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A B S T R A C T 

We present our analysis of new and archived observations of two candidate magnetic cataclysmic variables, namely 1RXS 

J174320.1 −042953 and YY Sex. 1RXS 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 equi v alent hydrogen column of ∼7.5 × 10 

23 cm 

−2 , which partially co v ers ∼56 per cent of the emission. 
No soft X-ray excess was found to be present; ho we ver, 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 
ne w polarimetric observ ations sho w clear circular polarization modulated on the orbital period only . Finally , both systems show 

strong Balmer and He II 4686 Å 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. 
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 I N T RO D U C T I O N  

agnetic cataclysmic variables (MCVs) are interacting semi- 
etached binaries consisting of a magnetic white dwarf (WD) as 
he primary and a Roche-lobe-filling star as the secondary, which 
oses material to the primary through the inner Lagrangian point. The 
agnetic field strength of the WD plays a crucial role in deciding

he two distinct subclasses of MCVs: intermediate polars (IPs) and 
olars. IPs are asynchronous systems in which the magnetic field 
trength of the WD is relatively weaker ( B ∼1–10 MG) and an
ccretion disc can form, which truncates at the magnetospheric 
adius (see Patterson 1994 for a full re vie w of IPs). On the other
and, polars have a comparatively higher magnetic field than IPs, 
hich prevents the formation of an accretion disc. It also keeps 
oth stars in synchronous rotation. Polars have typical periods below 

he period gap of 2–3 h (Scaringi et al. 2010 ). Mass transfer in
olars occurs along the magnetic field lines to the WD magnetic 
ole(s) (Cropper 1990 ; Warner 1995 ). As accreting matter falls
upersonically towards the WD surface, it produces a shock front, 
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hich heats the infalling plasma to several tens of keV. The
ow cools down via thermal plasma radiation in X-rays (Warner 
995 ) and cyclotron radiation at infrared, optical, and ultraviolet 
avelengths (Aizu 1973 ). The emitted radiation is mostly reflected 

rom the WD surface for E ≥30 keV. Ho we ver, lo wer energies are
bsorbed, thermalized, and re-emitted as a blackbody in the UV 

r soft X-ray region with a blackbody temperature of ∼40 eV
Warner 1995 ). Therefore, the X-ray spectra of polars are well
escribed with multi-temperature plasma components, while the 
ptical spectrum of a typical polar exhibits strong Balmer emission 
ines, He I , He II , and the C III /N III blend at 4650 Å originating
n the accretion column. Further, the strengths of He II 4686 Å
nd H β are comparable (Warner 1995 ). Because of the lack of
ccretion discs, the spectra of polars typically contain narrow single- 
eaked emission lines that are generally asymmetric because they 
orm in different regions in the accretion flow. In this work, we
resent detailed analyses of two candidate MCVs, namely 1RXS 

174320.1 −042953 ( = V3704 Oph: Kazaro v ets et al. 2019 ) and YY
ex. 
1RXS J174320.1 −042953 (hereafter J1743) was identified as a 

V by Denisenko & Sokolo vsk y ( 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 21 000 5.83 
2021 Mar 16 1.3m-DFOT 2k × 2k CCD R 150 2.76 
2021 Mar 17 1.3m-DFOT 2k × 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 × 1k CCD R 240 3.34 
2021 May 30 0.6m Zeiss-600 Northern 1k × 1k CCD R 240 2.95 
2021 May 31 0.6m Zeiss-600 Northern 1k × 1k CCD R 240 1.59 
2021 June 06 1.3m-DFOT 2k × 2k CCD R 60 4.81 
2021 June 08 1.5m AZT-22 4k × 4k CCD R 180 2.18 
2021 June 10 1.5m AZT-22 4k × 4k CCD R 180 2.23 
2021 June 11 1.5m AZT-22 4k × 4k CCD R 180 1.68 
2021 June 14 1.5m AZT-22 4k × 4k CCD R 240 2.24 
2022 Apr 09 1.3m-DFOT 2k × 2k CCD R 120 2.59 

YY Sex 2004 May 22 XMM–Newton EPIC and OM 0.3–10.0 keV 23 954 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 OG570 0.01 5.76 
2021 Feb 09 TESS Photometer 600–1000 nm 120 579.84 
2021 Dec 14 1.3m-DFOT 2k × 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 × 2k CCD R 300 2.41 
2022 Feb 11 1.3m-DFOT 2k × 2k CCD R 300 5.03 
2022 Mar 25 1.3m-DFOT 2k × 2k CCD R 300 4.15 
2022 Mar 26 1.3m-DFOT 2k × 2k CCD R 300 3.20 
2022 Mar 31 1.3m-DFOT 2k × 2k CCD R 300 3.38 
2022 Apr 08 1.3m-DFOT 2k × 2k CCD R 300 2.19 
2022 Apr 09 1.3m-DFOT 2k × 2k CCD R 300 2.94 
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s polar with an orbital period ( P �) of 2.078(7) h. Ho we ver, small
uctuations in the light curve led them to suspect that J1743 is an IP
ith a quickly spinning WD. The unique features of the light curve

hey obtained were large-amplitude (0.8 mag) oscillations and a dip
f about 0.4 mag shortly before the maximum. Oliveira et al. ( 2017 )
uggested J1743 to be polar based on the optical spectrum, where
hey found intense He II 4686 Å, C III /N III , and H β more intense
han H α. It is located at a distance of 214 ± 2 pc (Bailer-Jones et al.
021 ). 
YY Se x (disco v ery name ‘RX J1039.7 −0507’) was identified as a

