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A B S T R A C T 

PBC J0801.2–4625 is an intermediate polar with a primary spin frequency of 66.08 d 

−1 and an unknown orbital period. The 
long-term All Sky Automated Surv e y for Superno vae (ASAS-SN) light curv e of this system reveals four bursts, all of which 

have similar peak amplitudes ( ∼2 mag) and durations ( ∼2 d). In this work, we primarily study the timing properties of this 
system’s 2019 February burst, which was simultaneously observed by both ASAS-SN and the Transiting Exoplanet Surv e y 

Satellite ( TESS ). Pre-burst, a frequency of 4.064 ± 0.002 d 

−1 (5.906 ± 0.003 h period), likely attributed to the binary orbit, is 
identified in addition to previous measurements for the white dwarf’s spin. During the burst, ho we ver, we find a spin frequency 

of 68.35 ± 0.28 d 

−1 . Post-burst, the spin returns to its pre-brust value but with a factor 1.82 ± 0.05 larger amplitude. The burst 
profile is double-peaked, and we estimate its energy to be 3.3 × 10 

39 erg. We conclude that the burst appears most consistent 
with thermonuclear runaway (i.e. a ’micronova’), and suggest that the spin variations may be an analogue to burst oscillations 
(i.e. ’micronov a oscillations’). Ho we ver, we also note that the above findings could be explained by a dwarf nova outburst. With 

the available data, we are unable to distinguish between these two scenarios. 

Key w ords: stars: dw arf novae – stars: individual: PBC J0801.2–4625 – nov ae, cataclysmic v ariables. 
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 I N T RO D U C T I O N  

warf novae (DNe) are cataclysmic variables (CVs) that undergo
ecurrent outbursts. CVs are binary systems containing a white dwarf
WD) primary and a low-mass secondary; Roche lobe o v erflow
auses material to be stripped from the secondary and accreted onto
he primary, typically via an accretion disc (Warner 1995 ). Patterson
 1981 ) defines DN outbursts as ∼3–6 mag increases in brightness
hat occur every ∼1–6 months and return to quiescence in 3–20 d.
N outbursts can be explained by the disc instability model (DIM;

ee Lasota 2001 for a re vie w), where instabilities develop in the
ccretion disc. 

Typically, DN outbursts are observed in non-magnetic CVs, where
he magnetic field of the WD primary is negligible. CVs with highly
agnetized primaries are known as polars. In these systems, the
agnetic field of the WD is � 10 7 G (page 308 of Warner 1995 ),

nd its rotation period is synchronous with the orbital period of the
ystem (known as sychronism); due to this synchronism, polars do
ot posses accretion discs. If, instead, the primary is only moderately
agnetized, such that synchronism cannot be achieved, the system

s referred to as an intermediate polar (IP; Warner 1995 ). IPs
 E-mail: Z.Irving@soton.ac.uk 
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re particularly interesting due to their physical and observational
imilarities to low-mass X-ray binaries (LMXBs; e.g. Warner 1995 ,
004 ). 
In an IP, the WD may not have an accretion disc if its magnetic
oment is particularly large (e.g. V2400 Ophiuchi; Buckley et al.

995 , 1997 ; Hellier & Beardmore 2002 ). Ho we v er, man y IPs do
how signs of an accretion disc (e.g. Hellier 1991 ; Hellier, Garlick
 Mason 1993 ; Parker, Norton & Mukai 2005 ). Since an accretion

isc around a magnetized WD is truncated at the magnetospheric
adius, infalling material travels along the magnetic field lines and is
ccreted on to the poles. Depending on the inclination, it is therefore
ossible to directly measure the spin of the WD in an IP. Ho we ver,
f such a system were to undergo a DN outburst, accretion may no
onger be confined to the poles. In this case, pulsations at the spin
requency would not be observed, depending on the strength of the
agnetic field (e.g. Hameury & Lasota 2017 ). Spin pulsations have

een observed in the IPs GK Per and EX Hya during outburst in
-rays (e.g. Hellier et al. 2000 ; Zemko et al. 2017 , repsectively), but

imilar pulsations are yet to be observed in the optical. 
Within the DN outburst framework, the effect of a truncated

ccretion disc (as in IPs) is an increased recurrence time (e.g.
ameury & Lasota 2017 ). In addition, DN outbursts in magnetic
Vs can also have shorter durations (e.g. Angelini & Verbunt
989 ). Recently, ho we ver, it has been disco v ered that some very
© The Author(s) 2024. 
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icenses/ by-nc/ 4.0/ ), which permits non-commercial re-use, distribution, and 
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hort DN outbursts may be a result of localized thermonuclear 
unaways (TNRs; Scaringi et al. 2022b ). Global TNRs are commonly 
bserved in LMXBs, producing so-called Type-I X-ray bursts (see 
alloway et al. 2008 for a re vie w). In the framework of Scaringi

t al. ( 2022a , b ), material builds up on the poles of an accreting
ildly magnetic WD until the pressure becomes sufficiently large to 

rigger a localized TNR, resulting in a ’microno va’. Microno vae are
ntrinsically interesting as nuclear phenomena, and the similarities 
o Type-I X-ray bursts further strengthen the link between LMXBs 
nd magnetic CVs of the IP type. 

Herein, we present an analysis of PBC J0801.2–4625’s TESS 
ector 8 (2019 February) light curve, during which the system 

nderwent an eruption. PBC J0801.2–4625 is an IP with a primary 
pin frequency of 66.08 d −1 (Bernardini et al. 2017 ; Halpern et al.
018 ) and an unknown orbital period. The Gaia parallax for this
ystem is 0.704 ± 0.023 mas, 1 suggesting a geometric distance of 
355 ± 42 pc. 2 In Section 2 , we discuss our data collection; in
ection 3 , we detail how we analysed these data; in Section 4 , we
resent the results of this analysis; in Section 5 , we attempt to provide
hysical interpretations for these results. We conclude that the burst’s 
roperties are most consistent with a micronova, though changes in 
he WD’s spin pulsations are suggestive of changes in the accretion 
ressure, and thus a DN outburst. With the available data, we are
nable to distinguish between burst mechanisms. 

 DATA  

.1 ASAS-SN 

he All Sky Automated Survey for Supernovae (ASAS-SN) is 
 collection of ground-based optical observatories that monitors 
he entire visible sky. ASAS-SN has a nominal cadence of three 
bservations per night (with each observation consisting of three 
ithered 90 s exposures), a limiting brightness of ∼17 mag, and 16
rcsec full width at half-maximum point spread function (Shappee 
t al. 2014 ; Kochanek et al. 2017 ). Early ASAS-SN observations
sed V -band filters, while the most recent observations use g -band
lters. To extract a long-term ASAS-SN light curve for our source, 
e used the light-curv e serv er, 3 which performs extractions using a

wo pixel (16 arcsec) aperture. PBC J0801.2–4625 has a Gaia proper 
otion of ∼2.5 mas yr −1 , which is negligible in the ∼7 yr ASAS-SN

ight curve. 

.2 TESS 

n this work, we present data from the Transiting Exoplanet Survey 
atellite ( TESS ), which can be obtained from the Mikilski Archive
or Space Telescopes (MAST 

4 ). TESS is a spaced-based optical/near- 
nfrared (600–1000 nm) all-sky survey telescope capable of produc- 
ng science products with a cadence as high as 20 s. PBC J0801.2–
625 has been observed by TESS (Sector 8) between 2nd and 27th
f February 2019 at 2-min cadence. To construct our light curve, 
e chose the SAP (simple aperture photometry) flux. The SAP flux 
as chosen in order to preserve all intrinsic variability of the source,
hich can be affected in the processed PDCSAP flux. The data were
 Gaia DR3 ID: 5518846852963401600. 
 https:// dc.zah.uni-heidelberg.de/ gedr3dist/ q/ cone/ form 

 https:// asas-sn.osu.edu/ 
 https:// mast.stsci.edu/ portal/ Mashup/ Clients/ Mast/ Portal.html 
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btained using the Lightkurve Python package. 5 All data points 
ith quality flag > 0 have been removed to ensure minimal non-

ntrinsic contamination. To account for Barycentric corrections, we 
se TESS ’s Barycentric Julian date. 

