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A B S T R A C T 

Magnetic accreting white dwarfs in cataclysmic variables have been known to show bursts driven by different physical 
mechanisms; ho we ver, the burst occurrence is much rarer than in their non-magnetic counterparts. DW Cnc is a well-studied 

intermediate polar that showed a burst with a 4-mag amplitude in 2007. Here we report on a recent burst in DW Cnc observed 

by All-Sky Automated Survey for Supernovae that reached a peak luminosity of 6.6 × 10 

33 erg s −1 , another 4 mag increase from 

its quiescent high state level. The released energy of the burst suggests that these are micronovae, a distinctive type of burst 
seen in magnetic systems that may be caused by a thermonuclear runaway in the confined accretion flow. Only a handful of 
systems, most of them intermediate polars, have a reported micronova bursts. We also report on the reappearance of the negative 
superhump of DW Cnc as shown by Transiting Exoplanet Satellite Survey and OPTICAM data after the system emerges from 

its low state and immediately before the burst. We further report on a new phenomenon, where the spin signal turns ‘on’ and 

‘off’ on the precession period associated with the ne gativ e superhump, which may indicate pole flipping. The new classification 

of DW Cnc as a micronova as well as the spin v ariability sho w the importance of both monitoring known micronova systems 
and systematic searches for more similar bursts, to limit reliance on serendipitous disco v eries. 

Key words: accretion, accretion discs – stars: individual: DW Cnc – novae, cataclysmic variables. 
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 I N T RO D U C T I O N  

ataclysmic variables (CVs) are the most common type of accreting
hite dwarfs (AWDs). They consist of a binary system in which a
hite dwarf (WD) accretes mass from a low-mass star via Roche

obe o v erflow. F or an in-depth re vie w of CVs and their history see
arner ( 2003 ) and Knigge, Baraffe & Patterson ( 2011 ). 
In general, CVs can be divided into two subcategories based on

heir magnetic field strength. CVs whose magnetic field is too weak to
isrupt the accretion flow ( � 10 6 G) are referred to as ‘non-magnetic’.
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n the other hand systems with magnetic field strength abo v e ∼10 6 G
re referred to as magnetic. Depending on the WD magnetic field
trength only an outer accretion disc may form. The inner parts
ill be inhibited by the Alfven radius, i.e. they will be truncated at

he magnetospheric radius, where the matter attaches to magnetic
eld lines and is accreted on to the magnetic poles of the WD via
ccretion columns. In these systems, the spin period of the WD
s not synchronized with the orbital period; they generally display
 periodic modulation on the WD spin frequency associated with
mission from the accretion column. Such systems are known as
ntermediate polars (IPs), where the matter is accreted via an arc-
haped curtain (Rosen, Mason & Cordo va 1988 ). F or larger magnetic
elds the magnetospheric radius can lie outside of the disc co-rotation
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adius, which inhibits entirely the formation of an accretion disc. 
n majority of these systems, the WD spin and binary orbit are
ynchronized and are commonly known as polars, with the exception 
f rare discless IPs such as V2400 Oph (Buckley et al. 1995 ). 
AWDs display various types of transient-like brightness increases. 

he most common and well-established bursts in CVs are dwarf 
ova outbursts, in which a sudden increase in accretion rate, thought 
o be driven by thermal-viscous disc instabilities (Osaki 1996 ; 
asota 2001 ; Dubus, Otulakowska-Hypka & Lasota 2018 ), causes 

he temperature and hence luminosity of the disc to increase. These 
utbursts usually last several days to months, with longer orbital 
eriod systems tending to have longer outbursts due to their larger 
iscs. Once a cooling wave due to a lower ionization level passes
hrough and stops the outburst, the temperature of the disc will 
eturn to its quiescent level (Lasota 2001 ). The outbursts occur 
emiperiodically with some special cases where they increase in 
uminosity amplitude, leading up to a superoutburst. Whereas dwarf 
ova outbursts are very common in non-magnetic AWDs, they are 
xtremely rare in magnetic systems (Hameury & Lasota 2017 ). 

A different type of burst exhibited by AWDs is the so-called 
agnetic gated bursts, which appear only in systems with low 

agnetic field WDs (Scaringi et al. 2017 ). In these systems, the
aterial is accumulated at the edge of a truncated inner disc close

o the WD surface, where the spinning material prevents it from
ccreting freely. When the disc pressure exceeds the pressure of 
he spinning magnetosphere matter can then accrete on to the WD. 
ev eral systems hav e no w sho wn magnetically gated bursts (MV
yrae: Scaringi et al. 2017 ; TW Pic: Scaringi et al. 2022a ; V1233
gr: Hameury, Lasota & Shaw 2022 ; V1025 Cen: Littlefield et al.
022 ). 
A very different kind of burst is displayed by a growing number of

ystems. They are fast ( � 1 d), bright, and somewhat isolated bursts
hich cannot be fully reconciled with magnetic gating. One example 

s TV Col, which has been shown to display fast outflows during
urst maximum (Szkody & Mateo 1984 ). These bursts, which appear 
henomenologically different from all of the aforementioned types of 
ursts, are usually referred to as micronovae (Scaringi et al. 2022c ).
ne currently unpro v en hypothesis for the origin of these bursts

s that they are the result of a localized thermonuclear runaway 
ccurring on the WD magnetic poles (Scaringi et al. 2022b ); ho we ver
heir true physical origin is yet to be unambiguously determined. 
hese bursts can last from ∼10 h up to a few days. To date, there
ave been very few targets reported to show these bursts (Scaringi 
t al. 2022c ; Iłkiewicz et al. 2024 ; Irving et al. 2024 ; Veresvarska
t al. 2024 ). Ho we v er, with the adv ent of new synoptic sk y surv e ys
e.g. BlackGEM ; Groot et al. 2024 ), the number of detections is
xpected to rise allowing for a better population characterisation of 
hese systems. 

