of the
ROYAL ASTRONOMICAL SOCIETY

MNRAS 521, 2729-2744 (2023)
Advance Access publication 2023 February 21

https://doi.org/10.1093/mnras/stad570

Confirmation of two magnetic cataclysmic variables as polars: 1RXS
J174320.1-042953 and YY Sex

Nikita Rawat ©,">* J. C. Pandey “,' Arti Joshi,? Stephen B. Potter ”,*> Alisher S. Hojaev,°
Michaél De Becker,” Srinivas M. Rao! and Umesh Yadava®

! Astronomy Division, Aryabhatta Research Institute of observational sciencES (ARIES), Nainital 263001, India

2Deen Dayal Upadhyaya Gorakhpur University, Gorakhpur 273009, India

3 Indian Institute of Astrophysics (IIA), Koramangala, Bangalore 560034, India

4South African Astronomical Observatory, PO Box 9, Observatory, Cape Town 7935, South Africa

S Department of Physics, University of Johannesburg, PO Box 524, 2006 Auckland Park, Johannesburg, South Africa

SUlugh Beg Astronomical Institute, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan

7Space Sciences, Technologies and Astrophysics Research (STAR) Institute, University of Liége, Quartier Agora, 19¢, Allée du 6 Adut, B5c, B-4000 Sart
Tilman, Belgium

Accepted 2023 February 20. Received 2023 February 20; in original form 2022 November 21

ABSTRACT

We present our analysis of new and archived observations of two candidate magnetic cataclysmic variables, namely 1RXS
J174320.1—-042953 and YY Sex. IRXS J174320.1—042953 was observed in two distinctive high and low states where a phase
shift was seen, which could be due to changes in the shape, size, and (or) location of the accretion region. We find that its orbital
X-ray modulations only persist in the soft (0.3-2.0 keV) energy band, which could be attributed to photoelectric absorption in
the accretion flow. The X-ray spectra exhibit a multi-temperature post-shock region where the hard X-rays are absorbed through
a thick absorber with an equivalent hydrogen column of ~7.5 x 10?* cm~2, which partially covers ~56 per cent of the emission.
No soft X-ray excess was found to be present; however, a soft X-ray emission with a blackbody temperature of ~97 eV describes
the spectra. Extensive Transiting Exoplanet Survey Satellite (TESS) observations of YY Sex allow us to refine its orbital period
to 1.5746 £ 0.0011 h. We did not find any signature of previously reported spin or beat periods in this system. Furthermore, our
new polarimetric observations show clear circular polarization modulated on the orbital period only. Finally, both systems show
strong Balmer and He 11 4686 A emission lines in the optical spectra, further indicative of their magnetic nature.

Key words: accretion, accretion discs—novae, cataclysmic variables —stars: individual: 1RXS J174320.1—042953 —stars:

individual: YY Sex —stars: magnetic field.

1 INTRODUCTION

Magnetic cataclysmic variables (MCVs) are interacting semi-
detached binaries consisting of a magnetic white dwarf (WD) as
the primary and a Roche-lobe-filling star as the secondary, which
loses material to the primary through the inner Lagrangian point. The
magnetic field strength of the WD plays a crucial role in deciding
the two distinct subclasses of MCVs: intermediate polars (IPs) and
polars. IPs are asynchronous systems in which the magnetic field
strength of the WD is relatively weaker (B ~1-10 MG) and an
accretion disc can form, which truncates at the magnetospheric
radius (see Patterson 1994 for a full review of IPs). On the other
hand, polars have a comparatively higher magnetic field than IPs,
which prevents the formation of an accretion disc. It also keeps
both stars in synchronous rotation. Polars have typical periods below
the period gap of 2-3 h (Scaringi et al. 2010). Mass transfer in
polars occurs along the magnetic field lines to the WD magnetic
pole(s) (Cropper 1990; Warner 1995). As accreting matter falls
supersonically towards the WD surface, it produces a shock front,
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which heats the infalling plasma to several tens of keV. The
flow cools down via thermal plasma radiation in X-rays (Warner
1995) and cyclotron radiation at infrared, optical, and ultraviolet
wavelengths (Aizu 1973). The emitted radiation is mostly reflected
from the WD surface for £ >30 keV. However, lower energies are
absorbed, thermalized, and re-emitted as a blackbody in the UV
or soft X-ray region with a blackbody temperature of ~40 eV
(Warner 1995). Therefore, the X-ray spectra of polars are well
described with multi-temperature plasma components, while the
optical spectrum of a typical polar exhibits strong Balmer emission
lines, He1, He1, and the Cui/N1I blend at 4650 A originating
in the accretion column. Further, the strengths of Hell 4686 A
and HB are comparable (Warner 1995). Because of the lack of
accretion discs, the spectra of polars typically contain narrow single-
peaked emission lines that are generally asymmetric because they
form in different regions in the accretion flow. In this work, we
present detailed analyses of two candidate MCVs, namely 1RXS
J174320.1—-042953 (= V3704 Oph: Kazarovets et al. 2019) and YY
Sex.

1RXS J174320.1—042953 (hereafter J1743) was identified as a
CV by Denisenko & Sokolovsky (2011). Denisenko & Martinelli
(2012) performed white-light photometry and suggested that J1743
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Table 1. A log of optical photometric, spectroscopic, photopolarimetric, and X-ray observations of J1743 and YY Sex.

