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A B S T R A C T 

We present the results of our study of ASASSN–14dx, a previously known but poorly characterized cataclysmic variable (CV). 
The source was observed as part of an ongoing high-time-resolution photometric surv e y of CVs, which rev ealed that, in addition 

to the known 82.8-min orbital period, it also exhibits other transient periods, the strongest of which around 4 and 14 min. Here, we 
report our findings resulting from a multifaceted follow-up programme consisting of optical spectroscopy , spectropolarimetry , 
imaging polarimetry, and multicolour fast photometry. We find that the source displays complex optical variability, which is 
best explained by the presence of a massive white dwarf exhibiting non-radial pulsations. An intermediate polar-like scenario 

involving a spinning magnetic white dwarf can be ruled out based on the detected changes in the observed periods. Based on 

our optical spectroscopy, we can constrain the mass and ef fecti ve temperature of the white dwarf to be ∼1.1 M � and 16 100 K, 
respectiv ely. The o v erall intrinsic flux lev el of the source is unusually high, suggesting that there remains significant residual 
emission from the accretion disc and/or the white dwarf even ten years after the 2014 outburst. Finally, we cannot detect any 

spectroscopic signatures from the donor star, making ASASSN–14dx a possible period bouncer system e volving to wards a 
longer orbital period. 

Key words: accretion, accretion discs – stars: binaries close – stars: dwarf novae – white dwarfs. 
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 I N T RO D U C T I O N  

ataclysmic Variables (CV) are semidetached binaries consisting of a
hite dwarf (the ‘primary’) accreting from a Roche lobe-filling main-

equence star (the ‘secondary’ or ‘donor’). The secondary transfers
ass via Lagrangian L 1 point o v erflow. This is then accreted by the

rimary white dwarf, typically through an accretion disc (see Warner
995 , for a re vie w). In case of a significantly magnetic ( > 2–5 MG)
hite dwarf, its magnetic field prevents the formation of an inner

ccretion disc (in intermediate-polar CVs) or any accretion disc (in
olar CVs), causing the accretion flow to be funnelled along the
agnetic field lines of the white dwarf. 
The accretion disc is usually present even in CVs that reside in a

uiescent state (i.e. they are not undergoing an episode of enhanced
ccretion, such as a dwarf nova outburst, for instance). Thus, the
ptical spectrum consists of three components: the light from the
onor star, the white dwarf, and the emission from the accretion disc.
CVs start their lives with orbital periods typically of the order of

 few hours and gradually evolve towards shorter orbital periods
 E-mail: pahakala@utu.fi
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s magnetic braking, and gra vitational wa v es, remo v e angular
omentum from the system. The e volution to wards shorter orbital

eriods continues until mass-loss causes the companion to become
egenerate and stop responding to mass-loss with a decrease in
adius. At this point, the system reaches a period minimum (around
0 min) and the orbit will start increasing (G ̈ansicke et al. 2009 ). 
The orbital period can often be detected in CV light curves due

o, for example, double humped light curve from an accretion disc in
ase of relatively high inclination system, where the accretion disc
an partially eclipse (and be partially eclipsed by) the secondary star
eading to two minima (at phases 0.0 and 0.5). Occasionally it is
ossible to detect the ellipsoidal modulation by the secondary star,
f it contributes enough to the o v erall flux. Sometimes the single
umped modulation from the hot spot in the accretion disc, where
he ballistic accretion stream hits the disc outer edge, can be detected.
he modulation due to the hot spot could occasionally also be double
umped, if the accretion disc is optically thin, but the hot spot
s optically thick and elongated in shape (Skidmore et al. 2000 ).
urthermore, the spin of the white dwarf can occasionally also be
 component in the light curve, particularly for intermediate polars,
here the funnelled accretion flow can create a bright spot on the
hite dwarf that rotates in and out of view (see Patterson 1994 , for an
© 2025 The Author(s). 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 

provided the original work is properly cited. 

http://orcid.org/0009-0003-6437-0369
http://orcid.org/0000-0003-4615-6556
http://orcid.org/0000-0002-2761-3005
http://orcid.org/0000-0002-4717-5102
http://orcid.org/0000-0002-2498-7589
http://orcid.org/0000-0001-6180-3438
http://orcid.org/0000-0001-7069-7403
mailto:pahakala@utu.fi
https://creativecommons.org/licenses/by/4.0/


ASASSN–14dx: a CV with massive pulsating WD 839 

e  

f  

m  

o  

e  

o
m  

s  

1  

fi
p
t  

m  

(  

s
w  

(  

t
(

s
i
t
1  

S
w  

A
e  

A
e
t
a  

h  

a  

C  

m  

a  

i
d  

p

f  

i
A
m
I  

Table 1. SDSS DR16 (Ahumada et al. 2020 ) and Gaia photometry of 
ASASSN–14dx. 

SDSS u 16.417 ±0.007 mag 
SDSS g 16.256 ±0.004 mag 
SDSS r 16.376 ±0.005 mag 
SDSS i 16.563 ±0.005 mag 
SDSS z 16.648 ±0.009 mag 

Mean G 15.20 ±0.02 mag 
Mean ( BP − RP ) 0.2 ±0.1 mag 
M G 10.64 ±0 . 02 mag 
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arly re vie w). Also, spiral shocks in the accretion disc can lead to the
ormation of hot spots on the white dw arf surf ace even without any
agnetic field involv ement (P ala et al. 2019 ). Tracking changes in the

bserved spin period (see for instance Patterson et al. 2020 ; Pelisoli
t al. 2021 ; Paice et al. 2024 ) is a common pathway for improving
ur understanding of the complex angular momentum exchange 
echanisms at play in CV evolution. An accreting white dwarf is

pun up by the accreting matter (Ritter 1985 ; King, Regev & Wynn
991 ). On the other hand, the strong enough white dwarf magnetic
eld tends to synchronize the compact object spin to the orbital 
eriod (Campbell 1983 ). The interplay of accretion versus magnetic 
orque has a strong bearing also on our understanding of white dwarf
agnetic field generation and the evolution of different types of CVs

Schreiber et al. 2021 ). In addition to the white dwarf spin period,
hort-period (typically on the order of minutes) modulation in the 
hite dwarf flux can also be caused by non-radial g -mode pulsations

Szkody 2021 ). These are excited by cyclic partial ionisation of
he hydrogen and/or helium in the atmosphere of the white dwarf 
McGraw 1979 ). 

