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A B S T R A C T 

We have carried out detailed time-resolved timing analyses of three cataclysmic variables (CVs) namely LS Cam, V902 Mon, 
and SWIFT J0746.3-1608, using the long-baseline, high-cadence optical photometric data from the Transiting Exoplanet Surv e y 

Satellite. Our analysis of LS Cam observations hints the presence of a superorbital period of ∼4.025 ± 0.007 d along with 

ne gativ e and positiv e superhump periods of ∼3.30 and 3.70 h, respectively. These results can be explained as an interaction 

of nodal and apsidal precession of the accretion disc with orbital motion. For the other two sources, V902 Mon and SWIFT 

J0746.3-1608, we have found evidence of a beat period of 2387.0 ± 0.6 and 2409.5 ± 0.7 s, respectively, which were not found 

in earlier studies. Our results presented in this study indicate the change in the accretion mode during the entire observing period 

for both sources. For V902 Mon, an apparent orbital period deri v ati ve of (6.09 ± 0.60) × 10 

−10 was also found. Moreo v er, 
the second harmonic of orbital frequency dominates the power spectrum of SWIFT J0746.3-1608, suggestive of ellipsoidal 
modulation of the secondary star. Present analyses suggest that LS Cam could be a superhumping CV, whereas V902 Mon and 

SWIFT J0746.3-1608 are likely to be variable disc-o v erflow accreting intermediate polars. 

Key words: accretion, accretion discs – stars: individual: (LS Cam; V902 Mon; SWIFT J0746.3-1608) – stars: magnetic field –
novae, cataclysmic variables. 
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 I N T RO D U C T I O N  

ataclysmic variables (CVs) are the semidetached binary systems
n which primary is a magnetic white dwarf (WD) that accretes
aterial through a Roche lobe filling late-type main-sequence star,

lso known as a secondary star. The magnetic field of the WD plays
 crucial role in go v erning the accretion process in these binaries. It
lso decides two distinct classes of magnetic CVs (MCVs): polars
nd intermediate polars (IPs). In polars, the magnetic field of the WD
s strong enough (typically, in a range of 10–100 MG) to lock the
hole system into synchronous (or almost synchronous) rotation. It

lso prevents the formation of an accretion disc and the accreting
aterial channels directly to the WD magnetic pole(s). While in

he case of IPs, magnetic field of the WD is weaker (typically, 1–
0 MG) and an accretion disc can form which is disrupted at the
agnetospheric radius. Hence, the material from the secondary is

ccreted either through an accretion stream or an accretion disc or a
ombination of both. The majority of IPs have spin period of the WD
P ω ), roughly the one-tenth of the orbital period (P �) of the binary
ystem (P ω ∼ 0.1 P �) and orbital periods longer than the ‘period gap’
f 2–3 h (Scaringi et al. 2010 ). Generally, the higher values of X-ray
uminosities of IPs than those of polars is attributed to the higher
ccretion rate. 

The high-energy X-rays originate from the accretion shock and
ptical emission is seen due to the reprocessing of these X-rays
 E-mail: nikita@aries.res.in (NR); jeewan@aries.res.in (JCP) 
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n the surface layers of the disc (including the hotspot) and/or
he atmosphere of the secondary. The WD rotation modulates
mission in the X-ray and optical regions due to the obscuration
y the intervening accretion curtains and reprocessed radiation from
xisymmetric parts of the accretion disc. Reprocessing of the beam
rom parts of the system that rotates with the binary orbital frequency,
uch as an inflated part of the disc (the hotspot) or the secondary itself,
roduces an optical beat pulsation. Further, obscurations of the WD
y the material rotating in the binary frame and eclipse of the hotspot
y an optically thick disc (or ring) give rise to the orbital modulation
Warner 1986 , and references therein). 

There are primarily three accepted scenarios for accretion in IPs
nd the feasibility of each one of them depends on the magnetic field
trength of WD and mass accretion rate. The first is the disc-fed
ccretion, in which an accretion disc is present in the system, which
s disrupted at the magnetosphere radius. From this radius, material
ows along the magnetic field lines resulting in the formation of
accretion curtains’ near the magnetic poles of the WD (Rosen,

ason & Cordova 1988 ). The second is the disc-less or stream-fed
ccretion, in which the high magnetic field of the WD does not allow
he formation of a disc and infalling material is channelized along the

agnetic field lines to the pole caps (Hameury, King & Lasota 1986 ).
n the third possibility, known as disc-o v erflo w accretion (Lubo w
989 ; Armitage & Livio 1996 ), disc-fed and stream-fed accretions
an simultaneously occur as a part of the accretion stream skims
 v er the disc and then interacts with the magnetosphere of the WD
Hellier et al. 1989 ; King & Lasota 1991 ). In all these accretion
cenarios, whenever accretion takes place via a disc, the accreting
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TESS observations of LS Cam, V902 Mon, J0746 6055 
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aterial impacts on to both magnetic poles and whenever accretion 
akes place via a stream, accretion occurs at both poles continuously 
ith varying accretion rate and only a fraction of accretion flow flips
etween two poles. 

A featured characteristic of IPs is the presence of multiple 
eriodicities in the X-ray and optical power spectra because of 
he complex interactions between the spin and orbital modulations. 
herefore, the presence of spin, beat, orbital, and other sideband 

requencies in the power spectra and their amplitudes play a vital 
ole in distinguishing the mode of accretion in the system. In the
isc-fed accretion, modulation at the spin frequency ( ω) of the WD
ccurs (Kim & Beuermann 1995 ; Norton, Beardmore & Taylor 
996 ), whereas stream-fed accretion gives rise to modulation at 
he lower orbital sideband of the spin frequency, i.e. beat ( ω - �)
requency (Hellier 1991 ; Wynn & King 1992 ). Wynn & King ( 1992 )
lso showed that if there is an asymmetry between the magnetic 
oles, stream-fed accretion can also produce a modulation at the 
pin frequency, in addition to that at the beat frequency. Hence, 2 ω -

frequency plays an important role in distinguishing between these 
wo modes of accretion in X-ray bands and only present in disc-
ess systems along with sometimes dominant � component, ω - �, 
nd ω . For a disc-overflow accretion, where disc-fed and stream-fed 
imultaneously occur, modulations at both ω and ω - � frequencies 
re expected to occur (see Hellier 1991 , 1993 ). Further, the variable
ature of accretion flow is one of the basic characteristics of an IP
nd has been observed in IPs e.g. TX Col and FO Aqr for a number
f times (see Norton et al. 1992 , 1997 ; Hellier 1993 ; Beardmore et al.
996 ; Wheatley 1999 ; Littlefield et al. 2020 ; Ra wat, P ande y & Joshi
021 , for details). 
In this paper, we present a detailed investigation of three CVs

amely LS Cam, V902 Mon, and SWIFT J0746.3-1608, based 
n their high-cadence long-baseline Transiting Exoplanet Surv e y 
atellite (TESS) observations. These sources are taken from the IP 

atalogue of Koji Mukai. 1 Our aim is to explore the true nature of all
hree sources. 