Object Date of Telescope Instrument Filter/band Exposure Integration
observations time (s) time (h)

J1743 2019 Sep 21 XMM-Newton EPIC and OM 0.3-10.0 keV 21000 5.83
2021 Mar 16 1.3m-DFOT 2k x 2k CCD R 150 2.76
2021 Mar 17 1.3m-DFOT 2k x 2k CCD R 150 2.92
2021 May 28 2m-HCT HFOSC/Gr7 380-684 nm 2700 0.75
2021 May 29 0.6m Zeiss-600 Northern 1k x 1k CCD R 240 3.34
2021 May 30 0.6m Zeiss-600 Northern 1k x 1k CCD R 240 2.95
2021 May 31 0.6m Zeiss-600 Northern 1k x 1k CCD R 240 1.59
2021 June 06 1.3m-DFOT 2k x 2k CCD R 60 4.81
2021 June 08 1.5m AZT-22 4k x 4k CCD R 180 2.18
2021 June 10 1.5m AZT-22 4k x 4k CCD R 180 2.23
2021 June 11 1.5m AZT-22 4k x 4k CCD R 180 1.68
2021 June 14 1.5m AZT-22 4k x 4k CCD R 240 2.24
2022 Apr 09 1.3m-DFOT 2k x 2k CCD R 120 2.59

YY Sex 2004 May 22 XMM-Newton EPIC and OM 0.3-10.0 keV 23954 6.65
2004 June 21 XMM-Newton EPIC and OM 0.3-10.0 keV 8911 2.48
2010 Mar 12 SAAO 1.9m HIPPO 0G570 0.01 5.76
2021 Feb 09 TESS Photometer 600-1000 nm 120 579.84
2021 Dec 14 1.3m-DFOT 2k x 2k CCD R 240 2.25
2022 Jan 24 2m-HCT HFOSC/Gr7 380-684 nm 3600 1.00
2022 Feb 07 1.3m-DFOT 2k x 2k CCD R 300 2.41
2022 Feb 11 1.3m-DFOT 2k x 2k CCD R 300 5.03
2022 Mar 25 1.3m-DFOT 2k x 2k CCD R 300 4.15
2022 Mar 26 1.3m-DFOT 2k x 2k CCD R 300 3.20
2022 Mar 31 1.3m-DFOT 2k x 2k CCD R 300 3.38
2022 Apr 08 1.3m-DFOT 2k x 2k CCD R 300 2.19
2022 Apr 09 1.3m-DFOT 2k x 2k CCD R 300 2.94

is polar with an orbital period (Pg) of 2.078(7) h. However, small
fluctuations in the light curve led them to suspect that J1743 is an IP
with a quickly spinning WD. The unique features of the light curve
they obtained were large-amplitude (0.8 mag) oscillations and a dip
of about 0.4 mag shortly before the maximum. Oliveira et al. (2017)
suggested J1743 to be polar based on the optical spectrum, where
they found intense He 11 4686 A, Cur/N 1, and HB more intense
than He. It is located at a distance of 214 + 2 pc (Bailer-Jones et al.
2021).

YY Sex (discovery name ‘RX J1039.7—0507") was identified as a
CV by Appenzeller et al. (1998) based on the emission-line spectrum.
Woudt & Warner (2003) proposed Y'Y Sex to be an IP, having claimed
the detection of an orbital period of 1.574 h, a spin period of 1444 s,
and a beat period of 1932.5 s in their optical power spectrum. In
addition, they interpreted the nearly sinusoidal modulation in their
optical light curves with large amplitude variations (1.1 mag) as
the reflection effect caused by a very hot WD. Further, Gabdeev
et al. (2017) performed optical spectroscopy and suggested that
YY Sex is polar with the presence of strong hydrogen Balmer
HB, Hy, HS, Hel, and He1l 4686 A lines. They also showed,
using Doppler mapping, that there is no sign of disc accretion.
The Gaia distance of this source is 382 73) pc (Bailer-Jones et al.
2021).

Prior studies have been ambiguous about the nature of these
two sources. Therefore, with a motivation to ascertain their true
nature, we selected these two sources for detailed analysis. The
paper is organized as follows. The following section summa-
rizes observations and data reduction. Section 3 includes the
analysis and results of the optical and X-ray data. Finally, in
Sections 4 and 5, we present the discussion and conclusions,
respectively.
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2 OBSERVATIONS AND DATA REDUCTION

2.1 Optical photometric observations

R-band photometric observations of these sources were acquired in
2021 and 2022 using the 1.3-m Devasthal Fast Optical Telescope
(DFOT) located at Devasthal, Nainital, India (Sagar et al. 2011), and
1.5-m AZT-22 and 0.6-m Zeiss-600 Northern telescopes at Maidanak
Observatory Uzbekistan (Artamonov et al. 2010). A detailed log for
photometric observations is given in Table 1. The 1.3-m DFOT has
Ritchey—Chretien (RC) design with an f/4 beam at the Cassegrain
focus. It is equipped with a 2kx2k Andor CCD, with each pixel
having a size of 13.5 um?, which covers a total field of view of
~18 x 18 arcmin?. At 1-MHz readout speed, the readout noise and
gain are 7.5 e~ pixel™! and 2 e~ ADU™!, respectively. The 1.5-m
AZT-22 also has an RC design. We used a 4k x4k CCD (SNUCAM)
with readout noise and gain of 4.7 e~ pixel ! and 1.45 e~ ADU™!,
respectively, at 200-kHz readout speed. J1743 was also observed by
the 0.6-m Zeiss-600 telescope with an f/12.5 beam at the Cassegrain
focus. It was equipped with a 1kx 1k CCD with a readout noise of
13 e~ pixel ! and gain of 5e~ ADU™!.

During the observing runs, several bias and twilight sky flat frames
were taken. IRAF' routines were used to perform the pre-processing
steps like bias subtraction, flat-fielding, and cosmic-ray removal of
raw data. Using a comparison star in the same field, differential
photometry (variable minus comparison star) was performed. Table 2
provides information on comparison stars (C1 and C2) for each
source. The R-band magnitudes of both sources were calculated

'IRAF is distributed by the National Optical Astronomy Observatories, USA.
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Table 2. Comparison stars used for differential photometry for J1743 and
YY Sex.

