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A B S T R A C T 

Ultracompact binary systems, consisting of two compact objects in an orbit � 0 . 5R�, should exhibit measurable rates of 
orbital period change (Ṗ � = 0 ) due to the emission of gravitational waves (GWs). Measurements of Ṗ have so far been limited 
to the shortest-period ultracompact binaries ( � 20 min). Among the AM CVn-type subclass, several works have proposed 
the presence of extra angular momentum loss beyond GW emission, with magnetic braking being a widely discussed 
mechanism. If present, this magnetic braking would dominate the angular momentum loss of AM CVn-type binaries with 

orbital periods � 30 min. In this work, we present a long-term eclipse timing study of two AM CVn-type binaries, YZ LMi 
and Gaia14aae, with respective orbital periods of 28.3 min and 49.7 min and continuous observations since 2006 and 2015. 
Both systems show Ṗ consistent with zero within 2 σ . Their 3 σ upper limits are 1 . 1 × 10−13 s s −1 and 9 . 7 × 10−14 s s −1 , 
respectively. These non-detections are most simply explained by a scenario in which secular angular momentum loss is 
not substantially stronger than GW emission at all orbital periods, but is combined with deviations from the secular Ṗ 
whose time-scales span decades but whose amplitude is � 10−13 s s −1 . Our non-detections of Ṗ represent a limit on the 
strength of any enhanced angular momentum loss beyond pure GW emission. 

Key words: binaries: close – stars: dwarf novae – novae, cataclysmic variables –white dwarfs. 
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 INTRODUCTION  

he emission of gravitational waves (GWs) drives the orbital 
eriod evolution of binary systems in very compact orbits ( �
 . 5R�). The GW-driven mergers of extragalactic black hole and 
eutron star binaries are now regularly detected by ground-based 
etectors (e.g. B. P. Abbott et al. 2016 ; R. Abbott et al. 2023 ).
 E-mail: mjgreenastro@gmail.com 
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alactic compact binaries will be detected by future space-based 
W observatories such as LISA (the Laser Interferometer Space 
ntenna; P. Amaro-Seoane et al. 2017 ) or TianQin (J. Luo et al.
016 ). Individual binary systems that LISA will resolve can be
sed as calibration sources, while other, unresolved binaries will 
orm a noise floor for LISA observations (e.g. V. Korol, V. Be-
okurov & S. Toonen 2022 ; T. Kupfer et al. 2024 ). 
The dominant Galactic GW sources for these detectors will 
e ‘ultracompact binary systems’ (those with orbital periods P � 

 h). The majority of these belong to one of two categories: non-
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Table 1. AM CVn binaries with measured Ṗ in the literature. We also show the mass ratio q for systems for which it has been measured, and derive 
the donor response to mass-loss ξ according to the discussion in Section 5.4 . We note that the mass ratio of HM Cnc is unclear; we quote here values 
from both G. H. A. Roelofs et al. ( 2010 ) and J. Munday et al. ( 2023 ), and the implied ξ in each case. We also note that J. Chakraborty et al. ( 2024 ) and E. 
T. Chickles et al. ( 2026 ) find lower limits on the donor and accretor masses for their three systems, but these do not necessarily translate to a constraint 
on q and therefore ξ . 

Target P Ṗ q ξ References 
(min) ×10−12 s s−1 ) 

HM Cnc 5.35 −36 . 57 ± 0 . 01 0 . 50 ± 0 . 13∗ 1 . 1 ± 0 . 4 G. L. Israel et al. ( 1999 ), G. H. A. Roelofs et al. ( 2010 ), 
≈ 0 . 15 –0 . 21∗ � 5 D. L. Kaplan, L. Bildsten & J. D. R. Steinfadt ( 2012 ), J. 

Munday et al. ( 2023 ) 
ZTF J0546 + 3843 7.95 −4 . 3 ± 1 . 1 – – J. Chakraborty et al. ( 2024 ) 
ATLAS J1013 −4516 8.56 −1 . 60 ± 0 . 07 – – E. T. Chickles et al. ( 2026 ) 
ZTF J1858 −2024 8.68 7 . 8 ± 1 . 4 – – J. Chakraborty et al. ( 2024 ) 
V407 Vul 9.48 −2 . 27 ± 0 . 25 – – C. Motch et al. ( 1996 ), T. E. Strohmayer ( 2004 ) 
ES Cet 10.3 3 . 2 ± 0 . 1 – – B. Warner & P. A. Woudt ( 2002 ), E. Miguel et al. ( 2018 ) 
AM CVn 17.1 0 . 85 ± 0 . 48 0 . 18 ± 0 . 01 0 . 08 ± 0 . 11 J. Smak ( 1967 , 2023 ) 
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ccreting double white dwarfs (DWDs), and a class of mass-
ransferring binary known as AM CVn-type binaries. In the latter
lass, each system consists of a white dwarf accreting matter from
n evolved donor star which may be a low-mass white dwarf,
emi-degenerate helium star, or the stripped core of a partially
volved cataclysmic variable (CV) donor (see M. J. Green, J. van
oestel & T. L. S. Wong 2025 , for a recent overview). Open ques-
ions surround the evolutionary history of AM CVn-type binaries,
nd are closely related to the uncertain nature of their donor stars.
Although GWs from Galactic binaries have not yet been di-

ectly detected, the GW-driven change in orbital period has been
etected for a number of ultracompact binaries. Among detached
WDs, a number of known systems with P � 20 min have a mea-
ured rate of period change which is constant within measure-
ent uncertainties (e.g. J. J. Hermes et al. 2012 ; K. B. Burdge et al.
019a , b , 2020 ). For those systems which also have independent
easurements of the component masses, the rate of orbital pe-
iod change (Ṗ ) is consistent within uncertainties with the GW
rediction (J. J. Hermes et al. 2012 ; K. B. Burdge et al. 2019b ).
 discrepancy of at least a few per cent from tidal dissipation is
xpected, but not yet measurable (A. L. Piro 2019 ; K. B. Burdge
t al. 2019a , b ). 
For mass-transferring binaries, the picture is more compli-
ated. In this case, Ṗ can be understood as the result of two oppos-
ng processes: angular momentum loss (AML), which will tend to
rive the system to shorter orbital periods, and the redistribution
f mass from the donor to the accretor, which will tend to drive
he system to longer orbital periods. A number of AM CVn-type
inaries with P � 20 min have detections of Ṗ , which we list in
able 1 . 1 There is significant scatter among these, notably in-
luding both positive values (corresponding to increasing orbital
eriods) and negative values (corresponding to decreasing orbital
eriods). In the case of the shortest-period system, HM Cnc, a sec-
NRAS 548, 1–16 (2026)

 Not listed in Table 1 are two further mass-transferring binaries. 
TF J0127 + 5258 has a warm donor with visible hydrogen, unlike any 
ther AM CVn-type system, and is inspiralling with Ṗ = (−6 . 5 ± 0 . 2) ×
0−12 s s −1 (K. B. Burdge et al. 2023 ). ZTF J1813 + 4251 is from the class of 
inaries sometimes called ‘hybrid systems’, which have traits in common 
ith both AM CVn-type systems and hydrogen-rich CVs, and has a non- 
etection of Ṗ = ( −0 . 3 ± 1 . 2) × 10−12 s s −1 (K. B. Burdge et al. 2022 ). The 
˙
 of both systems are interesting, but their nature appears to be somewhat 
ifferent from the AM CVn systems discussed in this work and so we do 
ot include them in our analysis. 
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nd period derivative P̈ has also been measured (T. E. Strohmayer
021 ; J. Munday et al. 2023 ). 
The expected Ṗ behaviour of an AM CVn-type binary depends
n both the assumed formation scenario and what assumptions
re made about the AML from the binary. Formation scenarios
ave been traditionally separated into three groups, named for
heir immediate progenitors: the white dwarf donor channel, in
hich the progenitor is a detached DWD; the helium star donor
hannel, in which the progenitor is a detached binary consisting
f a white dwarf and a hot subdwarf; and the evolved CV chan-
el, in which the progenitor is a CV with an evolved (typically
ubgiant) donor. 
In scenarios with white dwarf or helium star donors, mass

ransfer begins at short periods ( P � 15 min) and the binary then
volves to longer periods (B. Paczyński 1967 ; G. J. Savonije, M. de
ool & E. P. J. van den Heuvel 1986 ; I. J. Iben & A. V. Tutukov
987 ; C. J. Deloye et al. 2007 ; L. R. Yungelson 2008 ; E. B. Bauer
 T. Kupfer 2021 ; T. L. S. Wong & L. Bildsten 2021 ; H.-L. Chen,
. Chen & Z. Han 2022 ; A. S. Rajamuthukumar et al. 2025 ).
n general, the magnitude of Ṗ under these scenarios should be
arge among newly formed AM CVn systems with short orbital
eriods, and smaller for systems with longer orbital periods. For
 degenerate donor that expands in response to mass-loss, one
ould naïvely expect Ṗ to be strictly positive. In order to explain
he observed negative Ṗ values, models have invoked a short-
ived turn-on phase in which a non-degenerate outer atmosphere
f the donor star is being removed, and mass transfer rate is
ncreasing but is not yet sufficiently large to dominate the Ṗ (F.
’Antona et al. 2006 ; C. J. Deloye et al. 2007 ; D. L. Kaplan et al.
012 ). It is unclear what fraction of short-period AM CVn binaries
hould have negative Ṗ under this model. 
In the evolved CV scenario, the binary begins stable mass trans-

er from a subgiant donor on to a white dwarf (e.g. P. Podsiad-
owski, Z. Han & S. Rappaport 2003 ; J. Goliasch & L. Nelson
015 ; D. Belloni & M. R. Schreiber 2023 ; A. Sarkar, H. Ge & C.
. Tout 2023a , b ). It evolves inward from longer orbital periods,
nd (given the appropriate initial conditions) passes through a
eriod bounce and thereafter evolves outwards. The position of 
his period bounce and subsequent Ṗ behaviour depends in part
n the AML model, which is often assumed to be dominated by
W radiation. However, some models (e.g. D. Belloni & M. R.
chreiber 2023 ; A. Sarkar et al. 2023a , b ) invoke additional AML
hrough magnetic braking that dominates over the GW radiation
hrough some phases of evolution. These models have attracted
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Table 2. Targets observed in this work. Accretor and donor masses are represented by M1 and M2 respectively. 