The paper is structured as follows. Section 2 re vie ws each of
he sources individually and in Section 3 , we describe observations 
nd data used for this study. Sections 4 , 5 , and 6 contains our
nalysis and results for LS Cam, V902 Mon, and J0746, respectively. 
inally, discussion and summary are presented in Sections 7 and 8 ,
espectively. 

 REV IEW  O F  S O U R C E S  

.1 LS Cam 

S Cam (HS 0551 + 7241) was disco v ered as a CV by Dobrzycka
t al. ( 1998 ) using spectroscopic observations. It is located at a
istance of 1 . 7 + 0 . 1 

−0 . 1 kpc (Gaia Collaboration 2021 ). The identification
pectrum of LS Cam, obtained in 1995, revealed features typical 
or a CV: H I , He II , and He I emission lines on the top of a blue
ontinuum. The periodogram analysis of the H α, H β, and He II
4686 radial velocities revealed that the hydrogen lines are likely 
ominated by the S-wave component, following the orbital variations 
ith a period of 4 h. At the same time, He II λ4686 line shows rapid
uctuations of ∼50 min. So, based on these variations, Dobrzycka 
t al. ( 1998 ) concluded that LS Cam might be an IP. Additionally,
rom the analysis of emission-line radial velocity curves, Thorstensen 
t al. ( 2017 ) confirmed the orbital period of LS Cam to be 3.417 h. 
 http:// asd.gsfc.nasa.gov/ Koji.Mukai/iphome/ iphome.html 

3

/
4

.2 V902 Mon 

he source V902 Mon was identified as a CV in the Isaac Newton
elescope Photometric H α Surv e y of the northern Galactic plane
IPHAS) surv e y due to its prominent H α emission (Witham et al.
007 ). Using the optical photometric observations, Aungwerojwit 
t al. ( 2012 ) classified it as a deeply eclipsing IP with an orbital
eriod of 8.162 h and spin period of WD of ∼2210 s. Further, the spin
odulation was found to be varying in their observing runs between

006 and 2009, sometimes too weak to be noticeable. Ho we ver,
etween 2008 and 2017, Worpel et al. ( 2018 ) found the spin period
f 2208 s at multiple epochs and concluded that V902 Mon accretes
ia disc only due to the absence of beat modulations. The distance
f V902 Mon is found to be 3 . 1 + 0 . 8 

−0 . 5 kpc (Gaia Collaboration 2021 ). 

.3 SWIFT J0746.3-1608 

WIFT J0746.3-1608 (hereafter J0746) was disco v ered in the 
wift/BAT surv e y and found to be a highly variable X-ray source
t a distance of 625 + 10 

−8 pc (Gaia Collaboration 2021 ). From optical
bservations, Thorstensen & Halpern ( 2013 ) found an orbital period
f 9.38 h and reported that J0746 might belong to the class of either
ov a-like v ariable or an IP. Bernardini et al. ( 2019 ) concluded that

0746 might be an IP with a plausible spin period of ∼2300 s.
o we ver, due to the short X-ray coverage, they could not separate

his periodicity from the beat and other sidebands most commonly 
ound in the power spectra of IPs. From comparative studies of
MM–Newton observations of 2016 and 2018, they also confirmed 

hat J0746 has returned to its high state in 2018. 

 OBSERVATI ONS  A N D  DATA  

e have used the archi v al data from TESS for all three sources. The
ESS instrument consists of four wide-field CCD cameras, each with 
eld of view of 24 ◦ × 24 ◦ so that all cameras can image a region
f the sky measuring 24 ◦ × 96 ◦. TESS observations are broken up
nto sectors, each lasting two orbits, or about 27.4 d and conducts its
ownlink of data while at perigee. This results in a small gap in the
ata compared to the o v erall run length. The TESS bandpass extends
rom 600 to 1000 nm with an ef fecti v e wav elength of 800 nm (see
icker et al. 2015 , for details). The log of observations for each source

s given in Table 1 . The data were stored in Mikulski Archive for
pace Telescopes data archive 2 with unique identification numbers 
TIC 138042556’, ‘TIC 334061567’, and ‘TIC 234712743’, for LS 

am, V902 Mon, and J0746, respectively. The cadence for each 
ource was 2 min; ho we ver, for J0746 the data were available at a
adence of 20 s also. For our analysis, we have taken ‘PDCSAP’ flux,
hich is the simple aperture photometry (SAP) flux after removing 

he common instrumental systematics from it using the co-trending 
asis vectors. The PDCSAP flux also corrects for the amount of
ux captured by the photometric aperture and crowding from known 
earby stars. 3 The data taken during an anomalous event had quality
ags greater than 0 in the FITS file data structure, and thus we have
onsidered only the data with the ‘quality flag’ = 0. 

Where ver av ailable, we hav e also used the Zwick y Transient
acility (ZTF 

4 , Bellm et al. 2019 ) r and g bands data and American
MNRAS 512, 6054–6066 (2022) 

 See Section 2.0 of the TESS Archive Manual at https://outerspace.stsci.edu 
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Table 1. Observation log of sources where start and end time are in calendar date. 

Source name Sector Start time End time Total observing days 

LS Cam 19 2019-11-28T14:04:20.676 2019-12-23T15:26:46.080 24.8 
20 2019-12-25TT00:08:45.948 2020-01-20T07:48:03.141 26.3 
26 2020-06-09T18:17:54.123 2020-07-04T15:07:55.466 24.9 
40 2021-06-25T03:33:33.297 2021-07-23T08:24:18.088 28.2 

V902 Mon 33 2020-12-18T05:40:40.133 2021-01-13T01:50:30.998 25.8 

SWIFT J0746.3-1608 34 2021-01-14T06:29:41.446 2021-02-08T13:39:28.238 25.0 
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ssociation of Variable Star Observers (AAVSO 

5 , Kafka 2021 ) CV
Clear or unfiltered reduced to V sequence), V (Johnson V), and
 (Johnson I) bands data to represent the long-term behaviour of
ources. The ground-based data are available only for the source
S Cam and V902 Mon. We found a positive linear dependence
f TESS magnitude on the simultaneous ground-based magnitudes,
hich indicates that PDCSAP flux values appear to be following

he flux observed from ground-based observations. None the less, as
oted in the TESS archi v al manual 6 and also pointed out by Littlefield
t al. ( 2021 ) that in the PDCSAP data, the periodic variability should
e unaffected but slow, aperiodic variability (such as that from a low-
mplitude outburst) might be remo v ed. Thus, the results presented
n this manuscript can be taken with caution if aperiodic variabilities
uch as quasi-periodic oscillations have been removed from PDCSAP
ux values after processing from SAP flux values. 