 M E T H O D  

.1 Cross-calibrating ASAS-SN and TESS 

he light curves produced by TESS provide excellent relative 
hotometry. To convert the TESS flux from electrons/s to mJy, and
ake use of absolute photometry, the TESS flux needs to be compared

o nearly-simultaneous ASAS-SN g -band observations (e.g. Scaringi 
t al. 2022b ). Comparing nearly simultaneous ASAS-SN and TESS 
bservations, we can define a linear relationship: 

 ASAS −SN [ mJy ] = A × F TESS 

[
e −s −1 

] + C, (1) 

here F ASAS-SN and F TESS are the ASAS-SN and TESS fluxes, 
espectively, and A and C are free parameters (Veresvarska et al.
024 ). Converting the TESS flux from electrons/s to mJy therefore
equires fitting for A and C on a case-by-case basis. 

.2 Detecting periodic signals 

or detecting periodic signals, we use the Lomb–Scargle (L–S) 
eriodogram (Lomb 1976 ; Scargle 1982 ). 

.2.1 Problems of non-stationarity 

etecting periodic signals in non-stationary time series (i.e. during a 
urst) is problematic for the L–S periodogram. To account for non-
tationarity in our time series, we de-trend using a moving average
ith a window size of 5 P spin . This window size is large enough to
ave a minimal effect on the spin modulations, while also being small
nough to remo v e the long-term variability. 

.2.2 Normalization 

he power spectral density (PSD) normalized L–S periodogram 

sometimes referred to as the unnormalized L–S periodogram) can 
e written as 

 ( f ) = 

χ2 
const − χ2 ( f ) 

2 
, (2) 

here f is the frequency, and χ2 
const and χ2 ( f ) are the sum of the

esiduals around the best-fitting constant and periodic models, re- 
pectively (e.g. VanderPlas 2018 ). This normalization is particularly 
seful since, in the limit of evenly spaced data, it reproduces the
tandard Fourier power spectrum. In this work, we typically divide 
quation ( 2 ) by the root mean square (RMS) of the flux: 

 RMS ( f ) = 

P ( f ) 

RMS( y ) 
, (3) 

here y is the flux vector used to compute the L–S periodogram, to
roduce an RMS normalized power spectrum. The RMS normalized 
ower has the same units as the flux, and its value is necessarily
elated to the RMS amplitude of the signal. The RMS normalized
–S periodogram is therefore better suited to comparing the relative 
mplitudes of signals. 
MNRAS 530, 3974–3985 (2024) 
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Table 1. Prior probability distributions for our model parameters. 

Parameter Prior 

A , B logU ( min ( f er r ) , 10( max( f ) − min ( f ))) 
μ U ( mi n ( t) , max ( t)) 
σ rise , σ decay , τ log U ( min ( δt ) , max( t ) − min ( t)) 
o U ( mi n ( f ) , max ( f )) 

Notes. U ( a, b) represents a prior that is uniform from a to b , while 
logU ( a, b) denotes a prior that is uniform in logarithm. f represents the flux 
measurements, ferr represents the errors on these measurements, t represents 
the observation time, and δt represents the observing cadence. 
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.2.3 Frequency uncertainties 

o estimate the frequency uncertainties on features in our L–S
eriodograms, we re-sample the data points with replacement (as
n Zurek et al. 2009 ). In doing this, a flux measurement F i can
nly appear at time t i , ho we ver, it can appear anywhere from 0
o N times (where N is the number of data points in the original
ight curve). This method therefore changes how each data point is
eighted in the computation of the L–S periodogram, as well as

lightly changing the window function. By taking the frequency of
he tallest peak in the periodogram of each re-sampled light curve,
e can construct a distribution of peak frequencies. This distribution
ill, in general, be multimodal, with modes corresponding to each

large) peak in the original light curve’s periodogram. In our case,
e found that these modes were well approximated as Gaussians,

llowing us to describe the frequency of a given peak in the original
ight curve’s periodogram as the mean ± the standard deviation of
ts corresponding mode. 

.3 Burst profile modelling 

o fit and quantitatively compare burst models, we use nested sam-
ling (Skilling 2004 , 2009 ). We implement nested sampling using
he MLFriends algorithm (Buchner 2016 , 2019 ) via the UltraN-
st 6 package (Buchner 2021 ). Nested sampling is a Monte Carlo

echnique for computing the Bayesian evidence and constructing
arameter posterior probability distributions. The Bayesian evidence
s defined as 

 ( D| M) = Z = 

∫ 
P ( D| θ, M ) P ( θ | M )d θ, (4) 

here D represents some data, M represents some model, and
represents some model parameters (e.g. Skilling 2004 ). P ( D | θ ,
 ) therefore represents the likelihood, and P ( θ | M ) represents the

arameter prior probability distributions. The ratio of the Bayesian
vidences between two models is known as the Bayes factor: 

F 12 = 

Z 1 

Z 2 
, (5) 

nd this quantifies which model is more likely to have produced
he observed data, assuming both models are equally probable a
riori. BF 12 > 1 indicates a preference for model 1, while BF 12 <

 indicates a preference for model 2. Buchner et al. ( 2014 ) showed
hat false decision rates lower than 1 per cent can be achieved using a
hreshold of BF 12 = 10; as such, we consider BF 12 ≥ 10 to constitute
 significant preference for model 1 o v er model 2. In cases where the
ayes factor is not significant, simulations can be used to determine
 corresponding false decision rate, as in Buchner et al. ( 2014 ). 

To fit our models, we use a simple Gaussian likelihood: 

 = −1 

2 

∑ 

(F obs − F model 

σ

)2 
, (6) 

here F obs are the observ ed flux es, F model are the model fluxes, and
are the errors on the observed fluxes. For our burst shape, we con-

ider two simple models. The first model is an asymmetric/skewed
aussian function: 

 skewed Gauss ( t) = 

⎧ ⎨ 

⎩ 

A exp 
(

− ( t−μ) 2 

2 σ 2 
rise 

)
+ o if t ≤ μ

A exp 
(

− ( t−μ) 2 

2 σ 2 
decay 

)
+ o otherwise 

, (7) 
NRAS 530, 3974–3985 (2024) 
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here t represents time, A is the amplitude, μ is the time of flux
aximum, σ rise and σ decay are related to the rise and decay time-

cales, respectively, and o is the quiescent emission level. When
tting this model, we impose the constraint that σ rise must be less

han σ decay to mimic the fast-rise-exponential-decay characteristic
ypical of astrophysical burst events. The second model we consider
s a superposition of two skewed Gaussian functions; when fitting this
odel, we further imposed the constraint that μ1 must be less than
2 to a v oid o v erlapping bursts and de generacies in the parameter

pace. We present the priors for each of our model parameters in
able 1 . 
To compute the Bayesian evidence for our two burst models,

e use UltraNest ’s SliceSampler step sampler. We prefer a
tep sampler in this case since we found that UltraNest ’s default
ampler resulted in low sampling efficiency, and thus required long
ompute times to reach convergence. When using a step sampler, the
ampling efficiency is inversely proportional to the number of steps,
llowing steady progress to be made in even the most tricky of cases.
o use a step sampler, two parameters must be defined: the number of
teps and the direction proposal algorithm. Buchner ( 2022 ) compared
0 different direction proposal algorithms and found that, in general,
heir ’de-mix’ algorithm performed the best. ’de-mix’ randomly
hooses between whitened slice sampling and differential evolution
ith equal probability (see Buchner 2022 for more details on these

lgorithms). They also found that this direction proposal algorithm
equires at least two steps per dimension (i.e. two steps per model
arameter) to a v oid biases. For these reasons, we use the ’de-mix’
irection proposal algorithm (implemented in UltraNest via the
enerate mixture random direction function) with two
teps per model parameter. To ensure our results are robust against
tep sampler biases, we re-run our samplers and double the number
f steps each time until the results from consecutive runs are within
rror. 

