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A B S T R A C T 

AM CVn-type systems are ultracompact, helium-accreting binary systems that are evolutionarily linked to the progenitors of 
thermonuclear supernovae and are expected to be strong Galactic sources of gra vitational wa ves detectable to upcoming space- 
based interferometers. AM CVn binaries with orbital periods � 20–23 min exist in a constant high state with a permanently 

ionized accretion disc. We present the disco v ery of TIC 378898110, a bright ( G = 14.3 mag), nearby (309.3 ± 1.8 pc), high-state 
AM CVn binary disco v ered in TESS two-minute-cadence photometry. At optical wavelengths, this is the third-brightest AM CVn 

binary known. The photometry of the system shows a 23.07172(6) min periodicity, which is likely to be the ‘superhump’ period 

and implies an orbital period in the range 22–23 min. There is no detectable spectroscopic variability. The system underwent an 

unusual, year-long brightening event during which the dominant photometric period changed to a shorter period (constrained 

to 20.5 ± 2.0 min), which we suggest may be evidence for the onset of disc-edge eclipses. The estimated mass transfer 
rate, log ( Ṁ / M � yr −1 ) = −6 . 8 ± 1 . 0, is unusually high and may suggest a high-mass or thermally inflated donor. The binary 

is detected as an X-ray source, with a flux of 9 . 2 

+ 4 . 2 
−1 . 8 × 10 

−13 erg cm 

−2 s −1 in the 0.3–10 keV range. TIC 378898110 is the 
shortest-period binary system disco v ered with TESS , and its large predicted gra vitational-wa ve amplitude makes it a compelling 

verification binary for future space-based gravitational wave detectors. 

Key words: binaries: close – stars: dwarf novae – stars: individual: TIC 378898110 – novae, cataclysmic variables – white 
dwarfs. 
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 I N T RO D U C T I O N  

M CVn-type binary systems are ultracompact, mass-transferring 
inary systems with orbital periods in the range 5–68 min (e.g. 
olheim 2010 ; Green et al. 2020 ). Each AM CVn binary consists of
 white dwarf accreting helium-dominated matter from a degenerate 
r semi-degenerate donor star. Short-period AM CVn binary systems 
re expected to be among the first handful of individual Galactic 
ources of gravitational waves in the frequency range visible to 
pace-based interferometers such as the Laser Interferometer Space 
ntenna ( LISA ; Kremer et al. 2017 ; Breivik et al. 2018 ; Kupfer et al.
018, 2023 ). Their evolutionary channels are linked to double white 
warf binaries, a significant channel for Type Ia Supernovae (e.g. 
ildsten et al. 2007 ; Kilic et al. 2014 ; Maoz, Mannucci & Nelemans
014 ). 
A variety of progenitor channels have been proposed for AM CVn

inaries, in which the system may descend from a double white dwarf
inary (Paczy ́nski 1967 ; Deloye et al. 2007 ; Wong & Bildsten 2021 ),
 binary consisting of a white dwarf and a compact helium-burning 
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tar (Sa v onije, de Kool & van den Heuvel 1986 ; Iben & Tutukov
987 ; Yungelson 2008 ), or a cataclysmic variable with an evolved
onor (Podsiadlowski, Han & Rappaport 2003 ; Goliasch & Nelson 
015 ; Belloni & Schreiber 2023 ). The relative importance of these
arious channels remains an unsolved problem. 

AM CVn binaries remain a rare class of object, with 56 known
ystems at the time of the last population re vie w (Ramsay et al. 2018 ).
ecent disco v eries by Burdge et al. ( 2020b ), van Roestel et al. ( 2021,
022 ), Riv era Sando val et al. ( 2021 ), and others, have increased the
umber of published systems to approximately 80, but many newly 
isco v ered systems are not suitable for in-depth characterization 
tudies (for instance, using phase-resolved spectroscopy) due to their 
aintness. 

The small sample size of known AM CVn binaries limits attempts
o understand the population empirically, such as studies of the 
opulation density (Carter et al. 2013 ) or investigations into the
uestion of how these systems form (Goliasch & Nelson 2015 ;
reen et al. 2018 ; Ramsay et al. 2018 ; Wong & Bildsten 2021 ;
elloni & Schreiber 2023 ). Based on the Gaia parallaxes of the
nown systems, the sample of known AM CVn binaries may be
ncomplete even at distances of a few hundred parsecs (Ramsay 
t al. 2018 ). 
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Table 1. Summary of basic observational properties of TIC 378898110. The 
UV O T magnitude is given in the AB system, while others are given in the 
Vega magnitude system (as is customary). Sources for these magnitudes are 
given in Section 3.3 . 

Property Value 

TIC ID 378898110 
Gaia ID 6058834949182961536 
ICRS coords. (J2000) 12:03:38.7 − 60:22:48.0 
Galactic coords. 297.055664 + 1.945349 
Magnitudes: 
UV O T UVW 2 14.41 ± 0.03 
Gaia BP 14.271 ± 0.006 
Gaia G 14.276 ± 0.003 
Gaia RP 14.243 ± 0.006 
2MASS J 14.11 ± 0.04 
2MASS H 14.08 ± 0.05 
2MASS K s 14.11 ± 0.07 
WISE W 1 14.20 ± 0.06 
WISE W 2 14.40 ± 0.08 
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AM CVn accretion discs show a range of types of photometric be-
aviour, commonly explained by the disc instability model that also
escribes hydrogen-accreting cataclysmic variables (e.g. Tsugawa &
saki 1997 ; Cannizzo & Nelemans 2015 ). This behaviour is driven
y the mass transfer rate, Ṁ , which correlates steeply with orbital
eriod, P orb , as Ṁ ∝ P orb 

−5.2 (Warner 1995 ; Tsugawa & Osaki
997 ). If the population includes donor stars with differing levels of
e generac y (Deloye et al. 2007 ; Wong & Bildsten 2021 ), then some
mount of scatter can be expected in the relationship between P orb 

nd Ṁ , but the correlation should remain strong. 
As a result, AM CVn binaries can be separated into several groups

ased on their accretion disc behaviour, which naturally sorts them
s a function of orbital period (e.g. Solheim 2010 ). Short-period
ystems (7–12 � P orb � 20–28 min) typically exist in a permanently
onized ‘high’ state, comparable to nova-like cataclysmic variables.

