
constructing the combined model taking into account
the structural features of the region of interaction
between the gas stream and disk described above.

1. The close binary system consists of a late-type
star with a non-spherical shape and a WD. In CV

ASTRONOMY REPORTS Vol.59 No.4 2015
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Fig. 5. Phased light curves (grey points) grouped for close dates and mean light curves (black dots) for these data.
(1) JD 2456457, 460; (2) JD 2456605, 606, 607; (3) JD 2456714, 718; and (4) JD 2456746. The region of the eclipse is

not shown.

studies, the WD is traditionally called the primary
and the late-type star the secondary. We express
all distances in the model in units of the component
separation ag, i.e., ag = 1. The shape of the secondary
(red dwarf) surface is represented by a Roche poten-
tial with filling factor p = 1.0. The stellar surface is
subdivided into 648 area elements, for each of which
we computed the intensity of the radiation towards
the observer, taking into account gravitational dark-
ening and limb darkening (using a non-linear limb-
darkening law). The shape of the primary surface is
described by a sphere with radius R4.

2. The primary is surrounded by an optically
and geometrically thick elliptical accretion disk (the
structure of the disk is described in detail in [25]), with
its center located at one of the foci of the disk ellipsoid.
The unperturbed disk is represented by the figure
formed by the intersection of the abc ellipsoid of the
disk with semi-axes a, b, and ¢, and two paraboloids
determined by the parameter A,. The value of A,
changes with the angle v of the rotation of the radius
vector Ry, about an axis perpendicular to the orbital
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plane, according to the expression [25]:
A1 - €?)

Ap(lb) = ma

(3)
where e is the eccentricity of the disk’s abe ellipsoid
in the orbital plane, e < 0.1 and A is a constant (a
parameter of the problem). The angle 1 increases
clockwise from the periastron point of the disk ellip-
soid (z > 0 when the system is observed from above).
The abe ellipsoid determines the shape of the outer
(lateral) surface of the disk. The paraboloids give the
shape of the inner (upper, z > 0 and lower, z < 0)
surfaces of the elliptical accretion disk. The disk ori-
entation is given by the angle a, between the radius
vector from the center of the WD to the periastron
point of the disk and the line joining the stellar centers
of mass. The disk temperature varies along its radius

as
Qg
T(T) = j—il’l (%) 9

where Tj, is the temperature in the inner regions of the
disk, near the stellar equator, at a distance Ri, ~ Ryq

(4)
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from its center. It is usually assumed that, if each
point of the disk surface emits like a blackbody, in the
first approximation, oy = 0.75 [26]. During a CV’s
active stage, when the flux from the disk increases by
a factor of several hundred, a4 can decrease to ~0.1.
As a result, the radial distribution of the temperature
becomes flatter and the flux from the accretion disk
higher. When computing the local temperature of a
given area element on the disk, we took into account
heating by radiation from the secondary (this effect is
usually insignificant) and high-temperature radiation
coming from the inner regions of the disk (this tem-
perature, Ti,, is presumably higher than or equal to
the temperature of the WD). This effect also gives rise
to a temperature increase of the secondary’s surface
facing its companion, i.e., the reflection effect.

3. The optically thick part of the gas flow, the hot
stream (Fig. 6), is represented by a part of the a,b,¢,
ellipsoid, whose major axis b, coincides with the axis
of the gas stream flowing from the inner Lagrange
point L; and whose center is located in the body of the
disk, in the orbital plane. It is assumed that b, > a,
and b, > ¢,; i.e., the ellipsoid describing the shape
of the hot stream is quite elongated, with its leeward
part forming an obtuse angle with the disk surface.
We consider the hot stream to correspond only to the
part of this ellipsoid that is outside the accretion disk.
The regions of the hot ellipsoid (S ) closest to the disk
have higher temperatures than adjacent parts more
distant from the disk, since the collisional interaction
between the incoming streams in the disk and the
matter of the gaseous stream takes place there.

We assumed that the shock energy is released at
the surface of the hot ellipsoid in accordance with a
Planck distribution, both at the shock front (i.e., on
the side of the incoming flow, or the “windward” side)
and at the reverse (“leeward”) side. The temperatures
of the area elements on the surface of the hot ellipsoid
were independently computed for each side. The
temperature variations are described with a cosine
law, with the maximum values Ty, max and Tjy, max at
the windward and leeward sides. The minimum tem-
perature of the hot ellipsoid at ry;, coincides with the
temperature of the matter in the absence of heating
with shock energy at a distance 7y, from the WD
center of mass.

