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TESS Transit Times from 2026 Do Not Confirm the Reported Orbital Decay of WASP-22 b
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ABSTRACT

W. Wang et al. (2024) reported that the orbital period of the hot Jupiter WASP-22 b is shrinking by
71.8417.1 ms yr—1. At that rate, 2026 transits would arrive 8.8 minutes earlier than a constant-period
ephemeris fitted to the refereed 2006-2018 times predicts. I measured 14 transit times from TESS
Sectors 105-107 and re-measured 5 from Sector 4 (2018). The 2026 transits arrive 1.3 + 1.2 minutes
early, consistent with a constant period. A quadratic ephemeris fitted to all 28 times gives dP/dt =
—18+7 ms yr~!, or —6£8 ms yr~! without two season-averaged times from 2006-2007. The reported
rate is excluded at 7.30, or 2.6-2.90 allowing for its published uncertainty. A constant acceleration
at the rate seen in 2008-2009 radial velocities is excluded at 5o or more. The remaining curvature is
consistent with, but does not establish, the light-travel effect of the companion’s curving radial-velocity
trend.
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1. INTRODUCTION

WASP-22 b is a hot Jupiter on a 3.53-day orbit (P. F. L. Maxted et al. 2010). The radial velocities (RVs) of
its host show a trend from a third body: +37.8 +2.2 m s~! yr=1 in 2008-2009 (D. R. Anderson et al. 2011), but
+21.3728 m s7! yr! over 2008-2013 (H. A. Knutson et al. 2014). W. Wang et al. (2024) fitted 16 transit times from
20062018 and reported dP/dt = —71.76 4+ 17.12 ms yr—!, a possible sign of tidal orbital decay.

A line-of-sight acceleration a also changes the observed period, by dP/dt = Pa/c (e.g., L. G. Bouma et al. 2020),
and J. N. Winn & G. Stefdnsson (2025) attributed the apparent decay of WASP-4 b to this effect. For WASP-22 b,
1ms~!yr~! gives 1.02 ms yr—!. The RV trend therefore predicts a period change of the opposite sign. TESS (G. R.
Ricker et al. 2015) re-observed WASP-22 in 2026, eight years after its first visit, when the two hypotheses predict
transit times 13.6 minutes apart.

2. DATA AND METHOD

I used the SPOC 2-minute PDCSAP light curves (J. M. Jenkins et al. 2016) of TIC 257567854 from Sector 4 (2018
October—November) and Sectors 105-107 (2026 June—September), keeping cadences with QUALITY = 0.

I modelled the transits with quadratic limb darkening, integrated over each exposure. I fitted the shape jointly to
all complete transits (R,/R. = 0.0990, a/R, = 8.68, b = 0.06), then each transit’s mid-time with the shape fixed
and a linear baseline. Uncertainties come from the x? curvature, inflated by \/XTQ, when above 1 and by the red-noise
factor 8 (J. N. Winn et al. 2008; maximum over 10-40-minute bins). Simulations with correlated noise show these
uncertainties are good to 6%. Requiring each transit to be complete (no gap over 30 minutes) and at least 80% of its
baseline to be covered left 5 transits from 2018 and 14 from 2026 (median uncertainty 59 s).

My Sector 4 times agree with those of E. S. Ivshina & J. N. Winn (2022) to 6 s rms. A second, separately written
analysis of the same light curves, using batman and emcee, agrees to 5 s rms on the 14 common 2026 transits and, on
the same 28 times, in dP/dt to 0.3 ms yr—!.

For earlier epochs I used the nine refereed ground-based times compiled by J. Southworth et al. (2016), two of them
season averages of 2006 and 2007 WASP-South photometry.
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3. RESULTS

A linear ephemeris fitted to the 14 refereed 2006-2018 times (these nine and the five Sector 4 times of E. S. Ivshina
& J. N. Winn 2022) has x? = 29.4 for 12 degrees of freedom, so I scaled its uncertainties by 1.57. A quadratic fit to
the same times gives dP/dt = —73 £+ 22 ms yr~! (uncertainties scaled by 1.16), reproducing W. Wang et al. (2024).