Another commonly observed type of variability in CVs is the 
udden increase in brightness during outbursts (likely caused by disc 
nstability Osaki, Meyer & Meyer-Hofmeister 2001 ), which leads to 
heir detection as transient sources. This was the case for ASASSN–
4dx, which was detected by the All-Sky Automated Surv e y for
upernovae (ASAS–SN; Shappee et al. 2014 ) on 2014 June 25, 
ith an outburst magnitude of V = 13.95 (Isogai et al. 2019 ).
 blue spectrum displaying broad Balmer absorption lines with 

mission cores was reported by Kaur et al. ( 2014 ), while Thorstensen,
lper & Weil ( 2016 ) disco v ered radial velocity modulation in the H α

mission line cores. These emission features, presumably following 
he orbital motion of the white dwarf, showed a radial velocity 
mplitude ( K 1 ) of 41 km s −1 (Thorstensen et al. 2016 ). The source
as an orbital period of 0.0575 d (82.8 min) (Thorstensen et al. 2016 ),
nd its Gaia distance is 81.4 ± 0.2 pc, making it one of the closest
Vs (Isogai et al. 2019 ). The Gaia (Gaia Collaboration 2016 , 2023 )
agnitudes, listed in Table 1 , place the source about 1.7–1.8 mag

bo v e the Gaia white dwarf cooling sequence for ( BP − RP ) = 0 . 2,
ndicating substantial additional emission – likely from an accretion 
isc, as the secondary star is expected to be faint at the given orbital
eriod due to its very low mass and late spectral type. 
The blue optical spectrum displays very broad absorption features 

rom a white dwarf, as well as strong double-peaked Balmer lines
n emission (Thorstensen et al. 2016 ). The former suggests that 
SASSN–14dx might contain a high-mass white dwarf. CVs with 
assive white dwarfs are intriguing as potential candidates for type 

a supernova (SNIa) progenitors (Kafka 2012 ). Isogai et al. ( 2019 )
able 2. The observing log in chronological order. 

elescope/instrument Date Duration 

OT(2.56m)/ALFOSC 2021 Aug 26 57 
OT(2.56m)/ALFOSC 2021 Aug 31 42 
TT(3.5m)/ULTRACAM 2022 Aug 22 287
OT(2.56m)/ALFOSC 2022 Nov 28 85 
cGraw-Hill(1.3m)/Templeton 2022 Dec 14 393
OT(2.56m)/ALFOSC 2022 Dec 21 125
OT(2.56m)/ALFOSC 2022 Dec 21 2 × 5
AAO(1.9m)/SpUpNIC 2023 Feb 10 4 × 1
TT(3.5m)/ULTRACAM 2023 Sept 04 300
LT(8.2m)/X-Shooter 2023 Oct 18 2 × 5
OT(2.56m)/ALFOSC 2024 Sept 15 123

 o
roposed that the source belongs to the WZ Sge subclass of dwarf
ovae, based on the ASAS–SN discovery outburst properties, along 
ith the 82.8-min orbital period. The WZ Sge class of CVs typically

xhibits large outburst amplitudes, coupled with recurrence times 
f decades, and short orbital periods of 80–90 min. For further
etails, see Kato ( 2015 ), and references therein. Here, we present
he results of our time-series photometry, circular polarimetry, 
nd optical spectroscopy of ASASSN–14dx, which we use to 
erive parameters for both the binary system and the white dwarf
tself. 

 OBSERVATI ONS  

.1 Photometry 

ptical photometry was conducted at three different sites: the Nordic 
ptical Telescope (NOT) with ALFOSC on La Palma, the New 

 echnology T elescope (NTT) with ULTRACAM at La Silla, and
he 1.3-m McGraw-Hill telescope with the Templeton CCD detector 
t Kitt Peak. All data were bias-subtracted and flat-fielded in the
tandard manner for these setups. 

ASASSN–14dx was initially observed as part of a campaign 
o search for fast-spinning white dwarfs in CVs (in prep.). These
bservations involved 60-min high time-resolution photometric time 
eries and were conducted at both the NOT and the NTT. The source
as observed at several epochs following the detection of periodicity 

n the first NOT data set (see Table 2 for the observing log). 
The initial NOT photometry on 2021 Aug 26 revealed a 14-min

eriod; ho we ver, the detection was tentative, as the 56-min time
eries co v ered only four c ycles (see Fig. 1 , left panels). A second
OT observation, taken on 31st Aug 2021, truncated to just 42 min

n length, showed no indication of the 14 min period. Instead, a
eak signal at 4 min was detected (Fig. 1 , right panels). ASASSN–
4dx was observed again with NTT/ULTRACAM in August 2022 
MNRAS 540, 838–850 (2025) 

(min) Filter/grism Observing mode 

Sky contrast Fast photometry 
Sky contrast Fast photometry 

 u ′ g ′ r ′ Fast photometry 
Sky contrast Imaging circ. polarimetry 

 GG420 Fast photometry 
 Sky contrast Imaging circ. polarimetry 
 Grism #4 Circ. spectropolarimetry 

0 Grating #6 Spectroscopy 
 u ′ g ′ r ′ Fast photometry 
 Spectroscopy 
 Grism #18 Phase resolved spectroscopy 

n 03 July 2025
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Figure 1. The two 2021 NOT photometry sets in the sky contrast filter (2021 Aug 26 top-left and 2021 Aug 31, top right), their Lomb–Scargle amplitude 
spectra (middle) and the data phase-folded and binned on the 14.3- and 4.3-min periods, respectively (bottom). A third-order polynomial (shown by a solid 
smooth red line) was remo v ed from the top-right light curve prior to the period analysis. We note that the 4.3-min period obtained from the 40-min NOT 

time-series differs slightly from the 4.1-min period determined from the 5-h 2022 ULTRACAM observ ation. Gi ven the bre vity of the NOT run, the difference 
is not likely to be significant though. 
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or several hours. These observations clearly revealed the 4-min
351 cycle d −1 ) period in all u 

′ , g ′ , and r ′ filters (Fig. 3 ). Subsequently,
nother set of NTT observations, using an identical instrument setup,
as conducted a year later (in 2023 September; see also Fig. 3 ). This

ime, only the 14-min (100 cycle d −1 ) period was clearly detected.
dditional photometry was obtained with the 1.3-m McGraw-Hill

elescope in 2022 December. These observations also revealed only
he 4-min period (Fig. 2 ). 
NRAS 540, 838–850 (2025) 

f  
.2 Fourier analysis of ULTRACAM photometry 

iven the evidence for multiple periodicities in the NTT/
LTRACAM data of ASASSN–14dx, we conducted a detailed
eriod analysis for both observed nights. As previously mentioned,
he same dominant periodicity is not present in both data sets;
herefore, the two nights were analysed independently. 