 LS  C A M  

.1 Light cur v e and po wer spectral analysis 

ig. 1 (a) shows the long-term light curve of LS Cam, where the
ariable nature of the source is visible. The average change in
agnitude in the AAVSO-CV band is in the range ∼16.6–15.7 and

n some occasions, it has gone to a fainter state with a magnitude
ore than 17.3. To o v erplot the TESS light curve, we have converted
ESS flux unit of electrons per second to magnitude using the zero-
oint value of 20.44 (Vanderspek et al. 2018 ; Fausnaugh et al.
021 ). The inset of Fig. 1 (a) shows some of the simultaneous
bservations between ZTF-r and TESS, which confirms that during
hese observations, LS Cam w as al w ays in a relatively stable high
tate. Fig. 1 (b) shows the TESS light curve of LS Cam. There is a gap
f almost 5 months between the observations in sectors 20 and 26 and
 gap of 1 yr between sectors 26 and 40. Further, sector 26 has a mean
ux value of 26.22 ± 0.08 e −/ s compared to the mean flux value of
0.70 ± 0.05 e −/ s , 46.92 ± 0.07 e −/ s , and 66.87 ± 0.05 e −/ s of
he sectors 19, 20, and 40, respectively . Unfortunately , there were no
imultaneous observations corresponding to sector 26 observations,
ut similar low states were also seen during the previous observations
orresponding to BJDs 2456580.39, 2457718.29, and 2458353.99.
his may indicate that that there might have been a change in the
ystem’s state during the sector 26 observations. 

To find the periodic signals in the data, we have performed the
omb–Scargle (LS) periodogram analysis (Lomb 1976 ; Scargle
982 ). The LS power spectrum of all four sectors is shown in Fig. 2 .
everal peaks are present in the power spectrum of LS Cam. The
ignificance of these detected peaks is determined by calculating the
NRAS 512, 6054–6066 (2022) 

 https:// www.aavso.org/ 
 See Section 2.1 of the TESS Archive Manual at https://outerspace.stsci.edu 
display/TESS/2.1+Levels+of+data + processing 

p  

h  

t  

1  

P  
alse-alarm probability (Horne & Baliunas 1986 ). The horizontal
ashed line in each power spectrum represents the 90 per cent
onfidence level. The derived periods from the periodogram analyses
re given in Table 2 . The periods corresponding to four dominant
eaks from the combined data of all sectors are 4.025 ± 0.007 d,
.4171 ± 0.0002 h, 3.3007 ± 0.0002 h, and 1.67896 ± 0.00005 h. 
The 3.417 h periodicity is identified as the orbital period of the

ystem. For the orbital phase folding the data, we have taken the 1-d
ime-resolv ed data se gments to see the short-term variations. The
eference time for folding was taken to be the observation starting
ime as extremums could not be adequately identified in the light
urv e. Each light curv e was folded with the binning of 20 points in
 phase. We have shown the orbital phase-folded profile in Fig. 3 .
he top two panels correspond to the observations of sectors 19 and
0, whereas the bottom two panels correspond to the observations
f sectors 26 and 40, respectively. The orbital modulation was found
o be highest in sector 26, lowest in sector 40, and intermediate in
ectors 19 and 20. In all sectors, a ∼4-d periodic variation in all
rbital phase-folded profiles seems to be taking place. 
Other frequencies identified in power spectral analyses can be

xplained based on the following two scenarios. 

.1.1 Scenario A 

n this scenario, if we consider 1.67896 h as spin period (P ω ) of
D, the beat period ( P ω−� = 

P �P ω 
P �−P ω 

) is estimated to be 3.30 h,
hich is present in all four sectors’ observation. Considering these
alues of orbital, spin, and beat periods, the periods corresponding
o various harmonics ω - 2 � , 2 � , 2( ω - �) , 3( ω - �), 2 ω - � , and
 ω - 3 � should be 4.025 d, 1.71 h, 1.65 h, 1.10 h, 1.11h, and 3.19 h,
espectively, which are present in the power spectrum of LS Cam.
he presence of all these frequencies speculates that LS Cam can be
n IP. Ho we ver, as ω + � was not found to be present in the power
pectrum, the maximum value of the amplitude of ω - 2 � allowed by
he model for optical power spectra of IPs predicted by Warner ( 1986 )
hould be half of that of ω - � , which was also found for V1223 Sgr
y Warner & Cropper ( 1984 ). For LS Cam, ω - 2 � was the largest-
mplitude signal in all sectors, which weakens its possibility of being
n IP based on the abo v e-identified frequencies. Further, if considered
ll frequencies belong to an IP class for LS Cam then we have no
xplanation for the origin of ∼3.7 h periodicity in sectors 26 and 40.

.1.2 Scenario B 

onsidering the orbital period (P ω o ) of the system as 3.41 h, the
eriodicity of 3.30 h can be a ne gativ e superhump (P ω − ) because it
as slightly less period than the P ω o . Thus, the 4.025 d period could be
he superorbital period (P N ). In this assumption, the periods of 3.19 h,
.71 h, 1.68 h, 1.65 h, 1.11 h, 1.10 h can be designated as P ω o + 2N ,
 2 ω o , P 2 ω o + N , P 2 ω − , P 3 ω o + 2N , and P 3 ω − , respectively. There are

https://www.aavso.org/
https://outerspace.stsci.edu/display/TESS/2.1+Levels+of+data+processing


TESS observations of LS Cam, V902 Mon, J0746 6057 

Figure 1. (a) Long-term variable light curve of LS Cam as observed from AAVSO, ZTF, and TESS. Inset of the figure shows the simultaneous observations 
from TESS and ZTF-r. (b) TESS light curve of LS Cam of the sectors 19, 20, 26, and 40, where the red diamonds represent the mean flux of each day. Inset of 
the figure shows close-up of some variability cycles. 

Figure 2. Power spectra of LS Cam of all sectors. Major frequencies are marked for clear visual inspection. 
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Table 2. Periods corresponding to the dominant frequency peaks in the power spectra of LS Cam of the observations of all four 
sectors. 

Identification Period (d ∗/h) 
Sector 19 Sector 20 Sector 26 Sector 40 Combined 

P a N /P ω − 2 �
b 3.97 ± 0.16 ∗ 4.05 ± 0.16 ∗ 3.98 ± 0.16 ∗ 4.03 ± 0.14 ∗ 4.025 ± 0.007 ∗

P ω o 
a /P �b 3.416 ± 0.005 3.419 ± 0.005 3.415 ± 0.005 3.418 ± 0.004 3.4171 ± 0.0002 

P ω −
a /P ω − �

b 3.302 ± 0.004 3.303 ± 0.004 3.297 ± 0.004 3.302 ± 0.004 3.3007 ± 0.0002 
P ω + 

a – – 3.724 ± 0.006 3.709 ± 0.005 –
P 2 ω o + N a /P ω b 1.679 ± 0.001 1.680 ± 0.001 1.679 ± 0.001 1.678 ± 0.001 1.67896 ± 0.00005 
P 2 ω o 

a /P 2 �b 1.709 ± 0.001 1.708 ± 0.001 1.709 ± 0.001 1.708 ± 0.001 1.70860 ± 0.00005 
P 3 ω o + 2N 

a /P 2 ω − �
b 1.1132 ± 0.0005 1.1135 ± 0.0005 1.1129 ± 0.0005 1.1132 ± 0.0005 1.11316 ± 0.00002 

P ω o + 2N 
a /P 2 ω − 3 �

b 3.192 ± 0.004 3.202 ± 0.004 3.191 ± 0.004 3.193 ± 0.004 –
P 2 ω −

a /P 2( ω − �) 
b – 1.651 ± 0.001 – 1.650 ± 0.001 –

P 3 ω −
a /P 3( ω − �) 

b – 1.1009 ± 0.0005 – 1.0996 ± 0.0004 –

Notes. a Identification of periods based on scenario B. 
b Identification of periods based on scenario A. Please see Sections 4.1.1 and 4.1.2 for details. 