Object Reference B1 R1 B2 R2
USNO-B1.0 (mag) (mag) (mag) (mag)
J1743 0855-0326594 16.12 15.15 18.95 18.13
C1 0854-0330352 17.59 15.63 17.10 15.75
c2 0855-0326373 18.13 15.75 17.15 15.82
YY Sex 0848-0214615 19.09 18.83 18.50 19.32
C1 0848-0214689 18.40 16.22 18.65 16.25
c2 0849-0213686 18.10 16.34 18.26 16.61

Note. C1 and C2 stand for comparisons 1 and 2 for each target star.

with respect to comparison star C1. The nightly variations (o) of
C1-C2 were found to be between 0.005 and 0.02 for J1743 and
0.009 and 0.019 for YY Sex. The USNO-B1.0 catalogue served
as the source for the standard magnitudes of Cl and C2 (see
Table 2).

2.2 ASAS-SN, TESS, AAVSO, and CRTS observations

We have utilized the publicly available V-band data of J1743 from
the All-Sky Automated Survey for Supernovae (ASAS-SN:2 Shappee
et al. 2014; Kochanek et al. 2017) for our analysis.

For YY Sex, we used archival data from the Transiting Ex-
oplanet Satellite Survey (TESS), the American Association of
Variable Star Observers (AAVSO), and the Catalina Real-time
Transient Survey (CRTS). The TESS observations of YY Sex
(TIC 62845887) were carried out from 2021 February 9-March
6 at a cadence of 2 min. TESS is equipped with four 10.5-cm
telescopes that observe a 24°x96° strip of sky, also known as
a sector (see Ricker et al. 2015 for details). The total observing
time was ~24 d, with a gap of ~4.9 d in the middle. The data
were extracted from the Mikulski Archive for Space Telescopes
(MAST) data archive.®> We have used the PDCSAP_FLUX data
values, which are the simple aperture photometry (SAP_FLUX)
values after correction for systematic trends. We did not consider
photometric points that did not have a ‘quality flag’ value of 0.
We have also utilized AAVSO* (Kloppenborg 2022) CV (unfiltered
data with a V-band zero-point), CR (unfiltered data with an R-
band zero-point), and V (Johnson V) and CRTS® (Drake et al.
2009) V-band data to represent the long-term variability of the
source.

2.3 Optical spectroscopic observations

The spectroscopic observations of both sources were obtained using
the 2-m Himalayan Chandra Telescope (HCT) at IAO, Hanle,
equipped with the Hanle Faint Object Spectrograph and Camera
(HFOSC). For our observations, we have used the grism Gr7
(3800-6840 A), which has a spectral resolution of 1330. The
observing log for these observations is given in Table 1. During
each observing run, spectrophotometric standard stars and FeAr
arc lamps were also observed for flux calibration and wavelength
calibration, respectively. The spectra were extracted using standard

Zhttps://asas-sn.osu.edu/variables
3https://mast.stsci.edu/portal/Mashup/Clients/Mast/Portal html
“https://www.aavso.org/
Shttp://nunuku.caltech.edu/cgi-bin/getcssconedbid_release2.cgi

Two polars: J1743 and YY Sex 2731

tasks in IRAF and the reduced flux-calibrated spectra were used for
further analysis.

2.4 X-ray observations

J1743 was also observed at X-ray wavelengths by the XMM-
Newton satellite (Jansen et al. 2001) on 2019 September 21 using
the European Photon Imaging Camera (EPIC: Striider et al. 2001;
Turner et al. 2001) with observation ID 0842570301. The total
duration of observations was 21 ks. The standard XMM—-Newton
SCIENCE ANALYSIS SYSTEM (SAS) software package (version 20.0.0)
with the latest calibration files® was used for data reduction. We
used SAS tools emproc and epproc to produce calibrated event files.
We have inspected the data for high background proton flares and
removed the time corresponding to these flares. The epatplot task
was used to check for the existence of pile-up, but we did not find
any significant presence of it. The barycen task was also used to
correct the event for arrival times to the solar system barycentre.
Further analyses were carried out in the energy band 0.3—-10.0 keV.
To extract the final light curve, spectrum, and detector response
files, we have selected a circular region with a radius of 30 arcsec
centred on the source. The background was also selected from a
circular region with a size similar to that of the source in the
same CCD. The spectra have been rebinned to a minimum of 20
counts per bin with the grppha tool. Further, temporal and spectral
analyses were performed using HEASOFT version 6.29. J1743 was
also observed in the UVWI filter using the optical monitor (OM:
Mason et al. 2001). The UVWI filter has an effective wavelength
of 2910 A (Kirsch et al. 2004). The task omfchain was used
to process the OM fast-mode data. There were six observations,
each lasting about 2.95 ks. These individual exposures were then
merged and the corresponding light-curve file was used for further
analysis.

YY Sex was also observed by the XMM-Newton satellite at
two epochs, 2004 May 22 and 2004 June 21, for total dura-
tions of 24 and 8.9 ks with observation IDs 0201290101 and
0201290401, respectively. For both IDs, the data were reduced
using the same steps as discussed earlier. However, the source
was not detected in the calibrated event files of observation ID
0201290401; therefore, we could not extract the light curve and
spectrum.

2.5 Photopolarimetric observations

Time-resolved photopolarimetry using the two-channel all-Stokes
polarimeter, HIgh-speed Photo-POlarimeter (HIPPO: Potter et al.
2010) was conducted on the SAAO 1.9-m telescope on 2010 March
12. Observations were taken with a broad-band red filter (OG570).
Waveplate position-angle offsets, instrumental polarization, and
efficiency factors were calculated from observations of polarized and
non-polarized standard stars during the observing run. Background
sky measurements were taken frequently during the course of the
observations. The photometry is not absolutely calibrated and instead
is given as total counts minus background sky counts. Although the
photometry and polarization data are accumulated every 0.01 and
0.1 s, respectively, the data were binned to 40 and 120 s, respectively,
in order to increase the signal-to-noise ratio.

