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ABSTRACT

A simple, pulsed, relativistic electron-beam gun has

been bUllt to measure electron attachment rates. The high

voltage pulse (-lOOKV) is provided by a spiral generator

initially charged to -lOKV. The electron-beam is formed by

a lead (Pb) cathode vacuum-diode. The resulting electron-

beam pulse has an energy of -gOKeV per electron, a peak

current density at the anode center of -175 A/cm
2

, and a

duration of -12 ns (FWHM).

The electron-beam is injected through a 26-~m thick

aluminum foil into a gas mixture located in an electric

field. By placing suitable screens in front of the bearn,

the injected electron-beam currint-density is reduced to

-1-2 A/cm2 . This results in an electron density in the

plasma (produced by the primary electrons injected in an

atmospheric-pressure gas mixture) which is typically

-10l3 cm-3. The electric field applied across the plasma is

maintained constant ~within -0.2%) by means of a storage

capacitor (-l~F). Rate coefficients of electron-capture

reactions are determined by observing the temporal evolution

of the induced discharge current pulse.
I
~

The system was used to measu~ electron dissociative-

--------------------- -attachment rate coefficient for HCl as a function oI-~ _
teduced field E/N, in both Ar-HCl and Ar-N 2-HCl mixtures.

10 - 11 cm3s-1 l'n Ar-HClThese coefficients are 6.45±0.95 x



(99: 1) and 2. 59±. 25 x lO-lO'cm3
g-

l in Ar-N 2-HCl (35: 64: 1) ~

for E/N . lO-20V· m2. From these measurements, and from the

use of a numerical solution of the Boltzmann equation for

electrons, we have calibrated the relative electron

dissociative-attachment cross-section measured by Abouaf

'and Teillet-Billy. The peak values that give the best fit

to our data are ~9.4 x lO-l9 cm2 for Ar-HCl and 18.0 x 10-~9cm2
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GLOSSARY

CONSTANTS SYHBOLS

electron-volt eV

Bohr radius a
o

Boltzmann's constant k B

electron charge e

0.529177 x 10-10m

coulomb

x 10- 23

x 10- 19

x 10- 19

1.3807

J

-7 -2
41TxlO (A's) .kg.m

-12 2 2 38.8542xlO (A's) /kq'm

8 -1
2.997925x 10 m· s

1.60219

1. 60219

~o ==

<: ==
0

C ==

Vacuum permeability

Vacuum permittivity

Velocity of light in vacuum

UNITS

Ampere

Farad

Henry

Joule

Kelvin

Meter

ohm

Pascal

Second

Volt

MULTIPLICATION FACTOR

Giga 109

1'1ega - 10
6

Kilo - i03
Milli - 10- 3
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SYMBOLS

A

F

H

J

OK

m

Q

Pa

s

V

SYMBOL
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M

K

In

,



MULTIPLICATION FACTOR (continued)

-6Micro - 10

-9Nano - 10

-12
pico 10

TERM

Capacitor

Electron-Beam

Full Width at Half Maximum

Inductor

Resistor

Silicon Controlled Rectifier

vii

SYHBOLS

n

P

ABBREVIATION

C

c - Beam

FWHM

L

R
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CHAPTER 1

INTRODUCTION

In recent years, high-current, pulsed, relativistic

electron-beams have become commonly employed in many areas

of applied physics; these include, radiation damage studies,

laser excitation, and fusion initiation studies.

The present work was oriented toward the construction,

characterization, and application of a small, pulsed,

relativistic electron-beam gun su~table for Investigating

the reaction kinetics of ionized gases.

Briefly, the electron-beam is created by a cold-cathode

vacuum-diode. It is then injected through a metal foil into

a gas mixture, located petween a pair of electrodes connected

to a capacitor bank, which applies an electric field in the

gas. The fast electrons ionize the gas, forming a glow

discharge. Information about the reaction kinetics under

investigation is obtained by observing the temporal evolution

of the discharge current pulse.

The present set up has been applied to the measure~e~t

of the rate-coefficient of the reaction dissociative attachment
, .

of electron to HC!.
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1.1 Outline of the contents of the thesis

A large portion of the research effort has been spent

in the construction and characterizat~on of the experimental

setup descr~bed in Chapter 2. The first part of that chapter

is devoted to the electron-beam formlng system. There, the

principle of operation is given, the characteristics of the

electron-beam current pulse are reported, and comments are

made concerning the technical problems encountered with the

system. The second part of the chapter describes in detail

the characteristics of both the discharge chamber and the

discharge circuit.

Chapter 3 deals with modeling the discharge current

pulse. There, the electron-beam secondary-electron production

rate is calculated. In ad~tion, a program written to

calculate the secondary-electron steady-state energy-

distribution is described, and the limits of applicability

are discussed. A simple model is presented for predicting

the te~poral evolution of the discharge current pulse for the

case of an attachment-dominated plasma. Finally, suggestions

are made concerning proposed modifications to the present

system which should provide substantial improvements in,

and increased application of the electron-beam gun system.

In the fourth chapter a review is presented of the work

done on dissociative-attachment of electrons to Hel. The

compromises made between different experimental parameters


























































































































































































































































































