4. To model the region of interaction between the
disk and the stream (the perturbed disk) on the lee-
ward side, we assumed that a region with a complex
shape and with a temperature higher than in adjacent
regions — i.e., a hot spot — is located there, on the
lateral surface of the disk. The thickness of the outer
edge of the disk in the hot-spot region can be either
the same as or larger than for the unperturbed disk,
where z = z... Formulas that can be used to deter-
mine z., are presented in [25]. When the thickness
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of the disk edge exceeds z.., the disk thickness in
the region of the hot spot, ¢y, is determined by the
parameter kgp, with cgp, = kgpzmax. Here, zmax is the
z coordinate of the intersection of the disk’s lateral
surface and the hot ellipsoid, which was computed
during the determination of the shapes of the disk and
hot stream.

The half-ellipse corresponding to the hot spot is
largest in the orbital plane. For the hot-spot hali-
ellipse located on the leeward side of the gas stream,
the spot radius in the orbital plane (R,,) is given by
the sum of the semi-axis of the part of the hot ellipsoid
where it intersects the disk surface (z;,) and the
radius of the part of the hot spot that is not covered by
the body of the hot ellipsoid, asp; i.e. Rsp = X1y + agp-
If we first specify Ry, when searching for the param-
eters of the system components, we can encounter
situations when R, is smaller than x,, since x,
and R, are independent and not known in advance.
There is no hot spot if as, = 0; i.e. Ry = z5p. asp
is a model parameter. There is no hot spot on the
windward side of the gas flow.

The local temperature at point j on the disk inside
the hot spot increases according to

L 7T’I"j
7, = T T cos (). (5)

where Ty; is the temperature of the matter at the point
U where the hot stream intersects the disk. Ty is a
function of the temperature of the hot ellipsoid near
the disk surface on its leeward side, T},,; this is not
specified explicitly, thereby reducing the number of
unknown parameters. In Eq. (5), r; is the length of
the radius vector from the point U to the center of
the area element j. If point j is not in the region
of the hot spot, its temperature remains the same
(Ty), and is determined only by the distance from the
compact object and heating by the radiation of the
components.

Thus, formally, the unknown parameters in the
model used are the

(1) component-mass ratio ¢ = My,q/Med;

(2) orbital inclination, ;

(3, 4) effective temperatures of the WD, T,,4, and
red donor, Teq;

(5) radius of the WD, Ry,q4;

(6) temperature in the inner regions of the disk (or
in the transition layer) near the WD equator, Tiy;

(7—11) parameters of the weakly elliptical disk:
its eccentricity e (e < 0.1), semi-major axis a, the
parameter a4 determining the character of the radial
temperature variations in accordance with (4), the
periastron azimuth of the disk «, the thickness of the
disk’s outer edge (34 (or the parameter A in (3));
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(a)

(b)

Intersection of the
stream and disk

(c)

Hot line

Fig. 6. (a) Schematic representation of the close binary for orbital phase ¢ = 0.9 with ¢ =9, i = 80°, Rq = 0.5¢, a half-
thickness of the outer edge of the unperturbed disk 6.25°, and a half-thickness in the region of the hot spot ~10°. (b) Schematic
representation of the shape of the hot spot on the disk. The orbital inclination is ¢ = 90°. The region of the intersection of the
hot ellipsoid with the lateral surface of the disk (the oval inside the hot spot) and the region of the hot spot itself are shown; see
text for further details. (¢) The same system in the plane of the sky.

(12—17) parameters of the hot ellipsoid: the
ellipsoid semi-axes a,, by, and ¢,; the highest tem-
peratures of the shock-heated matter on the ellipsoid
surface near the outer boundary of the disk on the
windward, ATy max, and leeward, ATy, max sides;
these temperatures are added to the temperature
Ty(7) that matter would have at the given distance
from the disk center, r(i), in the absence of the
shock, in accordance with the formula T'(i) = Ty (i) +
AT, max cos dr, where n = ww or lw and dr is the
shift along the axis of the hot stream, which is
calculated during the solution of the problem.

The total number of parameters is 17 (the actual
number of variables is 22, including the displace-
ment A described in Section 4, but some of these
are technical parameters with very narrow variation
ranges; within the establish ranges, the variations of
these parameters have little effect on the synthetic
light curves, compared to the influence of the main
parameters). Thus, we must use additional infor-
mation about the system to fix some of the parame-
ters and place significant constraints on the variation
ranges for the remaining parameters.

We obtained solutions for a set of light curves of
V1239 Her obtained using the same comparison star,
and mainly differing in the out-of-eclipse flux level.
This enabled us to impose additional constraints on
the domain of admissible parameter values. Namely,
we translated the synthetic light curves for a series of
several available light curves into magnitudes using
the same unit of energy: the flux from the system at
an orbital phase near quadrature, for the light curve
with the lowest out-of-eclipse brightness. This ap-
proach makes it possible to use both the shape of the
synthetic light curves and the flux variations when
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comparing with the observations. This method has
been described in detail in a number of past papers
(e.g.,[16]).