 RESULTS  

.1 Long-term ASAS-SN light cur v e 

n Fig. 1 , we present the long-term ASAS-SN light curve for PBC
0801.2–4625. This light curve shows an average flux of ∼ 15–16
ag, with a slowly decreasing global trend. We identify four burst

vents with vertical dashed lines labelled 1–4 chronologically. Bursts
re separated by ∼ 1–2 yr, and show similar peak amplitudes of ∼2
ag and durations of � 2 d. Ho we ver, further bursts may have been
issed due to ASAS-SN’s observing cadence, or if they occurred

etween observing seasons. At the time of writing, only one burst
burst 2) has been observed simultaneously by both ASAS-SN and
ESS . 

https://johannesbuchner.github.io/UltraNest/
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Figure 1. ASAS-SN light curve of PBC J0801.2–4625. ASAS-SN has a nominal cadence of three observations per night. The data points are colour-coded by 
filter (legend), and the dashed lines identify four burst events numbered 1–4 chronologically. 
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.2 Cross-calibration 

n Fig. 2 , we present the cross-calibrated ASAS-SN and TESS Sector
 light curve, with a zoomed inset corresponding to the shaded grey
egion. No bolometric correction has been applied to account for 
ny potential differences in bolometric correction during the burst 
nd in quiescence. For the first half of Sector 8, the calibration
arameters are A = 0 . 017 ± 0 . 001 mJy 

e −s −1 and C = −4.0 ± 0.5 mJy
equation 1 ). Similarly, for the second half the parameters are A =
 . 0239 ± 0 . 0003 mJy 

e −s −1 and C = −7.2 ± 0.1 mJy. This figure shows
hat the rise time of the burst is ≤0.5 d, and the addition of the TESS
ata reveals a slightly larger peak amplitude than that suggested by 
ig. 1 . That said, TESS may have missed the peak of the burst as its
nset coincides with a gap in the higher cadence data; for this reason,
e refer to the TESS data before the gap (i.e. before BJD 2458530)

s the pre-burst segment, and the data after the gap as the burst +
ost-burst segment. 

.2.1 Comparing single- and double-peaked burst shapes 

ig. 2 appears to show a secondary peak during the decay of the burst
t BJD ∼2458536. To verify the significance of this secondary peak, 
e compared single- and double-peaked burst models as described in 
ection 3.3 . To estimate the errors on our TESS flux measurements,
e assumed Poisson statistics. Ho we ver, TESS data are not strictly
oissonian after background corrections, and so these errors are 
 v erestimated. F or the purposes of modelling the burst, ho we ver, the
ffects of this error o v erestimation are minimal. 

Comparing the Bayesian evidences for the single- and double- 
eaked burst models, the Bayes factor is e 14145.96 ± 0.85 in fa v our
f the double-peaked model. This value is well in excess of our
ignificance threshold, and so we choose not to calibrate this value 
o a false decision rate. The resulting burst shape is shown in Fig. 3 .

.3 Pre-burst 

n Fig. 4 , we present a PSD normalized L–S periodogram of Fig.
 ’s pre-burst TESS data. To produce this periodogram, we fit for the
ean of the data (i.e. we computed a ’floating-mean periodogram’; 
umming, Marcy & Butler 1999 ; VanderPlas & Ivezi ́c 2015 ), and
se the full frequency range: 1/ T –1/2 δt ( ∼0.1–360.0 d −1 ), where T is
he time span of the observation ( ∼ 11 d) and δt is the observing
adence (2 min). The resulting periodogram shows red noise at 
ow frequencies, while white (Poisson) noise dominates at high 
requencies. We identify three prominent features in this periodogram 

t frequencies of ∼4, ∼66, and ∼132 d −1 using vertical lines. 
In Fig. 5 , we present a dynamical power spectrum of Fig. 2 ’s

re-burst TESS data after de-trending. To compute this dynamical 
pectrum, 1 d segments were used with offsets of one data point to
llow for maximum o v erlap. The powers hav e been RMS normalized,
nd the frequency range corresponds to ±10 per cent of the expected
pin frequency ( ∼66 d −1 ; Halpern et al. 2018 ). The contours
epresent the relative powers of features in the spectrum, and the time
t which each underlying L–S periodogram appears in the dynamical 
pectrum corresponds to the mean time of the epoch used to compute
he periodogram (see e.g. Watts 2012 for more details on dynamical
ower spectra). This figure reveals no significant evolution in the 
requency of the signal, though there is some variation in the peak
ower. The maximum in the peak power occurs at BJD ∼2458520.2,
hile the minimum occurs approximately 1.5 d later. The maximum 

nd minimum peak powers correspond to frequencies of 66.04 and 
6.12 d −1 , respectively, the ratio between their powers is 3.05, and
he ratio between the corresponding RMS fluxes (before de-trending) 
s 1.13. We note that c ycle-to-c ycle amplitude variations are common
n IPs and magnetic CVs more generally (e.g. O’Donoghue, Koen &
ilkenny 1996 ; Reimer et al. 2008 ). 

.4 Burst + post-burst 

n Fig. 6 , we show L–S periodograms from three different epochs.
hen computing these periodograms, the light curves were de- 

rended and the powers were RMS normalized. The spin frequency 
f the WD (66.08 d −1 ; Halpern et al. 2018 ) is shown by the solid
ertical line in each periodogram. The periodograms of the first 
nd last epochs show a single prominent feature at the WD spin
requency. Ho we ver, the periodogram of the middle epoch has its
ost prominent feature at a decidedly higher frequency, and a less

rominent feature close to, but slightly abo v e, the WD spin frequenc y.
e also note that the powers of these features are all considerably

ifferent: The periodogram of the last epoch has the greatest peak
MNRAS 530, 3974–3985 (2024) 
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M

Figure 2. Cross-calibrated light curve of PBC J0801.2–4625. The red o markers show the ASAS-SN data, while the black point markers show the TESS Sector 
8 data at 2-min cadence. The inset shows a zoomed section of the quiescent emission indicated by the shaded grey region. Since the gap in these data coincides 
with a burst event, we refer to the data before the gap as the pre-burst segment, and the data after the gap as the burst + post-burst segment. 

Figure 3. Fig. 2 with best-fitting burst model (red line). The zoomed inset shows the second peak in the burst and corresponds to the shaded grey region. 
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o wer, follo wed by the periodogram of the first epoch (a factor 2.3
ower), with the periodogram from the middle epoch having the
o west peak po wer (a factor 3.1 lo wer than the peak po wer of the
nal epoch). 
In Fig. 7 , we present L–S periodograms and bootstrapped fre-

uency distributions corresponding to different sections of the burst
 post-burst TESS data of Fig. 2 . As in Fig. 6 , the light curves were

e-trended and the powers are RMS normalized. The spin frequency
f the WD (66.08 d −1 ; Halpern et al. 2018 ) is shown by the solid
ertical line in each periodogram. This figure shows how the signal
round the known spin frequency of the WD evolves during the burst:
n the first epoch, the most prominent feature in the L–S periodogram
s significantly higher than the WD spin; this higher frequency signal
ets superseded later in the burst by a signal slightly abo v e the
D spin frequency (second epoch); later still (third epoch), the

wo frequencies from the second epoch appear to merge into a single
eature somewhat abo v e the WD spin frequenc y; after approximately
 d (final two epochs), the signal returns to being consistent with
he known spin frequency of the WD. Fig. 7 also shows that the
NRAS 530, 3974–3985 (2024) 
mplitudes of the aforementioned signals vary considerably on time-
cales < 1 d. 

In Fig. 8 , we present a dynamical power spectrum of the
 urst + post-b urst TESS data from Fig. 2 after de-trending. This
ynamical power spectrum was computed, and is presented, in
he same way as Fig. 5 . In contrast to Fig. 5 , this figure shows
ignificant evolution in the frequency of the signal, in addition to
ariations in the peak power. Similarly to Figs 6 and 7 , Fig. 8
hows features abo v e the WD spin frequency drifting downward,
symptoting at the WD spin (dashed black line). Interestingly, this
gure shows that the peak power reaches a maximum at BJD
24571537.7, where the peak power is a factor 1.6 larger than the

eak power at the end of the spectrum. The frequency at which
his dynamical power spectrum achieves its maximum peak power
s 66.11 d −1 , consistent with the 66.08 d −1 peak from Fig. 4 .

e emphasize, ho we ver, that due to how this dynamical power
pectrum has been computed, changes in frequency may appear
rtificially smoothed, and so we caution against misinterpreting this
gure. 
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Figure 4. PSD normalized L–S periodogram of Fig. 2 ’s pre-burst TESS data. 
Three prominent features in the periodogram are identified at frequencies of 
∼4, ∼66, and ∼132 d −1 . We note the presence of red noise at low frequencies, 
while high-frequency powers appear to show primarily white noise. 

