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ABSTRACT

Here we report large-amplitude transit timing variations (TTVs) for AU Microcopii b and ¢ as detected in combined TESS (2018, 2020) and
CHEOPS (2020, 2021) transit observations. AU Mic is a young planetary system with a debris disk and two transiting warm Neptunes. A TTV
on the order of several minutes was previously reported for AU Mic b, which was suggested to be an outcome of mutual perturbations between
the planets in the system. In 2021, we observed AU Mic b (five transits) and c (three transits) with the CHEOPS space telescope to follow-up the
TTV of AU Mic b and possibly detect a TTV for AU Mic ¢. When analyzing TESS and CHEOPS 2020-2021 measurements together, we find that
a prominent TTV emerges with a full span of >23 min between the two TTV extrema. Assuming that the period change results from a periodic
process —such as mutual perturbations— we demonstrate that the times of transits in the summer of 2022 are expected to be 30—85 min later than

predicted by the available linear ephemeris.
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1. Introduction

AU Microscopii is the epitome of a young planetary system,
where planets orbit a late-type star, with possible star—planet
interactions. Its age is estimated to be 22 Myr (Mamajek & Bell
2014), and as a g Pictoris Moving Group (Torres et al. 2006)
member, it has a dynamical trace-back age of 18.5 + 2Myr
(Miret-Roig et al. 2020), making it one of the youngest known
exoplanet systems. AU Mic hosts two transiting warm Neptunes
near mean-motion resonances (Plavchan et al. 2020). Recurrent
spot occultations along the transit chord are observed thanks to
a 7:4 spin—orbit commensurability between the orbital period of
AU Mic b and the stellar rotation (Szabd et al. 2021).

Eight transits of AUMicb have been published so far.
TESS (Ricker et al. 2014) observed two and three transits in
2018 and 2020, respectively (Gilbert et al. 2021), and CHEOPS
(Benz et al. 2021) observed three transits in 2020 (previously
reported in Szab6 et al. 2021). All published data on AU Micc
so far come from TESS, covering one transit in 2018 and two
in 2020 (Plavchan et al. 2020; Gilbert et al. 2021). The previ-
ous observations led to somewhat inconsistent period estimates

* The CHEOPS data are only available at the CDS via anonymous ftp
to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.
u-strasbg.fr/viz-bin/cat/J/A+A/659/L7

for AUMicb (with a scatter significantly larger than expected
from the estimated timing uncertainty), which has recently been
suggested to reflect TTVs on the order of 80s (reported by
Gilbert et al. 2021) or 3 min (by Martioli et al. 2021).

Here we present new photometric observations of AU Micb
and AU Micc carried out with the CHEOPS space telescope
from July through September, 2021. We describe the observa-
tions and data-processing methods in Sect. 2 and present the
results in Sect. 3.

2. Observations and data processing

During the 2021 opposition, we observed five transits of
AUMicb and three transits of AUMicc. Four of the five
AU Micb transits and two of the AU Micc transits are appro-
priate for transit timing analysis. For the fifth AUMicb tran-
sit (21-09-25), both the ingress and egress are missing because
of gaps in the data. These transits will be analyzed in a forth-
coming publication. Similarly to the third 2020 observation with
CHEOPS, we used short exposure times of 3 s to better resolve
possible flares. The brightness of the star (V = 8.6 mag and Gaia
G = 7.843 mag; Kiraga 2012; Gaia Collaboration 2018) ensured
an adequate signal despite the short exposures. See Table 1 for
the observations log. In the CHEOPS Proposal Handling Tool,
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Table 1. Logs of AU Mic observations by CHEOPS included in this Letter.