Target Coordinates P M1 M2 References 
(J2000) (min) ( M�) ( M�) 

YZ LMi 09:26:38.72 + 36:24:02.5 28.3 0 . 85 ± 0 . 04 0 . 035 ± 0 . 003 S. F. Anderson et al. ( 2005 ), C. M. 
Copperwheat et al. ( 2011 ) 

Gaia14aae 16:11:33.97 + 63:08:31.9 49.7 0 . 87 ± 0 . 02 0 . 025 ± 0 . 0013 H. C. Campbell et al. ( 2015 ), M. J. Green 
et al. ( 2018a ) 
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ignificant attention in recent years, as they readily explain ob- 
ervational results such as large donor radii (e.g. M. J. Green et al.
018a , b ; J. Roestel et al. 2022 ) that are a challenge for other mod-
ls. Under evolved CV models in which AML is dominated by GW
adiation, the period bounce typically occurs at 40 � P � 70 min
e.g. J. Goliasch & L. Nelson 2015 ), but additional magnetic brak-
ng may reduce this to 10 � P � 50 min (e.g. D. Belloni & M. R.
chreiber 2023 ). In either case, the period bounce approximately 
oincides with or precedes the depletion of hydrogen below de- 
ectable levels in the accreted material. Given that most mass- 
ransferring ultracompact binaries do not have detectable levels 
f hydrogen, it may be expected that most are either near the
eriod bounce or have Ṗ > 0 under this formation scenario. In 
odels with AML by pure GW radiation, Ṗ should be maximal 
hortly after the period bounce and monotonically decrease with 
ncreasing orbital period, but in models which invoke extra AML 
y magnetic braking, larger values of Ṗ may be expected at longer 
rbital periods. 
To date, all Ṗ measurements in AM CVn-type binaries are con- 
entrated at the shortest end of the orbital period distribution, 
here the GW radiation is greatest. Further information can be 
ained by extending Ṗ measurements to longer-period systems. 
n this context, eclipsing binaries provide ideal testing grounds 
or predictions of Ṗ for two reasons. Firstly, the eclipse gives a 
harp photometric signature for the orbital period, allowing for 
ore precise timing measurements than can be achieved in non- 
clipsing binaries. Secondly, the eclipse also makes it possible to 
erive precise measurements of the component stellar masses 
under an assumed mass–radius relationship for the accretor), 
nd hence predict the AML due to GW emission. 
Over ten long-period ( P > 20 min) eclipsing AM CVn binaries
re currently known (e.g. J. Roestel et al. 2022 ; A. C. Rodriguez
t al. 2023 ; J. M. Khalil et al. 2024 ), but only two have been
bserved over a sufficient time-span to make a Ṗ measurement 
easible. YZ LMi (also known as SDSS J0926 + 3624) has an or-
ital period of 28.3 min and has been known since 2005 (S. F.
nderson et al. 2005 ; C. M. Copperwheat et al. 2011 ). Gaia14aae
also known as ASASSN-14cn) has an orbital period of 49.7 min
nd was discovered in 2014 (H. C. Campbell et al. 2015 ; M. J.
reen et al. 2018a , 2019 ). Both systems have mass measurements
vailable in the literature and have been observed continuously 
ince their discovery. Key details of these binaries are listed in
able 2 . A previous measurement of Ṗ has been suggested in 
he literature for YZ LMi, based on three epochs of observations
etween 2006 and 2012 (P. Szypryt et al. 2014 ); however, as we
ill show in the following sections, more recent observations are 
nconsistent with that measurement. 
In this paper, we present eclipse timing measurements of 
Z LMi and Gaia14aae, covering the timespans 2006–2024 for 
Z LMi and 2015–2024 for Gaia14aae. These measurements 
re derived from observations with ULTRACAM, ULTRASPEC, 
iPERCAM, and CHIMERA (V. S. Dhillon et al. 2007 , 2014 ; L.
. Harding et al. 2016 ; V. S. Dhillon et al. 2021 ). Section 2 de-
cribes the observational set-up used for all observations. Sec- 
ion 3 describes the process used to measure the time of each
clipse, and Section 4 presents the mid-eclipse times and the de-
ived ephemerides. Section 5 then compares the measured eclipse 
imes to theoretical predictions, and discusses possible sources of 
he disagreement between the two. 

 OBSERVATIONS  

igh-speed photometric observations of YZ LMi and Gaia14aae 
ere collected over periods of 19 and 10 years, respectively. The
bservations of YZ LMi are listed in Tables A1 –A2 and the ob-
ervations of Gaia14aae are shown in Table A3 . Some of these
ata have been previously published: observations of YZ LMi up 
o 2009 were published by C. M. Copperwheat et al. ( 2011 ) and
bservations of Gaia14aae up to 2017 were published by M. J.
reen et al. ( 2018a ). Several observations of YZ LMi coincided
ith dwarf nova outbursts; these are marked in Tables A1 –A2 and
iscussed in later sections. 
These data were collected using four high-speed cameras: UL- 
RACAM (V. S. Dhillon et al. 2007 ), ULTRASPEC (V. S. Dhillon
t al. 2014 ), CHIMERA (L. K. Harding et al. 2016 ), and HiPER-
AM (V. S. Dhillon et al. 2021 ). All four are imaging photome-
ers which utilise frame-transfer CCDs to minimise dead time 
etween exposures. ULTRACAM collects data simultaneously in 
hree different colour bands, while ULTRASPEC is single-band, 
HIMERA is dual-band, and HiPERCAM has five bands. 
For these observations ULTRACAM was mounted on the 
.2 m William Herschel Telescope (WHT) at the Observatorio 
el Roque de los Muchachos on La Palma, Spain. ULTRASPEC 

as mounted on the 2.4 m Thai National Telescope (TNT) on
oi Inthanon, Thailand. CHIMERA was mounted on the 5.1 m 

ale Telescope at Palomar Observatory, USA. HiPERCAM was 
ounted on the 10.4 m Gran Telescopio Canarias (GTC), also on
a Palma. 
For our observations with ULTRACAM and CHIMERA, the 
lters from the standard Sloan u′ g′ r′ i′ filter set were used. With 
LTRASPEC, we instead used the custom KG5 filter, a broad, 
lue filter that was chosen to maximise through-put (L. K. Hardy
t al. 2017 , appendix). For HiPERCAM, the custom ‘Super-SDSS’ 
s gs rs is zs filters were used. These filters are designed to cover 
he same wavelength ranges as the standard Sloan filters, but with
reater throughputs (V. S. Dhillon et al. 2021 ; A. J. Brown et al.
022 ). 
Reductions from all four instruments were carried out with the 
tandard ULTRACAM and HiPERCAM 

2 pipelines. Each image 
as bias-subtracted and divided throughout by a flat field in the
ame filter. Flat fields were used from the same night if available,
MNRAS 548, 1–16 (2026)
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https://github.com/hipercam/hipercam


4 M. J. Green et al.

M

Figure 1. Template eclipse profiles for YZ LMi (left) and Gaia14aae (centre and right), each plotted against one night of phase-folded and binned data. 
The four profiles marked ‘2015 only’ were derived to account for the shallower eclipses of Gaia14aae in 2015, as discussed in the text. 
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r otherwise the closest available flat field was used. Fluxes were
xtracted from each frame using aperture photometry, with a
ariable-width aperture set to a radius of 1.8 × the measured
ull-width half-maximum (FWHM) of stars in that image. In
ach image, the flux of the target was divided by the flux of a
earby, non-variable comparison star to correct for atmospheric
ffects. The comparison stars used for YZ LMi were 09:26:54.0
 36:23:52, 09:26:34.2 + 36:25:13, and 09:26:39 + 36:23:35. For
aia14aae they were 16:11:30.5 + 63:09:26, 16:11:29.0 + 63:08:08,
6:11:21 + 63:08:02, and 16:11:08 + 63:09:40. 

