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A B S T R A C T 

VY Scl binaries are a sub-class of cataclysmic variable (CV) which show extended low states, but do not show outbursts which 

are seen in other classes of CV. To better determine how often these systems spend in low states and to resolve the state transitions 
we have analysed Zwicky Transient Facility (ZTF) data on eight systems and Transiting Exoplanet Surv e y Satellite ( TESS ) data 
on six systems. Half of the sample spent most of the time in a high state; three show a broad range and one spends roughly 

half the time transitioning between high and low states. Using the ZTF data, we explore the colour variation as a function of 
brightness. In KR Aur, we identify a series of repeating outburst events whose brightness appears to increase o v er time. Using 

TESS data, we searched for periods other than the orbital. In LN UMa, we find evidence for a peak whose period varies between 

3 and 6 d. We outline the current models which aim to explain the observed properties of VY Scl systems which includes disc 
irradiation and a white dwarf having a significant magnetic field. 

Key words: accretion, accretion discs – binaries: general – stars: magnetic field – nov ae, cataclysmic v ariables – stars: variables: 
general. 

1

C
d
s  

v  

L  

n  

m  

h
C
r  

d  

D  

e
C
d  

r  

l

�

o  

t  

t
 

c
l  

b  

d  

d  

t  

c  

N
d
l  

o  

h

o  

s  

©
P
C
p

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/535/4/3035/7899960 by TYKS-Kirurginen sairaala user on 05 D
ecem

ber 2024
 I N T RO D U C T I O N  

ataclysmic variables (CVs) are interacting binaries with a white 
warf (WD) accreting material from, usually, a late type (donor) 
tar (see Warner 2003 , for a re vie w). Mass transfer in CVs occurs
ia Roche lobe o v erflow from the donor star through the inner
agrangian (L1) point of the binary. If the WD is modestly mag-
etized ( B � 0 . 1 MG), an accretion disc can be formed, mediating
aterial inflow on to the WD via a boundary layer. CVs often show

igh- and low-optical states. Except for Polars, which are discless 
Vs containing a highly magnetic WD, the two states correspond 

espectively to a hot, bright disc with high viscosity and a cool, faint
isc with a low viscosity (see Cannizzo 1993 ). According to the
isc Instability Model (DIM; for a re vie w see Hameury 2020 ), the

xistence of state bimodality and state transitions are associated with 
V outbursts, where one or more physical parameters of the accretion 
isc changes in such a manner as to make the disc unstable, which
esults in an abrupt increase in the mass accretion on to the WD. The
ong-term behaviour of mass transfer in CVs and the (in)stability 
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f their accretion discs provides insight into the accretion and mass
ransfer processes in general and the nature of viscosity that drives
he accretion flow (Warner 2003 ). 

VY Scl binaries, also known as ‘anti-dwarf novae’, are a sub-
lass of the non-magnetic CVs. They are distinguished from nova- 
ike systems, which have a high mass transfer rate, as their optical
rightness can decrease by several magnitudes for up to several 100
 at a time (Warner 2003 ). The drop in the brightness reflects the
ecrease in the accretion flow on to the WD, which is attributed to
he decrease in the mass-transfer rate, with possibly even a temporary
essation of mass transfer from the secondary star in some systems.
oticeably, VY Scl binaries have not been observed in outburst, 
espite the DIM predicting that outbursts should occur in their 
ow state (Leach et al. 1999 ). However, lower amplitude ‘stunted’
utb ursts ha v e been observ ed in some VY Scl binaries during their
igh states (e.g. Honeycutt, Kafka & Robertson 2014 ). 
Various models have been proposed to explain the occurrence 

f low states in CVs, with star-spot models amongst them. In
emidetached binaries such as CVs, where the rate of mass transfer
s determined by the physical condition of the low-mass donor star at
he L1 point, the gas temperature and the atmospheric pressure scale
eights are two core parameters (Lubow & Shu 1975 ). Low-mass
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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1 The sources in this paper were included on the 20 s or 2 min ca- 
dence list thanks to their inclusion on the following Guest Investigator 
programmes: G022071/PI Scaringi; G022208/PI Zakamska; G022116/PI 
Schlegel; G022141/PI Barlow; G022254/PI Sion; G03071/PI Scaringi; 
G03044/PI Scaringi; G04208/PI Littlefield; and G04046/PI Scaringi. 
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tars are often magnetically active, with some showing coronal flares
nd also migrating star-spots. The passing of star-spots to regions
lose to the L1 point would lead to a reduction in gas temperatures
nd atmospheric pressure scale height, which in turn modifies the
ass transfer rate (see Livio & Pringle 1994 ). 
The star-spot models highlight the importance of stellar magnetism

n regulating the mass transfer in low-mass semidetached binaries,
nd it is a starting point for building more holistic models, such as
hose invoking a magnetic valve mechanism (e.g. Wu & Kiss 2008 ;
uffy et al. 2022 ; Mason et al. 2024 ), where the magnetic interactions
etween the WD and the companion star control mass transfer in the
inary. This provides a unified description for high and low states,
he state transition and the duty cycles in some CV sub-classes, in
articular the Polars, co v ering both systems with low and high WD
agnetic fields ( B ∼10–200 MG; Mason et al. 2024 ). 
While there is evidence that the magnetic valve mechanism can ex-

lain high/low states in Polars (Mason et al. 2022 ), in the same form it
s clearly inapplicable to the non-magnetic VY Scl binaries. Ho we ver,
uch a scenario in VY Scl binaries would rely solely on the atmo-
pheric magnetic activity of the low-mass companion star. We note
hat what drives the state transition, sustains the mass transfer during
he high state and halts the mass transfer during the low state would
lso depend additionally on the mechanical and thermal conditions of
he low-mass donor star, as well as the orbital dynamics of the binary.

With the exception of Polars, CVs possess an accretion disc.
uring the low state the accretion disc is expected to be cool. It
ay evolve in such a way that a disc instability develops, triggering

utbursts (see e.g. Cannizzo 1993 ). The lack of outbursts observed
n VY Scl binaries suggests that some mechanism(s) are present
hich inhibit disc instability. Leach et al. ( 1999 ) proposed that the

nticipated outbursts are suppressed by a high WD atmospheric
emperature ( ∼40 000 K), which heats the inner disc and thus
re vents the de velopment of the instability needed for outburst. This
roposition is consistent with observations of the WDs in some VY
cl binaries which are found to be relatively hot (see e.g. Mizusawa
t al. 2010 ). Whilst it has explained the absence of outbursts in the
ow state, it is yet to account for the lack of outbursts in the transition
etween the low and high states, known as the intermediate state,
see e.g. Leach et al. 1999 ; Zemko et al. 2014 ), which is observed in
ome systems. The durations of these intermediate states are longer
han the viscous time-scale, and as the accretion disc is in an unstable
onfiguration, the DIM would predict outbursts to occur. 

In order to explain the general absence of outbursts, Hameury &
asota ( 2002 , 2005 ) proposed that the magnetic field of the WDs in
Y Scl binaries are strong enough to affect the accretion flow. They

howed that a relatively weak magnetic field ( B ∼ 40 kG) is sufficient
o prohibit the formation of a low-state accretion disc around a WD
f ∼ 0 . 7 M �. For a similar system, a WD magnetic field B � 6
G would be sufficient to disrupt the disc during the majority of

he intermediate state so that outbursts would not be possible. Such
 WD magnetic field strength would place the binaries into the CV
ub-class Intermediate Polars, whose WDs generally have a magnetic
eld of 10 MG � B � 0 . 1 MG . 
The absence of a full-scale accretion disc, proposed by Hameury &

asota ( 2002 , 2005 ), was used to explain the absence of outbursts in
he low state of VY Scl binaries. A more extreme proposal is that the
ccretion disc is entirely absent in the low state due to a complete
essation of mass transfer. Whilst the enhanced magnetic fields
ssociated with star-spots migrating to the L1 region can temporarily
alt the mass outflow from the donor star, it is hard to sustain for
 prolonged time unless an external force e.g. the WD magnetic
eld in the magnetic valve scenario for Polars described in Duffy
NRAS 535, 3035–3049 (2024) 
t al. ( 2022 ) and Mason et al. ( 2024 ) is present to prevent the star-
pots migrating out of the L1 region. Ho we ver, if the mass transfer
rocess is intrinsically unstable, the binary can enter a prolonged
ow state where mass transfer ceases and a full-scale accretion disc
s naturally absent. The study of Wu, Wickramasinghe & Warner
 1995 ) has shown that irradiative heating feedback can trigger such
ass transfer instabilities. 
Attempts have been made to verify the star-spot and the magnetic

isc disruption scenarios, but the situation is complicated by the
act that whilst some observations support one or other of the
cenarios, other observations dispro v e them. The study of MV Lyr
y Linnell et al. ( 2005 ), for example suggests that neither the
tar-spot nor the disc-disruption scenario is applicable with the