Ohttps://www.cosmos.esa.int/web/XMM—Newton/current-calibration-files
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3 ANALYSIS AND RESULTS

3.1 1RXS J174320.1-042953

3.1.1 Optical and X-ray photometry

Fig. 1 shows the light curves of J1743 in the optical and X-ray bands
during different observing runs, in which Fig. 1(a) displays the long-
term variable nature of the source using ASAS-SN-V, OM-UVWI1,
and our R-band observations. J1743 displays a highly variable light
curve at optical wavelengths. The R-band light curves, as shown in
Fig. 1(b), show a change in the system’s state at three epochs, i.e.
2021 June 10, 11, and 14. The sudden change in brightness indicates
that J1743 entered into a low state on June 10, which we refer to
as LS1, while the latter two low-state observations are referred to as
LS2. The average magnitude in these low states is in the range of
~18.0-18.95 mag. Almost a year later, J1743 was observed in the
high state with a magnitude range of 15.3-16.3 mag, referred to as
HS2. On the other hand, the high states occurring before entering
into low states (referred to as HS1) were in the magnitude range
15.88-17.3 mag. This indicates that the HS2 observations occurred
in a comparatively higher state than 2021°’s HS1 observations. Two
periodic cycles are clearly visible in the longest duration (~4.8 h)
observations on 2021 June 6. The background-subtracted X-ray light
curves of J1743 in the 0.3-10.0 keV energy range are shown in the
top two panels of Fig. 1(c), whereas the OM-UVWI1 light curve is
shown in the bottom panel of Fig. 1(c). A temporal binning of 50 s
was used for the extraction of both EPIC and OM light curves. The
variable nature of the source is also evident in both X-ray and UV
light curves.

The periodicity present in the data was extracted by employing
the Lomb—Scargle periodogram (LSP) method (Lomb 1976; Scargle
1982), where an error in the peak is derived by calculating the half-
size of a single frequency bin centred on the peak, and then converting
it to period units. The LSP obtained from R-band observations is
shown in the top panel of Fig. 2(a). The black-dashed horizontal line
represents the 90 per cent significance level, which is calculated by
using the algorithm of Horne & Baliunas (1986). The LSP of J1743
is noisy due to data gaps. Therefore, we have computed the window
function with the same time sampling but a constant magnitude
to represent the peaks caused by irregular data sampling, which is
shown in the middle panel of Fig. 2(a). Low frequencies present in
the LSP appear to be due to this irregular sampling. Therefore, we
have also implemented the CLEAN algorithm (Roberts, Lehar &
Dreher 1987) with a loop gain of 0.1 and 1000 iterations to ensure
periodicity in the data. The CLEANed power spectrum is shown in
the bottom panel of Fig. 2(a). A clear peak at ~11.55 cycle day~! is
seen in the CLEANed power spectrum, which is also visible in the
LSP. The period derived from LSP corresponding to this peak comes
out as 2.0784 = 0.0001 h, which is consistent with the orbital period
reported by Denisenko & Martinelli (2012). The LSPs of MOS, PN,
and OM data are shown in Fig. 2(b), where two prominent peaks
are seen, which correspond to Pg and P,q in each power spectrum.
The significant periods derived from optical-R, MOS, PN, and OM-
UVW1 data are given in Table 3.

We have explored the evolution of the orbital phased light curve of
J1743 using the derived value of the orbital period. The reference time
for folding was taken at the first point of optical observations, i.e. BID
2459290.3845311. The orbital folded R-band light curves are shown
in Fig. 3(a). All light curves during observations corresponding to
HS1 appear to have a sawtooth-shaped profile with a steep rise and
a rapid decline. Similar profiles have also been seen in some of
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the observations of MT Dra, which is a two-pole accretor polar
(Schwarz et al. 2002). All of these light curves show broad maxima
with a phase duration of ~1.15-1.25 and flat minima centring near
phase ~0.5. A double-hump structure can be seen in the folded light
curves of LS2, where the shape of the light curves is almost the
same. The light curves of LS1 differ from those of LS2 in terms
of the absence of a double-hump structure. The minima in these
LS observations have a shift from HS1 observations and occur near
phase 0.6. A drastic change can be seen in the folded light curve
of HS2 observations, where the orbital minimum is shifted to a
phase value of ~0.65 in comparison with the HS1 observations
(see Fig. 3b). A similar phase shift during two different high states
was also observed in polar RX J0203.8 + 2959 (Schwarz et al.
1998). These changes can be explained by changes in the shape,
size, and (or) location of the accretion region, which in turn is related
to the change in the accretion rate. On the other hand, the OM-
UVWI folded light curve is shown in Fig. 4(a), where two humps
are clearly visible. These two humps differ greatly in brightness.
The prominent hump has a maximum at phase 0.8, whereas the
second hump has a maximum at phase 0.3 with a minimum at phase
~0.55.

We have also generated energy-dependent orbital phase folded
light curves in the 0.3-2.0, 2.0-5.0, and 5.0-10.0 keV energy bands.
These are shown in Fig. 4(b) and (c), and are very different compared
with OM-UV. A clear modulation with broad and narrow maxima
is seen only in the soft (0.3-2.0 keV) energy band, whereas the
modulation appears to be absent in the harder energy bands (2.0-5.0
and 5.0-10.0 keV). The presence of modulation in the soft energy
band is associated with photoelectric absorption in the accretion
stream. In comparison with OM-UYV, broad and narrow maxima occur
at phases ~0.9 and ~0.5, respectively, with a small dip near 0.7 and
minima at ~0.3.

3.1.2 Optical and X-ray spectroscopy

Fig. 5 shows the optical spectrum of J1743 with a wealth of spectral
features. It exhibits strong single-peaked emission lines of H Balmer
(Ha to He) along with neutral and ionized He lines (He I and He 11).
Table 4 shows the identification, fluxes, equivalent width (EW), and
full width at half-maximum (FWHM) of these lines. The Balmer lines
appear with an inverted Balmer decrement of F(Ha)/F(HB) = 0.86.
The He 11 4686 A line is quite strong, which suggests the magnetic
nature of the accretion flow. The EW ratio of HeTr 4686 A to HB
comes out to be ~0.6. The observed spectrum resembles the spectrum
of Oliveira et al. (2017) observed in 2012. The values of flux and
FWHM are found to be variable during the present and previous
epochs of observation (see Oliveira et al. 2017 and the present work).

