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rays7−10 . The orbital period of 5.5 hr, as well as the white dwarf
spin period of 1900 sec have been observed at both optical and
X-ray wavelengths15−17 . During the bursts high-ionisation helium and nitrogen lines strengthen and a transient outflow with
velocity > 3500 km s−1 is observed at peak luminosity, revealed by P-Cygni profiles in UV spectral lines7 . EI Ursae
Majoris (hereafter EI UMa) is also known to harbour a magnetic white dwarf accreting matter from a companion star, and
both orbital and white dwarf spin periods have been identified at
6.4 hr and 746 sec respectively18−20 . ASASSN−19bh was recently discovered as a transient by ASAS-SN21,22 on 25 January
2019, displaying a sudden increase in brightness of at least 2.1
mag. Extended Data Fig. 1 shows the X-Shooter spectrum of
ASASSN−19bh obtained on 1 October 2021 revealing absorption lines from the donor star as well as hydrogen Balmer and
helium lines in emission. Although the emission lines are narrow when compared to some accreting white dwarfs (AWD), the
X-Shooter spectrum reveals ASASSN−19bh as an AWD with a
donor star compatible with a K-type star, similar to the long period AWD24 CXOGBS J175553.2−281633.

Nova explosions are caused by global thermonuclear runaways triggered in the surface layers of accreting white
dwarfs1−3 . It has been predicted4−6 that localised thermonuclear bursts on white dwarfs can also take place, similar to Type I X-ray bursts observed in accreting neutron
stars. Unexplained rapid bursts from the binary system TV
Columbae, in which mass is accreted onto a moderatelystrong magnetised white dwarf from a low-mass companion,
have been observed on several occasions in the past ≈ 40
years7−11 . During these bursts the optical/UV luminosity
increases by a factor of > 3 in less than an hour and fades
over ≈ 10 hours. Fast outflows have been observed in UV
spectral lines7 , with velocities > 3500 km s−1 , comparable
to the escape velocity from the white dwarf surface. Here we
report on optical bursts observed in TV Columbae as well as
in two additional accreting systems, EI Ursae Majoris and
ASASSN−19bh. The bursts have a total energy ≈ 10−6
those of classical nova explosions (“micronovae”), and bear
a strong resemblance to Type I X-ray bursts12−14 . We exclude accretion or stellar magnetic reconnection events as
their origin and suggest thermonuclear runaway events in
magnetically-confined accretion columns as a viable explanation.

The Transiting Exoplanet Survey Satellite (TESS) observed
TV Col during Cycle 1 (15 November 2018 - 6 January 2019)
at 120-s cadence and during Cycle 3 (19 November 2019 - 13
TV Columbae (hereafter TV Col) has been extensively stud- January 2020) at 20-s cadence. EI UMa was observed during
ied in the past at wavelengths ranging from optical to hard X- TESS Cycle 2 (24 December 2019 - 20 January 2020) at 1201