V by Appenzeller et al. ( 1998 ) based on the emission-line spectrum.
 oudt & W arner ( 2003 ) proposed YY Sex to be an IP, having claimed

he detection of an orbital period of 1.574 h, a spin period of 1444 s,
nd a beat period of 1932.5 s in their optical power spectrum. In
ddition, they interpreted the nearly sinusoidal modulation in their
ptical light curves with large amplitude variations (1.1 mag) as
he reflection effect caused by a very hot WD. Further, Gabdeev
t al. ( 2017 ) performed optical spectroscopy and suggested that
Y Sex is polar with the presence of strong hydrogen Balmer
 β, H γ , H δ, He I , and He II 4686 Å lines. They also showed,
sing Doppler mapping, that there is no sign of disc accretion.
he Gaia distance of this source is 382 + 31 

−22 pc (Bailer-Jones et al.
021 ). 
Prior studies have been ambiguous about the nature of these

wo sources. Therefore, with a moti v ation to ascertain their true
ature, we selected these two sources for detailed analysis. The
aper is organized as follows. The following section summa-
izes observations and data reduction. Section 3 includes the
nalysis and results of the optical and X-ray data. Finally, in
ections 4 and 5 , we present the discussion and conclusions, 
espectively. 
NRAS 521, 2729–2744 (2023) 
 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

.1 Optical photometric obser v ations 

 -band photometric observations of these sources were acquired in
021 and 2022 using the 1.3-m De v asthal Fast Optical Telescope
DFOT) located at De v asthal, Nainital, India (Sagar et al. 2011 ), and
.5-m AZT-22 and 0.6-m Zeiss-600 Northern telescopes at Maidanak
bservatory Uzbekistan (Artamonov et al. 2010 ). A detailed log for
hotometric observations is given in Table 1 . The 1.3-m DFOT has
itchey–Chretien (RC) design with an f /4 beam at the Cassegrain

ocus. It is equipped with a 2k ×2k Andor CCD, with each pixel
aving a size of 13.5 μm 

2 , which co v ers a total field of view of
18 × 18 arcmin 2 . At 1-MHz readout speed, the readout noise and

ain are 7.5 e − pixel −1 and 2 e − ADU 

−1 , respectively. The 1.5-m
ZT-22 also has an RC design. We used a 4k ×4k CCD (SNUCAM)
ith readout noise and gain of 4.7 e − pixel −1 and 1.45 e − ADU 

−1 ,
espectively, at 200-kHz readout speed. J1743 was also observed by
he 0.6-m Zeiss-600 telescope with an f /12.5 beam at the Cassegrain
ocus. It was equipped with a 1k ×1k CCD with a readout noise of
3 e − pixel −1 and gain of 5 e − ADU 

−1 . 
During the observing runs, several bias and twilight sky flat frames

ere taken. IRAF 1 routines were used to perform the pre-processing
teps like bias subtraction, flat-fielding, and cosmic-ray removal of
aw data. Using a comparison star in the same field, differential
hotometry (variable minus comparison star) was performed. Table 2
rovides information on comparison stars (C1 and C2) for each
ource. The R -band magnitudes of both sources were calculated
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Table 2. Comparison stars used for differential photometry for J1743 and 
YY Sex. 

Object Reference B 1 R 1 B 2 R 2 
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. 
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ith respect to comparison star C1. The nightly variations ( σ ) of
1–C2 were found to be between 0.005 and 0.02 for J1743 and
.009 and 0.019 for YY Sex. The USNO-B1.0 catalogue served 
s the source for the standard magnitudes of C1 and C2 (see
able 2 ). 

.2 ASAS-SN, TESS , AAVSO, and CRTS obser v ations 

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

F or YY Se x, we used archi v al data from the Transiting Ex-
planet Satellite Survey ( TESS ), the American Association of 
ariable Star Observers (AAVSO), and the Catalina Real-time 
ransient Surv e y (CRTS). The TESS observations of YY Se x
TIC 62845887) were carried out from 2021 February 9–March 
 at a cadence of 2 min. TESS is equipped with four 10.5-cm
elescopes that observe a 24 ◦×96 ◦ strip of sky, also known as
 sector (see Ricker et al. 2015 for details). The total observing
ime was ∼24 d, with a gap of ∼4.9 d in the middle. The data
ere extracted from the Mikulski Archive for Space Telescopes 

MAST) data archive. 3 We have used the PDCSAP FLUX data 
alues, which are the simple aperture photometry (SAP FLUX) 
alues after correction for systematic trends. We did not consider 
hotometric points that did not have a ‘quality flag’ value of 0.
e have also utilized AAVSO 

4 (Kloppenborg 2022 ) CV (unfiltered 
ata with a V -band zero-point), CR (unfiltered data with an R -
and zero-point), and V (Johnson V ) and CRTS 

5 (Drake et al.
009 ) V- band data to represent the long-term variability of the
ource. 