To perform X-ray spectral analysis in the energy range 0.3—
10.0 keV, we have used XSPEC version-12.12.0 (Arnaud 1996;
Dorman & Arnaud 2001). In general, the X-ray spectrum of
polars is explained by a soft blackbody-like emission component
superimposed on multi-temperature thermal plasma emission along
with an absorption component. Therefore, we used a blackbody (bb)
and cooling-flow plasma emission model (mkcflow: Mushotzky &
Szymkowiak 1988). Further, to account for interstellar absorption,
the phabs component was utilized. We have taken the abundance
tables and photoelectric absorption cross-section ‘becmc’ from As-
plund et al. (2009) and Balucinska-Church & McCammon (1992),
respectively. The majority of the X-ray spectra of MCVs are affected
by local absorbers; thus, a partial covering absorption component
pcfabs was used to account for the local absorption effect in
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Figure 1. Optical, X-ray, and UV light curves of J1743. (a) The long-term ASAS-SN along with R-band observations. (b) Present R-band observations, where
the date of each observation is mentioned over each light curve. J1743 experienced a low-accretion state in June 2021, which can be seen in the light curves of
three epochs: June 10, 11, and 14. (c) EPIC light curves in the 0.3-10.0 keV energy range and OM light curve in the UVW1 filter, binned in 50-s intervals.
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power spectra (bottom panel) of J1743 as obtained from ground-based optical

observations. (b) The top and middle panels show the LSP of J1743 obtained from EPIC-MOS and EPIC-PN in the 0.3-10.0 energy band, whereas the bottom
panel shows the LSP obtained from OM observations. The shaded regions represent the €2 and 2€2 frequency regions, which are, in turn, frequency=error. In

each plot, the horizontal dashed line represents the 90 per cent significance level.

Table 3. Periods corresponding to dominant peaks in the LSP of J1743 and YY Sex obtained from optical and X-ray data.

Object Period (h) Optical-R MOS PN OM TESS AAVSO
J1743 Pq 2.0784 £ 0.0001 1.76 £ 0.18 246 +0.31 2.14+014 L L
P L 1.10 £ 0.07 1.04 £ 0.05 1.02+005s ... L
YY Sex Pq 1.5746 £0.0002 ... . L. 1.5746 £ 0.0011 1.574526 + 0.000004
Pro e 0.7873 £0.0003 ...
Py 0.5249 £ 0.0001 ...
spectral fitting. The value of redshift required in the mkc £ 1ow model 3.2 YY Sex

cannot be zero, therefore it was fixed to a value of 5 x 10~% for a
cosmological Hubble constant of 70 km s~! Mpc~! and a distance of
214 + 2 pc (Bailer-Jones et al. 2021). We used a value of 2 for the
switch parameter, which determines the spectrum to be computed
using AtomDB data. We fixed the Ny value to the total Galactic
column in the direction of J1743 of 1.79 x 10?' cm~2 (Kalberla et al.
2005). In XSPEC notation, the model adopted to fit the X-ray spec-
tra was implemented as phabsxpcfabsx (bb + mkcflow),
which resulted in a remarkably good representation of data with
a reduced chi-square (x2) value of 1.07. By incorporating the
cflux model in the best-fitting model, we have calculated the
unabsorbed soft (bb), hard (mkcflow), and bolometric flux in the
0.001-100 keV energy band. The background-subtracted EPIC PN
and MOS spectra of J1743, along with the best-fitting model, are
shown in Fig. 6. The best-fitting spectral parameters estimated from
the simultaneous fitting of both EPIC PN and MOS spectra are given
in Table 5. The X-ray spectrum of J1743 is explained well by a
multi-temperature component with a high temperature of ~32 keV
and a low temperature of < 840 eV. The value of mass accretion
rate derived from the spectral fitting is found to be ~5.1 x 1012
My yr~!. A blackbody component was found to be appropriate to
explain the soft emission.

MNRAS 521, 2729-2744 (2023)

3.2.1 Optical photometry

Fig. 7(a) displays the long-term variable nature of the source using
AAVSO-CR, AAVSO-CV, AAVSO-V, CRTS-V, and our R-band ob-
servations. The shaded region corresponds to the TESS observations.
Our optical R-band light curves of eight different epochs are shown
in Fig. 7(b), where the peak brightness of the system varies from
16.1-17.0 mag, indicating a change in the system’s state. The light
curves show sinusoidal-like variations with a variable peak-to-peak
amplitude in the range ~0.9-1.5 mag. The TESS light curve is
shown in Fig. 7(c), where a clear and regular variation is observed.
As discussed in Section 3.1.1, an LSP analysis was used to find the
periodicity in the data. The LSP obtained from optical-R, AAVSO,
and TESS observations are shown in Fig. 8. The black horizontal
dotted line represents the 90 per cent significance level. The LSPs of
our optical and AAVSO observations are noisy due to data gaps;
therefore, as mentioned in Section 3.1.1, the CLEAN algorithm
was employed with loop gain of 0.1 and 1000 iterations. Only the
Q frequency was found to be present in the CLEANed spectra of R-
band and AAVSO data, whereas we found €2, 2€2, and 32 frequencies
in the LSP of TESS data. The significant periods derived from optical-
R, AAVSO, and TESS data are given in Table 3. These values of the
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Figure 3. Orbital phase folded R-band light curves of J1743. (a) Individual observations. (b) High-state (HS1 and HS2) and low-state (LS1 and LS2) observations

(please see text for details).

orbital period are highly consistent with each other and also with
the value reported by Warner & Woudt (2002). We do not detect the
presence of any additional frequencies, in particular, the proposed
spin and beat frequencies of Warner & Woudt (2002).