s cadence, and ASASSN-19bh during Cycle 3 (5 July 2020 30 July 2020 and 29 April 2021 - 24 June 2021) at 120-s cadence. Figure 1 shows the observed TESS Cycle 1 (Sectors 32
and 33) lightcurves of TV Col with three consecutive bursts observed, each lasting 12 hr with a rise time of less than 30 minutes, and each burst separated by 3 days. Figure 2 displays the
observed TESS lightcurve of EI UMa during Sector 20, showing
two rapid and consecutive bursts each lasting ≈ 7 hr and separated by ≈ 1 day. The brightness evolution and temporal properties resemble those observed in TV Col, displaying multiple
peaks and troughs. Figure 2 also displays the TESS lightcurve of
ASASSN−19bh observed during Sector 38 showing a precursor
followed by a single energetic burst with a rise time of ≈ 1.5
hr during which the luminosity increases by a factor of ≈ 25
and decaying over several days. In both Figure 1 and Figure 2
we have calibrated the observed TESS count rates into g-band
equivalent luminosities using quasi-simultaneous ground-based
g-band ASAS-SN observations16,17 and distances inferred from
the Gaia25,26 measured parallaxes (see Methods). We use the
calibrated lightcurves to infer peak burst luminosities and total
energy released by each burst. Without taking into account a
bolometric correction we constrain the mean peak luminosity
of the bursts to be 1.0 × 1034 erg s−1 , 2.5 × 1034 erg s−1 and
3.5 × 1034 erg s−1 for TV Col, EI UMa and ASASSN−19bh,
respectively. Integrating the burst luminosities, and summing
the energies in the consecutive bursts observed in TV Col and
EI UMa, yields burst energies of 3.5 × 1038 erg, 5.2 × 1038
erg and 1.2 × 1039 erg respectively for TV Col, EI UMa and
ASASSN−19bh. The luminosity rise gradient during the burst
onset for all observed bursts in all three systems is determined to
be in the range of 27-52 mag/day (1.6-5.0 ×1030 erg s−2 ), while
the rate of decay is observed in the range 1-3 mag/day (0.8-5.3
×1029 erg s−2 ). The TESS observations not only reveal that the
rapid bursts observed in TV Col can sometimes occur in clusters, but also that these bursts, as determined by their temporal
and energetic properties, are not limited to just TV Col. Furthermore, the long-term ASAS-SN monitoring of these sources
(see Extended Data Fig. 2) establishes these bursts as a recurring
phenomenon.
A few scenarios have been proposed to explain the rapid
bursts in TV Col, and by analogy we can attempt to apply these
to EI UMa and ASASSN−19bh. One prominent model is that
the bursts are driven by thermal-viscous instabilities in the disk,
similar to so-called dwarf-nova (DN) outbursts observed in a
range of subtypes of AWDs27,28 . However, the much shorter
duration of the bursts, as well as their occurrence in closelyspaced clusters, invalidates this scenario11,28 . Another possibility may be that luminosity variations are induced by magnetically gated flares as observed in some weakly magnetised
AWDs29,30 . For this to happen, the disk would need to reach a
specific mass transfer rate, and the bursts would appear as quasiperiodic, making this scenario also unlikely in explaining the
observed bursts. Enhanced mass transfer events driven by an
instability in the donor stars has also been suggested to explain
the rapid bursts9 . In this scenario a short-lived enhanced mass
transfer event would allow the stream of material to overflow
the outer accretion disk edge. Our observations of consecutive
bursts in TV Col and in EI UMa make this scenario also un-