Visit ID Start date End date File key CHEOPS Integ. Co-added Num. of
(2021) (2021) product time (s) exposures  frames
AU Mic b 21-07-26  07-26 11:27:13  07-26 22:34:04 PR100010_TG003001  Subarray 42 3sx14 669
Imagettes 3 - 9366
AU Mic ¢ 21-08-09  08-09 04:59:15  08-09 19:37:47 PR100010_TG003401  Subarray 42 3sx 14 1029
Imagettes 3 - 14406
AU Mic b 21-08-12  08-12 08:25:41  08-12 19:53:00 PR100010_TG003601  Subarray 42 3sx14 839
Imagettes 3 - 11746
AU Mic ¢ 21-08-28  08-28 02:09:13  08-28 16:35:03 PR100010_TG003402  Subarray 42 3sx14 907
Imagettes 3 - 12698
AU Mic b 21-08-29  08-29 05:17:41  08-29 16:44:59 PR100010_TG003701  Subarray 42 3sx 14 667
Imagettes 3 - 9338
AU Mic b 21-09-06  09-06 17:38:41  09-07 05:05:59 PR100010_TG003101  Subarray 42 3sx 14 643
Imagettes 3 - 9002

Notes. The time notation follows the ISO-8601 convention. The File key supports the fast identification of the observations in the CHEOPS

archive.

we set up observation windows with an observation length cover-
ing seven (AU Mic b) and nine CHEOPS orbits (AU Mic ¢), with
one CHEOPS orbit lasting 98.77 min. We centered each visit at
the predicted mid-transit time and observed for the entire tran-
sit duration, adding at least 1.5 CHEOPS orbits on each side in
order to have a reasonably long out-of-transit baseline. The effi-
ciency of the observations varied between 55% and 90%.

The sub-array frames were automatically processed with the
CHEOPS Data Reduction Pipeline (DRP; Hoyer et al. 2020).
In addition to the sub-arrays, there are imagettes available for
each exposure. The imagettes are images of 30 pixels in radius
centered on the target and do not need to be co-added before
download owing to their smaller size. We used a tool specif-
ically developed for photometric extraction of imagettes using
point-spread function (PSF) photometry, PIPE (PSF imagette
photometric extraction; for more details of how it was applied
to AU Mic data, we refer to Szabd et al. 2021). The PIPE pho-
tometry has a signal-to-noise ratio (S/N) comparable to that of
DRP photometry, but has a lower cadence, allowing better iden-
tification of flares (Szabé et al. 2021).

In this Letter, we analyze the PIPE reduction averaged to 15's
cadence for better S/N of individual points. The data reduced
with both DRP and PIPE are available at the CDS.

2.1. Pre-processing of the light curves

Due to the rotation of the host star, the stellar brightness slowly
varied during the observations. This was removed by fitting a
fourth-order polynomial to the out-of-transit light curve seg-
ments before starting the analysis.

Because flares can severely bias the transit model, we
masked them out during the transits before the modeling. The
longest flare with at least three major, complex humps occurred
around the ingress phase of the CHEOPS 21-07-26 visit, and
only the egress of this transit could be kept for further analysis.
A shorter lasting flare was observed during the transits of the
CHEOPS 21-08-29 and CHEOPS 21-09-23 visits, which never-
theless did not affect the ingress and egress phases.

We show the raw CHEOPS light curves after a subtraction of
the polynomial slow-trend model and the image synthesis model
of background contamination in Fig. A.1. We note that the seg-
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ments of light curves contaminated by flares (in smaller dots in
the figure) were omitted from the fit.

A visual inspection of the light curve led us to conclude that
the level of red noise is not negligible. A quantitative analysis
showed that the residuals after fitting the transits on the 2021
light curves are on average 280 ppm, higher than the 125 ppm
residuals we found in the 2020 data (see also Fig. 1 and its
discussion). The increasing red noise can be attributed to an
increased stellar activity in 2021 compared to 2020. The increas-
ing activity between 2018 and 2020 was also observed by TESS
(Gilbert et al. 2021; Martioli et al. 2021). The adverse effects of
increased activity are stronger for AU Mic c transits because of
their shallowness, making the transit parameters more sensitive
to red noise. The changing spot coverage of the star leads to a
bias in the planet size (R,/R,) parameter as well (see Tables 2
and 3 and the discussions that follow them).

Because of the spin—orbit commensurability (Szabd et al.
2021) of AUMicbh, the transits 21-07-26 and 21-08-29 are
observed in front of the same stellar longitude. This longitude
also coincides with the CHEOPS 20-08-21 and CHEOPS 20-09-
24 observations shown in Szabé et al. (2021), but the change in
the spot map does not allow a direct comparison between the
years.