We first calculated a multiband periodogram for each night
ollowing the algorithm of Van der Plas & Ivezi ́c ( 2015 ) implemented
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Figure 2. The 2022 August, No v ember, and December photometry sets, 
phase-folded on the 4-min period. Note the phase reversal between November 
27 and 28 light curves. 
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ith GATSPY . 1 This is essentially a weighted sum of the individual pe-
iodograms, which allows the identification of frequencies present in 
ll data sets. To calculate a detection threshold for significant periods, 
e employed a Monte Carlo method in which the measured fluxes 

and their uncertainties) are shuffled while the time vector is kept un-
hanged. This remo v es real periodicities but preserv es the scatter of
he data. This was repeated 5000 times, and each time the maximum
f the periodogram was recorded. The detection threshold was set 
s the 99th percentile of the maxima. In other words, in each case,
here is a 1 per cent chance that a period with the observed amplitude
ould be generated by random scatter alone. The highest period 
bo v e the threshold was then subtracted from the data in the form
f a fitted sinusoid with that period, and the multiband periodogram 

nd threshold were recalculated. This pre-whitening process was 
epeated until no new periods were found abo v e the threshold
mplitude. The resulting periodograms are shown in Fig. 4 . For the
rst night of observations, we identified eight frequencies abo v e 

he threshold, whereas six periodicities were found on the second 
ight. 
 https:// www.astroml.org/ gatspy/ 

(
T
e

Once a set of significant periodicities was identified for each 
ata set, we performed a Fourier fit of the data to better constrain
he periods and amplitudes. This was done by first subtracting a
t that included only the low-frequency components (shown in 
rey in Fig. 4 ) to remove orbital signatures and then fitting the
emaining periodicities. We simultaneously fitted the data from all 
ands with the same periods, but with individual amplitudes and 
hases for each filter. An example Fourier fit is shown in Fig. A1 .
ncertainties were determined via bootstrapping, where we re- 

ampled the data, allowing for repetitions (essentially giving variable 
eight to measurements), and repeated the fit a thousand times. The
btained periods and amplitudes are reported in Table 3 . As indicated
n the table, preliminary analysis suggests that up to six independent 
requencies were observed on the first night, and three on the second
ight, with the remaining peaks attributed to harmonics and linear 
ombinations. No frequencies appear to be common between the two 
ights. 
The presence of multiple frequencies, rather than a single fre- 

uency with harmonics that could be attributed to the white dwarf
pin, suggests that ASASSN–14dx harbours a pulsating white dwarf. 
he range of periods detected is consistent with those observed for
W Lib stars (Szkody 2021 ), named after the prototype accreting
ulsating white dwarf (Warner & van Zyl 1998 ). 

.3 Circular polarimetry 

ince both the NOT (2021 Aug 31) and NTT (2022 Aug 22)
hotometry appeared to indicate a single period, with no sidebands 
r harmonics, the original working hypothesis was that the 4-min 
eriod, observed in all other photometric data sets, apart from the
rst (2021 Aug 26) and last (2023 Sept 4) ones, likely represented

he spin period of a magnetic white dwarf. This was particularly
lausible given that the initial detection of the 14-min period was
ased on only a couple of cycles (2021 Aug 26). To investigate this
ossibility, we obtained time-series circular polarimetry and circular 
pectropolarimetry from the NOT (Figs 5 and 6 ). 

The single circular polarimetric spectrum co v ered the wav elength 
ange from 4000–8600 Å (Fig. 6 ). There is no indication for any cir-
ular polarization in the continuum. As the spectropolarimetry cov- 
red only one epoch, and was constructed from four sub-exposures, 
e also obtained fast time-series imaging circular polarimetry to 
roperly sample the 4-min cycle (Fig. 5 ). These observations lasted
or 86 min, thus co v ering a full orbital period of the system. The
ata, taken in wide sky contrast filter covering essentially the 
+ r bands, show the orbital modulation and the 4-min period in
hotometry. Ho we ver, as in the case of spectropolarimetry, there is no
ndication of the 4-min period in the circular polarization. Curiously, 
he photometry derived from the circular polarization observations 
arried out on 2022 No v ember 27 and 28 are in antiphase with respect
o the maxima and minima phases. The effect is real and visible in
ig. 2 . The circular polarization mean level is offset by ≈ − 1 . 3
er cent due to the lack of a proper zero-level correction in the fast,
xed optical path, circular polarimetry mode utilized here. 

.4 Optical spectroscopy 

n addition to the photometry and polarimetry, we obtained optical 
pectra from the South African Astronomical Observatory (SAAO) 
.9-m telescope with the SpUpNIC spectrograph (Crause et al. 2019 )
n March 2023. A total of four spectra were taken with grating #6
1.34 Å pix −1 dispersion), yielding a spectral resolution of R ≈ 1000. 
he spectra were bias-subtracted and flatfielded using IRAF routines, 
xtracted using a PYTHON implementation of the algorithm described 
MNRAS 540, 838–850 (2025) 
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Figure 3. The u ′ , g ′ , and r ′ photometry (columns from left to right) obtained with NTT/ULTRACAM in 2022 August (top row) and 2023 September (second 
row), along with the best-fitting orbital modulation solutions (fourth-order Fourier series). The corresponding amplitude spectra are shown in rows 3 and 4, 
while the orbital modulation-subtracted light curves, folded on the 351 cycle d −1 (2022 August) and 100 cycle d −1 (2023 September) frequencies, are shown in 
the rows 5 and 6, respectively. Both the 4.1-min (351 cycle d −1 ) and 14.3-min (100 cycle d −1 ) modulations increase in amplitude towards the blue. 
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y Horne ( 1986 ), and wavelength calibrated using adjacent lamp
pectra. In the absence of accurate orbital phase information, the
our spectra were checked against mutual radial velocity shifts, and as
one were found, they were combined into one. The average spectrum
s dominated by the blue continuum emission from the white dwarf,
ogether with very broad Balmer absorption lines. There is also a
lear indication of the presence of an accretion disc, as the Balmer
ine cores are filled with strong double-peaked emission lines. The
bserved features are consistent with those reported by Kaur et al.
 2014 ) and Thorstensen et al. ( 2016 ). 
NRAS 540, 838–850 (2025) 
Subsequently, ASASSN–14dx was also observed as part of the
00 pc surv e y of CVs (P ala et al. in preparation) with the VLT and
he X-Shooter spectrograph (Vernet et al. 2011 ). Two spectra were
btained using the 1.3-arcsec slit of the UVB arm ( R = 4100) and
he 1.2-arcsec slit of the VIS arm ( R = 6500), with exposure times of
71 and 260 s, respectively. The seeing, measured from the spectral
races, was approximately 1.5 arcsec (UVB) and 1.1 arcsec (VIS).
he conditions were not photometric. 
As both the SAAO and X-Shooter spectra only co v ered a partial