D and/or the inner disc being too cool and also showing no
vidence of a WD magnetic field of sufficient strength. On the other
and, the absence of the accretion disc in TT Ari (G ̈ansicke et al.
999 ) w ould f a v our the magnetic disc-disruption scenario. Similarly,
edina Rodriguez et al. ( 2023 ) found that during low states SDSS

154453.60 + 255348.8 did not show evidence for an accretion disc,
hich supports the predictions of Hameury & Lasota. Ho we ver,
hen looking at VY Scl, the sub-class archetype, Schmidtobreick

t al. ( 2018 ) found evidence of an accretion disc during the low state,
nd they also used this to rule out the disc-disruption scenario. 

Despite VY Scl binaries generally not outbursting during their
ow states, ‘stunted’ outbursts were identified by Honeycutt & Kafka
 2004 ) in FY Per and V794 Aql during their low states. These stunted
utb ursts ha ve greatly reduced amplitude compared with those which
ould be expected from an outburst in similar non-VY Scl systems.
chmidtobreick et al. ( 2018 ) also found aperiodic variations in the
rightness of VY Scl itself, and suggested that they are a similar
henomenon. The nature of stunted outbursts is unclear: they could
e associated with certain disc instabilities, or alternatively fluctu-
tions in mass transfer rates, or a combination of both (Honeycutt,
obertson & Turner 1998 ; Honeycutt 2001 ). These outbursts require

he accretion disc to act as an agent, and thus they would exclude
he possibility of a strongly magnetized WD. Magnetically gated
utb ursts ha v e also been observ ed in MV Lyr (Scaringi et al. 2017 )
rom which they inferred a WD magnetic field of similar magnetic
o those proposed by Hameury & Lasota ( 2002 , 2005 ). 

In this paper, we investigate the long-term behaviour of eight
Y Scl binaries using the multicolour photometric data from the
wicky Transient Facility (ZTF; Bellm et al. 2019 ) in order to better
nderstand the long term behaviour of eight VY Scl binaries and
herefore the underlying processes that give rise to the observed
igh and low accretion states, and their duty cycles. We use also
xtended optical photometric data from the Transiting Exoplanet
urv e y Satellite ( TESS ; Ricker et al. 2015 ) to search for periods

onger than the orbital period and resolve transitions between high
nd low states. 

 PHOTOMETRI C  DATA  

e searched the ZTF and TESS 1 light curves of all known VY
cl systems and found 10 systems which showed features such as

ransitions or short duration brightenings, as detailed in Table 1 . 2 
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Table 1. List of sources analysed in this work, detailing the feature of interest to this work and the origin(s) of the data considered for the analysis. 
Features; transitions, ‘outburst’, and superorbital periods are denoted by T, O, and S, respectively. 

Source Orbital period (min) Feature(s) High state (per cent) Mean low state depth (mag) ZTF TESS 

RX J2338 + 431 187 . 7 a T 93.5 3.1 � � 

MV Lyr 191 . 4 b T 81.0 ∗ 5.0 � � 

TT Ari 198 . 1 c S N/A N/A × � 

LN UMa 207 . 9 d O, P N/A N/A � � 

V794 Aql 220 . 8 e T, O 83.1 ∗∗ 2.8 � ×
BZ Cam 221 . 3 f T, O 90.2 0.7 � � 

ES Dra 225 . 6 g T, O 90.0 1.4 � ×
KR Aur 234 . 4 h T, O 35.4 4.6 � ×
V504 Cen 252 . 8 i S N/A N/A × � 

MP Gem Unknown T 74.4 ∗ 4.0 � ×
Notes. Citations: a Weil, Thorstensen & Haberl ( 2018 ), b Skillman, Patterson & Thorstensen ( 1995 ), c Wu et al. ( 2002 ), d Hillwig, Robertson & Honeycutt 
( 1998 ), e Honeycutt et al. ( 1998 ), f Patterson et al. ( 1996 ), g Ringwald & Velasco ( 2012 ), h Shafter ( 1983 ), i Bruch ( 2022 ). 
∗ These systems have visibility gaps during the majority of the suspected low state times, leading to artificially inflating the per cent high state. Estimated 
points filling in the established low state at the same cadence as the observations were inserted for these systems in order to calculate these values, without 
these estimated points the values are MP Gem: 91.3 per cent and MV Lyr: 88.7 per cent. 
∗∗ The high state in V794 Aql was defined as those points brighter 1 mag below the mean high state brightness, in order to account for the high brightness 
variability seen in the high state of this system. Using the definition applied to other systems yields a value of 49.3 per cent. 
N/A denotes systems where no low states are seen in the data considered, however, as known VY Scl systems it would be incorrect to record a 100 per cent 
high state. 
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he ZTF data on these systems, shown in Fig. 1 , was collected to
llow us to probe the longer term behaviour seen in these systems,
uantifying the occurrence and duration of the features of interest. 
he TESS photometry of these systems allows us to probe their short

erm behaviour, which gives us a more precise understanding of the 
rocesses at work in these features. 
ZTF is a time domain surv e y programme using the Palomar

.2 m telescope, which is capable of co v ering 47 ◦2 per exposure. As
uch ZTF is capable of surv e ying the entire sky rapidly, providing
hotometry on a diverse number of sources with a limiting brightness
f mag ∼ 20. ZTF operates a number of different surv e y programmes
ncluding the public surv e y which accounts for 50 per cent of the
bservation time. The public surv e y makes observations in two filters
TF- g and ZTF- r , ∼4087–5522 and ∼5600–7316 Å, respectively 

see Bellm et al. 2019 , for a full description of ZTF operations). We
ownloaded ZTF photometry from the NASA/IPAC archive. 3 The 
ata used has been processed through the standard ZTF pipeline, 
here each photometric point is assigned a quality flag, catflags .
nly data with catflags = 0 were included in analysis. 
TESS is a space observatory launched in 2018. It makes observa- 

ions of pre-defined sectors using four wide field telescopes, each 
ith a 24 ◦ × 24 ◦ field of view. Each sector lasts for 27 d and is near

ontinuous, with a short mid-point break for data transmission and 
omentum unloading, and generates 20 s (from the first extended 
ission onwards) and 120 s cadence photometry on a list of pre-

efined targets (see Ricker et al. 2015 , for full details of the
ESS mission). We downloaded the calibrated light curves of all 
ources from the MAST data archive. 4 We used the data values for
DCSAP FLUX , which are the simple aperture photometry values, 
AP FLUX , after the removal of systematic trends common to all
tars in that chip. Each photometric point is assigned a QUALITY
 We initially accessed photometry on 23 known or suspected VY Scl systems, 
hose which did not show events of interest pertinent to this work were 
xcluded from further consideration This included BH Lyn and LX Ser in 
hich eclipses were visible in the TESS data. 
 https:// irsa.ipac.caltech.edu/ Missions/ ztf.html 
 https:// archive.stsci.edu/ tess/ 

t  

w  

o  

5

a
1

ag which indicates if the data has been compromised to some degree
y instrumental effects. We remo v ed those points which did not have
UALITY = 0 and normalised each light curve by dividing the
ux of each point by the mean flux of the star. 