The phased transit light curves of both AUMicb and
AU Mic ¢ are shown in Fig. 1. In both panels of this figure, the
period P and epoch T, of the transit times have been adopted
from publications based on 2018-2020 data (AU Micb and c:
Martioli et al. 2021; Gilbert et al. 2021, respectively) to reflect
the dramatic shift of the transits in reference to these linear
ephemeris. The mid-transit of AUMicb is shifted toward the
positive phase coordinates, and a slight shift toward negative val-
ues is suspected in the case of AUMicc. This is an impressive
representation of how much the behavior of both planets changed
within less than a year.

Both panels of Fig. 1 show the CHEOPS datasets without
masking out the flares. In the case of AU Micb, we see promi-
nent anomalies mostly during the ingress phase and the start of
the transit floor (around 0.00 phase coordinate according to the
phase definition in Fig. 1). The ingress phase of the 21-07-26
transit is shallower than the other ones, which is further evidence
of a positive anomaly at around phase 0.008 which is due to a
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Fig. 1. Phased transit light curves of AUMicb (upper panel) and
AU Mic ¢ (lower panel). The ordinate shows the orbital phase using the
ephemeris of Szabé et al. (2021): T, = 2459 041.28272, P = 8.462995
in the case of AUMicb, and 7, = 2458342.2223, P = 18.859019 in
the case of AUMicc. We highlight the huge phase shift of the 2021
transits with respect to the earlier linear ephemeris based on TESS and
CHEOPS data from 2018 to 2020.

small flare. The 21-08-12 transit is significantly steeper than the
other ones, which is likely the result of a different spot distri-
bution (e.g., the beginning of the transit chord not covered by
spots).

The 21-08-12 and 21-08-29 transits are exactly 3.5 stellar
rotations apart and are therefore observed at opposite stellar lon-
gitudes. Interestingly, both of these transits have a “brightening”
near the center of the transit, as if both of these transits hap-
pened in front of a spot. However, the presence of two large
spots on opposite sides of the star is compatible with the rota-
tion light curve of the star showing two minima during one
rotation (Plavchan et al. 2020; Martioli et al. 2021; Szabd et al.
2021; Gilbert et al. 2021).

The phased transit curve of AU Mic ¢ shows an unlucky cov-
erage: the egress phase is within the data gaps in the case of both
observations. There are also many residuals during the transits
that are likely due to the presence of spot occultations. There
is little resemblance between the residuals of the two planets.
However, the impact parameter b is known to be different for the
planets (Martioli et al. 2021; Gilbert et al. 2021), which means
that the two transit chords map to different parts of the star. The
observed residuals are consistent with this interpretation.

2.2. The transit model

After masking out the flares (as shown in Fig. A.1), we deter-
mined the transit parameters using the pycheops software mod-
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Fig. 2. Best-fit transit solutions of the four CHEOPS visits of AU Mic b
(upper panels) and AUMicc (lower panels) analyzed in this Letter,
after omitting the flares during the transits. The phased points of the
individual light curves are shown in light blue, and the binned light
curve points of the individual transits are shown in dark blue. Lower
panel: residuals observed at each individual visit. We highlight the
increased variability of the light curve shape before the mid-transit of
AU Micb.

ule (Maxted et al. 2021). pycheops uses the gpower2 transit
model and the power-2 limb-darkening law (Maxted & Gill
2019); it calculates transit models of a spot-free star and a planet
with a circular silhouette. The model parameters are the transit
time (7%), the transit depth parameter D = (R, /R,)?, the tran-
sit duration parameter W = (R./a)+/(1 + k)2 — b?/n, and the
impact parameter b = acos(i)/R,. The other system parame-
ters can be derived from the above set; for example the transit
duration expressed in hours as W[h] = W X P;[h], where P; is
the instantaneous orbital period.

L7, page 30f9
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Table 2. Best-fitting parameters of AU Mic b.