likely, since it would require the donor star to drive several consecutive instabilities that maintain their coherence while travelling through the outer accretion disk. Finally, low-mass stars
similar to the donors in TV Col, EI UMa, and ASASSN−19bh
are known to sporadically release energy through stellar flares
via magnetic reconnection events with bulk luminosities emitted
in the TESS passband31−33 . However, even the most energetic
stellar flares observed to date release 4 orders of magnitude less
energy than TV Col and EI UMa, and 5 orders of magnitude less
than ASASSN−19bh34,35 . We thus also exclude stellar flares as
a candidate explanation for the observed rapid bursts.
The burst luminosity rise gradient for all observed bursts
in all three systems is much faster than those observed in DN
outbursts and comparable to those observed in thermonuclear
runaway (TNR) events such as classical nova explosions36,37 .
TESS also reveals how the time evolution of the individual
bursts resembles TNR events occurring on the surface of accreting neutron stars, observed at X-ray wavelengths: Type I
X-ray bursts12−14 . The multi-peaked time evolution and the
rapid succession of bursts observed in both TV Col and EI
UMa mimic those observed in the X-ray binary neutron star 4U
1636−53638−40 , slowed down by about three orders of magnitude. ASASSN−19bh also displays a resemblance to those
more energetic single peaked Type-I X-ray bursts12 , and shares
a similar precursor to the Type-I X-ray burst observed in the
neutron star X-ray binary SAX J1808.4−365841 (see also Extended Data Fig. 3). On close inspection, the first burst observed
in TV Col by TESS (Figure 1, panel b) also reveals the presence of several precursors during the burst onset. Furthermore,
the fast rise and slow decay observed in the TESS lightcurves
is also analogous to what is observed in Type-I X-ray bursts.
All bursts observed by TESS have comparable burst energies to
those observed in Type-I bursts of 1038 -1039 erg. These observables form the basis for exploring the possibility that the rapid
bursts observed may have a thermonuclear origin.
Given the short duration and the energies released by the
bursts compared to nova explosions, the thermonuclear runaway
must be restricted to burning a limited amount of material and
confined to a fraction of the white dwarf surface4−6 . In analogy with classical nova outbursts, in order to ignite hydrogen
fuel on a carbon-oxygen white dwarf, the accreted material must
reach a critical pressure at the base of the accreted layer of the
order of Pcrit ≈ 1018 -1019 dyn cm−2 , where the exact value
will depend on the white dwarf mass (and thus also radius42 ),
the temperature, as well as the specific mass accretion rate per
unit surface area3 . In non-magnetic systems, this high pressure
is generally achieved in AWDs when the spherical shell of accreted material reaches 10−4 M⊙ -10−6 M⊙ . The amount of accreted mass required to reach Pcrit can be substantially reduced
if accretion onto the white dwarf is confined to a much smaller
fractional surface area4−6 . If we take the mass-to-energy conversion for hydrogen-to-helium fusion flash in the CNO cycle
of 1016 erg g−1 we can infer a lower limit on the mass burned
during the bursts in TV Col, EI UMa and ASASSN−19bh of
1.8 × 10−11 M⊙ , 2.6 × 10−11 M⊙ and 5.8 × 10−11 M⊙ respectively, a factor of ≈ 10−6 lower than in classical novae.
Once triggered, a localised TNR will increase in temperature
while burning through most of the freshly accreted layer. This
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process is also known to drive outflows (e.g. classical novae1−3 )
with velocities comparable to, or higher than, the escape velocity of the AWD, after which the localised area is expected to
drop back to the quiescent temperature. The sudden appearance of high ionization HeII lines during the rise of two bursts
observed in TV Col7,9 is consistent with the presence of a hot
ionizing source. The same lines weaken during the burst decay9
and are entirely absent during quiescence7 , suggesting that the
ionizing source fades and disappears. Furthermore, the bursts
are observed to become bluer during the rise, which in turn suggests that the system must cool as it decays. Finally, high outflow velocities are observed only at the peak of the bursts7 . All
these observables are consistent with the interpretation that the
bursts are in fact TNR events.

three AWDs have unveiled that magnetically confined TNRs
may occur in the surface layers of white dwarf atmospheres.
Similar bursts to those reported here have also been reported in
the literature for other magnetic AWDs (e.g. V1223 Sagittarii9
and DW Cancri50 ) and it may be that localised TNRs on AWDs
are more common than previously thought. Further observations of similar bursts across the electromagnetic spectrum, as
well as detailed theoretical modelling of localised TNRs, are
necessary to determine what truly triggers these events.

The cooling of an expanding photosphere following a TNR
event has been observed in Type I X-ray bursts from accreting
neutron stars14,38 , providing a further analogy to what is observed in TV Col. Furthermore, by analogy to Type I X-ray
bursts, where very short waiting times are sometimes observed
for the bursts14,43,44 , the temporal evolution and short waiting
times between the bursts in TV Col and EI UMa may be related
to the energy from the TNR being released in steps. In the phenomenology of Type I X-ray bursts, the multi-peak behaviour
and short recurrence times are explained as the result of partial
burning at the base of the accreted column. This is thought to
be driven by opacity changes due to temperature that drive convection in the column. In turn this partially burns the column
mass and then re-ignites it45 . On the other hand the precursor
followed by the bright burst observed in ASASSN−19bh may
indicate that the ignition at the base of the accretion column acts
as a trigger that drives a shock front propagating and igniting the
entire accumulated column mass in one energetic event. This
mechanism has also been suggested to explain the precursor observed in the Type-1 X-ray burst41 of SAX J1808.4−3658. In
the case of ASASSN−19bh, the precursor may thus be related
to a shock-breakout, somewhat similar to what is observed in a
Type II supernova46 . Alternatively it may also be that the longer
burst duration observed in ASASSN−19bh is somewhat analogous to the intermediate-duration and superoutbursts observed
in accreting neutron stars47 .