Iłkiewicz et al. ( 2024 ) introduced a convenient way to distinguish
etween the observational characteristics of the various types of 
ursts observed in AWDs via diagnostic diagrams. The diagrams 
lot the burst energies, peak luminosities, durations, and recurrence 
imes of various kinds of CV outbursts. They show that dwarf nova
utbursts, micronovae, and magnetically gated bursts occupy distinct 
egions of parameter space, suggesting that these phenomena all arise 
rom distinct physical mechanisms. 

DW Cnc is a well-studied IP (Stepanyan 1982 ; Rodr ́ıguez-Gil 
t al. 2004 ) which is known to undergo periods of low states as also
bserved in other IPs (Covington et al. 2022 ; Duffy et al. 2022 ). It has
 reported spectroscopic orbital period of 86.1 min (Patterson et al. 
004 ; Rodr ́ıguez-Gil et al. 2004 ) and a 38.6 min spin (Rodr ́ıguez-Gil
t al. 2004 ). The spin signal has been known to disappear during the
ow state (Segura Montero, Ram ́ırez & Echevarr ́ıa 2020 ; Covington
t al. 2022 ), only to emerge after the system reco v ers to its pre-low
tate levels (Duffy et al. 2022 ; Ram ́ırez et al. 2022 ). There is also
vidence of both hydrogen and helium in the accretion disc of DW
nc; Segura Montero et al. ( 2020 ) reports double peaked H α and
e λ5876 Å lines with the latter showing a spiral structure in the
isc. The authors associate this feature to a similar behaviour seen
n several other systems including IP Peg, U Gem, EC 21178–5417,
nd the IP system DQ Her (Steeghs, Harlaftis & Horne 1997 ; Groot
001 ; Bloemen et al. 2010 ; Ruiz-Carmona et al. 2020 ) where such
tructures are considered to signify an enlarged accretion disc whose 
uter regions are being affected by the tidal forces of the donor
.g. Steeghs et al. ( 1997 ). Furthermore, DW Cnc has been known
o show short duration ( < 1 d) bursts (Crawford et al. 2008 ). These
ursts detected in 2007 correspond to a brightening of ∼4 mag. Disc
nstabilities and mass-transfer enhancements have been suggested as 
auses (Crawford et al. 2008 ), but their nature remains unknown. 

Here, we present new Transiting Exoplanet Satellite Survey ( TESS ) 
hotometric observations of DW Cnc showing two coherent periods 
hat persist throughout the TESS monitoring. We associate these 
oherent periods with the spin and beat between the WD spin
nd the orbital period of the system. We present these results in
ection 3.1 along with the appearance of a ne gativ e superhump in
ESS sectors 71 and 72 accompanied by variable spin in Section 3.2 .
e further report a burst observed in All-Sky Automated Survey for

upernovae ( ASAS-SN ) co v erage of DW Cnc reaching a maximum
bserved luminosity of ∼6 . 6 × 10 33 erg s −1 . We present these results
n Section 3.3 and their interpretation as micronova in Section 4.1 . 

 OBSERVATI ONS  

n this section, we discuss the data used for this work. TESS data and
ts calibration with ASAS-SN and ATLAS is discussed in Section 2.1 ,
hile the ground-based OPTICAM data is detailed in Section 2.2 . 

.1 TESS and simultaneous ground-based ASAS-SN and 

TLAS obser v ations 

he data analysed in this work were obtained from TESS and ASAS-
N . TESS observed DW Cnc over five sectors from 2021 October
2 th to 2021 December 30 th (sectors 44, 45, and 46) and from 2023
ctober 16 th to 2023 December 7 th (sectors 71 and 72). ASAS-SN
bserved DW Cnc from 2012 February 16 th to 2018 November 29 th 

n the V band and from 2017 October 7 th to 2024 May 28 th in the g 
and. All rele v ant observ ations are displayed in Fig. 1 . 
TESS data were downloaded and cosmic rays were remo v ed using

he LIGHTKURVE package 1 (Lightkurve Collaboration 2018 ). The 
imple Aperture Photometry (SAP) flux was used to preserve the 

ntrinsic variability of the systems, a v oiding the transit detection
ptimization of the Pre-search Data Conditioning (PDCSAP) flux. 
ata points were excluded if their quality flag was greater than 0. 
While TESS provides excellent relative photometric precision, data 

rom another observatory are needed to achieve absolute photometry 
rom TESS data. To convert TESS data to erg s −1 , it is necessary to
onsider ground-based observations and the distance to the target. 
uasi-simultaneous ASAS-SN g-band data (Shappee et al. 2014 ; 
ochanek et al. 2017 ) were used for this purpose similarly to Scaringi
t al. ( 2012 ) and Veresvarska et al. ( 2024 ). The g band is centred at
75 nm with a width of 140 nm, partially o v erlapping with the TESS
MNRAS 539, 2424–2434 (2025) 
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M

Figure 1. ASAS-SN ATLAS and TESS light curve of DW Cnc. Circles and diamonds denote the ASAS-SN V and g bands, respectively . Similarly , the ATLAS o and 
c bands are denoted by squares and stars, respectively. The crosses correspond to TESS sectors 44, 45, 46, 71, and 72. The left inset panel shows an enlargement 
in the luminosity axes, with the low state being marked by the shaded region. The right inset panel shows a zoom-in on the burst with ∼6 . 6 × 10 33 erg s −1 peak 
observed luminosity. 
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Table 1. Log of multiband OPTICAM observations. All observations 
presented in the table were carried out using the filters g ’ , r’ , and i’ 
simultaneously, with an exposure time of 20 s. 