We have determined 28 timings corresponding to maximum light
using the optical-R and AAVSO data by fitting a Gaussian to the
bright part of the light curve. The corresponding times are given in
Table 6. A linear fit between cycle numbers and maxima timings
gave the following ephemeris for YY Sex:

To = 2453458.346(1) + 0.06560523(2) x E, (1)

where 7 is defined as the time of maximum light and the errors are
given in parentheses.

From equation (1), we refined the orbital period to be
1.57452588 + 0.00000002 h. Using the ephemeris provided in
equation (1), the photometric light curves of all these observations
were also folded and are displayed in Fig. 9. All of these folded light

curves show broad maxima near phase 0.0 and minima at phase ~0.5
with variable brightness.

3.2.2 Optical spectroscopy

The optical spectrum of YY Sex is shown in Fig. 10, where several
emission features are visible. The spectrum exhibits strong single-
peaked H-Balmer emission lines (Ho to Hzn) and neutral and ionized
He lines (Hel and He1r). Some of these lines were also seen in
the earlier spectrum observed by Gabdeev et al. (2017). Based on
the high-intensity He1r 4686 A line compared with the hydrogen
lines, Gabdeev et al. (2017) reported that YY Sex belongs to the
MCV category, possibly a polar. Identification, fluxes, EW, and
FWHM of lines observed in our optical spectrum are given in
Table 4. Balmer lines appear with an inverted Balmer decrement
of F(Hae)/F(HB) = 0.71. We have also calculated the EW ratio
of Hem 4686 A to HpB, which comes out to be ~0.55. The
strength of the Hen 4686 A line is comparatively less than that

MNRAS 521, 2729-2744 (2023)
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of HB, as also seen in the observed spectrum of Gabdeev et al.
(2017).

3.2.3 Polarimetry

Fig. 11 displays the 5.76-h long red-filtered, photometric, and circular
polarimetric observations (upper and lower panels, respectively).
The photometry displays the same orbital modulation as seen in

MNRAS 521, 2729-2744 (2023)

our other optical data sets. In addition, the HIPPO photometry
shows a relatively smooth light curve around the orbital minimum
and a more variable light curve on the increase to the maximum.
These additional features are not discernible in our other data sets
due to their lower time resolution. This extra variability, during
the rise to orbital photometric maximum, has been seen in J1743
(Denisenko & Martinelli 2012) and other polars (e.g. Potter et al.
2010). However, in some cases, a period analysis reveals the

€20z Ke 91 uo Jesn abar Jo Ausioaun Aq €266+702/62.22/2/12G/PI0IME/SEIUW/ W00 dNO"oIWapEdE/: Ay WOy papeojumod


art/stad570_f4.eps
art/stad570_f5.eps

Two polars: J1743 and YY Sex 2737

Table 4. Identification, flux, EW, and FWHM for emission features in the spectra of J1743 and Y'Y Sex.

Identification J1743 YY Sex
2021 May 28 2022 Jan 24
Flux —EW FWHM Flux —EW FWHM

Hp (3835 A) 2.16 9 1170
Ht (3889 A) 4.00 19 1172
He (3970 A) 8.49 17 1189 471 24 1328
He1 (4026 A) 5.56 13 1198 1.90 11 1183
HS (4102 A) 9.54 14 1049 7.00 36 1781
Hy (4340 A) 11.03 25 551 26 1104
He1 (4471 A) 591 11 1486 2.66 15 1342
He 11 (4686 A) 10.21 19 470 25 1185
Hp (4861 A) 14.75 33 1058 8.62 52 1393
Hel (4922 A) 3.02 7 1236 0.88 5 1016
He1 (5875 A) 5.32 12 1022 2.10 14 1208
Ha (6563 A) 12.69 36 6.11 42 1121
He1 (6678 A) 1.91 7 1.08 8 894

Note. Flux, EW, and FWHM are in units of 10~1° erg em 2571, A, and kms™!, respectively.

variability to be quasi-periodic (Potter et al. 2010). We suggest that
the frequencies detected in the analysis of Woudt & Warner (2003)
were probably QPO in origin, rather than spin and beat frequencies.
Our polarimetric observations (see Fig. 11, lower panel) show the
presence of circular polarization, modulated on the orbital period
with an amplitude between 0 and —20 percent. This unambigu-
ously confirms that YY Sex is polar, showing typical polarized
variability as a result of the beaming of cyclotron emission from
a single accretion region. The amplitude of the orbital photometric
modulation can also be explained as a result of cyclotron emission
rather than the proposed reflection effect of Woudt & Warner
(2003).

3.2.4 X-ray timing and spectra

The background-subtracted X-ray light curves (with 50-s binning
time) and spectra of YY Sex from EPIC-MOS and PN detectors in
the 0.3-10.0 keV energy range are displayed in Fig. 12(a) and (b).
Due to a poor signal-to-noise ratio, the power spectrum was found
to be very noisy. Further, we also tried to fit the X-ray spectra with
an appropriate model as described in Section 3.1.2. Unfortunately,
the spectral parameters were also derived to be unphysical due to
the poor signal-to-noise ratio. Therefore, we have not performed any
further timing and spectral analyses.

4 DISCUSSION

We have carried out detailed timing and spectral analyses of two
candidate MCVs, J1743 and YY Sex, using optical and X-ray
data. For both sources, we confirm and refine the orbital periods
determined previously. The orbital periods of J1743 and YY Sex
populate them at the lower edge and below the period gap of CVs,
respectively. Based on the present analyses, we confirm that both
objects belong to the polar subclass of MCVs. The key observational
features that secure the identification of these systems as polars are
given in Table 7.