.3 Optical spectroscopic obser v ations 

he spectroscopic observations of both sources were obtained using 
he 2-m Himalayan Chandra Telescope (HCT) at IAO, Hanle, 
quipped with the Hanle Faint Object Spectrograph and Camera 
HFOSC). For our observations, we have used the grism Gr7 
3800–6840 Å), which has a spectral resolution of 1330. The 
bserving log for these observations is given in Table 1 . During
ach observing run, spectrophotometric standard stars and FeAr 
rc lamps were also observed for flux calibration and wavelength 
alibration, respectively. The spectra were extracted using standard 
 https:// asas-sn.osu.edu/ variables 
 ht tps://mast .stsci.edu/portal/Mashup/Clients/Mast/Port al.html 
 https:// www.aavso.org/ 
 ht tp://nunuku.caltech.edu/cgi-bin/get cssconedbid release2.cgi 

0  

i

6

asks in IRAF and the reduced flux-calibrated spectra were used for
urther analysis. 

.4 X-ray obser v ations 

1743 was also observed at X-ray wavelengths by the XMM–
ewton satellite (Jansen et al. 2001 ) on 2019 September 21 using

he European Photon Imaging Camera (EPIC: Str ̈uder et al. 2001 ;
urner et al. 2001 ) with observation ID 0842570301. The total
uration of observations was 21 ks. The standard XMM–Newton 
CIENCE ANALYSIS SYSTEM (SAS) software package (version 20.0.0) 
ith the latest calibration files 6 was used for data reduction. We
sed SAS tools emproc and epproc to produce calibrated event files.
e have inspected the data for high background proton flares and

emo v ed the time corresponding to these flares. The epatplot task
as used to check for the existence of pile-up, but we did not find

ny significant presence of it. The barycen task was also used to
orrect the event for arri v al times to the solar system barycentre.
urther analyses were carried out in the energy band 0.3–10.0 keV.
o extract the final light curve, spectrum, and detector response 
les, we have selected a circular region with a radius of 30 arcsec
entred on the source. The background was also selected from a
ircular region with a size similar to that of the source in the
ame CCD. The spectra have been rebinned to a minimum of 20
ounts per bin with the grppha tool. Further, temporal and spectral
nalyses were performed using HEASOFT version 6.29. J1743 was 
lso observed in the UVW1 filter using the optical monitor (OM:
ason et al. 2001 ). The UVW1 filter has an ef fecti v e wav elength

f 2910 Å (Kirsch et al. 2004 ). The task omfchain was used
o process the OM fast-mode data. There were six observations, 
ach lasting about 2.95 ks. These individual exposures were then 
erged and the corresponding light-curve file was used for further 

nalysis. 
YY Sex was also observed by the XMM–Newton satellite at 

wo epochs, 2004 May 22 and 2004 June 21, for total dura-
ions of 24 and 8.9 ks with observation IDs 0201290101 and
201290401, respectiv ely. F or both IDs, the data were reduced
sing the same steps as discussed earlier. Ho we ver, the source
as not detected in the calibrated event files of observation ID
201290401; therefore, we could not extract the light curve and 
pectrum. 

.5 Photopolarimetric obser v ations 

ime-resolved photopolarimetry using the two-channel all-Stokes 
olarimeter, HIgh-speed Photo-POlarimeter (HIPPO: Potter et al. 
010 ) was conducted on the SAAO 1.9-m telescope on 2010 March
2. Observations were taken with a broad-band red filter (OG570). 
aveplate position-angle offsets, instrumental polarization, and 

fficiency factors were calculated from observations of polarized and 
on-polarized standard stars during the observing run. Background 
ky measurements were taken frequently during the course of the 
bservations. The photometry is not absolutely calibrated and instead 
s given as total counts minus background sky counts. Although the
hotometry and polarization data are accumulated every 0.01 and 
.1 s, respectively, the data were binned to 40 and 120 s, respectively,
n order to increase the signal-to-noise ratio. 
MNRAS 521, 2729–2744 (2023) 

 ht tps://www.cosmos.esa.int /web/XMM –Newton/curr ent-calibr ation-files 
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 ANALYSIS  A N D  RESULTS  

.1 1RXS J174320.1 −042953 

.1.1 Optical and X-ray photometry 

ig. 1 shows the light curves of J1743 in the optical and X-ray bands
uring different observing runs, in which Fig. 1 (a) displays the long-
erm variable nature of the source using ASAS-SN-V, OM-UVW1,
nd our R -band observations. J1743 displays a highly variable light
urve at optical wavelengths. The R -band light curves, as shown in
ig. 1 (b), show a change in the system’s state at three epochs, i.e.
021 June 10, 11, and 14. The sudden change in brightness indicates
hat J1743 entered into a low state on June 10, which we refer to
s LS1, while the latter two low-state observations are referred to as
S2. 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

igh state with a magnitude range of 15.3–16.3 mag, referred to as
S2. On the other hand, the high states occurring before entering

nto low states (referred to as HS1) were in the magnitude range
5.88–17.3 mag. This indicates that the HS2 observations occurred
n a comparatively higher state than 2021’s HS1 observations. Two
eriodic cycles are clearly visible in the longest duration ( ∼4.8 h)
bservations on 2021 June 6. The background-subtracted X-ray light
urves of J1743 in the 0.3–10.0 keV energy range are shown in the
op two panels of Fig. 1 (c), whereas the OM-UVW1 light curve is
hown in the bottom panel of Fig. 1 (c). A temporal binning of 50 s
as used for the extraction of both EPIC and OM light curves. The
ariable nature of the source is also evident in both X-ray and UV
ight curves. 