Date ( UT ) HJD (start time) Ef fecti v e e xposure (h) 

2022-12-10 2459924.8052 2.22 
2022-12-15 2459928.8021 2.84 
2023-02-05 2459980.6460 4.58 
2023-02-06 2459981.8040 4.59 
2023-02-10 2459985.7215 5.58 
2023-02-14 2459989.6513 7.42 
2024-01-10 2460319.6720 8.02 
2024-01-12 2460321.7719 6.00 
2024-01-14 2460323.6973 7.56 
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and-pass (600–1000 nm). Despite the non-e xact o v erlap of the pass-
ands, we assume no colour-term variations. The data were obtained
rom the ASAS-SN webpage. 2 The conversion was performed using
imultaneous observations for each half sector. Simultaneous data
nclude all ASAS-SN observations within a TESS cadence of 2 min.
ssuming a linear relation between the two bands, a direct conversion

an be established as F ASAS −SN 

[
mJy 

] = A × F TESS 

[
e −s −1 

] + C.
he coefficients for each half-sector, accounting for data deviations
ue to the gap in the middle of TESS sectors, are specified in Table 2 .
Fig. 1 shows the luminosity corresponding to the TESS and ASAS-

N data corrected for the distance of 209 ± 2 pc inferred from Gaia
R3 parallax (Gaia Collaboration 2023 ). Additionally, Fig. 1 shows

he ATLAS o and c band forced-photometry light curve (Heinze et al.
018 ; Tonry et al. 2018 ; Smith et al. 2020 ), corrected for the distance
nferred from Gaia DR3 parallax. The ATLAS forced photometry
as obtained through the web interface (Shingles et al. 2021 ). 3 

ombined ATLAS and ASAS-SN photometry impro v e the sampling
f the observations and constraint on transient events not detected by
nly one surv e y (see right inset panel in Fig. 1 ). 

.2 OPTICAM 

igh-time resolution, triple-band optical observations with OPTI-
AM 

4 (Castro et al. 2019 , 2024 ) were conducted using the 2.1 m
NRAS 539, 2424–2434 (2025) 

 https:// asas-sn.osu.edu/ 
 https:// fallingstar-data.com/ forcedphot/ 
 https:// www.southampton.ac.uk/ opticam 

2

5

6

elescope at the Observatorio Astron ́omico Nacional San Pedro
 ́artir (OAN-SPM). The log of observations made with OPTICAM

s shown in Table 1 . All observations carried out with OPTICAM
sed the filters g ′ , r ′ , and i ′ simultaneously, with an exposure time
f 20 s. Data were reduced following standard procedures using
arious tasks in NOIRLab IRAF v2.18 5 (Fitzpatrick et al. 2024 ).
tar J075900.5 + 161647.1 6 was used as a reference. According

o the GAIA synthetic photometry catalogue, this star has magni-
udes g ′ = 15 . 32 , r ′ = 14 . 78, and i ′ = 14 . 62 (Gaia Collaboration
021 ). 
 https:// iraf.noirlab.edu/ 
 Also SDSS J075900.5 + 161646.5 with g = 15.47, r = 15.01, and i = 14.84. 

https://asas-sn.osu.edu/
https://fallingstar-data.com/forcedphot/
https://www.southampton.ac.uk/opticam
https://iraf.noirlab.edu/
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Table 2. Summary of the conversion coefficients from TESS flux in e −s −1 

to ASAS-SN flux in mJy for DW Cnc. As the conversion is done twice per 
TESS sector, all corresponding coefficients are listed. 

Sector Sector half A 

(
mJy 

e −s −1 

)
C (mJy) 

44 1 0.021 ± 0.002 −0.5 ± 0.4 
2 0.021 ± 0.002 −0.5 ± 0.4 

45 1 0.035 ± 0.004 0.9 ± 0.4 
2 0.036 ± 0.004 0.8 ± 0.4 

46 1 0.027 ± 0.003 −0.4 ± 0.5 
2 0.03 ± 0.01 0 ± 2 

71 1 0.032 ± 0.001 −0.2 ± 0.2 
2 0.032 ± 0.001 −0.2 ± 0.2 

72 1 0.031 ± 0.002 −0.4 ± 0.3 
2 0.032 ± 0.009 −1 ± 2 
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Table 3. List of all coherent signals extracted from TESS data of DW Cnc 
and their relation to one another with the sectors in which they are present. 
The spin period is noted as P spin . The beat between the spin period and the 
undetected orbital period ( P orb = 16 . 7245 c d −1 ) is noted as P b with its first 
harmonic 2 P b . The ne gativ e superhump associated with the retrograde nodal 
precession of a tilted accretion disc is noted as P nSH with its first harmonic 
2 P nSH . The beats between these frequencies and their harmonics are denoted 
by their combination. 

Frequency (c d −1 ) Origin TESS sectors 

3.66860(5) P b − P nSH 71 and 72 
13.2602(7) 2 P nSH − P b 71 and 72 
16.9276(2) P nSH 71 and 72 
20.5962(2) P b = P spin − P orb All 
30.189(1) 3 P nSH − P b 71 and 72 
33.85669(8) 2 P nSH 71 and 72 
37.32166(7) P spin All 
37.52541(3) P nSH + P b 71 and 72 
41.2024(2) 2 P b All 
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n Section 3.1 , we report all the coherent signals found in new TESS
hotometry of DW Cnc. In Section 3.2 , the variable nature of the
pin signal of DW Cnc as seen in TESS is shown. We further report
n the burst of DW Cnc observed by ASAS-SN on the 19 th of May
024 in Section 3.3 . 