eanwhile, systems at somewhat longer periods (20–28 � P orb �
5–58 min) spend the majority of their time in a neutral, quiescent
tate, with occasional dwarf nova outbursts. While most AM CVn
inaries with P orb > 20 min are outbursting or quiescent systems,
wo high-state systems have claimed orbital periods of 23 and
8 min (CXOGBS J1751-2940 and ZTF J2228 + 4949, though note
hat neither orbital period has been confirmed spectroscopically;

evers et al. 2016 ; Burdge et al. 2020a ). 
High-state AM CVn binaries and AM CVn binaries in outburst

an show a variety of photometric signatures. Assuming there are
o eclipses, the strongest signal is typically a ‘superhump’ signal,
hich is driven by an interaction between the donor star and the

ccretion disc, and has a period within a few per cent of the orbital
eriod (Patterson, Halpern & Shambrook 1993 ). The orbital period
tself and the precession period of the accretion disc may be seen
e.g. Armstrong, Patterson & Kemp 2012 ; Green et al. 2018 ; Solanki
t al. 2021 ), and some systems also show a variety of periodic signals
ith no conclusive physical interpretation (e.g. Fontaine et al. 2011 ;
upfer et al. 2015 ). 
In this work, we present the disco v ery of the high-state AM CVn

inary TIC 378898110, which has properties presented in Table 1 .
he system was first identified as a short-period variable by its
ESS photometry ( Transiting Exoplanet Survey Satellite ; Ricker
t al. 2014 ). Follow-up observations from the ground led to its
M CVn classification. Its magnitude of G = 14.3 makes it the

hird-brightest AM CVn binary known by apparent magnitude, after
NRAS 527, 3445–3458 (2024) 
P Lib ( G = 13.6) and the namesake of the class, AM CVn itself
 G = 14.0). Its parallax from Gaia EDR3 (Gaia Collaboration et al.
021 ) implies a distance of 306.2 ± 1.7 pc (Bailer-Jones et al. 2021 ),
aking it the 12th closest AM CVn binary. The likely orbital period

f TIC 378898110 is ≈22–23 min, placing it in the o v erlap period
ange between high-state and outbursting systems. 

In Section 2 , we describe the observations undertaken for this
ork. Section 3 presents the photometric data obtained and its

nalysis, while Section 4 presents the spectroscopic data. Sections 5
nd 6 discuss and summarize our findings regarding TIC 378898110.

 OBSERVATI ONS  

 number of observations of TIC 378898110 were obtained and
nalysed for this work. These observations are summarized in
able 2 . 

.1 TESS photometry 

IC 378898110 was observed by TESS with a two-minute cadence
n Sectors 37 and 38, spanning a total co v erage of 52 days. The target
as proposed for two-minute cadence data under proposals G03124

as a candidate low-mass white dwarf) and G03221 (as a candidate
ot subdwarf, due to its inclusion in the hot subdwarf catalogue of
eier et al. 2019 ). These data were reduced by the Science Processing
perations Centre (SPOC). 
The target is located in a crowded region of the sky, with an

stimated TESS contamination factor ( CROWDSAP ) of 0.12; the
elative amplitudes from SPOC light curves have been corrected
o account for this flux dilution. A pix el-lev el analysis (Higgins &
ell 2023 ) showed that the periodic variability w as lik ely to originate

rom TIC 378898110 itself, as was later confirmed by ground-based
hotometry. 
A previous TESS observation in Sectors 10 and 11 (2019 March

o May) had only a cadence of half an hour and was not able to fully
esolve the dominant periodic signal. 

.2 Ground-based photometry 

ollow-up photometry was obtained with the Goodman High
hroughput Spectrograph (Clemens, Crain & Anderson 2004 ) on

he 4.1-m Southern Astrophysical Research (SOAR) telescope at
erro Pach ́on in Chile. These data were obtained using a broad, blue
8612 filter. We obtained 443 exposures of 10 s, taken in the 200 Hz
TTN2 readout mode with 2 × 2 binning and a reduced window on

he chip to minimize readout o v erheads. The data were debiassed
nd flat-field corrected with standard IRAF routines, and aperture
hotometry was performed with D AOPHO T . 
Further ground-based photometry was obtained using ULTRA-

AM, a high-speed, triple-beam photometer (Dhillon et al. 2007 ).
or these observations, ULTRACAM was mounted on the 3.5-m
ew Technology Telescope (NTT) at La Silla observatory in Chile.
he u s , g s , and i s filters were used; these filters are designed to
o v er the same wavelengths as the Sloan u ′ g ′ i ′ filters but with higher
hroughput (Dhillon et al. 2021 ). The wavelength coverage of these
lters can be broken down into 3000–4000 Å for u s , 3900–5700 Å
or g s , and 6700–8700 Å for i s . Observations were obtained in 2021,
022, and 2023. 
The ULTRACAM data were reduced using the HiPERCAM

ipeline (Dhillon et al. 2021 ). Each image was bias-subtracted and
ivided throughout by a flat-field image in the same filter that was
btained at twilight on the same night. No dark-frame subtraction
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Table 2. Summary of the observations presented in this work. F or ULTRACAM observations, e xposure times in brackets are 
those used for the u s -band, which are increased to account for the lower throughput of that filter. Approximate wavelength 
co v erages of photometric bandpasses are given, to aid the reader in comparison between different bands. 

Instrument Date Filters / Wavelength [ Å] Exposure [s] Total exposure [s] 

Space-based phot. 
TESS 2021 Apr 02–May 26 T / 6000–10 000 120 4138200 
Swift 2021 July 27 UVW2 / 1600–3500 – 1240 

Ground-based phot. 

Goodman + SOAR 2021 July 4 S8612 / 3000–8400 10 7660 
ULTRACAM + NTT 2021 July 14 u s g s i s / 3000–8700 2.8 (8.4) 6300 
ULTRACAM + NTT 2022 March 05 u s g s i s / 3000–8700 3.5 (10.5) 3570 
ULTRACAM + NTT 2022 March 06 u s g s i s / 3000–8700 3.0 (9.0) 4080 
ULTRACAM + NTT 2022 March 28 u s g s i s / 3000–8700 3.0 (9.0) 4580 
ULTRACAM + NTT 2023 March 08 u s g s i s / 3000–8700 3.0 (6.0) 9790 
ULTRACAM + NTT 2023 March 09 u s g s i s / 3000–8700 3.0 (6.0) 2230 
ULTRACAM + NTT 2023 March 10 u s g s i s / 3000–8700 3.0 (6.0) 4020 

Spectroscopy 

Goodman + SOAR 2021 July 05 3600–5200 60 2940 
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as performed, but care was taken to a v oid known hot pixels during
arget acquisition. The target flux was extracted using a variable 
perture with width scaled to 1.7 × the full-width half-maximum of 
he point-spread function in that image. The target flux was divided by 
 constant comparison star observed in the same image (coordinates 
2:03:35.19 −60:23:06.9, G = 14.1 mag) to correct for changes in 
tmospheric transparency. 