.1 Analysis 

o investigate the variation in state behaviour and transitions o v er
he duration of observations, we quantified the distribution of the 
rightness states in the systems where we saw both high and low
tates. Histograms showing the number of days a given brightness 
in occurs in the ZTF g -band light curves are shown as part of
ig. 2 . Although this allows for a good visual interpretation of the
istribution of brightness states it does have limitations. It is heavily
ependent on the sampling of the different states, e.g. for MV Lyr,
lthough the light curve indicates the presence of a ∼200 d low state
s this occurs during a visibility gap it is underrepresented by the
istogram. Despite this, we used these to quantify the fraction of time
hat a system occupies a high state as shown in Table 1 . This was
ompleted by visually identifying a section of a system’s light curve
hich corresponded the high state and using this section to determine
 mean high state brightness. The high state was then defined to be
hen the light curve was no fainter than 0.5 mag below the mean
igh state brightness. Using 1D histograms (although with 100 bins 
nstead of 10 bins as shown in Fig. 2 ), we were subsequently able
o determine the distribution of brightness within the light curve and
hus the fraction of time each binary spent in a high state. This shows
hat for most cases in which we see a transition it spends ∼90 per cent
f the time in a high state, except KR Aur where the duty cycle is
nly ∼ 35 per cent. 
We have quantified the behaviour of the transitions seen in each of

he ZTF data sets by calculating the e-folding time value, 5 τ , for each,
hich gives us a metric with which to describe the rate of change
f brightness (or ‘speed’) of the transition. We ha ve tab ulated the
MNRAS 535, 3035–3049 (2024) 

 τ is the value describing time required for the brightness to change by 
 factor of e and is given by the expression ( log 10 e/ 0 . 4) / ( �m/�t) = 

 . 086 / ( �m/�t) (Honeycutt & Kafka 2004 ). 

https://irsa.ipac.caltech.edu/Missions/ztf.html
https://archive.stsci.edu/tess/
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M

Figure 1. The ZTF light curves of the eight sources which were found to show features of interest. Black and red data points denote ZTF- g and ZTF- r data, 
respecti vely. The windo ws denote the times of TESS observ ations with colours indicating the sector; blue – s14, dark blue – s16, orange – s17, yellow – s19, 
red – s20, green – s21, pink – s26, purple – s40, teal – s41, brown – s-47, grey – s53, lime – s54, fuchsia – s55. Group A systems: RX J2338 + 432, MV Lyr, ES 
Dra, KR Aur, and MP Gem. Group B systems: LN UMa, V794 Aqr, and BZ Cam. (see Section 4.1 ). 
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Figure 2. The ZTF colour–magnitude diagrams of each of the ZTF sources. Each datum has been coloured according to the associated g -band observation time 
using the same time range as seen in Fig. 1 . Attached to each colour magnitude is a histogram showing the number of days in which observations in a given 
g -band brightness bin were made. Errors on the magnitude and colour index were calculated, though in almost every case were contained entirely within the 
size of the marker. 
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esults of this calculation in T able 2 . T ogether with quantifying the
uty cycle discussed above these metrics allow us to quantitatively 
iscuss the nature of the different states and transitions seen in the
Y Scl binary population. 
As ZTF provides colour information from multiband observations, 
t is possible to use these data in order to probe the colour evolution of
hese systems during different states or at singular moments in time.

e show in Fig. 2 colour–magnitude diagrams for each of the systems 
MNRAS 535, 3035–3049 (2024) 
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M

Table 2. The e-folding time of each of the transitions in each of the 
sources seen to transition in ZTF. Type refers to the direction of transition, 
with + denoting a transition from low to high state and − denoting a transition 
from high to low state. Times are given in HJD-2457000. 

Source Start (HJD) End (HJD) Type ( + / −) τ (d) 

RX J2338 + 431 1650 1678 − 12.2 
1679 1720 + 17.0 

MV Lyr 2401 2517 − 50.8 
2622 2765 + 46.0 

V794 Aql 1582 1637 − 24.9 
1640 1693 + 23.3 
1694 1743 − 32.1 
1747 1792 + 19.3 

BZ Cam 1343 1434 + 160.8 
ES Dra 1573 1598 − 17.0 
KR Aur 1716 1837 + 24.6 

1880 1956 − 16.7 
2112 2204 + 25.0 

MP Gem 1125 1222 − 33.5 
1360 1444 + 25.6 

Note. The first transition in MP Gem is measured with additional data from 

AAVSO. 
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or which we have ZTF data. In each the data have been coloured
uch that the time of observation can be compared with a source’s
arent light curve. This shows that many are well constrained in
olour, with both low and high states recording similar colour indices
ith no apparent preferences to the time of observation. There are,
o we v er, some e xceptions to this – e.g. V794 Aql shows a trend to
ncreased redness as it becomes fainter. 

In order to probe periodic features in both ZTF and TESS data, we
sed Lomb–Scargle periodograms as developed by Astropy and
mplemented in Lightkurve (Lomb 1976 ; Scargle 1982 ; Astropy
ollaboration 2013 , 2018 , 2022 ; Lightkurve Collaboration 2018 ).
omparing periodograms allowed us to identify a range of periodic

eatures present in both data sets, which gives us insight into the
rocesses taking place. Although much of the TESS data reveal
eriodic behaviour, it is often the known orbital period. 
As can be seen in Fig. 1 , there is evidence of a number of short

uration brightness events taking place across various objects. As we
ee substantial variation in the manifestation of these events, our ap-
roach to studying them must reflect this individuality . Specifically ,
e consider the duration and recurrence time of these events, their

emporal profile, and if possible their the colour index. This allows
s to characterise these events and establish the physical processes
hich underpin them. 

.2 Individual systems 

lthough our aim is to explore the features of VY Scl systems as a
hole, we first discuss briefly the behaviour of individual systems.
ere, we focus on those systems observed by ZTF in Fig. 1 , as these
ata illustrate the long term behaviour of the systems to be considered
nd where appropriate is compared and contrasted with shorter term,
igher cadence observations from TESS . 

.2.1 RX J2338 + 431 

nitially seen in the previously reported high state (Weil et al. 2018 ),
he ZTF data show a single, short, low state, that does not plateau
t a low state brightness, but instead almost immediately begins a
ransition back to the high state. The system remains at a brightness
NRAS 535, 3035–3049 (2024) 
inimum for at most 5 d with the entire episode lasting at most 80
. Although visually appearing similar to other events presented, the
ransitions in J2338 are some of the fastest we hav e observ ed. The
igh states outwith the episode are unremarkable with only a small
mag ∼ 0 . 5) variation in brightness consistent with a combination
f observ ational ef fects and orbital v ariability. J2338 does not sho w
 robust variation in colour behaviour between low and high state –
lthough there is a slight lean towards reddening in the low state, but
he short nature of the transitions and low state make it difficult to
onfirm. Despite this, J2338 shows the greatest variation in colour
ndex of any of the systems which we consider here. 

The TESS data available for this binary catch only the very
nd of the transition out of the low state and mostly co v er the
econd high state. As such these are not a particularly useful
esource for considering the low state or the transition therein. The
o v erage from TESS indicates that the newly established high state is
neventful. 

.2.2 MV Lyr 

n MV Lyr, we observe a single low state at a brightness of mag ∼
7 . 5 which lasts ∼200 d: this is consistent with low states previously
een (Scaringi et al. 2017 ), who also identified magnetically gated
utbursts during low states in MV L yr . The vast majority of the low
tate occurs during a visibility gap so we are unable to report on
ts features, including any possible missed outbursts. The transitions
hich we measure in MV Lyr are at the slower end of the measured
istribution, in part this may be associated with the depth of the low
tate relative to the other system considered here. Outwith the low
tate we see MV Lyr in a high state where the brightness appears
o vary o v er ∼400 d between mag ∼ 12 . 5 and 13.5. Despite this,
he shorter term variation on the order of a few days is minimal
nd entirely in line with expectations of a locally stable high state.
V Lyr shows a relatively narrow spread of colour indices which

emains mostly consistent between the high and low states, perhaps
ecoming slightly redder through the low state. We additionally see
ome outliers as seen in Fig. 2 but we believe that these can be
iscounted as spurious. 
The TESS observations of MV Lyr are almost entirely from the

igh state and provides a steady state light curve. Despite this TESS
oes appear to confirm the long term variability seen by ZTF with
uccessi ve sectors v arying in flux at a pattern that matches the ZTF
bservations. 