The Very Large Telescope (VLT) observed ASASSN−19bh on
1 October 2021 with X-Shooter51. Exposure times were set at
790s for both the UBV and VIS arm of the spectrograph, and 3
100s for the NIR arm. The data reduction was carried out with
the ESO Reflex pipeline52 v.3.5.0. The pipeline performs the
standard reduction, including flat fielding, bias and dark corrections, wavelength calibration and rectification of the spectrum and extraction. The flux calibration was performed using
a standard star observed on the same night. No telluric correction was performed. Extended Data Fig. 1 shows the resulting
spectrum in the relevant wavelength ranges 3900Å-4900Åand
5800Å-6700Å.

METHODS
X-Shooter spectrum of ASASSN−19bh

Data Sources
The TESS data for TV Col, EI UMa and ASASSN−19bh were
obtained from The Barbara A. Mikulski Archive for Space Telescopes (MAST) in reduced and calibrated format. The TESS
telescope/detector is sensitive to light across a wide range of
wavelengths (600 nm - 1000 nm). For all, we also retrieved
ASAS-SN22,23 ground based V- and g-band available photometry. More specifically, this data set includes g-band observations for all systems that are quasi-simultaneous with the TESS
data. We used this overlap to establish an approximate transformation of the TESS count rates for TV Col, EI UMa, and
ASASSN-19bh into standard g-band fluxes. To achieve this, we
first selected the data points between TESS and ASAS-SN that
were taken within 120s of each other. These selected data points
were correlated and linearly fitted. The fits were performed independently on each half of a TESS sector in order to minimise
systematic count rate offsets induced between different observation sectors and in-between data downlinks. The resulting
linear fits allow the TESS count rates to be converted into equivalent ASAS-SN g-band fluxes, but we note that this method does
not take into account any bolometric correction. We then adopt
the Gaia parallax measurements25,26 for TV Col, EI UMa and
ASASSN-19bh to convert the fluxes into luminosities as shown
in Figure 1 and Figure 2. To compute the peak luminosities
of each burst we have subtracted an estimate of the quiescent
luminosity level. This was measured as the mean luminosity
throughout the 1 day preceding each burst. The burst energies
have also been estimated using the same quiescent luminosity
subtraction. The long term ASAS-SN lightcurves, as well as the
TESS calibrated photometry, are shown in Extended Data Fig. 2.

With a white dwarf surface magnetic field B > 106 G, as
expected for TV Col and EI UMa, the spinning magnetosphere
is able to govern the accretion dynamics and funnel material
onto a smaller surface area, Acol , creating an accretion column
at the white dwarf magnetic poles48,49 . If the ram pressure
from the infalling stream of material is comparable to the critical pressure required to ignite a TNR, Pram ≈ Pcrit , a TNR
can be expected. For this to happen, however, the fractional
area, f = AAWcolD , has to be extremely small, of the order of
f < 10−10 (see Methods) when in general the fractional surface
area is expected, and observed48,49 , to be 10−2 > f > 10−7 . It
is plausible that transverse temperature gradients and inhomogeneities in the accreted layers thermalise on timescales that are
much longer than the thermonuclear runaway timescale. This
prediction4,6 is also expected to drive a localised TNR rather
than a spherically symmetric global eruption.
The identification and characterisation of rapid bursts in
3

Figure 1. Optical brightness variations in TV Col a. TESS lightcurve (20-s cadence) of TV Col. The lightcurve has been calibrated against
quasi-simultaneous ground based ASAS-SN g-band data (see Methods). Panels b., c. and d. show 16.8 hours of data around the three detected rapid
bursts. The individual bursts yield integrated energies of 0.9 × 1038 erg, 1.6 × 1038 erg and 1.0 × 1038 erg, respectively.