Figure 5. Dynamical power spectrum of the de-trended pre-burst light curve 
atop the pre-burst light curve. To compute this dynamical spectrum, 1-d 
segments were used; between successive periodograms, the segment window 

was shifted by one data point to allow for maximum o v erlap. The powers have 
been RMS normalized, and the frequency range corresponds to ±10 per cent 
of the expected spin frequency (66.08 d −1 ; dashed black line). The time at 
which each underlying L–S periodogram appears in the dynamical spectrum 

corresponds to the mean time of the epoch used to compute the periodogram. 
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Finally, in Fig. 9 , we present a second dynamical power spectrum
f the burst + post-burst TESS data from Fig. 2 after de-trending.
his dynamical power spectrum was computed, and is presented, in a 
imilar way to Fig. 5 , ho we v er, the frequenc y range now corresponds
o ±10 per cent of the twice the WD spin (i.e. 132.15 d −1 ). In
ontrast to Fig. 8 , Fig. 9 shows an upward frequency drift with a peak
n the RMS amplitude of the signal occurring at BJD ∼2458539 d.
o we ver, it is also clear that during the burst the harmonic’s statistics

re quite poor, as evidenced by the numerous additional contours at 
nassociated frequencies. Therefore, while we include this result 
ere, we primarily focus on the fundamental frequency since its 
tatistics are better. 
 DI SCUSSI ON  

n Section 4 , we showed that PBC J0801.2–4625’s long-term ASAS-
N light curve (Fig. 1 ) shows four bursts separated by ∼ 1–
 yr. All four bursts have comparable peak amplitudes ( ∼ 1–
 mag) and durations ( � 2 d), and the second burst identified in
his figure was simultaneously observed by TESS (Fig. 2 ). Using
he high-cadence TESS data, we showed that there are significant 
hanges in the power spectrum around the WD spin frequency 
uring the burst (Figs 6 –8 ). Below, we attempt interpret these
esults. 

.1 Long-term ASAS-SN light cur v e 

t is clear from Fig. 1 that burst 2, which occurred in 2019 February
nd was simultaneously observed by TESS , does not appear atypical:
t has an unremarkable peak amplitude and duration relative to the
ther bursts. We therefore assume that Fig. 2 is representative of PBC
0801.2–4625’s typical bursting behaviour. 

.2 Pre-burst 

.2.1 Orbit 

he spin frequency of PBC J0801.2–4625’s WD is known to be
6.08 d −1 (Bernardini et al. 2017 ; Halpern et al. 2018 ), so the
ow-frequency feature at ∼4 d −1 ( P ≈ 6 h) in Fig. 4 is unlikely
o be associated with the WD spin. Ho we ver, a number of CVs
ave orbital periods, P orb , of approximately 6 h, for example: AH
ridani ( P orb = 5.74 h; Thorstensen 1997 ), Nova Aquilae 1995 ( P orb 

 6.14 h; Retter, Leibowitz & Kovo-Kariti 1998 ), TX Columbae
 P orb = 5.69 h; Buckley & Tuohy 1989 ; Ra wat, P ande y & Joshi
021 ), and XY Arietis ( P orb = 6.06 h; Allan, Hellier & Ramseyer
996 ). We therefore attribute the feature at ∼4 d −1 to the orbital
requency of this system. By bootstrapping the light curve, we 
nd an orbital period of 5.906 ± 0.003 h. To our knowledge, 

his is the first time the orbital period of this system has been
eported. 

.2.2 WD Spin 

ince the spin frequency of PBC J0801.2–4625’s WD is known to be
6.08 d −1 (Halpern et al. 2018 ), we attribute the feature at ∼66 d −1 

n Fig. 4 to the spin frequency of the WD. Bootstrapping the light
urve yields a spin frequency of 66.081 ± 0.001 d −1 , corresponding
o a period of 21.7916 ± 0.0004 min. 

.3 Burst energy 

ith the source distance, and TESS ’s filter width (500 nm; Sec-
ion 2.2 ), we can convert the burst model (Fig. 3 ) from spectral
ux density to luminosity. By then integrating the luminosity model, 
nd subtracting the quiescent emission, we estimate the total energy 
mitted during the burst to be 3.3 × 10 39 erg. Ho we ver, that our
uminosity is likely underestimated for two reasons: (i) we have 
ot accounted for any bolometric correction when cross-calibrating 
SAS-SN and TESS , (ii) we assume a flat emission spectrum when

onverting from spectral flux density to luminosity. As such, our 
urst energy is also likely underestimated. 
MNRAS 530, 3974–3985 (2024) 
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M

Figure 6. Top panel: L–S periodograms computed from non-o v erlapping se gments of the light curv e shown in the bottom panel. The black vertical lines in 
the top panel show the spin frequency of the primary (66.08 d −1 ). The periodograms are colour-coded to match the windows highlighted by the vertical dashed 
lines in the bottom panel. 

Figure 7. L–S periodograms and bootstrapped frequency distributions (left panel) for corresponding epochs in the second half of the TESS Sector 8 light curve 
(right panel). 

Figure 8. Similar to Fig. 5 , but for the burst + post-burst segment of Fig. 2 . Figure 9. Similar to Fig. 8 , but showing the first harmonic of the WD spin. 
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.4 Burst mechanisms 

.4.1 Micronovae 

he burst energy from Section 5.3 is remarkably consistent with the 
nergy emitted during a micronova (Scaringi et al. 2022b ). Below, 
e therefore consider whether our results can be interpreted within 

he micronova framework. 
Scaringi et al. ( 2022b ) analyse burst events from three accreting
D systems: TV Columbae (TV Col), EI Ursae Majoris (EI UMa), 

nd ASASSN-19bh. The light curves of TV Col and EI UMa show
onsecutive short ( < 1 d) bursts, while the light curve for ASASSN-
9bh shows a single, extended ( > 1 d) burst. ASASSN-19bh has
 simple burst shape compared to TV Col and EI UMa. Scaringi
t al. ( 2022b ) calculate burst energies of 3.5 × 10 38 , 5.2 × 10 38 ,
nd 1.2 × 10 39 erg for TV Col, EI UMa, and ASASSN-19bh, 
espectively. 7 In the context of Scaringi et al. ( 2022b ), we note that
ig. 3 is most similar to the burst of ASASSN-19bh (their fig. 2).
o we ver, the most striking similarity can be seen when comparing
ig. 3 to a number of Type-I X-ray bursts, for example: 4U 1636–535
Bhattacharyya & Strohmayer 2006a ), 4U 1608–52 (Jaisawal et al. 
019 ), and SAX J1808.4–3658 (Bult et al. 2019 ). 
To explain double-peaked Type-I X-ray bursts, Bhattacharyya 
 Strohmayer ( 2006b ) suggested a stalling of the TNR, though

he underlying physical mechanism responsible for this is unclear. 
aisawal et al. ( 2019 ) concluded that the double-peaked burst shape of 
U 1608-52 was most likely due to the reburning of fresh or lefto v er
aterial during the cooling tail (Keek & Heger 2017 ). Interestingly, 

aisawal et al. ( 2019 ) also noted that if matter is confined to a small
egion, two bursts occurring nearly simultaneously could produce a 
urst that appeared double-peaked. Ho we v er, Jaisa wal et al. ( 2019 )
oncluded that two nearly-simultaneous bursts was unlikely in their 
ase since 4U 1608-52’s magnetic field is too weak. 

Assuming the burst presented in Fig. 3 is indeed a micronova, 
e find two compelling explanations for the double-peaked shape: 

i) the first peak is a standard micronova (Scaringi et al. 2022a , b )
nd the second peak is due to the reburning of fresh or lefto v er
aterial (Keek & Heger 2017 ; Jaisawal et al. 2019 ), (ii) the two

eaks are separate micronovae on opposite hemispheres that occur 
early simultaneously. We find (i) to be more likely since (ii) would
equire almost identical accretion rates on to the poles and extremely 
imilar accretion column fractional areas (Scaringi et al. 2022a , b ). 

