
BETA BEAMS - Neutrino Beams
With a Foreword by Piero Zucchelli and a Contribution on Low Energy Beta Beams - by Cristina Volpe
© Imperial College Press
http://www.worldscibooks.com/physics/p635.html

June 17, 2009 11:27 World Scientific Book - 9in x 6in NeutrinoBeams

Contents

Acknowledgments vii

Foreword xiii

1. Introduction 1

1.1 Neutrino Oscillations . . . . . . . . . . . . . . . . . . . . . 1
1.1.1 Experiments . . . . . . . . . . . . . . . . . . . . . 1
1.1.2 Phenomenology . . . . . . . . . . . . . . . . . . . 2

1.2 Three-family Oscillations and CP or T Violation . . . . . 4
1.2.1 How to measure leptonic CP violation . . . . . . . 5
1.2.2 The problem of degenerate solutions . . . . . . . . 9

1.3 Experimental Setups . . . . . . . . . . . . . . . . . . . . . 9
1.3.1 Conventional neutrino beams . . . . . . . . . . . . 9
1.3.2 First generation long-baseline experiments . . . . 10
1.3.3 Second generation long-baseline experiments . . . 13
1.3.4 Next generation conventional neutrino beams . . 16

1.4 Why Look For New Concepts in Neutrino Beams? . . . . 21
1.5 New Concepts on Neutrino Beams . . . . . . . . . . . . . 23

1.5.1 Neutrino factories . . . . . . . . . . . . . . . . . . 24

2. Machine Aspects 27

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.2 A Possible Beta-Beam Facility . . . . . . . . . . . . . . . 28
2.3 The Beta Beam Isotopes . . . . . . . . . . . . . . . . . . . 29

2.3.1 Which isotope to use . . . . . . . . . . . . . . . . 29
2.3.2 Isotope production . . . . . . . . . . . . . . . . . 30

ix



BETA BEAMS - Neutrino Beams
With a Foreword by Piero Zucchelli and a Contribution on Low Energy Beta Beams - by Cristina Volpe
© Imperial College Press
http://www.worldscibooks.com/physics/p635.html

June 17, 2009 11:27 World Scientific Book - 9in x 6in NeutrinoBeams

x Accelerated Generated Neutrino Beams: Beta Beams

2.3.3 The ISOL method . . . . . . . . . . . . . . . . . . 33
2.3.4 Direct production . . . . . . . . . . . . . . . . . . 34
2.3.5 Production ring . . . . . . . . . . . . . . . . . . . 35
2.3.6 Production rates . . . . . . . . . . . . . . . . . . . 37

2.4 Ion Transfer, Ionization and Bunching . . . . . . . . . . . 39
2.5 Acceleration . . . . . . . . . . . . . . . . . . . . . . . . . . 41

2.5.1 Linear accelerators . . . . . . . . . . . . . . . . . 42
2.5.2 Some basics about synchrotrons . . . . . . . . . . 43

2.6 Stacking and Storage . . . . . . . . . . . . . . . . . . . . . 49
2.6.1 Why do we need stacking? . . . . . . . . . . . . . 49
2.6.2 Beam-cooling . . . . . . . . . . . . . . . . . . . . 50
2.6.3 Stacking . . . . . . . . . . . . . . . . . . . . . . . 52
2.6.4 Annual rate of neutrinos . . . . . . . . . . . . . . 55
2.6.5 Other limitations . . . . . . . . . . . . . . . . . . 57

2.7 Possible Future Development . . . . . . . . . . . . . . . . 58
2.7.1 Accumulation at low energy . . . . . . . . . . . . 58
2.7.2 Two isotopes in the ring at the same time . . . . 60
2.7.3 Higher gamma . . . . . . . . . . . . . . . . . . . . 61
2.7.4 Barrier buckets in the decay ring . . . . . . . . . . 62
2.7.5 Acceleration of partly stripped ions . . . . . . . . 64
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