.2.3 TT Ari 

ESS 20 s photometry of TT Ari is available in two successive sectors
uring the high state. In the power spectrum (Fig. 3 ), we observe the
nown orbital period variation (0.14 d), and periods of 0.15 and
.13 d which are the known positive and negative superhumps Bruch
 2022 ). We also see a longer term variation of ∼0.3 mag in the light
urv es. This was rev ealed in our period searching to be a 1.1 d period
ith a power between 0.5 and 0.75 d −1 that of the orbital period.
his period was also also found by Bruch ( 2022 ) who identified

t as a beat between the superhump periods which originates from
he modulation of the ne gativ e superhump on the disc precession
eriod. This precession period does not appear in the power spectra
f this system but using equation (1) in Wood, Thomas & Simpson
 2009 ) which relates the precession period to the positive superhump
eriod and the orbital period we find an expected prograde precession
eriod of 1.54 d. Long term study of TT Ari by Bruch ( 2019 )
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Figur e 3. The Lomb–Scar gle periodograms of both of the TESS sectors of TT Ari observ ations sho wing the the beat (disc precession) period at 1.1 d, the 
strongest peak in both is the orbital period. 
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Figure 4. Extract of the TESS light curve showing, upper: the sector 14 
event and, lower: the sector 47 events in LN UMa. 
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dentified a number of (quasi) periodic features, including a quasi- 
eriodic oscillation during the high state, between 18 and 25 min; 
espite this we have been unable to identify a similar feature in the
ESS data. 

.2.4 LN UMa 

hroughout the ZTF observations, LN UMa is found in a high state
ith the majority of observations taking place at mag ∼ 15 . 25, which

s the known high state brightness (Papadaki et al. 2009 ). Despite
his long running high state, we see a number of short-lived events
herein the brightness abruptly falls by as much as 0.75 mag in

ewer than 10 d. It then subsequently rises o v er ∼5 d to ∼0.5 mag
righter than the established highs state before dimming o v er ∼20 d
see Fig. 1 ). These events often occur in clusters with 4 or 5 seen in
 ∼150 d time span, and as such one event may flow directly into the
e xt. We believ e that these ev ents are the same erratic ‘outbursting’
eatures that were identified by Honeycutt & Kafka ( 2004 ). We do
ot ho we ver, belie ve that these are true outbursts primarily because
f the preceding drop in brightness and secondarily it would be 
nusual for a dwarf nova outburst of any sort to originate in the
igh state. LN UMa is static in colour throughout observations 
see Fig. 2 ) with no significant change in colour inde x observ ed
mean ( g − r) = 0 . 02]. 

LN UMa was observed in six TESS sectors with 120-s cadence 
ontemporaneous with the ZTF observations. In sectors 14 and 47, 
e see a ∼3 d increase in brightness; which in the sector 47 event

s preceded by a decrease in brightness. The event in sector 14 has
ostly symmetric temporal profile with an approximately equal rate 

f change of brightness in both the rise and the fall phases. The sector
7 event, in contrast, shows a rapid rise phase followed by a slower
ecline and appears similar to an SU UMa-type super outburst in 
rofile. We show both events in Fig. 4 . 
In addition to this, each sector observed showed a periodic 

rightness variation. Period searching each of the sectors revealed a 
eriod, which varied by sector, of between 3 and 6 d as shown in
ig. 5 . In many sectors this variation contributes the most power (or
 close second) to the periodogram, more than the orbital period. In
he sectors which we show in Fig. 4 this variation can be clearly seen.
.2.5 V794 Aql 

igh state observations of V794 Aql by ZTF reveal a substantial
ariation of up to ±1 mag centred upon mag ∼ 15, previously
ighlighted by Honeycutt et al. ( 2014 ). This variation appears in both
f the observed bands. Period searching on this high state variation
evealed signal between 17 and 19 d. These are however, unlikely
o be similar to the other period features we present in this work
Section 3.2 ). We consider that this feature is likely associated with
MNRAS 535, 3035–3049 (2024) 
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Figure 5. The Lomb–Scargle periodograms of each of the TESS sectors of 
LN Uma observations showing a variable period between 3 and 6 d. 
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he accretion disc due to its absence from observations of the low
tate. Indeed (Honeycutt et al. 2014 ) identified these features as
small outbursts’ which they saw to reoccur on a period of ∼15–
0 d, which is entirely consistent with the data we present here. A
onsequence of this interpretation is that we are required to reassess
he value attributed to the high state brightness, setting it equal
o the quiescent brightness between these features (mag ∼ 16–17),
hich in turn affects any amplitude calculated (which is reflected in
able 1 ). 
We also see two transitions into and out of relatively short lived

ow states, with both at minimum brightness for ∼30 d. It is not
lear if the system truly completes the transition out of the first
o w state, ho we ver, as though the transitions peak close to the mean
igh state brightness the large brightness variation does not resume.
s such it is possible that V794 Aql does reach high state again
nly to near immediately begin another transition to a low state but
lternatively it is also possible that this an abortive transition out
f the low state which fails to reach the high state. The measured
ransition speeds are consistent with those seen in other systems lying
pproximately in the middle of the distribution of e -folding values
hich we measure. After the low state events the previously seen high

tate behaviour reasserts itself, ho we ver the extent of the depth of the
ariation increases by mag ∼ 1 before gradually narrowing back to
ts initial behaviour. Similar to the behaviour which we report in BZ
am, though to a greater extent, V749 Aql becomes redder at lower
rightness. 

.2.6 BZ Cam 

here appears to be a low state early on in the ZTF observations which
nfortunately falls during a visibility gap in observations; the early
NRAS 535, 3035–3049 (2024) 
ime data are insufficient for us to ascribe it as either part of the high
tate or early transition. Ho we ver, observ ations after the visibility
ap indicates the end of a transition from a low state. Other studies
ave identified low states occurring rarely where BZ Cam drops to a
elati vely shallo w brightness of V = 14 . 3 mag (Garnavich & Szkody
988 ; Greiner et al. 2001 ), which the ZTF observations are entirely
onsistent with. The transition we observe is by far the slowest we
easure; this in part is due to the lack of data co v ering the entire

ransition although it is likely that its apparent slowness is a feature
hat a more complete data set would confirm. The colour distribution
n BZ Cam has a relatively narrow spread, however with a clear trend
o become redder at lower brightness. 

The TESS observations of BZ Cam co v er the high state, the
ajority of which show steady state behaviour. In sector 26, ho we ver,
e see a ∼80 per cent increase in brightness in an event lasting

pproximately 10 d, shown in Fig. 6 . The event, which takes on
ymmetric profile, is not proceeded by a dip in brightness (c.f. Section
.2.4 ). Unfortunately it falls in a ZTF visibility gap so we have no
omplimentary data with which to compare this event, but we believe
hat this is perhaps a short lived increase in mass transfer rate. 

.2.7 ES Dra 

S Dra is seen in the first ∼400 d of ZTF data at a high state of mag ∼
5 consistent with previous high state observations (Ringwald &
elasco 2012 ) who identified the system as a Z Cam type. Despite

his, Kato ( 2022 ) identified the system as both a Z Cam and VY Scl
ossessing low states and transitions in which no outbursts occur.
ollowing the initial high state we see a transition to a depth of
ag ∼ 17, which is the known brightness of the low state in this

ystem (Kato 2022 ). Following this singular transition, the ZTF data
o v erage decreases dramatically making it difficult to describe the
ehaviour of light curve with degree of certainty. In order to o v ercome
his challenge, we supplemented the ZTF data with data from ATLAS
Asteroid Terrestrial-impact Last Alert System; Tonry et al. 2018 ).
hese additional data confirm the transition to a low state which is

ollowed by a near immediate transition out of the low state, with the
ntire event being complete within ∼35 d. For the transition which
e were able to measure, the data quality was not sufficient to yield a
sable measurement, is at the fast end of the distribution of transitions
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Figure 7. Extract of the ZTF g and r band, shown in black and red, 
respectively, of KR Aur showing the successive ‘outburst’ events approaching 
the event of the low state. 
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easured. This may be associated with the relatively shallow low 

tate similar to the transitions in V794 Aql. Following this, and 
imilar to the findings presented by both Ringwald & Velasco and 
ato, there appears to be evidence of a dwarf nova outbursts (c.f fig. 4
ingwald & Velasco 2012 ; see Fig. 1 at T ≈ 1600 , 1975) consistent
ith Z Cam outb ursting beha viour. Like some other systems which
e have discussed in this work there appears to be a preference

owards reddening in the low state. 
The TESS data for ES Dra, which are taken during the high state

o not yield particularly insight to the behaviour of ES Dra, as it is
patially close to a bright solar-type variable star. As a result, much
f the TESS data are contaminated by the flux contribution of this
earby star. 