Regarding the recurrence times of micronovae, Scaringi et al. 
 2022a ) show that 

 rec = 

M col 

Ṁ acc 
, (8) 

here t rec is the recurrence time, M col is the accretion column mass,
nd Ṁ acc is the accretion rate. Scaringi et al. ( 2022a ) note that typical
ass-transfer rates of 10 −10 M � yr −1 can trigger micronovae with a 

ecurrence time of t rec ≈ 100 d. Fig. 1 suggests an upper limit on
he recurrence time of ∼ 1–2 yr, a factor ∼ 3.7–7.3 larger than the
ecurrence time for a typical accretion rate; this may be suggestive of
BC J0801.2–4625 having a below-average accretion rate for its 5.9 h 
rbital period (following the Ṁ acc –P orb relation of Knigge, Baraffe & 

 atterson 2011 ). Alternativ ely, PBC J0801.2–4625 may hav e a more
ypical accretion rate for its orbital period ( Ṁ acc ∼ 10 −9 M � yr −1 

ccording to Knigge et al. 2011 ), but not all of this accreted material
s confined to the poles. That said, we note that the calibrations of
 Note: The energies for TV Col and EI UMa are summed o v er their 
onsecutive bursts. 

r  

fi  

t  

1

nigge et al. ( 2011 ) are only appropriate for unevolved CV donors,
hich may not be the case for PBC J0801.2–4625 given its 5.9 h
rbital period. 

.4.2 Dwarf nova outburst 

he burst frequency suggested by Fig. 1 is consistent with DN
utbursts in an IP (e.g. Hellier et al. 2000 ), as are the amplitude
nd duration of the burst shown in Fig. 3 . For these reasons, it is
ifficult to dismiss the possibility that PBC J0801.2–4625 exhibits 
N outbursts and not micronovae. 
Hameury & Lasota ( 2017 ) investigate DN outburst mechanisms 

n IPs, and show that the DIM can only explain long (i.e. a few
ays) outbursts in such systems. For shorter outbursts, enhanced mass
ransfer or, more likely, an instability coupling the WD magnetic field
ith that generated by the magnetorotational instability operating in 

he accretion disc is needed. In our case, the burst duration shown
n Fig. 3 ( ∼2 d) is between the long and short regimes, meaning we
annot confidently distinguish between DN outburst mechanisms. 

Following a DN outburst, ’rebrightenings’ are sometimes observed 
e.g. Hameury & Lasota 2021 ). Ho we ver, these rebrightenings are
ypically observed in WZ Sge stars, where the outburst peak ampli-
ude is large ( ∼8 mag) and the recurrence time is long [ O(decades)]
e.g. Kato 2015 ). Fig. 1 shows recurrence times O(years), too short
or a WZ Sge star, and further shows no evidence for rebrightenings
ollowing any of the observed bursts. As such, interpretation of 
ig. 3 ’s double-peaked shape within the DN outburst framework 

s difficult. 

.4.3 Classification 

aving considered PBC J0801.2–4625’s bursts within the micronova 
nd DN outburst frameworks in Sections 5.4.1 and 5.4.2 , respectively, 
e fa v our the micronov ae interpretation. We find the qualitati ve

imilarities between Fig. 3 and a number of Type I X-ray bursts
articularly compelling, in addition to the similar burst energy to 
SASSN-19bh’s micronova in Scaringi et al. ( 2022b ). To classify

he burst mechanism more quantitati vely, ho we ver, Iłkie wicz et al.
 2024 ) showed that burst events in CVs can be classified using a series
f ’diagnostic diagrams’. To make use these diagnostic diagrams, we 
se the peak spectral flux density of the model shown in Fig. 3
o infer a peak luminosity of ∼2.9 × 10 34 erg s −1 (recalling that
his luminosity is likely underestimated for the reasons outlined in 
ection 5.3 ). Assuming a burst duration of 2 d (lower limit of Fig.
 ), and using the burst energy from Section 5.3 , it is clear that
BC J0801.2–4625’s 2019 February burst is most consistent with 
 micronova. Indeed, DN outbursts typically have peak luminosities 
nd total energies approximately an order of magnitude lower than 
ur inferred values (Iłkiewicz et al. 2024 ). 

.5 Burst + post-burst 

.5.1 Validating the change in frequency during the burst 

igs 6 –8 all suggest a change in the spin pulsations of PBC J0801.2–
625’s WD during its 2019 February burst. Ho we ver, since these
gures only show a narrow frequency range around the spin, it is
nclear whether there are more prominent features outside of this 
ange. In Fig. 10 , we therefore present an L–S periodogram of the
rst day of the de-trended burst + post-burst segment of Fig. 2 (i.e.

he ’mid-burst’ epoch from Fig. 6 ) using the full frequency range:
/ T –1/2 δt (1.0–360.0 d −1 ). 
MNRAS 530, 3974–3985 (2024) 
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Figure 10. L–S periodogram of the first day of the (de-trended) burst + post- 
burst segment of Fig. 2 (black) and the corresponding window function (red, 
arbitrarily scaled). The vertical dashed line shows the spin frequency of the 
WD (66.081 d −1 ). The inset shows a zoomed section of the power spectrum at 
±10 per cent of the WD spin. The bend in the periodogram at ∼15 d −1 results 
from de-trending the light curve: we de-trended using a moving average with 
a window size of 5 P spin (Section 3.2.1 ), which corresponds to a frequency of 
13.2 d −1 . 
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Figure 11. Phase binned Fig. 2 after de-trending. The red lines show the 
best-fitting sinusoids for each light curve. Both light curves were folded on 
the spin frequency of the primary (66.081 d −1 ). When folding the burst + 

post-burst light curve, all data before BJD 2458538 d were excluded. The 
error bars show the standard error on the binned fluxes, and the reduced 
chi-squared, χ2 

ν , values for the sinusoid models are given in the panel 
titles. 

b  

2
 

p  

t  

b  

i  

p  

w
 

p  

a  

P  

fi  

R  

T  

c  

χ  

r

5

I  

f  

a  

a

5
o

B  

I  

o  

b  

b  

d  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/530/4/3974/7657819 by H
artley Library user on 03 June 2024
From Fig. 10 , it is clear to see that the features shown in the
id-burst epoch of Fig. 6 are the only prominent features in the

ower spectrum (not including the power-la w noise). Moreo v er, it is
lso clear that the window function cannot be producing both of the
rominent peaks since the frequencies and spacing between features
n the window function do not align with the features in the power
pectrum. Moreo v er, the frequenc y change is not due to a spin–orbit
ideband. As discussed in Section 5.2.1 , the orbital frequency of
his system is 4.08 d −1 ; a sideband would therefore result in a peak at
6.08 ± 4.08 d −1 , which is not what we find. Therefore, we conclude
hat the apparent change in the spin pulsations is real. 

To rule out the possibility that our de-trending method is the cause
f the frequency change seen in Figs 6 –8 , we also de-trend the burst
sing a parametric function instead of a moving average. Since we
re only interested in the burst + post-burst segment of Fig. 2 , instead
f fitting two asymmetric Gaussian functions, as in Section 4.2.1 , we
t a skewed Gaussian + exponential decay function: 

 ( t) = F skewed Gauss ( t) + B exp 
( t − t 0 

τ

)
, (9) 

here B and τ are the amplitude and decay time-scale of the
 xponential component, respectiv ely, and t 0 is the time of the first
bservation (which acts to relax the definition of the amplitude).
e prefer this model when fitting the burst + post-burst segment

f Fig. 2 since the parameters for tw o sk ewed Gaussians become
oorly constrained when the pre-burst segment is omitted. We then
t this model in the same way described in Section 3.3 , noting that
ere we are only interested in fitting the model, not comparing it.
he priors for equation ( 9 )’s parameters are given in Table 1 . After
e-trending the burst in this way, we reproduce the same frequency
hange discussed abo v e. 