The 2026 transits (Figure 1) arrive 1.28 4 0.27 minutes earlier than the linear ephemeris predicts (£1.19 minutes
including its extrapolation). The reported rate predicted 8.8 minutes early (6.30 away), and a constant acceleration
of +37.8 m s~ yr~! predicted 4.7 minutes late (5.00). A constant period is 1.10 away. Including the uncertainty
of the quadratic fit itself, the pre-2026 times predicted the 2026 transits 9.0 4+ 2.9 minutes early, 2.70 from what was
observed.

A quadratic ephemeris fitted to all 28 times gives dP/dt = —18 &7 ms yr~! (uncertainties scaled by 1.18), favoured
over a linear ephemeris by ABIC = 4.9. Fixing dP/dt at —71.76 ms yr—! raises x? by 74 (54 with scaled uncertainties),
an exclusion at 7.3¢; allowing for the published +17.12 ms yr~!, the difference is 2.90 (2.60 counting the shared pre-
2026 times). The curvature depends on the 2006-2007 season averages: without them, dP/dt = —6 4+ 8 ms yr~—!, and
with the ground-based uncertainties scaled instead, about —11 ms yr—!; either way the linear ephemeris is preferred
(ABIC = 1.4-2.5). In all variants, including the Sector 4 times of E. S. Ivshina & J. N. Winn (2022) or three unrefereed
2025 times from the Exoplanet Transit Database (S. Poddany et al. 2010), the reported rate is excluded at 7.2-7.9¢.
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Figure 1. (a) Transit times minus the constant-period ephemeris of the 14 refereed 20062018 times; grey band: its lo
extrapolation. Circles: ground-based times; squares: TESS 2018, re-timed here; diamond: mean of the 14 TESS 2026 transits;
open circles: unrefereed 2025 times from the Exoplanet Transit Database (ETD), not fitted. Curves: decay at —71.76 ms yr!
(dashed), constant +37.8 m s~ yr~! acceleration (“constant pull”, dotted), and the curving RV trend (“curving pull”, solid;
68% band from the RV fit, extrapolated after 2013). (b) The 2026 window (vertical dotted lines in a): single transits, their
mean (+10) and off-scale predictions.

4. DISCUSSION

A constant acceleration of +37.8 m s™! yr=! (dP/dt = +38.5 ms yr~!) is excluded at 5.4-7.90 across the variants,
and the +21.3 m s™1 yr=! of H. A. Knutson et al. (2014) at 3.4-5.50. Unless the orbit also decays, the acceleration
has changed; the RVs show this directly.

My fit to the 71 published out-of-transit RVs (P. F. L. Maxted et al. 2010; D. R. Anderson et al. 2011; H. A.
Knutson et al. 2014) gives d?v/dt?> = —6.3 £ 1.1 m s~! yr=2 (ABIC = 16.7 over a linear trend). In this model, and
for companion periods above about 25 years, the acceleration crossed zero around 2015 and may now point toward us;
shorter periods fit nearly as well and predict otherwise. All such predictions extrapolate 13 years beyond the last RV
(2013 December). Through the light-travel delay, the quadratic RV trend would make a quadratic fit to the 28 times
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return dP/dt = —15 (=23 to —6) ms yr~—!, and circular orbits with 15-50-year periods —18 to —10 ms yr—!, close to
the measured value. The timing cannot yet separate this delay from a constant period: scaled freely, its amplitude is
0.32 £ 0.47 times the RV prediction.

A new RV epoch would decide: once instrument offsets are calibrated, the systemic velocity should now differ from
its late-2009 value by —340 to +90 m s~!, depending on the companion’s period, against +640 m s~ for a constant
acceleration.
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