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The Rocky Worlds Director’s Discretionary Time (RWDDT) program will observe 1
eclipse of the rocky exoplanet LTT 1445 Ab using MIRI Imaging photometry with the
F1500W filter (DD 12758). As detailed below, the JWST Target Scheduling Team has
refined the orbital parameters for this planet (§I) and has used these values to calculate
the phase constraints and observation windows (§2), as well as the APT inputs (§3).

1 ORBITAL PARAMETER CALCULATIONS

The nearby M-dwarf LTT 1445 A (the primary in a hierarchical triple system) hosts
two confirmed transiting exoplanets. The inner rocky super-Earth LTT 1445 A ¢ (Win-
ters et al., 2022) and its outer sibling, LTT 1445 Ab (Winters et al., 2019) are both tar-
gets in the RWDDT program. Following data exploration and preliminary fits by
N. Espinoza prior to the start of the DDT program, R. Cooper performed joint orbital
titting of available ground- and space-based data to update the eclipse ephemerides
for scheduling the RWDDT observations.

1.1 AVAILABLE DATA

Transit, eclipse, and radial velocity (RV) data for LTT 1445 A b were collected from
public data and published sources. RV data published in |Winters et al,| (2022) and
Lavie et al. (2023) were obtained from their respective publications. The time-series
data products from JWST/MIRI LRS secondary eclipse observations (GO 2708, PI:
Berta-Thompson; Wachiraphan et al.2025) were shared by P. Wachiraphan. Reduced
JWST /NIRSpec G395H transit white light curves of LTT 1445 A b (GO 2512, PI: Batalha;
Batalha et al.|2026) were shared by N. Wallack. For full details on the data reduction
methods used, see the published papers associated with each dataset. Additionally,
we included public transit observations of LTT 1445 A c taken with NIRSpec/G395H as
part of GO 7073 (PIs: Lustig-Yaeger & Stevenson) in our global fits, and the white light
curves were reduced by M. Alam. Additional ground-based transit data of LTT 1445 A b
from Las Campanas Observatory/Magellan were available but not included in the
joint fits due to strong instrumental systematics that proved difficult to model in early
tests (Diamond-Lowe et al., [2023).

The transit, eclipse, and RV data used in our global orbital parameter fits of the
LTT 1445A system are summarized below:

¢ Transit: TESSH Sectors: 4 & 31 (LTT1445Ab + LTT 1445A c), JWST/NIRSpec
G395H (LTT 1445 Ab + LTT 1445A ¢)
¢ Eclipse: JWST/MIRI LRS (LTT 1445 A b)
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e Radial velocity: ESPRESSO, MAROON-X, HIRES, HARPS, PFS (LTT 1445 A b +
LTT 1445A ¢)

1.2 RESULTS

Joint fits of the LTT 1445A system (including data for planets b and c) performed
before the NIRSpec G395H data of both planets were obtained revealed that more
high-precision transit observations were needed to constrain the orbit of LTT 1445A c,
as the posterior evidence was consistent with a slightly eccentric orbit for LTT 1445A b
and either a grazing or a non-detected eclipse for LTT 1445A c. We therefore delayed
performing the global fit until we could include the NIRSpec G395H transits, with
permission from the GO PlIs.

We utilized the juliet package’s capability to jointly fit transit, eclipse, and radial
velocity data for multiple planets simultaneously (Espinoza et al., 2019). Following
the method of |Winters et al.|(2022), we set separate instrumental zero-points for each
HARPS and ESPRESSO dataset separated by more than one month, while fitting a sin-
gle semi-amplitude for all RV instruments. We also use a global Gaussian Process (GP)
with an approximate Matérn 3/2 kernel, fitting a common time scale but individual
amplitudes for each instrument to account for stellar activity-induced systematics.

The NIRSpec G395H transit data are dispersed over NRS1 (2.87-3.72 ym) and NRS2
(3.82-5.14 um), and the detectors were treated independently for the purposes of the
tit. For each NIRSpec transit light curve, we fit a linear slope and GP to remove in-
strumental systematics. The two TESS sectors were also detrended using a common
GP. For the MIRI LRS eclipse data, we included a GP as well as a linear + exponential
detrending model to account for the strong instrumental systematics (ramp settling).
Following the findings of Wachiraphan et al.| (2025), we fit separate eclipse depths to
each of the three MIRI visits and use a relatively constraining uniform prior distri-
bution between [-1000, 1000] ppm. The orbital parameters required for scheduling
the RWDDT MIRI F1500W observations of LTT 1445 A b’s secondary eclipses are pre-
sented in Table

We use the parametrization of the orbital eccentricity and argument of periastron
(w) enabled in juliet, which allows us to fit only physically plausible solutions (e
< 1): sesinomega= /e x cos(wn/180) and secosomega= +/e x cos(wm/180). We
also adopt the default quadratic limb-darkening laws using the ¢; /¢, parametrization
by Kipping (2013). Limb-darkening laws are shared across separate datasets obtained
from the same instrument (e.g., all TESS data).

