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Abstract

This work presents a study on the breakdown of molecular oxygen by
a Nd: YAG laser source operating at the wavelengths 1064 nm and 532
nm with a pulse duration of 5.5 ns over a gas pressure range varies
between 190-3000 torr, to determine the threshold intensity for gas
breakdown as a function of both gas pressure, and laser wavelength.
More over , this study is also aimed to determine the physical processes
responsible for the breakdown phenomenon.
In doing so a numerical model is applied which was previously developed
by Evans and Gamal (1980).This model is refined to take into account
most of the physical processes which might take place during the
interaction between the laser beam and the oxygen molecules (Gamal and
Omar, 2001). The computations are devoted to investigate the
experimental measurements that was carried out by Phuoc (2000), to
study the breakdown phenomenon of oxygen gas as one of the most

Important constituent of atmospheric air.

The model considers the inverse Bresstrahlung absorption as a process
that leads to the gain of energy of free electrons from the electric field
associated with the laser beam. In addition, it takes also into account
electron collisional processes to excite neutral molecules as well as to
ionize ground and excited molecules. Further more, the model considered

the photo-ionization of the excited molecules. Comparison between the



calculated thresholds and the measured ones determine the validity of the
model in investigating the breakdown of oxygen under the experimental
conditions applied in this analysis. While comparison of the calculated
Electron Energy Distribution Function (EEDF) and its parameters (i.e. the
time evolution of the electron density, the variation of the mean electron
energy, the variation of the ionization and excitation rates...etc) at
different values of the gas pressure determine the physical processes
responsible for gas breakdown. The calculations are carried out at the two

values of the laser wavelength on the breakdown of oxygen.

Summary

Intense laser beam lead to optical frequency breakdown of gases
.This can produce plasmas with high electron density. The gaseous
breakdown induced by intense laser beam has been investigated and
applied to the development of laser triggering lightning which is expected
to be as a new technique to protect power lines and numerous studies
have been reported on this subject. In these studies the efficient
production of laser induced plasma is one of the most significant subjects,
therefore it is necessary to understand in detail the laser induced
breakdown of molecular oxygen as one of the important constituent of
air.  Although initial research on laser-triggered lightning was started
with far infrared lasers, it was found that they are not suitable to initiate
lightning. Recent published literature and experimental work favor the
use of laser pulses of wavelength range covers near IR to ultraviolet

(UV) as an appropriate means for laser-induced lightning discharge



Therefore, in the present study we present an investigation for the
breakdown phenomenon of molecular oxygen using laser wavelengths
in the range of the electromagnetic spectrum ( near IR, and, visible). This
investigation is based on a numerical model calculation for the
breakdown threshold taken into account all the possible physical
processes which might take place during the laser-gas interaction.

The calculations are performed through the modification of
previously develop electron cascade model which is based on the
numerical solution of the time dependent Boltzmann equation solved for
the EEDF as well as a set of rate equations describing the rate of change
of excited state population. The model consider the electron energy gain
by inverse bremsstrahlung absorption and electron generation through
multiphoton ionization and collision ionization of the formed excited
states. Loss processes which either deplete the number of generated
electrons or their energies are also considered in this analysis. For a
realistic result of the computation considered the exact correlation
between the electron energy and cross section and rate coefficient for
each physical process encountered in this model . The equations are
solved numerically using a finite difference technique for the first and
second derivatives while the linear part of the equation is solved by step
to step integration.

In doing so two lengths of the time step are used in the
calculations. The shorter time step is used when the elastic and energy
gain term is considered while the longer one is applied for the
calculations of the inelastic collisional terms. In this calculations we
assumed that the interaction starts with one electron present at the focal
volume, this electron has a Gaussian distribution with its peak energy
located at 4 eV.



The computer program was run to investigate the experimental
result of oxygen irradiated with the first two harmonics of Nd: YAG
laser radiation at wavelengths 1 064 nm, 532 nm, with pulse duration
5.5 ns. The peak intensity associated with these experiments were in the
range 10" W/cm® to 10" Wi/cm® These are the experimental
conditions of Phuoc (2000). The output of the computer program revealed
relations between the threshold intensity as a function of gas pressure at
the two laser wavelengths. Good agreement was obtained between the
calculated thresholds and the experimentally measured ones at the two
laser wavelengths over the pressure range examined experimentally. It
has been noticed from these results that experimental and calculated
values of the threshold intensity at the shorter wavelength lie above
those obtained at the longer one. This agrees with the measurements
which validate the model for investigating the experimental study on laser
induced oxygen breakdown.

Therefore, it was necessary to study the physical processes
responsible for the breakdown of oxygen at each laser wavelength. In
doing so, the EEDF and its parameter are calculated at different values
of the gas pressure and compared for the two laser wavelengths. The
results of this study showed that at the low pressure regime ionization are
mainly proceeds via multi photon ionization processes. This process is
more effective at the shorter wavelength. At the higher pressures
,however, the distribution function calculated at the end of the laser
pulses clarified the important role played by the loss processes which
deplet the highly electron energies leaving most of them at the low energy
region. Moreover a study of the time evolution of the electron density
confirmed this result and showed that growth of the electron density at
the low pressures is an evidence for the effective contribution of the multi

photon ionization process. On the contrary the slow growth rate of the



electrons during the early stages of the laser pulse for the high pressure
region confirm the importance of the electron collision process in the
breakdown of gas. These results are confirmed from the study of time
evolution of the excited states, the excitation and ionization rates as well
as the electron mean energy at each value of the gas pressure for the two
laser wavelengths. Similar behavior is observed for these parameters at
the two laser wavelengths but with different values. On the other hand the
study of the time evolution of the EEDF at the different values of gas
pressure showed the exact time at which breakdown occurs and the

energy region over which the newly electrons are generated.

Moreover, the calculation of the time evolution of the electron
density in the absence of each of the ionizing processes (viz ,multi photon
ionization of the excited states, collisional ionization of ground and
excited molecules) showed that multiphoton ionization of the excited
states represents the main source for the newly born electrons which
contribute to the breakdown phenomenon for the two laser wavelengths.
This result confirmed the relation which represents the ionization rate
as a function of time as well as the time evolution of the electron mean
energy for the two laser wavelengths over the gas pressure range
examined experimentally. The contribution of collisional processes is
found to be more effective at the longer wavelength (1064 nm).

In order to test the source of this obtained high values of the calculated
threshold intensity at laser wavelength 532 nm calculations are carried
out neglecting the separate contribution of each of the loss processes
considered in the model namely vibrational losses ,attachments and
electron diffusion. These studied gave the exact contribution of each of
these processes to the breakdown of oxygen for the different pressure

values at the two laser wavelengths. These results showed that loss



processes are more effective at the shorter wavelength. This may explain
the high threshold values corresponding to this wavelength. This
analysis indicates the important role played by loss processes in the

breakdown phenomenon of this gas.



