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Abstract The Earth 2.0 (ET) mission will pioneer the international breakthrough in the frontier sci-

entific issue of the existence and evolution of Earth 2.0s (or exo-Earths) in the origin of life by adopting
the key technology of ultra-high precision photometry with a large field of view in space. The ET mis-
sion will deploy a space observatory consisting of six wide-field transit telescopes and one micro-lensing
telescope in a halo orbit at the Sun-Earth Lagrange L2 point. Combining transit and micro-lensing meth-
ods, utilizing the ultra-large field of view and ultra-high precision optical photometry observations in
space, the ET mission will for the first time discover historically significant Earth 2.0s and determine
their occurrence rate. It will conduct the first large-scale survey of terrestrial-like and free-floating plan-
ets, discover free-floating Earth-mass planets and measure their occurrence rates, reveal the origins of
Earth-like and free-floating planets, and provide candidates and new directions for the search for ex-
traterrestrial life. The observational results, statistical studies, and theoretical tests of the ET mission
will answer pressing frontier scientific questions such as “How common are Earth-like planets in the uni-
verse”, “How do Earth-like planets form and evolve” and “How do free-floating planets originate”. Fol-
low-up observations of the Earth 2.0 samples discovered by the ET mission will precisely measure their
mass, density, and atmospheric composition, contributing to an in-depth study of their habitability char-
acteristics. Moreover, the study of the large number of various exoplanet samples newly discovered by
ET, as well as tests of theories, will promote a deeper understanding of the formation and evolution of
these types of planets. ET’s abundant high-precision, high-cadence, and long-baseline photometric data
will advance research in fields such as asteroseismology, Galactic archaeology, time-domain astronomy,
binary stars, and binary black holes.
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Fig. 1

ET space observatory. ET will observe the area within the blue circle for four years to discover habitable

Earth-sized planets (0.8~1.25 R, ) orbiting sun-like stars (Exo-Earths or Earth 2.0). Since ET will cover

the region previously observed by Kepler (the gridded area in the figure), combining it with Kepler’s existing

four-year observational data will greatly expand the discovery of long-period planets (including Earth 2.0s) and

multi-planet systems. In addition, ET will also observe the Galactic bulge region (the red area in the image),

using microlensing to search for long-period cold planets and free-floating planets,

including free-floating Earth-mass planets (provided by the journal Innovation)
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(Earth-sized planets within the habitable zone of
Sun-like stars, as indicated by the green frame)
(Credit: WU Yanging)
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Fig. 3

Earth-sized planets in habitable zones. Currently detected Earth-sized planets (0.8 R, < R, < 1.25 R,)

within the habitable zone (the blue shaded area) and the anticipated Earth 2.0 s from ET

(represented by green spheres) differ significantly in their host stars (Credit: FANG Tong)
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with the 6.5 h simulation results of Kepler and ET.
The light blue dots represent the actual stellar

photometric data from Kepler
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Fig. 5 Predicted ET transiting planets compared with
Kepler’s discoveries. For sub-Earths and super-Earths,
ET will increase the sample size by about 10 times

in the near future (before 2033)
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error bars for the ET data were calculated using the
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readout time of 1.0 minute
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Invariant manifolds and fiight trajectories. (a) Schematic diagram of the invariant manifold approach to

Earth’s periapsis for Halo orbits of different sizes. (b) Schematic diagram of the carrier directly

entering the invariant manifold orbit, with the spacecraft autonomously correcting its orbit.

The spacecraft transfers along the invariant manifold, with no more than 5 orbital

corrections mid-way, and the total transfer time is approximately 117 days
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Solar illumination diagram and observation strategy. (a) Schematic of the solar incidence angle when

the ET’s transit telescope is pointing near the Kepler field of view, (b) schematic of the ET observation

strategy, with attitude adjustments approximately every 90 days to ensure energy supply
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Schematic diagram of the ET spacecraft in its launch state (a), and exploded view diagram (b)
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Table 4 GSENSE2020 BSI detector characteristic parameters
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Photo of the CMOS camera testing system. The testing system includes a vacuum chamber, TEC (Ther-

moelectric Cooler), TEC controller, platinum resistance, water cooling system, and it has been tested that the sys-

tem can work for a long time with temperature stability at less than or equal to —40°C + 0.04C
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Table 5 Test results for the 2-channel GSENSE1081 BSI camera
; ; ; ; o7 0
bwe G Mo ) PO e e
1 July 1.466 4.619 0.54 0.90 0.010 0.65
4 July 1.460 4.627 0.47 1.48 0.011 0.61
5 July 1.459 4.616 0.87 2.08 0.017 0.61
6 July 1.463 4.603 0.42 1.86 0.010 0.61
7 July 1.467 4.624 0.61 1.85 0.014 0.64
8 July 1.464 4.643 0.60 1.98 0.014 0.63
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