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Abstract

An J=1→J=1 atomic system in Samarium with incident laser resonant radiation has

been investigated. A linearly polarized laser at 686nm excites atoms from the level

4f 66s2 7F1 to a excited level 4f 66s6p 9F1 via the process of optical pumping. When

an external magnetic field is applied to the atom-laser interaction and the decay flu-

orescence collected, a level-crossing profile appears. Theoretical predictions of the

level-crossing profile can be made using spherically irreducible tensors to describe the

density matrix which take advantage of the symmetry of the atomic system. By com-

paring theory with experimental data, a discussion is made of the various parameters

and external factors that can affect this system, which show that Doppler broadening

is the major influence. An additional investigation is made into the evolution of the

J=1→J=1 atomic system with increasing laser exposure. Comparisons of the exper-

imental data with theoretical predictions are made by analyzing the FWHM of the

overall level-crossing profile, the FWHM of the dip about B = 0 and the relative depth

of the dip. By charting the progress of these parameters with increasing laser exposure,

it can be seen that the theory and experimental data agree qualitatively.

vii



viii



Declaration

This work contains no material which has been accepted for the award of any other

degree or diploma in any University or other tertiary institution and, to the best of my

knowledge and belief, contains no material previously published or written by another

person, except where due reference has been made in the text.

I give consent to this copy of my thesis, when deposited in the University Library,

being available for loan and photocopying.

SIGNED: ..................................................

DATE: .....................

Supervisor: Assoc. Prof. M. Hamilton

ix



x



Acknowledgements

First and foremost, I would like to thank my supervisor, Assoc. Prof. Murray Hamilton

for his advice and patience throughout the period of this work.

I thank all the past and present members of the Optics Group at the University

of Adelaide for all their advice, support and encouragement. I especially thank Prof.

Jesper Munch, Assoc. Prof. Peter Veitch, Matthew Heintze, Peter Foster, Alex Hem-

ming, Miftar Ganija and Kerry Corbett. The experimental work in this thesis would

not have possible without the excellent technical support of Blair Middlemiss, Trevor

Waterhouse, Bob Nation and Neville Wild. Other people who made significant sugges-

tions and contributions include Don McCoy, Ramona Adorjan and Setayesh Behin-ain.

I thank my Dad, Mum, Shu-Lin and Patti for all their love and moral support.

Last and not least, thanks to Neo Aplin for being a great listener and saying what

I needed to hear at the right times. This work would never have finished without his

support, love and patience.

xi



xii



List of Figures

1.1 Ideal three-state Λ and V systems. . . . . . . . . . . . . . . . . . . . . 2

1.2 J=1→J=1 system configuration . . . . . . . . . . . . . . . . . . . . . . 3

1.3 V-system configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.4 Λ-system configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.5 Level-crossing profiles of Hanle curves . . . . . . . . . . . . . . . . . . . 6

1.6 Experimental geometry for the observation of the Hanle Effect . . . . . 7

1.7 Coherent population trapping level-crossing profile . . . . . . . . . . . . 8

2.1 Hanle Effect experimental arrangement . . . . . . . . . . . . . . . . . . 13

2.2 Spherical polar coordinates diagram . . . . . . . . . . . . . . . . . . . . 26

2.3 Lens geometry diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.1 Theoretical J=1→J=1 system profile . . . . . . . . . . . . . . . . . . . 33

3.2 Plots with varying Ω . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.3 Plots with varying Γlu . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3.4 Plots with varying Γu(α) . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.5 Plots with varying Γl(α) . . . . . . . . . . . . . . . . . . . . . . . . . . 42

3.6 Plots with varying ∆νD . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.7 Plots with varying Ω . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.1 Photograph of experimental apparatus . . . . . . . . . . . . . . . . . . 50

4.2 Schematic of the experimental apparatus. . . . . . . . . . . . . . . . . . 51

4.3 Laser beam power profile . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.4 Littman-Metcalf external cavity . . . . . . . . . . . . . . . . . . . . . . 54

4.5 Photograph of the EOSI laser. . . . . . . . . . . . . . . . . . . . . . . . 55

4.6 Three dimensional laser beam profile . . . . . . . . . . . . . . . . . . . 56

4.7 Two dimensional laser beam profile . . . . . . . . . . . . . . . . . . . . 57

xiii



xiv LIST OF FIGURES

4.8 Samarium oven design . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.9 Samarium vapour pressure . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.10 “Main coils” circuit diagram . . . . . . . . . . . . . . . . . . . . . . . . 62

4.11 Magnetic field calibration . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.12 Optogalvanic detection apparatus setup. . . . . . . . . . . . . . . . . . 64

4.13 Optical collector design . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.14 Photo-multiplier detection setup . . . . . . . . . . . . . . . . . . . . . . 68

4.15 Partial energy scheme of neutral samarium . . . . . . . . . . . . . . . 70

4.16 Six-state system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

4.17 Isotope scan at 672.6 nm . . . . . . . . . . . . . . . . . . . . . . . . . . 74

4.18 Isotope scan at 672.4 nm . . . . . . . . . . . . . . . . . . . . . . . . . . 75

4.19 Isotope scan at 686.3 nm . . . . . . . . . . . . . . . . . . . . . . . . . . 76

5.1 Fitted experimental data WI=3 mm . . . . . . . . . . . . . . . . . . . 81

5.2 Fitted experimental data WI=15 mm . . . . . . . . . . . . . . . . . . . 82

5.3 Theoretical surface plots and a contour plot . . . . . . . . . . . . . . . 85

5.4 J=1→J=1 level-crossing profile showing parameters . . . . . . . . . . . 86

5.5 Theoretical level-crossing profile with an extended magnetic field . . . . 88

5.6 Plots of theoretical depth ratios . . . . . . . . . . . . . . . . . . . . . . 89

5.7 Plots of mean experimental depth ratios . . . . . . . . . . . . . . . . . 91

5.8 Plots of theoretical FWHMO . . . . . . . . . . . . . . . . . . . . . . . . 93

5.9 Plots of mean experimental FWHMO . . . . . . . . . . . . . . . . . . . 94

5.10 Plots of fitting Lorentzian to theoretical prediction of J=1→J=1 system 97

5.11 Plots of theoretical FWHMdip . . . . . . . . . . . . . . . . . . . . . . . 98

5.12 Fitting Lorentzian to inner dip of experimental data . . . . . . . . . . . 99

5.13 Plots of mean experimental FWHMdip . . . . . . . . . . . . . . . . . . 100

B.1 Theoretical J=1→J=1 system steady state profile . . . . . . . . . . . . 114

C.1 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 116

C.2 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 117

C.3 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 118

C.4 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 119

C.5 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 120

C.6 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 121



LIST OF FIGURES xv

C.7 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 122

C.8 Fitted experimental data . . . . . . . . . . . . . . . . . . . . . . . . . . 123



xvi LIST OF FIGURES



List of Symbols

Throughout this thesis, several symbols will be used repeatedly to represent specific

quantities or parameters, the following is a list of these symbols and short descriptions

for the reader’s convenience. Wherever possible standard symbols and notation have

been used which appear in major references.

J Angular momentum quantum number . . . . . . . . . . . . . . . . . . . . p. 1

m Magnetic quantum number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . p. 2

∆B Width of the Hanle curve at half maximum . . . . . . . . . . . . . . .p. 5

~ Planck’s constant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . p. 5

τ Lifetime of the excited state . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . p. 5

µB Bohr Magneton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . p. 5
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