.2.8 KR Aur 

bservations of KR Aur from ZTF include two low states (mag ∼
9); the first starting before the commencement of the observations 
asts for at least 500 d, while the second lasts ∼200 d and is caught
lmost in its entirety. Subsequent to each low state we also observe a
igh state (mag ∼ 14), the first lasting ∼100 d and the second lasting
t least 400 d extending past the end of observations. The transitions
etween the states show speeds typical for the those presented in this
 ork, f alling in the middle of the distribution; there is ho we ver a
arked difference between the transition into the low state which is
uch faster than those where it is returning to the high state. 
Approaching the end of each of the low states we observe a

umber of ‘outbursts’, an example of which we show in Fig. 7 ,
he amplitude of each being greater than that which preceded it. 
he initial ‘outbursts’ have an amplitude of ∼1 mag with the final
nes, immediately before the onset of transition, having an amplitude 
f ∼4.5 mag coming close to high state brightness. Although the 
ampling of the data makes it difficult to ascribe an exact duration
o these events they appear to increase from ∼10 to ∼30 d as the
rightness increases. Due to the seasonal gap in data, we are unable
o confirm if these events continue up until the transition out of the
rst low state seen, though they are seen immediately before the 

ransition out of the second low state. Unlike the events seen in LN
Ma (Section 2.2.4 ) these events are associated with a change in
he colour index. The colour index increases dramatically during 
he ‘outbursts’ with the brighter events attracting a greater colour 
nde x, e.g. the y appear to be substantially more red than stable time
bservations, which leaves these events at odds with typical DN 

utbursts and the predictions of the DIM (Hameury et al. 2020 ). 

.2.9 V504 Cen 

he 20 s TESS photometry of V504 Cen re veals, as sho wn in Fig. 8 ,
n addition to the orbital period, a peak in the power spectrum at four
imes the orbital period. This is consistent with the findings of Bruch
 2022 ) who considered 120 s TESS photometry of V504 Cen. That
ork ho we v er was unable to attribute an y physical meaning to this

ong period, discounting the possibility of ne gativ e superhumps due
o the significant deviation from the orbital period of the system. We
gree with the assessment of Bruch that this period is far too long
elative to the orbital period to be a superhump, however, the exact
hysical origin, of this period is not at all obvious, though the absence
f lower harmonics of the orbital period would appear to eliminate
hat as the source of this feature. We suspect, if physical, that it may
e associated with some form of disc accretion. Using the relation
eveloped by Armstrong et al. ( 2013 , equation 1), which relates such
 superorbital period to a ne gativ e superhump period, does not direct
s to even a marginal peak in the power spectra indicating that indeed
o superhump is present in this system. 

.2.10 MP Gem 

ecently identified as a VY Scl-type system by Kato ( 2021 ), using
he same ZTF data we present here, prior to this its classification was
nkno wn. The ZTF data sho w a single deep lo w state through the
iddle of 2018; the first observed since 1944 (Hoffmeister 1963 ).
he ZTF observations commence with the transition into the low 

tate well advanced, additionally, a visibility gap arises during the 
ow state which makes it difficult to determine the exact duration of
he state and impossible to determine its true depth. We were able
o mitigate this issue by supplementing the ZTF data with data from
AVSO. 6 This helps us to constrain the duration of the low state

o ∼300 d. Due to the visibility gap it is difficult to interpret the
olour data with respect to the low state; only two data points are
resent from the low state which makes conclusions impossible to 
raw and leaves open the possibility that one, or both, are outliers
nd as such further observation of any future low state would be
eeded to confirm the colour behaviour. 

 OV ERVIEW  O F  P H OTO M E T R I C  FEATURES  

rom our study, we have identified three features that appear in VY
cl systems: low states and their associated transitions, enhanced 
ass transfer events, and (quasi) periodic variations. We now address 

hese in turn. 

.1 States and transitions 

ransitions into low states are the defining feature of VY Scl binaries
they are not, ho we ver, all made equal. From the initial sample of

3 systems which we considered (see Table A1 ), we identified only
 which featured low state behaviour in the co v erage pro vided by
ESS and/or ZTF. In addition, we also see substantial differences 
MNRAS 535, 3035–3049 (2024) 
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Figur e 8. The Lomb–Scar gle periodogram of the TESS observations of V504 Cen showing mostly strongly the orbital period followed by the signal at 4 times 
longer than the orbital period. 
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n how this behaviour relates to the recurrence time and duration
hich vary substantially. Fig. 2 shows the distributions of colours

nd brightness states in the ZTF systems. Restricting ourselves to just
he brightness states initially, we see for example that both KR Aur
nd RX J2338 + 431 have a similar sampling and show at least one low
tate; ho we v er, the y hav e strikingly different brightness distributions.
R Aur has a roughly bimodal distribution spending approximately

qual amounts ( ∼35 per cent per Table 1 ) of time in both states, with
he remaining time spent at intermediate brightnesses corresponding
o transitions or ‘outbursts’. RX J2338 + 431 in contrast strongly
a v ours high state brightness with only a very small number of days
t low state or transitions. 

This pattern of variability in low state behaviour highlighted here
s repeated across the sample of VY Scl systems which we present
n this work, and is immediately apparent visually from Fig. 1 and
s quantitatively supported by Table 1 where we see a spread in the
raction spent in the observed high state values and depth of the
ow states. It is, however, unclear what its physical origin of this
ariation is, with no apparent correlation to orbital period (which is
ften correlated to a variety of system parameters in CVs). 
In Table 2 , we show the e -folding time for each of the transitions

hich we have observed. This shows that the transition speeds
enerally fall within a broad range, 16.7–33.5 d, with a few outside
his range. The distribution of the speed of transition appears to
ave no association with the measured orbital period of the system;
here is a weak correlation between the depth of the transition
nd its speed with deeper transitions being slower in general –
lthough this discounts BZ Cam which has a very slow but apparently
hallow transition. This could be understood in the context of deeper
ransitions arising in systems where the disc is a larger contributor
o the o v erall brightness and therefore physically larger. In this
ircumstance a physically larger disc would likely shrink or dissipate
ore slowly than a smaller disc. We also see that the fastest transitions

ccur in those systems which almost immediately transition out of
heir low state instead of remaining in a sustained low state, this
uggests that some ‘inertia’ exists in the mechanism which suppresses
ass accretion – the longer it is in place the more established it

ecomes. 
Within individual systems the speed of transitions are more con-

istent; ho we v er, we observ e that there is an appreciable difference
NRAS 535, 3035–3049 (2024) 
etween the speeds into low state and out of low state transitions.
ontinuing in the spirit of these systems behaving differently to each
ther, we see that two of the systems show faster transition into the
ow state, whereas three systems are faster when leaving the low state.
here is no relationship between such systems and the orbital period
f the system, similarly the amplitude of the transitions appears to
how no correlation with these behaviours. As there appears to be
o theoretical predictions surrounding the speed of the transitions it
s difficult to ascertain if there is a genuine physical process at work
ue to the relatively small numbers considered in this work. Despite
his, given that we observe in those systems which have more than
 single pair of transitions a consistency in behaviour, suggesting it
s probable that this is not an artefact of a selection bias but a real
eature. 

