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Abstract

Space-based telescopes offer unparalleled opportuni-
ties for observing exoplanets via transit and eclipse
spectroscopy. However, observatories in low Earth or-
bits (e.g. Hubble, CHEOPS, Twinkle and an ever in-
creasing number of cubesats) cannot be continuously
pointed at a target due to Earth obscuration. For transit
spectroscopy this causes gaps in the light curve, which
reduces the information content and can diminish the
science return of the observation. Terminus, a time-
domain transit and eclipse simulator has been devel-
oped to model the occurrence of these gaps to predict
the potential impact on future observations. Terminus
has been base-lined on the Twinkle Space Telescope
but the model can be adapted for any space-based tele-
scopes and is especially applicable to those in a low-
Earth orbit.

1. Methodology and Results
Terminus has been constructed in Python and has
several different stages. The initial module of Ter-
minus models the atmosphere of the planet. To
simulate transmission (and emission) forward mod-
els, the open-source exoplanet atmospheric retrieval
framework Tau-REx [5, 6] is used. Within Tau-REx,
cross-section opacities are calculated from the Exo-
Mol database [7] where available and from HITEMP
[4] and HITRAN [3] otherwise. Planetary parameters
are loaded from catalogue values and once the forward
model is created at high resolution, it is binned to the
instrument resolutions (here R∼250 for λ <2.42µm
and R∼60 for λ >2.42µm). For each of these spec-
tral bins, PyLightCurve1 is used to model a noise-free
transit (or eclipse) of the planet. The stellar flux at
Earth is calculated using spectral energy distributions
(SEDs) from the Phoenix atmospheric models from
[1]. A instrument file is loaded (which includes param-

1https://github.com/ucl-exoplanets/pylightcurve

Figure 1: Overview of the structure of Terminus. Top
left: Input spectrum generated by TauREx. Top Right:
Binning of spectrum to instrument resolution. Middle
Left: Creation of light curves. Middle Right: Fitting of
light curves. Bottom Left: Retrieved spectrum. Bot-
tom Right: Retrieved atmospheric composition.

eters such as telescope aperture, quantum efficiency
etc.) and the star flux on the detector calculated. This,
along with instrument noise and planetary parameters,
is used to generate noisy light curves for each of the
spectral bins. These noisy light curves are then fitted
with a Markov Chain Monte Carlo (MCMC) algorithm
to produce a spectrum complete with error bars. Tau-
REx is then used to fit the spectrum and retrieve the
atmospheric parameters. This process is graphically
summarised in Figure 1.

2. Summary and Conclusions
Terminus will have the capability to simulate exo-
planet transits and will be particularly suited to ob-
servatories in low-Earth orbits. Terminus will allow
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for gaps in the light curve due to Earth obscuration
to be added and the subsequent effect studied. The
simulator has been baselined on Twinkle, an upcom-
ing space-based telescope capable of visible and in-
frared spectroscopy, which will operate in a low Earth,
Sun-synchronous orbit [2].
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