 ECLIPSE  TIMING  MEASUREMENTS  

n order to measure the mid-eclipse time ( t0 ) of each eclipse, indi-
idual individual eclipses were separately fitted in each passband
sing a model light curve for which all parameters were held fixed
ther than t0 (and component fluxes in the case of Gaia14aae,
s discussed below). The eclipse lightcurves were modelled using
he lcurve software package (C. M. Copperwheat et al. 2010 ).
his program models four luminous components of the binary
ystem: the accreting white dwarf, the accretion disc, the bright-
pot at the point of intersection between the accretion stream
nd the disc, and the Roche lobe-filling donor star. In our case
he contribution from the donor star was assumed to be neg-
igible. Parameters in the model include the mid-eclipse time,
NRAS 548, 1–16 (2026)
he orbital period, the component masses and temperatures of 
he two stars, the radius of the accretor, the orbital inclination
f the system relative to the line of sight from the Earth, and
 set of parameters to describe the accretion disc (including its
adius and temperature profile) and the bright-spot (including its
emperature, scale length, and distance from the primary star).
ote that the ‘temperature’ parameters in this model are in effect
roxies for the flux of a component in a given bandpass, and
re only rough approximations for the physical temperatures.
ore detailed descriptions of the model can be found in C. M.
opperwheat et al. ( 2010 ) and M. J. Green et al. ( 2018a ). 
We first sought a set of models that would describe the eclipse
rofile in each bandpass. A phase-folded light curve was pro-
uced in each bandpass, as shown in Fig. 1 . For the purposes
f this study, the physical meanings of model parameters other
han the mid-eclipse time are not of interest; we only require
hat the model describes the eclipse profile well. We therefore
eld fixed all physical parameters of the component stars and
rbit (namely orbital period and inclination, stellar masses, radii,
nd temperatures) at their published values from C. M. Copper-
heat et al. ( 2011 ) and M. J. Green et al. ( 2018a ). Parameters
escribing the temperature of the accretion disc and the shape
nd size of the bright spot were allowed to vary so that a good
t to the shape of those eclipse profiles was obtained. Models
ere then converged on the phase-folded data in each band-
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Table 3. Mid-eclipse times of YZ LMi. The first lines are shown here for 
demonstrative purposes; the full table is available in the online material. 

Filter Mid-eclipse time Uncertainty 
[BMJD(TDB)] 

u′ 53795.945516 0.000092 
g′ 53795.945497 0.000085 
r′ 53795.945491 0.000095 
u′ 53795.965177 0.000101 
u′ 53795.984832 0.000107 
g′ 53795.965156 0.000070 
g′ 53795.984832 0.000061 
r′ 53795.965154 0.000078 
r′ 53795.984829 0.000074 
u′ 53796.004502 0.000069 
. . . 

. . . 
. . . 

Table 4. As Table 3 , but for Gaia14aae. 

Filter Mid-eclipse time Uncertainty 
[BMJD(TDB)] 

u′ 57037.220079 0.000010 
u′ 57037.254592 0.000008 
u′ 57037.289104 0.000007 
g′ 57037.220072 0.000006 
g′ 57037.254589 0.000004 
g′ 57037.289104 0.000003 
i′ 57037.220074 0.000010 
i′ 57037.254596 0.000011 
i′ 57037.289114 0.000008 
u′ 57038.186609 0.000007 
. . . 

. . . 
. . . 
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Figure 2. Example eclipse light curves of YZ LMi from several nights in 
2012 Jan–Feb, following a dwarf nova outburst in mid-Jan. Although the 
out-of-eclipse flux had returned to normal by Jan 21, the eclipse profile 
remained substantially altered until Feb 01. Mid-eclipse times measured 
prior to Feb 01 were noticeably shifted from a linear ephemeris due to 
this unusual eclipse profile. We therefore discarded all mid-eclipse times 
measured from 2012 Jan. 
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ass using a combination of simplex and Levenberg–Marquardt 
lgorithms. 3 
These filter-dependent models discussed above were then used 

o measure t0 for each individual eclipse. Separate light curves 
ere produced for each eclipse in each bandpass. A Levenberg–
arquardt algorithm was used to fit the model to the data, hold-

ng all parameters fixed except for t0 (and the white dwarf flux in
he case of Gaia14aae). Each fit was inspected by eye to ensure
hat it was of a reasonable quality, and eclipses where the fit
as clearly poor were thrown out. Poor quality fits were due to
everal causes: low signal-to-noise (resulting from poor observ- 
ng conditions, most often clouds); the intrinsic red noise of the
ystem known as ‘flickering’ which can sometimes substantially 
istort the profile of the eclipse; dwarf nova outbursts (see below);
nd eclipses that were only partially covered by observations. 
cross all eclipse-passband combinations that passed this visual 
nspection, we were left with 447 mid-eclipse time measurements 
or YZ LMi and 181 for Gaia14aae. These mid-eclipse times are 
ummarised in Tables 3 and 4 . 
Several observations of YZ LMi coincided with dwarf nova out- 
ursts, which adversely affect the fitting procedure. Affected data 
rom 2017 December 12 and 2023 March 14–15 were discarded. 
 If the physical parameters of the system are of interest it is advised to use 
 more robust fitting procedure such as the Markov Chain Monte Carlo 
rocedure used by C. M. Copperwheat et al. ( 2011 ) and M. J. Green et al. 
 2018a ). 

o  

o  

t  

l  

i  

c  
n 2012 January–February, a long series of observations followed 
Z LMi through its transition from outburst to quiescence. Al- 
hough the flux of the target had returned to quiescent levels by
anuary 21, the lcurve eclipse profiles remained a visibly poor fit
ntil the end of January (Fig. 2 ). We experimented with allowing
he temperatures of individual components (the accretor, disc, 
nd bright-spot) to vary, but still were not able to produce good-
uality fits to these data. We therefore discarded all data from
012 January, but continued to use data from 2012 February. 
Gaia14aae has only one recorded outburst, in 2014. Following 

his outburst, there was a notable change in the eclipse profiles
f Gaia14aae throughout the data from 2015 and 2016. We previ-
usly noted in M. J. Green et al. ( 2018a , their fig. 11) a decreasing
rend in the flux of the central white dwarf from 2015 to 2016,
ikely explained by its cooling following a period of heating dur-
ng outburst. The system appears to have since stabilised in its
ooler 2016 state. We modified our fitting procedure in two ways
MNRAS 548, 1–16 (2026)



6 M. J. Green et al.

M

Figure 3. Delay of the observed mid-eclipse times for YZ LMi (left) and Gaia14aae (right), compared to the expected mid-eclipse time under the 
assumption of a linear ephemeris. For clarity the individual eclipse times have been binned in this figure, but the fit was performed to the unbinned data. 
An unbinned version of this figure is shown in Fig. B1 . Shaded regions show the 1 σ uncertainty region around each plotted line. The times of known 
dwarf nova outbursts are indicated along the bottom of the figure. For both systems, the best-fitting Ṗ values are consistent with a linear ephemeris 
within 2 σ . 
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o handle this variable eclipse profile. Firstly, we created separate
tarting u′ g′ r′ i′ models to describe the deeper eclipses from
015 and the shallower eclipses from 2016 onwards. Secondly,
e allowed the white dwarf eclipse depth to vary relative to the
clipse depths of the accretion disc and bright-spot during the fits
o individual eclipses of Gaia14aae. These fits therefore each had
wo free parameters: the white dwarf temperature and t0 . These
easures allowed us to produce fits that visually matched the
clipse profile for each individual eclipse of Gaia14aae. 

 EPHEMERIDES  

e first found the best-fitting linear ephemeris for each binary
ystem. For YZ LMi, the best-fitting linear ephemeris is 

MJD(TDB) = 55469 . 3164759(6) + 0 . 019661273247(7) E, (1) 

nd for Gaia14aae it is 

MJD(TDB) = 58073 . 8427825(3) + 0 . 03451957112(1) E, (2) 

here eclipses occur at integer values of the cycle number E.
alues in parentheses indicate the uncertainty in the final fig-
re of the associated value. For both of these ephemerides, the
ero-point mid-eclipse time was chosen to minimise the corre-
ation between mid-eclipse time and period. These ephemerides
epresent minor corrections to the published orbital periods: by
0 ± 2 μs for YZ LMi compared to the period of C. M. Copper-
heat et al. ( 2011 ), and 25 ± 6 μs for Gaia14aae compared to the
eriod of M. J. Green et al. ( 2018a ). 
In order to test for the presence of a Ṗ term in the measured
id-eclipse times, we fit a second-order polynomial to the resid-
als of the best-fitting linear ephemeris for each of the two bi-
ary systems. The fit was performed using an affine-invariant
arkov Chain Monte Carlo (MCMC) algorithm implemented by
he package emcee (D. Foreman-Mackey et al. 2013 ). The poly-
NRAS 548, 1–16 (2026)
omial is interpreted as 

