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Abstract: This paper explains the theoretical basis and potential efficacy of utilizing TEM for exoplanet
discovery. TEM, in order to capture high-resolution images of the internal structure of thin samples, necessitates
the passage of an electron beam through them. The innovative concept behind this application exploits the
gravitational micro-lensing phenomenon, triggered when a sizable exoplanet transits in front of a distant star,
resulting in a discernible gravitational distortion that becomes visible through high-resolution imaging. The
effectiveness of this method is intertwined with the unique challenges posed by exoplanet detection. Conventional
approaches grapple with limitations related to factors such as planetary size, distance from the host star, and
background noise. TEM's exceptional high resolution offers a means to overcome some of these obstacles,
enabling direct imaging of exoplanets and their atmospheric characteristics. Nevertheless, numerous challenges
persist, including the necessity for an extensive network of synchronized TEM equipment and intricate data
analysis techniques to differentiate gravitational micro-lensing events from other forms of distortion, as well as
accurately ascertain their size. To gain a comprehensive grasp of TEM's potential and limitations in reshaping our
comprehension of exoplanetary systems, further research, collaborative initiatives, and technological
advancements are imperative.
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1. Introduction

I n recent years, the field of exoplanet science has witnessed a remarkable surge in popularity, transitioning from
its previous status as a subject of science fiction to becoming one of the most prominent areas within the fields
of astronomy and astrophysics. Although Transmission Electron Microscopy (TEM) is typically utilized for
analyzing the structural and material properties of hano-scale objects, it does not directly contribute to the study
of exoplanets. TEM operates by directing an electron beam through a specimen, thereby providing detailed
information about its internal structure, including its crystal lattice and arrangement of atoms. This technique is
primarily utilized in the fields of materials science and biological research. TEM has the ability to offer insights
into the microstructural, crystallographic, compositional, and electronic characteristics of thin samples at the
micrometer to sub-nanometer scale. However, it is known in the field of geoscience for its demanding protocols
for preparing samples and the requirement for experts to interpret the resulting images, diffraction patterns, and
analytical data due to its complex interactions with electron beams. As the quest to uncover the diversity and
distribution of planetary systems beyond our own solar system becomes more intense, the detection of exoplanets
assumes a pivotal role in the field of astronomy. Although traditional detection methods such as transit and radial
velocity have been instrumental, they have limitations imposed by factors such as the size of the planet, its orbital
distance, and the technical requirements of the instruments used. In the pursuit of innovative strategies to enhance
our ability to detect exoplanets, Transmission Electron Microscopy (TEM), a technique primarily associated with
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nanotechnology and material science, has emerged as an unconventional yet promising approach. In order to fully
understand the potential and limitations of TEM in revolutionizing our understanding of exoplanetary systems,
further research, collaboration, and technological advancements are essential [1-3,4].

2. A Short Review on TEM (Transmission Electron Microscopy)

Transmission Electron Microscopy (TEM) is a highly effective analytical tool that has the ability to investigate
the intricate details of minerals at the nano and even atomic levels. It possesses the capability to visualize minerals
and discern their morphology, utilize various electron-diffraction techniques to reveal structural insights, and
analyze chemical compositions (Gerardo Dominguez, et al., 2014). However, it is important to note that the
operation of a standard commercial Transmission Electron Microscope comes with a significant cost. Each
electron volt of energy in the beam amounts to approximately $2, and when additional expenses are taken into
account, this figure can increase to a range of $4-5 per electron volt. Considering that TEM often utilizes beam
intensities ranging from 100,000 to 400,000 electron volts, it becomes clear that TEM is a substantial investment
in scientific instrumentation. Therefore, it is necessary to provide rigorous scientific justifications in order to
justify such a significant expenditure on a single microscope. TEM provides a versatile research platform that is
capable of examining grain structures, elemental content, and local bonding in specimens ranging from
micrometers to sub-nanometers. When exposed to high-energy electrons, typically within the range of 200 to 300
kiloelectron volts, TEM produces detailed images when illuminating small samples, usually around 200
nanometers in size. The contrast in these images is influenced by the electron beam's illumination settings, such
as the choice between a parallel or focused probe, and the selection of transmitted electrons that have undergone
specific interactions with the sample, including diffraction, high-angle scattering, or inelastic scattering (Yang Li,
Lixin Gu, Yuchen Xu, Bing Mo, & Yangting Lin) [5]. In addition to imaging, TEM analysis often incorporates
two types of spectroscopy: Energy Dispersive X-ray Spectroscopy (EDX) and Electron Energy Loss Spectroscopy
(EELS). These spectroscopic techniques provide valuable insights into elemental compositions, as well as bond
configurations and oxidation states in the case of EELS. The standard procedure for preparing TEM samples
involves extracting a thin bar of material, typically 1 to 2 micrometers thick, and then thinning it down to achieve
electron transparency, usually less than 100 nanometers. Bright-field and dark-field images, which are based on
unscattered and scattered electrons, respectively, are generated using a relatively wide static beam.
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Figure-1 The schematic diagram illustrates the optical reciprocity principle within Transmission Electron
Microscopy (TEM), with a representing the convergence angle. [Image Courtesy: Hren.et.al.1979]

3. Advantages and Limitations of TEM in Exoplanet Survey

Transmission Electron Microscopy (TEM) offers significant benefits for the analysis of materials on Earth,
such as the ability to obtain high-resolution images at the atomic level, the capacity to examine structures at the
sub-nanometer scale, and the potential to uncover internal material compositions and structures, particularly in
thin samples. Consequently, TEM serves as a powerful tool for comprehending materials at the nanoscale.
Nevertheless, the application of TEM in astronomical and exoplanetary research encounters obstacles due to its
large size, cost, and the complexities associated with integrating it into space missions. The substantial dimensions
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of the instrument can create logistical challenges in deploying it on spacecraft and rovers, while its expense can
strain budgets. These considerations underscore the necessity for meticulous planning and assessment when
employing TEM for scientific exploration beyond the confines of Earth.