rbital period, or a single epoch in the case of X-Shooter, we obtained
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Figure 4. Periodograms for the NTT/ULTRACAM data obtained in 2022 August (left panels) and 2023 September (right panels). The top panels show the 
multiband periodograms, while individual periodograms for each band ( u ′ , g ′ , r ′ from top to bottom) are sho wn belo w for comparison. The dashed horizontal 
line in each panel indicates the detection threshold calculated as explained in the text. In the multiband periodograms, different peaks identified abo v e the 
threshold are plotted in different colours and indicated by vertical shaded areas, unless associated with the orbital period and/or low-frequency noise (these 
are shown in grey). In most cases, the periods also correspond to a peak in the individual periodograms, as indicated by vertical lines marking their positions, 
although they do not al w ays exceed the threshold in the individual data sets. 

Table 3. The periods, frequencies, tentative identification, and amplitudes (or 3 σ upper limits) of all the periodicities observed for ASASSN–14dx in the 
ULTRACAM data. 

Period (s) Frequency (c/d) ID Amplitude (mmag) 
2022 2023 2022 2023 2022 2023 u ′ g ′ r ′ 

117 . 2 ± 0 . 06 – 737 . 06 ± 0 . 40 – f 2 – 0 . 86 ± 0 . 34 0 . 58 ± 0 . 10 < 0 . 4 
224 . 03 ± 0 . 25 – 385 . 67 ± 0 . 43 – f 2 − f 1 – 0 . 90 ± 0 . 34 0 . 51 ± 0 . 09 0 . 23 ± 0 . 06 
246 . 06 ± 0 . 05 – 351 . 13 ± 0 . 07 – f 1 – 4 . 98 ± 0 . 33 2 . 85 ± 0 . 09 1 . 17 ± 0 . 07 
– 256 . 04 ± 0 . 20 – 337 . 45 ± 0 . 26 – f 2 2 . 59 ± 0 . 46 0 . 90 ± 0 . 11 0 . 46 ± 0 . 10 
– 318 . 6 ± 0 . 9 – 271 . 1 ± 0 . 7 – f 3 1 . 7 ± 0 . 5 0 . 60 ± 0 . 11 0 . 38 ± 0 . 10 
326 . 5 ± 0 . 8 – 264 . 6 ± 0 . 7 – f 3 – 1 . 02 ± 0 . 34 0 . 35 ± 0 . 20 0 . 23 ± 0 . 09 
418 ± 5 – 206 . 6 ± 2 . 3 – f 2 − 2 f 3 – < 1 . 7 < 0 . 5 < 0 . 3 
– 428 ± 2 – 202 . 0 ± 1 . 0 – 2 f 1 1 . 9 ± 0 . 6 0 . 39 ± 0 . 10 0 . 2 ± 0 . 1 
435 ± 3 – 198 . 4 ± 1 . 2 – f 6 – < 2 . 2 < 3 < 0 . 4 
– 506 ± 2 – 170 ± 0 . 8 – f 3 − f 1 1 . 64 ± 0 . 44 0 . 53 ± 0 . 10 0 . 19 ± 0 . 09 
640 ± 2 – 135 . 05 ± 0 . 42 – f 4 – 1 . 11 ± 0 . 36 0 . 38 ± 0 . 09 0 . 23 ± 0 . 06 
– 856 . 0 ± 1 . 2 – 100 . 93 ± 0 . 14 – f 1 5 . 2 ± 0 . 5 1 . 84 ± 0 . 10 0 . 80 ± 0 . 24 
956 ± 5 – 90 . 4 ± 0 . 5 – f 5 – 0 . 76 ± 0 . 32 0 . 31 ± 0 . 17 0 . 25 ± 0 . 07 
– 1288 ± 17 – 67 . 0 ± 0 . 9 – f 3 − 2 f 1 1 . 51 ± 0 . 46 0 . 55 ± 0 . 11 0 . 34 ± 0 . 11 
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 full orbital period of phase-resolved spectra using the NOT in 2024
eptember. The NOT spectra were taken using ALFOSC, equipped 
ith grism #18, which co v ers the 3500–5300 Å wav elength range
ith a resolution of R = 1000. Both the NOT and X-Shooter spectra

Fig. 7 ) clearly demonstrate that the asymmetry in the emission lines
ncreases strongly towards the higher order Balmer lines, with H α

howing an almost symmetric disc profile, as also seen in the SAAO
pectra. Furthermore, the NOT spectra (Fig. 7 ) reveal a sinusoidally
odulated component in several emission lines. This component is 
uch hotter than the accretion disc (judging by the relative Balmer

ecrement) and likely originates from the hot spot in the disc, where
he accretion stream hits the disc’s outer rim. A sinusoidal fit to the

odulation from the hot spot reveals K spot = 574 . 5 ± 3 . 6 km s −1 

using the He I λ 4472 line), to which we will return later. The period
as fixed to the orbital period when fitting for the radial velocity

mplitude, although we note that we do not have sufficient time
MNRAS 540, 838–850 (2025) 
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Figure 5. High time-resolution NOT circular polarimetry of ASASSN–14dx 
in a sky contrast filter. From top to bottom: the light curve covering one 
orbital period, the Lomb–Scargle amplitude spectrum of the pre-whitened 
light curve, the circular polarization curve, and its amplitude spectrum. The 
zero calibration of the circular polarization is not accurate in high-time- 
resolution mode, resulting in a −1 . 3 per cent shift in the o v erall lev el of 
circular polarization. 
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o v erage that would allow us to study any subtle difference in the
eriod. 