 −C = 1 
2 
Ṗ �P (E − E0 )2 + �P (E − E0 ) + K (3) 

here O (E ) is a given observed mid-eclipse time, C(E ) is the
orresponding expected mid-eclipse time predicted by equation
 1 ) or 2 , �P is a correction to the linear orbital period, and K 

nd E0 are vertical and horizontal offsets. �P , K, and E0 are all
onsistent with zero within 1 σ for both systems. 
To account for any extra scatter that may be present in the
id-eclipse times but not included in the formal uncertainties

 σformal ), we included an extra noise term ( σextra ) such that the to-
al uncertainty on each mid-eclipse time i is σ 2 

i = σ 2 
formal ,i + σ 2 

extra .
he extra noise term is subject to a prior whose probability is
roportional to 1 /σextra . For YZ LMi the best-fitting value of this
xtra noise term was σextra = 0 . 017 s, and for Gaia14aae it was
extra = 0 . 15 s. 
Fig. 3 shows the results of this MCMC fit. For both binary sys-

ems, the Ṗ term is within 2 σ of zero. For YZ LMi the best-fitting
alue is Ṗ = (3 . 6 ± 2 . 5) × 10−14 s s −1 or 1 . 2 ± 0 . 8µs yr −1 . For
aia14aae it is Ṗ = (2 . 2 ± 2 . 5) × 10−14 s s −1 or 0 . 7 ± 0 . 8 µs yr −1 .
e therefore conclude that there is no measurable change in
eriod over the course of these observations. The 3 σ upper limits
n the period derivative are 1 . 1 × 10−13 s s −1 or 3 . 6µs yr −1 for
Z LMi and 9 . 8 × 10−14 s s −1 or 3 . 1µs yr −1 for Gaia14aae. 
In the same figure we also show predicted Ṗ curves based
n a pure GW emission model (discussed in Section 5.3 ), and
he Ṗ = 9 . 7 ± 1 . 8 µs yr −1 measurement for YZ LMi made by P.
zypryt et al. ( 2014 ). The latter measurement is in disagreement
ith our measurement at the 4 σ level. Their measurement was
ased on the 2006 and 2009 data from C. M. Copperwheat et al.
 2011 ) which are also used here, combined with their own ob-
ervations from 2012 December. While we cannot be certain, the
road eclipse profiles in the light curves in their fig. 1 (particularly
n the night of 2012 December 8) suggest that these observations
oincided with an outburst. In our own analysis of our data,
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Figure 4. Donor mass as a function of orbital period for our two targets, 
and for both sets of model tracks. Pure-GW model tracks from T. L. S. 
Wong & L. Bildsten ( 2021 ) struggle to reproduce the large donor mass 
observed for Gaia14aae, which is a known issue. Model tracks with mag- 
netic braking from D. Belloni & M. R. Schreiber ( 2023 ) were chosen to 
reproduce the donor masses of our two targets. Earlier sections of the D. 
Belloni & M. R. Schreiber ( 2023 ) model tracks, in which the hydrogen 
content of the accreted material is greater than 10−3 , are plotted in a 
fainter colour. 
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efore excluding the eclipses affected by the outburst of 2012 
anuary, we found that those eclipses returned mid-eclipse times 
ater than expected by several seconds. If a similar effect is present
n the 2012 December eclipse time measurements of P. Szypryt et 
l. ( 2014 ), this may explain the discrepancy between their result
nd ours. 

 COMPARISON  TO  PREDICTIONS  

n this section we discuss the interpretation of our Ṗ measure- 
ents in the context of existing AM CVn formation models. After
n overview of the analytical background and some known issues 
n eclipse timing in other mass-transferring systems, we compare 
ur measurement to AM CVn formation models with and with- 
ut enhanced magnetic braking. We rely on the model tracks 
rom T. L. S. Wong & L. Bildsten ( 2021 ) and D. Belloni & M. R.
chreiber ( 2023 ), both using MESA (Modules for Experiments in
tellar Astrophysics; B. Paxton et al. 2011 ). These works modelled 
eparate formation scenarios, in which the progenitor system is a 
etached DWD or a CV with an evolved donor, respectively. For
he purposes of our discussion, the more relevant distinction is 
hat T. L. S. Wong & L. Bildsten ( 2021 ) assumed AML by pure
W radiation, while D. Belloni & M. R. Schreiber ( 2023 ) included
nhanced magnetic braking under the Convection And Rotation 
oosted prescription (CARB; K. X. Van & N. Ivanova 2019 ). 
The donor masses predicted by these model tracks are shown 

n Fig. 4 . The models of T. L. S. Wong & L. Bildsten ( 2021 ) in-
lude a range of initial donor entropies, leading to the vertical 
pread in tracks. They also include two values for the efficiency 
f donor cooling. Models with efficient donor cooling result in 
onor contraction (and hence lower M2 for a given P ) for P �
0 min. However, even models with inefficient cooling, which 
etain larger M2 at large P , do not successfully recreate the large
2 measured for Gaia14aae. These differences in initial values are 
ot directly relevant for the discussion in this work; the tracks
resented here are simply intended to cover the entire range of 
ossible parameter space for P , M2 , and Ṗ (shown in later figures).
From D. Belloni & M. R. Schreiber ( 2023 ), we take five model

racks: four which reproduce the M2 of YZ LMi and one which
eproduces the M2 of Gaia14aae. For these model tracks, the 
ertical spread corresponds to the evolutionary state of the donor 
t the onset of mass transfer. As discussed by D. Belloni & M. R.
chreiber ( 2023 ), the extra AML from magnetic braking is neces-
ary in their models to reproduce the observed M2 of Gaia14aae. If 
ot for their enhanced AML, the post-period bounce model tracks 
f D. Belloni & M. R. Schreiber ( 2023 ) would evolve similarly to
hose of T. L. S. Wong & L. Bildsten ( 2021 ) in the � 30 min orbital
eriod range. 

.1 Analytical background 

or the following section we refer to the extensive discussions of 
M CVn evolution under the emission of GWs by T. R. Marsh,
. Nelemans & D. Steeghs ( 2004 ), L. M. Haaften et al. ( 2012 ),
. Sberna et al. ( 2021 ), and J. Chakraborty et al. ( 2024 ). Any
hange in angular momentum stored in the orbit and spin of 
he donor ( ˙Jorbit , ˙Jspin ) can be understood as a combination of 
he AML from the binary through GW radiation ( ˙JGW 

), the AML
hrough magnetic braking ( ˙JMB ), the angular momentum of any 
aterial ejected from the system ( ˙Jeject ), the angular momentum 

ransferred from the donor star to the accretor via the accretion
tream ( ˙Jstream 

), and the transfer of angular momentum from the 
ccretor to the orbit via a tidal torque between the accretor and
he donor ( ˙Jtorque ): 

ȯrbit + ˙Jspin = ˙JGW 

+ ˙JMB + ˙Jeject + ˙Jstream 

+ ˙Jtorque . (4) 

We assume that the donor is tidally locked ( ˙Jspin = 0 ) and mass
ransfer is conservative ( ˙Jeject = 0 ). Following T. R. Marsh et al.
 2004 ), we further assume that ˙Jstream 

= − ˙Jtorque (in other words, 
he spin of the accretor is in a state of equilibrium). T. R. Marsh
t al. ( 2004 ) argued that this is a necessary condition for the
urvival of a binary with short orbital periods, where the radius
f the accretor is a substantial fraction of the orbital separation.
pper limits on the accretor spin derived by T. Kupfer et al. ( 2016 )
re consistent with an approximately tidally locked accretor. This 
eing said, the arguments of T. R. Marsh et al. ( 2004 ) are mostly
pplicable over secular time-scales. Any short-term deviation in 
ṡtream 

may not be matched by an immediate change in ˙Jtorque , such 
hat the accretor may serve as a short-term angular momentum 

ink. This will be discussed further in the following sections. 
In the situation where magnetic braking is negligible, the above
implifications give us ˙Jorbit ≈ ˙JGW 

. The angular momentum of 
he binary system can be expressed as 

3 = G2 P 
2 π

(M1 M2 )3 

M1 + M2 
, (5) 

here M1 and M2 are the masses of the primary and secondary 
tars, and G is the gravitational constant. From this comes the
elation 

Ṗ 
P 

= 3
[ ˙J 
J 

+ Ṁ 

M2 
(1 − q )

]
, (6) 

here q = M2 /M1 is the mass ratio and Ṁ > 0 is the mass transfer
ate. The change in angular momentum of a binary due to the
mission of GWs can be characterised (P. C. Peters 1964 ; L. D.
MNRAS 548, 1–16 (2026)
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andau & E. M. Lifshitz 1971 ) as ( ˙J 
J 

)
GW 

= −32 
5 
G3 

c5 
M1 M2 (M1 + M2 ) 

a4 
, (7) 

here a is the orbital separation and c is the speed of light.
rom these equations, Kepler’s law, and the Roche lobe radius
B. Paczyński 1971 ) 

RL 
a 

= 0 . 46
(

M2 

M1 + M2 

)3 

, (8) 

he secular mass transfer rate can be shown to be (e.g. C. J. Deloye
t al. 2007 ; J. Chakraborty et al. 2024 ) (−Ṁ 