To better compare the bursts observed by TESS to those observed at X-ray wavelengths in Type-I X-ray bursts we have retrieved archival data on 4U 1636−536 and SAX J1808.4−3658.
Extended Data Fig. 3 shows insets of bursts from each system
compared to the TV Col and ASASSN-19bh lightcurves observed by TESS. The data for 4U 1636−536 is from an EXOSAT-ME observation39 performed on 09-08-1985. The SAX
J1808.4−3658 is from an RXTE-PCA observation41 performed
on 19-10-2002.

3. As the 3 bursts observed during Cycle 3 introduce excess
power at low frequencies due to red-noise leakage, we excluded
the Cycle 3 data in the time range 2195.5 <TJD< 2202.5,
where TJD is the TESS Julian date (BJD−2457000). Extended
Data Fig. 4 shows the computed normalised periodograms. Cycle 1 data displays strong signals at the orbital frequency of
forb = 4.374(19) c d−1 (5.487 hr) as well as several associated harmonic frequencies, consistent with reported literature
values8,9,54,57 . The error on the signal frequency has been inferred through the window function ( T1 where T is the length
of the lightcurve segment). Computing the signal-to-noise raTiming analysis of TESS data
tio (S/N) of the detected signals requires prior knowledge of
TV Col is known to display evidence of both negative and pos- the shape of the underlying intrinsic broad-band noise compoitive superhumps53 . The former signal suggests the presence nents. In the absence of this we use the root-mean-square of
of a tilted and precessing accretion disk, while the latter is re- powers at frequencies just short and just long of the detected
for the orbital signal. A further signal
lated to a tidally deformed accretion disk which can occur when signal to obtain S/N¿41
−1
at
f
=
40.879(19)
c
d
(2114 s) is also detected with a S/N¿5
the outer disk edge extends to the 3:1 resonance radius with the
54
using
the
same
methodology
as for the orbital signal. This latdonor star . When this happens, the positive superhump excess
Psh −Porb
ter
signal
is
consistent
with
the
beat signal between the previ(ϵ = Porb , where Psh and Porb are the positive superhump
ously
published
white
dwarf
spin
signal of fspin = 45.224 c
and orbital period respectively) can be used to infer the binary
−1
57,58
d
(1911s)
and
the
system
orbital
period. The Cycle 1
mass ratio. In the case of TV Col, the inferred mass ratio is large
54
periodogram
also
displays
strong
signals
at the system orbital
(q ≈ 0.92) compared to other AWDs . No positive or negative
frequency
and
related
harmonics.
We
also
detect a superorbital
superhump periods have been reported in the literature for either
−1
frequency
at
f
=
0.257
c
d
with
S/N¿10
as well as the
so
EI UMa or ASASSN-19bh.
associated
negative
superhumps
resulting
from
the
superorbital55,56
Lomb-Scargle periodograms
of TV Col were computed
−1
to-orbital
beat
frequency
at
f
=
4.630(19)
c
d
with
S/N¿40.
−
using TESS Cycle 1 and Cycle 3 data. The periodogram for
Cycle 1 data was computed using the available 120-s cadence
Periodograms were computed using the TESS 120-s cadence
data, while we used the available 20-s cadence data for Cycle data of EI UMa. Extended Data Fig. 5 shows the periodogram
4