Figure 3. Phase-folded light curves of LS Cam for orbital period. The top two panels correspond to sectors 19 and 20, whereas the bottom two panels correspond 
to sectors 26 and 40, respectively. The colourbars (normalized flux) have been used for representing the modulations. 
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ainly two possibilities for the presence of several days superorbital
eriod in CVs. The first one is due to the ‘short outbursts’ of ER
Ma-type dwarf novae (see Robertson, Honeycutt & Turner 1995 ,

or details). Since no outb ursts ha ve been detected for LS Cam, the
uperorbital period found here cannot be attributed to the outbursts
f ER UMa-type dwarf nov ae. Ho we ver, superorbital period in CVs
s also associated with retrograde precession of an accretion disc (see
atterson et al. 1997 , for details). Generally, these systems satisfy

he relation ω o + N = ω −, where ω − corresponds to the frequency
f a ‘ne gativ e superhump’. In this way, a period slightly more than
he P ω o is known as the positive superhump period (P ω + ) which in
NRAS 512, 6054–6066 (2022) 
urn indicates that the ∼3.7 h period in sectors 26 and 40 is P ω + . The
rigin of P ω + in CVs is thought to be due to the prograde precession
f the lines of apsides of an eccentric disc (Whitehurst 1988 ; Osaki
989 ; Lubow 1991 ), while P ω − arises due to the retrograde precession
f the line of nodes of a disc that has tilted out of the orbital plane
Harv e y et al. 1995 ; P atterson et al. 1997 ; Wood, Montgomery &
impson 2000 ; Murray et al. 2002 ). The superorbital period found

n the TESS power spectra of LS Cam could be associated with the
etrograde precession of the disc, as we have not found the precession
eriod associated with prograde precession, which should be around
1.8 d. Since this scenario explains all the frequencies present in the
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ower spectra more appropriately than that of scenario A, for further
iscussion, we have considered LS Cam as a superhumping CV. 
The positive period excess parameter ε+ 

with positive superhump 
nd orbital period is related by ε+ 

= (P ω + − P ω o )/P ω o . For the
e gativ e superhump period, this relation modifies as ε− = (P ω − −
 ω o )/P ω o to define the ne gativ e superhump period deficit. The value
f ε+ 

in sectors 26 and 40 was derived to be 0.090 ± 0.002 and
.085 ± 0.002, respectively. We have taken an average value of 
.0875 ± 0.0035 for our further calculations. With this large value 
f ε+ 

, LS Cam joins BB Dor, which has the largest value of ε+ 

f ∼0.09 (Patterson et al. 2005 ). Ho we ver, the v alue of ε− in
ectors 19, 20, 26, and 40 was calculated to be −0.033 ± 0.002,
0.034 ± 0.002, −0.034 ± 0.002, and −0.034 ± 0.002, and these 

alues are well consistent with each other. Therefore, using the values 
f periods obtained from the combined data, ε− was calculated to be 
0.03406 ± 0.00008. Therefore, the ratio of period excess to period 

eficit ( φ = ε−/ ε+ 

) for LS Cam was found to be ∼−0.39. The
imilar value for φ has also been found for TT Ari ( −0.40) and TV
ol ( −0.36) (see table 2 of Retter et al. 2002 ). The superhump excess
as been shown to be correlated with the mass ratio ( q = M 2 /M 1 )
f the binary system components by Patterson et al. ( 2005 ) with the
elation: ε+ 

= 0.18 q + 0.29 q 2 . Ho we ver, this relation suf fers from the
ifficulty of not considering pressure effect within the accretion disc 
s suggested by Kato ( 2022 ). Using the abo v e-mentioned relation
f Patterson et al. ( 2005 ), the value of q was thus estimated to be
0.32. Using the mean empirical linear mass–period relation of 
mith & Dhillon ( 1998 ), M 2 was estimated to be ∼0.32 M �. Using
bo v e-mentioned values of q and M 2 , the mass of WD was estimated
o be ∼1.0 M � for LS Cam. 

 V 9 0 2  M O N  

.1 Light cur v e and po wer spectral analysis 

he long-term light curve of V902 Mon is shown in Fig. 4 (a), for
hich we have used data from AA VSO-CV, AA VSO-V, AA VSO-I,
TF-r, and ZTF-g. The shaded region in the figure corresponds to 

he TESS observations. Fig. 4 (b) shows the entire TESS light curve
long with some of the simultaneous data points between AAVSO 

nd TESS. We have performed LS periodogram analysis to find the 
eriodicities in the data, and the corresponding power spectrum is 
resented in Fig. 5 (a), where we have marked the positions of all the
dentified frequencies. These frequencies are �, 2 �, 3 �, 4 �, 5 �, 6 �,
 �, 8 �, 9 �, 10 �, 11 �, ω - 2 � , ω - � , and ω . All frequencies except
 �, 5 �, and 6 � are abo v e the 90 per cent significance level, which is
enoted with the black dotted line in the power spectrum. The periods
orresponding to all these frequencies are given in Table 3 . We found
n orbital period of 8.16 ± 0.03 h and a spin period of 2207.6 ± 0.5 s,
onfirming the previous results of Aungwerojwit et al. ( 2012 ) and
orpel et al. ( 2018 ). In contrast to earlier epochs, a period of

387.0 ± 0.6 s was found in the power spectra, which we assign as the
eat period of the system. The power at spin frequency was found to
e higher than the power at the beat frequency in the power spectrum.
n addition to that, a period of 2599.7 ± 0.8 s was also present, which
orresponds to the lower orbital sideband of beat frequency ( ω - 2 �).
he simultaneous presence of ω - 2 � along with the ω - � frequency
onfirms the origin of ω - 2 � to be the orbital modulation of the ω -

component, as pointed by Warner ( 1986 ). In addition to this, the
rbital modulation of the ω - � component also changes the power 
t ω frequency because ω - �± � = ω - 2 � and ω . Further, the
bsence of ω + � frequency also suggests that the origin of ω -

cannot be the orbital modulation of ω component; otherwise, both 
rbital modulations of ω frequency ( ω - � and ω + �) should have
een present in the power spectrum. The ω - 2 � frequency can also
riginate from the modulation of ω at half the orbital period, but
e did not find the presence of ω + 2 � in the power spectrum.
herefore, the presence of ω and ω - � frequencies along with the
 - 2 � component in the combined power spectrum obtained from

he analysis of TESS observations of late 2020 show that V902 Mon
ccretes via a combination of disc and stream with a dominance of
isc-fed accretion. 