 M O D E L L I N G  ASASSN–14DX  

n this section, we present the results of our modelling of the binary
ystem. Specifically, we performed both spectral and spectral energy
istribution (SED) fitting, combined with fitting the H α emission
ine profile using an optically thin Keplerian disc model. We then
ttempt to integrate the fitting results into a unified model for the
ystem. 

.1 SED fitting 

e retrieved the SED data from Vizier (Ochsenbein, Bauer &
arcout 2000 ), which includes data points spanning from the far-

ltraviolet ( GALEX FUV) to the near-infrared (NIR; WISE W2),
o v ering wav elengths from 1500 Å to 12 μm. The photometric
easurements show significant scatter and appear bimodal in flux,

ikely due to measurements being obtained both pre and post the
utburst of 2014. 
NRAS 540, 838–850 (2025) 
To obtain the best possible constraints on the white dwarf prop-
rties, we restricted our SED modelling to data taken prior to the
une 2014 outburst, as the long-term Zwicky Transient Facility light
urve indicates that even ten years after the outburst, the source has
ot fully returned to its quiescent, pre-outburst state. This left us with
he GALEX FUV and NUV points, along with the Sloan Digital Sky
urv e y (SDSS) ugriz magnitudes. The WISE IR points showed a
oticeable IR excess, and where therefore excluded from the white
warf model SED fit. 
We used the Tremblay, Bergeron & Gianninas ( 2011 ) 2 pure-

ydrogen atmosphere white dwarf models, which are tabulated in
bsolute magnitudes, as our source has a known distance. The models
ere interpolated from a grid of 305 DA models during the fitting.
o we ver, gi ven the surface gravity ( log g) constraints implied by

he spectral fitting (discussed below), we restricted the model grid
o log g = 8 . 75, corresponding roughly to a white dwarf mass of
.1 M � for the temperature range in question. Initially, we fitted
he GALEX FUV, NUV, and SDSS ugriz bands, which resulted in
n ef fecti ve temperature of T eff = 13143 ± 43 K (Fig. 8 , red line).
o we ver, as there appears to be NIR excess present already in

he z band, we also fitted the SED excluding it (magenta line in
ig. 8 ). The best fit in this case yields T eff = 13397 ± 42 K. In both
ases, additional flux is required to match the observed magnitudes.
he required offsets are −1 . 07 ± 0 . 01 and −1 . 02 ± 0 . 01 mag for

he FUV–SDSS z and FUV–SDSS i SED ranges, respectively. The
ikely explanation is that, even before the outburst, emission from the
ystem was dominated by the accretion disc. The contribution from
ny donor star appears non-existent. There are no spectral features,
uch as K I doublets, visible in the NIR arm of the X-shooter spectrum
hat could be attributed to a donor star. The abo v e mentioned z-band
xcess in SED is therefore either accretion disc related or due to
ntrinsic variability of the system. In fact, Neustroev & M ̈antynen
 2023 ) detect similar NIR excess in BW Scl, which is a very similar
ystem to ASASSN–14dx. They suggest that at least part of it is
ue to the low-temperature emission from optically thin outer disc.
urrently we also cannot entirely rule out a very low field ( B < 1–5
G) white dwarf that could contribute to NIR flux via cyclotron

mission. 
If we adopt the DA white dwarf model based on the FUV–SDSS

 energy range, we note that the GALEX FUV shows an excess of
pproximately 0.3 mag, while there is no excess in the GALEX NUV
and. One approch to explain this would be via a small hot spot (with
 fractional projected area of the order of 10 −4 ) on the white dwarf
urface, emitting very soft X-rays with a blackbody temperature of
T ∼ 30 eV, as observed in polar CVs (Reinsch et al. 2008 ). This
s estimated by convolving two blackbody spectra corresponding
o the T eff = 13397 K and T BB = 350000 K with the GALEX FUV
nd NUV response curves and converting to magnitudes. A perhaps
ore likely explanation, and the one we fa v our, for such excess is

he possible presence of immensely strong CIV 1550 Å emission
ine, as seen in SDSS J123813.73 −033933.0 (Pala et al. 2019 ) and
specially in GW Lib (Szkody et al. 2002 ). The GALEX FUV band
as the maximum efficienc y e xactly around the CIV 1550 Å line and
he FUV magnitude would certainly be affected by the presence of
uch line. 

In the case of a weakly magnetic white dwarf, the inner ac-
retion flow could be channelled along the field lines onto the
agnetic pole(s) of the white dwarf, leading to such emission.

https://www.astro.umontreal.ca/~bergeron/CoolingModels/
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Figure 6. Circular spectropolarimetry of ASASSN–14dx from NOT. The polarization spectrum (bottom) was median filtered with a 15 pixel window. There is 
no sign of circular polarization. 

Figure 7. The NOT trailed spectra binned into 10 phase bins and plotted o v er three orbital periods for clarity (top). The single epoch X-Shooter UVB + VIS 
band spectrum (bottom). 
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ot spots on the white dwarf have been observed in a very
imilar system SDSS J123813.73 −033933.0, and were associated 
o the spiral shocks in the accretion disc (Pala et al. 2019 ) rather
han a magnetic field. We should note though, that there is no
ersistent period detected in our photometry that would be ex- 
ected from such hot spot(s) on the white dwarf surface, strongly
uggesting that the FUV excess is a result of strong CIV 1550 Å
MNRAS 540, 838–850 (2025) 
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M

Figure 8. The pre-outburst SED of ASASSN–14dx, along with the DA 

white dwarf model fits. The red fit uses the full FUV–SDSS z range, whilst 
the magenta fit excludes the SDSS z band, which appears to show evidence 
of NIR excess. Note the excess in the FUV band. 
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.2 Spectral and H α emission line profile fitting 

o fit the o v erall optical spectrum, we used a model consisting of three
omponents. The spectrum was fitted using the Koester DA white
warf models (Koester 2010 ) combined with an accretion disc model
G ̈ansicke, Beuermann & Thomas 1997 ). The disc model does not
nclude an emission line profile model for Keplerian discs. Therefore,
he H α profile was fitted separately using a Keplerian accretion
isc kinematic model, where the line emission is represented as a
istogram of radial velocities from a Keplerian disc with a specified
adial emissivity profile. 