From multiple-epoch optical observations of J1743, we have found
indications that its accretion rate varies on time-scales of days, which
suggests that this could be due to the variable strength of a constant
stream. However, for those epochs where rapid variability is seen,
this could be due to ‘blobs’ of material being transferred. J1743
was observed in a high state between March and May 2021 before

dimming significantly in June and brightening again by April 2022.
Such high and low states are one of the typical characteristics of
polars (Cropper 1990). A soft and complex double-hump X-ray
light curve is seen for J1743, where a broad prominent hump is
generally associated with the main accretion region. The second
hump, on the other hand, indicates the presence of an independent
second accretion region or accretion at a second pole. The UV
light curve also displays a double-hump profile, but with a shift
with respect to the X-ray light curves. There have been few polars
where accretion on to a second pole has been indicated, e.g. DP
Leo (Cropper 1990), VV Pup (Wickramasinghe, Ferrario & Bailey
1989), UZ For (Schwope, Beuermann & Thomas 1990), QS Tel
(Schwope et al. 1995), MT Dra (Schwarz et al. 2002), AM Her
(Heise et al. 1985; Schwope et al. 2020), and V496 Uma (Kennedy,
Littlefield & Garnavich 2022; Ok & Schwope 2022). Therefore, there
is a need for polarimetric observations of J1743, which can help to
confirm two-pole accretion. Complex soft X-ray light curves have
also been observed in polars QQ Vul, EF Eri, AN Uma, and V834
Cen (Mason 1985). Furthermore, the light curves of two sources,
QQ Vul and V834 Cen, seem to have changed drastically in later
observations (Osborne et al. 1987; Sambruna et al. 1994). Even
if the WD has a simple, centred, dipole field, the interaction of
the magnetic field and the ballistic stream can lead to an elongated
accretion spot or spots (Mukai 1988; Cash 2002). Therefore, apart
from a second accretion region or two-pole accretion, a double-
spot structure with an elongated main spot could generate such
complex double-humped soft X-ray light curves (Mukai 2017). The
mass transfer rate can change the spot geometry and light-curve
morphology further, as we have seen in our optical light curves.
Further, the light-curve variations of YY Sex show the presence of
only one frequency (the orbital frequency) and its harmonics in the
power spectra, confirming that it is a polar rather than an IP, as
suggested by Warner & Woudt (2002). In addition, our observations
show circular polarization modulated on the orbital period, thereby
identifying YY Sex unambiguously as a polar. This also explains
the large-amplitude photometric variation as being the result of the
changing viewing angle to the beamed cyclotron emission over the
orbital period, which also rules out the scenario of a large reflection
effect from a hot WD as indicated by Warner & Woudt (2002). Using
the mean empirical mass—period relation of Smith & Dhillon (1998),
we have estimated the mass and radius of the secondaries of J1743
and YY Sex as 0.15 +0.02 Mg, 0.20 £ 0.01 Rg and 0.09 + 0.02 M,
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Figure 6. X-ray spectra of J1743 along with the best-fitting model. The bottom panel shows the XVZ contribution of data points for the best-fitting model in
terms of residual.

Table 5. Spectral parameters as obtained from the best-fitting  model
‘phabs xpcfabsx(bb + mkcflow)’ to the X-ray spectra of J1743. All the errors quoted
here are with 90% confidence range of a single parameter.

Model Parameters Value
pcfabs Ni, pet (10 cm™2) 7~5tg:g
pef (per cent) 56t%8
bb T (V) 9745}
Nop (1076) 3.657%°
mkcflow Tiow (keV) <0.84
Thigh (keV) 3955
Nankettow (1072 M@ yr) 515
Soft flux Fo (107 ergem™ 57 33105
Hard flux Fi (10712 ergem™2 57 1) 73501
Bolometric flux Foor (10712 ergem ™2 s71) 761—821
Bolometric luminosity Lbol (1037 erg s™) 4.21f8:g§
X‘} (dof) 1.07(404)

Note. Ny, pef is the partial covering absorber density, i.e. absorption due to partial covering of
the X-ray source by the neutral hydrogen column; pcf is the covering fraction of the partial
absorber; Ty,p, and Ny are the blackbody temperature and the normalization constant of bb; Tioy
and Thign are the low and high temperatures of mkcflow; Nkefiow is the normalization constant
of mkcflow; F and Fy, are the soft and hard flux for soft (bb) and hard (mkcflow) components
in the 0.001-100.0 keV energy band; Fy is the unabsorbed bolometric flux derived for the
0.001-100.0 keV energy band; Ly, is the corresponding bolometric luminosity calculated by
assuming a distance of 214 pc.
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Figure 7. (a) Combined long-term AAVSO, CRTS, and our optical light curve of YY Sex. The time span of the TESS observations is indicated in yellow. (b)
R-band light curves of YY Sex, where the corresponding dates of observations are mentioned near each light curve, and (c) TESS light curve of YY Sex.
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Figure 8. LSP (top panel), window function (middle panel), and CLEANed power spectra (bottom panel) of YY Sex as obtained from (a) our optical, (b)
AAVSO, and (c) TESS observations. The horizontal dashed lines represent a 90 per cent significance level.

Table 6. Maxima timings for YY Sex from AAVSO and our optical
observations.

BID Cycle BID Cycle
2453458.3431(8) 0 2457489.9861(5) 61453
2456358.8235(5) 44211 2457490.0475(3) 61454
2456358.8872(7) 44212 2459563.4351(4) 93058
2456370.1052(4) 44383 2459618.2826(5) 93894
2456370.1735(5) 44384 2459622.284(1) 93955
2456383.0978(4) 44581 2459622.3492(4) 93956
2457160.9089(6) 56437 2459622.4152(4) 93957
2457160.9756(4) 56438 2459664.2727(3) 94595
2457458.0956(7) 60967 2459664.3393(5) 94596
2457458.1671(4) 60968 2459665.2567(4) 94610
2457459.1521(3) 60983 2459665.3248(3) 94611
2457488.0158(5) 61423 2459670.3093(3) 94 687
2457488.0850(5) 61424 2459678.1165(4) 94 806
2457489.9216(4) 61452 2459679.1682(4) 94822
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0.14 £+ 0.01 R, respectively. We have also estimated the mean
density of the secondaries in J1743 and YY Sex as 24.8 and 43.2 g
cm™3 (see Warner 1995, for formulae), respectively. For the derived
orbital periods of J1743 and YY Sex, the secondaries correspond to
lower main-sequence stars of spectral classes M4.2 and M6.2, with
effective temperatures of 3260 and 2823 K, respectively (Knigge
2006).