The periodicity present in the data was extracted by employing
he Lomb–Scargle periodogram (LSP) method (Lomb 1976 ; Scargle
982 ), where an error in the peak is derived by calculating the half-
ize of a single frequency bin centred on the peak, and then converting
t to period units. The LSP obtained from R -band observations is
hown in the top panel of Fig. 2 (a). The black-dashed horizontal line
epresents the 90 per cent significance level, which is calculated by
sing the algorithm of Horne & Baliunas ( 1986 ). The LSP of J1743
s noisy due to data gaps. Therefore, we have computed the window
unction with the same time sampling but a constant magnitude
o represent the peaks caused by irregular data sampling, which is
hown in the middle panel of Fig. 2 (a). Low frequencies present in
he LSP appear to be due to this irregular sampling. Therefore, we
ave also implemented the CLEAN algorithm (Roberts, Lehar &
reher 1987 ) with a loop gain of 0.1 and 1000 iterations to ensure
eriodicity in the data. The CLEANed power spectrum is shown in
he bottom panel of Fig. 2 (a). A clear peak at ∼11.55 cycle day −1 is
een in the CLEANed power spectrum, which is also visible in the
SP. The period derived from LSP corresponding to this peak comes
ut as 2.0784 ± 0.0001 h, which is consistent with the orbital period
eported by Denisenko & Martinelli ( 2012 ). The LSPs of MOS, PN,
nd OM data are shown in Fig. 2 (b), where two prominent peaks
re seen, which correspond to P � and P 2 � in each power spectrum.
he significant periods derived from optical- R , MOS, PN, and OM-
VW1 data are given in Table 3 . 
We have explored the evolution of the orbital phased light curve of

1743 using the derived value of the orbital period. The reference time
or folding was taken at the first point of optical observations, i.e. BJD
459290.3845311. The orbital folded R -band light curves are shown
n Fig. 3 (a). All light curves during observations corresponding to
S1 appear to have a sawtooth-shaped profile with a steep rise and
 rapid decline. Similar profiles have also been seen in some of
NRAS 521, 2729–2744 (2023) 
he observations of MT Dra, which is a two-pole accretor polar
Schwarz et al. 2002 ). All of these light curves show broad maxima
ith a phase duration of ∼1.15–1.25 and flat minima centring near
hase ∼0.5. A double-hump structure can be seen in the folded light
urves of LS2, where the shape of the light curves is almost the
ame. The light curves of LS1 differ from those of LS2 in terms
f the absence of a double-hump structure. The minima in these
S observations have a shift from HS1 observations and occur near
hase 0.6. A drastic change can be seen in the folded light curve
f HS2 observations, where the orbital minimum is shifted to a
hase value of ∼0.65 in comparison with the HS1 observations
see Fig. 3 b). A similar phase shift during two different high states
as also observed in polar RX J0203.8 + 2959 (Schwarz et al.
998 ). These changes can be explained by changes in the shape,
ize, and (or) location of the accretion region, which in turn is related
o the change in the accretion rate. On the other hand, the OM-
VW1 folded light curve is shown in Fig. 4 (a), where two humps

re clearly visible. These two humps differ greatly in brightness.
he prominent hump has a maximum at phase 0.8, whereas the
econd hump has a maximum at phase 0.3 with a minimum at phase
0.55. 
We have also generated energy-dependent orbital phase folded

ight curves in the 0.3–2.0, 2.0–5.0, and 5.0–10.0 keV energy bands.
hese are shown in Fig. 4 (b) and (c), and are very different compared
ith OM-UV. A clear modulation with broad and narrow maxima

s seen only in the soft (0.3–2.0 keV) energy band, whereas the
odulation appears to be absent in the harder energy bands (2.0–5.0

nd 5.0–10.0 keV). The presence of modulation in the soft energy
and is associated with photoelectric absorption in the accretion
tream. In comparison with OM-UV, broad and narrow maxima occur
t phases ∼0.9 and ∼0.5, respectively, with a small dip near 0.7 and
inima at ∼0.3. 

.1.2 Optical and X-ray spectroscopy 

ig. 5 shows the optical spectrum of J1743 with a wealth of spectral
eatures. It exhibits strong single-peaked emission lines of H Balmer
H α to H ε) along with neutral and ionized He lines (He I and He II ).
able 4 shows the identification, fluxes, equivalent width (EW), and
ull width at half-maximum (FWHM) of these lines. The Balmer lines
ppear with an inverted Balmer decrement of F (H α)/ F (H β) = 0.86.
he He II 4686 Å line is quite strong, which suggests the magnetic
ature of the accretion flow. The EW ratio of He II 4686 Å to H β

omes out to be ∼0.6. The observed spectrum resembles the spectrum
f Oliveira et al. ( 2017 ) observed in 2012. The values of flux and
WHM are found to be variable during the present and previous
pochs of observation (see Oliveira et al. 2017 and the present work).

