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Abstract

We present follow-up photometric observations and time-series analysis of a nova-like, SW Sextans-type,
cataclysmic variable (CV) candidate, LAMOST J204305.95+341340.6 (hereafter J2043+-3413), with a Gaia
G-band magnitude of 15.30 and a distance of 990 pc, which was identified from the LAMOST spectrum. The
photometric data were collected with the Tsinghua-NAOC 0.8 m telescope (TNT), Transiting Exoplanet Survey
Satellite (TESS), Zwicky Transient Facility (ZTF), and ASAS-SN. The TESS light curve reveals the presence of
two prominent periods of 2.587(8) hr and 1.09(5) days, corresponding to the orbital and superorbital (precession)
period, respectively. The TNT data obtained in 2020 shows a possible quasiperiodic oscillation of 1426 s. The
precession period is about three times shorter than that of CVs with similar orbital periods, indicating an unusually
fast precessing accretion disk. The ZTF data is found to show a sudden decline of ~0.4 mag on MJD 58979. From
the intermittent behavior of the eclipse, we deduce that J2043+-3413 is an intermediate inclination system of CV,
similar to V795 Her, which is also situated in the period gap.

Unified Astronomy Thesaurus concepts: Cataclysmic variable stars (203); Nova-like variable stars (1126); Stellar

accretion disks (1579); Eclipsing binary stars (444)

1. Introduction

A cataclysmic variable (CV) consists of a white dwarf (WD)
primary and a low-mass Roche-lobe filling secondary (War-
ner 1995, hereafter WA95). In CVs with sufficiently weak WD
magnetic fields (B < 10° G, which include classical novae,
nova remnants, dwarf novae, and nova-like variables; NLs), the
material transferred from the secondary spreads into an
accretion disk surrounding the primary. If the magnetic field
of a CV WD is larger (106 <B<10’ G), the accretion disk will
be partially disrupted, and material will flow through the
magnetic lines. These are called as intermediate polar (IP). For
the strongest magnetic CV (B > 107 G, polar), an accretion disk
can not form (Cropper 1990; Cropper et al. 2002; Dai et al.
2016).

CVs can be discovered either during their outbursts or
through their spectroscopic features. Over the last decade, the
Large Sky Area Multi-Object Fiber Spectroscopic Telescope
(LAMOST; Wang et al. 1996; Cui et al. 2012) has obtained
millions of stellar spectra. Hou et al. (2020) identified 245 CV
candidates, 58 of which are new discoveries, using machine-
learning methods. These spectroscopically identified CVs lack
relevant photometric observations. In this work, we chose one
of them, LAMOST J204305.95+341340.6 (J2043+3413 for
brevity), for a follow-up photometric study.

J2043+4-3413 was initially discovered by Margoni & Stagni
(1984) in a low-Galactic-latitude field survey. It has time-series
archived photometry data from the Transiting Exoplanet
Survey Satellite (TESS; Ricker et al. 2014) mission, the
Zwicky Transient Facility (ZTF; Bellm et al. 2019; Szkody
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et al. 2020, 2021), and the All Sky Automated Survey for
SuperNovae (ASAS-SN; Kochanek et al. 2017). J2043+4-3413
was also recently studied with time-series spectra by
Thorstensen (2020; hereafter TH20). The LAMOST spectrum
of J2043+3413 is shown in Figure 1, where one can see
prominent Balmer emission lines, He I A4686 and C III/N III
M650 lines. These emission lines show double-peak features,
suggesting the presence of disk structure in J20434-3413.
Moreover, the appearance of the prominent Hell A4686
emission line suggests the presence of a magnetic field
(WA95) in J2043+3413, and the measured ratio of Hell
M686/H3 > 0.5 characterizes it as a candidate of NL subtype
(Hou et al. 2020). The basic information from Gaia (Gaia
Collaboration et al. 2016, 2018, 2023) and parameters
estimated from this work are given in Table 1.

In this paper, we examine the detailed photometric properties
of J2043+3413 with our own multiband photometry, as well as
the data from TESS and ZTF. Observations, data reduction, and
collections of other data sets are described in Section 2. The
analysis and parameter estimations are presented in Section 3.
Discussion and conclusion are given in Section 4.