.1 TESS data analysis 

he TESS light curve of DW Cnc as described in Section 2 can be
ivided into two semicontinuous sections. One represents sectors 44 
o 46 immediately after DW Cnc returned from a low state and before
ny of the reported bursts in Section 3.3 took place. The Lomb–
cargle (Lomb 1976 ) periodogram of this ∼3-month light curve is
hown in the bottom panel of Fig. 2 . In all instances in this work,
he Lomb–Scargle implementation used is ASTROPY v.5.3.4, with 
he high limiting frequency corresponding to the Nyquist frequency 
f the given time series and the low frequency to the 3 

L 
, where

 represents the length of the time series. There are only three
ignals reco v ered from this light curve at 37.3 c d −1 , 20.6 c d −1 , and
1.2 c d −1 and they are listed in Table 3 . 
igur e 2. Lomb–Scar gle power spectra of TESS sectors of DW Cnc zoomed in on
ight curves of sectors 71 and 72 whilst the bottom panel shows the periodogram 

eriod, which is not detected here, is marked by a dashed line. 
The other semicontinuous light curve is constructed from sectors 
1 and 72, immediately before the small burst at ∼2460287 BJD.
he Lomb–Scargle periodogram of the light curve is shown in the

op panel of Fig. 2 . The periodogram also shows all the signals
resent in sectors 44 through 46. Ho we ver, on top of these signals,
umerous new signals appear. All the signals are listed in Table 3
ith their corresponding errors and sectors in which they are 
resent. 
The errors in Table 3 are determined via bootstrapping of the

riginal light curve, similar to Paice et al. ( 2024 ). This consists of
andomly selecting with replacement N number of data points from 

he light curve, where N is the original number of data points. Then
he same Lomb–Scargle periodogram is constructed and the peak 
f the signal is extracted. A distribution of the peaks after 5 × 10 4 

epetitions is constructed. A Gaussian fit to the resulting distribution 
ives the mean value of the signal and its error corresponding to a
 σ deviation of the distribution. 
MNRAS 539, 2424–2434 (2025) 

 all identified signals. The top panel shows the periodogram of the combined 
for the combined light curve of sectors 44 to 46. The position of the orbital 
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Figure 3. Dynamical Lomb–Scargle power spectra of TESS sectors 71 and 72 of DW Cnc zoomed in on the spin signal at 37.32166(7) c d −1 showing 
semiperiodic turning ‘on’ and ‘off’ of itself. The top and bottom panels show a phase folded light curve on the spin period of 0.5 d long segment as indicated 
by the arrows. The top panels are selected at the peak spin power in a giv en c ycle on the spin being ‘on’. The bottom panels show the minimum power segment 
in the ‘off’ segment. 
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.2 Spin variability 

ig. 3 shows the dynamical power spectral density (PSD) of TESS
ectors 71 and 72, with zoom-ins showing the light curves of several
ections folded on the spin period from Table 3 . The dynamical
SD is constructed by taking Lomb–Scargle periodograms, as in
ection 3.1 , of 0.5-d long non-o v erlapping sections of the light curve.
hile a strong signal is present throughout the two sectors, there

s also a significant time-dependent variability, with two distinct
tates, that are not seen in the previous TESS sectors 44 –46: An ‘on’
tate, where the spin signal is showing significant power and lasts
3 d centred around BJD: 24570003235, 3242, 3247, 3255, 3267,

272, 3279 and 3285; and an ‘off’ state in between these, when the
ower at P spin drops significantly to the background level of Poisson
oise P RMS normalized � 200. This latter state is much shorter ( ∼1 d) in
uration and occurs around BJD: 24570003238, 3244, 3252, 3258,
260, 3270, 3277, and 3282. To demonstrate the change in spin
tate, examples of phase-folded light curves are provided for the
on’ (top panels of Fig. 3 ) and ‘off’ (bottom panels of Fig. 3 ) states.
he examples of the phase-folded light curves correspond to the
.5-d segments of the light curve at instances indicated by the red
rrows. As seen from the phase-folded light curves, the flux level
emains constant in both states and there is no significant change in
he spin period P spin detected o v er the course of the TESS sectors
ith respect to the ephemeris reported by Patterson et al. ( 2004 ). As

een in the spin pulse profiles in Fig. 3 only shows one peak, which
s also true of other signals detected in Sectors 71 and 72. Ho we ver,
hen examining the shape of the spin-orbit beat pulse profile o v er

he course of the ne gativ e superhump period from Table 3 shows a
180 ◦ phase shift. 
NRAS 539, 2424–2434 (2025) 
This is demonstrated in Fig. 4 , where the spin period (left-hand
ide) and spin-orbit beat period (centre) pulse profiles are shown as a
unction of the ne gativ e superhump cycle, similarly to Littlefield et al.
 2019 , 2021 , 2023 ). Fig. 4 demonstrates a dynamical representation
f phase folded light curves on a signal at different phases of another
ignal. This allows us to identify the changes in positions of the
eaks and troughs of the phase-folded light curves on a given period
ith respect to the phase of another one. Hence, a diagonal pattern

ignifies a phase shift between the given signals, as seen in the middle
nd right panel of Fig. 4 . Furthermore, the ∼180 ◦ phase drift in spin
ycle is also visible during the precession cycle associated with the
e gativ e superhump identified in Table 3 . 
To quantify the ‘on’ and ‘off’ states, we measure the power at P spin 

or each of the 0.5-d segment for sectors 71 and 72 from Fig. 3 . The
esulting time series of the P spin variability is shown in Fig. 5 . From
ig. 5 , the spin-off state is hence defined as when the P spin power

s below twice the average power at frequencies below P spin . These
hresholds are indicated in Fig. 5 by a dotted line for sector 71 and a
ashed line for sector 72. 
Fig. 6 shows a Lomb–Scargle periodogram of the time series, to

earch for periodic modulation of the spin power (the data shown
n Fig. 5 ). The PSD shows shows a single peak at ∼0.2 c d −1 ,
hich is consistent with the fundamental precession frequency

ssociated with the ne gativ e superhump observed in TESS data
 /P − = 1 /P nSH − 1 /P orb = 0 . 2028(9) c d −1 . The error on the signal
s determined using the same method as described in Section 3.1 for
he signals in TESS data. 