To perform X-ray spectral analysis in the energy range 0.3–
0.0 keV, we have used XSPEC version-12.12.0 (Arnaud 1996 ;
orman & Arnaud 2001 ). In general, the X-ray spectrum of
olars is explained by a soft blackbody-like emission component
uperimposed on multi-temperature thermal plasma emission along
ith an absorption component. Therefore, we used a blackbody (bb)

nd cooling-flow plasma emission model ( mkcflow : Mushotzky &
zymkowiak 1988 ). Further, to account for interstellar absorption,

he phabs component was utilized. We have taken the abundance
ables and photoelectric absorption cross-section ‘bcmc’ from As-
lund et al. ( 2009 ) and Balucinska-Church & McCammon ( 1992 ),
espectively. The majority of the X-ray spectra of MCVs are affected
y local absorbers; thus, a partial co v ering absorption component
cfabs was used to account for the local absorption effect in
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(a)

(b)

(c)

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 o v er 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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(a) (b)

Figure 2. (a) LSP (top panel), window function (middle panel), and CLEANed 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 � and 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 P � 2.0784 ± 0.0001 1.76 ± 0.18 2.46 ± 0.31 2.14 ± 0.14 ..... ..... 
P 2 � ..... 1.10 ± 0.07 1.04 ± 0.05 1.02 ± 0.05 ..... ..... 

YY Sex P � 1.5746 ± 0.0002 ..... ..... ..... 1.5746 ± 0.0011 1.574526 ± 0.000004 
P 2 � ..... ..... ..... ..... 0.7873 ± 0.0003 ..... 
P 3 � ..... ..... ..... ..... 0.5249 ± 0.0001 ..... 
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pectral fitting. The value of redshift required in the mkcflow model
annot be zero, therefore it was fixed to a value of 5 × 10 −8 for a
osmological Hubble constant of 70 km s −1 Mpc −1 and a distance of
14 ± 2 pc (Bailer-Jones et al. 2021 ). We used a value of 2 for the
witch parameter, which determines the spectrum to be computed
sing AtomDB data. We fixed the N H value to the total Galactic
olumn in the direction of J1743 of 1.79 × 10 21 cm 

−2 (Kalberla et al.
005 ). In XSPEC notation, the model adopted to fit the X-ray spec-
ra was implemented as phabs ×pcfabs ×(bb + mkcflow) ,
hich resulted in a remarkably good representation of data with
 reduced chi-square ( χ2 

ν ) value of 1.07. By incorporating the
flux model in the best-fitting model, we have calculated the
nabsorbed soft (bb), hard (mkcflow), and bolometric flux in the
.001–100 keV energy band. The background-subtracted EPIC PN
nd MOS spectra of J1743, along with the best-fitting model, are
hown in Fig. 6 . The best-fitting spectral parameters estimated from
he simultaneous fitting of both EPIC PN and MOS spectra are given
n Table 5 . The X-ray spectrum of J1743 is explained well by a

ulti-temperature component with a high temperature of ∼32 keV
nd a low temperature of < 840 eV. The value of mass accretion
ate derived from the spectral fitting is found to be ∼5.1 × 10 −12 

 � yr −1 . A blackbody component was found to be appropriate to
xplain the soft emission. 
NRAS 521, 2729–2744 (2023) 

R  
.2 YY Sex 

.2.1 Optical photometry 

ig. 7 (a) displays the long-term variable nature of the source using
A VSO-CR, AA VSO-CV, AA VSO-V, CRTS-V, and our R -band ob-

ervations. The shaded region corresponds to the TESS observations.
ur optical R- band light curves of eight different epochs are shown

n Fig. 7 (b), where the peak brightness of the system varies from
6.1–17.0 mag, indicating a change in the system’s state. The light
urves show sinusoidal-like variations with a variable peak-to-peak
mplitude in the range ∼0.9–1.5 mag. The TESS light curve is
hown 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
eriodicity in the data. The LSP obtained from optical- R , AAVSO,
nd TESS observations are shown in Fig. 8 . The black horizontal
otted line represents the 90 per cent significance level. The LSPs of
ur optical and AAVSO observations are noisy due to data gaps;
herefore, as mentioned in Section 3.1.1 , the CLEAN algorithm
 as emplo yed with loop gain of 0.1 and 1000 iterations. Only the
frequency was found to be present in the CLEANed spectra of R -

and and AAVSO data, whereas we found �, 2 �, and 3 � frequencies
n the LSP of TESS data. The significant periods derived from optical-
 , AAVSO, and TESS data are given in Table 3 . These values of the
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(a)

(b)

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

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

 0 = 2453458 . 346(1) + 0 . 06560523(2) × E, (1) 

here T 0 is defined as the time of maximum light and the errors are
iven in parentheses. 
From equation ( 1 ), we refined the orbital period to be

.57452588 ± 0.00000002 h. Using the ephemeris provided in 
quation ( 1 ), the photometric light curves of all these observations
ere also folded and are displayed in Fig. 9 . All of these folded light
urves show broad maxima near phase 0.0 and minima at phase ∼0.5
ith variable brightness. 

.2.2 Optical spectroscopy 

he optical spectrum of YY Sex is shown in Fig. 10 , where several
mission features are visible. The spectrum exhibits strong single- 
eaked H-Balmer emission lines (H α to H η) and neutral and ionized
e lines (He I and He II ). Some of these lines were also seen in

he earlier spectrum observed by Gabdeev et al. ( 2017 ). Based on
he high-intensity He II 4686 Å line compared with the hydrogen 
ines, Gabdeev et al. ( 2017 ) reported that YY Sex belongs to the

CV category, possibly a polar. Identification, fluxes, EW, and 
WHM of lines observed in our optical spectrum are given in
able 4 . Balmer lines appear with an inverted Balmer decrement
f F (H α)/F(H β) = 0.71. We have also calculated the EW ratio
f He II 4686 Å to H β, which comes out to be ∼0.55. The
trength of the He II 4686 Å line is comparatively less than that
MNRAS 521, 2729–2744 (2023) 
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(a)

(b) (c)

Figure 4. Orbital phase folded light curves observed from (a) OM, (b) EPIC-MOS, and (c) EPIC-PN. 