.3 Swift X-ray obser v ations 

oti v ated by the presence of a ROSAT source within 15 arcsec of
he target (1RXS J120340.6 −602252), 1 X-ray observations were 
ndertaken with the NASA Neil Gehrels Gamma-Ray Burst Exploer 
ission Swift satellite (Gehrels et al. 2004 ) through its Target of
pportunity program (ToO ID 16045). The target was observed by 
wift for 1240 s. During these observations, the X-Ray Telescope 
XRT; Burrows et al. 2005 ) was in photon counting mode (Hill et al.
004 ). Source counts were selected in a circular region with a radius
f 30 arcsec. Background counts were extracted from a source-free 
earby region with a radius of 212 arcsec applying XSELECT . Using
he exposure map, an auxiliary response file was created with the tool
RTMKARF. The spectral data were analysed without rebinning in 
SPEC (Arnaud 1996 ) and using Cash statistics (Cash 1979 ). 
The UltraViolet and Optical Telescope (UV O T; Roming et al. 

005 ) was in event mode with the UVW2 filter (mode 0x0121). The
ata for source and background regions were extracted in circles with 
adii of 7 and 20 arcsec, respectively. Magnitudes and flux densities
ere determined using UV O TSOURCE with the calibration as described 

n Poole et al. ( 2008 ) and Breeveld et al. ( 2010 ). 

.4 Spectroscopy 

hase-resolved spectroscopy with 1 min exposures and a cadence 
f ≈65.5 s was collected using the Goodman High Throughput 
pectrograph on the SOAR telescope (Clemens, Crain & Anderson 
004 ). A volume-phase holographic (VPH) grating with 930 lines per
 Notable given that the position uncertainty of ROSAT sources can be as large 
s 16 arcsec for low-S/N sources (Ayres 2004 ). 

o  

a  

f
l
m

m was used, giving a wavelength coverage of approximately 3700–
200 Å. The slit width was 1 arcsec, giving a resolution of 2.9 Å
resolving power ≈1500). These data co v ered approximately one 
our, bracketed by Fe arc lamp exposures before the first spectrum,
fter half an hour, and after the final spectrum. The spectra were
educed using custom PYTHON- based tools and an optimal extraction 
outine based on the methods described by Marsh ( 1989 ). 

A comparison star ( Gaia EDR3 6058834949186192768, magni- 
ude G = 16.2) was also on the slit and observed simultaneously
ith the target. The comparison star did not have sufficient S/N for

nalysis within individual exposures. A fit to five Balmer lines in
he summed spectrum of the comparison star found that they were
onsistent with their rest wavelengths (12 ± 16 km s −1 ). 

 PHOTOMETRI C  ANALYSI S  

.1 TESS 

n Fig. 1 , we show the TESS light curve of TIC 378898110. A
omb-Scargle periodogram (Lomb 1976 ; Scargle 1982 ) shows a 
trong peak with a period of 23.07172(6) min, as well as weaker
eaks at harmonics of that signal. The uncertainty on the period was
haracterized by fitting a sine wave to the data. 

When phase-folded on the 23.07 min period (Fig. 1 , top right-hand
anel), the TESS data show non-sinusoidal, sawtooth-like variability, 
n which the rise is steeper than the decline, which is characteristic of
uperhump variability in high-state or outbursting AM CVn binaries 
e.g. Armstrong, Patterson & Kemp 2012 ; Green et al. 2018 ). The
ump feature just before minimum light resembles a feature seen in
he superhumps of CR Boo early during its outburst (the ‘Stage A’
uperhumps; e.g. Isogai et al. 2016 ). We also show a phase-fold of the
econd harmonic of this period, 11.5 min, which gives a somewhat
imilar form with a weaker amplitude and lower significance. 

In order to test for any change in the photometric period, we split
he TESS light curve into four equal-length segments of approxi- 
ately 13 days each. Fig. 2 shows the Lomb-Scargle periodograms 

f the first four harmonics in each of these segments. The period
ppears constant through the first three segments. Ho we ver, in the
ourth segment, the period appears to drift towards a somewhat 
ower frequency. The strengths of the higher harmonics change 

ore significantly than the fundamental, but the variation in their 
MNRAS 527, 3445–3458 (2024) 
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Figure 1. Top left: TESS light curve from Sectors 37 and 38, showing flux change relative to the mean. Middle left: Lomb-Scargle periodogram of the TESS 
light curve. Dashed horizontal lines show false alarm probabilities of 0.1, 10 −3 , and 10 −5 . Lower left: Zoomed plots of the periodogram peaks around the 
23.07 min period and its first two harmonics, with the same false alarm probabilities marked (c/d refers to cycles per day). Note the change in y -axis scale from 

logarithmic to linear. Top right: Phase-folded and binned TESS light curve, folded on the 23.07 min period. Lower right: Phase-folded and binned TESS light 
curve, folded on the first harmonic at 11.5 min. 
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requencies is comparable. After characterising the uncertainties on
he fundamental period in each segment by fitting a sine wave to
he data, we found that the period drift was significant at a 3- σ
evel compared to the previous segments. The measured frequencies
ere 62.415(2), 62.417(2), 62.413(2), and 62.405(2) cycles d −1 ,

espectively, for the four segments. 
In the periodogram in Fig. 1 , we note a marginal peak with

 separation of ≈0.05 per cent at the low-frequency wing of the
3.07 min periodicity and each of its harmonics. This is likely an
mprint of the slightly lower frequency seen towards the end of the
ESS observations. 
Unlike in some previously studied systems with space-based

hotometry (Green et al. 2018 ; Solanki et al. 2021 ), we do not see a
ow-frequency signal resulting from the accretion disc precession in
IC 378898110. 

.2 Ground-based photometry 

igs 3 , 4 , and 5 show the raw and phase-folded ground-based
hotometry obtained using SOAR and ULTRACAM, while Figs 6
nd 7 show the Lomb-Scargle periodograms. Observations were
btained in 2021 (soon after the TESS observations) and in 2022 and
023. The three sets of observations highlight the changing profile
f the variability in TIC 378898110. 
The light curves from 2021 show a similar (though not identical)

awtooth-shaped profile as was observed from TESS , though with a
otably smaller amplitude ( ≈1 per cent, compared to the ≈4 per cent
NRAS 527, 3445–3458 (2024) 
een in TESS ). The high-frequency red noise known as ‘flickering’
hat is typical of accreting systems is also seen. A periodogram of the
ata from 2021 shows a peak at the 23.07 min period and its second
armonic, with no other significant peaks. 
In 2022, the profile of the light curve appeared somewhat different.

he middle panel of Fig. 5 shows the phase-folded data from three
ights in March 2022. As Fig. 6 shows, the strength of the second
armonic has significantly increased relative to the fundamental fre-
uency of variation. In some 2022 nights, the fundamental frequency
s not detected at all, which may be a result of the short observing
indows of these observations (60–75 min per night). 
Most notably, the precisely measured TESS period of

3.07172(6) min did not successfully phase-fold the 2022 ULTRA-
AM data across multiple nights such that their times of minimum

ight coincided. Folding the data on the TESS period induces a drift
f 20 per cent of a phase cycle ( ≈5 min) between the nights of March
5 and 06. This implies a significant change to the photometric
eriod of at least ≈0.08 min between 2021 and 2022. We found that
 folding period of 22.07 min was successful in aligning the light-
urve minimima across all three nights in 2022 March, but note that
his is only one of a number of equally acceptable aliases. 