The free parameters for this kinematic model are the system
nclination, white dwarf mass, radial emissivity power index ( α),
isc inner radius ( r in ), disc outer radius ( r out ), and the mean radial
elocity ( γ ). The free parameters for the Koester DA white dwarf
odel are the white dwarf T eff and log g, along with the white dwarf

adius for scaling its flux density (as the distance is fixed by Gaia ).
he free parameters for the accretion disc isothermal slab model are

he gas pressure ( P gas ), gas temperature ( T gas ), slab height ( z), and
nclination. 

Although the emission lines from the accretion disc model provide
aluable information about the disc temperature via the Balmer
ecrement, we had to exclude the line cores from the spectral fitting.
his is because the higher order Balmer lines are skewed and highly
ariable o v er the orbital period due to the mo v ement of the hot
pot (see Fig. 7 ), and the X-Shooter data were obtained during a
ingle epoch. The gaseous slab model used here cannot generate
mission line profiles for non-uniform disc surface brightness (or
emperature) distributions. As a result, all spectral regions showing
vidence of line emission were excluded from the o v erall spectral
odelling. This means that the accretion disc model contributes only

s a continuum component. For a similar reason, we used the SAAO
pectra for the H α modelling. The SAAO spectra co v er at least half
f the orbital cycle and H α is least affected by the hot spot. Fur-
hermore, the SAAO H α emission line profile appears completely 
ymmetrical. 

The fit was performed using the Markov Chain Monte Carlo
MCMC) method with an af fine-inv ariant stretch algorithm (Good-
an & Weare 2010 ) for sampling, employing 100 random w alk ers.
 bespoke implementation of the algorithm was used. Since the

ndividual spectra were obtained with a narrow slit to enable
ccurate radial velocity measurements, the absolute flux calibration is
NRAS 540, 838–850 (2025) 
omewhat unreliable due to slit losses. Moreo v er, the conditions
uring the X-shooter observations were non-photometric adding
urther to the uncertainty of the true flux level. 

The X-Shooter UVB spectrum, along with the best fit, is shown
n Fig. 9 . The inset displays the Keplerian accretion disc fit to
he SAAO H α emission line profile, obtained simultaneously with
he o v erall spectral fit using the Koester DA white dwarf model
ombined with an isothermal gaseous slab accretion disc model
main panel). The corner plot of the MCMC modelling is shown in
ig. B1 , and the best-fitting parameters, along with their error limits
erived from the MCMC posterior marginal distributions, are listed in
able 4 . 

.3 Gravitational redshift 

he NOT and X-Shooter spectra show evidence of a narrow ab-
orption line of Mg II λ4481, formed in the white dwarf atmosphere.
his line serves as a tracer for the gravitational redshift produced
y the white dwarf’s potential well and, consequently, can be used
o estimate the white dwarf mass. The NOT spectra co v er the full
rbit of ASASSN–14dx, allowing the fitting of trailed line profiles to
ccount for the modulation caused by the hot spot, which can be used
o determine the systemic velocity, γ . Using He I λ4471, we obtained
= −30 . 3 ± 2 . 7 km s −1 . Summing all the NOT spectra yields an

verage Mg II λ4481 profile, whose central wavelength reflects only
he system’s redshift, γ , combined with the gravitational redshift.

e measure a central redshift of 76 . 6 ± 6 . 9 km s −1 . Subtracting the
ystemic redshift gives a gravitational redshift of 106 . 9 ± 7 . 4 km s −1 .
his corresponds to an independent measurement of the white
w arf surf ace gravity and mass of log g = 8 . 84 ± 0 . 05 and 1 . 12 ±
 . 02 M �. These values are consistent with our spectral fitting, which
ielded log g = 8 . 77 ± 0 . 02. 

 DI SCUSSI ON  

ur photometric, polarimetric, and spectroscopic observations sug-
est that ASASSN–14dx is likely a short orbital period CV harbour-
ng a pulsating DA white dwarf. The photometry reveals two distinct
ominant periods of 4 and 14 min, which fall within the typical range
or pulsating CVs (Szkody 2021 ). Based on fits using Koester DA
hite dwarf models, the spectroscopy suggests the presence of a

elati vely massi ve white dwarf. 

.1 Stellar and orbital parameters 

he combined MCMC analysis of the o v erall spectral fitting and the
 α line profile fitting implies a white dwarf ef fecti ve temperature
f T eff = 16140 + 73 

−68 K and log g = 8 . 77 + 0 . 02 
−0 . 02 . Comparing these values

ith the Montreal data base of white dwarf evolutionary models
Dufour et al. 2017 ; B ́edard et al. 2020 ) suggests a white dwarf
ass of 1 . 09 ± 0 . 01 M � and a radius of 0 . 0071 R � (4940 km) for the

esulting log g value. Using La Plata white dwarf models (Camisassa
t al. 2016 ) 3 yields a mass of 1 . 06 ± 0 . 01 M � and a similar radius
f 0 . 0071R �. We note that our best-fitting white dwarf radius,
erived from the flux scaling of our model, is 0 . 00783 R �, with
 99.9 per cent lower limit of 0 . 00770 R �. Ho we ver, the flux le vel
f the X-shooter spectrum is not reliably calibrated due to slit losses
nd nonphotometric conditions. 

The ef fecti ve temperature obtained from the spectral fitting dis-
grees with the SED fitting, which implied T eff = 13400 K using a

http://evolgroup.fcaglp.unlp.edu.ar/TRACKS/tracks.html
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Figure 9. The combined Koester DA white dwarf model and accretion disc model fitted to the mean, flux-calibrated (NOTE, non-photometric conditions!) 
X-Shooter UVB spectrum is shown in the main plot. The H α profile from the SAAO 1.9-m, after subtracting the continuum plus absorption line fit, averaged 
o v er 40 min, is shown alongside the best-fitting Keplerian disc model (inset). The emission lines redward of H β are likely O III λ4932, N II λ5026, Fe VII λ5158, 
and N II λ5180. 

Table 4. The MCMC results. a is the binary separation. Note that the listed 
WD mass only comes from the emission line profile fitting (together with the 
inclination). Furthermore, the quoted WD radius serves ONLY as a scaling 
factor for the model to match the (non-photometric) flux level. T eff and log g 
are constrained by the spectral fit itself. 