2. Observation and Data Acquisition
2.1. TNT Observation and Data Reduction

From 2020 October to 2022 June, we observed J2043+-3413
in Sloan gri-bands (Doi et al. 2010) on 11 nights using the
Tsinghua-NAOC 0.8m telescope (TNT) at the Xinglong
Station (Wang et al. 2008; Huang et al. 2012). The observation
log of J2043+3413 is given in Table 2. One image of this
object is shown in Figure 2. For long-term time-series
photometric observations, the differential photometry is
sufficient for our work. We select two stars with constant
luminosity in the field of J2043+4-34 as a comparison star and
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Figure 1. The LAMOST spectrum of J2043+3413 taken on MJD 57664. Balmer emission lines are marked in gray, and the others lines are marked in black. The

insets show the line profiles of Ha and HS.
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Figure 2. An observed image of the source J2043+-3413. The target star and reference stars (comparison star and validation star) are marked with black and gray

circles respectively.

validation star. All the time of our observation have been
converted to Barycentric Julian Day (BJD) in Barycentric
Dynamical Time (Eastman et al. 2010).

2.2. TESS Data

TESS works in the visible and near-infrared bands, covering
wavelengths 600~1000 nm. During the first two years of its
mission, TESS divided 85% of the sky area into 26 sectors and

conducted continuous observations of each sector for 27 days.
For some stars located at high-ecliptic-latitude areas, the
continuous observation can be up to 351 days due to
overlapping sectors. The light curves of stars monitored by
TESS are produced with MIT’s Quick-Look Pipeline (Huang
et al. 2020). J2043+3413 (corresponding to TIC 100234005 in
the TESS catalog) has been monitored by TESS in its sectors
14 and 15, and the observations lasted for 49 days with a
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Figure 3. Upper panel: the normalized flux with the corresponding error bars (deep gray points and light gray bars) of J2043+-3413 obtained within TESS 54 days
monitoring. The abscissa is dated in TESS BJD. Bottom panel: the LSP of J2043+3413 derived from the TESS data. The abscissa is frequency in cycles per day
(c d™Y). The orbital period (Pow,) and superorbital period (Pgp,) are highlighted with red and gray lines, respectively.

Table 1

Parameters of J2043+4-3413 from Gaia DR2+DR3 and this Paper
Parameter Value
RAG « [h:m:s] 20:43:05.955
decl.? § [d:m:s] 434:13:40.73
Apparent magnitude” mg [mag] 15.30
BP — RP¢ [mag] 0.372
Distanceg d [pc] 990 + 22
Reddening® E(g — r) [mag] 0.2279%
Apparent absolute magnitude” M [mag] 5324093
Orbital periodg'h P, [hr] 2.587 +0.008
Superorbital period®™" Py, (Ppy) [days] 1.09 £0.05

Notes.
 Positions are referred to the International Coordinate Reference System
(essentially the reference frame for J2000).

mg is the mean apparent magnitude from Gaia G band.
¢ The blue (BP) and red (RP) prism photometers collect low-resolution
spectrophotometric measurements of source spectral energy distribution over
the wavelength ranges 330~680 nm and 630~1050 nm, respectively.
4 The distance and its error are derived by the inverse of DR3 parallax.
¢ The extinction was taken from the 3D reddening map (Green et al. 2019).
[ The absolute G-band mean magnitude is calculated from mg and Distances
(Andrae et al. 2018) as listed in this table.
€ See Sections 3 and 4. For the cases without range of error, the given values
represent the rough estimates.
h Analysis with the data in TESS sectors 14 and 15 (spanning from MJD 58682
to 58737).

cadence of 120 s. Some of the lower-quality data caused several
gaps. The normalized TESS light curve of this source is shown
in the upper panel of Figure 3.

2.3. Other Survey Data

J20434-3413 has also been covered by ground-based surveys
such as ZTF and ASAS-SN, which provide long-term ZTF g/r-
band and ASAS-SN V/g-band data. Notice that both the ZTF
and ASAS-SN data are under-sampled, and only one data point
is available for most sidereal days. The ZTF data lasted for
more than 1200 days, and the corresponding light curves of
J20434-3413 are shown in Figure 4. Only one consecutive
observation was performed on the night of MJD 58449 (see the
subgraph of Figure 4).

The observation by ASAS-SN lasted for about 2000 days.
Some of the V-band data from ASAS-SN are overplotted in
Figure 4. As the photometric errors of ASAS-SN data are
relatively large, we use the ASAS-SN data only for qualitative
analysis.

3. Photometric Analysis

As can be seen from the ZTF and ASAS-SN data in Figure 4,
J20434-3413 shows a sudden decline around MJD 58979. The
mean brightness of J2043+3413 is 15.47 mag in ZTF g band
and 15.37 mag in ZTF r band before MJD 58979, but after that,
it declined to 15.84 mag in g band and 15.71 mag in r band. Its
color index also changed from 0.10 to 0.13 mag after MJD
58979.

