
 
 

NUCLEAR STRUCTURE STUDIES 

IN THE 

VICINITY OF N=82 SHELL CLOSURE 

 

 

 

 

 
THESIS SUBMITTED FOR THE DEGREE OF  

DOCTOR OF PHILOSOPHY (SCIENCE) 

AT UNIVERSITY OF CALCUTTA 

 

 

 

 

 

BY 

RAJARSHI RAUT 

2009 

 



Contents 
 
Preface.          i 
 
Abstract.          v  
 
Acknowledgements.         vii 
 
Chapter 1.  Introduction.        1  
 
1.1. Single Particle Excitations in Nuclei: the Shell Model.   2  
 
1.2. Collective Model of the Nucleus.      9  
  
 1.2.1. Nuclear Deformations and Shapes.     9  
 1.2.2.  Collective Degrees of Freedom in Deformed Nuclei.  12 
 
1.3. The Nilsson Model.        16 
 
1.4. Nuclear De-excitations and Spectroscopy.     18 
 
1.5 Theory of Gamma Decay.       19  
 
1.6. Evolution and Interplay of Particles and Collective Degrees 
 of  Freedom.         25 
 
 References.         25 
 
 
Chapter 2.   Development of Indian National Gamma  Array (INGA)  

 at Variable Energy Cyclotron Center (VECC).   27 
 
2.1. Detectors.         29 
  
 2.1.1. Interaction of Gamma Radiation with Matter.   30 
 2.1.2.  Solid State Detectors in Gamma Spectroscopy.   34 
 2.1.3. Spectrum, Background and Compton Suppression.   39 
 2.1.4. The Clover Detector.       41 
 2.1.5. Characterization of a Clover Detector.    47 
 2.1.6. Detector Arrays in Contemporary Gamma Spectroscopy.   49 
 2.1.7.  Detector Geometry of INGA at VECC.    52 
 
2.2. Elements of INGA Beamline at VECC.      55  
 



2.3. Pulse Processing Electronics at INGA, VECC.    56 
 
2.4. CAMAC based Data Acquisition System at   

INGA, VECC: Multi-crating and Crate Synchronization.   64 
 
2.5. Data Reduction and Analysis.       67 
 
 2.5.1. List Mode Data Formats.      68  
 2.5.2. Calibration and Gain Matching.     69  
 2.5.3. Addback.        72 

2.5.4.  Construction of  Two Dimensional   
Histogram (Matrix).       72  

 2.5.5. Construction of  Three Dimensional  
Histogram (Cube).       77  

 2.5.6. Assignments of Spins of the Excited States.    78  
 2.5.7. Assignments of Parity of the Excited States.    79  
 2.5.8. Incorporation of the Efficiency Correction  

in Data Analysis.       83 
 
 References.         85  
 
 
Chapter 3.  Spectroscopy of 143,144Sm.      87 
 
3.1. Structural Characteristics in the Vicinity of N=82 Shell Closure.  91 
 
3.2. Earlier Experiments on 143Sm.      103 
 
3.3. Experimental Details and Data Analysis.     105 
 

3.3.1. Choice of Target-Projectile Combination: Statistical  
Model Calculations.       105 

3.3.2. Barrier and Kinematic Calculations.     107 
3.3.3. Estimation of Target and Backing Thickness.   109 
3.3.4. Data Analysis.        111 

 
3.4. Results on 143Sm.        113 
 
 3.4.1. Level Scheme of 143Sm.      113 
 3.4.2. Theoretical Interpretation of the Level Scheme of 143Sm.  129 
 
3.5. Lifetime Measurement of Dipole Band in 143Sm.    133 



 
 3.5.1. INGA at IUAC.       134 
 3.5.2. Details of the Experiment and Data Analysis.   137 
 3.5.3. The Doppler Shift attenuation Method (DSAM).   140 
 3.5.4. Results of DSAM Analysis in 143Sm.     145 
 
3.6. Results on 144Sm.        151 
 
 3.6.1. Level Scheme of 144Sm.      151 
 
3.7. Summary.         161 
 
 References.         162 
 
 
Chapter 4.  Spectroscopy of 155Tm.       166 
 
4.1. Structural Characteristics of Rare Earth Transitional Region.  166  
 
4.2. Earlier Works on 155Tm.       174 
 
4.3. Experimental Details.        175 
 
 4.3.1. Gamma Detector Array (GDA) at IUAC, New Delhi.  177 
 
4.4. Data Analysis.         179 
 
4.5. Results.         180 
 
4.6. Discussions.         190 
 
4.7. Particle Rotor Model Calculations in 155,157,159Tm.    192 
 
 4.7.1. The Particle Rotor Model (PRM).     192  
 4.7.2. Choice of Parameters for PRM Calculations.    194 
 4.7.3. Results of PRM Calculations.      197 
 
4.8.  Summary.         205 
 
 References.         206 
 
 
Chapter 5.  Conclusions.        209 
 
 References.         214 



 
Appendix A          216 
 
 References.         226 
 
Appendix B          227 
 
 References.         228 
 
 
 
 
 
 
 
 
 
 