Turning to the variation in the colour of the systems between
igh and low states, we see that once again there is no one single
ehaviour observed in these systems, with differences between both
igh and low states seen across multiple systems. We see in at least
hree systems a preferential reddening at lower brightness, whilst
he remaining appear to show no difference in colour between the
ifferent states. In addition to this, we see that for all systems during
heir respective high states that there is a positive correlation between
rightness and blueness; this is entirely inline with expectation
s within a high state brightness variations associated with small
hanges in the mass transfer rate would be expected and slight
ncreases would increase both the brightness and the temperature
f the system, hence the observed blueness relation. 

.2 Periodic behaviours 

hree of the systems which we have discussed appear to show
eriodic variations in their light curve which are identified by the
igh-time resolution made available to us by TESS . A number
f periodic behaviours have been identified previously in CVs in
ddition to the orbital and spin periods (Table 1 ) of the systems. These
nclude positive and negative superhumps, superorbital periods, and
he associated beats and harmonics that arise from the interaction of
hese periods. Superhumps have frequencies within a few per cent
f the orbital period: ph ysically neg ative superhumps are associated
ith a warped accretion disc which has a retrograde precession in the
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nertial frame (Thomas & Wood 2015 ), whilst positive superhumps 
re associated with a resonant tidal stress in the accretion disc 
nduced by the secondary star driving a ‘flexing’ disc oscillation 
n the orbital plane and a positive precession in the inertial frame
Whitehurst & King 1991 ; Wood, Montgomery & Simpson 2000 ). 
he periods of precession (retrograde and/or prograde) are called 
uperorbital periods, and can make an additional contribution to the 
ower spectrum of a given system over and above what might be
xpected from the interaction of the superhump and orbital period 
Armstrong et al. 2013 ). 

The TESS light curve of LN UMa varies on a substantially longer
ime-scale than any of the other sytems that we have presented, 
ith a frequency well below 1 d −1 which varies depending on the

ector considered; giving periods between 3 and 6 d. Placing this
ven further at odds with the other systems this very low frequency
ariation is often the dominant frequency in the light curve such that
t can be easily picked out by eye in the light curve (see Figs 4 and 5 ).
f this is a superorbital period associated with the disc precession then
t indicates both a very slow precession which makes a substantial 
ontribution to the flux of the system. 

 DISCUSSION  

.1 Light cur v e mor phology dichotomy 

he high mass transfer rate during their high state and the lack
f outbursts in the low state are common properties of all VY
cl systems (W arner 2003 ). W e argue that these common features

ndicate the presence, or absence, of certain mechanisms intrinsic 
o these CVs. Ho we ver, there are also observ ational features found
n some but not all VY Scl systems. For instance, from the visual
nspection of the light curves shown in Fig. 1 , we may broadly divide
hem into two sub-groups based upon their brightness variations 7 : 
i) systems with a relatively weak brightness fluctuations in their 
ight curves in high states (Group A systems), and (ii) systems
ith substantial flickering in the light curves in high states (Group 
 systems). With this in mind, we now attempt to construct a

ramework, in terms of mass transfer, accretion in interacting binaries 
nd the feedback reaction to mass transfer processes and the orbital 
ynamics, to account for the phenomena associated with the high–
ow states observed in the VY Scl binaries in a holistic matters. 

The most noticeable feature of the Group A systems is that there is
 brightness ceiling during the high states. Moreo v er, the low states
re episodic, where the brightness either drops dramatically from the 
eiling brightness, e.g. in RX J2338 + 431 and ES Dra, or the source
ecoming substantially dimmer for a reasonable long duration, e.g. 
n MV Lyr, KR Aur, and MP Gem. The light curves of the Group
 systems are complex and structured and appear not to have a
rightness ceiling during the high state. They, ho we ver, exhibit flare-
ike fluctuations in the high state, e.g. in LN UMa. Although the entry
nd the exit of the low states in some systems, e.g. V794 Aql, can be
dentified, the brightness variations during the state transitions in the 
ther systems are not easily characterised. 
 We define this by setting DM as the difference between the magnitudes of 
he low and the high state and dm as the variation of the magnitude of the 
ource during their high state. For MV Lyr, DM = 5 and dm < 1; and for 
794 Aql DM = 4 and dm = 2. Thus, dm/DM < 0.2 for MV Lyr and 
m/DM 0.5. Therefore, MV Lyr has relatively weak fluctuations in the high 
tate and V794 Aql has substantial fluctuations in the high state 

t
o  
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f
 

n  

t  

l  
.2 Scenarios on high–low states and state transitions 

he high and low states in CVs are often attributed to the high and
ow rates of mass transfer from the mass donating star to the WD.
his association may be appropriate for magnetic CVs, such as Polars
nd Intermediate Polars (Duffy et al. 2022 ; Mason et al. 2024 ), but
roblematic when the binary has a fully developed accretion disc. 
In CVs, the secular mass transfer rate averaged over episodes of

igh and low states, are determined by the efficiency of angular
omentum loss (see e.g. Verbunt & Zwaan 1981 ). The high-mass

ransfer rates in VY Scl binaries, relative to other CVs with similar
rbital parameters, therefore requires additional mechanisms that 
ncrease the loss or transfer of angular momentum from the orbit to
he component stars. 

Observations have shown that VY Scl binaries are more often in
he high state than in the low state. Moreo v er, their high brightness
n the high states cannot be merely due to stability in the accretion
isc, implying that the mass transfer also occurs at a very high rate
n the VY Scl binaries (see Zemko et al. 2014 ). The two pieces of
bserv ational e vidence must be accounted for when building a model
o explain secular behaviour of VY Scl binaries. 

While the high state of VY Scl binaries are often attributed with the
ccretion-disc instabilities (see e.g. Mineshige 1993 , for a re vie w of
isc instability), the state transitions are triggered by the change in
he mass outflow from the companion star (see King & Cannizzo
998 ). Changes in the mass transfer in CVs can be caused by
ctivity intrinsic to the companion star, such as stellar magnetism, 
r certain external processes, such as certain interactions between 
he companion star and the WD. The companion star in CVs are
ow-mass stars which can show evidence of strong magnetospheric 
ctivity (see Berdyugina 2005 ). The migration of multiple magnetic 
tar-spots or a giant star-spot into the region near the L1 point
ill alter the outflow of material from the donor secondary star

Livio & Pringle 1994 ) which is filling its critical Roche surface.
he magnetic fields carried by the star-spot(s) into the L1 region,
epending on the orientation, can create a barrier blocking the flow
f material through the L1 point into the WD’s Roche lobe. Mass
ransfer resumes when the star-spot(s) migrate out the L1 region. This
rocess is magnetohydrodynamical (MHD), not directly associated 
ith the evolutionary state companion star (which is of the longer
elvin–Hemholtz time-scale), the orbital dynamics of the binary, or 

he physical condition of the accreting WD. 
Despite being appealing, the star-spot scenario does not explain 

he prolonged low state as observed in some systems, e.g. KR Aur.
nspection of the light curves of the Group A systems (see Section
.1 ) also reveals that their brightness does not show large-amplitude
rightness flickering, when they enter the low state. Plasma and MHD 

rocesses generally exhibit instabilities, which can trigger flaring and 
ruptive behaviour, which would be seen as flickering. Therefore, the 
ass transfer in these VY Scl binaries is either absent or relatively

teady during the low state. This also hints at the presence of
ome secular processes, at least partially responsible for, driving the 
roup A systems into the low state, and these driving processes are

elati vely steady, e volving over time-scales significantly longer than 
he duration of the high–low state and their transitions. Migrations 
f magnetic star-spots of the companion star are on relatively short
ime-scales and therefore are unlikely to drive the Group A systems
rom a high state or confine them in a prolonged low state. 

