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Abstract: In our study, we present some observational effects during particular time-intervals of the
Z Cam star SY Cnc. We use data from TESS (The Transiting Exoplanet Survey Satellite) and AAVSO (American
Association of Variable Star Observers) international database, and we show some typical behaviors of this star.
Fluctuations in brightness are detected in the light curves of SY Cnc, obtained from both astronomical facilities.
The results show that the star passes through more active and less active states. Based on the observational
data, we calculate the color indices and color temperature of the star during the outburst states. The radii of the
primary and secondary components of the binary, and the orbital separation are also calculated. We apply our
theoretical model to construct the effective temperature profiles in the accretion disc. After analysis of the SY Cnc
parameters, we can confirm that with some exceptions the star is typical for the class of Z Cam stars.
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Pesrome: B Hawemo u3cnedsaHe npedcmassme HAKou HabmolamenHu egekmu 8 onpedeneHu
epemesu uHmMepsanu Ha 3ge3dama SY Cnc (Cancer) om muna Z Cam. W3nonssame OaHHU oM
mexdyHapoOHume 6asu daHHu TESS (The Transiting Exoplanet Survey Satellite) u AAVSO (American
Association of Variable Star Observers), ype3 koumo rnoka3game HIKOU MUMUYHU Mo8edeHUs Ha ma3u 3ee3da. B
rnonyyeHume Kpusu Ha brsicbka om 0sama acmpOHOMUYECKU U3MOYHUKa ce demekmupam MpOMeHIu8ocmu
8 Aspkocmma Ha SY Cnc. Pe3aynmamume rokasgam Hasu4yue Ha ro-akmugHU U Mo-Masiko aKmugHU CbCMOSIHUS,
npe3 Kkoumo rnpemuHasa 3ge3dama. Ha 6azama Ha OaHHume om HabrodeHusima, u3ducrseame UsemHume
uHOeKcu U usemHama memrepamypa Ha 3ee30ama o epemMe Ha CbCMOSIHUSIMAa C MakcumareH OIsIChK.
lMonyyeHUme cmouliHocmu roka3eam rpexodu Ha obekma om fo-cmyOeH KbM Mo-2opew; U 0bpamHo.

lMpecmemHamu ca paduycume Ha MbPBUYHUSI U 8MOPUYHUSI KOMITOHEHM Ha 08oliHama cucmema, Kakmo
u opbumarn+Homo pascmosiHue mMexdy msix. [punoxeH e meopemuyeH Moden 3a KOHCMpyupaHe Ha npogunume
Ha eghekmusHUMe memrnepamypu 8 akpeUyuoHHusi Ouck. Cned aHanu3 Ha napamempume Ha SY Cnc moxem Oa
nomewbpOUM, Ye C HAKOU U3KITIOHYeHUs1 38e30ama e murnuyHa 3a Kraca Ha 38e3dume om epyrnama Z Cam.

Introduction

Cataclysmic variables (CVs) are known as binary stars in which the matter transfers from the
main-sequence secondary component to the white dwarf primary through the Roche lobe overflow
[23]. One important characteristics of all cataclysmic variables is the presence of a compact object, in
this case a white dwarf star. Another important feature of these stars is that they undergo accretion
processes which may cause eruptions.

According to their behavior CVs can be divided into four classes [23]: Novae; Recurrent
Novae; Nova-like stars; Dwarf Novae.
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Novae stars are binary stars which explode regularly. Novae stars are thought to be “new”
stars but later it was realized that they are binary stars which erupt [5]. Recurrent novae are a much
smaller class of cataclysmic variables. It is thought that there are only 10 in our Galaxy. This is the
main difference from Novae stars. Another difference is that they erupt more rarely than the Novae
stars [14]. Another sub-class of cataclysmic variable stars are nova-like stars. Their most outstanding
characteristics is the lack of outbursts [11]. Dwarf Novae are another subclass of cataclysmic
variables. They are divided into three subtypes: U Gem, Z Cam and SU Uma stars. U Gem stars do
not show very regular outbursts which distinguishes them from Z Cam stars. The later show frequent
outbursts followed by periods of standstills. During outbursts the magnitude changes from 2 to 6 [16].
We will analyze in detail one member of this subtype of stars - SY Cnc further in the text. The third
type of Dwarf-novae is SU Uma stars. The long-lasting super-outbursts is the typical feature of this
type of stars. They can last around two weeks and are followed by normal outbursts [22].