In 2023, the profile of the light curve was different again. As
ig. 5 shows, the amplitude in 2023 March was ≈4 per cent, similar

o that of the TESS light curve. The folded light curve shows four
eaks per phase cycle, resulting in a strong fourth harmonic of the
ominant frequency (Fig. 6 ). In 2023, as in 2021 but not in 2022,
hase-folding the data using the TESS period of 23.07172(6) min
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Figur e 2. Lomb-Scar gle periodograms of TESS data, after splitting the data 
into four equal segments of approximately 13 days each (BJD ranges are 
denoted in the figure legend). Each row shows one of the four strongest 
harmonics of the 23.07 min signal. Note that the axis range in each panel 
has been scaled by the harmonic number, so that a consistent offset in the 
figure represents a consistent fractional change in frequency between different 
harmonics. The vertical dashed line shows the 23.07 min signal derived from 

the combined periodogram of the entire TESS light curve and its harmonics. 
The periodic signal appears to be constant through the first three segments, 
while it appears to drift towards a slightly lower frequency during the final 
segment. 

s
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Figure 3. Light curves of TIC 378898110 obtained through an S8612 filter 
with Goodman + SOAR and through u s g s i s with ULTRACAM + NTT in 2021 
and 2022. Right-hand data point shows the typical uncertainty. 
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uccessfully aligned the light curve minima across all three nights 
rom 2023 March. 

In Fig. 7 , we show the combined Lomb-Scargle periodogram of
ata from two sets of consecutive nights, 2022 March 05–06 and 
023 March 08–10. The strongest alias of the 2023 March data 
learly agrees with the TESS photometric period. In 2022 March, 
he fa v oured values of the periodogram are shifted towards higher
requencies than the TESS frequency, and no alias is aligned with 
he TESS frequency. We are therefore confident in claiming that the 
hotometric period observed in 2022 March is different to the period 
bserved in 2021 or 2023. We also note that in 2023, the peaks of
he periodograms in g s and u s are aligned, while in 2022 they are
MNRAS 527, 3445–3458 (2024) 
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Figure 4. Light curves of TIC 378898110 obtained through u s g s i s filters with 
ULTRACAM + NTT in 2023. 
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Figure 5. Phase-folded g s -band ULTRACAM light curve of TIC 378898110 
from 2021 (top), 2022 (middle), and 2023 (bottom). Within each panel, data 
from multiple nights was folded with the same period and phase offset. The 
zero-phase was chosen as the phase of minimum light. In 2022, folding the 
data on the TESS photometric period of 23.07 min did not reconcile the phase 
of minimum light between the three nights, and so a different folding period 
of 22.07 min was used. Note the change in y -axis scale between panels. The 
significant impro v ement in SNR in 2023 was due to the larger amplitude of 
the signal and an impro v ement in atmospheric seeing for the 2023 nights. 
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f fset by se veral aliases relati ve to each other; this may suggest that
he apparent signal seen in 2022 is a combination of two signatures
ith different characteristic spectra. 
Giv en the comple x aliasing (seen in Fig. 7 ) and the short photo-
etric co v erage, it is difficult to precisely quote the 2022 frequenc y

f photometric variability. We estimate by eye that the frequency lies
omewhere in the range 70 ± 8 cycles d −1 , or 20.5 ± 2.0 min, in the
nderstanding that this is an o v erestimate of the uncertainty. 

.3 Spectral energy distribution 

he Spectral energy distribution (SED) of TIC 378898110 is shown
n Fig. 8 . In addition to the Swift + UV O T data described in
ection 2.3 , we retrieved data from the Galaxy Evolution Explorer
 GALEX ; Morrissey et al. 2007 ), the American Association of
ariable Star Observers (AAVSO) Photometric All-Sky Survey

APASS), 2 Gaia Early Data Release 3 (Gaia Collaboration et al.
021 ), the Two Micron All Sk y Surv e y (2MASS; Skrutskie et al.
006 ), and the Wide-field Infrared Surv e y Explorer (WISE; Wright
t al. 2010 ). 
NRAS 527, 3445–3458 (2024) 

 https:// www.aavso.org/ apass 

b  
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b  
There is a factor of two difference in flux between the
wift + UV O T UVW2 measurement (observed 2021 July 27) and
he archi v al GALEX NUV measurement (2011 May 11). The
V O T measurement is easier to reconcile with the optical flux
easurements from Gaia . As the GALEX NUV measurement is

ased on only one observation, in which the target is somewhat
lose to the edge of the detector, we suggest that the measurement
s affected by an unknown observational or calibration error. Long-
erm variability of the source may also contribute to the difference
etween the UV O T and GALEX fluxes, but it is unlikely to be the
ntire explanation, because a factor of two change in flux would
e unusual for a high-state AM CVn binary. We note that there is

https://www.aavso.org/apass
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Figur e 6. Lomb-Scar gle periodograms of the light curves in Figs 3 –4 , 
separated into data from 2021, 2022, and 2023. Vertical lines mark the first 
four harmonics of the TESS frequency (23.07 min). The strength of the second 
harmonic in 2022 and the fourth harmonic in 2023 are significantly increased 
relative to the fundamental frequency. 
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Figure 7. Combined Lomb-Scargle periodograms of multiple nights from 

2022 and 2023. The vertical line marks the dominant TESS frequency 
(23.07 min). 
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lso an offset between the optical flux measurements of APASS and 
aia , but this smaller difference is easier to explain as resulting

rom variability of the source. GALEX and APASS data were both 
xcluded from the SED fitting process described below. 

The SED cannot be described by a simple blackbody spectrum. 
his is expected for a high-state AM CVn binary, which is photo-
etrically dominated by the accretion disc. 
We modelled the SED of TIC 378898110 using the method applied 

y Ramsay et al. ( 2018 , their Section 8). It should be emphasized
hat this method utilizes a number of simplifying assumptions, and 
rovides (at best) an approximation of the true SED. The accretion 
isc was treated as a set of 200 linearly spaced, concentric, circular 3 

nnuli, extending from the surface of the accreting white dwarf to 
n outer disc radius R disc . Each annulus was assumed to emit as a
lackbody, with the temperature profile of the disc calculated in the 
tandard manner for steady-state accretion discs (e.g. Warner 1995 ). 
 This is a simplification, as in reality the presence of superhump variability 
mplies that the disc is likely to be somewhat eccentric (Patterson, Halpern & 

hambrook 1993 ). 