.5.2 Spin pulsation amplitude 

n Fig. 11 , we present the results of phase binning both segments
f Fig. 2 on the WD spin frequency (66.081 d −1 ). When phase
NRAS 530, 3974–3985 (2024) 
inning the burst + post-burst segment of Fig. 2 , all data before BJD
458538 d were excluded. 
As can be seen in Fig. 11 , the average amplitude of the spin

ulsations after the burst is larger than before the burst. Using
he sinusoid models shown in the figure, and assuming negligible
ackground contributions, the amplitude of the spin pulsations
ncreases by a factor 1.82 ± 0.05. Before the burst, the peak-to-
eak RMS amplitude of the spin pulsations is 12.3 ± 0.1 per cent,
hile after the burst it is 17.7 ± 0.5 per cent. 
The reduced chi-squared, χ2 

ν , values in Fig. 11 show that the spin
ulsations appear less sinusoidal following the burst, suggesting
n increase in the amplitude of the first harmonic of the spin.
erforming the same analysis as described abo v e, but for the spin’s
rst harmonic ( f harmonic = 132.15 cyc d –1 ), we find that the average
MS amplitude of the harmonic increases by a factor 4.1 ± 0.5.
he peak-to-peak RMS amplitude of the harmonic is 1.1 ± 0.1 per
ent before the b urst, b ut 3.7 ± 0.3 per cent following the burst. The
2 
ν values are 0.72 and 0.65 for the pre- and post-burst segments,

espectively. 

.6 Relating the change in frequency to the microno v a scenario 

n Section 5.5 , we established that the change in the apparent spin
requency during the burst, seen in Figs 6 –8 , is real. Below, we
ttempt to interpret this within the context of a micronova by making
nalogies to LMXBs. 

.6.1 An analogue to type I X-ray burst oscillations? Micronova 
scillations? 

urst oscillations (BOs) are a well-documented phenomena in Type
 X-ray bursts (see Watts 2012 for a re vie w). Notable characteristics
f BOs include: an upward frequency drift during the rise of the
urst, a low RMS amplitude during the peak of the burst (often
eing so low as to be undetectable), an increasing RMS amplitude
uring the tail of the burst, and a plateau in the frequency drift at, or
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ery close to, the NS spin frequency (see Bilous & Watts 2019 ; Li
t al. 2022 for some recent examples). Note, ho we ver, there are rare
ases of downward frequency drifts being observed instead; the most 
ell-studied example of this is the accreting millisecond pulsar XTE 

1814-338 (Strohmayer et al. 2003 ; Watts, Strohmayer & Markwardt 
005 ; Watts, Patruno & van der Klis 2008 ). Given the similarities
etween Type-I X-ray bursts and micronovae (Scaringi et al. 2022b ), 
 micronova analogue to BOs (i.e. micronova oscillations) warrants 
onsideration. 

Since BOs are intrinsically linked to the stellar spin frequency, 
icronova oscillations naturally explain why the changing fre- 

uencies seen in Fig. 7 are so close to the spin frequency of
he WD. Moreo v er, localized TNR further e xplains the increased
pin pulsation amplitude after the micronova: the base of the 
ccretion column has been heated by the burning of material, 
ncreasing its luminosity. Ho we ver, we identify two problems with 
he micronova oscillation hypothesis: (1) BOs typically display 
imple frequency drifts, while Figs 7 and 8 sho w some what more
omplicated changes in frequency, (2) it is unclear why pulsations at 
he WD spin frequency would be replaced by pulsations at a higher
requency (instead of both signals being present simultaneously) 
f the TNR is localized at the base of the accretion column.
o we ver, gi ven that the physical mechanism behind BOs is not yet

ully understood (e.g. Watts 2012 ), we cannot discount micronova 
scillations. 

.6.2 An analogue to pulsar glitches? 

 glitch is a sudden spin-up event seen in pulsars (see Zhou et al. 2022
or a re vie w). There are numerous explanations for pulsar glitches,
ut the one that is most pertinent to WDs is the starquake theory (e.g.
uderman 1969 ; Baym & Pines 1971 ; Malheiro, Rueda & Ruffini
012 ). Within the starquake paradigm, strain builds up in the NS’s
rust as its liquid core spins do wn. Ine vitably, this strain becomes so
arge that it reaches a breaking point, resulting in a starquake; this,
n turn, results in a rearrangement of the NS’s moment of inertia,
ausing a sudden spin-up (i.e. a ’glitch’). Following a glitch, NSs
ave often been observed to show an increased spin-down rate (e.g. 
hou et al. 2022 ). 
WD analogues to pulsar glitches have been observed previously 

e.g. Malheiro et al. 2012 ), and so this explanation warrants con-
ideration. Ho we ver, the multiple frequencies shown in the early 
pochs of Fig. 7 are difficult to reconcile within the glitch framework.
oreo v er, it is not clear how the WD would spin back down so

uickly, nor is it clear why it would settle back to its pre-burst spin
requency. We also note that the burst’s shape (Fig. 3 ) and subsequent
ncrease in spin pulsation amplitude (Section 5.5.2 ) are difficult to 
nterpret within this paradigm. For these reasons, we find a WD glitch
o be unlikely. 

.7 A change in frequency due to a dwarf no v a outburst? 

n Section 5.6 , we attempted to interpret the apparent change in the
D spin frequency during the burst (Figs 6 –8 ) within the context of a
icronova, making analogies to LMXBs. We noted that an analogue 

o BOs may explain the observed changes in the spin pulsations.
o we ver, we also acknowledged that the mechanism behind BOs is
ot fully understood (e.g. Watts 2012 ), and so we did not arrive at
ny confident conclusions. Below, we consider the frequency change 
ithin the context of a DN outburst. 
i  
.7.1 Dwarf nova oscillations? 

t is instructive to note that periodicities are commonly observed dur-
ng DN outbursts (see Warner 2004 for a re vie w). These periodicities,
eferred to as DN oscillations (DNOs), typically have periods of up
o a few minutes that can vary on time-scales of hours. Because of the
arying stabilities of these oscillations, they are typically attributed to 
ome phenomenon in the accretion disc rather than the intrinsic spin
f the WD (though there is presently no accepted model of DNOs). 
We find DNOs an unlikely explanation for the changing fre- 

uencies seen in Fig. 7 since the periods are much longer than
ypical DNOs. That said, we note that if DNOs originate in the
isc, then our results may be suggestive of a highly truncated disc.
lternatively, our longer period may be an alias of a high-frequency
NO. Greiveldinger et al. ( 2023 ) speculated that the 29.34-min
scillation the y observ ed during a super -outb urst of V844 Her was
n alias of a high-frequency DNO, though they concluded that this
 as unlik ely. In our case, it w ould be highly coincidental for an alias

o appear so close to the spin frequency of the WD. For these reasons,
e find DNOs to be an unlikely explanation for the frequency drift

een in Figs 6 –8 . 

.7.2 An inhomo g eneity in the disc? 

f, during a DN outburst, accretion is no longer confined on to the
oles (e.g. Hameury & Lasota 2017 ), then we would not expect
o see pulsations at the WD spin frequency. The frequencies seen
n the early epochs of Fig. 7 may therefore be pulsations due to
ome inhomogeneity in the disc slightly below the co-rotation radius 
0.274 R �). Assuming a 1.2 M � primary (Bernardini et al. 2017 ), a
eplerian frequency of 68.35 d −1 corresponds to an orbital radius 
f 0.268 R �. The presence of more than one prominent feature in
he early epochs of Fig. 7 may be suggestive of more than one
nhomogeneity in the disc at different radii, or an elliptical disc. 