3.1. Orbital and Superorbital Period

Relatively few CVs have been found in the orbital period
range of 2~3 hours (hr), the so-called CV period gap
(King 1988; Kolb et al. 1998). The analysis of TH20 revealed
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Figure 4. Observation data collected for J2043+3413. ZTF r- and g-band data are shown as points in orange and blue, respectively. The only consecutive observation
obtained on MJD 58449 is shown in the subgraph. Partial data of ASAS-SN V-band is shown as points in green. The time of the TESS monitoring in which J2043
+3413 was observed is marked as gray strips. The time of TH20 time-series spectroscopy is marked as yellow green line. The time of LAMOST spectrum is marked
as black line. The time of TNT observation in i-, r-, and g-band is marked as lines in deep red, orange, and blue, respectively.
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Figure 5. The phase-averaged normalized flux folded by the orbital period (upper panel) and superorbital period (bottom panel). The red sinusoidal represents the

Lomb-Scargle model, which fits well with the profile of superorbital period.

two possible periods for J2043+3413, i.e., 2.586(3) and 2.899(3)
hr based on the velocities of Ha emission line, and the later one
was attributed to a daily cycle-count alias. Both of these two
periods lie in the CV period gap.

We search for periodic signals using the python package
ASTROPY (Astropy Collaboration et al. 2018). We normalized
all of the light curves and computed their Lomb-Scargle

periodogram (LSP; Lomb 1976; Scargle 1982). The LSP for
the TESS data is shown in the bottom panel of Figure 3.

As can be seen, the LSP of the TESS data reveals several
prominent peaks, the most significant ones are around
0.9127cd™" (1.096 days) and 9.2764cd ™' (2.5872 hr). The
less significant peaks above 10cd " are the harmonics of the
fundamental frequency of 9.2764 cd™'. In order to show the
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Figure 6. The differential magnitudes of J2043+3413 and the reference stars, obtained by TNT on eleven nights, are plotted on the abscissa of BJD minus the
observation date. The colors of the error bars corresponding to different bands and differential magnitudes are shown in the labels. The predicted eclipse moments
inferred from an eclipse-like feature (7, = 2459722.73184, marked in panel (h)) and the orbital period of TESS data are marked with gray lines.

orbital variability, we folded the data with the period 2.5872 hr,
and the 120 s bin-averaged normalized flux is presented in the
upper panel of Figure 5. The orbital light curve shows an
eclipse and a preeclipse hump.

To estimate the error of the orbital period, we follow the
method from VanderPlas (2018). The scaling of frequency is

approximated by

07 ~ ;o\ P (1

where fi , is the half-width of peak at half-maximum and Fyax
the height of peak. We obtain an error of the orbital period as
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Figure 7. Top panel: the LSP of J20434-34 from the TNT data observed in 2020. The possible QPO frequency ~60.52 cycles per day is marked in gray line. Middle
panel: the observed data on BJD 2459148 in g-band. The red sinusoid represents the Lomb—Scargle model fitting. Bottom panel: the observed data folded by the fitted
frequency. The time interval for the data binning is 17 s.

Table 2
Observation Journal of J2043+3413
UT Date Filter Number of Effective Image Exposure Time(s) Panel in Figure 6
2020 Oct 24 i 95 80 (a)
2020 Oct 25 r 113 80 (b)
2020 Oct 26 g 145 80 (c)
2021 Jun 18 r 124 80 (d)
2021 Nov 11 i 69 80 (e)
2022 May 21 g 108 80 ®
2022 May 22 g 106 80 (2
2022 May 23 g 173 40 (h)
2022 May 26 g 208 40 )
2022 Jun 5 g 190 40 G)
2022 Jun 6 2 191 40 &)
0.008 hr. The orbital period derived from TESS data is The day-scale LSP peak around 0.9127 cd ™' (1.096 days) is
Py, = 2.587(8) hr, which is the same, within the uncertainties, likely a superorbital period (Pg,). We estimated an error of 0.05
as the 2.586(3) hr period derived by TH20. day. The 1200 s bin-averaged normalized flux, which is folded
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Figure 8. The LSP of V795 Her derived from the TESS data, similar to the bottom panel of Figure 3. The orbital period and harmonics are marked in red line. The
disk precession period and negative superhump period (P,s) (Wood et al. 2009; Itkiewicz et al. 2021) are highlighted with gray lines.

with superorbital periods, is shown in the bottom panel of
Figure 5. It can be well fitted with a sine curve (Lomb—Scargle
model; VanderPlas 2018).

