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Exporting terrestrial life out of the Solar System requires a process that both embeds microbes
in boulders and ejects those boulders out of the Solar System. We explore the possibility that
Earthgrazing long-period comets and interstellar objects could export life from Earth by collect-

Received: xx xxxx Xxxx ing microbes from the atmosphere and receiving a gravitational slingshot effect from the Earth.
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astrobiology; planets; comets; meteors lifetime.
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B atmocdhepe 3eMnn Xn3Hb 3apuKkcmnpoBaHa A0 BbICOTbl 48-77 KM

JInbo nponetarowme KOMeTbI, MO0 AOAroNepuoanNveckme KOMeThI,
noknpatowne Co/iHeYHY CUCTEMY M3-3a BO3MYLLEHNIA,
nposnietasd B6nn3n 3emnu, MOryT 6bITb 3apaXeHbl crnopamMmn 6aktepun -
naeasibHble NepPeHoCHMKN CNop XNU3HN Mexay 3Be3fgamu

Pe3ynbrar:

Z = 20-80 km: ~50 cobbITni 3a uctoputo CosIHEYHOWN CUCTEMBI

Z > 100 km: 103 - 10° cobbiTumn 3a nctopmto CosiHEHYHOW CUCTEMBI
3amMmeyaHue:

MHorve nnn gaxe 601bLLMHCTBO MasibiX Te/1 CO/THEUYHON CUCTEMBI
MOTyT COEPXaTb Cropbl bakTepPUii B MasIoM KO/IMYECTBE.

[MpakTnyecku obdoe Teno, nokmgarulee CofIHEUHYO CUCTEMY,
MOXET ObITb 3apaXeHo

OueHKa MOXET ObITb CU/IbHO 3aHMXEHaA.
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ABSTRACT

In this paper we report the current status of a new research program. The primary goal of the
“Vanishing & Appearing Sources during a Century of Observations” (VASCO) project is to search for
vanishing and appearing sources using existing survey data to find examples of exceptional astrophys-
ical transients. The implications of finding such objects extend from traditional astrophysics fields
to the more exotic searches for evidence of technologically advanced civilizations. In this first paper
we present new, deeper observations of the tentative candidate discovered by |Villarroel et al.| (2016).
We then perform the first searches for vanishing objects throughout the sky by comparing 600 million
objects from the US Naval Observatory Catalogue (USNO) B1.0 down to a limiting magnitude of
~ 20 — 21 with the recent Pan-STARRS Data Release-1 (DR1) with a limiting magnitude of ~ 23.4.
We find about 150,000 preliminary candidates that do not have any Pan-STARRS counterpart within
a 30 arcsec radius. We show that these objects are redder and have larger proper motions than typical
USNO objects. We visually examine the images for a subset of about 24,000 candidates, superseding
the 2016 study with a sample ten times larger. We find about ~ 100 point sources visible in only one
epoch in the red band of the USNO which may be of interest in searches for strong M dwarf flares,
high-redshift supernovae or other catagories of unidentified red transients.

Subject headings: transient — extraterrestrial intelligence — surveys
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ABSTRACT

The discovery of terrestrial exoplanets orbiting in habitable zones around nearby stars
has been one of the significant developments in modern astronomy. More than a dozen
such planets, like Proxima Centauri b and TRAPPIST-1 e, are in close-in configura-
tions and their proximity to the host star makes them highly sensitive to stellar activ-
ity. Episodic events such as flares have the potential to cause severe damage to close-in
planets, adversely impacting their habitability. Flares on fast rotating young M stars
occur up to 100 times more frequently than on G-type stars which makes their planets
even more susceptible to stellar activity. Stellar Energetic Particles (SEPs) emanating
from Stellar Proton Events (SPEs) cause atmospheric damage (erosion and photo-
chemical changes), and produce secondary particles, which in turn results in enhanced
radiation dosage on planetary surfaces. We explore the role of SPEs and planetary
factors in determining planetary surface radiation doses. These factors include SPE
fluence and spectra, and planetary column density and magnetic field strength. Tak-
ing particle spectra from 70 major solar events (observed between 1956 and 2012) as
proxy, we use the GEANT4 Monte Carlo model to simulate SPE interactions with
exoplanetary atmospheres, and we compute surface radiation dose. We demonstrate
that in addition to fluence, SPE spectrum is also a crucial factor in determining the
surface radiation dose. We discuss the implications of these findings in constraining
the habitability of terrestrial exoplanets.




Table 5. Radiation dose (Gy) on potentially habitable planets for

a hard spectrum event (24 August 1998) with 10!! protons cm™

2

fluence and no magnetic field. Atmospheric depth varies between

30 and 1000 g cm™2.

