
Collective Motion
Nuclear Vibrations


Nuclear Rotations


Collective degrees of freedom differ from 
single-particle effects


Require proper description (new models)
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Experimental signatures
E(2+)


B(E2; 2+ —> 0+)
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Nuclear vibrations
Major mode for nuclear vibrations 
(quantised!) is the quadrupole vibration


Can be described as fluctuations on the 
nuclear density distribution around a 
spherical (or even deformed) equilibrium 
shape


One can start from the liquid-drop model 
and build a coherent description of nuclear 
vibrations
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Nuclear vibrations
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R is the radius in the direction (θ,φ) of the nuclear 
surface
λ describes the multipolarity of the shape
Dynamics:
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Vibrational modes
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Nuclear vibrations
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Multi-phonon quadrupoles states

T.J.Mertzimekis • http://mertzimekis.gr • @tmertzi7

7

λ-pole transition operator
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B(Eλ)
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Vibrational modes
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compare with HO

equidistant 
phonon energies
are observed

Best examples in
the Cd, Pd region
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examples of vibrational nuclei
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examples of vibrational nuclei

T.J.Mertzimekis • http://mertzimekis.gr • @tmertzi12

12



examples of vibrational nuclei
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αs = 18.56 keV 

Do deviations exist?
Is the vibrational model successful?
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Systematics
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Sum rules
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Sum rules
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for constant density, incl. isospin:

typically, a low-lying collective state is ~10%
of the T=0 sum rule
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Nuclear rotations
Nuclear rotations are 


The Bohr Hamiltonian is 
involved for rotational 
nuclei


Spherical nucleic can not 
exhibit rotational features


Axial shapes are ideal for 
such studies
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Nuclear rotations
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Nuclear rotations
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Nuclear rotations
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Collective potential surfaces
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Bohr Hamiltonian
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Bohr Hamiltonian
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Systematics
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Bohr Hamiltonian
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Rotational W-F
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K=0
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K≠0
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Realistic cases
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Realistic cases
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