4. Methodology for Investigating Extraterrestrial Life

Examination of Samples Recovered on Earth: The investigation of extraterrestrial samples encompasses a
wide array of materials, which include meteorites, lunar samples collected during the Apollo missions,
micrometeorites, interplanetary dust particles (IDPs), as well as samples derived from comets (e.g., Stardust),
asteroids (e.g., HAYABUSA), and even the Sun (e.g., Genesis). Advancements in spatial resolution and detection
sensitivity, exemplified by Transmission Electron Microscopy (TEM), have facilitated the analysis of increasingly
minute specimens such as IDPs and presolar grains. TEM methodologies encompass various techniques including
Bright-field TEM (BF-TEM) for the determination of microstructure, High-Resolution TEM (HR-TEM) for the
imaging of lattice structures, Selected Area Electron Diffraction (SAED) for the analysis of crystal structure,
Scanning TEM Annular Dark Field (STEM-ADF) for the contrast of atomic number, and Energy Loss-Filtered
TEM (EF-TEM) for elemental mapping. The methodology encompasses sample preparation, instrumental setup,
imaging and analysis, crystallography, defect analysis, in-situ experiments, and data interpretation.

The methodology involves the following process:

e Sample preparation plays a crucial role given the diminutive and precious nature of extraterrestrial
samples, often necessitating the usage of ultra-thin sectioning.

e Instrument setup involves the configuration of analytical techniques such as Energy Dispersive X-ray
Spectroscopy (EDS) and Electron Energy Loss Spectroscopy (EELS), all while optimizing electron beam
parameters.

e The imaging and analysis conducted through HR-TEM offer valuable insights into mineral phases,
crystal lattice patterns, and microstructures, with EDS providing information on elemental compositions
and EELS offering insights into electronic structure.

e The utilization of Electron Diffraction via SAED assists in determining crystal phases and orientations,
while in-situ experiments conducted within advanced TEM equipment enable the observation of dynamic
processes.

5. Challenges in Deploying TEM-Equipped Rovers and Spacecraft for Extraterrestrial Exploration

Deploying rovers and spacecraft equipped with Transmission Electron Microscopes (TEMS) to distant planets
in the pursuit of alien life presents notable engineering and logistical obstacles. The process of downsizing TEMs
while maintaining their functionality is a formidable engineering endeavor. The act of landing rovers with TEMs
introduces challenges due to their weight, necessitating meticulous consideration of appropriate landing sites and
conditions.

Sample-return missions and in-situ exploration complement one another in the quest for extraterrestrial life.
In-situ exploration excels in the collection and analysis of fresh samples, but it is constrained by limited resources
in terms of equipment mass. On the other hand, returning samples allows for comprehensive examination in
terrestrial laboratories, leveraging expansive tools and electron microscopes. However, employing an electron
microscope to scrutinize in-situ samples is arduous due to the constrained observable area. Ground laboratories
provide enhanced precision in targeting and extensive analysis capabilities. While deploying missions equipped
with TEMs for extraterrestrial exploration holds promise for planetary science and astrobiology, addressing these
challenges is imperative to ensure the achievement and efficacy of such endeavors (Keigo, Yoshitaka, & Kensei,
2022) [3].

6. Conclusion

The investigation of exoplanets on a nanoscale using Transmission Electron Microscopy (TEM) is an
innovative and novel approach to comprehending these remote celestial bodies. While TEM is conventionally
utilized for examining nanomaterials, its application in exoplanet exploration presents distinct challenges. The
field of exoplanet science has transitioned from being a subject of science fiction to a prominent area of study in
astronomy and astrophysics, fueled by the desire to uncover the variety of planetary systems outside of our own
solar system. TEM, with its ability to capture high-resolution images, conduct analyses at sub-nanometer scales,
and reveal internal material properties, offers a fresh perspective on exoplanets.
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Furthermore, the synergy between TEM and Planetary Science becomes crucial when dealing with
extraterrestrial substances. The main goal of in situ analysis should involve developing a method for selecting
samples to bring back to Earth while minimizing the risk of contamination from terrestrial life. TEM's capability
to observe cellular structure makes it well-suited for this task, particularly within the confined environment of
spacecraft and rovers. The small size of the instrument facilitates initial sample analysis within enclosed spaces,
and if these samples are determined to be free from microorganisms, they can be further analyzed using larger
equipment without any size limitations. The advancement of TEM technology suitable for space exploration holds
the potential to drive progress in miniaturization, energy efficiency, and durability. As we continue to push the
boundaries of scientific exploration, TEM remains a promising tool in our pursuit to unravel the enigmas of
exoplanets and the possibility of life beyond our own realm.
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