We solved for the system parameters that provided
a synthetic light curve that best matched the observed
light curve using the Nelder—Mead method [11],
which is also described in [27]. We used several
dozen different initial approximations for each light
curve when searching for the global minimum of the
residuals; since the number of independent variables
is large, there are typically a number of local minima
in the studied parameter range. We evaluated the
agreement between the theoretical and observed
light curves in the model considered using residuals
calculated as

N theor obs\2
2 (m3**" —m3™)
X = Z o2 ) (6)
j=1 J
where mgheor and m;?bs are the theoretical and ob-

served magnitudes of the object for the orbital phase
j, 02 is the dispersion of the observations at data point
j, and N is the number of normal points in the curve.

7. RESULTS OF MODELING THE V1239 Her
LIGHT CURVES

We determined the best-fit system parameters for
a series of uniform light curves using the combined
model in two stages. In the first, we determined the
normalizing flux Fj needed to translate the theoretical
F values into magnitudes and the ACy value corre-
sponding to this flux. When normalizing a series of
uniform light curves, the search for Fj is usually car-
ried out using only the curve with the lowest out-of-
eclipse flux. However, five of the curves for V1239 Her
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show no fragments with out-of-eclipse flux, while the
out-of-eclipse flux level is approximately the same for
the remaining four curves.

For this reason, we first searched for the parame-
ters using each of the four complete light curves inde-
pendently (JD 2456457, 714, 718, and 746), without
reducing them to the same flux level. The parameters
q, i, Twq, and R,q were restricted to the ranges
g =3.95-5.00, i = 82°—83°, Tiq = 3600—4000 K,
e = 0.001-0.1, Rgz(max) = (0.289—0.291)ag =
(0.439—0.457)¢, Ry,q = (0.0092—0.0103)ay =
(0.0140—0.0162)¢ (here, ¢ is the distance between
the WD center of mass and the inner Lagrange point
Ly, for the selected range of mass ratios, £/ag =
0.6369—0.6586), and T, = 15000—17000 K, ac-
cording to[9, 10] (Table 1).

We selected a flux level satisfying all the curves
from the sets of solutions obtained for each of the four
complete light curves; namely, we assumed that a flux
of Fy = 7.7 relative units corresponded to the relative
magnitude ACy = 5.8034™. The use of relative units
is due to the fact that the Planck function used to
compute the flux per unit wavelength interval from
the area elements (in our case, in centimeters) is
the energy flux passing through a 1 cm? area. The
distance unit in the code is the component sepa-
ration ag, which is not known in advance. In the
second stage, we searched for the best-fit parameters
of V1239 Her for all nine light curves, taking into
account the flux normalization to Fy. To reduce the
total number of unknown parameters, we fixed the
values ¢ = 4.027, 1 = 82.64° , Teqg = 3730 K, Ryyg =
0.0152¢, and T,,4 = 15660 K, which are close to the
average values presented in Table 1.

The parameters we obtained for V1239 Her from
our solutions for each of the nine curves are collected
in Table 4. This table also presents some helpful
quantities computed for these parameters during the
solution. We estimated the uncertainties of the pa-
rameters as follows.

Since the uncertainties in the mean points are
very small, we were not able to obtain residuals be-
low the critical significance level x§ oo, n for any of

our light-curve solutions for V1239 Her (the critical
significance level for e =0.001 and the number of
degrees of freedom, i.e., the number of normal points
in the observed light curve, N = 30—64, is X(2).001,N =

59.7—106 for the various curves). Thus, we can esti-
mate the influence of variations of a parameter on the
solution if we specify some conditional residual limit
in place of the critical limit; for example, by increasing
the obtained minimal residual for the selected light
curve by 10%. The resulting uncertainties of the one
to two last digits of each parameter are indicated in
brackets.
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Along with the parameters yielded by the solu-
tion, Table 4 contains a number of quantities derived
from one or more of the problem parameters, which
demonstrate more clearly the system’s characteris-
tics. For example, the temperature Ty is a function
of the hot-spot size, the disk radius, the temperature
of the shock-heated matter on the leeward side of the
hot line, etc., while G4 depends on the disk radius and,
in a complex way, the parameter A used to determine
the thickness of the disk’s outer edge, z... The un-
certainties of these “dependent” characteristics are
determined by the uncertainty of the “independent”
parameter that has the largest influence on the quan-
tity in question.

Our estimates of the influence of variations of the
parameters that were fixed on the solutions obtained
gave the following results: ¢ = 4.027 £ 0.44, (R.oq) =
(0.275 +0.008)ag, & = (0.639 £0.011)ag, Tieq =
3730 £ 50 K, Tyg=15660+280 K, and R,q =
(0.0152 +0.0003)¢ = (0.0097 £ 0.0004)ag. The so-
lution is most sensitive to the orbital inclination,
1= 82.64° £ 0.17°.