We also separated the light curves of sectors 71 and 72 into the ‘on’
nd ‘off’ states based on the thresholds in Fig. 5 , producing distinct
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Figure 4. 2D profiles of the spin and beat pulses across the superhump cycle and spin profile across the fundamental precession cycle. The beat profile shows 
a ∼180 ◦ jump for half of the superhump cycle similarly to the ∼180 ◦ phase shift in spin phase o v er the precession c ycle, indicating that the tilt of the disc 
determines which magnetic pole is dominant. 

Figure 5. Time-dependent evolution of power at P spin for DW Cnc TESS 
data of sectors 71 and 72. The dotted line indicates the threshold for sector 71 
at which the spin power is considered not significant. Similarly, the dashed 
line indicates a significance threshold for sector 72. 

Figur e 6. Lomb–Scar gle periodogram of the time-dependent variations of 
power at P spin as shown in Fig. 5 . The dashed line corresponds to the frequency 
inferred for the precession fundamental precession frequency associated with 
the ne gativ e superhump reported in Table 3 . 
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ight curves with and without the spin variability. The resulting 
omb–Scargle of these light curves are shown in Fig. 7 . We see
nly negligible power in the ‘off’ state and a significant decrease in
ower amplitude at other frequencies present in the o v erall Sector 71
nd 72 (see Fig. 2 top panel). 
Furthermore, a time-averaged power spectrum (TPS) is computed 
or several sections of TESS data and shown in Fig. 8 . The TPS
s constructed by separating the light curve into 0.5-d segments. A
egment of 0.5 d is chosen to be consistent with the segment length
n Fig. 3 . A Lomb–Scargle of each of the segments is then computed,
efore the individual PSDs are averaged together and binned on to a
oarser frequency bin ( N bins = 50). 

To estimate further constraints on the spin variability seen in TESS
ata of DW Cnc, we introduce the OPTICAM data as detailed in
ection 2.2 . The 3-band optical photometry was taken on multiple
ights at different cadence and lengths (see Table 1 for further
etails). An example of the multiband light curves is shown in the
op panels of Fig. 9 . In Fig. 9 , we choose to show examples of DW
nc light curves from Table 1 , with the results from all the data being
etailed in Table 4 . 
Fig. 10 shows the combined PSD of the OPTICAM data from

able 1 . The PSD is obtained as described in detail in Section 3.1 .
he signals in TESS data are marked by vertical lines, confirming the
resence of spin of DW Cnc, the ne gativ e superhump and the beat
etween the spin-orbit beat and the ne gativ e superhump. To verify
f all of these signals are al w ays present in the OPTICAM data, the
omb–Scargle is computed for all OPTICAM data and bands, with 
xamples shown in the middle panels of Fig. 9 . Given the shorter
uration of the individual OPTICAM observations and the limiting 
owest frequency, we use the frequencies in Table 3 as guidelines
o mark the likely presence of signals in the OPTICAM data. The
resence of the signals detected in Fig. 10 in separate OPTICAM
bservations is marked in Table 4 . We note that the spin signal was
ot detected during se veral observ ations, similar to the behaviour
een in TESS sectors 71 and 72. 

The two columns in Fig. 9 represent examples of when the spin
ignal is not present (left) and where is it detected (right). There is
lso a clear power excess seen at the frequencies corresponding to
he ne gativ e superhump frequenc y from 2023 February 14 th (almost
 year before sector 71) until the last measurement on the 2024
anuary 14 th ( ∼month after the end of sector 72). To demonstrate
he switching of spin between the ‘on’ and ‘off’ state is present in
he OPTICAM data as well, phase-folded light curves of g-band 
PTICAM data are included in the bottom panels in Fig. 9 . There,

he OPTICAM data is folded on the TESS spin as shown in Table 3 . 

.3 Bursts 

he long-term ASAS-SN and ATLAS light curve of DW Cnc co v ers
ts variability from 2012 February 16 th . There are only a couple of
MNRAS 539, 2424–2434 (2025) 
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M

Figur e 7. Lomb–Scar gle power spectra of the separate ‘on’ and ‘off’ light curves from TESS sectors 71 and 72. The signals present in these sectors are marked 
as in Fig. 2 . 

Figure 8. TPS of TESS data. The squares correspond to Sectors 44 to 46, 
whilst sectors 71 and 72 are divided into the ‘on’ (circles) and ‘off’ (diamonds) 
spin state based on Fig. 5 . The positions of P spin and nSH from Table 3 are 
indicated by the dashed lines. 
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nstances in this time when the luminosity of DW Cnc rises abo v e
ts average le vels, sho wing distinct bursts akin to those reported in
rawford et al. ( 2008 ). At ∼2456600 BJD there are two data points
t ∼3 × 10 32 erg s −1 in ASAS-SN V band. Ho we ver, in both cases,
hese are single-point measurements and considering the uncertainty
f the measurements the validity of these points as an outburst may
e less reliable. 
The data show two low-amplitude outbursts that we will not

onsider further here. These appear immediately before the low state
etween ∼2458000 BJD and 2459000 BJD (Covington et al. 2022 )
shaded region in Fig. 1 ), at 2458164 BJD reaching peak luminosity
t ∼8.8 × 10 32 erg s −1 lasting for about a day in ASAS-SN . Ho we ver,
TLAS observed DW Cnc in quiescence in the middle of the ASAS-
N b ursts. Therefore, the outb urst is either not real or a sequence of
ultiple ∼0.5 d bursts. In any case, this is not considered here due to

he low significance. A similar amplitude burst is seen in ASAS-SN
t ∼2460287 BJD with peak luminosity of ∼1.3 × 10 33 erg s −1 and
lso about a day long duration. 