.2 Ephemeris and O-C analysis 

ntending to refine the previous ephemeris, we have calculated eclipse 
id-points by fitting the eclipses with a constant plus a Gaussian. We

ound 71 timings of minima from TESS and 21 timings of minima
rom AAVSO where five of them were simultaneous. The newly 
erived times of minima are given in Table 4 , where errors are given in
arenthesis. We converted minima timings from AAVSO and earlier 
eported timings by Witham et al. ( 2007 ) and Aungwerojwit et al.
 2012 ) to BJD using the algorithm of Eastman, Siverd & Gaudi
 2010 ). We then combined the timings of the eclipse minima from our
ata with the previous timings of Witham et al. ( 2007 ), Aungwerojwit
t al. ( 2012 ), and Worpel et al. ( 2018 ). We have taken the uncertainties
or previously reported timings as described in Worpel et al. ( 2018 ).
 linear fit between the cycle numbers and minima timings provided

he following ephemeris for V902 Mon: 

 0 = 2453340 . 4944(9) + 0 . 34008396(6) × E, (1) 

here T 0 is defined as the time of mid-eclipse and the errors are
iven in parenthesis. 
From equation ( 1 ), we refined the orbital period to be

.162015 ± 0.000002 h. Observed minus calculated (O-C) to the 
clipse timings fit are shown in Fig. 6 and a clear trend is visible,
uggesting a period change in V902 Mon. By fitting a parabola be-
ween O-C and cycle numbers, the apparent orbital period deri v ati ve
as found to be (6.09 ± 0.60) × 10 −10 . 

.3 T ime-r esolv ed po wer spectra and phase-folded light cur v es 

e have also explored the time-resolved power spectral analysis 
or V902 Mon. Fig. 5 (b) shows the power spectrum with a time
inning of 1 d. The bottom panel of Fig. 5 (b) shows a change in the
ower of the orbital frequenc y. Howev er, the top panel represents
he power spectrum obtained after removing the data points corre- 
ponding to the eclipse region so that the orbital modulation effect
an be ignored. As visible from the figure, the 1-d time-resolved
ower spectrum shows the change in the powers of � , ω , ω - � ,
nd ω - 2 � frequencies with � frequency being dominant. The ω -

frequency was not detected for 7 d in the power spectra, indicating
hat V902 Mon is probably accreting predominantly through the disc. 
or the rest 18 d, both ω and ω - � frequencies were present in the
ower spectra with varying dominance speculating a disc-o v erflow 

ystem on these days. Out of these 18 d, the system was found
o be the disc-o v erflow accretor with disc-fed dominance on 11 d
nd stream-fed dominance on 7 d. Interestingly, it was found that
uring Days 4 and 7 to 13, ω - 2 � was present in the power spectrum
nd on those days ω - � was not strong enough such that its orbital
odulation can originate a strong power at ω - 2 � . Therefore, the

rigin of ω - 2 � during these days can be considered the modulation
f ω at half the orbital period. A weak ω + 2 � was also found to be
resent during these days. The simultaneous presence of ω - 2 � and
 + 2 � with unequal amplitudes was also seen in EX Hya by Siegel
MNRAS 512, 6054–6066 (2022) 
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(a)

(b)

Figure 4. (a) Long-term variable light curve of V902 Mon, where the shaded region corresponds to the TESS observations. (b) Top panel: TESS light curve of 
V902 Mon. The middle and bottom panels show some of the simultaneous observations between TESS and AAVSO. 
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t al. ( 1989 ). Moreo v er, if we compare our results with previous
tudies of Aungwerojwit et al. ( 2012 ) and Worpel et al. ( 2018 ), we
an say that those observations might have occurred during those
imes when accretion through the stream was not significant enough
o provide a beat modulation. 

One-day time-resolved data segments were also taken for folding
 v er orbital, spin, and beat periods using the updated ephemeris
escribed in equation ( 1 ). The left panel of Fig. 7 shows the orbital
hase-folded light curve of V902 Mon. The out of the eclipse flux
alue was ∼65 e −/s, which dropped to ∼0 e −/s, suggesting the
ature of the eclipse to be total. The eclipse phase-width was found
o be almost constant during the entire observing period, which was
uantified by measuring the total duration of ingress to egress in these
-d folded light curves. The region between phases 0.88 and 1.07 in
NRAS 512, 6054–6066 (2022) 
he orbital folded light curve in the left panel of Fig. 7 represents this.
he data were also folded o v er spin and beat periods after removing

he eclipse region from each data set. The middle and right panels of
ig. 7 represent the colour composite plots for spin and beat folded

ight curv es, respectiv ely. The interplay between the dominance of
pin modulation and beat modulation is observed, which is consistent
ith the time-resolved power spectrum. 
TESS observations of V902 Mon unveils the dynamic behaviour

f its accretion geometry from pure disc-fed to variable disc-
 v erflow. We hav e checked the ground-based data for V902 Mon
or the epoch of TESS observations. Similar to Aungwerojwit et al.
 2012 ), we have considered the out-of-eclipse brightness variations
y measuring the average magnitude in the phase interval 0.78–
.88 and 1.1–1.2. It was found that during TESS observations, the
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TESS observations of LS Cam, V902 Mon, J0746 6061 

(a)

(b)

Figure 5. (a) Power spectrum of V902 Mon, where the major frequencies are marked for clear visual inspection. (b) Time-resolved power spectrum of V902 
Mon with a time-bin of 1 d. 

Table 3. Periods corresponding to the dominant peaks in the power spectrum 

of V902 Mon. 

Identification Period 

P � (h) 8.16 ± 0.03 
P ω (s) 2207.6 ± 0.5 
P ω − � (s) 2387.0 ± 0.6 
P 2 � (h) 4.086 ± 0.007 
P 3 � (h) 2.723 ± 0.003 
P 7 � (h) 1.1662 ± 0.0006 
P 8 � (h) 1.0204 ± 0.0004 
P 9 � (h) 0.9070 ± 0.0003 
P 10 � (h) 0.8162 ± 0.0003 
P 11 � (h) 0.7420 ± 0.0002 
P ω − 2 �(s) 2599.7 ± 0.8 
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ut-of-eclipse magnitude of V902 Mon varies by ∼0.5 mag. We 
ave found a negative correlation of −0.8 with a null hypothesis 
robability of 0.027 between AAVSO magnitude and spin amplitude. 
e also calculated the average TESS flux in the abo v e-mentioned

hases and found a positive correlation of 0.6 with a null hypothesis
robability of 0.002 between flux and spin amplitude. This suggests 
hat during faint states, the contribution from the disc decreases, 
hus resulting in a lo wer v alue of spin modulation. Ho we ver, we
id not find a significant correlation between TESS flux and beat 
mplitude with a correlation value of −0.35 and a null hypothesis 
robability of 0.092. In previous studies by Norton et al. ( 1997 )
nd Littlefield et al. ( 2020 ), a change in the mass accretion rate is
ypically considered the reason behind changing accretion mode in 
Ps. Ho we ver, there are two other possibilities given by Norton et al.
 1997 ): the behaviour of companion star and changes in the disc
tself. 