Z Cam stars are among the most active stars comparing to the other subclasses of dwarf
novae. Only SU Uma stars are more active because of its outbursts and super-outbursts. It makes
them interesting for investigation. One of the typical Z Cam star is SY Cancer (Cnc). It is a
comparatively bright star with its maximum brightness of 11 magnitude [15] and in its minimum of
14 mag in V band [15]. An estimation of the orbital period gives = 0.382 days [15]. The outburst period
is 27 days [4]. SY Cnc passes through periods of outbursts and standstills. During outburst the star’s
maximum magnitude is 11. Standstills’ time-periods are connected with lower magnitudes. The
blackbody temperature of SY Cnc is estimated as = 11000K [13]. The distance to the object is
= 405 pc [6]. An interesting feature of this object is the mass of the companion star, which is around
the solar mass. It is untypical for the Z Cam stars [21]. The estimated values of masses are
Miwd = (0.42 + 0.12) MO and M2 = (0.23 £ 0.05) M@ [21] and Miwd = (0.65 — 1.31) MG and
M2 = (0.77 — 1.54) Mo [4].

It is stated that the accretion disc that is formed around Z Cam stars is stable at certain
temperatures and critical accretion rate Mcrit. If the effective temperature of the disc is above 8000 K
and below 6000 K the disc is in a stable state. If the accretion rate is below a certain amount, the star
passes through periods of outbursts and standstills [10]. More accurately, if the accretion rate is above
critical, there is a stable state of standstill. If the accretion rate is below critical, there are outbursts [6].

The observational data for SY Cnc, obtained both from TESS (The Transiting Exoplanet
Survey Satellite) and AAVSO (American Association of Variable Star Observers), are reported in the
next Section. Based on observations, we derive the color indices and color temperatures at maximum
brightness, also some parameters of the binary system, as radius of the primary and secondary
components, binary separation and the discs’ effective temperatures profiles are calculated in the last
Section.

Observational data and results for SY Cnc

In this paper, we apply observational data obtained with different instruments and facilities,
situated on board of TESS and AAVSO international database.

e Observational data and results from TESS

We use data from TESS observations, obtained from two sectors of the northern sky. The
TESS main aim is to search for transiting Earth-sized exo-planets. Observations of bright stars, over
200 000 objects, are also provided [9]. The light curves of the studied objects by TESS photometric
series could be analysed with a 2-minute cadence [8, 18].

The data of SY Cnc are obtained in the time-intervals: (2021-10-12 — 2021-11-05 Calendar
dates, means yy-mm-dd), from the sector number 44, with an exposure time 120 sec and (2023-11-11
— 2023-12-07), from sector 72, with an exposure time 120 sec. The data were downloaded and
reducing from the Mikulski Archive for Space Telescopes (MAST, https://archive.stsci.edu).

The light curves for both time-intervals (Figs. 1a and 2a) were constructed as Flux-rate [e-/s]
(electrons/second) vs. time in [days], from the Simple Aperture Photometry (SAP) Flux data.
Frequency analysis of the obtained data for the same time-intervals are represented as power-period
diagrams (Figs. 1b and 2b). To determine the period, the Lomb-Scargle method is applied [12, 19].

