
 

viii 

 

        TABLE OF CONTENTS 

                             List of Figures   .............................................................................. xi-xiii 

                             List of Tables   ..................................................................................... xiv 

                             List of Abbreviation  ....................................................................... xv-xvi 

                             List of Symbols   ......................................................................... xvii-xviii 

                             Preface   ..................................................................................... xxix-xxii 

 

CHAPTER  1    INTRODUCTION AND LITERATURE REVIEW ......................... 1-25 

                   1.1.      Introduction   ......................................................................................   1 

1.2.     Geometrical Structure of FELs and its components ..........................  7   8 

        1.2.1.    Electron Gun                                                  9 

        1.2.2.    RF Interaction region                       10 

      1.2.3.    Wiggler            11       

1.2.4.    Axial magnetic field       12 

1.2.5.    Depressed collector                             13 

1.2.6.    Output window                   13 

1.2.7.     Applications                                                                                13 

1.3.      Types of Free Electron Lasers .............................................................. 14 

         1.3.1.   Amplifiers                  14 

         1.3.2.   Oscillators                  15 

         1.3.3.   Self-amplified spontaneous emission (SASE) FELs  16 

         1.3.4.   Store ring FELs (SR-FELs)     17 

1.4.      Free Electron Laser Amplifiers- Literature Review and Challenges  ..... 17 

1.5.      Objective of the Research Work .........................................................   22 



 

ix 

 

        1.6.      Plan and Scope         23 

                   1.7.     Conclusion         26 

  

CHAPTER  2    ANALYSIS OF THE FREE ELECTRON LASER AMPLIFIERS 27-73 

                   2.1.   Introduction  ....................................................................................... 2  27 

  2.2.    Working principle of FEL amplifiers                                                        30 

     2.2.1.   Operating frequency                 30 

     2.2.2.   Mechanism of radiation, phase coherence and bunching              36 

     2.2.3.   Ponderomotive force and growth rate    37 

     2.2.4.   Madey’s Theorem for gain     56 

                 2.2.4.1.    Stimulated emission by Madey’s theorem  57 

      2.2.4.2.    Principles of energy conversion by Madey’s theorem 58 

 2.3.    Raman regime operation in FEL amplifiers                                              64 

     2.3.1.   Nonlinear state of Raman regime in FEL amplifiers  68 

     2.3.2.   Gain estimate of Raman regime in FEL amplifiers  71 

      2.4.    Conclusion                                   73 

 

CHAPTER 3   MAGNETIC FIELD TAPERING FOR THE GAIN AND EFFICIENCY  

  OF THE FEL AMPLIFIERS                                                             75-105 

3.1.    Introduction  .......................................................................................    75 

3.2. Raman Regime Operation        78 

3.2.1. Interaction region of FEL amplifiers                77 

3.2.2. Dispersion curve                  86 

3.2.3. Growth rate                   92 



 

x 

 

3.3.    FEL amplifiers gain and efficiency                                                           95 

          3.3.1.    Phase and momentum equation                                                   95 

          3.3.2.    Trapping of electron .........................................                          98 

          3.3.3.    Gain function and efficiency                                                      100 

3.4.    Results and discussion                                                                            103 

                   3.5.    Conclusion.......................................................................................... 104 

 

CHAPTER 4   DESIGN AND PIC SIMULATION OF THE FEL AMPLIFIERS 

                                                                                                               106-149 

                   4.1.   Introduction                                                                                             106 

4.2.   Device Design Methodology                                                                   111 

               4.2.1.    Drift tube, beam radius and wiggler modeling                           112 

4.2.2. RF Interaction modeling                                                             118 

 

               4.3.   Device Simulation                                                                                            122 

         4.3.1.      Eigen Mode Simulation                                                           123 

         4.3.2.      Parametric Analysis                                                                 128  

4.4. Result and discussion                                                                               130 

4.4.1. Magnetostatic Analysis                                                                130 

4.4.2.   PIC Simulation                                                                             142 

        4.5.    Conclusion                                                                                              149 

 

CHAPTER  5    SUMMARY, CONCLUSION, AND FUTURE SCOPE ............. 151-157 

               5.1.    Summary and Conclusion  ......................................................................... 151 

               5.2.    Limitations of the Present Work and Scope for Future Studies                 156 

 

References                         159-171 

Author’s Publications                       172-173 