d (AU) 30 100 300 1000
TRAPPIST-1 e 0.028 2.22E+01 1.47E4+01 3.67E+00 1.15E-02
TRAPPIST-1 f 0.037 1.28E+01 RATE400 2.12E4+00 6.66E-03
TRAPPIST-1 g 0.045 8.67TE4+00 5.73E400 1.43E400 4.50E-03
Proxima Cen b 0.049 7.50E4+00 4.96E400 1.24E4+00 3.89E-03
GJ 667 C f 0.156 7.25E-01 4.79kE-01 1.20E-01 3. 76 E-04
GJ 667 C e 0.213 3.891E-01 2.57E-01 6.42FE-02 2.02E-04
Kepler-1229 b 0.301 1.95E-01 1.29E-01 3.22E-02 1.01E-04
Kepler-442 b 0.409 1.05E-01 6.97E-02 1.74E-02 5. 48E-05
Kepler-186 f 0.432 9.45E-02 6.25E-02 1.56E-02 4.91E-05
Kepler-62 f 0.718 3.42E-02 2.26E-02 5.65E-03 1.78E-05

[lo3a pagnauuun anst atmocdep 3eMHOro Tuna Masna

A4 BClrblWeEK, aHa/1I0INYHbIX CaMbIM CUJ1IbHBIM N3BECTHbLIM
COJIHEeYHbIM BCIlliblWKaM (I'Ipl/l ropas3go MmeHblem pacCToAHNN

00 NM1aHeThbl)
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ABSTRACT

The detection of exoplanets orbiting other stars has revolutionized our view of the cosmos. First
results suggest that it is teeming with a fascinating diversity of rocky planets, including those in
the habitable zone. Even our closest star, Proxima Centauri, harbors a small planet in its habitable
zone, Proxima b. With the next generation of telescopes, we will be able to peer into the
atmospheres of rocky planets and get a glimpse into other worlds. Using our own planet and its
wide range of biota as a Rosetta stone, we explore how we could detect habitability and signs of
life on exoplanets over interstellar distances. Current telescopes are not yvet powerful enough to
characterize habitable exoplanets, but the next generation of telescopes that is already being built
will have the capabilities to characterize close-by habitable worlds. The discussion on what
makes a planet a habitat and how to detect signs of life is lively. This review will show the latest
results, the challenges of how to identify and characterize such habitable worlds, and how near-
future telescopes will revolutionize the field. For the first time in human history, we have
developed the technology to detect potential habitable worlds. Finding thousands of exoplanets
has taken the field of comparative planetology beyond the Solar System.
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Figure 1 Mass-radius curves of planets with radii below 4 Earth radii and masses below 30 Earth masses.
Planets are color-coded by the stellar flux they receive (compared with Earth). Hypothetical temperatures
for the planets are included to add a common physical entity to the diagram and are calculated from the
stellar flux received by the planets, assuming a bond albedo of 0, perfect heat redistribution, and no
greenhouse effect (e.g., this is a fair estimate for Earth’s average surface temperature but not for Venus).
Data are from http://www.exoplanet.eu (accessed February 2017) and models following Zeng et al. (2016).
Figure courtesy of L. Zeng.
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ABSTRACT

We present the discovery and validation of a three-planet system orbiting the nearby (31.1 pc)
M2 dwarf star TOI-700 (TIC 150428135). TOI-700 lies in the TESS continuous viewing zone in the
Southern Ecliptic Hemisphere; observations spanning 11 sectors reveal three planets with radii ranging
from 1 Rg to 2.6 Ry and orbital periods ranging from 9.98 to 37.43 days. Ground-based follow-up
combined with diagnostic vetting and validation tests enable us to rule out common astrophysical
false-positive scenarios and validate the system of planets. The outermost planet, TOI-700 d, has a
radius of 1.1940.11 Ry and resides in the conservative habitable zone of its host star, where it receives
a flux from its star that is approximately 86% of the Earth’s insolation. In contrast to some other
low-mass stars that host Earth-sized planets in their habitable zones, TOI-700 exhibits low levels of
stellar activity, presenting a valuable opportunity to study potentially-rocky planets over a wide range
of conditions affecting atmospheric escape. While atmospheric characterization of TOI-700 d with
the James Webb Space Telescope (JWST) will be challenging, the larger sub-Neptune, TOI-700 ¢ (R
= 2.63 Ry ), will be an excellent target for JWST and beyond. TESS is scheduled to return to the
Southern Hemisphere and observe TOI-700 for an additional 11 sectors in its extended mission, which
should provide further constraints on the known planet parameters and searches for additional planets
and transit timing variations in the system.
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Figure 14. A top-down view of the orbits of the TOI-700
planets (upper panel). The relative sizes of the planets are
to scale, but are not on the same scale as the orbits. The
conservative habitable zone is shown in dark gray, and the
optimistic habitable zone in light gray (Kopparapu et al.
2013). We also compare the TOI-700 system to the Solar
System and other benchmark exoplanet systems with small
habitable-zone planets (lower panel).
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Narrow Angle Camera (NAC)

Lunar Reconnaissance Orbiter (LRO). HyxeH .
Launch in 2009, KOMNbHOTEPHbIV
NAC covered the entire surface of the Moon multiple times, noneck-
more than 1.6 million optical images aHOMa/IMn nnu
apTedakToB

spatial resolution ranging from 0.5 to 1.5 m/pixel.
These NAC images can be retrieved from the Planetary Data System( PDS)
in a large variety of formats and processing levels.
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2.4 Software, Hardware

We used PyTorch for training, JupyterLab with Python to coordinate the experiments, and the seaborn

statistical visualization python package to view and plot results. We used an NVIDIA GeForce GTX
1070 and Intel Core 17 system with 512 GB SSD for training and validation.
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