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Abstract. TESS photometric data of LS Cam from sectors 19, 20 and 26 are analysed. The
obtained power spectra from sectors 19 and 20 show multiple periodicities - orbital variations
(Pory = 0.14237 days), slightly fluctuating superorbital variation (Ps, &~ 4.03 days) and
permanent negative superhump (P_;, = 0.1375 days). In sector 26 an additional positive
superhump (Pi,, = 0.155 days) is present. Using relations from the literature, the mass
ratio and the masses of the two components are estimated to be ¢ = 0.24, M1 = 1.26M),

and Mz = 0.30M(), respectively.
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Introduction

Cataclysmic variables (CVs) are binary systems consisting of a white dwarf
primary and a Roche-lobe filling late-type star secondary. Matter from the
secondary is usually transferred through the L; Lagrange point to the primary
via an accretion disc. In the presence of strong magnetic fields generated by
the primary, the matter is accreted along the magnetic lines onto the magnetic
poles. A detailed overview of cataclysmic systems is presented in Warner (2003)
and Hellier (2001). Some CVs display quasi-periodic changes in brightness
with periods slightly shorter or slightly longer than the orbital period (P,;p)
of the system. These phenomena are called superhumps. They can be either
positive/apsidal (Pig) - a few percent longer than P, or a few percent
shorter - negative/nodal (P_g,). Superhumps are believed to be a beat period
of P, and the apsidal or nodal motion of the disk, but their exact cause
remains unknown. If the superhump period remains stable for many thousands
of orbital cycles, it is called a permanent superhump (e.g. Patterson 1999). In
some cases, along with a negative superhump, a superorbital signal (Py,) with
a significantly longer period than P, is detected.

LS Cam is a cataclysmic variable that was first classified as a quasar can-
didate with the identifier HS 0551+7241 in the Hamburg-CfA Quasar Survey
(Engels et al. 1998). Later, Dobrzycka et al. (1998) show the CV nature of
HS 055147241 and study its behavior using spectroscopic and photometric
observations. Their analysis of the spectroscopic data shows evidence of short
~ 50 min fluctuations superimposed on longer ~ 4-hour variations. They also
consider the presence of eclipses and suggest that the binary is a candidate
intermediate polar based on a relatively strong He II A4686 emission line with
short fluctuations. The long-term photometric behavior is also studied in Do-
brzycka et al. (1998). The average historic magnitude of LS Cam is 16.8 mag
in B band, except for a 2 year long low state starting in January 1994, when
the system’s brightness dropped by AB ~ 2.5 mag. Data from the Zwicky
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Transient Facility (ZTF; Masci et al. 2019) in the period of 2019 to 2021 show
LS Cam in a stable high state with a mean magnitude of 16.24 in g band and
16.17 in r band (Fig. 1).

Other mentions of LS Cam in the literature include Rodriguez-Gil (2005),
where the binary is classified as a non-eclipsing SW Sex type system and
Thorstensen et al. (2017), where an improved orbital period P,,;, = 0.1423853(5)
days ~ 3.42 hours is given.
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Fig. 1: ZTF light curves in g and r are shown with green and red respectively.
The photometry errors are smaller than the symbol size. The shaded regions
represent the times of TESS sectors 19, 20, and 26 in which LS Cam was
observed.

1. Observations and results

Photometry of LS Cam with 120 seconds cadence was obtained from sectors
19, 20, and 26 of the Transiting Exoplanet Survey Satellite (T'ESS; Ricker
et al. 2015). Each sector includes ~ 24 days of continuous photometry, with
one day pause during orbit perigee passage. The data are publicly available in
the Mikulski Archive for Space Telescopes (MAST)3. More information about

the sectors of the TESS telescope can be found at the TESS website?. The
data are reduced with the SPOC pipeline (Jenkins et al. 2016) and from each
sector is subtracted its mean flux level. Sectors 19 and 20 are analyzed together,
separately from sector 26. Periodogram analysis of the two sets of data was
performed using the Lomb-Scargle (LS) method (Lomb, 1976; Scargle, 1982)
with an Astropy routine (Astropy Collaboration et al. 2013, 2018). To estimate
the uncertainties of the obtained periods from the power spectra, a bootstrap
method with sample size equal to half of the data is used.