4

5

q

he central white dw arf w as also treated as a blackbody emitter.
he white dwarf radius was calculated from its mass according to
 typical carbon-oxygen core mass-radius relationship (Verbunt & 

appaport 1988 ), and its surface temperature was estimated from 

he mass transfer rate (Bildsten et al. 2006 , their equation 1). Free
arameters in the model were the mass transfer rate Ṁ , the primary
ass M 1 , the outer radius of the disc R disc , the orbital inclination i ,

he distance to the system d , and the interstellar reddening E ( B − V ).
Gaussian priors were placed on d at 309.3 ± 1.8 pc (according

o the Gaia parallax measurement) and E ( B − V ) at 0.11 ± 0.03
according to the three-dimensional extinction maps of Lallement 
t al. 2014 , 2018 ; Capitanio et al. 2017 ). 4 We experimented with
pplying an additional Gaussian prior on M 1 (0 . 8 ± 0 . 1 M �, fol-
o wing typical v alues for accreting white dwarfs, e.g. Pala et al.
019 ), and found that it did not significantly change the other
erived parameters. Extinction was calculated using the extinction 
aw of Fitzpatrick ( 1999 ) with R V = 3.1. The outer disc radius was
onstrained to the range 0.07–0.11 R �, limits which were found by
ubstituting reasonable ranges of primary and secondary masses into 
wo common approximations for the outer disc radius: 30 per cent of
he orbital separation and 70 per cent of the primary Roche lobe. 

The model was converged on the data by minimizing the χ2 using a
arkov Chain Monte Carlo method (MCMC; Foreman-Mackey et al. 

013 ) with 32 w alk ers and 3000 iterations, which was sufficient for
he chains to converge. Best-fitting values were determined from the 
edian value of the last 500 iterations, and uncertainties determined 

s 1.4 × their Median Average Deviation (MAD). 
It can be seen in Fig. 8 that the model is somewhat poorly fit to the

ata. The best-fit model has χ2 = 13.7 with three degrees of freedom
reduced χ2 

red = 4 . 6). The majority of the fits of Ramsay et al. ( 2018 )
ave a somewhat better quality, but a minority of their fits are of a
omparable quality. 5 The poorer fits, such as this one, are perhaps a
MNRAS 527, 3445–3458 (2024) 

 https:// stilism.obspm.fr/ 
 We make only a qualitative comparison as no goodness-of-fit parameter was 
uoted in that work. 
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Figure 8. Spectral energy distribution of TIC 378898110. The solid black 
line shows our best-fit, reddened SED model, which can be decomposed into 
its accretion disc component (red, dashed) and white dwarf component (blue, 
dotted). The absorption-like feature at 2175 Å is an imprint of interstellar 
extinction. 
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esult of the variability of the source between epochs of observation,
r perhaps a result of a number of simplifying assumptions made
uring the modelling process (as detailed abo v e). In particular, the
xcess in 2MASS and WISE data may result from our o v erly-simple
odel of the accretion disc. 
The best-fit mass transfer rate was log ( Ṁ [ M � yr −1 ]) = −6 . 8 ±

 . 0 when the prior was applied to M 1 , or log ( Ṁ [ M � yr −1 ]) =
7 . 0 ± 0 . 8 otherwise. When compared to other AM CVn binaries

hat were modelled in a similar way (Ramsay et al. 2018 ), the
stimated mass transfer rate of TIC 378898110 is the second-highest
f all systems, beaten only by SDSS J1908 + 3940. Note that, given
he large uncertainties in our mass transfer rate estimate, it is only a
 σ outlier from the general trend found by Ramsay et al. ( 2018 ). We
lso remark that AM CVn itself, perhaps the system most similar to
IC 378898110, was not modelled by Ramsay et al. ( 2018 ) due to

he large scatter between its flux measurements. 
The best-fitting value of M 1 matched the applied prior. When

un with no prior on M 1 except an upper limit of 1 . 4 M �, M 1 was
ssentially unconstrained. The E ( B − V ) found was 0.14 ± 0.02, also
atching the applied prior. The best-fitting value of i was 74 ± 10 ◦,

lthough as with other results quoted in this section, it should be
oted that the systematic uncertainties are not fully accounted for. 
We experimented with adding a donor star into the SED model.

onor stars are usually not visible in AM CVn binaries, though
nfrared excesses that may originate from the donor star have recently
een observed in several systems (Green et al. 2020 ; Rivera Sandoval
t al. 2021 ). The donor star was approximated as a blackbody, 6 with
ts radius fixed to the secondary Roche lobe radius under an assumed
onor mass of 0.125 M � (the same donor mass as AM CVn itself;
oelofs et al. 2006 ), while the donor temperature was constrained

o be less than 8000 K. The addition of a visible donor star slightly
NRAS 527, 3445–3458 (2024) 

 This simplification was used because reliable spectral models of AM CVn 
onor stars do not currently exist. 

e  

s  

n  

b  
ecreased the estimated mass transfer rate to log ( Ṁ [ M � yr −1 ]) =
 . 0 ± 0 . 8 , and did not impro v e the quality of the fit sufficiently
o justify the reduction in the degrees of freedom ( χ2 = 10.6 and
educed χ2 

red = 5 . 3). We therefore conclude that the donor star is not
isible in TIC 378898110. 

.4 Mass transfer rate from bolometric magnitude 

or comparison with the mass transfer rate derived in the previous
ection, we tested an alternate method proposed by Roelofs et al.
 2007b ), in which the system luminosity is assumed to be com-
letely dominated by accretion luminosity. We note that this method
ystematically returns lo wer v alues of Ṁ than the method of Ramsay
t al. ( 2018 ); Roelofs et al. ( 2007b ) find values of Ṁ for HP Lib and
P Com that are factors of ≈3 and ≈10 lower than those of Ramsay

t al. ( 2018 ). 
Following Roelofs et al. ( 2007b ), we used a bolometric correction

f −2.5 ± 0.3 (derived in that work under the assumption that the UV
ux follows the spectral form of a 30 000 K blackbody) to find the
olometric magnitude from the V -band magnitude. The mass transfer
ate can then be derived by assuming that half of the difference in
ravitational potential between the inner Lagrange point and the
urface of the accretor is released as accretion luminosity. We tested
 number of trial values of M 1 , M 2 , and cos i . 

In this manner, mass transfer rates of log ( Ṁ [ M � yr −1 ]) in the
ange −8.4 to −9.4 were found (best-fit value of −8.9), with the most
ritical unknown input being the value of M 1 . This value is similar
o the values derived by Roelofs et al. ( 2007b ) for the similar short-
eriod system HP Lib. We note that the value derived for AM CVn
tself in that work is larger, but this is likely due to the pre- Gaia
istance estimate being anomalously large (Ramsay et al. 2018 ). 
Due to the systematic uncertainties surrounding the bolometric

orrection, we fa v our the results of the SED fitting. That being said,
oth methods have significant uncertainties and should be interpreted
ith caution. 