As opposed to the star-spot scenario, the high state is now not
ecessarily the default state, and the low state is not simply a
emporary disruption of the mass transfer. This puts the high and
ow states in a similar footing in the modelling, where the average
MNRAS 535, 3035–3049 (2024) 
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ass transfer is driven by the secular orbital evolution, with magnetic
raking and/or gravitational radiation as the angular momentum loss
echanisms (see e.g. Verbunt & Zwaan 1981 ). It should be noted

o we ver, the understanding of the drivers of secular orbital evolution
re not completely understood as there is strong irradiation of the M
tar which could give rise to non-linear feedback (see Wu et al. 1995 )

.3 A more holistic consideration 

each et al. ( 1999 ) and Hameury & Lasota ( 2002 ) present expla-
ations as to the absence of disc instability in VY Scl systems,
ut are markedly different, relying on entirely different physics to
rrive at their conclusions – Leach et al. ( 1999 ) uses disc irradiation
hereas Hameury & Lasota ( 2002 ) relies upon weak WD magnetism

liminating the accretion disc. 
Due to the weakness of the proposed magnetic fields required by

ameury & Lasota’s model and the data that we have considered
n this work, we cannot address this theory directly; had we had
ESS data of low states it may have been possible to confirm the
resence of a disc by identifying periodic features originating from
 disc. Despite this it remains part of our consideration throughout
his work. We can ho we ver address the disc irradiation model with
he present data. 

The disc irradiation model states that during the low state the WD
s sufficiently hot to irradiate the inner accretion disc such that it
an have a temperature which would ordinarily be associated with
he stable high state. As the system is substantially fainter in this
onfiguration, we would anticipate that the relative contribution of
he irradiated disc to the total brightness would increase. Under this
cenario, the irradiated disc, having remained hot, should produce
 greater blue excess than would be expected for a system in a low
tate, which may manifest as simply not seeing an increase in red
 xcess. Consequently, we believ e that those VY Scl stars which do
ot become redder during their low state are showing evidence of an
rradiated inner disc. 

As noted previously the colour behaviour during low states is not
 universal behaviour, with many of the systems becoming redder
uring the low state. Continuing with the hypothesis that colour
volution can be used as a tracer of an irradiated disc, this would
mply that these systems lack such a disc, and as noted by Hameury &
asota ( 2005 ) some cases exist (including MV Lyr) where the weak
agnetic field model successfully holds at the expense of the disc

rradiation model. Without being able to probe the the weak magnetic
eld model with the data presented here we cannot comment directly
n its v alidity, ho we ver comparing our data with that discussed in
ameury & Lasota ( 2005 ) we see no grounds for disagreement.
ith this in mind we believe that both models are valid and apply

o systems according to the colour behaviour which they exhibit. We
urther believe that this is the case because it seems unlikely that
ll of the WDs across the VY Scl binary population are magnetic,
rst because we (and others) have seen evidence for ‘outburst’ like
ehaviour most plausibly originating in a disc and secondly because
D population studies seeking magnetism below the threshold

equired for magnetic disc disruption have identified a substantial
raction of the population are not magnetic (Bagnulo & Landstreet
021 ). 
The other challenge of the behaviour in VY Scl binaries is under-

tanding why during the transitions we do not observe outbursts, as
hese generally take longer than the viscous time. Whilst the magnetic
odel is capable of eliminating the disc for a sufficient duration to

xplain the absence of outbursts, the disc irradiation model has more
ifficulty. As the disc grows with increasing mass transfer rate during
NRAS 535, 3035–3049 (2024) 
he transition it becomes increasing difficult for irradiation to keep
he disc hot enough to prevent instability developing (the reverse of
his issue applies during transitions into low states). If we consider the
ransitions of those systems which we believe to be disc irradiation
ystems with those likely go v erned by magnetism we see that there
s no discernible relationship between the colour behaviour and the
peed, τ , or the duration of the transitions. With that being the case
e do find that the shortest mean duration for transitions is in those

ystems which are preferentially red in the low state however, this
oes not extend to all such systems. Consequently, we do not believe
hat this can offer any explanation as to the transition behaviour
hich we observe. 
As we have already highlighted, there is a wide range of transition

peeds and low state durations present in the VY Scl binaries we
ave considered here. We see in those systems with the shortest low
tates, e.g. RX J2338 + 432 and ES Dra, that these systems have the
astest transitions which we measured. Similarly, we see in those
ystems with much longer low states, e.g. MV Lyr and MP Gem;
hat these systems generally have far slower transitions. Although
here are some exceptions to this, for example KR Aur where other
actors may be involved (see Section 4.4 ), there does appear to be a
orrelation between the speed of transition, which may be connected
o the aforementioned weak correlation between transition speed and
tate depth as longer low states tend to be deeper. This indicates that
here exists a difference in the mechanism of the transitions in shorter
hallo wer lo w states from those longer deeper lo w states. 

.4 Enhanced mass transfer 

lthough the absence of outbursts is a defining feature of VY Scl
inaries we present evidence of ‘outbursts’ or enhanced mass transfer
vents. This would not be the first time such events have been seen
n VY Scl binaries with previous observations of magnetically gated
utbursts (Scaringi et al. 2017 ) and ‘stunted outbursts’ (Honeycutt &
afka 2004 ). The events which we observe, ho we ver, are di verse in
ature and with the exception of V794 Aql, do not appear to have
een previously identified and seem to be different from those which
een remarked upon before. 

Like the stunted outbursts seen in V794 Aql, the events which
e see in LN UMa, have a quasi-periodic nature, with a similar
uration and recurrence time, which indicates that it is appropriate
o identify them as ‘stunted outbursts’. The LN UMa events however
ave some key differences, first they are not ubiquitous to the
igh state; indicating that the instability which causes them is not
ermanent. Furthermore, unlike V794 Aql the events in LN UMa are
ot symmetric and al w ays commence with a fall in brightness before
ntering a rise phase. This indicates that mass transfer is (partially)
isrupted for a short time before increasing abo v e the normal high
tate rate. This suggests that when mass transfer is disrupted the mass
hat ordinarily flows during this time builds up at some boundary
efore being released resulting at an enhanced rate and consequently
rightness. It is likely that the physical origin of these events are
inked through mass transfer instability, with LN UMa having an
dditional contribution from the magnetic field causing the mass to
e held at some boundary (c.f. magnetic gating; D’Angelo & Spruit
010 , 2012 ). 
The events we present in KR Aur are particularly interesting, with

arameters which appear to be directly tied to the imminence of a
ransition to the high state. These ‘outbursts’ get progressively greater
n amplitude (1.5–4.7 mag) and redder (0.15–0.70) in colour as the
ystem nears transition. This implies that physically these events
nvolve material that is locally cooler than the rest of system. If, as
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8 No value for the inclination of LN UMa is av ailable, ho we ver as a member of 
the SW Sex sub-class it is reasonable to assume that this is the case (G ̈ansicke 
2005 ). 
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e suggest in Section 4.2 , KR Aur is a system that has a disc, it is
ossible that these events indicate an increase in the mass transfer
ate from the L1 region which results in only part of the accretion disc
eing inflated in size and brightness before fading again as material 
issipates returning to the quiescent brightness. As the mass transfer 
ate continues to increase so does the scale of the events until the
ass transfer rate is sufficient to trigger an all disc effect – transition

ack to the high state. Physically, this may be an extreme case of the
aring observed in the low state of the group A systems (see Section
.5 ), which induces some feedback mechanism to inflate the buffer 
nnulus. 

The final remarkable event which we have observed is the 
elatively long outburst observed in BZ Cam. Lasting ∼10 d and 
ith a relatively small increase in flux this is indicative of a

tunted outburst. With the TESS co v erage that is available we would
rdinarily expect to identify more than one such e vent, ho we ver
ithout consecutive sectors of observation and allowing for a low 

ecurrence time there are many plausible recurrence time-scales 
here we would miss subsequent events. That explanation is not 

atisfactory to explain the apparent absence in ZTF data. It is possible
hat these events are hidden in the stochastic variation of the high
tate light curve (which is at the upper range of ZTF’s capability),
lthough the flux increase seen in the TESS data indicates that this
ay be unlikely. Revisiting the light curve, there are occasions (e.g. 
JD ≈ 2458500 and HJD ≈ 2459150) where the brightness exceeds 

he local neighbouring values – it is possible that these are further
vents that we simply cannot resolve. Unfortunately, these events 
ccur during gaps in the TESS co v erage; ho we ver, if we assume that
hese are similar events then combined with the resolv ed ev ent we
ee a recurrence time-scale of � 100 d. Subsequent AAVSO data 
ould appear to support this, with at least two similar events present

e.g. JD ≈ 2459000 and JD ≈ 2459630). This most likely cannot be 
efinitively addressed without more long term observations which 
re suited to detecting such brightness changes in relatively bright 
ources. 