Parameter Median 1 σ 99.9 per cent > 99.9 per cent < 

Inclination (deg) 49.0 −4 + 5 35.0 63.0 
WD mass (M �) 1.00 −0.15 + 0.17 0.67 1.39 
α −1.16 −0.06 + 0.05 −1.33 −1.02 
Disc r in ( a) 0.06 −0.01 + 0.01 0.04 0.08 
Disc r out ( a) 0.53 −0.04 + 0.04 0.39 0.60 
γ ( km s −1 ) −34.5 −1.8 + 1.8 −41 −28 
T eff (K) 16140 −68 + 73 15910 16357 
log g (cgs) 8.767 −0.017 + 0.015 8.717 8.836 
WD radius (km) 5448 −30 + 29 5356 5543 
P gas (dyn cm 

−2 ) 196 −42 + 46 100 468 
T gas (K) 6093 −15 + 16 6048 6144 
log z (cgs) 8.12 −0.12 + 0.14 7.80 8.44 
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xed log g = 8 . 75. Ho we ver, it is important to note that the SED
tting did not include an accretion disc component due to the small
umber of data points. Furthermore, the SED data were obtained prior 
o the 2014 June outburst, and the source remains approximately 
.4 mag brighter than its quiescent level even now, ten years after
he outburst. Thus, it may not be appropriate to compare the two
emperatures directly. 

The orbital inclination of the binary is simultaneously fitted in both 
he spectral model fit (via the accretion disc model, which affects the
ux scaling and the emergent continuum shape) and the line profile 
tting. In the latter, the line profile width and shape are determined
y the inclination and the white dwarf mass together. 
The moving hot spot in the NOT phase-resolved spectra (Fig. 7 ),

ith a velocity amplitude of K spot = 574 . 5 ± 3 . 6 km s −1 , is best
xplained as the impact zone of the accretion stream on the outer
dge of the disc. This velocity amplitude is consistent with such an
xplanation if we assume the fitted system parameters (Table 4 ) and
 secondary mass of approximately 0 . 15 M �, based on the orbital
eriod. Moreo v er, the coincidence of the K spot velocity with the
ouble peak separation of the accretion disc emission line profile 
urther strengthens this interpretation. 

.2 The nature of the photometric variability 

part from being somewhat o v erluminous, ASASSN–14dx appears 
o be a fairly typical CV that exhibits a pulsating white dwarf as
ts accretor. Szkody ( 2021 ) lists the current population of known
Vs harbouring pulsating white dwarfs, comprising 18 systems 
ith orbital periods clustering around the CV period minimum. 
SASSN–14dx fits well within this group, although it has the highest
hite dwarf ef fecti ve temperature among them. Szkody ( 2021 ) also

ists the detected pulsation periods of these systems, which are very
imilar to the periods detected in ASASSN–14dx (Table 3 ). 

In fact, the properties of ASASSN–14dx remarkably resemble 
hose of GW Lib (van Zyl et al. 2000 ; Szkody et al. 2002 ), both
n terms of the detected pulsation periods and the white dwarf
roperties, although both the white dwarf ef fecti ve temperature and
ass are somewhat higher in the case of ASASSN–14dx. While the

erived white dwarf temperature ( T eff = 16140 K) is well abo v e the
MNRAS 540, 838–850 (2025) 
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raditional range for the instability strip for non-accreting hydrogen-
tmosphere white dwarf pulsators (ZZ Ceti stars), Arras, Townsley &
ildsten ( 2006 ) demonstrated that an increased helium fraction from
ccretion and/or extreme surface gravity can extend the instability
trip up to T eff = 20000 K. This explains the population of GW Lib
ulsators, to which ASASSN–14dx is a new addition. 
The change in the dominant mode observed for ASASSN–14dx

s also consistent with a GW Lib nature, with other systems also
bserved to show different dominant frequencies depending on the
ime of observation (e.g. Mukadam et al. 2007 ). Changes in a short
ime-scale, as the ones observed, are not necessarily indicative of
hanges to the stellar structure, which is expected to change at a
uch slower time-scale. Instead, it is more likely that a different set

f eigenmodes corresponding to the same stellar structure become
xcited, resulting in a different pulsation spectrum. In fact, while
t has been observed that outburst can cause GW Lib pulsations to
isappear as the white dwarf is heated beyond the instability strip,
he pulsations can come back with the same frequencies as observed
re-outburst, suggesting that outbursts do not significantly affect the
tellar interior (Mukadam et al. 2011 ). 

.3 Accretion rate and ASASSN–14dx as a (non)potential SNIa 
rogenitor 

s ASASSN–14dx contains a high-mass, accreting white dwarf, it is
ertinent to consider the system’s status as a potential SNIa candidate.
sogai et al. ( 2019 ) classified ASASSN–14dx as a WZ Sge-class
warf nova, primarily based on its discovery outburst properties and
he 82.8-min orbital period. WZ Sge systems also have very long
ecurrence periods, typically of the order of decades. Currently, we
now of only the 2014 disco v ery outburst for ASASSN–14dx, which
s consistent with the WZ Sge classification. These systems also
ypically hav e v ery low accretion rates, which are thought to explain
heir long recurrence periods ( L X = 2 . 3 × 10 30 erg s −1 for WZ Sge
tself in quiescence Mukai & Patterson ( 2004 ), using the XMM –
ewton and its 0.2–10 keV band). The XMM –Newton 4XMM-DR14
atalogue (Webb et al. 2020 ) includes two instances of ASASSN–
4dx, both obtained in 2011, prior to the 2014 outburst. The stronger
f these detections implies F X = 5 . 7 × 10 −13 erg s −1 cm 

−2 in the
.2–10 keV band. Adopting the Gaia distance, this translates to L X =
 . 5 × 10 29 erg s −1 . This value is nearly an order of magnitude fainter
han the WZ Sge value mentioned abo v e and is among the faintest for
warf novae, apart from GW Lib (Byckling et al. 2010 ). Furthermore,
ssuming a typical accretion efficiency of 0.03 per cent for a white
warf accretor, the measured X-ray luminosity corresponds to an
ccretion rate of Ṁ = 1 . 7 × 10 12 g s −1 (or 2 . 6 × 10 −14 M � yr −1 ). 