This Letter P2020 M2021 $22021 G2021
Ry/R,  0.0433+0.0017 0.0514+0.0013 0.0526:09%%3  0.0531+0.0023 0.0512+0.0020
a/R,  18.95+0.35 19.1+18 19.1+02 19.24+0.37 19.07

Wi(h]  3.51+0.03 350708 3.500.08 3.48:0.19 3.56+060

Ry [Rs] 3.55+0.13 4.29+0.20 4.07+0.17 436+0.18 427+0.17
a[AU]  0.0654+0.0012  0.066*0%7 0.0645+0.0013  0.0678+0.0013  0.0644+00%

b 0.17+0.11 0.16:014 0.18+0.11 0.09 = 0.05 026013

Notes. The parameters are compared to the results of Plavchan et al. (2020, P2020), Martioli et al. (2021, M2021), Szab¢ et al. (2021, Sz2021),

and Gilbert et al. (2021, G2021).

Table 3. Best-fitting parameters of AU Mic c.

This Letter M2021 G2021
Ry/R. 0.0313+0.0016 0.0395+0.0011 0.0340f8:88§i
a/R, 288+24 29+3.0 31.73%7
W h] 4.29+0.30 4.50+0.80 4.20”_’8:2%
Ry [Re] 2.56+0.12 3.24+0.16 2.79“_’8:2(')
a [AU] 0.0993+0.0085 0.1101+0.0022 0.1 leg:g{g
b 0.58 +£0.13 0.51+£0.21 0.30“_’83(1)

Notes. The parameters are compared to the results of M2021 and
G2021.

It is possible to fit more complex models to the observed
transits that account for the presence of spots. In order to
constrain the spot modeling, we performed ground-based obser-
vations simultaneously with the CHEOPS observations. We
intend to publish this more complex modeling in a forthcoming
paper, as the scope of this Letter is to primarily report the unex-
pectedly large TTVs, for which the standard modeling methods
are sufficient (see Fig. 2).

The priors we used are listed in Table A.1 for both
AUMicb and AUMicc. The stellar fundamental parameters
were taken from SWEET-Cat (Sousa et al. 2018), which are
the same parameters as in Plavchan et al. (2020). The noise
model was calculated with celerite using the white-noise
term JitterTerm(logo,) plus, optionally, a GP with ker-
nel SHOTerm(log wy, log S, log Q). The priors were identical to
what we set up in Szabd et al. (2021).

The long-period trends of TTVs lead to the apparent change
of the instantaneous orbital period. We fitted the instantaneous
period as the P; parameter to remove the linear trend of TTV in
2021. The actual mean orbital period, Ppean, is the one that min-
imizes the scatter of the TTV. Py, Was determined by an O—C
analysis of mid-transit times (see Sect. 3, and also Tables A.2
and A.3).

3. Results

The best-fit transit parameters to 2021 CHEOPS observa-
tions are summarizsed in Tables 2 and 3, both for AU Micb
and AU Micc. We compare our results to previous estimates
in Plavchan et al. (2020), Szabd etal. (2021), Martioli et al.
(2021), and Gilbert et al. (2021). In Szabd et al. (2021), we
derived three sets of solutions using different solving algorithms
(pycheops Maxted et al. 2021 and TLCM Csizmadia 2020), with
resulting solutions that did not differ significantly from each
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other. As the present Letter uses the pycheops algorithm, we
selected the pycheops solution in Szabd et al. (2021) for com-
parison with the 2021 observations.

3.1. Transit parameters

All parameters with the exception of R,/R, (and hence R;) are
compatible with all previous solutions in the literature. The most
significant improvement of the present analysis is the increased
precision of the transit duration, W, thanks to the combined pre-
cision of the four CHEOPS light curves, which have very good
internal photometric accuracy.

