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“standard” γ-ray spectroscopic 
measurements: 

u  γ-γ coincidences à level structure 

u  Angular Distributions/Correlations 

       à angular momentum transfer ΔL 

u  Linear Polarizations à parity 

u  Lifetimes à transition probabilities 

EΔL: Electric, π = (-1)ΔL;  E2 

MΔL: Magnetic, π = (-1)ΔL+1;  M1 

B(E2) à Q, β

 
     
 



animation courtesy of J. T. Matta 



E2 transitions 

EI = (ħ2/2J ) I(I+1); Eγ = [ ](4I – 2) 

 ΔEγ = Constant à “picket fence” 
animation courtesy of J. T. Matta 





Magnetic and Anti-Magnetic Rotation 

picture courtesy of S. Frauendorf  
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Tilted-axis 
Cranking 



Moments of Inertia, J(2), are substantial ~20 MeV-1 

B(M1) values are very large (several µN
2)  

  and decrease with spin. 
Very small B(E2)s for crossover transitions (β <0.1) 
J(2)/B(E2) very large  
  (>100 MeV-1(eb)-2, compared with ~10 for “normal”) 



S. Frauendorf, Z Phys. A 358, 163 (1997)   



Anti-Magnetic Rotation 

picture courtesy of S. Frauendorf  
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106Cd 

101Pd 
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102Pd 



Eγ = [ ](4I – 2) 
ħw α I 
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Tidal Waves in Nuclei:
 
The concept of nuclear tidal waves is 
based on the postulate that the yrast 
states (states of maximal angular 
momentum) in a phonon multiplet 
represent waves that travel over the 
nuclear surface akin to tidal waves 
over the ocean surface.  
 
This nomenclature accounts for the 
observation that the yrast states in 
vibrational nuclei have a rotational-
like structure for which a sound 
theoretical basis, especially at higher 
spins, has been lacking so far. 



E 

I 

qp. excitations 

Minimal angular momentum 

Maximal angular momentum 

animations courtesy of S. Frauendorf  



In rigid rotation, the energy and angular  
momentum increase with increase in 
frequency; the shape (moment of 
inertia) remains unchanged. 
 

 B(E2) ~ Constant 
 
 
In tidal wave, the energy and angular 
momentum increase with the amplitude 
of the wave (change in shape); the 
frequency remains constant. 
 

 B(E2) è J 
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ü Measured B(E2)’s of the yrast band in 102Pd vary 
  linearly with spin           
      conforms to expectation from a tidal wave picture 
         
       rotating condensate of 7 aligned d-bosons 
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ü  Alternative explanation in terms of GCM cannot 
   simultaneously describe both energies and 
   B(E2)’s. 

ü  A simple phenomenological phonon model, with     
    anharmonic terms reproduces the observed 
    data, providing an independent confirmation of  
    the multi-phonon picture associated with tidal    
    waves.. 



The word chiral comes from the Greek 
“chaire” (hand). 
So, “Chirality” stands for “handedness”                                                                       

What is Chirality? 



Chirality is quite common in nature:  
 
All terrestrial life uses only right-handed 
sugars and left-handed amino acids.  
 
More than 50 percent of the world's top 100 
drugs are chiral, including familiar brand 
names such as Lipitor, Paxil, Zoloft and 
Nexium.  
 
The classic, tragic example is the sedative 
thalidomide, made infamous during the 
1960s. Though thalidomide's right-handed 
enantiomer helped fight morning sickness in 
pregnant women, its left-handed version 
caused severe birth defects.  
 
In the case of the common pain-reliever 
ibuprofen, the molecule’s right-handed 
version is simply 100 times less powerful 
than its left-handed twin. 



Chirality in Nuclei 

γ-deformation,  γ ~ 30º  
     Js  ~  Jl  <  Ji   

Configurations 
 Particles: short-axis 
 Holes: long-axis 
 Core: intermediate-
axis 

l (jh) 

s (jp) 

i (R) 

J J' 

The left-handed configuration is converted into the 
right handed one by the time reversal operation 

picture courtesy of S. Zhu 
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Rotation Ry by π   

animations courtesy of S. Frauendorf  



 
 

A Triaxial Nucleus becomes 
Chiral 

 if it rotates about an axis that 
lies outside the three planes 

spanned by the principal axes 
of it's triaxial ellipsoidal shape. 

Two exactly identical bands with 
same Energy and Parity 
De-excitation of the partner 
bands in a very similar way via 
Electromagnetic radiation 
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3D TAC Results  
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The Question Kitten 