Figure 7 presents the theoretical light curves plot-
ted for the corresponding parameters. The observed
light curves of V1239 Her in quiescence are repro-
duced quite satisfactorily, enabling us to draw some
conclusions about the variations of the disk parame-
ters as the system brightness decreases in the model
used. The quality of our fits of the light curves near
the primary minimum is displayed in Fig. 8. For each
of the observation dates, we present the unaveraged
light curves along with the corresponding curves syn-
thesized using the parameters from Table 4. The same
curve is shown with higher orbital-phase resolution
to the right, in the range ¢ ~ 0.8—1.2. Some of
the curves show a small step at orbital phases ¢ ~
0.05—0.1, due to the egress of the windward side
of the hot ellipsoid from the eclipse, as follows from
a consideration of the relative contributions of the
components to the combined brightness.

Figure 9 shows the contributions of the system
components to the total flux in relative units: the red
dwarf (7), white dwarf (2), disk with the hot spot (3),
and hot stream (4). Table 5 presents the range of
variation of the flux from each component, to facilitate
comparison of the light curves for different observa-
tion dates.

The following conclusions follow from Fig. 9.

1. The flux from the WD (curves 2) was constant
during the time interval analyzed: in the combined
model with the radius and temperature fixed, the
brightness of the star can vary only due to eclipses of
part of its surface by the disk edge with its changing
thickness.

2. The flux Fieq from the secondary (curves /)
remained approximately at the same level. The orbital
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Table 4. Parameters of V1239 Her in 2013—2014 obtained using the combined model

303

Parameter JD 457 JD 460 JD 508 JD 605 JD 606
q = Mya/M:ed 4.027(fixed)
i, deg 82.64 (fixed)
(Rred), ao 0.275 (fixed)
Tred, K 3730 (fixed)
€ ao 0.639 (fixed)
Rya 0.0152¢ = 0.0097ay (fixed)
Twa, K 15660 (fixed)

Accretion disk
e 0.021(20) 0.024(20) 0.030(12) 0.014(13) 0.019(6)
Ry, & 0.490(20) 0.482(11) 0.377(13) 0.472(29) 0.468(7)
a, ap 0.307(11) 0.301(9) 0.234(8) 0.297(18) 0.293(4)
0.584, deg 1.4(1) 1.2(1) 3.0(3) 1.0(1) 1.7(1)
O, deg 83(63) 94(49) 88(2) 103(45) 100(3)
Oy 0.369(3) 0.268(4) 0.488(6) 0.521(5) 0.3653(4)
(Tin), K 19540(150) 15675(25) 29755(500) 36810(460) 22785(235)
(Toui), K 5890(40) 6570(63) 7195(200) 6360(75) 7115(66)
Hot spot
Rsp, ao 0.209(32) 0.193(50) 0.181(30) 0.146(53) 0.202(21)
Ty, K 9330(10) 8985(10) 15760(10) 8275(8) 12380(12)
0.525p, deg 2.2(3) 1.7(2) 4.7(4) 1.4(3) 2.2(2)
Hot ellipsoid

ay, ag 0.024(2) 0.022(2) 0.058(2) 0.017(8) 0.027(2)
by, ag 0.411(29) 0.420(33) 0.328(22) 0.448(40) 0.222(12)
Cy, 0.008(4) 0.006(2) 0.012(2) 0.006(1) 0.011(1)
Toww,max, K 16105(1400) 14670(2400) 19775(6300) 13895(4900) 18960(6500)
T, max, K 15055(270) 14590(700) 19088(950) 13835(750) 18690(390)
(1, deg 24.1(1) 23.4(1) 12.7(5) 24(3) 21.1(4)
x> 1487 3167 2431 1032 1570
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Parameter JD 607 JD 714 JD 718 JD 746
q = Muyaq/Mieq 4.027 (fixed)
i, deg 82.64 (fixed)
(Rred), ag 0.275 (fixed)
Tred, K 3730 (fixed)
€ ao 0.639 (fixed)
Ruya 0.0152¢ = 0.0097ay (fixed)
Twa, K 15660 (fixed)