.4 Nature of eclipse profiles 

o inspect whether spin pulse impacts the profile of the eclipses as
een in a previous study of Aungwerojwit et al. ( 2012 ), we have
robed the morphology of eclipse profiles. They argued that the 
pin amplitude was weaker with box-shaped eclipse profiles and 
igher with round-shaped eclipse profiles. They also found that the 
clipse depth was more in box-shaped profiles than the round-shaped 
rofiles. Moreo v er, Worpel et al. ( 2018 ) also found a similar result
ith the magnitude near the eclipse mid-point of 19.0 in flat bottom
rofiles rather than 18.5 in the round-shaped profile. 
We have also explored all these scenarios using current data. All

clipse profiles were inspected visually wherever the data were rich 
nough to give a clear identification. Using AAVSO-CV data, two flat
rofiles with magnitudes near eclipse mid-point of 18.6 and 18.9, and
even round profiles with magnitudes in the range of 18.3–18.7 were
ound. We did not notice any clear-cut hallmark to identify the eclipse
rofile by measuring the mid-point brightness of the eclipse. Further, 
he eclipse depth for two flat profiles were 1.3 and 1.7 mag, whereas,
or round profiles, it has a range of 1.2–1.5 mag. Therefore, the high
alue of eclipse depth does not clearly imply that it would have flat
ases. The power spectra of the AAVSO observations corresponding 
o round-shaped eclipse profiles show either presence or dominance 
f spin frequency, whereas flat-shaped eclipse profiles have either 
nly beat or beat dominance. 
MNRAS 512, 6054–6066 (2022) 
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Table 4. Eclipse mid-points for V902 Mon from recent observations from TESS and AAVSO. 

Eclipse mid-point (BJD) Cycle Eclipse mid-point (BJD) Cycle Eclipse mid-point (BJD) Cycle Eclipse mid-point (BJD) Cycle 

2458538.6779(2) 15 285 2459205 .581(1) 17 246 2459213 .404(1) 17 269 2459222 .5863(9) 17 296 
2458825.0301(4) 16 127 2459205 .924(1) 17 247 2459213 .743(1) 17 270 2459222 .928(1) 17 297 
2458829.1108(5) 16 139 2459206 .266(2) 17 248 2459215 .783(1) 17 276 2459223 .269(1) 17 298 
2458832.1709(4) 16 148 2459206 .604(2) 17 249 2459216 .128(1) 17 277 2459223 .607(1) 17 299 
2458834.2104(4) 16 154 2459206 .945(1) 17 250 2459216 .467(2) 17 278 2459223 .9473(9) 17 300 
2458842.0353(8) 16 177 2459207 .285(1) 17 251 2459216 .807(1) 17 279 2459224 .2865(9) 17 301 
2458843.0530(4) 16 180 2459207 .625(2) 17 252 2459217 .148(2) 17 280 2459224 .627(1) 17 302 
2458844.0728(3) 16 183 2459207 .962(2) 17 253 2459217 .488(2) 17 281 2459224 .9689(9) 17 303 
2459188.920(1) 17 197 2459208 .301(1) 17 254 2459217 .828(1) 17 282 2459225 .309(1) 17 304 
2459190.9594(4) 17 203 2459208 .641(1) 17 255 2459218 .169(1) 17 283 2459225 .649(1) 17 305 
2459192.9995(3) 17 209 2459208 .981(1) 17 256 2459218 .507(1) 17 284 2459225 .9884(8) 17 306 
2459201.843(1) 17 235 2459209 .325(1) 17 257 2459218 .847(1) 17 285 2459226 .3272(9) 17 307 
2459202.183(1) 17 236 2459209 .662(1) 17 258 2459219 .187(1) 17 286 2459226 .668(1) 17 308 
2459202.5196(9) 17 237 2459210 .004(1) 17 259 2459219 .526(1) 17 287 2459227 .0081(8) 17 309 
2459202.863(1) 17 238 2459210 .347(1) 17 260 2459219 .866(1) 17 288 2459227 .3490(9) 17 310 
2459203.205(1) 17 239 2459210 .684(1) 17 261 2459220 .2058(9) 17 289 2459228 .7090(4) 17 314 
2459203.541(1) 17 240 2459211 .026(1) 17 262 2459220 .5455(9) 17 290 2459231 .0903(4) 17 321 
2459203.881(1) 17 241 2459211 .364(1) 17 263 2459220 .888(1) 17 291 2459232 .7909(3) 17 326 
2459204.224(1) 17 242 2459211 .702(1) 17 264 2459221 .226(1) 17 292 2459236 .8702(3) 17 338 
2459204.563(1) 17 243 2459212 .043(1) 17 265 2459221 .567(1) 17 293 2459293 .6642(3) 17 505 
2459204.901(1) 17 244 2459212 .382(1) 17 266 2459221 .904(1) 17 294 
2459205.242(1) 17 245 2459212 .726(1) 17 267 2459222 .2481(9) 17 295 

Figure 6. Observed minus calculated (O-C) diagram for the source V902 Mon. The red points are from previous work done by Witham et al. ( 2007 ), 
Aungwerojwit et al. ( 2012 ), and Worpel et al. ( 2018 ), whereas the blue and magenta points are from this work as observed from TESS and AAVSO, respectively. 

Figure 7. The left panel shows orbital phase-folded light curve of V902 Mon. The colourbar shows the (unnormalized) flux values. The right two panels show 

phase-folded light curves for spin and beat periods. The same colourbar (normalized flux) has been used for representing the spin and beat modulations. 
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In the case of TESS observations, we were able to identify 17
clipse profiles clearly with nine of them round-shaped and eight
f them flat-shaped. Similar to AAVSO data, TESS observations
orresponding to the round-shaped and flat-shaped eclipse profile
lso show either presence or dominance of spin and beat frequencies,
NRAS 512, 6054–6066 (2022) 
especti vely. Ho we ver, the po wer spectra corresponding to the one
ound-shaped and two flat-shaped eclipse profiles light curves have
eat and spin frequency dominant power spectra, respectively. 

We noticed that for ∼88 per cent of times when there is the
resence of spin only or dominance of spin o v er beat, eclipses were

art/stac844_f6.eps
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TESS observations of LS Cam, V902 Mon, J0746 6063 

Figure 8. TESS light curve of J0746; where the red diamonds represent the mean flux of each day. 
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ound in shape, whereas for ∼89 per cent of times when the beat is
ominant o v er spin, eclipses hav e flat bottoms. We also suggest that
he round-shaped eclipse profile corresponds to a disc-dominated 
ccretion, whereas the flat bottom eclipse profile may correspond to 
he stream-dominated accretion. 

.5 Orbital inclination and eclipsed size 

e have also estimated the inclination angle for V902 Mon using a
imilar approach of Aungwerojwit et al. ( 2012 ), which incorporates 
he formulae given by Eggleton ( 1983 ) with the known values of
he full width of the eclipse at half-depth ( 
φ1/2 ) and mass ratio
 q = M 2 /M 1 ). From the folded light curve analysis, the mean value
f 
φ1/2 is determined to be ∼0.124, which is consistent with the 
arlier estimates of Aungwerojwit et al. ( 2012 ). Using the mean
mpirical mass–period relation of Smith & Dhillon ( 1998 ), M 2 falls
n the range of 0.87 M � � M 2 � 0.97 M �. We have used the mean

D mass value of 0.85 ± 0.21 M � determined by Ramsay ( 2000 )
or our further calculations. The stable mass transfer from secondary 
o primary requires q � 1.0 and hence, for these values of M 1 and
 2 , q can be estimated as 0.8 � q � 1.0. This finally leads to the

stimation of orbital inclination of 79.4 ◦ � i � 83.0 ◦, which is very
ell consistent with the earlier estimates by Aungwerojwit et al. 