M2 

)
sec 

=
( ˙J 
J 

)
GW 

(
1 

5 / 6 + ξ/ 2 − q 

)
, (9) 

nd the secular orbital period evolution is (
Ṗ 
P 

)
sec 

= 3
( ˙J 
J 

)
GW 

(
ξ − 1 / 3 

ξ + 5 / 3 − 2 q 

)
. (10) 

ere, we have parametrized the response of the donor radius ( R2 )
o mass-loss with ξ = d log (R2 ) /d log (M2 ) . 4 
For binary systems with measured component masses and
rbital periods, the secular Ṗ can thus be estimated under the
ssumptions mentioned above and with an assumed value of 
. The typical mass–radius relation for fully degenerate white
warfs without accounting for mass-loss would give ξ = −1 / 3 .
etailed models of the donor structure and its response to mass-
oss instead typically find values in the region of ξ ≈ −0 . 2 for
onors undergoing adiabatic expansion, which is true for most
f the AM CVn binary period range away from the period bounce
e.g. G. J. Savonije et al. 1986 ; C. J. Deloye et al. 2007 ; T. L. S. Wong
 L. Bildsten 2021 ; D. Belloni & M. R. Schreiber 2023 ). We there-
ore take ξ = −0 . 2 as our default value in the following sections.
uring the period bounce, or phases of donor contraction such as
hose described by C. J. Deloye et al. ( 2007 ), ξ may be less negative
r even positive. 
It is also possible to estimate ξ based on an Ṁ measurement.
. Ramsay et al. ( 2018 ) estimated the instantaneous mass trans-
er rate as log (Ṁ / M�yr −1 ) = −10 . 74 ± 0 . 07 for Gaia14aae, based
n the Gaia absolute magnitude of the bright-spot. Using equa-
ion ( 9 ), this would imply ξ = −0 . 3 ± 0 . 3 , consistent with our
ssumed default value of −0 . 2 . The uncertainty on the parallax
f YZ LMi makes it impossible to place a meaningful constraint
n Ṁ . 
In situations where magnetic braking dominates the AML from

he binary, equation ( 4 ) instead simplifies to ˙Jorbit ≈ ˙JMB . A wide
ange of prescriptions for magnetic braking are used across dif-
erent fields (e.g. S. Rappaport, F. Verbunt & P. C. Joss 1983 ; A.
ills, M. H. Pinsonneault & D. M. Terndrup 2000 ; K. X. Van & N.
vanova 2019 ; K. El-Badry et al. 2022 ). In this paper we will focus
n the model tracks of D. Belloni & M. R. Schreiber ( 2023 ), who
mplemented the CARB prescription of magnetic braking (K. X.
an & N. Ivanova 2019 ). Under this prescription, ˙JMB depends on
he stellar radius, spin period, mass-loss rate to wind, and con-
NRAS 548, 1–16 (2026)

ective turnover time-scale. The convective turnover time-scale 

 J. Chakraborty et al. ( 2024 ) expressed this somewhat differently, by sep- 
rating the donor’s short-term adiabatic response to mass-loss from its 
onger-term evolutionary changes. In our approach, a single parameter ξ , 
hich can be calculated from evolutionary models, includes both of these 
onor changes. 

o  

v  

t  

t  

a  

n
e

equires the convective velocity and the size of the convective
nvelope, which can be calculated numerically through evolu-
ionary models. We refer readers to D. Belloni & M. R. Schreiber
 2023 ) for details of the calculation of ˙JMB in AM CVn binaries. 

.2 Known issues with period changes in other binary 
lasses 

 number of short-period detached DWD binaries show a con-
tant value of Ṗ , which is generally consistent with GW emission
J. J. Hermes et al. 2012 ; K. B. Burdge et al. 2019a , b , 2020 ). How-
ver, the picture for mass-transferring binaries is not so simple.
mong CVs, many systems do not show a constant Ṗ , but instead
how a periodic or quasi-periodic signature with a time-scale of 
everal decades (e.g. B. W. Borges et al. 2008 ; Z.-T. Han et al. 2015 ;
. B. Qian et al. 2015 ; M. C. P. Bours et al. 2016 ; Z.-T. Han et al.
017 ; J. Patterson et al. 2018 ; J. M. C. Court et al. 2019 ). J. Patterson
t al. ( 2018 ) cautioned that, in almost all cases, the proposed peri-
dic time-scales are similar to the time-scales of observation and
o the veracity of the claimed period is uncertain. J. M. C. Court
t al. ( 2019 , their figures 8 and 9) show how the suggested period
f the proposed third body in Z Cha has regularly been forced to
hange with the addition of new data, perhaps a warning sign of 
periodicity. 
There are two commonly discussed explanations for these

quasi-)periodic signatures: the presence of a third body, or the
edistribution of angular momentum within the magnetically ac-
ive donor star (the Applegate mechanism: J. H. Applegate 1992 ;
. A. Watson & T. R. Marsh 2010 ). J. Patterson et al. ( 2018 ) argue
he case for the Applegate mechanism in CVs, due to similari-
ies between CV donors and the M dwarf components in post-
ommon envelope binaries (PCEBs). Among PCEBs, third ob-
ects were also once widely claimed (e.g. S.-B. Qian et al. 2009 ,
010 ), but more recent observations have departed from periodic
ariations, leading to a general preference instead for the Apple-
ate mechanism (e.g. M. C. P. Bours et al. 2016 ; A. Yates et al.
026 ). The Applegate mechanism is not without its own issues,
owever, as current models predict a smaller energy budget from
his mechanism than would be required for the observed orbital
eriod changes (e.g. A. Yates et al. 2026 ). In the formalism of 
quation ( 4 ), the Applegate mechanism would drive changes in
ṡpin . 
Even among CVs that have a measured, constant Ṗ , there are

ssues reconciling those measurements with models. B. E. Schae-
er ( 2024 ) compiled 52 measurements of Ṗ from eclipsing CVs,
nd showed significant disagreements with the common model
f magnetic braking in CVs. Their measurements scatter by up to
˙
 ∼ ±10−9 s s −1 , compared to predicted values of ∼ −10−11 s s −1 .
. King & J.-P. Lasota ( 2024 ) argue that this disagreement rep-
esents a more fundamental issue with the Ṗ measurements in
ass-transferring systems, which has been discussed since at
east J. E. Pringle ( 1975 ) and H. Ritter ( 1988 ) – see also section 4.4
f J. Frank, A. King & D. Raine ( 2002 ). The issue is that a number
f assumptions made in the derivation of the secular evolution
f the system are potentially subject to short-term fluctuations
f unknown amplitude. These fluctuations may be driven by
ariations in the stellar wind, magnetic cycles, oscillations in
he stellar envelope, or various other effects. This leads to short-
erm variations in Ṁ and in turn to variations in Ṗ , which are
ssumed to average out over secular time-scales but may domi-
ate measurements on human time-scales. In the formalism of 
quation ( 4 ), this is equivalent to short-term changes in ˙Jstream 
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Figure 5. Predicted values of Ṗ from both sets of model tracks, compared 
to our measurements and those available from the literature (Table 1 ). All 
measured values have uncertainties, but in some cases (including YZ LMi 
and Gaia14aae) these uncertainties are smaller than the symbol size. The 
very negative Ṗ of HM Cnc is outside the bounds of this plot. For model 
tracks from D. Belloni & M. R. Schreiber ( 2023 ), we show here only the 
post-bounce evolution, which is strongly influenced by magnetic braking. 
Their pre-bounce evolution, which is dominated by GW radiation, will 
be similar to the tracks of T. L. S. Wong & L. Bildsten ( 2021 ) for similar 
component masses and orbital periods. The large range of Ṗ at orbital 
periods < 20 min and the small Ṗ at longer orbital periods is broadly 
consistent with GW emission, while the small Ṗ of Gaia14aae is strongly 
inconsistent with magnetic braking models. 
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Figure 6. An zoom-in of Fig. 5 , showing the disagreement between the 
Ṗ of YZ LMi and pure-GW predictions. Here, we show both pre- and post- 
bounce evolution for the magnetic braking tracks. One of the tracks with 
magnetic braking undergoes a period bounce at approximately the orbital 
period of YZ LMi, and is therefore able to match its Ṗ . We discuss this in 
Section 5.4 . 
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hich are not immediately corrected by ˙Jtorque , allowing angular 
omentum to be temporarily stored in or borrowed from the spin
f the accretor. 
In spite of these serious caveats, we will proceed for now by

nterpreting our measured Ṗ as the secular value. We will come 
ack to the question of short-term deviations from the secular 
alue in Section 5.5 . 