Figure 2. Optical brightness variations in EI UMa and ASASSN−19bh. a. TESS lightcurve (2-min cadence) of EI UMa. Panels b. and c.
show 16.8 hours of data around the two detected rapid bursts. The individual bursts yield integrated energies of 2.4 × 1038 erg and 2.8 × 1038 erg
respectively. d. TESS lightcurve (2-min cadence) of ASASSN−19bh showing the observed single energetic burst of 1.2 × 1039 erg. All lightcurves
have been calibrated against quasi-simultaneous ground based ASAS-SN g-band data (see Methods).

obtained before the bursts commenced (TJD<1845.1) and after the bursts occurred (TJD>1856). During the pre-burst stage
we detect signatures of a positive superhump at f+ = 3.08(39)
c d−1 with S/N>6. During the post-burst phase we detect
the system orbital period forb = 3.729(92) c d−1 (6.435 hr)
with S/N>7 as well as the spin-to-orbital beat frequency f =
112.240(92) c d−1 (769.8 s) with S/N>4, both consistent with
values reported in the literature20,21 . We use the detected positive superhump observed before the burst to infer the period
excess of EI UMa to be ϵ = 0.208. To date this constitutes the
largest period excess detected in an AWD, surpassing that of TV
Col53 . We note however that the positive superhump-to-mass
ratio relation has not been calibrated for ϵ > 0.1. Furthermore,
large mass-ratio binaries are not necessarily expected to follow
the same superhump relation as low mass-ratio binaries. It is
interesting to note however that the positive superhump signal
in EI UMa disappears after the two bursts. This may be due
to the localised TNRs disrupting the disk geometry, thus dissipating and eventually quenching the positive superhump signal.
A similar mechanism is also invoked in explaining some of the
variability observed immediately following intermediate duration Type I X-ray bursts59,60 .

served in TV Col during quiescence, and is possibly related to a
tilted retrogradely precessing accretion disk as observed in other
AWDs61 .
We note that while both TV Col and EI UMa are known to be
magnetic AWDs from the direct detection of their spin periods
and hard X-ray emission62−64 , the magnetic nature of the white
dwarf in ASASSN-19bh is not known. If it were magnetic, the
larger distance to ASASSN-19bh of 1.5kpc compared to TV Col
(514pc) and EI UMa (1.14kpc) would make the X-ray emission
fainter, plausibly explaining the current non-detection in the Xray band. Future observations will reveal whether ASASSN19bh is a magnetic AWD, strengthening the evidence for magnetically confined and localised TNRs.
Localised TNR from ballistic impact

When the white dwarf surface magnetic field is B > 106 G,
the spinning magnetosphere is able to govern the accretion dynamics and funnel material onto a smaller surface fractional
area creating an accretion column onto the white dwarf magnetic poles50,65,66 . In practice the disk truncation radius will
depend on the combination of white dwarf spin, mass transfer
Periodograms of ASASSN-19bh using 120-s cadence data rate through the disk, and white dwarf surface magnetic field.
did not reveal any clear coherent significant signals. However, If the spinning magnetospheric barrier resides within the disk
a sinusoidal signal with periodicity of 4.5 days and 20% ampli- circularisation radius then an accretion disk can form and be
tude is observed throughout all the TESS observations prior to truncated at the inner-disk edges. If, on the other hand, the
the flare onset. This signal is reminiscent of what is also ob- magnetospheric barrier resides at radii larger than the disk cir5

cularisation radius, then material from the donor star is able
to latch onto field lines before it is able to form a disk. In
the most extreme cases, when the white dwarf surface magnetic field is B > 107 G, the white dwarf spin and binary orbital period become synchronized and mass transfer proceeds
directly from the donor star onto the white dwarf magnetic
poles along magnetic field lines. The infalling material will
exert a ram pressure on the white dwarf magnetic poles from
1/2 −5/2
the ballistic impact, Pram ∝ Ṁ f −1 MW D RW D , where Ṁ is
the mass accretion rate onto the surface, and MW D and RW D
are the white dwarf mass and radius respectively49 . The factor f is the surface fractional area of the impact on the white
dwarf, f = AAWcolD . If the pressure at the base of the accretion column is comparable to the critical pressure, such that
Pb ≈ Pram ≈ Pcrit , then it may be possible to initiate localised
fusion simply from the large pressure of the incoming ballistic
accretion flow. For this to happen however a very small fractional area of f < 10−10 is required even to reach the lowest
critical pressure of Pram ≈ Pcrit ≈ 1018 dyn cm−2 .