.5 Long-term light cur v e 

n Fig. 9 , we show photometry of TIC 378898110 spanning 2000 days
rom February 2016 to March 2023, retrieved from the All-Sky
utomated Search for SuperNovae (ASAS-SN; Shappee et al. 2014 ;
ochanek et al. 2017 ). The light curve shows an unusual long-term
ehaviour, in which the system grew brighter by ≈0.3 mag through
021, remained bright for much of 2022, and faded again from late
022 to early 2023. 
Given that emission from the system is dominated by the accretion

isc, the most likely explanation seems to be a temporary increase
n the disc luminosity (due to either an increase in its temperature or
adius, or some combination of the two). Using the simple accretion
isc model described in Section 3.3 , we estimate that a 0.3 mag
rightening in g ′ -band magnitude would necessitate an increase in
isc radius of ≈25 per cent or an increase in log ( Ṁ / M � yr −1 ) of
0.4 de x. F or both of these estimates, all other parameters were held

onstant at their best-fitting values. 
Both the amplitude and timescale of the brightening event of

IC 378898110 are somewhat similar to the ‘long outburst’ phenom-
na observed in a number of long-period AM CVn binaries (Rivera
andoval, Maccarone & Pichardo Marcano 2020 ; Rivera Sandoval
t al. 2021 ; Sunny Wong et al. 2021 ). Those phenomena have been
uggested to result from a temporary increase in Ṁ . Ho we ver, the
ature of TIC 378898110 as a high-state, disc-dominated AM CVn
inary is quite different to the long-period, cold-disc AM CVn
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Figure 9. Long-term light curve of TIC 378898110, showing an unusual long-term variation and the absence of outbursts. The observation epoch of TESS is 
shown by the shaded grey region, and those of ULTRACAM by dashed vertical lines. 
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7 The temperature was chosen by eye to be the best match to the observed 
spectrum, but this is not in any sense a representation of the true temperature 
of the AM CVn. 
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inaries in which such phenomena have been previously observed. 
he ‘long outburst’ phenomena are typically also associated with 
 reddening of the target, which is not seen here. Comparing the
 s g s i s ULTRACAM data, we do not find any measurable colour
hange between different epochs. Note that this also suggests that a 
emperature change in the disc is unlikely. 

.6 X-ray detection 

-ray emission in cataclysmic variables and AM CVn binaries 
riginates from the boundary layer between the accretion disc and 
he accreting white dwarf (Bath et al. 1974 ), and possibly from a
ind emitted by either the disc or the boundary layer (Naylor et al.
988 ). X-rays have been detected from a number of AM CVn binary
ystems across the entire range of orbital periods (van Teeseling & 

erbunt 1994 ; Ramsay et al. 2005 , 2006 , 2012 ; Esposito et al. 2014 ;
evers et al. 2016 ; Rivera Sandoval & Maccarone 2019 ; Rivera

andoval, Maccarone & Pichardo Marcano 2020 ; Rivera Sandoval 
t al. 2021 ; Maccarone et al. 2023 ). 

Swift + XRT detected 23 photons from TIC 378898110 in 1240 s of
bservation, leading to a count rate of 0.019 ± 0.004 photons per sec-
nd. The spectrum was modelled using a power-law distribution. We 
sed an absorption column density of N H = 0.96 × 10 21 cm 

−2 , which
s calculated from our fitted value E ( B − V ) = 0.14 (Section 3.3 )
sing a conversion factor N H = 2.21 × 10 21 A V cm 

−2 (G ̈uver & Özel
009 ), with A V = 3.1 E ( B − V ). 
The resulting power law had a best-fit index � = 2.4 ± 0.5.

he observed model flux in the range 0.3–10 keV is 9 . 2 + 4 . 2 
−1 . 8 ×

0 −13 erg cm 

−2 s −1 , equi v alent to a luminosity of 1 . 1 + 0 . 5 
−0 . 3 ×

0 31 erg s −1 in the same energy range. This value is in the typical
ange for AM CVn binaries, though with large uncertainties due 
o the low number of counts (Ramsay et al. 2005 , 2006 ; Rivera
andoval & Maccarone 2019 ). We emphasize that the reliability of

hese results can be impro v ed with further observations. 
We performed a search of the 1240 s of Swift + UV O T photometry

or variability, but given the short observing window that co v ered less
han one orbital cycle, no meaningful upper limit could be derived. 

 SPECTROSCOPIC  ANALYSIS  

.1 Average spectrum 

he mean spectrum of TIC 378898110 is shown in Fig. 10 . It shows a
lue continuum and a series of helium absorption lines, as is typical
or a high-state AM CVn binary (e.g. Roelofs et al. 2006 , 2007a ;
 ontaine et al. 2011 ; K upfer et al. 2015 ). For comparison, we also
how a synthetic, helium-atmosphere (DB) white dwarf spectrum 

ith a temperature 7 of 14 000 K and a surface gravity log g = 8.0
Cukanovaite et al. 2021 ). Although similar, the AM CVn spectrum
as notable differences, in particular the ratios of relative depths of
e I lines. The equi v alent widths (EWs) of a selection of He I lines

re listed in Table 3 . 
When compared to the helium lines of AM CVn itself (Roelofs

t al. 2006 ), the helium lines of TIC 378898110 are somewhat
arrower and significantly deeper. The helium line profiles of 
IC 378898110 each have a single minimum, while the line profiles
f AM CVn itself each have two minima, resulting from the blue-
hifted and red-shifted limbs of the accretion disc. The narrow, single- 
ore helium lines of TIC 378898110 are more similar to those seen in
nother high-state AM CVn-type binary, SDSS J1908 + 3940 (Kupfer 
t al. 2015 ). The single-core lines might suggest a relatively face-on
nclination, although this would be at odds with the nearly edge-on
nclination estimated from our SED fitting (Section 3.3 ). 

Emission from He II is marginally detected (Fig. 11 ). An absorp-
ion feature from Ca II is seen at the K line (the Ca II H line is not
etectable due to blending with a nearby He I line). Ca II is also
etected in AM CVn itself (e.g. Patterson, Halpern & Shambrook 
993 ). A shallow absorption feature from 4660–4700 Å may origi- 
ate from He II or from a combination of He II and Na I , although the
resence of Na I would be surprising at the high temperatures implied
y the presence of He II . There is an absorption line at approximately
870 Å, which we could not associate with any element typically
een in AM CVn binaries. 

.2 Searching for periodicity 

n Fig. 12 , we show trailed spectra of TIC 378898110, generated
rom the SOAR 1 min spectra and phase-folded on the photometric
eriod of 23.07 min. No periodic pattern is seen in either the trailed
pectra (upper panels) or the mean-subtracted trailed spectra (lower 
anels). We repeated this process for every prominent He I line and
till found no evidence for any periodic spectral variability. 