.3 Pure GW or enhanced magnetic braking? 

nder the assumption that AML is dominated by GW radiation, 
quation ( 10 ) predicts Ṗ = (1 . 8 ± 0 . 2) × 10−13 s s −1 for YZ LMi
nd (5 . 2 ± 0 . 6) × 10−14 s s −1 for Gaia14aae, where we have taken
hysical parameters from C. M. Copperwheat et al. ( 2011 ) and
. J. Green et al. ( 2018a ) and assumed ξ = −0 . 2 . The expected
epartures from a linear ephemeris due to these Ṗ values are 
hown in Fig. 3 . For Gaia14aae the prediction is within 2 σ of the
easured value, while for YZ LMi it differs by more than 5 σ . 
It is also possible to predict Ṗ numerically from evolutionary 
odels. From MESA model tracks calculated by T. L. S. Wong &
. Bildsten ( 2021 ) and D. Belloni & M. R. Schreiber ( 2023 ), we
alculate Ṗ by numerically differentiating P with respect to time. 
he resulting relationships between Ṗ and P for both sets of tracks 
re shown in Fig. 5 , compared to our measurements and those
rom the literature shown in Table 1 . 
At P � 25 min, both sets of model tracks are dominated by
W radiation for post-bounce systems. 5 The strongest difference 
 The model tracks shown here from D. Belloni & M. R. Schreiber ( 2023 ) 
o not reach P < 20 min, but other tracks that undergo period bounces at 
horter periods agree approximately with the tracks of T. L. S. Wong & L. 
ildsten ( 2021 ) at those periods. 
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etween pure-GW models of T. L. S. Wong & L. Bildsten ( 2021 )
nd the CARB models of D. Belloni & M. R. Schreiber ( 2023 ) oc-
urs at orbital periods � 30 min, where CARB models predict that
agnetic braking becomes the dominant source of AML. This is 
 result of the surface convection zone of the donor atmosphere
xtending deeper within the donor, leading to a longer convective 
urnover time – a prediction of the MESA models. As discussed by
. Belloni & M. R. Schreiber ( 2023 , their fig. 7), this post-bounce
agnetic braking is necessary to explain the bloated donor radius 
bserved for Gaia14aae. 
The overall distribution of Ṗ measurements shows large ampli- 

udes (both positive and negative) at short periods, and smaller 
mplitudes at longer periods. The Ṗ measurement for Gaia14aae 
s the best discriminator between the two AML scenarios, and 
trongly favours the pure GW models. The disagreement with 
ARB models is difficult to reconcile unless the MESA atmo- 
pheric models of the donor are dramatically incorrect, or by 
ropping our interpretation that this is the secular Ṗ (as discussed 
n Section 5.5 ). 
For YZ LMi, interpretation is less straightforward. In this 
eriod range, CARB magnetic braking does not substantially 
hange the predicted Ṗ , and so both model scenarios make similar
redictions. As Fig. 6 shows, there is a small but significant ( 5 σ )
iscrepancy between our measured Ṗ for YZ LMi and the predic- 
ions of even pure GW model tracks, equivalent to the disagree-
ent with the prediction of equation ( 10 ) mentioned previously.
here is one model track from D. Belloni & M. R. Schreiber ( 2023 )
hich does match the Ṗ of YZ LMi. That modelled system under- 
ent a period bounce at the orbital period of YZ LMi, and raises
he intriguing possibility that YZ LMi is a period-bounce system. 
e discuss this in the next section. 

.4 Is YZ LMi a period-bounce system? 

n this section, we shall continue to interpret our measured Ṗ 
alues under the assumption that this is the secular Ṗ . As the
easured Ṗ for YZ LMi is smaller than the model prediction, 
t cannot be reconciled by invoking extra sources of AML. It is
lso impossible to reduce the GW-based AML without substan- 
MNRAS 548, 1–16 (2026)
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M

Figure 7. Coloured crosses show the measured orbital mass ratios and orbital period derivatives for both systems. We also plot predicted tracks in this 
phase space using equation ( 10 ) for a range of ξ values, calculated at the orbital period of each system. The implied ξ of YZ LMi is positive, suggesting a 
donor that is contracting in response to mass-loss. The implied ξ of Gaia14aae has larger uncertainties, and is consistent with either the expected value 
of −0 . 2 or with a positive value. 
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Figure 8. Donor response to mass-loss ( ξ ) as a function of orbital period, 
as predicted by both sets of evolutionary tracks, compared to the ξ values 
for our targets and those from Table 1 implied by the measured Ṗ values. 
Tracks from D. Belloni & M. R. Schreiber ( 2023 ) are plotted in a fainter 
shade of grey where the hydrogen fraction in the accreted material is 
> 10−3 . We note that the estimated ξ for HM Cnc (the leftmost data point) 
is that implied by the mass ratio of G. H. A. Roelofs et al. ( 2010 ), whereas 
the mass ratio of J. Munday et al. ( 2023 ) would give a substantially larger 
ξ beyond the field of this plot. Pure GW model tracks are not able to 
replicate the positive Ṗ of YZ LMi at its orbital period, while models with 
magnetic braking only reproduce these Ṗ values if the target is undergoing 
a period bounce. 
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ially changing the masses measured by C. M. Copperwheat et al.
 2011 ). Therefore, the only possible reconciliation between our
easured value and equation ( 10 ) is to change the parameter of 
. 
In Fig. 7 , we show the values of ξ implied by our measure-
ents: ξ = 0 . 27 ± 0 . 08 for YZ LMi and −0 . 1 ± 0 . 2 for Gaia14aae.
he positive value of ξ for YZ LMi is not consistent with a white
warf donor undergoing adiabatic expansion, and suggests in-
tead a donor which is shrinking in response to mass-loss. Fig. 8
hows the values of ξ predicted by T. L. S. Wong & L. Bildsten
 2021 ) and D. Belloni & M. R. Schreiber ( 2023 ) for the entire
eriod range. Such a positive value is not expected in this period
ange under the models of T. L. S. Wong & L. Bildsten ( 2021 ),
ut is predicted during a period bounce by D. Belloni & M. R.
chreiber ( 2023 ). 
The natural suggestion that arises is that YZ LMi is a period-
ounce system descended from the evolved CV track. However,
e stress that there is no evolutionary track from D. Belloni & M.
. Schreiber ( 2023 ) that matches both the observed Ṗ and other
bserved parameters. The model track which passes through its
eriod bounce at the orbital period of YZ LMi does so with a
ubstantially larger donor mass ( M2 ≈ 0 . 07 M�) than the value
f M2 = 0 . 035 ± 0 . 003 measured by C. M. Copperwheat et al.
 2011 ). This issue is illustrated in Fig. 9 . Additionally, that model
rack, and indeed all tracks of D. Belloni & M. R. Schreiber ( 2023 ,
ee their fig. 4), maintain detectable levels of hydrogen in the
ccreted material until after the period bounce, compared to the
on-detection of hydrogen in YZ LMi. Hydrogen in AM CVn bi-
aries should be detectable at abundances � 10−4 (e.g. T. Nagel,
. Rauch & K. Werner 2009 ), so fractions > 10−3 can be easily
uled out with existing observations. 
A second issue with the period bounce interpretation concerns

ime-scales. During the period bounce, the binary is evolving
uickly, with a large second derivative P̈ . The time-scale of the pe-
iod bounce is therefore rather short compared to the lifetime in
hich the binary is observable as an AM CVn system. In Fig. 10 ,
e show Ṗ as a function of elapsed time for the portion of the
NRAS 548, 1–16 (2026)

i  
volved CV tracks with P < 70 min. Each track is only consistent
ith our measured Ṗ for YZ LMi for 0.2 to 3 Myr out of a total
ifetime of 100 Myr. We note that this is not a result of the CARB
odel implemented by D. Belloni & M. R. Schreiber ( 2023 ), as
W emission dominates the AML of each of these tracks during
ts period bounce. It is therefore unlikely (though not impossible)
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Figure 9. Predicted Ṗ and donor mass values from the evolved CV tracks 
of D. Belloni & M. R. Schreiber ( 2023 ), compared to the measured values 
for YZ LMi. Although some tracks are separately able to reproduce the 
observed donor mass (Fig. 4 ) and Ṗ (Fig. 6 ), no track is able to reproduce 
both measurements at the same point in the evolution of the binary. 
We also note that all model tracks continue to show detectable levels 
of surface hydrogen until their Ṗ is substantially more positive than the 
YZ LMi measurement. 

Figure 10. The evolution in Ṗ as a function of time for model tracks from 

D. Belloni & M. R. Schreiber ( 2023 ), compared to the 1 σ range measured 
for YZ LMi. While all model tracks do pass through Ṗ = 0 , they spend only 
a short fraction of their observable lifespans with Ṗ values consistent with 
our observations. 
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6 This time-scale is only comparable to observational baselines among the 
very shortest-period AM CVn binaries. These systems have more massive 
donors, M2 ≈ 0 . 1 M�, and much higher secular Ṁ � 10−8 M� yr −1 , lead- 
ing to tH ∼ 10 –100 yr. This, combined with the larger secular Ṗ expected at 
short P under pure GW radiation, may help to explain why the measured Ṗ 
of short-period AM CVn systems can be reconciled with GW expectations 
without invoking the deviations from secular values discussed here (e.g. 
K. B. Burdge et al. 2023 ; J. Chakraborty et al. 2024 ; E. T. Chickles et al. 
2026 ). 
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hat one of our two long-period measurements to date would 
appen to be caught during this stage of its evolution. 