Accretion disk
e 0.028(16) 0.030(15) 0.029(19) 0.007(6)
R, € 0.469(33) 0.488(37) 0.566(48) 0.420(16)
a, ap 0.291(20) 0.303(23) 0.352(30) 0.267(11)
0.584, deg 1.8(2) 2.1(1) 2.6(2) 0.9(1)
O, deg 94(2) 101(44) 92(2) 94(65)
Oy 0.359(5) 0.471(4) 0.556(4) 0.370(4)
(Tin), K 22360(295) 26930(250) 32630(340) 23790(275)
(Tou), K 7180(82) 5590(47) 4755(43) 6995(80)
Hot spot
Ry, ap 0.214(55) 0.223(33) 0.219(33) 0.053(45)
Ty, K 12455(8) 6830(4) 7675(5) 4893(2)
0.525p, deg 2.4(3) 4.2(3) 4.3(5) 1.2(4)
Hot ellipsoid

ay, ag 0.041(1) 0.049(15) 0.035(17) 0.003(2)
by, ag 0.241(1) 0.371(20) 0.348(20) 0.551(52)
Cy, 0.009(1) 0.015(1) 0.018(2) 0.005(1)
Tww,max, K 17755(120) 14070(2500) 14000(3100) 12000(1400)
T, max, K 17750(90) 12880(305) 12760(265) 11860(680)
01, deg 19(3) 18(2) 26(3) 22(1)
x> 3179 357 699 651

R4/¢ is the disk radius at its apastron in units of the distance £ between the WD center of mass and the inner Lagrange point Ly;
0.504 is the half thickness at the outer edge of the disk (which depends on the two parameters A and a/ao, see Item 2 in Section 6);
a is the semi-major axis of the elliptical disk in units of ao; (Tin) and (Tt ) are the mean temperatures in the inner regions (in the
transition layer) and at the outer edge of the disk; R, is the radius of the hot spot on the lateral surface of the disk, on the leeward
side of the stream, in units of ao; Tv is the temperature at the stream axis approximated using the parameter Tj.,max (computed
during the solution); 0.5z is the half thickness of the hot spot (which depends on the parameter ks, and the zmax value computed
during the solution); av, by, and ¢, are the semi-axes of the ellipsoid (in units of ag) with its center inside the disk, where the part of
this ellipsoid that is outside the disk describes the shape of the hot stream (these are presented for evaluating the elongation of the
truncated ellipsoid); Toww,max and Tjw,max are the sums of the parameters AT yw,max and ATy, max and the temperature of the matter at
the edge of the disk on the corresponding side of the stream (see parameters 12—17 in Item 4 of Section 6); 81 is the angle formed by
the stream axis with the line joining the centers of mass of binary components.
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Fig. 7. Mean light curves of V1239 Her (dots) obtained in 2013—2014 together with the synthesized theoretical curves
corresponding to the parameters from Table 4 (solid curves). The vertical bars show the rms uncertainties of the points in
the mean curves. Each of the panels is labeled with its observation date (the three last digits of the date).

variations of Fi.q of the donor star indicate that el-
lipsoidal effects are the dominant origin of variability.
The role of the reflection effect is not large; it is
manifest as a slight increase in the flux at the quadra-
tures and secondary minimum (phases ¢ ~ 0.5) in
the observations of JD 2456508, 605, and JD 718
(Table 5). In the model used, this is due to the higher
temperatures in the inner regions of the disk (73, >
30000 K).

3. Most important for the formation of the light
curve is the flux from the disk and hot spot on its
lateral surface (curves 3). None of the light curves
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shows a total eclipse of the disk (Table 5). Table 4
shows that the radius of the disk (Rg/ag) always
exceeds the radius of the red dwarf. One exception
is the light curve for JD 746, where these radii are the
same within the uncertainties. As expected, the flux
from the disk at its upper conjunction (phases ¢ ~
0.3—0.6, approximately coincident with the plateau
in the disk light curves), does not show any clear
dependence on the disk radius or radial temperature
distribution in the disk, a.

The orbital hump in the light curves is due to the
combined contribution of the hot spot and from light
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Fig. 8. Unaveraged observed light curves of V1239 Her (dots) obtained in 2013—2014 together with the synthesized theoretical
curves corresponding to the parameters from Table 4 (solid curve). In each panel, the left side shows the orbital curve and the
right side observations in the region of the primary minimum (¢ ~ 0.8—1.2).

emitted by the leeward side of the hot ellipsoid. As ex-
pected, the flux from the hot spot is determined by the
product of the spot size (~R),) and spot temperature
(~Tp).

4. The hot stream (primarily its base, i.e., regions
adjacent to the lateral surface of the disk) contributes
to the combined flux in two fragments of the orbital
curve, at orbital phases ¢ ~ 0.2 and 0.8, due to the
appearance of the stream’s windward and leeward
sides in the line of sight. Table 4 shows that the tem-
peratures in these regions (AT, max and ATy, max)
differ only slightly, by 0.02% to 6%. The visibility of
the shocked region is more favorable for the leeward
side of the stream compared to the windward side, and
the flux from the former region is higher by a factor of
1.5—2.