Figure 5. Optical spectrum of J1743. 
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f H β, as also seen in the observed spectrum of Gabdeev et al.
 2017 ). 

.2.3 Polarimetry 

ig. 11 displays the 5.76-h long red-filtered, photometric, and circular
olarimetric observations (upper and lower panels, respectively).
he photometry displays the same orbital modulation as seen in
NRAS 521, 2729–2744 (2023) 
ur other optical data sets. In addition, the HIPPO photometry
hows a relatively smooth light curve around the orbital minimum
nd a more variable light curve on the increase to the maximum.
hese additional features are not discernible in our other data sets
ue to their lower time resolution. This extra variability, during
he rise to orbital photometric maximum, has been seen in J1743
Denisenko & Martinelli 2012 ) and other polars (e.g. Potter et al.
010 ). Ho we ver, in some cases, a period analysis reveals the
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T able 4. Identification, flux, EW , and FWHM for emission features in the spectra of J1743 and YY Sex. 

Identification J1743 YY Sex 
2021 May 28 2022 Jan 24 

Flux −EW FWHM Flux −EW FWHM 

H η (3835 Å) ... ... ... 2.16 9 1170 
H ζ (3889 Å) ... ... ... 4.00 19 1172 
H ε (3970 Å) 8.49 17 1189 4.71 24 1328 
He I (4026 Å) 5.56 13 1198 1.90 11 1183 
H δ (4102 Å) 9.54 14 1049 7.00 36 1781 
H γ (4340 Å) 11.03 25 991 5.51 26 1104 
He I (4471 Å) 5.91 11 1486 2.66 15 1342 
He II (4686 Å) 10.21 19 907 4.70 25 1185 
H β (4861 Å) 14.75 33 1058 8.62 52 1393 
He I (4922 Å) 3.02 7 1236 0.88 5 1016 
He I (5875 Å) 5.32 12 1022 2.10 14 1208 
H α (6563 Å) 12.69 36 861 6.11 42 1121 
He I (6678 Å) 1.91 7 679 1.08 8 894 

Note. Flux, EW, and FWHM are in units of 10 −15 erg cm 

−2 s −1 , Å, and km s −1 , respectively. 
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ariability to be quasi-periodic (Potter et al. 2010 ). We suggest that
he frequencies detected in the analysis of Woudt & Warner ( 2003 )
ere probably QPO in origin, rather than spin and beat frequencies. 
ur polarimetric observations (see Fig. 11 , lower panel) show the 
resence of circular polarization, modulated on the orbital period 
ith an amplitude between 0 and −20 per cent. This unambigu- 
usly confirms that YY Sex is polar, showing typical polarized 
ariability as a result of the beaming of cyclotron emission from
 single accretion region. The amplitude of the orbital photometric 
odulation can also be explained as a result of cyclotron emission

ather than the proposed reflection effect of Woudt & Warner 
 2003 ). 

.2.4 X-ray timing and spectra 

he background-subtracted X-ray light curves (with 50-s binning 
ime) and spectra of YY Sex from EPIC-MOS and PN detectors in
he 0.3–10.0 keV energy range are displayed in Fig. 12 (a) and (b).
ue to a poor signal-to-noise ratio, the power spectrum was found 

o be very noisy. Further, we also tried to fit the X-ray spectra with
n appropriate model as described in Section 3.1.2 . Unfortunately, 
he spectral parameters were also derived to be unphysical due to 
he poor signal-to-noise ratio. Therefore, we have not performed any 
urther timing and spectral analyses. 

 DISCUSSION  

e have carried out detailed timing and spectral analyses of two 
andidate MCVs, J1743 and YY Sex, using optical and X-ray 
ata. For both sources, we confirm and refine the orbital periods 
etermined previously. The orbital periods of J1743 and YY Sex 
opulate them at the lower edge and below the period gap of CVs,
espectively. Based on the present analyses, we confirm that both 
bjects belong to the polar subclass of MCVs. The key observational 
eatures that secure the identification of these systems as polars are 
iven in Table 7 . 
From multiple-epoch optical observations of J1743, we have found 

ndications that its accretion rate varies on time-scales of days, which 
uggests that this could be due to the variable strength of a constant
tream. Ho we ver, for those epochs where rapid variability is seen,
his could be due to ‘blobs’ of material being transferred. J1743 
as observed in a high state between March and May 2021 before
imming significantly in June and brightening again by April 2022. 
uch high and low states are one of the typical characteristics of
olars (Cropper 1990 ). A soft and complex double-hump X-ray 
ight curve is seen for J1743, where a broad prominent hump is
enerally associated with the main accretion region. The second 
ump, on the other hand, indicates the presence of an independent 
econd accretion region or accretion at a second pole. The UV
ight curve also displays a double-hump profile, but with a shift
ith respect to the X-ray light curves. There have been few polars
here accretion on to a second pole has been indicated, e.g. DP
eo (Cropper 1990 ), VV Pup (Wickramasinghe, Ferrario & Bailey 
989 ), 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,
ittlefield & Garnavich 2022 ; Ok & Schwope 2022 ). Therefore, there