cessively high for individual accretion events. Finally, because
the white dwarfs in both TV Col and EI UMa are known to be
asynchronously rotating with respect to their binary orbits, accretion onto the magnetic field lines is expected to be via a disk
rather than from a stream directly from the donor. The magnetically confined accretion flow is thus expected to be more
homogeneous than that in polars. It is thus highly unlikely that
the required fractional area of facc < 10−10 can be achieved to
reach Pram ≈ Pcrit and ignite a localised TNR.
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Extended Figure 1. X-Shooter spectrum of ASASSN-19bh. a. X-Shooter spectrum (UBV arm) in the range 3900Å-4900Å. b. X-Shooter spectrum
(VIS arm) in the range 5800Å-6700Å. Hydrogen Balmer-series lines are marked with the red dashed lines. The HeI 5875Åis marked with a blue
dashed line. CaII H&K emission lines can be seen blueward of 4000Å. Numerous narrow absorption lines from the secondary are also identifiable.
Narrow emission spikes in e.g. the region 6000Å-6200Åare residuals from the sky subtraction.

Extended Figure 2. Long term ASAS-SN lightcurves of TV Col, EI UMa, and ASASSN-19bh. a. ASAS-SN lightcurve of TV Col b. ASASSN
lightcurve of EI UMa c. ASASSN lightcurve of ASASSN-19bh. In all panels the blue and red points correspond to ASAS-SN V-band and g-band
photometry respectively. Calibrated TESS data points are shown in grey. Typical uncertainties on magnitude are 0.02.
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Extended Figure 3. Comparison between Type-I X-ray bursts and micronovae. a. TESS lightcurve of one of the rapid bursts observed in TV Col.
b. TESS lightcurve of the rapid burst observed in ASASSN-19bh. c. EXOSAT-ME X-ray lightcurve of 4U 1636−536 of one of the Type-I X-ray bursts.
Note the similar multi-peak structure in both TV Col and 4U 1636−536. d. RXTE-PCA X-ray lightcurve of one rapid burst in SAX J1808.4−3658.
Note the precursor present in both ASASSN-19bh and SAX J1808.4−3658. In all panels the time axis has been arbitrarily shifted.
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Extended Figure 4. Lomb-Scargle periodograms of TV Col. Periodograms using TESS data for TV Col a. Cycle 1 (120-s) low frequency
periodogram. b. Cycle 1 high frequency periodogram. c. Cycle 3 (20-s) low frequency periodogram. d. Cycle 3 high frequency periodogram.
In all panels the dashed-red lines mark the orbital frequency and associated harmonics, while the dashed-blue vertical lines mark the spin-to-orbital
beat frequency. The dashed-magenta line marks the superorbital signal. The dashed-green lines mark the detected negative superhump, associated
harmonics, and beats with the orbital frequency.

10

Extended Figure 5. Lomb-Scargle periodograms of EI UMa. Periodograms using TESS data for EI UMa during Cycle 2 (120-s cadence). a.
Low frequency periodogram computed before the bursts. b. High-frequency periodogram computed before the bursts. c. Low-frequency periodogram
computed after the bursts. d. High-frequency periodogram computed after the bursts. In all panels the dashed-red vertical line marks the detected
orbital frequency. The dashed-blue vertical lines mark the spin-to-orbital beat frequency. The dashed-green line marks the positive superhump
frequency.
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