In addition to explaining the high-frequency signal, the above 
nterpretation can naturally explain the frequency drift seen in Figs 7
nd 8 : As accretion begins being channelled back on to the poles,
he orbital frequency of the inhomogeneity will increase as it spirals
ow ards the surf ace. However, the magnetic field of the WD will act
o slow the orbital frequency of the infalling material to match its
pin frequency. Therefore, the initial increase in orbital frequency 
ill be followed by a decrease down to the spin frequency of the
rimary, as shown in Figs 7 and 8 . 
Ho we ver, it is coincidental that inhomogeneities in the disc

ould appear so close to the co-rotation radius, unless this is
lso similar to the magnetospheric/truncation radius. Estimating the 
agnetospheric radius is non-trivial unless the magnetic moment of 

he WD is known. Fortunately, the circularization radius defines the 
pper limit of the magnetospehric radius, and this can be estimated
sing only the masses and orbital period of the system: 

 circ = 3 . 03 × 10 9 q −0 . 426 ( M 1 + M 2 ) 
1 / 3 P 

2 / 3 
orb cm , (10) 

here q = M 2 / M 1 , M 1 is the mass of the WD (in solar masses), M 2 is
he mass of the companion (in solar masses), and P orb is the orbital
eriod (in hours; Hameury & Lasota 2017 ). The circularization 
adius is the radius at which material would form a circular orbit
ith the angular momentum it had when leaving the Lagrangian 
oint. As such, the magnetospheric radius cannot be larger than the
ircularization radius. Using M 1 = 1.2 M � (Bernardini et al. 2017 ),
nd the orbital period from Section 5.2.1 (5.9 h), we can yield a
ircularization radius of 0.27 R �, provided the mass of the secondary
s 0.4 M �. We therefore find it possible that the truncation radius
MNRAS 530, 3974–3985 (2024) 
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ould be similar to the co-rotation radius, noting that a companion
ass of 0.4 M � is not surprising for a CV with an orbital period of
6 h (e.g. Knigge et al. 2011 ). 
To check the validity of the abo v e interpretation, we can relate the

ynamical and viscous time-scales: 

dyn ( R) ∼ α
(H 

R 

)2 
τvisc ( R) , (11) 

here τ dyn ( R ) is the dynamical time-scale, α is the disc viscosity,
 is the disc thickness, R is the radius, and τ visc ( R ) is the viscous

ime-scale (Shakura & Sunyaev 1973 ; page 113 of Frank, King &
aine 2002 ). While we cannot estimate α and H with the available
ata, we can re-arrange this equation to check that we get a physical

alue for α
(

H 

R 

)2 
. Shakura & Sunyaev ( 1973 ) showed that α � 1,

nd, if we make the common assumption of a thin disc (e.g. Frank

t al. 2002 ), we also know that 
(

H 

R 

)2 
�1. Assuming α

(
H 

R 

)2 
is

pproximately constant throughout the disc, we can write: 
(H 

R 

)2 
= 

τdyn ( R co −rotation ) − τdyn ( R WD ) 

τvisc ( R co −rotation ) − τvisc ( R WD ) 
, (12) 

here R co-rotation and R WD are the co-rotation and WD radii, respec-
ively. From Figs 7 and 8 , it is clear that the change in viscous
ime-scales, τ visc ( R co-rotation ) − τ visc ( R WD ), for an inhomogeneity
oving from R co-rotation to R WD is approximately 1 d. Then using
epler’s third law to compute τ dyn ( R co-rotation ) and τ dyn ( R WD ), we

nd α
(

H 

R 

)2 
= 0 . 015. This satisfies α � 1 and 

(
H 

R 

)2 
�1, and so we

onclude that the abo v e e xplanation is physically justified. Ho we ver,
he abo v e interpretation relies on several coincidences, and so we
nd it unlikely. 

.7.3 Partial magnetic confinement? 

he excess of power in the early epochs of Fig. 7 around the spin
requency of the WD suggests some magnetic confinement is still
ccurring. Assuming partial magnetic confinement onto the poles,
he higher frequency signals shown in Figs 7 and 8 may be due to
nteractions between the Keplerian frequency at the inner-edge of the
isc and the magnetic field of the WD. As mentioned in Section 5.7.2 ,
he co-rotation radius is 0.274 R �, meaning any material orbiting
elow this radius will orbit faster than the WD spin frequency.
o we ver, because the WD is magnetized, its magnetic field will

ct to slow the orbiting material to match its spin frequency (thereby
llowing the material to be channelled on to the poles). 

If accretion pressure is high (which it is during a DN outburst;
ameury & Lasota 2017 ), it is plausible that the WD magnetic field
ay not be sufficiently strong to channel all of the infalling material

n to the poles. If enough material is able to o v erwhelm magnetic
onfinement, pulsations abo v e the spin frequency of the WD may be
bserved (since the Keplerian frequency at the WD surface is larger
han its spin frequency, causing the accretion column to mo v e across
he stellar surface). This interpretation also explains the multiple
requencies shown in the early epochs of Fig. 7 : not all of the infalling
aterial will experience the same degree of partial confinement, and

o the accretion column may split into two (or more) columns. After
oughly 2 d, the accretion pressure becomes sufficiently low for
agnetic confinement to dominate again, and accretion is (mostly)

onfined on to the poles. We ackno wledge, ho we ver, that the large
urst energy found in Section 5.3 is difficult to reconcile within the
N outburst framework, and so this interpretation is not without its

hallenges. 
NRAS 530, 3974–3985 (2024) 

N  
 C O N C L U S I O N S  

sing the TESS Sector 8 light curv e, co v ering 2019 February 2–27 at
-min cadence, as well as all available ASAS-SN photometric data,
e have conducted a study of the timing properties of bursts in the

ccreting, mildly magnetic WD PBC J0801.2–4625. In particular,
e have analysed this system’s February 2019 burst, which was
bserved simultaneously by ASAS-SN and TESS . We found that the
urst was best described using a double-peaked shape with a rise
ime of ≤0.5 d, peak amplitude of ∼2 mag, and duration of ∼2 d.

e used the geometric distance of 1355 ± 42 pc from this system’s
aia parallax to infer a burst energy lower limit of 3.3 × 10 39 erg.
he long-term ASAS-SN light curve also showed that this system
ppears to exhibit bursts with similar peak amplitudes and durations
t least every ∼ 1–2 yr. We considered micronovae and DN outbursts
o explain this burst, and concluded that it appeared most consistent
ith a micronova. 
Using the high-cadence TESS data, we showed that the power

pectrum features around the spin frequency of the white dwarf
hanged significantly during the February 2019 burst. Before and
fter the burst, power spectra show prominent features at the spin
requency of the WD (66.08 d −1 ; Bernardini et al. 2017 ; Halpern et al.
018 ). During the burst, ho we ver, the most prominent feature in the
ower spectrum is as high as 68.35 ± 0.28 d −1 , with a reduced peak
o wer. We also sho wed that the RMS amplitude of the spin pulsations
efore and after the burst increases by a factor 1.82 ± 0.05. After
oncluding that the burst was most likely a micronova, we suggested
hat the changes in the spin pulsations could be an analogue to
ype I X-ray BOs (i.e. ‘micronova oscillations’). Ho we ver, we also
oted that changes in accretion pressure and the amount of magnetic
onfinement during the burst provide an alternative explanation
implying a DN outburst, in contrast to our conclusion for the burst
echanism). Finally, we note that we found a periodicity in the TESS

ight curve at 5.906 ± 0.003 h that we interpret as the orbital period
f this system. 
To follow-up this work, high-cadence monitoring of PBC J0801.2–

625 (e.g. using OPTICAM, Castro et al. 2019 , or ULTRACAM,
hillon et al. 2007 ) is critical. This system has been observed by
ESS in three sectors, but only exhibited a burst in one. A high-
adence observation that fully co v ers a future burst would allow
or better understanding of the underlying burst mechanism. In
articular, detecting a precursor may help to distinguish between
icronovae and DN outbursts (see, for example, ASASSN-19bh in
caringi et al. 2022b ). Furthermore, multiwavelength/spectroscopic
bservations would be especially revealing. Finally, we suggest
urther searches for changes in the spin pulsations of CVs (both
agnetic and non-magnetic) during bursts to better understand the

hysical process responsible for the changes found in this work. 

