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DESCRIPTION

Astrobiology is the interdisciplinary science that explores the
origin, evolution, distribution, and future of life in the universe.
It addresses one of humanity’s oldest and most profound
questions: Are we alone! Combining biology, astronomy,
chemistry, geology, and planetary science, astrobiology seeks to
understand the conditions under which life might arise and
survive beyond Earth.

While no definitive evidence of extraterrestrial life has yet been
found, astrobiology continues to gain momentum through
missions to Mars, the study of extreme environments on Earth,
and the discovery of thousands of exoplanets.

A major focus of astrobiology is identifying habitable zones, also
known as the Goldilocks Zoneregions around stars where
conditions are "just right" for liquid water to exist on a planet’s
surface. Since water is essential for all known forms of life, its
presence is a key indicator of potential habitability.

In addition to temperature, other factors that influence

habitability include:

¢ Atmospheric composition

e Magnetic fields (for radiation protection)
¢ Geological activity (for recycling nutrients)
e Stable climate conditions

To expand our understanding of where life might exist
elsewhere, astrobiologists study extremophiles-organisms that
thrive in extreme environments such as:

¢ Deep ocean hydrothermal vents
e Acidic hot springs

*  Antarctic ice

¢ High-radiation zones

These environments mimic the harsh conditions found on other
planets and moons, offering valuable clues about the potential
for alien life. For instance, microbes found in Antarctica’s

subglacial lakes or in deep-sea vents may resemble life forms that
could exist on Europa (a moon of Jupiter) or Enceladus (a moon
of Saturn), both of which are believed to have subsurface oceans.

Several missions have been launched to explore planets and
moons that may harbor life:

Mars isNASA’s Perseverance rover is searching for signs of past
microbial life and collecting samples for future return to Earth.

Europa clipper is set to launch in the 2020s, this mission will
study Europa’s icy surface and subsurface ocean.

Dragonfly is a drone mission by NASA planned for launch to
Titan, Saturn’s largest moon, to explore its organic-rich surface.

Venus mission sare renewed interest in Venus arose after
detection of phosphine gas-potentially a biosignature-in its
atmosphere, though this remains debated.

With the discovery of over 5,000 exoplanets (planets orbiting
other stars), the search for potentially habitable worlds has
expanded dramatically. Using telescopes like Kepler, TESS, and
the James Webb Space Telescope (JWST), scientists can now
analyze the atmospheres of distant exoplanets for biosignatures-
gases or molecules that might indicate the presence of life, such
as oxygen, methane, or ozone. JWST, for example, has the
sensitivity to detect these signatures in the atmospheres of Earth-
sized planets orbiting nearby stars.

In addition to searching for natural life forms, astrobiology also
explores the possibility of synthetic or engineered life. Advances
in synthetic biology may allow future missions to carry
engineered microbes to terraform planets or study how life might
evolve under alien conditions. Moreover, planetary protection is
an important concern: Ensuring that we do not contaminate
other worlds with Earth lifecor bring potentially harmful
organisms back to our planet.

Astrobiology is not just the search for alien life-it is a quest to
understand the universal principles that govern life itself. By
studying life in extreme environments, exploring the solar
system, analyzing distant exoplanets, and understanding the
origins of life on Earth, astrobiologists are uncovering the secrets
of existence on a cosmic scale.
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