The presence of flux from the stream around
phases ¢ ~ 0.2 leads to a slight hump in the light
curve at the eclipse egress: in the absence of this
contribution, the flux from the system would have

been at the level of the minimum at phases ¢ ~
0.5—0.6.

Finally, the light curve for JD 2456746 (and possi-
bly JD 2456605) displays a complete absence of a hot
spot. This circumstance leads to a separation of the
data points into two arms when plotting the combined
light curve with all the observations (see Section 3
and panel /0 in Fig. 2). The temperatures at the base
of the hot stream are lowest here, compared to the
other light curves; the temperature at the stream axis
Ty is below the mean temperature at the outer edge of
the disk. This may testify to a decreased rate of matter
flow from the red dwarf, a decreased density of the
gas stream, and thereby a corresponding decreased
intensity of the shock.

Figure 10 presents schematic images of V1239 Her
in the plane of the sky, to illustrate the relative sizes of
the system components (Fig. 10a) for an inclination
i = 82.64° at orbital phase ¢ = 0.80 (Fig. 10b). We
used the disk parameters derived from the light curve
of JD 2456457 to plot this figure.

8. DISCUSSION
The quiescent light curve of V1239 Her displays
a narrow primary minimum (to ~1.5™ in depth), re-
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JD 457

JD 460

307

0 0.5 1.0 ¢

JD 607

0

-0.5 0 0.5 1.0 ¢

-0.5 0

-0.5 0 0.5 1.0 ¢

Fig. 9. Contribution of different components of V1239 Her to the combined flux in quiescence in 2013—2014 (in relative units):
(1) the red dwarf, (2) the white dwarf, (3) the accretion disk with the hot spot on its lateral surface, and (4) the hot stream.

sulting from the eclipse of the WD by the secondary,
as well as a partial eclipse of the disk and regions
of energy release in the hot stream. Prior to the
primary minimum ingress, there is a hump with an
integrated-light amplitude up to 0.5™. The egress
from the primary minimum is observed at phases
¢ ~ 0.12—0.15, after which the brightness gradually
decreases by ~0.2™. A secondary eclipse is clearly
visible at phase ¢ ~ 0.5, after which the brightness
increases smoothly until the onset of the hump, ¢ ~
0.8. This physical pattern can be reproduced equally
well in a traditional hot-spot model [28] and in the
hot-stream and combined models [17—19].

However, the regions of out-of-eclipse brightness
display smooth variations, though with a small ampli-
tude. As was noted in Section 6, the combined model

ASTRONOMY REPORTS Vol.59 No.4 2015

is better able to describe the light-curve shape than
a model having only a hot spot. Let us consider the
behavior of the disk parameters derived in our model.

In quiescence, V1239 Her exhibits fairly active
variations of the disk temperature, radius, possibly the
viscosity (as indicated by variations of the parameter
o), and the rate of matter flow (Tables 4, 5). Though
we have relatively little data, let us try to follow the
time dependences of the different parameters of the
disk: its radius R4/, ag4, the disk temperature in
the transition layer Ti,, the thickness of the disk’s
outer edge 4, and the angle (3; between the axis
of the gas stream and the line joining the centers
of mass of the binary components. The parameter
(1 indirectly describes the velocity of the matter flow
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Table 5. Fluxes F' from the components of V1239 Her in 2013—2014 in relative units, derived from the solution for the
system parameters in the combined model for the nine sets of observations

Parameter Date, JD 2456000+
457 | 460 | 508 | 605 | 606 | 607 | 714 | 718 | 746
Red dwarf
Minimum ¢ = 0.0 155 | 155 | 155 | 155 | 155 | 155 | 155 | 155 | 1.5
Minimum ¢ = 0.5 121 [ 119 | 17 | - | 130 | <134 | 147 | 156 | 1.42
Quadrature 206 | 203 | 226 | 248 | 210 | 210 | 219 | 238" | 212
White dwarf
Minimum ¢ = 0.0 00 | 00 | 0o | 00 [00 | 00 |00 | 00 | o0
Maximum 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
Disk
Minimum = 0.0 050 | 0.62 | 036 | 053 | 106 | 073 | 045 | 057 | 044
(Plateau  =0.1-0.6) | 33 | 40 | 44 | >55 | 56 | 57 | 38 | 34 | 49
Hump 444 | 482 | 702 | 587 | 750 | 768 | 519 | 493 | 49
Hot stream
Minimum ¢ = 0.0 00 | 008 | 0o | 00 |00 | 00 |00 | 00 | o0
Maximum ¢ ~ 0.2 136 | 102 | 053 | — | 051 | 014 | 110 | 103 | 134
Maximum ¢ ~ 0.8 238 | 217 | 109 | 173 | 132 | 037 | 143 | 181 | 165

* The quadratures are displaced to phases ¢ ~ 0.34 and ~0.66.

from the secondary: the larger this parameter, the
lower the velocity in the gas stream.