53



power (electron / 8}
s
—
e

" perod ()

Fig.1. Light curve of SY Cnc, created with the data obtained from TESS for the observational interval 2459499.69
—2459523.93 JD (a, left panel). The dotted red line denotes the binned curve with number of bins 200 for
the optimal fit. The time of the peak in the flux variation is marked with a red vertical line. (b, Right panel):

a power-period diagram of SY Cnc, obtained by the frequency analysis with data for the same observational time.
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Fig. 2. Light curve of SY Cnc, created with the data obtained from TESS for the observational interval 2460259.68
— 2460285.085 JD (a, left panel). The time of the peak in the flux variation is marked with a red vertical line.
The dotted red line denotes the binned curve with number of bins 150 for the optimal fit. (Right panel, b): a power-
period diagram of SY Cnc, obtained by the frequency analysis data for the same observational time.

An increase in brightness is seen both in the flux vs. time curve and in the frequency analysis
diagrams. The maximum values of the flux-rates of these light variations are (6.46 £ 0.003) x10° e/s
with amplitudes of increasing of (2.25 + 0.003) x10° e/s for the first time-interval.

During the second interval, the maximum observed flux-rates vs. time is estimated as
(423 + 0.002) x10° ef/s, with amplitudes between minimum and maximum values of
(3.09 £ 0.004) x10° e/s and the amplitude increased value is (2.05 £ 0.03) x10° e/s. This variation in
brightness could be identified as a rapid burst activity. The appearance of small-scale oscillations is
observed during the both observational time-intervals, with amplitudes of
(0.21 - 0.38) + 0.003 x10° e/s.

e Observational data from AAVSO

The observational data obtained for SY Cnc in BVRI bands cover two observational time-
intervals. The first one is in the range: 2458800-2459000 JD (Julian dates) (2019-11-12 — 2020-05-30
Calendar dates). In the obtained data we see irregular variations of brightness in time and between
the minimum (13.32 £ 0.022 mag in V band) and maximum (11.13 + 0.026 mag in V band) values it is
in the range 10 — 15 days in average, with periodicity of 25 — 30 days (see Fig. 3a). The second
interval is in a range: 2458000 — 2458300 JD (2017-09-03 — 2018-06-30 Calendar dates). We observe
an increase in brightness in two consecutive peaks with a period between them of = 32 days, the
magnitude in its second, higher maximum is 11.12 £ 0.018 in the V band (Fig. 3b).
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Fig. 3. Light curves of SY Cnc in BVRI bands for the intervals of time: 2019-11-12 — 2020-05-30 (3a) and 2017-
09-03 to 2018-06-30 (3b) Calendar dates. Eight years interval of observations in BVRI bands (3c).
The observational times in the figures are in JD (Julian dates). The data are taken from AAVSO.

time-interval of observations

We also present a light curve for a longer
(2458100-2460900 JD). The obtained observational data show the star's behavior stays in a similar
way during the last ~ 8 years. Its brightness varies in the range of 13.61-11.02 magnitudes in V band,
with amplitude variations of 2.0 — 2.5 mag (Fig. 3c). In contrast with other Z Cams object, like Z Cam
and AT Cnc (see Boneva et al. 2024 [2], where the light curves of the two states are seen very
clearly), we cannot distinguish prolonged states of standstill and outbursts for this longer time light

curve of SY Cnc.
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Parameters of the system and temperature profiles

e Radii of the two components and binary separation

In this section, we present our calculations of some system parameters of SY Cnc, as radii of
the primary and secondary components and the distance between them.
To calculate the radius of the white dwarf primary Ri, the Eggleton’s mass-radius relation is
convenient to apply (eg. 1).

_ /2 -2/3 _11°2/3
R1 - Ml 2/3 B MI 2/3]1 (Ml) (Ml)
where Mcy, = 1.4Mg is the Chandrasekhar mass; M, = 0.00057 Mg is a constant.

We use two different values of the primary white dwarf star mass M1 (see Introduction), as
obtained by Smith et al. (2005) [21], noted here as Mia = 0.42 Mg and the minimum value from
Casares et al. 2009 [4], as M1b = 0.65 Mg, correspondingly.

Therefore, our calculations give two different values for the primary radius, R1a and Rib.