The optical spectra of J1743 and YY Sex are very similar to
the spectra of other polars. The most evident spectral signature of
mass accretion is the presence of hydrogen Balmer, Hel, and He 1t
emission lines. Silber (1992) provided a criterion to classify MCVs
on the basis of the emission lines in the optical spectra. According
to Silber’s criteria, MCVs are characterized by an EW ratio of He Il
4686 A/HB > 0.4 and a large EW of HB (> 20 A). We have detected
a large value of EW of HB for both sources. Also, the EW ratio
of HeTr 4686 A/HB comes out to be > 0.4, suggesting that these
two sources have a magnetic nature. Further, the Balmer decrement
Ha/HpB was estimated to be 0.86 and 0.71 for J1743 and YY Sex,
respectively. The ratio is inverted compared with the recombination
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Figure 9. Folded light curve of YY Sex as obtained from (a) our optical R-band, (b) AAVSO, and (c) TESS observations. For AAVSO observations, pink, green,
and magenta colours indicate observations in the CR, CV, and V bands.
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Figure 11. Photometry and circular polarimetry of YY Sex. The upper and lower panel display photometric and circular polarized light curves, respectively.
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Figure 12. (a) EPIC light curves of YY Sex in the 0.3—-10.0 keV energy range binned in 50-s intervals. (b) X-ray spectra of YY Sex as obtained from MOSI,

MOS?2, and PN observations.

spectrum from an optically thin gas (Brocklehurst 1971). Optical
thickness alone cannot account for the ratio of Ho/HpB. Therefore,
collisions between levels n = 2 and n = 3 are important, which gives
a lower limit to the electron density N, > 10'2 cm™ (Stockman
etal. 1977; Cropper 1990). All these features indicate that the lower
Balmer lines may arise in collision-dominated plasma in an optically
thick medium.

MNRAS 521, 2729-2744 (2023)

The X-ray spectra of J1743 reveal a multi-temperature post-shock
region with Ty < 840 eV and Tign ~32 keV. However, the multi-
temperature plasma produced in the post-shock region requires the
presence of two absorbers; a thin absorber of 1.79 x 10*! cm™2
and a thick absorber of ~7.5 x 10> c¢cm™2 covering ~56 per cent
of the X-ray source. A blackbody temperature of ~97 eV was
also found to be present, indicating that a fraction of hard X-
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Table 7. Key observational characteristics of polars obtained for
J1743 and YY Sex.

Observational features J1743 YY Sex
Only one periodicity in optical Yes Yes
Only one periodicity in X-rays Yes NA
EW[He 11 4686 AVEW[HB] > 0.4 Yes Yes
EW[HS] > 20 A Yes Yes
Inverse Balmer decrement Yes Yes
Strong circular polarization NA Yes
Soft blackbody emission Yes NA
Luminosity (<1033 erg s~1) Yes NA

Note. NA indicates that the data are not available to comment on.

rays is reprocessed and reradiated as soft X-rays. However, the
blackbody temperature was found to be relatively high, unlike
other polars AM Her (Schwope et al. 2020), Al Tri (Traulsen
et al. 2010), QS Tel (Traulsen et al. 2011), V496 Uma (Ok &
Schwope 2022), etc. The softness ratio, Fy/4F}, (see Ramsay &
Cropper 2004 for details) was then calculated and found to be
~0.01, which rejects the presence of any soft X-ray excess. We have
presumed that both the soft and hard components were subjected to
the same partial covering absorbers while estimating the value of
F(/4F\. Ramsay & Cropper (2004) found a large soft X-ray excess
only in 13 percent of their sample. They also found numerous
polars without a discernible soft component, implying that the
presence of a soft X-ray excess could not be associated with the
primary characteristic of polars. With a mass accretion rate of
~5 x 1072 Mg yr~! and bolometric luminosity of ~4 x 103
erg s~!, the parameters of J1743 fall in the typical range for
polars. Assuming Tyign ~32 keV as the maximum post-shock
temperature and using the mass—radius relationship of Nauenberg
(1972), we have derived the WD mass to be 0.75%0% M, for
J1743.

5 CONCLUSIONS

Based on optical and X-ray timing and spectral analyses, we conclude
that the MCV candidates J1743 and YY Sex belong to the polar
subclass of MCVs. We summarize our findings as follows.

(i) We confirm and refine the orbital period of J1743 using the
present analysis. It has shown brightness variation between low and
high states. The presence of strong Hell 4686 A and HA lines in
the optical spectrum indicates the magnetic nature of the system.
The multi-temperature post-shock region is absorbed through thin
and thick absorbers. A fraction of hard X-rays is reprocessed and
reradiated in soft X-rays; however, we did not find any evidence of
soft X-ray excess in this source. We have derived a mass accretion rate
of ~5 x 1072 M, yr~!, bolometric luminosity of ~4 x 103! ergs~!,
and WD mass of 0.75f8j}? Mg for J1743. All the above-mentioned
features obtained with the present data confirm that J1743 is indeed
a polar.

(i1) Similarly to J1743, we confirm and refine the orbital period
of YY Sex using the present analysis. The presence of several
emission lines and strong hydrogen Balmer lines with strong He 11
4686 A and HB confirms the magnetic nature of the accretion
flow. The low and high states in the long-term light curve, pres-
ence of only one period and its harmonics, detection of orbitally
modulated circular polarization, and emission-line features in the
optical spectrum confirm that YY Sex belongs to the category of
polars.
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