The most relevant difference is observed in the R,/R, (and
consequently, the Rp) planet radius parameters. In 2021, we
observed smaller values than in 2018 and 2020, with a differ-
ence between the current and previous R, /R, estimates of 3.4c-.
This is probably because the spot coverage of the stellar surface
evolved between 2018 and 2021. It is known that spots along
the transit chord decrease the transit depth, while unocculted
spots increase it, and the naively determined R,,/R, size param-
eter becomes inconsistent (Oshagh et al. 2013). Assuming that
most spots are out of the transit chord, and therefore that spots
increase the transit depth, Martioli et al. (2021) derived that in
2020, the actual diameter was overestimated by about 6% based
on TESS data. Our result shows that the activity level increases
between 2020 and 2021 while the transit depth decreases signif-
icantly, rather than being biased to larger values. The most sim-
ple explanation would be that spots of the host star are mostly on
the transit chord of AU Mic b. We will discuss this possibility in
detail in a forthcoming paper.

3.2. Large-amplitude TTVs

Both planets show a very prominent TTV. We complemented
the CHEOPS (2020 and 2021) observations with mid-transit
times of TESS data (2018 and 2020), and also the mid-transit
time of the single Spitzer measurement fitted by Plavchan et al.
(2020) (see the mid-transit times in Tables A.2 and A.3). Fol-
lowing Lithwick et al. (2012), the simplest form of a TTV can be
described as a sinusoidal function with amplitude A and superpe-
riod p, which are complicated functions of the exoplanet system
parameters. Therefore,

T
0—C=Asin(2n—‘ +¢)+c1Tt+c2, 1)
p

where T are individual transit times, and ¢, ¢y, and ¢, are free
parameters determined by the selection of the time coordinate
and the trial orbital period. We derive the mean orbital period
Prean and T, while demanding the elimination of the constant
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Fig. 3. TTV diagrams of AU Micb (upper panel) calculated with T, =
2458330.38416 and Ppean = 8.4631427 d, and AU Mic ¢ (lower panel)
calculated with T, = 9454.8973 and Pyca, = 18.85882 d. We included
TESS (red symbols), Spitzer (blue symbols), and CHEOPS (black sym-
bols) measurements. The harmonic fit to AU Mic b data illustrates the
most probable shape of a periodic TTV fitted to the data. This is shown
to illustrate the trend of the distribution without any dynamical interpre-
tation.

and the linear terms in O—C: ¢; = ¢, = 0. (If there is no sus-
picion of a periodic TTV, linear epheremides (period and tran-
sit time) are given as A = 0 solutions of Eq. (1)). The cur-
rently available times of minima lead to T, = 2458 330.38416 +
0.00005d and Ppean = 8.4631427 + 0.0000005d in case of
AUMicb and T, = 2459454.8973 + 0.0005d and Ppean =
18.85882 + 0.00005d in case of AU Mic c. With this selection,
the peak-to-peak amplitude of the TTV of AU Micb and c are 23
and 9.5 min, respectively (Fig. 3).

The derived Ppean depends on which parts of the O—C are
constrained by data. It is likely that Ppean & Porb, but, in gen-
eral, equality cannot be guaranteed, in particular when the O—-C
is sparsely sampled and with significant TTVs, as in the present
case. The result is that the fitted coefficients ¢; and ¢, become
uncertain. Despite the fact that 7, and Ppe,, were determined
such that ¢; and ¢, vanish, they have error terms that correlate
to the other parameters. The simplest form of an O—C model
describing a periodic process has all five free variables in the
form of Eq. (1): A, P, and ¢ that are fitted, and c¢; and c; as
parametrric constants determined from the data, which are there-
fore in correlation with the other three parameters.

The currently measured transits are concentrated in four rel-
atively narrow windows (from a single transit to three-month
observations) in the case of AUMicb, and three similar win-
dows in the case of AU Mic c. This leads to degeneracies in the
best-fitting models of AU Mic b. Because of these degeneracies,
we did not attempt to fit any curve to the current AU Mic c data.
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Fig. 4. Different predictions from the simplest harmonic TTV models
to the 2022 opposition (colored curves) and the previously published
linear ephemeris (gray dotted line). The colored curves fit equally well
to all data points (see Table A.4 for their coefficients). Transits in 2022
August are expected to occur 40—85 min later than predictions prior to
the CHEOPS 2021 observations.