.5 A phenomenological model for the brightness variations 
nd brightness ceiling in the high state 

he apparent ceiling of the brightness of the Group A system implies
heir maximum brightness is determined by a set of variables that 
re relatively stable and do not vary o v er short time-scales. One
ossibility is the formation of an optically thick annulus boundary 
ayer with a small width attaching to the WD. The outer boundary
f the opaque boundary layer contacts a buffer annulus, which 
cts as a mass reservoir and regulates the inflow of the material
nto the inner opaque boundary layer. The maximum brightness is 
herefore determined by the temperature and the size of ‘photosphere’ 
orresponding to this boundary layer, which are determined by the 
ass and radius of the accreting WD. The high state therefore 

orresponds to the situation where the buffer annulus is filled and 
he low state corresponds to the situation where the buffer annulus 
s empty. Moreo v er, the radiativ e force must play an important
ole, and the flows there are thermally stable (absence of cooling 
nduced instability), weakly magnetic (a v oiding eruptive magnetic 
econnection), and non-conv ectiv e (allowing laminar circular flow). 

In this scenario flaring can occur during low states, where the 
uffer is almost empty and the optically thick annulus boundary 
ayer cannot be formed. The magnetic activity and hydrodynamic 
nstability in the resident flow can trigger flares. In a certain way, the
tructure of the disc is analogous to a solar-like star but in 2D, where
n radiative inner region is bounded by a convective outer region. 
The Group B systems are those where the optically thick radiative
ominate annulus boundary layer cannot form. A possibility is that 
he WDs in the Group B systems have a strong magnetic field, which
ave non-uniform strengths and orientation distributions o v er the 
D surface. The magnetic field causes instability, disrupts the flow, 

nd the optically thick annulus boundary layer; hence the buffer 
nnulus outside it cannot be developed. The high–low states of the
roup B systems are triggered by the variations in the secular mass

ransfer, and the flaring simply reflects the instability in the flow
riggered by the magnetic field in the accretion disc which also
nteracts with the magnetic field of the WD. This scenario can also
asily accommodate the observations that some VY Scl binaries 
how behaviour similar to that of supersoft source (see Greiner et al.
010 ) and that a strong wind can be launched from the disc of VY
cl binaries (Inight et al. 2022 ). 
The remaining questions are no w ho w to maintain the high state

f VY Scl in Group A and how to model the respective accretion
iscs in the Group A and Group B systems. One scenario to explain
ystems which can sustain high-mass transfer rate (during the high 
tates) abo v e the av erage mass transfer rate set by orbital evolution
ue to angular momentum loss is irradiative heating of the mass
onor star (see e.g. Wu et al. 1995 ). This is easier to achieve in
he Group A systems as their high states tend to have a stable
eiling luminosity from the radiative dominate flow near the WD. 
he answer to the latter question is less trivial. It will require a
ore sophisticated accretion disc model that can take care of the

omplex interaction between magnetic field interaction within the 
ccretion disc and between the WD and the accretion disc together
ith rele v ant radiati ve hydrodynamics processes self-consistently. 

.6 Remarks on the periodic behaviours 

e see three different manifestations of notable periodic behaviour 
n the systems we have considered in this work; a 1.1 d period in
T Ari, a ∼ 4 P orb period in V504 Cen, and a ∼3–6 d period in LN
Ma. The variety of features observed indicates a diversity in the
hysical properties of the systems. Whilst the period in TT Ari can be
xplained reasonably simply (see Section 3.2 ) such that may be seen
n any CV with an accretion disc, the others are more puzzling. As
tated previously the periodic signal in V504 Cen cannot be either
 superhump nor a superorbital period; ho we ver it is clearly real
s it exists in two separate data products. As we have previously
uggested, it may be some resonant accretion feature where the mass
ransfer rate varies on the time-scale of the observed variation. A
oncerted observ ational ef fort will be required to establish the exact
rigin of this feature is and would benefit from study from a longer
erm view point in addition to that provided by TESS . 

Finally, we turn to LN UMa, which shows a very prominent low
requency oscillation that appears to change o v er relativ ely short time
rames – although it is possible that we are detecting a harmonic or
 v ertone of a single frequenc y. Nev ertheless, without needing to
scribe an exact value to this period, we can say that this period
lmost certainly is real, but of unclear physical origin. If LN UMa
s a system with high inclination, 8 it is possible that the inclination
s generating some projection effect that affects the fraction of the
ccretion spot that can be seen, ho we ver we would expect that this
ould occur on a period that could be related reasonably easily to
MNRAS 535, 3035–3049 (2024) 
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he orbital period. In order to fully understand this feature further,
tudy will be necessary including an effort to determine if the period
s fixed or not, and if not what the rate of period change Ṗ is. 

Unusual periods in CVs with physical origins that cannot imme-
iately be identified is not an unheard of phenomenon. Bruch ( 2022 )
ho studied the long term TESS light curves of 15 different CVs

including three systems we consider here) found several unusual but
one the less real periodicities. For example in AC Cnc they identify
 4.6 d period which they cannot identify an origin for. In V533
er they identify variations in the superhump periods, in this case

hey ascribe the variability to interactions between different periods
f different amplitudes. That work concludes that systems which
ave unusual periodic behaviours should be subject to concerted
igh cadence study with complimentary follo w-up observ ations to
nderstand system parameters which may be useful in understanding
he physical origin of these periods. 

 C O N C L U S I O N S  

lthough a relatively small sub-class of Nova-like CVs, the fact that
Y Scl systems show irregular drops in brightness of over 1 mag

hows they are important sources with which to understand how the
ass transfer rate in accreting binaries is regulated. Similar to other
ova-like systems, VY Scl systems do not show classical outbursts,
o we v er the y do sho w lo w states. Additionally the DIM predicts
utbursts should be seen during the low states (if a disc is present),
hough the ‘outbursts’ which are present cannot be supported by the
IM. These outbursts have a range of behaviours including those
f KR Aur which are repeated and become increasingly energetic
hroughout a low state. Further examples of stunted outbursts, such
s those we present here, in VY Scl and other systems can help give
urther insight to their cause. 

Having presented long baseline and high time resolution ob-
ervations of 10 known VY Scl systems, we have reviewed the
odels which set-up to describe the behaviours of these systems and

ttempted to reconcile these with observations. We have presented a
nified model to describe both the cause of the state transitions and
he observed variability of VY Scl systems light curves and how this
iffers on a system to system basis. 
The observations shown here have, at least in part, come from

ll-sk y optical surv e ys. With the e xpansion of surv e ys, with some
rojects such as GOTO (Dyer et al. 2022 ; Steeghs et al. 2022 )
aving telescopes in the Northern and Southern Hemispheres, with
he capacity to co v er the entire sk y ev ery few days, the opportunity
xists to greatly extend our length of coverage of VY Scl systems to
ain a better long term view of their accretion behaviour. In particular,
t will be possible to obtain multiwavelength spectroscopy of sources
hich go into a new accretion state or which start a series of stunted
utbursts. This will give essential information with which to impro v e
ccretion instability models to account for their behaviour. 
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PPENDI X  A :  COMPLETE  LIST  O F  

ONSI DERED  S O U R C E S  

able A1. Complete list of the sources considered for inclusion in this work,
howing the surv e y(s) in which data were available at the point of analysis.
ystems were excluded from analysis where they did not show state transitions 
r other features of interest. 

bject name ZTF TESS Included for analysis 

504 Cen × � � 

Y Scl × × ×
Z Scl × × ×
1082 Sgr × × ×
442 Oph × × ×
794 Aql � × � 

X Ser � � ×
R Aur � × � 

XJ2338 + 431 � � � 

V Lyr � � � 

751 Cyg × × ×
H Lyn � � ×
425 Cas � � ×
N UMa � � � 

Z Cam � � � 

S0506 + 7725 × × ×
T Ari × � � 

W UMa × × ×
ASTER 

TJ190519.41 + 301524.4 
× × ×

X J2338 + 431 � � � 

ACHO 311.37557.169 × × ×
P Gem � × � 

S Dra � × � 

kHA 170 � � ×
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