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Laser ion sources have been known to produce a wide variety of ions including highly
charged states through the laser ablation of solid materials. Depending on the laser irradiation
conditions, the plasma parameters can be controlled to yield the desired species and charge state
of positive ions. For the case of cluster formation, the adiabatic expansion of the plasma reduces
the possibility of collisions as the ions drift outward to space. To increase the collision rate and the
probability of producing clusters, the concept of geometric constriction to the expanding plasma led
to the design of a new type of laser ion source that utilizes a hollow cylinder laser target for spatial
boundary conditions.

In the study, the development of the laser ion source was investigated for a laser produced

spatially bound plasma and the production of cluster ions. The design of a unique geometry for the
target was fabricated to have a hollow cylindrical structure where the plasma is ignited inside the
narrow volume. The study clarified the difference in the plasma dynamics of the laser ion source
operation using the hollow cylinder target as the plasma was allowed to interact with the target
surface and dissipate the kinetic energies through collisions. The proposed scheme, aiming to
produce a low plasma temperature condition, was observed to the increase the probability for
agglomeration and generated cluster ions.
This dissertation is composed of 7 chapters that discusses the different stages of development of
the hollow cylinder target laser ion source; from the prototype design demonstrating the principle
dynamics of the plasma to an improved system configuration with the mass analysis of the
produced ions species.

The first chapter gives a brief background on the laser ion source development, its
applications to particle accelerators and the different research projects to improve the ion source
performance. The motivations and objectives of the study are explained including the outline of the
research work. The physics of laser produced plasmas were described in detail in the second chapter.
An overview on the concepts on laser ablation, the different stages of its formation and expansion,
are elaborated. An analysis of the laser produced plasma using a planar aluminum target is
included in the chapter. This serves as a reference for the basic configuration of a laser ablation
experiment.

The third chapter demonstrates the initial operation of the prototype system with the
hollow cylinder laser target. From high speed camera images, the plasma formation inside the
hollow target was observed for the first time. The plasma expanded towards the adjacent wall from
the laser irradiated spot which indicated a build up of pressure inside the small volume to enhance
the collision rate. The Faraday cup measurements of the time-of-flight of the plasma pulse detected
an en electron burst in the onset of the signal followed by the positive distribution that corresponds
to the produced ions with increasing magnitudes for more intense laser power densities. The



plasma diagnostic experiments on the laser produced plasma is discussed in chapter four. The
optical emission spectra of the plasma is obtained for an aluminum and graphite laser target
operation. Low charge state ions are detected from the aluminum target but the graphite target
showed charge states of up to +3. The continuum observed in the emission spectra for both target
materials indicated a thermalized state with an estimated temperature of below 1 eV. This low
temperature characteristic is also detected in the Langmuir probe experiment of the graphite
target where the temperature revealed to be 0.48 eV.

After the initial tests on the prototype system, performance issues on stability and target
lifetime needed to be resolved and this is covered in chapter five. A rotating mechanism is then
employed to the target to uniformly erode the inner walls of the cylinder. The time-evolution
experiments showed the ion current measurements for the stationary graphite target reduced to
10% after an hour of the continuous system operation while the rotating the target resulted to a
steady ion current for the whole duration. Now with the stable operation of the system, the next
chapter discusses the mass separation of the ion experiments for the aluminum and graphite
targets used in the ion source. Two kinds of ion analysis experiments were conducted; ion extraction
coupled to a time-of-flight analysis and an 90° electrostatic ion analyzer. The ion extraction yielded
signals that correspond to cluster ions were detected with small fullerites of Cz4 and Cos for the
graphite target and aluminum clusters of Alsand Als were identified from the mass analysis. Using
the graphite target for the electrostatic ion analyzer, the ion composition in a single plasma pulse
was found to be dominated by low charge state ions with an abundance of Ct1and C+*2 ions.

The conclusion is found in chapter 7 where the main results, a comparison between the
hollow cylinder target and a planar target laser ion source operation, and also future work and
recommendations are presented.