Ria = (1.02 + 0.002) x 10°cm = 0.014 + 0.002 R for M1a;
Rup = (7.95 + 0.004) x 10°cm = 0.015 + 0.001 R, for Mib.

To calculate the binary separation a the Kepler’s 3rd law expression can be used (Eq. 2). We
apply the same value for M1 and for M2 from [21], and again the minimum value from [4], noted here
as M2a = 0.23 Mg and M2b = 0.77 Me.

1
@ a= G(M1+M2)MP%,,\3
4m2

Then, the obtained values for a are:

a1=(1.31+0.01) x 10" cm = 1.89 + 0.01 Rg
a2 =(1.71 +£0.02) x 10" cm = 2.47 + 0.002 R

Further, to calculate the radius R2 of the secondary component of the objects, the equation of
Eggleton [7], which gives a high accuracy of the obtained values, is applicable.

2
Ry _ 0.49¢3

(3) a2z [ Iy
0.6q§+ln(1+q§>

Here q = M, /M, is the mass ratio and in accordance with two values of M1 and M2, we have
g1 =1.82 + 0.002; g2 = 0.84 + 0.002. Then, for the radii R2a and R2b we obtain:

R2a = (2.97 + 0.03) x 10*°cm = 0.431 + 0.004 R
R2b = (2.50 + 0.02) x 10"°cm = 0.363 + 0.003 Ro

All the values of the calculated parameters are given in Table 1.

Table 1. System parameters of SY Cnc, calculated in this paper, as follows: R; — radius of the primary; R —radius
of the secondary; a — binary separation

Parameters /Object: Rwd (R R
SY Cnc wd (R) 2 a
[Ro] [Ro] [Ro]
Masses
Mla; M2a 0.014 £ 0.002 0.431 £ 0.004 1.89 £ 0.01
M1b; M2b 0.015 £ 0.001 0.363 +0.003 2.47 £ 0.002
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e Colorindex and color temperature

The observational data from AAVSO in BVRI filters allow us to estimate the color indices of
SY Cnc. Following the data, we obtain the color indices (B - V) with values of the magnitudes in B and
V filters at maximum brightness for the two time-intervals separately. During the first observational
time-interval (see previous Section), the obtained index for the night of 2458837.03 JD has a negative
value (B - V = - 0.035 £ 0.022), while on the night of 2458948.34 JD the color index is positive
(B -V =0.036 £ 0.016). This is an indication that during these two outbursts the object became bluer
and hotter and then redder and cooler in a frame of ~ 4 months.

In the time-span of the second interval (Fig. 2b), during the outburst of the object the color
varies from red to blue at its maximums in two nights. On the night of 2458154.80 JD the color index is
positive (B - V = 0.027 % 0.004) and on the night of 2458156.00 JD is already negative
(B-V =-0.066 + 0.022).

Further, using the more precise derredened color index (B - V)o, we could calculate the color
temperature T(B - V), of SY Cnc during the maximum brightness in both observational time-intervals.
The formula of Ballesteros [1] is appropriate to apply here:

1 1
(0.92(B=V)g+1.7)  (0.92(B—V)(+0.62)’

(@)  (Tcol)y = 4600K x

According to Shara et al. 2012 [20], the color excess value of SY Cnc is E(B - V) = 0.0 [3].
Using this value and applying it on the expression E(B - V) = (B - V) - (B - V)o, we obtain that
(B - V)o = (B - V) £ 0.0001. Then, our calculations give the next values for the color temperatures
(also see Table 2):

(Tcol)o 11 = 10584 £ 425 K; (Tcol)g 1, = 9700 £ 382 K;

(Tcol)o 1 = 9800 + 470 K; (Tcol)g 2, = 11030 = 330 K.

This result confirms that during the second observational time-interval the object became
hotter, which is a sign of active accretion processes.