As the orbital period is not necessarily the dominant photometric 
eriod, we also repeated this process for a further 200 frequencies,
qually spaced between 60 and 80 cycles d −1 , so as to fully explore
he range of possible orbital periods. Folded trailed spectra were 
MNRAS 527, 3445–3458 (2024) 
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Figure 10. Mean spectrum of TIC 378898110, combining 49 one-minute spectra obtained using Goodman + SOAR on 2021 July 05. Visible features are 
marked. All tick marks below the spectrum refer to He I . For comparison, we also plot a synthetic, 14 000 K, log g = 8.0, helium-atmosphere white dwarf 
spectrum (grey, dashed) from Cukanovaite et al. ( 2021 ) scaled to the same mean flux and offset by −3.5 mJy. 

Table 3. Equi v alent widths of selected He I lines in the mean spectrum of 
TIC 378898110. 

Wavelength [ Å] EW [ Å] 

3888.6 0.53 ± 0.07 
4120.8 0.29 ± 0.06 
4387.9 3.57 ± 0.05 
4471.5 4.02 ± 0.05 
4713.1 1.79 ± 0.06 
4921.9 3.02 ± 0.06 
5015.7 1.93 ± 0.06 

Figure 11. Zoomed mean spectrum of TIC 378898110 around the He II 
4686 Å line. The e xpected wav elength of the line is shown with the red 
triangle. An emission line is marginally detected. 
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Figure 12. Top row: Trailed spectra of TIC 378898110 from 2021 July 
05, created using 49 back-to-back, one-minute exposures with Good- 
man + SOAR, phase-folded on the 23.07 min period and showing the 4387.9 
and 4471.5 Å He I lines (left and right, respectively). Bottom row: The same 
trailed spectra with the mean spectrum (Fig. 10 ) subtracted from each. We do 
not see any periodic feature in the residuals. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/527/2/3445/7342474 by U
FR

G
S-Biblioteca do Instituto de Biociências user on 14 M

arch 2024
roduced using each candidate period, for four spectral lines: He I
387.9 Å, He I 4471.5 Å, Mg I 4167.3 Å, and Ca I 3933.7 Å. No
eriodic signal was visible at any of the tested periods in any of
he investigated lines. 

Most AM CVn binaries show spectral emission from a bright spot
eature, located at the intersection between the infalling accretion
tream and the edge of the accretion disc, the radial velocity of
NRAS 527, 3445–3458 (2024) 
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Figure 13. Measured V/R ratios and equi v alent widths of five He I lines from 

the one-minute Goodman + SOAR spectra, and Lomb-Scargle periodograms 
of those measurements. On the periodograms, the 23.07-min photometric 
period is marked with a dashed vertical line. In no line do we detect variability 
commensurate with the photometric periods. 
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Figure 14. Phase-distance correlation periodograms of five He I lines and 
the He II line at 4686 Å from the one-minute Goodman + SOAR spectra, 
calculated using the USURPER algorithm. 
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hich varies as a function of orbital phase (e.g. Kupfer et al. 2015 ).
he absence of such a feature in TIC 378898110 is notable. Such

eatures are not usually difficult to detect in low-state systems, but 
an be much harder to detect in high-state systems, often requiring 
igh-resolution observations (e.g. Roelofs et al. 2006 ). The system 

ith the most similar spectrum, SDSS J1908 + 3940, shows periodic 
ariability in only some of its absorption lines (Kupfer et al. 2015 ). 

We further searched for periodic patterns in two properties of the 
elium line profiles of TIC 378898110: the violet-to-red ratio (V/R) 
nd equi v alent width (EW) of each line. The V/R ratio of a spectral
ine is the ratio of the integral under the violet wing of the line ( λ< λc ,
here λc is the central wavelength of the line as tabulated in Table 3 )

o the integral under the red wing of the line ( λ > λc ). For each of
he 1 min exposure time SOAR spectra, both V/R ratio and EW were

easured from each of the five strongest helium absorption lines. In
ig. 13, we plot both properties o v er time, as well as a Lomb-Scargle
eriodogram of each. There is no periodicity that is significantly 
etected (the most prominent peak, for the V/R ratio of the 4922 Å
ine, has a false alarm probability of nine per cent). 

In addition, we searched for periodic variations in the shape 
f the spectral lines using the USURPER algorithm (Unit-Sphere 
epresentation PERiodogram), a form of phase-distance correlation 
eriodogram (Zucker 2018 ; Binnenfeld, Shahaf & Zucker 2020 ). 8 
 Implemented using the SPARTA package (SPectroscopic vARiabiliTy Anal- 
sis) of Shahaf et al. ( 2020 ). 

t  

J
(  

a  
he USURPER algorithm searches for periodic changes in the o v erall
hape of a set of input spectra, with no model-dependent assumptions
bout the underlying line shapes. Once again we found no significant
eriodicity (Fig. 14 ). 

 DI SCUSSI ON  

.1 The nature of the photometric periods 

n previously studied AM CVn binaries in high state or during
utburst, the dominant photometric period is usually the superhump 
eriod (e.g. Roelofs et al. 2006 ; Armstrong, Patterson & Kemp 2012 ;
sogai et al. 2019 ; Pichardo Marcano et al. 2021 ), although exceptions
 xist (K upfer et al. 2015 ). When the orbital and superhump periods
re both visible, it can be difficult to disentangle them without ex-
ended, continuous co v erage (Green et al. 2018 ). As 23.07172(6) min
s the only detected signal in the TESS co v erage of TIC 378898110,
he most natural interpretation is that this is the superhump period.
ssuming a typical superhump excess of 1–3 per cent would imply

n orbital period in the range of 22–23 min. 
The period appears constant through most of the TESS data. 

owards the end of the co v erage, a small-scale period change of order
 P / P ∼ 10 −4 was detected. Changes on a similar scale were detected

n some of the periodic signals in SDSS J1908 + 3940 (Kupfer et al.
015 ), but not in the orbital signature. The higher harmonics of the
ignatures in TIC 378898110 show changes in amplitude (Fig. 2 ),
hich were also seen in some periodic signals in SDSS J1908 + 3940,

hough Kupfer et al. ( 2015 ) do not comment on the harmonics of the
rbital signature in particular. 
In 2022, TIC 378898110 underwent two changes in its observed 

roperties. First, the system brightened by 0.3 mag for the majority of
022, before returning to its original brightness (Fig. 9 ). As discussed
n Section 3.5 , the change in brightness may be driven by a change in
isc radius or temperature (the latter being closely linked to the mass
ransfer rate). Secondly, the dominant photometric period changed 
rom the period seen in TESS , 23.07172(6) min, in July 2021 to a
horter period (20.5 ± 2.0 min) in March 2022, before returning to
 period consistent with the TESS period by the time of our March
023 observations (Fig. 7 ). While the quoted uncertainties (limited 
y nightly aliases) are formally consistent between the two periods, 
he fact that no alias is consistent with the TESS period suggests that
here was at least some change in the period in 2022. The closest alias
o the TESS period differs by 0.4 cycles d −1 ( � P / P ≈ 0.006). The
uly 2021 observations were during the system’s rise in brightness 
Fig. 9 ), while the March 2022 were during the brightness plateau,
nd March 2023 was following the descent back to its quiescent
MNRAS 527, 3445–3458 (2024) 
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agnitude. It seems natural to suggest there is a link between the
wo observed changes. 