Therefore, even if the white dwarf in ASASSN–14dx has a high
ass, its current (and future) rate of growth is likely minimal. The
hite dw arf w as either born massive or has accreted more mass

han typical white dwarfs in CVs during its evolutionary history.
here is not enough mass left in the secondary star to ever push the
hite dwarf o v er the Chandrasekhar limit. We thus conclude that
SASSN–14dx is not a viable SNIa candidate. The same applies to
Z Sge systems in general, unless their white dwarf mass is already

xtremely close to the Chandrasekhar limit. 

 C O N C L U S I O N S  

e have presented optical photometry, polarimetry and spectroscopy
f ASASSN–14dx. Our data indicate that the system is a disc-
ccreting CV with a pulsating white dwarf accretor. There is no clear
NRAS 540, 838–850 (2025) 
vidence for magnetism in the white dwarf based on our optical cir-
ular polarimetry. Ho we ver, both the NIR/IR and the FUV excesses
f the system could be explained with cyclotron emission from a
ow-field (less than a few MG) magnetic white dwarf. Such emission
ight also partially explain the o v erluminous nature of the system,

ut there is no evidence for cyclotron humps in the X-shooter NIR
pectrum. The NIR excess can also be reconciled by emission from
ool outer disc, but this would leave the FUV e xcess une xplained.
he required combination of surface area and temperature to produce

he observed FUV excess without any NUV excess appears to rule
ut equatorial hot regions. Ho we ver, e ven if there is no conclusive
vidence, we suspect that the FUV excess is most likely due to very
trong CIV 1550 Å emission, that is centred on the FUV band and
as been detected in ‘sibling’ systems GW Lib (Szkody et al. 2002 )
nd SDSS J123813.73 −033933.0 (Pala et al. 2019 ). 

Our multi-epoch fast photometry reveals multiple pulsation peri-
ds, in particular at 4 and 14 min. Both are observed more than once,
nd one of them is al w ays present. Ho we ver, only one of them appears
o be present at any given epoch. This is consistent with different sets
f eigenfrequencies being observed at different epochs, as seen for
ther GW Lib systems. We do not have a credible explanation for the
.5 phase shift evident in the NOT photometry (Fig. 2 ), unless the
-min period results from the white dwarf spin and we would have
itnessed a flip in accreting magnetic pole. Ho we ver, we consider

his scenario very unlikely. 
Our optical spectral modelling, together with the measured

ravitational redshift, suggests that the white dwarf in the system
as a high mass, of the order of 1.1 M �, while its spectroscopic
f fecti ve temperature is T eff = 16140 K, derived from combined
pectral modelling using both a DA white dwarf and an accretion
isc model. This temperature is higher than that of any accreting
hite dwarf pulsator system listed by Szkody ( 2021 ), but consistent
ith theoretical expectations for GW Lib-type pulsators, and GW Lib

tself (Toloza et al. 2016 ). Finally, NIR circular polarimetry could
rovide further insight into the possible magnetic nature of the white
warf by confirming or ruling out the presence of cyclotron emission
rom a low-field magnetic white dwarf ( B � 10 MG). 
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an Zyl L. , Warner B., O’Donoghue D., Sulli v an D., Pritchard J., Kemp J.,

2000, Balt. Astron. , 9, 231 
ernet J. et al., 2011, A&A , 536, A105 
arner B. , 1995, Cataclysmic Variable Stars, 28, Cambridge Astrophysics 

series, Cambridge 
arner B. , van Zyl L., 1998, New Eyes to See Inside the Sun and Stars, 185,

321 
ebb N. A. et al., 2020, A&A , 641, A136 

PPENDI X  A :  FOURI ER  FITS  
s

MNRAS 540, 838–850 (2025) 

 2023 September (right). The fit was performed to the residuals after low 

from top to bottom show the u ′ , g ′ , and r ′ bands, with the best fit shown as a 

en sairaala user on 03 July 2025

http://dx.doi.org/10.3847/1538-4365/ab929e
http://dx.doi.org/10.1086/505178
http://dx.doi.org/10.3847/1538-4357/abafbe
http://dx.doi.org/10.1111/j.1365-2966.2010.17276.x
http://dx.doi.org/10.3847/0004-637X/823/2/158
http://dx.doi.org/10.1093/mnras/205.4.1031
http://dx.doi.org/10.1117/1.JATIS.5.2.024007
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1111/j.1365-2966.2009.15126.x
http://dx.doi.org/10.1093/mnras/289.2.388
http://dx.doi.org/10.1086/131801
http://dx.doi.org/10.1093/pasj/psy141
http://dx.doi.org/10.5140/JASS.2012.29.2.163
http://dx.doi.org/10.1093/pasj/psv077
http://dx.doi.org/10.1093/mnras/251.1.30P
http://dx.doi.org/10.1086/156946
http://dx.doi.org/10.1088/2041-8205/728/2/L33
http://dx.doi.org/10.1086/520700
http://dx.doi.org/10.1093/mnras/stad1730
http://dx.doi.org/10.1051/aas:2000169
http://dx.doi.org/10.1051/0004-6361:20010234
http://dx.doi.org/10.1093/mnrasl/slae035
http://dx.doi.org/10.1093/mnras/sty3174
http://dx.doi.org/10.3847/1538-4357/ab863d
http://dx.doi.org/10.1086/133375
http://dx.doi.org/10.1093/mnras/stab2511
http://dx.doi.org/10.1038/s41550-021-01346-8
http://dx.doi.org/10.1088/0004-637X/788/1/48
http://dx.doi.org/10.1046/j.1365-8711.2000.03781.x
http://dx.doi.org/10.3389/fspas.2021.759686
http://dx.doi.org/10.1086/342916
http://dx.doi.org/10.3847/1538-3881/152/6/226
http://dx.doi.org/10.1093/mnras/stw838
http://dx.doi.org/10.1088/0004-637X/730/2/128
http://dx.doi.org/10.1088/0004-637X/812/1/18
http://dx.doi.org/10.1515/astro-2000-0207
http://dx.doi.org/10.1051/0004-6361/201117752
http://dx.doi.org/10.1051/0004-6361/201937353


850 P. Hakala et al. 

MNRAS 540, 838–850 (2025) 

APPENDIX  B:  M C M C  RESULTS  

Figure B1. The MCMC correlation and marginal probabilities plot of the H α emission line modelling and the white dwarf spectral fitting. 
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