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A study on High-Enery Dye Lasers

Akihiro YAMAMURA

Abstract

Organic dye lasers are widely tunable from near ultra violet to near infrared wavelengths,
and have been employed in a variety of applications, including high resolution spectroscopy,
uranium enrichment, resonance scattering laser radar, and in medicine. High resolution
spectroscopy has developed rapidly using tunable dye lasers and has revealed structural details
of extremely complicated atoms and molecules. Laser uranium enrichment was first proposed
by Basov in the 1960s, but did not immediately attract much research attention. However, this
method has been developing rapidly since the 1980’s, and has become industrially promising.
The method offers a simple processing procedure, excellent isolation factors and low energy
consumption compared to conventional enrichment methods. Application of dye lasers to
remote sensing has also been studied by many workers, with the more minor constituents of the
upper atmosphere being detected by resonance scattering laser radar. This technique is
expected to lead to a new generation of atmospheric observation methods. The use of organic
dye lasers in medical applications has also produced promising results. Diagnosis and treat-
ment of cancer have been studied through resonance fluorescence and resonance absorption
induced by the irradiation of cancer cells with a dye laser beam. Laser cure is a non-contact
method that does not require contrast medium additives, in contrast to NMR diagnosis.
However, high output power and energies as well as good tunability and low cost are required
to make these applications feasible.

Various dye laser excitation methods have been developed to obtain high energies, high
beam quality and good tunability. Among these, linear flashlamp-pumping is very promising
because it delivers high output energies, good tunability, ease of maintenance and low cost
compared to other excitation methods. M.Jyumonji and H.Uchiyama of our institute have
been researching and developing flashlamp-pumped dye lasers for high resolution spectroscopy
and uranium enrichment over the last 20 years. As a result, very high laser output energies of
110 J/pulse have been achieved in short pulses, while longer pulses with durations of up to 1.
47 ms have been achieved. However, the upper limits of lasing efficiency and output energy
have not yet been explored in detail either theoretically or experimentally. If the parameters
needed to reach these upper limits can be found, organic dye lasers could be applied to an even
wider range of tunable laser applications. This study examines lasing efficiency and output
energies of organice dye lasers. The paper consists of 8 chapters.

An introduction to and historical background of dye laser technology is presented in
chapter 1. Chapter 2 describes technical problems that arise when developing high energy,
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high efficiency dye laser apparatus. Through investigation of the existing body of data
regarding flashlamp-pumped dye lasers, it has been found that laser efficiency depends strongly
on laser output level. An expression for laser efficiency calculated from Yariv's theory is
presented in chapter 3, along with numerical results. The analysis agrees well with the
experimental results reported by many researchers regarding higher output levels, and addition-
ally suggests that laser efficiencies at lower output levels are quite low. To improve laser
efficiency at lower output levels, a new laser design is proposed. The new laser design is then
described in more detail in chapter 4. A close-coupled cavity containing a rectangular dye cell
and long circular reflector is used for dye excitation. A flashlamp drive circuit that enables
multiple flashlamps to be operated in either serial or parallel operation is also presented.

Chapter 5 describes a flashlamp pre-discharge circuit for realizing a stable main discharge
and enhancing dye laser output. This newly developed circuit features self-starting operation
and very low power dissipation.

In chapter 6, the performance of the newly developed dye laser apparatus is demonstrated.
Data obtained from operation of the device is compared to theoretical predictions. This
analysis verifies the correctness of the theoretical analysis.

Chapter 7 looks at the future prospects of flashlamp-pumped dye lasers, particularly with
respect to the newly proposed design. The applicability of the derived theoretical laser
efficiencies to higher laser output levels is also discussed, along with possible efficiency improve-
ments.

Results of this study are summarized in the last chapter, and are:

1. Laser efficiency was found to be strongly dependent on laser output enérgy level.
Laser efficiency was derived theoretically using linear Yariv theory.

2. Theoretical analysis revealed that laser efficiency previously reported at lower output
levels is extremely low compared with that of higher output levels.

3. A theoretical study of the technical problems in standard organic dye laser apparatus
led to the design of a new high energy, high efficiency dye laser.

4. Dye laser apparatus was developed based on this new design idea. Extremely high
output energies, b times those previously reported, were achieved.

5. Theoretical predications were in good agreement with both the performance of older
dye laser apparatus and performance of the newly developed apparatus, confirming the
correctness of the theoretical analysis presented.

6. The efficiencies of flashlamp-pumped dye laser are satisfactory at both low and high
output levels. However, efficiencies at medium output levels still need to be improved
considerably.

Professor (Chairperson) Masanori JYUMON]JI
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