The corresponding dependences are presented in
Fig. 11, and Table 6 summarizes the character of the
variations for these parameters. Note that the light
curve for the last night of our observations differs

Table 6. Observed time variations of the disk parameters

JD 2456000+ | At, days| AN |Rg/€| ag | Tin |0.584| B
457—460 3 30| 1 |2s|2s| 2w
460—508 48 | 478 2 | 3
508—605 97 | 968 3 [3w| 3
605—606 1 10| 7 |2s|2s| 3s |2s
606—607 1 | 7 | 11| 1 |2
607—714 107 |1073| 3w | 3| 3| 3w |2w
714-718 4 40| 3 | 313 3s |3s
718—746 28 | 280 2 |2]2] 2 |2

Character of variations: (/) no change, (2) decrease, (2w) weak
decrease, (2s) strong decrease, (3) increase, (3w) weak increase,
(3s) strong increase.

qualitatively from the other light curves: it does not
show a pre-eclipse hump due to light from the leeward
side of the hot stream and from the hot spot. The
points corresponding to JD 24567 18—746 are joined
with dashed lines.

Analysis of Fig. 11 and Table 6 leads to the follow-
ing conclusions.

1. We can roughly subdivide the intervals between
the data sets into three groups: short (10—40 orbital
cycles P,y ), intermediate (280 — 480) Py, and long
(more than 960F,;). Changes during intermedi-
ate and long intervals do not provide full informa-
tion. Changes during short time intervals can provide
lower limits for a parameter’s variation time.

2. During short time intervals (<30P,y,), the
disk radius R4 was constant within the uncertainties;
variations of the disk radius were already insignificant
for AN ~ (30—40) P,

3. Appreciable variations of oy can occur within
times ~10F,y,. The rate of variation of oy during a
single orbital cycle can reach Aay/AN ~ 0.015 (for
JD 2456605—606); in other cases, this rate is an
order of magnitude lower, or this parameter remains
constant within the uncertainties.

ASTRONOMY REPORTS Vol.59 No.4 2015
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(b)

Fig. 10. Schematic images of the V1239 Her system.

4. The thickness of the disk’s outer edge, 3,4, can
also vary within ~10P, .

5. Even sharper variations (on time intervals
<10P,,) are exhibited by the inclination of the gas
stream, ;.

6. Significant sharp changes in oy, Ti,, and 34 can
also occur with the disk radius remaining constant.
There is no single relation between the variations of
R4 and those of the other parameters, although there
is a tendency for sharp decreases of the disk radius to
be accompanied by equally sharp increases in the disk
thickness at its outer edge; this thickness generally
decreases with increasing Ry.

7. During the studied time interval (~3000FP,, ),
after its fairly sharp decrease from Ry ~ 0.48¢ to
~0.38¢, starting with the 500th cycle, the disk radius
exhibits a systematic increase to ~0.56¢.

8. The parameter o, exhibits a systematic in-
crease, i.e., an approach toward its equilibrium state,
accompanied by a steep decrease in the viscosity dur-
ing ~10P,,, approximately in the middle of our ob-
servations (~1500P,,, ), with the disk radius remain-
ing unchanged, after which it continues its smooth
increase. The behavior of the temperature in the tran-
sition layer, Ti,, generally repeats that of oy during the
entire time covered by our observations.

9. During the sharp decrease in Ry (near JD 508),
the thickness of the disk’s outer edge reached its
maximum during our observations; subsequently, the
increase of the disk radius is accompanied by a de-
crease in the thickness of its outer edge.
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10. Prior to JD 2456746, in the data set for
JD 718, the radius and viscosity of the disk were the
highest during the studied time interval; the tem-
perature in the transition layer was also fairly high,
and exceeded the mean temperature of the WD by
a factor ~2. The thickness of the disk’s outer edge
also increased to 2.6°, which exceeds its minimum
value by a factor of ~3. All these findings suggest
a considerable accumulation of matter in the body of
the disk.

11. The disappearance of the hot spot in the data
set for JD 746 was accompanied by an abrupt de-
crease of all four parameters. The decrease of the tem-
perature in the region of interaction between the gas
stream and the disk halo takes place in the presence
of a decreased temperature in the transition layer;
i.e., under the conditions of a moderate accretion
rate, decreased disk radius, and a radial temperature
distribution in the disk that is closer to the equilibrium
distribution. The thickness of the disk’s outer edge is
also minimum at this time.

12. Comparing the parameters from the two last
data sets (JD 718 and 746), we conclude that there
was a significant decrease of the disk mass between
them.

