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H images, an Einstein ring, or even arcs. Results in small distortions of the
Introductlon background object, typically observed as slight elongations or shears in the

h f galaxies.
Gravitational lensing, the bending of light around a massive object such shape of galaxies

as a star or galaxy, has emerged as a powerful tool for observing distant Happens when a relatively small object, such as a planet or stellar remnant,
astronomical phenomena, including the atmospheres of exoplanets. This passes in front of a distant star, briefly brightening the star without producing
phenomenon, predicted by Einstein's theory of General Relativity, enables multiple images. Microlensing, in particular, is of interest for studying
the amplification of light from a background source, which can provide unique exoplanets. When a planet orbits a star that is acting as a lensing object,
insights into otherwise inaccessible regions of space. Recently, gravitational it can cause small variations in the light curve, offering indirect evidence of
lensing has shown promise as a novel method for studying exoplanetary the planet’s existence and properties. By carefully analyzing these variations,
atmospheres, especially for planets in systems too distant or faint for astronomers can infer characteristics of the exoplanet's atmosphere.
conventional observation. This paper reviews the current state of gravitational While gravitational lensing has long been used to study the lensing objects
lensing as applied to exoplanetary atmospheric research, highlights emerging themselves (such as galaxies or black holes), its application to exoplanetary
techniques, and explores future applications, including the potential for research is relatively recent. New techniques have been developed to take
detailed chemical analysis and atmospheric characterization. The search advantage of this phenomenon to study the atmospheres of exoplanets.

for and study of exoplanets has dramatically advanced over the past few
decades. However, obtaining detailed information about the atmospheres of
these planets remains a significant challenge, particularly for planets that are
located outside the reach of traditional observational techniques. Methods
like transmission spectroscopy, direct imaging, and secondary eclipse

Microlensing is the most commonly used form of lensing for exoplanet
research. The typical microlensing event involves the alignment of a foreground
star with a background star, and if the foreground star has an orbiting planet,
the gravitational field of the planet can cause additional distortion in the light

observations have provided important data on the composition, structure, and gurve.

dynamics of exoplanetary atmospheres. Yet, these methods typically require As the planet transits in front of its host star during a microlensing event,
precise alignments and often depend on the brightness of the host star or the the planet's atmosphere can imprint specific spectral features on the light
planet’s proximity to Earth. curve. These features are caused by absorption lines or scattering effects in

the planet’s atmosphere. For instance, the presence of water vapor, methane,
or other gases could lead to variations in the observed brightness at specific
wavelengths.Advances in computational models have allowed researchers to
simulate the expected light curves from microlensing events, including the
contributions from an exoplanet's atmosphere [1-3]. These simulations can
predict the type of atmospheric features that might be observable, depending
on the planet's composition, size, and the alignment of the lensing event.

Gravitational lensing offers an alternative and complementary approach.
When light from a background star or planet passes near a massive foreground
object, such as a star or galaxy, the gravitational field of the foreground object
bends and maghnifies the light. This effect can create multiple images of the
background object, offering a unique vantage point for studying both the
foreground and background systems. By observing these lensing events,
astronomers can potentially extract detailed information about the atmosphere
of an exoplanet that would otherwise be too faint or distant to observe directly. Gravitational lensing can enhance the apparent brightness of distant
exoplanets, making them easier to study with spectroscopic instruments. When
D T a lensing event magnifies the light from a planet, it allows for more detailed

esc"ptlon spectroscopic measurements of the planet's atmosphere. This enhancement
can be particularly useful for observing planets that would otherwise be too

In this paper, we explore the role of gravitational lensing in exoplanetary  faint or distant. By observing an exoplanet during a gravitational lensing
atmospheric research, discussing the underlying physics, current techniques, ~ event, astronomers can achieve high-resolution spectra that reveal the
and potential applications. Gravitational lensing occurs when the path of  chemical composition and physical properties of the atmosphere. This method
light from a distant source, such as a star, is bent by the gravitational field  can provide information on the presence of specific molecules (such as CO,,
of an intervening massive object, such as a galaxy or cluster of galaxies. The H,0, or CH,) and trace gases, as well as the temperature structure of the
lensing effect is governed by the general theory of relativity, and the degree atmosphere.
of bending is determined by the mass of the lensing object and the alignment
between the source, lens, and observer. Occurs when the alignment of the
source, lens, and observer is nearly perfect, resulting in multiple distinct

Gravitational lensing also offers the opportunity for time-resolved
spectroscopy, as the magnification effect is temporary. As the planet moves
relative to the lensing object, the brightness of the planet fluctuates, which
can reveal dynamic features of the atmosphere, such as clouds, storms,
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pressure, and chemical composition at different altitudes. If the lensing event
occurs during a period of planetary activity, such as a storm or volcanic
eruption, the variations in light curves can be used to identify heterogeneous
atmospheric features and study their temporal evolution. Gravitational lensing
events involving exoplanets are relatively rare, and the probability of such
an event occurring in the sky is low. As a result, large-scale surveys and
continuous monitoring are required to maximize the chances of detecting
these events. Analyzing the light curves from lensing events can be complex,
as they are influenced by multiple factors, including the properties of the
lensing object, the background star, and the intervening medium. Careful
modeling is required to isolate the atmospheric contributions.

The presence of clouds, varying chemical abundances, and other
atmospheric complexities can complicate the interpretation of spectroscopic
data obtained through lensing [4,5]. High-quality models and extensive data
are necessary to disentangle these effects. Future space telescopes, such as
the James Webb Space Telescope and the upcoming Nancy Grace Roman
Space Telescope, are expected to significantly enhance our ability to observe
lensing events and exoplanetary atmospheres. These instruments will provide
higher-resolution data and greater sensitivity, increasing the feasibility of
detecting and analyzing microlensing events.

The convergence of gravitational wave astronomy and traditional
electromagnetic observations might offer new opportunities to study
exoplanetary systems via gravitational lensing. Gravitational waves could
provide additional information about the mass distribution and dynamics of
lensing objects, which can aid in atmospheric studies. The combination of
gravitational lensing with other techniques, such as astrobiology, atmospheric
science, and planetary science, can lead to more comprehensive models of
exoplanetary atmospheres and better predictions of habitability.

Conclusion

Gravitational lensing presents an exciting and novel method for studying
exoplanetary atmospheres. While the field is still in its infancy, new techniques
and advancements in observational technology are enabling the study of
distant and faint exoplanets with unprecedented detail. As future missions
and telescopes improve our ability to observe gravitational lensing events, it is
likely that this phenomenon will become an increasingly important tool in the
exploration and characterization of exoplanetary atmospheres. By combining
gravitational lensing with other observational techniques, astronomers
can unlock new insights into the atmospheric properties of exoplanets,
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contributing to our understanding of planetary formation, evolution, and
potential habitability.
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