The obtained power spectra contain four significant periodicities - the or-
bital period (P,), a superorbital variation (Ps,), a permanent negative su-
perhump (P_g,) and in sector 26 only - a positive superhump (P.gp). The

3 http://archive.stsci.edu/
4 https://tess.mit.edu/observations/
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values of all obtained periods, duration, start, and sectors of each of the two
data sets are shown in Table 1. The uncertainty is expressed in terms of the
least significant digit in brackets after the measured period value. Figure 2
shows all photometric data from the T'ESS sectors and the corresponding
periodograms. A preliminary search for periodicities was performed in the fre-
quency window between 0.001 and 300 cycles per day. All significant periodic
signals are located in the frequency window between 0.01 and 10 cycles per
day, shown in the power spectra in the bottom two panels of Figure 2.

Table 1: Results from periodogram analysis of the T'ESS observations.

Sector start Duration Porp Pso P_q.n Pisn
JD 2450000+ [days] [days] [days] [days] [days]
1 16. 24.1
9 8816.08 0 0.1424(3) 4.053(3) 0.1375(4) -
20 8842.50 24.79
26 9010.26 23.95 0.14237(2) 4.006(9) 0.137(1) 0.155(1)
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Fig.2: The two sets of TESS photometry (black dots) and errors (gray lines).
The corresponding periodograms are below each light curve.
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2. Discussion

The beat period of P,,;, and P_gy, is:

1 1 1

_ — 1
P—sh Porb Pso ( )

The expected P;, calculated with the obtained P, and P_g, is 4.00+0.33
days. This value is in agreement with the P;, values in Table 1, implying that
the negative superhump is a beat period of the orbital period and the disk
precession motion.

The presence of simultaneous negative and positive superhumps would
suggest that the accretion disc of LS Cam is undergoing both apsidal and nodal
precession motions. The existence of both periodicities have been observed in
a few other systems - TT Ari (Belova et al. 2013, Kraicheva et al. 1999),
AQ Men (Itkiewicz et al. 2021), and V603 Aql (Patterson, 1997).

Suleimanov et al. (2004) explore the transition between negative and pos-
itive superhumps in V603 Aql. In this work, they argue that such transitions
happen due to change in the accretion rate in the system. The authors suggest
that that the disk inclination increases with the distance from the primary.
The farther a ring of matter is from the white dwarf, the higher its inclination
to the orbital plane. This effect is stronger when the disk is larger, thus when
the accretion rate lowers, this effect becomes smaller and the apsidal motion
of the disc becomes significant enough to appear in the photometric variability
of the system. This can explain the behaviour of LS Cam - the mean flux of
sectors 19 and 20 is 43.8 e/s. For sector 26 it is 26.1 e/s, implying that the
disk is smaller and the accretion rate is lower.

An estimation of some system parameters of LS Cam can be obtained
using the positive superhump excess €4 = (Pygp, — Porp)/ Porp and the negative
superhump deficit e = (P_g, — Porp)/ Pory- With the periods given in Table 1
and P,.;, = 0.1423853 + 0.0000005 days (Thorstensen et al. 2017), the values
of €4 and e_ for LS Cam are 0.088 £0.007 and 0.034 £ 0.007 respectively. The
excess and deficit are shown to correlate with the mass ratio (¢) and the orbital
period of the system (e.g. Retter et al. 2002; Patterson et al. 2005). Wood et
al. (2009) give a relation between g and e_ derived from particle simulations:

q=—0.192]e_|"/? + 10.37]e_| — 99.83]e_|*/? + 451.1]e_|?. (2)

They also provide a relation between ¢ and e, :

q = 3.733¢; — 7.898¢2, (3)

Using the obtained values of e, and e_, the resulting value of ¢ in Eq. 2
is ¢ = 0.21 £ 0.09, and using Eq. 3 is ¢ = 0.26 £ 0.02. The uncertainty here is
estimated using only the errors from the periodogram analysis.

