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Abstract of Thesis

The emergence of ultra-intense lasers enables new technologies and applications for relativistic
laser-plasma interactions. Ion acceleration, magnetic field generation, and high-energy-density physics benefit
from these developments. For ion acceleration, generating quasi-monoenergetic ions is difficult for laser based
techniques such as target normal sheath acceleration.

However, quasi-monoenergetic ions can be obtained through the Coulomb explosion of hollow nanospheres.
When the nanospheres are correctly optimized, they can be more than twice as efficient as the previous designs.
These make the Coulomb explosion of hollow nanospheres attractive for medical applications. However, while
hollow nanospheres exhibit Coulomb explosion, hollow microspheres will display both Coulomb explosion and
microbubble implosion.

In this case, a larger target can hold more electrons in its cavity enough to initiate a rapid implosion process.
When undergoing microbubble implosion, the inner wall of the microsphere will compress to a density that is 104
times higher than normal solid density. This high compression will generate highly accelerated flashed ions and a
very intense electric field during maximum compression. Thus, this is particularly interesting for applications
involving gamma-ray lensing, pair creation, and vacuum polarization.

The topology and design of the targets are also crucial factors. For example, upon irradiation with an ultra-intense
laser, nano-sized hollow targets are comparable to the relativistic skin depth of an ultra-intense laser. Thus, the laser can
remove most of the electrons, and the Coulomb explosion is the dominant process. On the other hand, micron-sized hollow
targets are much larger, resulting in more hot electrons filling the cavity, making them conducive for MBI.

Finally, while nanoscale hollow targets demonstrate Coulomb explosion and mircoscale hollow targets
demonstrate both microbubble implosion and Coulomb explosion, designing a target with nanoscale and
mircoscale components can produce a different phenomenon. In this case, a novel paisley design composed of a
nanoscale tip and a microscale body can generate a highly intense sub-megatesla magnetic field. These magnetic
fields are challenging to produce and are usually found in extreme astrophysical environments.

Hence, this novel design is useful for studying fundamental physical phenomenon such as magnetic

reconnection or other laboratory astrophysics applications.
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