13. Finally, let us consider the time behavior of the
angle (1, which provides information about the rate
of matter outflow from the inner Lagrange point: an
increase of 31 from ~12° to ~26° indicates a signifi-
cant decrease in the gas velocity in the stream. g is
largest in the data set for JD 718, indicating a lower
rate of matter input from the inner Lagrange point.
This also provides evidence for a lower disk mass in
the data set for JD 746. This change in 31, and hence
in the initial velocity of the matter outflow from the
secondary, could have various origins: changes in
the red dwarf’s temperature, the turbulence regime,
oscillation processes, etc. Unfortunately, the data are
insufficient to enable us to draw firm conclusions.

[t is usually believed that secondaries of CVs with
periods shorter than six hours are ordinary main-
sequence red dwarfs. However, several stars that are
too hot for their masses have been found recently.
A list of such CVs can be found in [29]. Among
stars with orbital periods in or close to the period gap,
apart from V1239 Her, we should mention QZ Ser
(Poy, = 2 hours), CSS J134052.0+151341 (P, =
2.45 hours), and the new object SDSS J001153.08—
064739.2 (P, = 2.41 hours). The red dwarf in the
system has a considerably lower mass than follows
from its orbital period and is hotter than follows from
its mass, as was noted by Littlefair et al. [9], who also
noted that the secondary is a quite evolved star, with
its mass and effective temperature corresponding to a
star that has started matter transfer at an epoch when
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Fig. 11. Time dependences of various disk parameters: the radius Rq/€, oy, disk temperature in the transition layer Ti,,
thickness of the disk’s outer edge B4, and the angle 5.
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the fraction of hydrogen in its center had appreciably
decreased.

9. CONCLUSION

1. We have performed photometric monitoring of
the eclipsing cataclysmic variable V1239 Her with
a time resolution of 15—30 s in white (integrated,
unfiltered) light.

2. We have refined the ephemeris of the orbital
variations using all available observations (our data
and data from the literature).

3. The light curve of V1239 Her in quiescence
usually has the shape classical for CVs, with a pre-
eclipse hump. However, V1239 Her was repeatedly
found in states without the pre-eclipse hump. This
follows both from our observations (JD 2456746) and
the observations of Boyd et al. [8].

4. We determined the parameters of the accretion
disk in quiescence in a combined model taking into
account the simultaneous presence of a hot spot and
a hot stream in the system. The light curves of
V1239 Her obtained during quiescence can be de-
scribed successfully using this model.

5. We have derived lower limits for the variation
times of the disk parameters oy, T}y, and (4, which
can change appreciably within less than 10 orbital
cycles. The disk radius can remain unchanged within
the uncertainties while these parameters are display-
ing very sharp variations.

6. The light curve for the data set of JD 746
(and possibly, of JD 605) demonstrates a complete
absence of a hot spot on the lateral surface of the
disk. The spot radius, spot temperature, and the
temperature at the base of the hot ellipsoid are the
lowest among those derived for the other light curves
at these times, and the temperature on the axis of the
stream is below the mean temperature at the outer
edge of the disk.

7. The time behavior of the angle 3; provides
evidence for a twofold change in the matter velocity
in the gas stream during our observations.

8. Considering the disk parameters for the last two
data sets (JD 718 and 746), which are separated by
280 orbital cycles, and the significant decrease in the
initial velocity of the matter flow from L; in the data
set for JD 718, we conclude that a considerable de-
crease in the accretion-disk mass occurred between
these two epochs, due to both a reduced outflow rate
and a possible infall of a considerable portion of the
disk matter on the WD surface. In the latter case,
some increase in the flux from the system should have
been observed; however, we were not able to find any
reliable information on the brightness of V1239 Her
in the interval between our data sets for JD 718 and
746.
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9. Thus, parameters of the disk, such as its radius,
viscosity, temperature, and possibly its density, vary
regularly between outbursts in the V1239 Her sys-
tem. It is not excluded that these variations are due to
instability processes in the atmosphere of the evolved
secondary.

10. All these processes occur in a system that
is located in the period gap, where, according to
evolutionary computations, there is no outflow from
the secondary, or such outflow is minimal.

11. It is usually believed that the secondaries of
CVs with periods shorter than six hours are ordinary
main-sequence red dwarfs. However, several stars
too hot for their masses have been found recently [29)].
Among stars with orbital periods in or close to the
period gap, apart from V1239 Her, we should mention
QZ Ser (Py, = 2 hours), CSS J134052.0+151341
(Pory =2.45  hours), and the new object
SDSS J001153.08—064739.2 ( Py, = 2.41 hours).
The fact that the red dwarf in the system is hotter
than expected was noted by Littlefair et al. [9], who
also noted that the secondary is more evolved than is
generally believed.
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