The difference between the mid-eclipse times for the eccentric and circular cases
is ~3.27 hours for an eclipse occurring in July 2026, with the eccentric case projected

to occur before the circular case. The 1o uncertainty of the eclipse timing is 7(537]

hours (*2;’. minutes) for the eccentric solution and "5 hours ()5}, minutes) for

the circular solution.

2 OBSERVING STRATEGY

To determine the number of eclipses needed for this target, N. Espinoza and H.
Diamond-Lowe followed the RWDDT 2-checkpoint strategyf| and calculated that 1

ZRWDDT 2-checkpoint strategy: https://rockyworlds.stsci.edu/
rw-website-schedule.htmli#strategy
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Table 1: Posterior estimates of the orbital parameters for LTT 1445 Ab assuming circu-
lar and eccentric orbits from our juliet fits. The reported uncertainties correspond
to 1o Bayesian credible intervals.

eclipse observation of LTT 1445 A b is required to differentiate a 1 bar CO,-dominated
atmosphere case from a zero-albedo bare rock case at 30 with a statistical power of 80%
(assuming JWST ETC MIRI/F1500W noise x1.25, enhanced to account for systematic
and/or astrophysical noise).

T. Baines then followed the Tinker Scheduling strategy used in prior RWDDT ob-
servations (e.g., DD 9235, DD 12498, DD 12656) to calculate the observing window and
phase constraints for the eclipse (Figure[I). The minimum and maximum phase, zero

phase, total time on-target, and number of integrations for the eclipse observation are
reported in Table
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Figure 1: Observation window for MIRI 15 ym secondary eclipse of LTT 1445A b,
based on the 2-checkpoint and Tinker Scheduling strategies.



3 APTINPUT CALCULATIONS

Calculations for the APT file and the ETC were performed by T. Baines and M.
Alam. Using system parameters from the NASA Exoplanet Archive, we updated the
mid-eclipse time, orbital period, impact parameter, and eccentricity to the best-fit val-
ues from R. Cooper’s circular juliet fits. We then calculated the optimal configu-
ration for these MIRI Imaging time-series observations using the F1500W filter. All
instrumental parameters assume a 65% saturation limit to preserve detector linearity
while maximizing SNR. The selected configuration (calculated with APT 2025.1, JWST
ETC 4.1, Pandeia 4.0) uses the SUB64 subarray with FASTR1 readout and 25 groups
per integration (Table [3). We also retrieved the updated right ascension (RA), dec-
lination (Dec), parallax, proper motion RA, and proper motion Dec from Gaia Data
Release 3 (Gaia Collaboration et al., 2016, [2023), as shown in Table

M. Alam also performed ETC calculations (Workbook ID 307967) using a PHOENIX
M5V stellar model (7.5 = 3500 K, log ¢ = 5.0) normalized to K" = 6.5 mag. For the ob-
serving setup in the ETC, we specified the SUB64 subarray, FASTR1 readout mode,
and 25 groups per integration. The observation will be split into 2 exposures/dither
with 6623 integrations per exposure to ensure that we do not exceed the maximum
frame limit onboard JWST. The total number of integrations for the visit is thus 13246
integrations, as reported in Table 2| We also set a tight BETWEEN window Special
Requirement in the APT to ensure that the eclipse will occur on September 4, 2026.
This choice facilitates scheduling a joint eclipse opportunity for both LTT 1445 Ab and
LTT 1445A c in visit 02 of DD 9234. Our observational setup yields no errors or warn-
ings in the ETC or in APT.

Table 2: Comprehensive Observation Planning Parameters for LTT 1445 Ab

(c) Eclipse Observation Schedule
Phase constraints and exposure parameters from Tinker Scheduling analysis

Obs (bmin ¢max tO (H]D) ttotal (hr) Nints
1T 0.9606087 0.9683849 2461282.397 8.13 13246

TSplit into multiple exposures due to frame limit (196,608 frames)
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Table 3: APT input parameters for LTT 1445A b
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