C K N OW L E D G E M E N T S  

his paper includes data collected with the TESS mission, obtained
rom the MAST data archive at the Space Telescope Science
nstitute (STScI). Funding for the TESS mission is provided by the
ASA Explorer Program. STScI is operated by the Association of
niversities for Research in Astronomy, Inc., under NASA contract
AS 5–26555. We gratefully acknowledge use of data provided by

he ASAS-SN collaborations. 
ZAI acknowledges support from the UK Research and Inno-

ation’s Science and Technology Facilities Council (STFC) grant
T/X508767/1. SS is supported by STFC grant ST/X001075/1.
CS acknowledges support by STFC grants ST/V001000/1 and



Burst-induced spin variations 3985 

S
g
p
fi

w
r

2  

P  

e

D

A
S  

T

R

A
A
A
A
B
B  

B
B
B
B
B
B
B
B
B
B
B  

B
C
C
D
F  

G  

G
H  

H
H
H
H

8

9

H
H
H
H
I
J
K
K
K
K
L
L
L

L
M  

O
P
P
R
R
R
R
S
S
S
S
S
S  

S  

S  

T
V
V
V
V
W  

W
W
W
W
Z  

Z
Z  

©
P
L

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/530/4/3974/7657819 by H
artley Library user on 03 June 2024
T/X001121/1. KI was supported by Polish National Science Center 
rant Sonatina 2021/40/C/ST9/00186. MV acknowledges the sup- 
ort of the STFC studentship ST/W507428/1. DDM acknowledges 
nancial support from INAF Astrofund-2022 project ‘FANS’. 
We thank Andr ́es G ́urpide for informative discussions, and An- 

esha Sahu for helpful suggestions. We also thank the anonymous 
eferee for helpful suggestions that have improved the paper. 

This research also made use of ASTROPY , 8 (Astropy Collaboration 
013 , 2018 ); Lightkurv e (Lightkurv e Collaboration 2018 ); MAT-
LOTLIB (Hunter 2007 ); NUMPY (Harris et al. 2020 ); SCIPY (Virtanen
t al. 2020 ); and ULTRANEST (Buchner 2021 ). 

ATA  AVA ILA BILITY  

ll data analysed herein are publicly available via the ASAS- 
N light-curv e serv er, 9 and the Mikulski Space Archiv e for Space
elescopes (MAST): doi:10.17909/draq-b740 . 

EFER ENCES  

llan A. , Hellier C., Ramseyer T. F., 1996, MNRAS , 282, 699 
ngelini L. , Verbunt F., 1989, MNRAS , 238, 697 
stropy Collaboration , 2013, A&A , 558, A33 
stropy Collaboration , 2018, AJ , 156, 123 
aym G. , Pines D., 1971, Ann. Phys. , 66, 816 
ernardini F. , de Martino D., Mukai K., Russell D. M., Falanga M., Masetti

N., Ferrigno C., Israel G., 2017, MNRAS , 470, 4815 
hattacharyya S. , Strohmayer T. E., 2006a, ApJ , 636, L121 
hattacharyya S. , Strohmayer T. E., 2006b, ApJ , 641, L53 
ilous A. V. , Watts A. L., 2019, ApJS , 245, 19 
uchner J. , 2016, Stat. Comput. , 26, 383 
uchner J. , 2019, Publ. Astron. Soc. Pac. , 131, 108005 
uchner J. , 2021, J. Open Source Softw. , 6, 3001 
uchner J. , 2022, Phys. Sci. Forum , 5, 46 
uchner J. et al., 2014, A&A , 564, A125 
uckley D. A. H. , Tuohy I. R., 1989, ApJ , 344, 376 
uckley D. A. H. et al., 1995, MNRAS , 275, 1028 
uckley D. A. H. , Haberl F., Motch C., Pollard K., Schwarzenberg-Czerny

A., Sekiguchi K., 1997, MNRAS , 287, 117 
ult P. et al., 2019, ApJ , 885, L1 
astro A. et al., 2019, Rev. Mex. Astron. Astrofis. , 55, 363 
umming A. , Marcy G. W., Butler R. P., 1999, ApJ , 526, 890 
hillon V. S. et al., 2007, MNRAS , 378, 825 
rank J. , King A., Raine D. J., 2002, Accretion Power in Astrophysics: Third

Edition, Cambridge University Press. 
alloway D. K. , Muno M. P., Hartman J. M., Psaltis D., Chakrabarty D.,

2008, ApJS , 179, 360 
reiveldinger A. et al., 2023, ApJ , 955, 150 
alpern J. P. , Thorstensen J. R., Cho P., Collver G., Motsoaledi M.,

Breytenbach H., Buckley D. A. H., Woudt P. A., 2018, AJ , 155, 247 
ameury J. M. , Lasota J. P., 2017, A&A , 602, A102 
ameury J. M. , Lasota J. P., 2021, A&A , 650, A114 
arris C. R. et al., 2020, Nature , 585, 357 
ellier C. , 1991, MNRAS , 251, 693 
 http://www .astropy .org 
 https://asas-sn.osu.edu 

T

The Author(s) 2024. 
ublished by Oxford University Press on behalf of Royal Astronomical Society. This is an Open Acc
icense ( http://cr eativecommons.or g/licenses/by-nc/4.0/), which permits non-commercial re-use, distr
ellier C. , Beardmore A. P., 2002, MNRAS , 331, 407 
ellier C. , Garlick M. A.,Mason K. O. , 1993, MNRAS , 260, 299 
ellier C. et al., 2000, MNRAS , 313, 703 
unter J. D. , 2007, Comput. Sci. Eng. , 9, 90 

łkiewicz K. et al., 2024, ApJ , 962, L34 
aisawal G. K. et al., 2019, ApJ , 883, 61 
ato T. , 2015, Publ. Astron. Soc. Japan , 67, 108 
eek L. , Heger A., 2017, ApJ , 842, 113 
nigge C. , Baraffe I., Patterson J., 2011, ApJS , 194, 28 
ochanek C. S. et al., 2017, Publ. Astron. Soc. Pac. , 129, 104502 
asota J.-P. , 2001, New Astron Rev. , 45, 449 
i Z. , Yu W., Lu Y., Pan Y., Falanga M., 2022, ApJ , 935, 123 
ightkurve Collaboration , 2018, Astrophysics Source Code Library, record 

ascl:1812.013. 
omb N. R. , 1976, Ap&SS , 39, 447 
alheiro M. , Rueda J. A., Ruffini R., 2012, Publ. Astron. Soc. Japan , 64, 56
’Donoghue D. , Koen C., Kilkenny D., 1996, MNRAS , 278, 1075 
arker T. L. , Norton A. J., Mukai K., 2005, A&A , 439, 213 
atterson J. , 1981, ApJS , 45, 517 
awat N. , Pandey J. C., Joshi A., 2021, ApJ , 912, 78 
eimer T. W. , Welsh W. F., Mukai K., Ringwald F. A., 2008, ApJ , 678, 376 
etter A. , Leibowitz E. M., Kovo-Kariti O., 1998, MNRAS , 293, 145 
uderman M. , 1969, Nature , 223, 597 
cargle J. D. , 1982, ApJ , 263, 835 
caringi S. et al., 2022a, MNRAS , 514, L11 
caringi S. et al., 2022b, Nature , 604, 447 
hakura N. I. , Sunyaev R. A., 1973, A&A, 24, 337 
happee B. J. et al., 2014, ApJ , 788, 48 
killing J. , 2004, in Fischer R., Preuss R., Toussaint U. V.eds, AIP Conf. Ser.

Vol. 735, Bayesian Inference and Maximum Entropy Methods in Science 
and Engineering: 24th International Workshop on Bayesian Inference and 
Maximum Entropy Methods in Science and Engineering. Am. Inst. Phys., 
New York. p. 395 

killing J. , 2009, in Goggans P. M., Chan C.-Y.eds, AIP Conf. Ser. Vol.
1193, Bayesian Inference and Maximum Entropy Methods in Science 
and Engineering: The 29th International Workshop on Bayesian Inference 
and Maximum Entropy Methods in Science and Engineering. Am. Inst. 
Phys., New York. p. 277 

trohmayer T. E. , Markwardt C. B., Swank J. H., in’t Zand J., 2003, ApJ ,
596, L67 

horstensen J. R. , 1997, Publ. Astron. Soc. Pac. , 109, 1241 
anderPlas J. T. , 2018, ApJS , 236, 16 
anderPlas J. T. , Ivezi ́c Ž., 2015, ApJ , 812, 18 
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