.5 Non-secular period changes 

e now return to the issues raised in Section 5.2 , and challenge
ur assumption that the measured Ṗ represents the secular value. 
t is unclear whether the quasi-periodic eclipse variations seen 
n CVs should affect AM CVn binaries. If the underlying mecha- 
ism is Applegate, we might assume that the donors of AM CVn
inaries, having a very different nature, are either not affected or
t least are affected to a lesser extent. Our 20 year observational
aseline for YZ LMi would be enough to observe changes on the
ypical 20–30 year time-scale of CV eclipse timing variations. 
The broader issue of donor atmospheric structure raised by A. 
ing & J.-P. Lasota ( 2024 ) is more challenging. A. King & J.-P.
asota ( 2024 ) argue that the secular value of Ṗ can only be mea-
ured on time-scales sufficiently long that several scale heights 
f the donor’s atmosphere are stripped. The necessary time-scale 
ould be given by 

H = H 

|Ṙ2 | 
= H 

R2 
R2 
|Ṙ2 | 

≈ H 

R2 
M2 

Ṁ 

, (11) 

here H is the atmospheric scale height of the donor and R2 is
he donor radius. 
We estimate this time-scale across the expected parameter dis- 

ribution of AM CVn binaries. The atmospheric scale height of 
he donor can be estimated as 

 ≈ kB Teff, 2 
μmp g2 

, (12) 

here kB is Boltzmann’s constant, Teff, 2 is the effective temper- 
ture of the donor, μ ≈ 4 is the mean molecular weight, mp is
he proton mass, and g2 = GM2 /R2 2 is the surface gravity of the
onor. Although donors in AM CVn binary systems at short or-
ital periods are hotter, they also have a higher surface gravity,
eading to H/R2 varying by order unity across the AM CVn pop-
lation. Taking as example values M2 ≈ 0 . 03 M�, R2 ≈ 0 . 05 R�,
nd Teff, 2 ≈ 2000 K, we estimate H/R2 ≈ 4 × 10−5 . 
We take Ṁ ∼ 10−10 M� yr −1 , which is appropriate at P ≈ 30 
in for mass transfer driven by GWs (e.g. T. L. S. Wong & L.
ildsten 2021 ) and comparable to the instantaneous measured 
alue for Gaia14aae of log (Ṁ /M�yr −1 ) = −10 . 74 ± 0 . 07 by G.
amsay et al. ( 2018 ). We find 

H ≈ 104 yr 
(

H / R2 
4 × 10−5 

)(
M2 

0 . 03 M�

)(
Ṁ 

10−10 M� yr 

)−1 
. (13) 

ur observational baseline has therefore averaged over substan- 
ially less than a scale height of the donor atmosphere for both
argets. 6 
This does not mean that the Ṗ measurements presented here 
re meaningless. If short-term deviations from the secular Ṗ can 
e assumed to have some characteristic amplitude, and if that am-
litude is consistent between AM CVn binaries (as seems likely, 
iven that their donor stars have a similar nature across the pop-
lation), we would expect a sample of Ṗ measurements across 
he population to follow a general trend driven by the secular
volution, with a superimposed scatter due to the short-term de- 
iations. If the scatter is smaller than the trend, then the trend
an still be determined from a large sample of Ṗ measurements. 
ven with only two measurements, we can already make some 
ualitative arguments that the scatter is small. 
Firstly, we consider that our two measurements are consistent 
ith each other (within 1 σ ) and with zero (within 2 σ ). From this
lone, we can argue that any scatter is unlikely to be significantly
arger than the measurement uncertainties. 
MNRAS 548, 1–16 (2026)
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Secondly, we note that B. E. Schaefer ( 2024 , their fig. 1) show
˙
 values with magnitudes much larger than ours. Their mea-
urements are in the range 10−12 � |Ṗ | � 10−9 s s −1 , compared to
odel predictions |Ṗ | < 10−11 s s −1 . Only two of their 52 mea-
urements have an amplitude |Ṗ | < 10−12 s s −1 , and none have
Ṗ | < 10−13 s s −1 . By contrast, all AM CVn measurements except
or the shortest-period system, HM Cnc, have |Ṗ | < 10−12 s s −1 ,
nd both long-period measurements presented in this work have
mplitudes |Ṗ | < 10−13 s s −1 . Whatever the nature of the scatter
mong CV measurements is, it seems clear that AM CVn binaries
o not experience scatter of a similar magnitude. This is not nec-
ssarily surprising: the (semi-)degenerate and helium-dominated
onors of AM CVn systems are quite different from the M-dwarf 
onors of hydrogen-rich CVs, and so there is no reason to expect
imilar physical mechanisms to be present. 
Thirdly, we return to the pure-GW and CARB models of 
M CVn evolution discussed in Section 5.3 , and calculate the
mplitude of short-term deviation, �Ṗ , from the secular Ṗ re-
uired to produce our measured Ṗ values under each scenario.
n the case of pure GW radiation, reconciling our Ṗ value for
Z LMi with the prediction of equation ( 10 ) would require a
hort-term deviation of �Ṗ = (−1 . 3 ± 0 . 3) × 10−13 s s −1 . Main-
aining the agreement of Gaia14aae would require �Ṗ = (−0 . 3 ±
 . 3) × 10−13 s s −1 . In other words, a scenario of pure GW com-
ined with relatively small-amplitude deviations ( � 10−13 s s −1 )
eadily explains both measurements. 
In the CARB scenario, YZ LMi would require a similar �Ṗ 

o the pure GW scenario, while reconciling Gaia14aae would
equire much larger short-term deviations of, depending on
he chosen model track, �Ṗ = −1 . 7 × 10−12 s s −1 to −2 . 6 ×
0−12 s s −1 . Two substantial coincidences are then necessary to
xplain our non-detections of significant Ṗ under this scenario.
irstly, because the amplitude of the short-term deviation in
aia14aae must be an order of magnitude larger than the un-
ertainties on our measurement, its amplitude must be fine-
uned to a level of a few per cent in order to make the ob-
ervable Ṗ consistent with zero. Secondly, the amplitude of 
hort-term deviation in Gaia14aae must be an order of magni-
ude larger than that of YZ LMi, in order to make both mea-
urements consistent with zero despite very different secular
alues. 
While the present data are not sufficient to disprove alternative
cenarios, the scenario that explains the Ṗ measurements with
he least contrivence is one of pure GW combined with relatively
mall amplitude ( �Ṗ � 10−13 s s −1 ) deviations from the secular
˙
 over time-scales significantly longer than two decades. This
iscussion is naturally limited by the small number of Ṗ measure-
ents at long periods. Further measurements of Ṗ will enable a
ore thorough characterisation of the scatter induced by short-
erm variations, and hence of the underlying Ṗ trend. 

 CONCLUSIONS  

n this work, we have presented a search for orbital period evo-
ution in two long-period AM CVn binary systems, YZ LMi and
aia14aae. Despite 447 and 181 mid-eclipse time measurements
cross observational baselines of 19 and 10 yr, respectively, we do
ot detect any significant orbital period evolution. Our 3 σ upper
imits on Ṗ are 1 . 1 × 10−13 s s −1 and 9 . 8 × 10−14 s s −1 , respectively.
These upper limits place constraints on the sources of AML

n evolutionary models. We compare our upper limits to two
cenarios, where AML is dominated by GW emission (T. L. S.
NRAS 548, 1–16 (2026)
ong & L. Bildsten 2021 ) or magnetic braking under the CARB
rescription (D. Belloni & M. R. Schreiber 2023 ). Our upper limit
n Ṗ for Gaia14aae is consistent with GW predictions but an order
f magnitude smaller than predictions under the CARB model.
ur upper limit on Ṗ for YZ LMi shows a small ( �Ṗ ≈ 10−13 s s −1 )
ut significant ( 5 σ ) disagreement with predictions under both
cenarios. 
We consider the large-amplitude, short-term deviations from
ecular Ṗ seen among hydrogen-dominated CVs, which often
how quasi-periodic variations in orbital period over time-scales
f decades (e.g. J. Patterson et al. 2018 ; J. M. C. Court et al. 2019 )
nd where most measured values of Ṗ disagree substantially with
redicted values (e.g. A. King & J.-P. Lasota 2024 ; B. E. Schaefer
024 ). These issues highlight the importance of caution when in-
erpreting Ṗ measurements in mass-transferring binary systems.
evertheless, we present empirically driven arguments that the
hort-term deviations among AM CVn binaries, if present, appear
o be substantially smaller in amplitude. Deviations of ampli-
ude | �Ṗ | � 10−12 s s −1 do not appear to be present in any of the
M CVn binaries observed so far, in contrast to the deviations of 
0−12 � | �Ṗ | � 10−9 s s −1 that are observed in hydrogen CVs. 
The simplest explanation for our results is a scenario in which