The future transit times extrapolated from the modeled O—-C
curves of AUMicb are wildly diverging. The O—C (determined
as described above) and the possible O—C predictions for the
future (being equivalently well-fitting solutions of Eq. (1)) are
plotted in Fig. 4 with curves, and the gray dashed line shows the
predictions from the linear ephemeris based on previously pub-
lished data. Transits predicted for 2022 are expected to occur
40—-85 min later than expected without the 2021 observations
of CHEOPS. We note that if the dominant process in the long-
term behavior of AU Micb is a period change with a constant
rate, and the appropriate fit is a parabola instead of a harmonic
function, the difference in transit time can be even more than
90 min. However, we think that this scenario is unlikely, because
the position of the single measurement with the Spitzer telescope
and the seemingly anticorrelated variations of the two planets in
the system strongly suggest a periodic TTV in its leading term.

This TTV may reflect orbital changes. [oannidis et al. (2016)
suggested that starspots can also cause apparent TTVs of up to
~1% of the transit duration. This would be on the order of 2 min
in the case of AU Mic b. The observed effect is an order of mag-
nitude larger than this prediction, and moreover with a pattern
that is incompatible with the random behavior expected from
stochastic spot occultations. Together, these findings strongly
suggest an orbital dynamics origin of the TTVs.

The large TTVs of the AU Mic system are unusual, as can be
seen when comparing to Kepler planets with confirmed TTVs
(Fig. 5). Among the Kepler planets, only two that exhibit TTVs
have shorter orbital periods than AUMicb (Kepler-25b and
Kepler-1530c, see GajdoS etal. 2019). AUMicb has a TTV
semi-amplitude of A > 11.5 min, which is large in comparison
to other planets with known TTVs. AU Mic c is still at the short-
period end of the planets with known TTVs, while the semi-
amplitude of the TTV is known with lower precision.

Martioli et al. (2021) estimate that the AU Mic b—c interac-
tions lead to a superperiod of ~82 days and significantly smaller
amplitude than reported here. While we are certain that the TTV
has its origin in the orbital physics, there are still too few data
points to conclusively determine a superperiod or the possibility
of a linear period drift in addition to the periodic TTV. These
effects could point to either a currently ongoing migration or
additional perturbing outer planets. To address these questions,
a longer time-span of observed transit timings is required.
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Fig. 5. Half-amplitude of periodic TTVs observed for Kepler planets
(small dots) in comparison to the planets in the AU Mic system (red dot:
AU Mic b, red triangle: AU Mic c). Due to the sparse coverage of obser-
vations, lower limits of TTV half-amplitudes are shown for AU Micb
and c.

4. Summary

In this Letter, we report our analysis of new CHEOPS observa-
tions of both planets in the AU Mic system and draw the follow-
ing main conclusions:

1. AUMicb shows very significant TTVs, with a minimum-
to-maximum amplitude >23 min. AUMicc shows TTVs
with a minimum-to-maximum amplitude of >9.5 min. The
best fitting mean orbital periods of AUMicb and c are
Prean = 84631427 £ 0.0000005 d and Pean = 18.85882 +
0.000005 d, respectively. Taking the TTV into account, we
predict that the transit times of AU Mic b in 2022 will happen
40-90min later than expected from previously published
linear ephemeris.

2. The transit depths of both planets are observed by CHEOPS
to be smaller in 2021 than in 2020. The most likely reason is
the increased activity of AU Mic with significant changes in
the spot structure on the stellar surface.

3. Due to the large influence of spots on the size parameter
Ry /Ry, its value should only be considered as a proxy for the
actual sizes of the planets. A de-biased size determination
requires detailed spot modeling with contemporary comple-
mentary observations, which we will address in a forthcom-
ing paper.

The large-amplitude TTVs imply that the observations dur-
ing the 2022 visibility have to be planned circumspectly. The
ambiguity in transit-time predictions can be inaccurate up to
40—-85 min which is about half of the transit duration. This can
be especially critical for scheduling follow-up observations of
either planet, for example with the Hubble Space Telescope or
the James Webb Space Telescope.
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Appendix A: Data tables

In this appendix, we present tables with detailed parameters used

in the transit fitting, as cited in the main text.

Table A.1. Priors and posteriors on planet parameters. We note that P;
refers to the instantaneous period that best fits the 2021 measurements,
and is different from P,,c,,, which minimizes the scatter of the TTVs of

all observations between 2018-2021.