 2012 ) and Worpel et al. ( 2018 ). 
We have also determined the radius of the eclipsed region (R)

sing the following equation given by Bailey ( 1990 ): 

 = πa 
√ 

(1 − α2 ) 
φie , (2) 

here a is the binary separation, 
φie is ingress/egress duration, 
nd α = cos i/cos i lim 

, where i is the inclination angle and i lim 

is the
imiting angle of inclination for which eclipse half-width at half depth 
eaches zero. The value of i lim 

depends on mass ratio q. The average
alue of 
φie for V902 Mon is derived to be 0.047 ± 0.015, where
he error on 
φie is the standard deviation of different measurements. 
onsidering the mean values of i and q, the radius of the eclipsed re-
ion is estimated to be ∼32 R WD , indicating the presence of extended
mitting regions, which is also suggested by Worpel et al. ( 2018 ). 

 SWIFT  J 0 7 4 6 . 3 - 1 6 0 8  

.1 Light cur v e and po wer spectral analysis 

ig. 8 represents the TESS light curve of J0746 in which variable
ature of the source is clearly evident. Due to better time resolution
ith 20-s cadence data, we have shown the LS power spectrum of the

ntire data set in Fig. 9 (a). The frequencies identified in the power
pectrum are � , 2 � , 3 �, 8 �, ω - 2 � , ω - � , ω , ω + � , 2( ω - �) ,
nd 2 ω - � . The periods corresponding to these frequencies are given
n Table 5 . The orbital period obtained from the present photometric
nalysis of 9.38 ± 0.04 h is consistent with the earlier reported value
y Thorstensen & Halpern ( 2013 ). Ho we ver, the dominant power at
 � in comparison to the � frequency suggests a strong contribution 
rom the secondary star due to its ellipsoidal modulation. Using the
onger baseline available with TESS data, we have refined the spin
eriod as 2249.0 ± 0.6 s. The frequency corresponding to the period
f 2409.5 ± 0.7 s is also present in the power spectra and can be
ttributed to the beat period of the system, which was not present in
he earlier observations (see Bernardini et al. 2019 , for details). The
 frequency was found to have slightly more power in comparison to

he ω - � frequenc y in the power spectrum indicating a disc-o v erflow
ccretion. Further, the presence of ω - � seems intrinsic because if ω -

would have been the orbital modulation of ω frequency, then the
ower at ω - � and ω + � should be almost same, but this is not the
ase for J0746 (see Fig. 9 (a)). These features have also been observed
y Norton et al. ( 1992 ) for FO Aqr, where they did not find equal
ower at both frequencies and suggested that the ω - � modulation
ust be intrinsic to the source. Thus, we suggest the ω - � modulation

n the source J0746 could be originating from the accretion through
he stream. We speculate that the origin of ω - 2 � frequency cannot
e due to the modulation of ω at 2 � ; otherwise, ω + 2 � should
lso be present, which was also seen in EX Hya by Siegel et al.
 1989 ). Therefore, we suggest that the orbital modulation of the
 - � component ( ω - �± �= ω - 2 � and ω) might be the possible
rigin of ω - 2 � , which can also alter the power at ω frequency.
he 2 ω - � frequency, which is marginally detected, can be thought
f the interaction between ω and ω - � frequencies because ω ± ω -
= 2 ω - � and � . In the asymmetric model of Wynn & King ( 1992 )

or X-ray regimes, its presence is related to stream-fed accretion 
or high inclination systems. Ho we ver , Ferrario & W ickramasinghe
 1999 ) have not discussed this frequency in their theoretical optical
ower spectral modelling. Furthermore a cluster of frequencies 
etween 0.1 and 0.4 c/d is also present in the power spectrum with
o percei v able relation to frequencies identified in J0746’s power
pectrum. Therefore, the presence of ω - � , 2( ω - �) , ω , � , 2 � , ω -
 � , and 2 ω - � frequencies suggest that during TESS observations,
0746 seems to be accreting via a combination of disc and stream. 

.2 T ime-r esolv ed po wer spectra and phase-folded light cur v es 

ollowing a similar approach as mentioned in Section 5.1 for V902
on, 1-d time-resolved power spectrum analysis has been done for 

0746. The corresponding power spectrum is shown in Fig. 9 (b). All
MNRAS 512, 6054–6066 (2022) 
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(b)

Figure 9. (a) Power spectrum of J0746 of 20 s cadence data. Major frequencies are marked for clear visual inspection. (b) Time-resolved power spectra of 
J0746 of 20 s cadence observations with a time-bin of 1 d. 

Table 5. Periods corresponding to the dominant peaks in the power spectra 
of 2 min and 20 s data of J0746. 

Identification Period 
2 min 20 s 

P � (h) 9.38 ± 0.04 9.38 ± 0.04 
P ω (s) 2248.8 ± 0.6 2249.0 ± 0.6 
P ω − � (s) 2409.2 ± 0.7 2409.5 ± 0.7 
P 2 � (h) 4.690 ± 0.009 4.690 ± 0.009 
P 2( ω − �) (s) 1204.8 ± 0.2 1204.8 ± 0.2 
P 3 � (h) – 3.127 ± 0.004 
P 8 � (h) – 1.1635 ± 0.0006 
P ω + �(s) – 2108.6 ± 0.5 
P ω − 2 �(s) – 2596.1 ± 0.8 
P 2 ω − �(s) – 1162.9 ± 0.2 
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ominant frequencies � , 2 � , ω - � , ω , and 8 � are also marked and
ound to have varying powers. For 22 d, both ω and ω - � frequencies
ere present in the power spectrum with varying dominance of
owers between them, suggesting a disc-o v erflow accretion during
hese days. Out of these 22 d, J0746 was found to be accreting via
isc-o v erflow with disc-fed dominance on 9 d and disc-o v erflow with
tream-fed dominance on 13 d. For rest 2 d, both frequencies were
ot found to be present in the power spectra. Further, from Day 45
o 53, 8 � was found to be significant in the power spectrum. 

The 1-d time segments data were also taken for folding over
rbital, spin, and beat periods. The reference time for folding was the
rst point of observations. The phase-folded light curves are shown

n Fig. 10 . The orbital folded light curves have two maxima and
NRAS 512, 6054–6066 (2022) 
wo minima with a phase difference of 0.35 and 0.3, respectively.
he double-humped orbital modulation seen in these orbital phase-

olded light curves also suggest the ellipsoidal modulation of the
econdary star. From these folded light curves, the dominance of
rbital modulation o v er the spin and beat modulation can be easily
een. Further, the amplitude of orbital modulation was found to be
arying as the observing days progress. Moreo v er, from Days 30 to
7, 39 to 40, 43 to 44, and 48, modulation at the beat frequency was
ore than the modulation at spin frequenc y. F or Days 29, 38, 42, 45

o 47, and 49 to 51, spin modulation dominates o v er beat modulation.
he interplay between the dominance of spin and beat modulation is
lso consistent with the time-resolved power spectral analysis. 

