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The Rocky Worlds Director’s Discretionary Time (RWDDT) program observed four
eclipses of the rocky exoplanet TOI-771 b using MIRI Imaging photometry with the
F1500W filter. Based on an analysis of the Checkpoint 1 observations (three eclipses)
by the JWST Data Analysis Team (§1), the JWST Target Scheduling Team refined the
orbital parameters for this planet (§2) to determine if updates should be made in APT
to the length of the observing windows for the remaining eclipse observation (§3).
Observing windows were designed to initially follow a “tinker scheduling” strategy,
but can be shortened if the eclipse is detected at the 3σ level at Checkpoint 11. From
our analysis of Eclipses 1–3, we find that the eclipse is confidently detected in the first
three visits such that the observing window for Eclipse 4 could be shortened.

1 DATA ANALYSIS

The JWST Data Analysis Team conducted a detailed analysis of the three Check-
point 1 eclipses of TOI-771 b individually as well as jointly. M. Cracraft analyzed Ob-
servation 1, T. Baines performed an analysis of Observation 2, and I. Wong analyzed
Observation 3. For the three eclipses, the data analysts tested fits with different com-
binations of linear decorrelation vectors (PSF centroid positions and widths), exper-
imented with incorporated Gaussian Process (GP) regression models, and explored
circular vs. eccentric solutions.

1.1 Individual Visit Fits

We briefly summarize the results of the individual eclipse analyses here. For fur-
ther details, see the JWST Data Analysis reports from each of Observation 1, Observa-
tion 2, and Observation 3. For all three observations, we explored circular vs. eccentric
orbits, as archival data were not able to tightly constrain the planet’s orbital eccen-
tricity. We found that Observations 1 & 2 were able to meaningfully constrain both
the eclipse depth and the mid-eclipse time with single-eclipse data. Meanwhile, con-
straints from Observation 3 were weaker and more dubious due to the presence of
substantial time-correlated noise in the residuals of our fits. The constraints on the
eclipse depths and timings from all three independent fits are tabulated in Table 1.
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Table 1: Fiducial results from individual fits to TOI-771 b observations.

Eclipse Depth tsec Residual Std. Dev.
[ppm] [BJDTDB] [ppm]

Observation 1 462+81
−88 2 458 573.58272+0.00063

−0.00083 730
Observation 2 356± 57 2 458 573.58179+0.00060

−0.00060 756
Observation 3† 539± 90 2 458 573.58640+0.00150

−0.00110 699
†Based on the significant correlated noise in the light curve in the vicinity of the predicted eclipse event
and the higher-than-expected estimated eclipse depth, the results from the fit to Observation 3 should
be considered with caution.

1.2 Checkpoint 1 Joint Fits

I. Wong performed joint fits using the open-source Eureka! data analysis pipeline
(Bell et al., 2022), with the goal of testing whether robust and minimally-biased con-
straints on the planet’s eclipse depth and mid-eclipse time can be obtained by combin-
ing the first three eclipse observations of TOI-771 b. The astrophysical priors for the
orbital parameters and planetary radius used in the joint fit were based on B. Morris’s
eccentric global fitting results (performed prior to scheduling Observations 1–3).

In the joint fit, we directly fitted for the eclipse depth, which was constrained with
a wide uniform prior between 0 and 1000 ppm. We indirectly fit for the mid-eclipse
time via e cosω while also marginalizing over e sinω (allowing for marginalization over
all eccentricity-related components and over the eclipse duration). The eccentricity-
related parameters were constrained by Gaussian priors: e cosω = 0.042 ± 0.054 and
e sinω = 0.030 ± 0.043. All other astrophysical parameters were fixed to the best-
fit values from the aforementioned global fit. For each of the three observations, we
trimmed the same number of integrations at the start of the time series as in the indi-
vidual fits presented in the corresponding reports—150, 25, and 100 integrations for
Observations 1–3, respectively. A multiplicative white noise scaling factor was ap-
plied to each time series as a free parameter to ensure a final reduced χ2 of unity and
self-consistently generate realistic uncertainties on the fit parameters.