3.2. Photometric Variations of TNT Data

The light curves of TNT data observed on 11 nights with
error bars are shown in Figure 6. It is interesting to note that the
light curves on different nights are quite different. It could be
seen that the light curve on 2022 May 22 (BJD 2459722)
shows an eclipse-like feature, with a duration about 0.7 hr,
similar to the eclipsing duration of the TESS orbital profile (see
the upper panel of Figure 5). Based on the eclipse-like feature,
we define an ephemeris of eclipse as 2459722.73184
+0.1078E, where 0.1078 day is the orbital period (Pow)
obtained from TESS data. The predicted eclipse times of the
other nights are plotted as vertical lines in Figure 6. T is the
time of an eclipse-like feature, which is BJD 2459722.73184.
The predicted eclipse times seem to coincide with the minimum
of the light curve on Ty — 9P, To + 28Pop, and T + 121P gy,
but not on Ty + 130P .

The top panel of Figure 7 shows the LSP of the TNT
observations from 2020. We see that the LSP of i- and r-band
data are similar, while that of the g-band data looks quite
different. The g-band LSP shows a feature around period
P~ 14265 (60.52cd™"), which might be a kilosecond
quasiperiodic oscillation (QPO; Woudt & Warner 2002). The
folded g-band light curve with 1426s is presented in the
bottom panel of Figure 7, with the g-band data in the middle
panel. The folded light curve looks like a sine function, as
represented by the Lomb—Scargle model in the figure. We also

checked the LSP of TNT data on other nights and found no
apparent feature.

4. Discussion and Conclusion

We have analyzed the photometric data of J0243, including
TESS and ZTF survey data, as well as our own TNT data. The
LSP of TESS data shows two prominent peaks (2.587 hr and
1.09 days), corresponding to the orbital and superorbital
periods, respectively. The superorbital period is generally
attributed to the precession period of the accretion disk (Pp,) in
CV system (Patterson 1979; Osaki 1989; Armstrong et al.
2013). The observed Pp,/ Py, of J2043+3413 is approximately
10. The orbital profile of the TESS data shows an eclipse and a
preeclipse bump. Some of the TNT data also show eclipse-like
features, while others do not.

As pointed out by TH20, J2043+4-3413 is likely a SW Sex
type NL CV, similar to V795 Her, which has an orbital period
of 2.597 hr. It is interesting to note that both J2043+3413 and
V795 Her are located in the period gap. The previously
reported Ppr/ P, of V795 Her is about 14, with a superorbital
period of 1.53 days (Shafter et al. 1990). We examined the
TESS data of V795 Her (TIC 9464138) and found a prominent
peak on 3.06 days (Figure 8), which is twice the previous
value.

In Figure 9 we compare the Pp/Poy of J20434-3413 with
some well-studied CVs. Besides V795 Her, TT Ari, AH Men
and V442 Oph also belong to SW Sex stars. IM Eri, AQ Men
and MV Lyr are classified as other NL subclasses. AM CVn is
a hydrogen-deficient CV with a short orbital period. V603 Aql
and HR Del belong to the CN subclass. BK Lyn is a confirmed
DN system. TV Col is a long-period IP. The P, /P, of 12043
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+3413 is 2-3 times less than the general trend of Pp./Po,
showing that J2043+3413 is a very special CV. The precession
period of J2043+4-3413 is 2~3 times shorter than those of
others.

QPOs detected in CVs are most likely from the accretion
disks (Carroll et al. 1985; Lubow & Pringle 1993). Vertical or
radial oscillations of accretion disks have been proposed as the
probable origin of QPOs. Some QPOs may be related to
magnetically controlled accretion in magnetic CVs (WA9S5).
Long-period (kilosecond) QPOs are even more confusing
phenomena, which have been observed in some SW Sex stars
(Lima et al. 2021). They may reflect the spin of primary WD,
which is drowned by the noise of high accretion rate in these
systems (Patterson et al. 2002; Hoard et al. 2003).

The LSP of g-band TNT data observed in 2020 shows a peak
around 1426 s, which may be a transient QPO phenomenon. It
is interesting to note that V795 Her was also found to show a

transient QPO around 1160 s (Patterson & Skillman 1994). The
intermittent behavior of the eclipse of J20434-3413 indicates an
intermediate orbital inclination. This is similar to V795 Her,
whose inclination is i ~ 56° (Casares et al. 1996).

In summary, J2043+3413 is a SW Sex candidate with an
orbital period, an intermediate inclination, and a transient QPO,
very similar to V795 Her. But the precession period of J2043
+3413 is about three times shorter compared to V795 Her and
other typical CVs, indicating an unusual, fast precessing disk in
J20434-3413. The physical mechanism of the faster precession
of J2043+4-3413 is unclear to us and further studies are needed
to reveal their nature.
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