Table 2. Color index and color temperatures of SY Cnc during the two observational time-intervals. Values are
obtained at maximum brightness for the selected dates

Object/ Time-interval Time-interval
Values 2458800-2459000 JD 2458000 — 2458300 JD
SY Cnc (B-V)o_max ‘ (Tcol)o_max [K] (B-V)o_max ‘ (Tcol)o_max [K]
JD 2458837.03 JD 2458154.80
-0.035 £ 0.022 | 10585 + 425 0.027£0.004 | 9800 + 470
JD 2458948.34 JD 2458156.00
0.036 £ 0.016 ‘ 9700 + 380 - 0.066 + 0.022 ‘ 11030 £ 330

e Temperature profiles

Like other DN stars and as a member of Z Cams, an accretion disc around the white dwarf
star is formed in the SY Cnc’s binary configuration. The outbursts manifestation could be sometimes
related to the disc’s activity and temperature variations. In this section we use the next formula of
Pringle [17] to show the development of the effective temperature (Teff) in the accretion discs of the
object.

Y
© Ty -na(s9)(1-(29") "

For this aim, we apply one-temperature model of an accretion disc. It is known that the disc
develops an advection. In this case, a non-stationary and non-axisymmetric accretion flows are
considered and advection stays in the non-dominant regime/mode. The model’s results allow us to get
2D-structure of the disc [24]. Then the effective temperature in the terms of this solution is:

(6) Terr = To (:_d) & (f1f4x(4x)3)1/4
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Here x = r / Rd, Rd - accretion disc radius, f1(x) - equatorial density and f4(x) — disc
half-thickness correspondingly. Then, the profiles have the form:
2 1

Teff =5 (135_0) (2.7 1- x)/x%)Z

The solutions are obtained for both a thin disc model and an advective model (Fig. 4a and Fig. 4b).

High temperature profile of SY Cnc High temperature profile of SY Cnc
in the thin disk model in the advective disk model
12000 40000
10000 35000
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25000
= =
6000 E 20000
2 3
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10000
2000
5000
o o
a ° 20 a0 60 80 100 120 b o 20 40 60 80 100 120
Rd[R1] Rd[R1]

Fig. 4. The effective temperatures profiles of SY Cnc against the accretion disc’s radius. Comparison of the two
models’ profiles is seen in 4(a) for the thin disc model and in 3(b) for the advective disc model.

Figures compare the changes of the disc temperature profile for the two models, for the
surface temperature of the accretor of the SY Cnc. The effective temperatures are plotted against the
discs’ radii (Rd), where Rd is in a unit of white dwarf radius R;. We used the averaged value of R;
from our calculations in previous subsections (Table 1). The result demonstrates that the advective
model much better represents the relationship between the disc’s level of activity and the
compactness degree of the accretor.

Conclusion

In this paper, we presented our study of the Z Cam star SY Cnc. We use observational data
from two observational facilities, TESS and AAVSO. The resulting light curves and the power-period
diagrams from TESS show the activity in the object during the observational time-intervals. In the
obtained light curves of SY Cnc from AAVSO, brightness variations with larger amplitudes are seen.

Based on the observational data, we estimated the color indices and color temperatures at
their maximum brightness and vary in the ranges: - 0.066 < (B — V), < 0.036; 11030 [K] > T(B - V),
> 9700 [K]. According to the calculated values, during the two outbursts the object became bluer and
hotter and then redder and cooler.

We calculated the radii of the primary and secondary components of SY Cnc, and the orbital
separation between them. It is still under discussion, but because of its higher mass-ratio and the form
of its temperature profile distribution with a higher color temperature, SY Cnc could have a sign of
non-stable mass-transfer rate. We compared the parameters values of SY Cnc with two other Z Cam
stars, Z Cam and AT Cnc, calculated in (Boneva et al. 2024, [1]). They have similar values of the
parameters as masses, orbital periods and observational magnitudes.

We constructed the profiles of the effective temperature in the accretion discs of the object.
From our analysis the known correlation is seen - the higher the temperature of the white dwarf, the
smaller its radius. This confirms that the hotter object and its disc are definitely more active.
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