AU Micb AU Micc
PRIORS
D N(0.003,0.001) N(0.0015,0.0004)
WIlh] N(3.656,0.203) N(3.892,0.4)
b (0.00,0.30) U(0.3,0.7)
Pi[d] N(8.463000,0.003) N(18.8590,0.0030)
To N(9447.52630,0.004) N (9436.0350,0.0072)
POSTERIORS
D 0.00187 + 0.00008 0.00098 = 0.00010
W[h] 3.514 +0.026 4.290 + 0.307
b 0.17 £ 0.10 0.58 +0.13
P;[d] 8.46353 = 0.00024 18.8602 + 0.0026
Ty 9447.52634 + 0.00046  9436.036 + 0.004

Table A.2. Observed mid-transit times and O — C values of AU Micb
based on TESS, Spitzer, and CHEOPS observations analyzed in the
present work, with 7. = 2458330.38416d and P, = 8.4631427d.
References to transit times are: a: Szabé et al. (2021), b: Plavchan et al.

(2020), c: This Letter.

Table A.3. Observed mid-transit times and O — C values of AU Micc
based on TESS and CHEOPS observations analyzed in the present work,
with T, = 2459 454.8973 d and Pp..n, = 18.85882 d. References to tran-
sit times are: a: Gilbert et al. (2021), b: This Letter.

Designation Transit Time 0-C Err

[BJD-2450000] [min] [min]
TESS S1#1¢ 8342.22432+0.0004 -3.75  0.71
TESS S27#1¢ 9040.00697+£0.0005 534  0.88
TESS S27#2¢ 9058.86596+0.0006  5.58  0.98
CHEOPS 21-08-09°  9436.0323+0.0045 -890 6.48
CHEOPS 21-08-28"  9454.8988+0.0038 2.16 547

A.1. Coefficients of the model curves in Fig. 4

In this subsection, we give the coefficients of the model curves
in Fig. 4. The purpose of this table is to enable the reproduc-
tion of the figure. The coefficients refer to time measured in
BJD-2450000 days. We emphasize that we do not attribute any
physical interpretation to these fits. Moreover, the various fits are
equally consistent with the current data.

The equation of the model curves is equivalent to Eq. 1, but
has a different parametrization to reduce parameter correlations
and give more stable fits. The fitted curves use the following
parametric function:

Designation Transit Time O-C Err

[BJD-2450000] [min] [min]
TESS S1#17 8330.3911+0.0009 10.00 1.33
TESS S1#2¢ 8347.3174+0.0009 10.02 1.33
Spitzer#1” 8525.04509+0.0010 12.45 1.43
TESS S27#1¢ 9041.2816+0.0008 -9.42 1.17
TESS S27#2¢ 9049.7457+0.0008 -8.05 1.17
TESS S27#3¢ 9058.2080+0.0008 -9.40 1.17
CHEOPS 20-07-10* 9041.2828+0.0006 -7.70 0.87
CHEOPS 20-08-21¢ 9083.5970+0.0004 -9.88 0.58
CHEOPS 20-09-24* 9117.4515+0.0008 -7.08 1.17
CHEOPS 21-07-26¢ 9422.1342+0.0010 8.40 143
CHEOPS 21-08-12¢ 9439.0636+0.0021 9.55 3.15
CHEOPS 21-08-29¢ 9455.9895+0.0007 10.65 1.0
CHEOPS 21-09-06° 9464.4531+0.0009 11.25 1.27
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C(I) =qay sin(al [t - (12]) + (13(1‘ - az) + aq, (Al)
where the coefficients are listed in Table A.4.
Table A.4. Coefficients of the model curves in Fig. 4.
Curve Coeflicients
designation
ap ai a az ay
1 13.57  0.0049061 9410.9 0.00833 -2.657
2 29.18  0.0033930 9709.9 0.04665 34.921
3 11.18  0.0058742 9296.77 -0.00016  —8.469
4 15.85 0.0044917 9475.23 0.01502 2.442
5 19.18  0.0040833 9548.96 0.02380 10.170
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