A change to the superhump period of this scale is not expected for
 disc that is stably high or quiescent. Ho we ver, photometric period
hanges of a similar scale can be seen when a system is rising into
utburst compared to the peak of the outburst (‘Stage A’ compared
o ‘Stage B’ superhumps. e.g. Kato et al. 2009 ; Kato & Osaki 2013 ;
sogai et al. 2016 ). Those period changes are suggested to arise due
o a change in the precession rate of the disc, which may, for instance,
e driven by a change in which regions of the disc drive the overall
recession rate (Osaki & Kato 2013 ). It may be that a similar change
n disc state, related to the proposed increase in disc radius or mass
ransfer rate, might explain the difference in period between the 2022
ata set and the 2021 and 2023 data sets. 
Alternatively, if the disc did indeed grow in radius during 2022,

t may have entered a radius range in which the edge of the disc
an be eclipsed by the donor star. The phase-folded light curve
rom 2022 (Fig. 5 ) is somewhat similar in profile and amplitude
o the disc-eclipsing binary PTF J1919 + 4815 (Levitan et al. 2014 ).
he inclination of PTF J1919 + 4815, 76–79 ◦, is consistent with the

nclination of TIC 378898110 that we estimate from our SED fitting
74 ± 10 ◦, Section 3.3 ). Under this interpretation, the 20.5 ± 2.0 min
hotometric period seen in 2022 would be the orbital period, or
erhaps a blend of the unresolved superhump and orbital periods, as
as seen by Green et al. ( 2018 ). The fact that periodograms of g s 

nd i s data from March 2022 peak at different frequencies (Fig. 7 ),
nlike those from March 2023, which are consistent between filters,
lso suggests a contribution from two unresolved periodic signals
ith different spectral profiles. 
We consider the latter to be a more likely interpretation. An

rbital period in this range would be consistent with the 23.07 min
uperhump period. Ho we ver, it is not possible to confirm this
nterpretation on the basis of the data that are currently available.
urther follow-up observations such as sustained, high-resolution
pectroscopy, or photometry during a future brightening episode,
ay finally confirm the orbital period of this system. 

.2 Gra vitational wa ve radiation 

iven its (probable) short orbital period and close distance, the
ra vitational wa ve emission of TIC 378898110 is likely to be strong.
sing the package LEGWORK (Wagg, Breivik & de Mink 2022a , b ),
e estimate the signal-noise ratio (SNR) that can be achieved for
IC 378898110 using LISA . We adopted the estimated distance of
06.2 ± 1.7 pc, orbital period of 20.5 ± 1.5 min, orbital inclination
f 74 ± 10 ◦, primary mass 0 . 8 ± 0 . 1 M �, and secondary mass
 . 125 ± 0 . 04 M �. The latter is based on the secondary mass of
M CVn itself (Roelofs et al. 2006 ), with error bars large enough

o include other typical values for AM CVn binaries at this orbital
eriod (e.g. Green et al. 2018 ; van Roestel et al. 2022 ). 
The expected SNR is 2 . 8 + 1 . 5 

−0 . 9 , 4 . 9 
+ 2 . 4 
−1 . 6 , 24 + 15 

−9 , and 73 + 52 
−25 , after 1, 2,

, and 10 yr of LISA observations. The dominant uncertainties come
rom the secondary mass, the orbital period, and the inclination.
urther observations may be able to more precisely measure these
roperties, and make TIC 378898110 a valuable verification target
or LISA (Kupfer et al. 2018, 2023 ). 

 SUMMARY  A N D  C O N C L U S I O N S  

IC 378898110 is a bright system that shows photometric modu-
ation on a period of 23.07 min, first disco v ered in 2-min-cadence
NRAS 527, 3445–3458 (2024) 
ESS observations. Its spectrum, photometric period, and accretion-
riven photometric flickering support its classification as a high-state
M CVn binary system. The 23.07 min period is most likely to be the

uperhump period; if so, then the orbital period is likely to be in the
ange of 22–23 min. This makes TIC 378898110 the shortest period
inary system disco v ered by TESS so far. It is the third-brightest
M CVn binary system known, but has avoided detection until now,

ikely due to the absence of the photometric outbursts by which
M CVn binaries are often disco v ered. 
During 2021–2022, the system underwent an unusual brightening

vent with an amplitude of 0.3 mag, which lasted for approximately
ne year. At the same time, the dominant photometric period appears
o have changed from 23.07 min to a shorter period in the range 18.5–
2.5 min. We propose an interpretation of these two changes in which
n increase in the accretion disc radius (driven by an unknown cause)
ade the system brighter and caused the onset of disc-edge eclipses.
y early 2023, both the system brightness and the photometric period
ad returned to their previously recorded values. 

Using an SED fit, we estimate that the mass transfer rate of the
inary is unusually large ( log ( Ṁ [ M � yr −1 ]) = −6 . 8 ± 1 . 0) when
ompared to other AM CVn binaries modelled in the same way.
his may help to explain how the system is able to sustain a high-
tate accretion disc at an implied orbital period of 22–23 min. A high
ass-transfer rate may be driven by a donor star which is unusually

igh-mass or thermally inflated. 
Given the nearby distance (306.2 pc) and short orbital period (22–

3 min), TIC 378898110 is likely to be a detectable source of gravi-
ational waves with planned space-based detectors. We estimate that
ISA is likely to be able to make a 3 σ detection of TIC 378898110 in

ts first two years of operation. Further electromagnetic observations
f TIC 378898110 to fully characterize the system will make it a valu-
ble verification binary system for LISA (Kupfer et al. 2018 , 2023 ). 

It is remarkable that high-state AM CVn binary systems have now
een serendipitously disco v ered in each of Kepler , K2 , and TESS
Fontaine et al. 2011 ; Green et al. 2018 , and this work). Because high-
tate AM CVn systems do not undergo photometric outbursts, they
re most easily found by short-cadence, high-precision photometric
urv e ys. The disco v ery of TIC 378898110 reinforces the suggestion,
mplied by the distance distribution of AM CVn binaries (Ramsay
t al. 2018 ), that a number of AM CVn binaries remain hidden
ven among bright and nearby stars. Searches for blue, short-period
ariables in large photometric surv e ys (see also Burdge et al. 2020a ;
an Roestel et al. 2022 ) are valuable tools to find these hidden
M CVn binaries. 
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