
The evolution of shapes and collectivity with increasing angular 
momentum. 

Mark A. Riley - Florida State University (+ LOTS OF FRIENDS!) 



Video of Jerzy Dudek from 1989…. Classic stuff! 



Increasing Angular Momentum and Excitation Energy:    

Excellent way to investigate nuclear structure. Remember these 
studies are ultra-sensitive to what the intruder shells are doing!  

NUCLEI AT THE EXTREMES:  
Pushing to the limits in N and Z is always good but looking at excited 
states in nuclei is important too, e.g. it allows us to EXTRAPOLATE 

how things will change further out.  



It	is	fun	to	look	at	rota.ng	objects!	
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Dark Matter in a Spiral Galaxy		
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Evolution of Gamma-Ray Spectroscopy  
 New Detector Systems         New Physics 







Orbital Dynamics of Triaxial Nuclei 

Triaxial Black-Hole Galactic Nuclei: M. Y. Poon & D. Merritt 
Department of Physics and Astronomy, Rutgers University, New 

Brunswick, NJ 08855 
Astrophysical Journal, Vol. 549, Number 1, Part 1, Page 192 

“We construct models of triaxial galactic nuclei 
containing central black holes using the method of 

orbital superposition, …. We consider three triaxial 
shapes : almost prolate, almost oblate and 

maximally triaxial. …… low angular momentum 
orbits. …..” 



Outline of Talk 

• Search for Wobbling modes in A~170 Re and W nuclei. 
• Expts using Gammasphere at ANL. 

• Detailed Spectroscopic Study 168,169,170,171W. 
• Backbending in nuclei. A shameful advertisement. Many people 
in the room have participated in this great adventure! 
• Good for students to know some history. J 

• Systematic Examination of Band Crossing Frequencies in the 
A≈170 Region. Continuing on from where Jerry Garrett left off. 

• The effect of seniority on pairing correlations from band 
crossing frequencies and comparisons to moment-of-inertia 
results from high-seniority high-K isomer studies.  
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http://www.physics.fsu.edu/TheBackBender 





Bob Schrieffer and 
yours truly plus “The 
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Backbending on the cover! 



New book out Feb 2017! 

http://www.wiley.com/WileyCDA/WileyTitle/
productCd-3527413502.html 
 

Table of Contents 
 
Building Blocks and Interactions 
Isospin 
Two-Body Dynamics and the Deuteron 
Two-Body Scattering 
Liquid Drop Model 
Vibrations of a Spherical Nucleus 
Fermi-Gas Model 
Semiclassical Description 
Spherical Mean Field 
Independent Particle Shell Model 
Light Nuclei 
Many-Body Operator Formalism 
Nuclear Deformation 
Deformed Mean Field 
Pairing Correlations 
Gamma-Radiation 
Nuclear Gamma-Transitions 
Related Electromagnetic Processes 
Quantum Rotation 
Nucleus as a Rotor 
Cranking Model 
Self-Consistent Field 
Shell Model 
Collective Modes 
Statistical Properties 
Weak Interactions 
Nuclear Fission 
Bosons, Symmetries and Group Models 
Heavy Ion Reactions 
Nucleus as Chaotic System 



GSFMA247 (Experiment 1) 

l  55Mn + 118Sn at 260 MeV 
l ATLAS accelerator at 

Argonne National Lab 
l 2.3x109 four-fold or 

higher events, detected 
using Gammasphere 

l Search for wobbling 
modes in 169Re 

l TSD candidates in 
168,169W? 



GSFMA281 (Expt 2) 
l 

55Mn + 120Sn at 257 
MeV 

l  ATLAS accelerator at 
Argonne Nat. Lab 

l  2.0x109 three-fold or 
greater events using 
Gammasphere 

l  Search for wobbling 
modes in 171Re 

l  TSD candidates in 
170,171W? 



No evidence for TSD or Wobbling 
bands? L 

But what to do with all these bands? 

Scott Miller 





What to do with all these bands? 

Have some fun looking at their 
backbending properties, e.g.  

alignments and figure out their 
configurations etc etc ! J 

Scott Miller 
FSU Grad Student 
Did all the work! 



AB 

168W 
prolate collective 



Cranked Shell Model Quasi-particle diagram or Spagetti plot! 

See  
 
Bengtsson,  
Frauendorf, 
May, 
At. Data and 
Nuc. Data 
Tables 
Vol 35, 15-122, 
1986   
 
And references 
therein 





Classic Paper! 



Garrett et al Phys. Rev. Lett 47:75 (1981) 
 

even Z - even N 

even Z - odd N 



Jerry and IY in 1987! 



AB 
BC 

168W 
prolate collective 



AB and BC are out of phase! 



AB & BC Band Crossing Frequencies 

Trend observed by Garret et. al. for the AB crossing: Phys. Rev. Lett 47:75 (1981) 
Trend observed by Miller et. al. for the BC crossing: to be published 





Nilsson Diagram for Neutrons showing 
N=98 deformed gap:Thanks Filip J 
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168W 

50 keV drop in crossing 
frequency ~ 25% drop in pairing 



Seniority labels for band crossings 

l 0 >2 quasiparticles = S02 

l 1>3 quasiparticles = S13 

l 2>4 quasiparticles = S24 

l Higher Seniority => Higher reduction in pairing 
due to Pauli Blocking 

l Lower pairing => Lower crossing frequency 

Rotational Frequency 

odd: 1,3,5,... 



S02 



S02 
S13 



S02 
S13 
S24 
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Reduction of Pairing with Seniority 
from high-K isomer band studies 

Dracoulis, Kondev and Walker Phys. Lett. B 419 (1998) 







Backbending Today and Summary 
•  What was once a surprise and a mystery is now a beautiful 

diagnostic instrument!  
•  Very sensitive to changes in pairing, deformation and what 

the intruder orbitals are doing. 
•  Systematic analysis of crossing frequencies near A ~ 170. 

We have extended the classic work of Garrett et al to 
higher seniority BC crossing frequencies. 

•  We have super systematics on the p-rich side and a good 
understanding ….. Or so we think. 

•  Is the n-rich side the same where pairing may be very 
different? 

•  To be continued! J 
  



Collaborators: 

Plus one more item ….. 



Mega-Congrats to John and I-Yang:  
2016 Rutherford and Bonner Prize 

Winners! 



THANK YOU! 