Ho we ver, a truly analogous burst to those reported in Crawford
t al. ( 2008 ) is seen in ASAS-SN at HJD 2460450. The peak lumi-
osity of this burst is recorded at 6.6 × 10 33 erg s −1 , corresponding
o a brightening of 4 mag from its quiescent levels. By combining
NRAS 539, 2424–2434 (2025) 
he ASAS-SN and ATLAS light curves it is possible to obtain an
pper limit on the duration of the burst; Due to the ASAS-SN light
urve sampling, the upper limit on the duration of the burst would be
6 d, when a measurement at quiescent level confirms the end of the

urst after a ∼4-d data gap. Ho we ver, considering the ATLAS c-band
easurements as seen in the right inset plot in Fig. 1 , the upper limit

n the duration is ∼3 d. The burst has been completely missed by
TLAS and only serendipitously picked up by ASAS-SN . This raises
n important question, how many similar shorter length bursts have
een missed in DW Cnc since the start of monitoring and in other
ystems as well? Therefore, with the rise of higher cadence surv e ys
uch as BlackGEM and the Rubin Observatory (Ivezi ́c et al. 2019 ),
he frequency of detecting the short-duration bursts in AWDs should
llow us to understand them better and constrain their recurrence
ith greater precision. 
The total energy released during the burst is determined by

ntegrating the luminosity under the light curve after subtracting the
aseline luminosity of the light curve. The baseline is determined
rom a fit to the mean of the pre-burst long-term light curve
bout ∼100 d before the burst. This reveals an energy release of
 6 × 10 38 erg when using a linear interpolation between the first

uiescent point before and after the burst from the combined ASAS-
N and ATLAS light curve. A lower limit here is used as no bolometric
orrection is used and energy that may have been released in other
arts of the spectrum has not been considered. A more conserv ati ve
ower limit, only integrating the energy of the points abo v e the
uiescence level, would produce an energy of > 9 × 10 37 erg . 

 DI SCUSSI ON  

n Section 4.1 , we discuss the interpretation of the bursts in DW
nc as a micronova, as well as the related implications with this

nterpretation. In Section 4.2 , we discuss the interpretation of signals
etected in TESS data of DW Cnc with the physical and geometrical
onsequences for the system. Section 4.3 details the interpretation of
he spin variability seen in DW Cnc. 

.1 Burst nature 

here are several possible explanations for bursts observed in
agnetic AWDs, such as dwarf no va outbursts, microno vae, and
agnetically gated bursts. A diagnostic diagram that attempts to dis-
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Figure 9. Examples of OPTICAM data from 2023-02-14 (left panels) and 2024-01-10 (right panels). The top : the top panels show a g , r , and i -band light curves 
of DW Cnc on given nights with a specified offset. Middle : the middle panel shows a PSD corresponding to the light curves from the top panel with selected 
periods from TESS ( P spin , P nSH , and P b − P nSH ). Bottom : The bottom panel shows a phase-folded g-band light curve, folded on the spin period P spin from TESS 
data as noted in Table 3 . 

Table 4. OPTICAM observations corresponding to Table 1 . f low repre- 
sents the lowest possible frequency probed by the observation, defined as 
1 / ef fecti v e e xposure from Table 1 . The following columns indicate if the 
spin period P spin and the ne gativ e superhump P nSH were detected in the given 
observation. 

Date ( UT ) f low (c d −1 ) P spin P nSH 

2022-12-10 10.81 � x 
2022-12-15 8.45 x x 
2023-02-05 5.24 � x 
2023-02-06 5.22 � x 
2023-02-10 4.30 � x 
2023-02-14 3.23 x � 

2024-01-10 2.99 � � 

2024-01-12 4.00 � � 

2024-01-14 3.17 � � 

t
e  

r
t
C  

a  

m
e  

h
e

 

i
g
a
t  

t  

e
m
a

d  

S  

C  

o  

r  

D  

t  

a  

F  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/539/3/2424/8071983 by U
niversity of Southam

pton user on 21 August 2025
inguish among these possibilities has been introduced by Iłkiewicz 
t al. ( 2024 ), where the burst integrated energy, peak luminosity,
ecurrence time, and burst duration appear to separate different burst 
ypes. Adopting a peak luminosity for the burst observed in DW 

nc of ≈6.6 × 10 33 erg s −1 , an integrated energy of > 6 × 10 38 erg,
nd a bust duration of < 3 d, it appears that the burst in DW Cnc
ost closely matches the properties of ASASSN −19bh (Scaringi 
t al. 2022c ) and PBC J0801.2 −4625 (Irving et al. 2024 ) which
ave both been interpreted as a particularly energetic micronovae 
vents. 

As discussed in Scaringi et al. ( 2022b ) micronovae may occur
f mass accretion occurs on to magnetically confined polar re- 
ions of AWDs, where accreted mass is magnetically confined and 
ccumulates until thermonuclear ignition conditions are reached, 
riggering a runa way microno va e xplosion. Under these assumptions,
he recurrence time of micronova events on any one system can be
stimated from the mass accretion rate Ṁ acc together with the total 
ass required to thermonuclear ignite the magnetically confined 

ccretion column. 
Adopting a mass to energy conversion rate of hydrogen burning 

uring the CNO cycle of ≈10 16 erg g −1 (Bode & Evans 2008 ; Jos ́e,
hore & Casanova 2020 ), the observed > 6 × 10 38 erg burst in DW
nc would convert to M col > 3 × 10 −11 M �. Assuming this amount
f mass has been accumulated on to a magnetically confined polar
egion since the last burst an estimate of the mass accretion rate on to
W Cnc can be obtained from Ṁ acc = M col /t rec . The M col represents

he mass that is ejected from the accretion column during the burst
nd t rec the recurrence time of the bursts. The ASAS-SN light curve in
ig. 1 reveals a recorded (small amplitude) burst ≈ 6 years earlier,
MNRAS 539, 2424–2434 (2025) 
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Figure 10. Top: PSD of the combined OPTICAM g-band data from Table 1 . 
The vertical lines indicate the spin P spin , ne gativ e superhump P nSH , and the 
beat between the spin-orbit beat and the ne gativ e superhump P b − P nSH . 
Bottom: PSD representing the window function used. 
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hich we assume to be a partially observed micronov ae e vent to
btain a mass accretion rate on to DW Cnc of 5 × 10 −12 M � yr −1 . 
This estimate can be compared to the mass transfer rate of DW