s a need for polarimetric observations of J1743, which can help to
onfirm two-pole accretion. Complex soft X-ray light curves have 
lso been observed in polars QQ Vul, EF Eri, AN Uma, and V834
en (Mason 1985 ). Furthermore, the light curves of two sources,
Q Vul and V834 Cen, seem to have changed drastically in later
bservations (Osborne et al. 1987 ; Sambruna et al. 1994 ). Even
f the WD has a simple, centred, dipole field, the interaction of
he magnetic field and the ballistic stream can lead to an elongated
ccretion spot or spots (Mukai 1988 ; Cash 2002 ). Therefore, apart
rom a second accretion region or two-pole accretion, a double- 
pot structure with an elongated main spot could generate such 
omplex double-humped soft X-ray light curves (Mukai 2017 ). The 
ass transfer rate can change the spot geometry and light-curve 
orphology further, as we have seen in our optical light curves.
urther, the light-curve variations of YY Sex show the presence of
nly one frequency (the orbital frequency) and its harmonics in the
ower spectra, confirming that it is a polar rather than an IP, as
uggested by Warner & Woudt ( 2002 ). In addition, our observations
how circular polarization modulated on the orbital period, thereby 
dentifying YY Sex unambiguously as a polar. This also explains 
he large-amplitude photometric variation as being the result of the 
hanging viewing angle to the beamed cyclotron emission o v er the
rbital period, which also rules out the scenario of a large reflection
ffect from a hot WD as indicated by Warner & Woudt ( 2002 ). Using
he mean empirical mass–period relation of Smith & Dhillon ( 1998 ),
e have estimated the mass and radius of the secondaries of J1743

nd YY Sex as 0.15 ± 0.02 M �, 0.20 ± 0.01 R � and 0.09 ± 0.02 M �,
MNRAS 521, 2729–2744 (2023) 
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Figure 6. X-ray spectra of J1743 along with the best-fitting model. The bottom panel shows the χ2 
ν 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 ×pcfabs ×(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 N H, pcf (10 23 cm 

−2 ) 7 . 5 + 6 . 6 −5 . 5 

pcf (per cent) 56 + 20 
−19 

bb T bb (eV) 97 + 52 
−51 

N bb (10 −6 ) 3 . 6 + 20 . 6 
−1 . 6 

mkcflow T low (keV) < 0.84 

T high (keV) 31 . 9 + 12 . 9 
−8 . 9 

N mkcflow (10 −12 M � yr −1 ) 5 . 1 + 4 . 2 −1 . 6 

Soft flux F s (10 −13 erg cm 

−2 s −1 ) 3 . 3 + 0 . 9 −0 . 9 

Hard flux F h (10 −12 erg cm 

−2 s −1 ) 7 . 3 + 0 . 1 −0 . 1 

Bolometric flux F bol (10 −12 erg cm 

−2 s −1 ) 7 . 6 + 0 . 1 −0 . 1 

Bolometric luminosity L bol (10 31 erg s −1 ) 4 . 21 + 0 . 08 
−0 . 08 

χ2 
ν (dof) 1.07(404) 

Note. N H, pcf 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 co v ering fraction of the partial 
absorber; T bb and N bb are the blackbody temperature and the normalization constant of bb; T low 

and T high are the low and high temperatures of mkcflow; N mkcflow is the normalization constant 
of mkcflow; F s and F h are the soft and hard flux for soft (bb) and hard (mkcflow) components 
in the 0.001–100.0 keV energy band; F bol is the unabsorbed bolometric flux derived for the 
0.001–100.0 keV energy band; L bol is the corresponding bolometric luminosity calculated by 
assuming a distance of 214 pc. 
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(a)

(b)

(c)

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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(a) (b)

(c)

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. 

BJD Cycle BJD Cycle 

2453458.3431(8) 0 2457489.9861(5) 61 453 
2456358.8235(5) 44 211 2457490.0475(3) 61 454 
2456358.8872(7) 44 212 2459563.4351(4) 93 058 
2456370.1052(4) 44 383 2459618.2826(5) 93 894 
2456370.1735(5) 44 384 2459622.284(1) 93 955 
2456383.0978(4) 44 581 2459622.3492(4) 93 956 
2457160.9089(6) 56 437 2459622.4152(4) 93 957 
2457160.9756(4) 56 438 2459664.2727(3) 94 595 
2457458.0956(7) 60 967 2459664.3393(5) 94 596 
2457458.1671(4) 60 968 2459665.2567(4) 94 610 
2457459.1521(3) 60 983 2459665.3248(3) 94 611 
2457488.0158(5) 61 423 2459670.3093(3) 94 687 
2457488.0850(5) 61 424 2459678.1165(4) 94 806 
2457489.9216(4) 61 452 2459679.1682(4) 94 822 
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.14 ± 0.01 R �, respectively. We have also estimated the mean
ensity of the secondaries in J1743 and YY Sex as 24.8 and 43.2 g
m 

