
Collective Vibrations 

How does a nucleus respond to an external perturbation? 

i) Photo absorption cross section 

nucleus 

photon 

beam 

transmitted 
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The state is strongly  

excited when  



Giant Dipole Resonance (GDR) 



Remarks 

i) Photon interaction          dipole excitation  

(dipole approximation) 

ii) Isospin 

Isovector type  

proton neutron 

(note) 

Isoscalar dipole motion 
c.m. motion (to the first order) 

iii) Collective motion 

Motion of the whole nucleus rather than a single-particle motion 



Giant Dipole Resonances  

Goldhaber-Teller type 

proton neutron 

Inconsistent with expt.  

(except for light nuclei) 



Giant Dipole Resonances  

Goldhaber-Teller type 

proton neutron 

Steinwedel-Jensen type 

z 

x=2.08 
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Deformation effect 



ii) Inelastic scattering 

(e,e’),  (p,p’),  Heavy-ion          Higher multipolarities 

(note) Giant Resonance (GQR) 

Low-lying state 



Discovery of Giant Quadrupole Resonance (GQR) 



Sum Rule 

Strength function: 

Energy weighted sum rule: 

(note) 



Energy weighted sum rule: 

For                           (local operator) 



For  F=z 

[TRK (Thomas-Reiche-Kuhn) Sum Rule] 

Model independent 

For 



(note) 



Photo absorption cross section: 





Particle-Hole excitations 

Hartree-Fock state  1 particle-1 hole (1p1h) state 

 2 particle-2 hole (2p2h) state 



Tamm-Dancoff Approximation 

Assume: 

(superposition of 1p1h states) 

Tamm-Dancoff equation 



Tamm-Dancoff Approximation 

Assume: 

and 
(superposition of 1p1h states) 

(note) 

: arbitrary operator 



Tamm-Dancoff equation: 



TDA on a schematic model  

Separable interaction: 

Tamm-Dancoff equation: 

or 
(TDA dispersion relation) 



Graphical solutions 

(note) in the degenerate limit: 

coherent superpositon of 1p1h states 



Iso-scalar type modes:  (attractive) 

Iso-vector type modes:  (repulsive) 

Experimental systematics: 

IV GDR:                               (MeV)  

IS GQR:                               (MeV)  

(note) single particle potential: 

197Au 



(note) contact interaction 

Energy Functional: 

Mean-Field potential: 

or 

Residual interaction: 

(note) 



Another argument 

= 

Direct term Exchange term 

(no charge exchange) 



Continuum Excitations  

h 

p 

 h: all the occupied (bound) states 

 p: the bound excited states + continuum states 



Coordinate representation: 

(note) 