he secular AML from the binary is dominated by (or at least not
ubstantially larger than) GW radiation, while short-term devia-
ions with amplitudes � 10−13 s s −1 induce a scatter around the
ecular Ṗ when observed on human time-scales. An interpreta-
ion in which the much larger secular Ṗ predicted for Gaia14aae
nder the CARB model is hidden by a short-term deviation is
ossible, but requires that deviation to be fine-tuned to the level
f a few per cent in order to reproduce our non-detection. We have
lso considered a scenario in which the Ṗ measured for YZ LMi
s the secular Ṗ and YZ LMi is currently undergoing a period
ounce, but we have shown that its combination of Ṗ , donor mass,
nd composition are not reproduced by any model track. 
Further study of long-period AM CVn binaries will allow a
ore thorough investigation of orbital period changes in this
inary class. At least ten long-period, eclipsing AM CVn bina-
ies have been discovered in recent years (e.g. J. Roestel et al.
022 ; A. C. Rodriguez et al. 2023 ; J. M. Khalil et al. 2024 ), and
easurements of Ṗ of comparable precision to ours will become
ossible for these systems in the near future. Such measurements,
f performed with consideration of potential systematic issues
uch as those present in hydrogen CVs, have the potential both to
urther constrain the strength of AML in AM CVn binaries and
o address some of the uncertainties considered in this work. In
articular, it will be valuable to understand whether the quasi-
eriodic changes in orbital period seen in hydrogen CVs are also
resent in AM CVn binaries, and whether other AM CVn binaries
how deviations from the secular Ṗ of a similar amplitude to
hat which we have invoked to explain YZ LMi. We hope that the
onsiderations laid out in this work can inform the interpretation
f those measurements. 
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Table A1. Observations of YZ LMi with ULTRAC
exposure time. For ULTRACAM observations, the
bands. For HiPERCAM observations, different expo
these are listed separately although the observations
observation date indicates that the observations coi

Telescope Date 
+ instrument 

WHT + 2006 Mar 01 
ULTRACAM 2006 Mar 02 

2006 Mar 03 
2009 Jan 01 
2009 Jan 02 
2009 Jan 03 
(2012 Jan 14) 
(2012 Jan 17) 
(2012 Jan 18) 
(2012 Jan 19) 
(2012 Jan 20) 
(2012 Jan 21) 
(2012 Jan 22) 
(2012 Jan 28) 
2012 Feb 01 
2012 Feb 03 
2013 Dec 30 
2013 Dec 31 
2015 Jan 14 
2015 Jan 15 

GTC + 2024 Mar 06 
HiPERCAM 
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uppl_data 

lease note: Oxford University Press is not responsible for the
ontent or functionality of any supporting materials supplied by
he authors. Any queries (other than missing material) should be
irected to the corresponding author for the article. 

PPENDIX  A:  SUMMARY  OF  OBSERVATIONS  

n Tables A1 –A3 , we give the dates and observational set-ups for
ll data collected for this work. 
AM and HiPERCAM. ‘Exp’. represents the 
 u′ exposure time was 3 × that of the other 
sure times were used in different filters, and 
 were simultaneous. Parentheses around the 
ncided with a dwarf nova outburst. 

Filter Exp. Num. 
(s) eclipses 

u′ g′ r′ 3.0 14 
u′ g′ r′ 3.0 20 
u′ g′ r′ 3.0 17 
u′ g′ r′ 1.8 3 
u′ g′ r′ 1.8 18 
u′ g′ r′ 1.8 11 
u′ g′ r′ 6.0 5 
u′ g′ r′ 4.0 3 
u′ g′ r′ 4.5 11 
u′ g′ r′ 4.5 2 
u′ g′ r′ 4.5 3 
u′ g′ r′ 2.0 10 
u′ g′ r′ 2.0 14 
u′ g′ r′ 2.0 4 
u′ g′ r′ 2.0 6 
u′ g′ r′ 2.0 8 
u′ g′ r′ 4.0 7 
u′ g′ r′ 4.0 11 
u′ g′ i′ 4.0 4 
u′ g′ r′ 4.0 6 
gs 2.5 2 
rs is 5.0 2 
us zs 7.5 2 
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Table A2. Observations of YZ LMi with ULTRASPEC. ‘Exp’. represents 
the exposure time. On some occasions, multiple exposure times were 
used between different runs on a single night. Parentheses around the 
observation date indicates that the observations coincided with a dwarf 
nova outburst. 

Telescope Date Filter Exp. Num. 
+ instrument [s] eclipses 

TNT + 2017 Feb 18 KG5 5.0 2 
ULTRASPEC 2017 Feb 20 KG5 5.0 2 

2017 Feb 22 KG5 5.0 3 
2017 Feb 24 KG5 5.0 2 
2017 Dec 05 KG5 5.0 2 
(2017 Dec 12) KG5 6.3 1 
2017 Dec 14 KG5 8.0 2 
2017 Dec 15 KG5 8.0 1 
2018 Feb 07 KG5 5.0 1 
2018 Feb 09 KG5 5.5 3 
2018 Feb 10 KG5 5.0 1 
2019 Dec 08 KG5 5.0 5 
2020 Jan 17 KG5 8.0 9 
2020 Jan 18 KG5 10.0 3 
2020 Jan 19 KG5 10.0 3 
2020 Jan 25 KG5 6.0 2 
2020 Feb 01 KG5 6.0 2 
2020 Feb 03 KG5 6.0 2 
2020 Dec 21 KG5 15.0 2 
2021 Jan 09 KG5 8.6 2 
2021 Feb 01 KG5 6.6 1 
2021 Feb 15 KG5 6.6 1 
2021 Mar 09 KG5 6.3 1 
2023 Jan 13 KG5 7.8, 9.8 2 
2023 Jan 14 KG5 7.3, 8.8 2 
2023 Feb 01 KG5 6.0 1 
2023 Feb 08 KG5 20.0, 14.0 3 
2023 Feb 09 KG5 14.0, 20.0 3 
2023 Feb 10 KG5 10.0 2 
2023 Feb 22 KG5 8.6 2 
(2023 Mar 14) KG5 10.0 1 
(2023 Mar 15) KG5 10.0 2 
2023 Mar 16 KG5 10.0 1 
2023 Nov 18 KG5 10.0 1 
2023 Nov 19 KG5 10.0 1 
2023 Nov 20 KG5 10.0 1 
2024 Feb 06 KG5 6.5 1 
2024 Feb 07 KG5 6.0 3 
2024 Feb 14 KG5 6.0 3 
2024 Feb 28 KG5 3.0 1 
2024 Mar 11 KG5 6.0 1 

Table A3. Observations of Gaia14aae with all instruments. ‘Exp’. repre- 
sents the exposure time. For ULTRACAM observations, the u′ exposure 
time was 3 × that of the other bands. For HiPERCAM observations, 
different exposure times were used in different filters, and these are 
listed separately although the observations were simultaneous. 

Telescope Date Filter Exp. Num. 
+ instrument [s] eclipses 

WHT + 2015 Jan 14 u′ g′ i′ 3.0 3 
ULTRACAM 2015 Jan 15 u′ g′ r′ 3.0 4 

2015 Jan 16 u′ g′ r′ 3.0 5 
2015 Jan 17 u′ g′ r′ 3.0 3 
2015 May 23 u′ g′ r′ 2.5 6 
2015 Jun 22 u′ g′ r′ 3.0 4 

TNT + 2015 Feb 28 KG5 7.0 2 
ULTRASPEC 2016 Mar 12 KG5 8.0 1 

2016 Mar 13 KG5 5.0 2 
2016 Mar 14 KG5 5.0 3 
2016 Mar 15 g′ 5.0 2 
2017 Feb 21 KG5 5.0 1 
2018 Feb 07 KG5 5.0 1 
2018 Feb 09 KG5 5.0 4 
2018 Feb 10 KG5 5.0 1 
2018 Feb 11 KG5 5.0 2 
2018 Feb 12 KG5 5.0 3 
2020 Jan 26 KG5 6.0 2 
2020 Feb 01 KG5 6.0 2 
2020 Feb 02 KG5 6.0 1 
2020 Feb 03 KG5 6.0 1 
2020 Feb 23 KG5 6.0 3 
2020 Mar 23 KG5 12.0 1 
2021 Feb 01 KG5 8.3 1 
2023 Jan 15 KG5 7.0 2 
2023 Feb 08 KG5 10.0 1 
2024 Jan 22 KG5 10.0 1 
2024 Mar 11 KG5 6.0 1 

Hale + 2016 Aug 06 g′ r′ 4.0 7 
CHIMERA 2016 Aug 07 g′ r′ 4.0 6 

2016 Aug 08 g′ r′ 4.0 6 
2021 Mar 12 g′ r′ 3.0 1 
2021 Jun 11 g′ r′ 3.0 1 
2021 Jul 05 g′ r′ 3.0 1 
2022 Aug 23 g′ r′ 3.0 1 

GTC + 2019 Jun 05 gs rs is 3.0 4 
HiPERCAM us zs 9.0 4 

2024 Apr 16 gs rs is 2.7 1 
us zs 8.1 1 
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PPENDIX  B:  UNBINNED  EPHEMERIDES  

n Fig. B1 , we show an unbinned version of Fig. 3 . 
NRAS 548, 1–16 (2026)

igure B1. Delay of the observed mid-eclipse times for YZ LMi (above) and G
ssumption of a linear ephemeris. Note the change in axis scale compared to F
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aia14aae (below), compared to the expected mid-eclipse time under the 
ig. 3 . 
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