From the value of ¢ = 0.24 4+ 0.02 and the mean empirical mass-period
relationship My = 0.065[P,,(hr)]}25 (Warner 2003), the masses of the two
components are estimated to be M; = 1.26 4= 0.10Mx and Mz = 0.302 +
0.01Mg. The values for ¢, My and M estimated in this work are similar to

the rough estimations done by Dobrzycka et al. (1998).
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Conclusion

In this work analysis of three sectors of TESS photometry of the cataclysmic
variable LS Cam is performed. The Power spectra show the existence of orbital
variations with P,., = 0.14237+0.00002 days, slightly fluctuating superorbital
variation with P, =~ 4.03 days and permanent negative superhump P_g; =
0.1375 £ 0.0004 days. An additional positive superhump with P, = 0.155 +
0.001 days existing simultaneously with the other three variations is present
in sector 26.

Using the relations between ¢, €4, e and the mass-period relationship,
several system parameters are estimated. The values for the mass ratio ¢ =
0.24 +0.02, and mass of the components are M; = 1.26 £ 0.10M ¢, and My =
0.302 £ 0.01 M.

Acknowledgments: The author is grateful to prof. R. Zamanov for the helpful bits of
advice and fruitful discussions. This work was supported by the Bulgarian National Science
Fund project number KI7-06-H28/2 08.12.2018 ”Binary stars with compact object“. This
paper includes data collected with the TESS mission, obtained from the MAST data archive
at the Space Telescope Science Institute (STScl). This paper includes data collected by the
TESS mission. Funding for the TESS mission is provided by the NASA’s Science Mission
Directorate. ST'Scl is operated by the Association of Universities for Research in Astronomy,
Inc., under NASA contract NAS 5-26555.

References

Astropy Collaboration, Robitaille T. P., Tollerud E. J., Greenfield P., et al., 2013, A&A, 558,
A33

Astropy Collaboration, Price-Whelan A. M., Sip6cz B. M., Gilinther H. M., et al., 2018, AJ,
156, 123

Belova A. 1., Suleimanov V. F., Bikmaev 1. F., et al., 2013, AstL, 39, 111

Dobrzycka D., Dobrzycki A., Engels D., Hagen H.-J., 1998, AJ, 115, 1634

Engels D., Hagen H.-J., Cordis L., Koehler S., Wisotzki L., Reimers D., 1998, A&AS, 128,
507

Hellier, Coel 2001, Cataclysmic Variable Stars - How and Why they Vary, Springer-Verlag
London

Ttkiewicz K., Scaringi S., Court J. M. C., Maccarone T. J., et al., 2021, MNRAS, 503, 4050

Jenkins J. M., Twicken J. D., McCauliff S., Campbell J., et al., 2016, SPIE, 9913, 99133E

Kraicheva Z., Stanishev V., Genkov V., Iliev L., 1999, A&A, 351, 607

Lomb N. R., 1976, Ap&SS, 39, 447

Masci F. J., Laher R. R., Rusholme B., Shupe D. L., et al., 2019, PASP, 131, 018003

Patterson J., Kemp J., Saad J., Skillman D. R., et al., 1997, PASP, 109, 468

Patterson, J. 1999, Disk Instabilities in Close Binary Systems, Eds. S. Mineshige & J. C.
Wheeler (Tokyo: Universal Academy Press), 61

Patterson J., Kemp J., Harvey D. A., Fried R. E., et al., 2005, PASP, 117, 1204

Retter A., Chou Y., Bedding T. R., Naylor T., 2002, MNRAS, 330, L37

Ricker G. R., Winn J. N., Vanderspek R., et al., 2015, Journal of Astronomical Telescopes,
Instruments, and Systems, 1, 014003

Rodriguez-Gil P., 2005, ASPC, 330, 335

Scargle J. D., 1982, ApJ, 263, 835

Suleimanov V., Bikmaev I., Belyakov K., et al., 2004, AstL, 30, 615

Thorstensen J. R., Ringwald F. A., Taylor C. J., et al., 2017, RNAAS, 1, 29

Warner, B. 2003, Cataclysmic Variable Stars, 2nd edition, Cambridge University Press

Wood M. A., Thomas D. M., Simpson J. C., 2009, MNRAS, 398, 2110

25