nc assuming the optical and X-ray luminosities are a reliable tracer
or accretion luminosity through 

 acc = 

GM WD Ṁ 

2 R in 
≈ L opt + L X −rays , (1) 

here M WD is the WD mass, assumed to be ∼0.8 M �, Ṁ is
he mass transfer rate, G the gravitational constant and R in the
nner disc radius. We set the inner disc radius to the WD radius,
 in = R WD = 0 . 01 R � as any X-ray emission from accretion curtains

hould also be considered. Adopting the optical luminosity L opt =
 . 8 × 10 31 erg s −1 from the ASAS-SN light curve (excluding bursts),
ogether with the X-ray luminosity of L X = 8 . 7 × 10 31 erg s −1 in
he XMM –Newton 0.3 –10 keV range as inferred by Nucita, Con-
ersi & Licchelli ( 2019 ), yields a mass transfer rate Ṁ ≈ 3 . 9 × 10 −11 

 � yr −1 , consistent with other IPs at similar orbital periods (Knigge
t al. 2011 ; Duffy et al. 2022 ). 

It is important to note that while the the optical and X-ray
uminosities provide an estimate of the secular disc mass transfer
ate, the burst energetics provide an estimate of mass accretion
ate on to the WD magnetically confined polar regions. Although
hese can be the same in some cases, they do not strictly have to
e. As also discussed in Scaringi et al. ( 2022b ) the mass transfer
nd mass accretion rates would not necessarily be the same since
ome of the material may experience either lateral spreading at
he base of the magnetically confined polar region or be accreted
utside of the magnetically confined region (or both). In any case,
NRAS 539, 2424–2434 (2025) 
e emphasize that the interpretation of Scaringi et al. ( 2022b ) and
elated methodology applied here to DW Cnc requires further testing
hrough observational evidence and theoretical modelling. 

.2 TESS signals 

he Lomb–Scargle of the TESS light curves as presented in Fig.
 shows many periodic signals reported in Table 3 . Only three
ignals are al w ays present in the TESS data. One of them, at
7.32166(7) c d −1 is consistent with the spin period of the systems
reviously reported (Rodr ́ıguez-Gil et al. 2004 ). This confirms what
as found in Covington et al. ( 2022 ), i.e. that the spin signal has

eco v ered after its disappearance in the low state (Segura Montero
t al. 2020 ). Another period that is al w ays present in the TESS light
urve is the 20.5962(2) c d −1 signal. This signal has been observed
efore and after the low state (Segura Montero et al. 2020 ; Covington
t al. 2022 ) and is associated with the beat between the spin and the
rbital period of the system. The orbital period is not reco v ered due to
he likely low inclination of the system. The last signal present during
ll TESS sectors is the first harmonic of the beat, at 41.20 c d −1 . 

Sectors 71 and 72 see the appearance of new signals. One of them
s the 16.9276(2) c d −1 signal. This is very close to the spectroscopic
eriod of the system at 16.72441(6) c d −1 (Segura Montero et al.
020 ). Given the close frequencies of the signals, we propose that
6.9276(2) c d −1 is the ne gativ e superhump of the system associated
ith the retrograde precession of a tilted accretion disc. This is similar

o another low-inclination system MV Lyr, which also displays
e gativ e superhump (Bruch 2023 ). No precession frequency has
o we v er been reco v ered. TV Col, another IP showing microno va
ursts, has also shown ne gativ e superhump (Scaringi et al. 2022c );
nd e ven sho wed a positi ve superhump in the pre-burst stage. This
eculiar behaviour suggests that DW Cnc may also show similar
ehaviour before undergoing a burst and thorough monitoring is
ecessary to confirm this for future bursts. 
The other signals represent beats with the harmonics of the

uperhump and the spin-orbit beat, as described in Table 3 . 

.3 Spin variability as evidence of pole flipping? 

s described in Section 3.2 and shown in Fig. 3 the spin period is
howing semiperiodic changes between ‘on’ and ‘off’ states in TESS
ectors 71 and 72, with evidence that the behaviour started as early
s February 2023 from the OPTICAM observations. The change
etween states occurs on 0.2028(9) c d −1 time-scale, consistent with
he fundamental superorbital period expected at 1 

P − = 

1 
P nSH 

− 1 
P orb 

=
 . 2028 c d −1 ∼ 4.9 d, as seen in Fig. 3 and 6 . Unfortunately, this
eriod is not detected in the TESS data but can be reco v ered from
he variability of power at P spin . One possible explanation for this
ehaviour is a modulation of accretion, where accretion ceases
uring the ‘off’ states. This would resemble the low state previously
bserved in DW Cnc (Segura Montero et al. 2020 ) but occurring on
uch shorter time-scales. Ho we ver, in contrast to Segura Montero

t al. ( 2020 ), no significant drop in flux is observed, suggesting
hat accretion persists even during the ‘off’ states. This raises the
ossibility that the modulation is related to accretion geometry rather
han an outright cessation of accretion. 