The combination of linear regression vectors and systematics models included in
the joint fit was optimized by considering the Bayes factor as estimated using the dy-
namic dynesty nested sampling algorithm. This procedure was carried out in order to
remove nuisance parameters that had no effect on the fit quality. For both Observation
1 and 2, we incorporated a linear slope in time and detrended against the width of the
target PSF in the x and y directions. For Observation 3, we instead used an exponential
function to model the initial flux ramp, with the target centroid position along the x
axis and the PSF width in the y direction included as detrending vectors.

The residuals from the individual fits to Observations 1 and 2 did not exhibit dis-
cernible time-correlated (i.e., red) noise, and the analysts of those eclipses determined
that the inclusion of a GP regression model was not needed. In contrast, the time series
from Observation 3 displayed significant red noise near the predicted eclipse event. In
light of this, we carried out two joint fits: (1) a fit without GPs, and (2) a fit that in-
cluded a GP with a Matérn-3/2 kernel as a function of time for just the third eclipse.
See the JWST Data Analysis report for Observation 3 for details about the GP model
implementation in Eureka!.
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1.3 Results

Our Checkpoint 1 no-GP analysis yielded a best-fit eclipse depth of Fp/F∗ = 454+51
−50

ppm, which is consistent with the maximum expected depth of 387 ppm (Espinoza et
al., in prep.) at 1.3σ. The eccentricity constraints from this no-GP fit were e cosω =
0.00098+0.00036

−0.00043 and e sinω = 0.004+0.026
−0.024. This fit yielded an eclipse timing offset at the

2.3σ significance level relative to the case of a circular orbit. Our fit that included
a GP for just the third eclipse produced very consistent (albeit weaker) constraints:
Fp/F∗ = 442+55

−57 ppm, e cosω = 0.00084+0.00041
−0.00051, and e sinω = 0.013+0.032

−0.026. Overall, these
joint fits indicate that the planet’s eclipse is detected from Observations 1–3 at high
significance (≳7σ).

2 UPDATED ORBITAL PARAMETER FITTING

To determine if changes should be made in APT to the length of the observing
window for Eclipse 4, N. Espinoza tried various joint fits for Eclipses 1–3 including
a simple joint fit of the three eclipses with eccentricity free (setting a prior between
[-0.5, 0.5] for

√
ecos(ω) and

√
esin(ω)) and an exponential model, with the rest of the

parameters fixed. N. Espinoza ran these fits both with and without a GP. From these
fits, we consistently find detections of the eclipse for all three visits.

The GP fit yielded an eclipse depth of 305+71
−93 ppm, which is >3σ. The solutions also

include a negative depth mode; however, we omit these solutions because they are
unphysical, but also inconsistent with the eccentricity values reported in the literature
(e < 0.1). For the no GP fit, we find eclipse depth of 376+52

−52 ppm, which is also 3σ.
We therefore conclude that we confidently detect the eclipse of TOI-771 b at our target
precision such that we can shorten the observing window for visit 4. The log evidence
difference between the fits with and without the GP is 3.6, so it is only marginally
better to include the GP.

3 APT UPDATES

After a detailed inspection of the posteriors from N. Espinoza’s updated global fits
(detailed in Section 2), N. Espinoza, M. Alam, and T. Bell agreed that we could con-
fidently shorten the observing window for Observation 4 by ∼3 hours, which would
provide an observing window similar in length to the first three visits. We therefore
updated the tinker scheduling calculations to include truncated phase constraints, as
shown in Figure 1. We then removed the hold on this visit and re-submitted the APT
file.
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Figure 1: Updated observation windows for the MIRI 15 µm secondary eclipses of
TOI-771 b, based on the 2-checkpoint and Tinker Scheduling strategies.

Parameter Value

Obs Start (BJD) 2461111.17396
Obs End (BJD) 2461111.37256
Window Duration 4.77 hours
Phase Min 0.9393954348011968
Phase Max 0.9573105268516289
Time Phase Zero 2461111.2732595894
Phase Duration 4.766 hours

Table 2: Checkpoint 1 updates for Observation 4
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