−3 (see Warner 1995 , for formulae), respectiv ely. F or the derived
rbital periods of J1743 and YY Sex, the secondaries correspond to
ower main-sequence stars of spectral classes M4.2 and M6.2, with
f fecti ve temperatures of 3260 and 2823 K, respectively (Knigge
006 ). 
The optical spectra of J1743 and YY Sex are very similar to

he spectra of other polars. The most evident spectral signature of
ass accretion is the presence of hydrogen Balmer, He I , and He II

mission lines. Silber ( 1992 ) provided a criterion to classify MCVs
n the basis of the emission lines in the optical spectra. According
o Silber’s criteria, MCVs are characterized by an EW ratio of He II
686 Å/H β > 0.4 and a large EW of H β ( > 20 Å). We have detected
 large value of EW of H β for both sources. Also, the EW ratio
f He II 4686 Å/H β comes out to be > 0.4, suggesting that these
wo sources have a magnetic nature. Further, the Balmer decrement
 α/H β was estimated to be 0.86 and 0.71 for J1743 and YY Sex,

espectively. The ratio is inverted compared with the recombination
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(a)

(b)

(c)

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 10. Optical spectrum of YY Sex. 

Figure 11. Photometry and circular polarimetry of YY Sex. The upper and lower panel display photometric and circular polarized light curves, respectively. 

(a) (b)

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 MOS1, 
MOS2, and PN observations. 
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pectrum from an optically thin gas (Brocklehurst 1971 ). Optical
hickness alone cannot account for the ratio of H α/H β. Therefore,
ollisions between levels n = 2 and n = 3 are important, which gives
 lower limit to the electron density N e > 10 12 cm 

−3 (Stockman
t al. 1977 ; Cropper 1990 ). All these features indicate that the lower
almer lines may arise in collision-dominated plasma in an optically

hick medium. 
NRAS 521, 2729–2744 (2023) 
The X-ray spectra of J1743 reveal a multi-temperature post-shock
egion with T low < 840 eV and T high ∼32 keV. Ho we ver, the multi-
emperature plasma produced in the post-shock region requires the
resence of two absorbers; a thin absorber of 1.79 × 10 21 cm 

−2 

nd a thick absorber of ∼7.5 × 10 23 cm 

−2 co v ering ∼56 per cent
f the X-ray source. A blackbody temperature of ∼97 eV was
lso found to be present, indicating that a fraction of hard X-
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Table 7. K ey observ ational 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 II 4686 Å]/EW[H β] > 0.4 Yes Yes 
EW[H β] > 20 Å Yes Yes 
Inverse Balmer decrement Yes Yes 
Strong circular polarization NA Yes 
Soft blackbody emission Yes NA 

Luminosity ( < 10 33 erg s −1 ) Yes NA 

Note. NA indicates that the data are not available to comment on. 
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ays is reprocessed and reradiated as soft X-rays. Ho we ver, the
lackbody temperature was found to be relatively high, unlike 
ther polars AM Her (Schwope et al. 2020 ), AI T ri (T raulsen
t al. 2010 ), QS Tel (Traulsen et al. 2011 ), V496 Uma (Ok &
chwope 2022 ), etc. The softness ratio, F s /4 F h (see Ramsay &
ropper 2004 for details) was then calculated and found to be 
0.01, which rejects the presence of any soft X-ray excess. We have

resumed that both the soft and hard components were subjected to 
he same partial co v ering absorbers while estimating the value of
 s /4 F h . Ramsay & Cropper ( 2004 ) found a large soft X-ray excess
nly in 13 per cent of their sample. They also found numerous
olars without a discernible soft component, implying that the 
resence of a soft X-ray excess could not be associated with the
rimary characteristic of polars. With a mass accretion rate of 
5 × 10 −12 M � yr −1 and bolometric luminosity of ∼4 × 10 31 

rg s −1 , the parameters of J1743 fall in the typical range for
olars. Assuming T high ∼32 keV as the maximum post-shock 
emperature and using the mass–radius relationship of Nauenberg 
 1972 ), we have derived the WD mass to be 0.75 + 0 . 16 

−0 . 11 M � for
1743. 

 C O N C L U S I O N S  

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

(i) We confirm and refine the orbital period of J1743 using the 
resent analysis. It has shown brightness variation between low and 
igh states. The presence of strong He II 4686 Å and H β lines in
he optical spectrum indicates the magnetic nature of the system. 
he multi-temperature post-shock region is absorbed through thin 
nd thick absorbers. A fraction of hard X-rays is reprocessed and 
eradiated in soft X-rays; ho we ver, we did not find any evidence of
oft X-ray excess in this source. We have derived a mass accretion rate 
f ∼5 × 10 −12 M � yr −1 , bolometric luminosity of ∼4 × 10 31 erg s −1 ,
nd WD mass of 0.75 + 0 . 16 

−0 . 11 M � for J1743. All the abo v e-mentioned
eatures obtained with the present data confirm that J1743 is indeed 
 polar. 

(ii) Similarly to J1743, we confirm and refine the orbital period 
f YY Sex using the present analysis. The presence of several 
mission lines and strong hydrogen Balmer lines with strong He II 
686 Å and H β confirms the magnetic nature of the accretion 
o w. The lo w and high states in the long-term light curve, pres-
nce of only one period and its harmonics, detection of orbitally 
odulated circular polarization, and emission-line features in the 

ptical spectrum confirm that YY Sex belongs to the category of

olars. 
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