The hypothesis that pole flipping occurs in DW Cnc must be treated
ith caution. In asynchronous polars (APs), pole flipping is driven by

ccretion from an azimuthally asymmetric stream directly interacting
ith the WD’s magnetosphere (Ferrario & Wickramasinghe 1999 ).
his scenario is known to occur in APs, where the central WD
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ccretes via magnetically confined stream, but the orbit and spin 
eriod are slightly out of sync. In these systems, particularly BY
am and CD Ind (Littlefield et al. 2019 ), where both accretion poles
re visible, the switch from one to another can be detected by a
hase shift of the spin during the beat cycle. In APs, pole-switching
s accompanied by a phase shift of 180 ◦ in the spin cycle during
alf the spin-orbit beat cycle. This is observed in FO Aqr (Norton
t al. 1992 ) as well as CD Ind (Littlefield et al. 2019 ) and BY Cam
Mason et al. 2022 ). Such behaviour is unlikely in DW Cnc, where
he presence of a ne gativ e superhump implies accretion via a tilted,
recessing accretion disc. Unlike APs, where pole flipping occurs 
t the beat frequency between the spin and orbital periods, any pole
odulation in DW Cnc would likely occur at the disc’s precession 

eriod. This distinction underscores that pole flipping in DW Cnc, if
resent, would be fundamentally different from that in APs. 
The observed spin variability may instead reflect changes in the 

ccretion flow alignment with the WD’s magnetic poles, modulated 
y the disc’s tilt and precession. Fig. 4 shows a similar phase shift
f ∼180 ◦ in the beat during the ne gativ e superhump cycle and in the
pin phase during the precession cycle, suggesting that the tilt and 
recession of the disc influence the accretion flow. Furthermore, 
efore the discontinuous jump of spin phase at ∼0.3 and ∼1.6 
recession phase there is a continuous shift in the spin o v er ∼0.5
ycle of the precession. This modulation could lead to periodic 
hifts in the dominant accreting pole. Unlike classical pole flipping, 
hich depends on direct interaction with a stream, this process 
ould be driven by the precession of the disc itself, which modifies

he ef fecti ve area of interaction between the disc and the magnetic
eld. Furthermore, the process needs not to be discrete, but rather a
ontinuous change of accretion power fraction between the magnetic 
oles, as indicated by the right panel in Fig. 4 . 
The non-detection of a photometric modulation at the orbital 

eriod suggests the inclination is fairly low. If that is the case, the
off’ state may correspond to either accretion on to only one magnetic
ole permanently obscured by the WD, or a gradual change of power
ccreted on to either pole. Such a gradual change may be supported
y Fig. 4 and in the remnants of sinusoidal variations in phase-
olded light curves of the spin in the ‘off’ state in TESS data (Fig.
 ) and OPTICAM data (Fig. 9 ). These phase-folded light curves on
he TESS spin period show a single peaked shape consistent with 

ajority accretion on to a single magnetic pole. Furthermore, there 
s no expectation of the geometry of the accretion disc changing, 
s seen in Fig. 8 . This figure shows, that the broad-band shape of
he PSD in DW Cnc is the same during ‘on’ and ‘off’ states as well
s prior to the appearance of the ne gativ e superhump. Considering
he relatively red bandpass of TESS data, this is not surprising as
he bandpass would be only probing the outer edges of the accretion
isc. Nucita et al. ( 2019 ) observed DW Cnc with XMM –Newton in
012 and found that the spin signal is present, and shows no energy
ependence, further suggesting that only one pole is visible. 
Using OPTICAM data, we can further constrain that the ne gativ e

uperhump was present in the system almost a year prior to TESS
ector 71. With the lack of spin in the OPTICAM data from 2023
ebruary 14 th , during which the ne gativ e superhump is detected for

he first time, it may be possible to assume that the spin variability and
e gativ e superhump are coupled. However, the only other instance 
n which the spin is not detected (2022 December 15 th ) is before the
ppearance of the ne gativ e superhump, this is most likely due to the
ower data quality and substantial gaps in the data set. Furthermore, 
he OPTICAM data suggests a continuation of this behaviour after 
he end of Sector 72 for at least another month, up to four months
efore the 4 mag burst. 
A hypothetical scenario may then suggest that once a sufficient 
mount of material has been accreted on one pole a micronova burst
an be triggered. Assuming that similar behaviour occurs before a 
urst, the recurrence time during which material actively accretes on 
o one magnetic pole to trigger a micronova is at least half of the
ime between the observed bursts. Ho we ver, without at least a very
recise recurrence time-scale of the bursts, this cannot be verified. 
imilar IPs, such as EX Hya could therefore ev entually e xhibit such
ehaviour. With similar amplitude bursts reported (Bond et al. 1987 ;
ellier et al. 1989 , 2000 ), EX Hya is a prime candidate for monitoring

o find another system with variable spin and test the relation of its
ariability as pre-cursor of micronova bursts. 

 C O N C L U S I O N S  

W Cnc is a well-studied IP which has been known to show bursts
f unexplained nature in the past. Here, we present new TESS and
round-based ASAS-SN ATLAS and OPTICAM data of DW Cnc. 
e report a new 4-mag burst in the ASAS-SN light curve, which we

nterpret as a micronova burst. We present the similarities of DW
nc behaviour with other magnetic systems showing micronovae as 
ell as categorising it using the diagnostic diagrams from Iłkiewicz 

t al. ( 2024 ). We also report the appearance of a ne gativ e superhump
n two of the five TESS sectors which we retrospectively confirm has
ppeared at least a year earlier in the OPTICAM data. Along with the
e gativ e superhump we report a variability in the spin amplitude on
he precession period associated with the ne gativ e superhump. We
o not observe any changes in the geometry of the accretion disc or
ux levels during the times at which the spin amplitude is negligible.
o we v er, we observ e a decrease in the amplitude of all the other

ignals present in the PSD. We associate this behaviour to several
ossible scenarios, where in the ‘off’ state the accretion mostly occurs 
n to the accretion pole obscured by the WD. An observed ∼180 ◦

hift in the spin phase o v er the precession cycle of the disc as well
s ∼180 ◦ shift in the beat phase o v er the ne gativ e superhump cycle
urther suggests that the accreting poles are switching and that this
henomena is linked to the tilt of the accretion disc. We are not able
o distinguish this unequiv ocally, b ut we propose that the geometry
ould be verified with fast time-resolved spectroscopy to separate 
on’ and ‘off’ states. 
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