Therefore, TESS observations of J0746 suggest that J0746 accretes
ia a combination of a disc and stream with variable dominance of
oth accretions. Such a change might be related to variable mass
ccretion rate along with the change in the activity of the secondary
tar, as also suggested by Bernardini et al. ( 2019 ) for J0746. 

 DI SCUSSI ON  

e have carried out detailed time-resolved timing analyses of
hree CVs using the high-cadence optical photometric data from
ESS. From the present analyses, we speculate that LS Cam is a
uperhumping CV, whereas V902 Mon and J0746 belong to the IP
ategory of MCVs. 

We do not have strong evidence for pure IP classification of LS
am, therefore we will discuss our results with an analogy of a

uperhumping CV. As per our knowledge, there are only 12 CVs that
how simultaneous ne gativ e superhumps and superorbital periods

art/stac844_f9.eps
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Figure 10. Phase-folded light curves of J0746 of 20 s cadence observations o v er orbital, spin, and beat periods. The same colourbar (normalized flux) has been 
used for representing the orbital, spin, and beat modulations. 
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see table 5 of Armstrong et al. 2013 ) and if we consider LS Cam as
 superhumping CV, then this number increases to 13. The ne gativ e
uperhump is ‘permanent’ as it was found to be present in all sectors;
o we ver, the positi ve superhump was present only in the last two
ectors of observations. The simultaneous presence of positive and 
e gativ e superhumps also implies that the origin of the two cannot be
he same. Moreo v er, there are a few CVs in which both superhumps
ave been simultaneously detected, e.g. V503 Cyg (Harv e y et al.
995 ), V603 Aql (Patterson et al. 1997 ), AM CVn (Harv e y et al.
998 ), V442 Oph (Patterson et al. 2002 ), TT Ari (Belova et al.
013 ), and AQ Men (Iłkiewicz et al. 2021 ). Therefore, LS Cam is an
mportant addition to this group. The most accepted model in CVs
nd LMXBs to explain the simultaneous presence of superorbital 
eriod and ne gativ e superhump is the wobbling-disc model, where 
ines of nodes of the accretion disc precess retrogradely. This causes 
 ne gativ e superhump period to arise due to the interaction between
recession and orbital motions. The presence of ω 0 + N frequency 
long with N frequency could be a result of the changing of the
isible disc area with the wobble frequenc y N (P atterson et al. 2002 ).
lthough the origin of a tilted disc in LMXBs is known, we do
ot have a clear picture for CVs. Further, a positive superhump 
rises due to the beating between the orbital and the prograde 
recession period of the elliptic accretion disc. The disc becomes 
lliptic because of the tidal instability which is produced due to the
:1 tidal resonance in an accretion disc (Whitehurst 1988 ; Osaki 
989 ; Lubow 1991 ). The permanent ne gativ e superhumps hav e been
ommonly found in other kinds of CVs such as SW Sex stars, VY Scl
tars, and nov alike v ariables. Therefore, extensi ve X-ray and optical
pectroscopic observations are required to explore the true nature of 
S Cam. 
IPs are generally clustered into three groups: the slow rotators 

ith P ω /P � ∼ 0.5, intermediate with P ω /P � ∼ 0.1, and fast with
 ω /P � ∼ 0.01. With P ω /P � ∼ 0.08 and 0.07 respectively, for V902
on and J0746 both fall in the category of intermediate rotators,
here the majority of the IPs generally lie (Norton, Somerscales & 

ynn 2004 ; Bernardini et al. 2017 ). V902 Mon and J0746 are
ong orbital period systems and therefore both are interesting from 

n evolutionary perspective. V902 Mon was identified as a likely 
isc-accreting IP by Worpel et al. ( 2018 ) due to the absence of ω -
frequency in the power spectrum, whereas J0746 was identified 

s a possible IP by Bernardini et al. ( 2019 ) and it was also found
o be changing between low and high states (Bernardini et al. 2017 ,
019 ). It has shown the fastest state transition in X-rays within less
han a day. The detection of ω - � frequency for the first time along
ith ω frequency in the combined power spectra obtained from TESS
ndicate that V902 Mon and J0746 accrete via a combination of disc e
nd stream. Ho we v er, 1-d time-resolv ed po wer spectra sho w us a
igger picture, where the power spectra seem to be changing on a
ime-scale of days. Among disc-o v erflow systems, there are two IPs,
O Aqr and TX Col, which hav e been observ ed and studied sev eral

imes. Moreo v er, the change in the accretion mechanism based on
he presence of spin and beat frequency in the power spectra of these
Ps has been previously explored by many authors (see Buckley &
uohy 1989 ; Beardmore et al. 1996 ; Norton et al. 1997 ; Littlefield
t al. 2020 ; Rawat et al. 2021 , for details). This indicates that maybe
his type of behaviour is the true nature of these systems and due
o observational constraints, we were not able to detect this for the
ajority of IPs. Therefore, an e xtensiv e study with a larger sample

s needed to connect a bridge between varying powers in the power
pectra and accretion mechanism. 

 SUMMARY  

e summarized our findings as follows: 

(i) A periodicity of ∼4 d along with another periodicity of 3.301 h
or LS Cam in all sectors of the TESS observations is found to
e present and can be attributed to the superorbital and ne gativ e
uperhump periods, respectively. The simultaneous presence of both 
eriods suggests a wobbling disc model for its origin. A positive
uperhump period of ∼3.7 h was also found to be present in the
bservations of the last two sectors, which could be due to the
rograde precession period of the elliptic accretion disc. The values 
f period excess and period deficit were found to be 0.0875(35)
nd −0.03406(6), respectively. The mass ratio of the binary system 

omponents is found to be 0.321(6). 
(ii) We have detected a beat period of 2387.0(6) s for the first time

n V902 Mon. Our results presented in this study hint towards the
hange in accretion mode during the entire period of the observation,
here disc-fed dominated accretion was found to be taking place for

he majority of the time. We have refined the previously confirmed
pin period with a value of 2207.6(5) s as well as orbital ephemeris.
oreo v er, we hav e also found an apparent orbital period deri v ati ve of

6.09 ± 0.60) × 10 −10 . Further, we have shown that eclipsed region
ndicates the presence of extended emitting regions. 

(iii) In the case of J0746, a beat period of 2409.5(7) s is obtained,
hich was not evident in earlier studies. Moreo v er, using TESS ob-

ervations, we were able to refine the previously reported spin period
s 2249.0(6) s. Our results suggest variable accretion mechanisms 
aking place during the entire observation period. For more than half
f the observing time, J0746 was found to be stream-fed dominant
ccretor. The dominant modulation at 2 � seems to be due to the
llipsoidal modulation of the secondary star. 
MNRAS 512, 6054–6066 (2022) 
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