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In atomic nuclei
（MeV)

R ~ 1.2 A1/3 (fm)

16.27 MeV for A=16

cf. Actually, there is an 1-

state at 16.2 MeV in 16O

.... but this is not the whole story: collective excitations



Collective Vibrations
How does a nucleus respond to an external perturbation?

i) Photo absorption cross section

nucleus

photon
beam

transmitted
photons

The state is strongly 
excited when 



Giant Dipole Resonance (GDR)



Remarks
i) Photon interaction          dipole excitation 

(dipole approximation)

ii) Isospin

Isovector type 
protonneutron

(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



M.N. Harakeh and A. van der Woude, 
“Giant Resonances”

Bohr-Mottelson
“Nuclear Structure vol. II”

65Cu

120Sn

208Pb



Bohr-Mottelson
“Nuclear Structure vol. II”

Isovector type 
protonneutron



protonneutron

deformed nucleus

?



protonneutron

deformed nucleusspherical nucleus
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(prolate deformation)



deformed nucleus

E

x,yz

z

(prolate deformation)

M.N. Harakeh and 
A. van der Woude, 
“Giant Resonances”



Deformation effect



Giant Dipole Resonances 

Goldhaber-Teller type

protonneutron

Inconsistent with expt. 
(except for light nuclei)



Giant Dipole Resonances 

Goldhaber-Teller type

protonneutron

Steinwedel-Jensen type

z

x=2.08



J.D. Myers et al., PRC15(’77)2032

(MeV)



ii) Inelastic scattering
(e,e’),  (p,p’),  (α,α’), Heavy-ion         Higher multipolarities

(note) Giant Resonance (GQR)

Low-lying state



ii) Inelastic scattering
(e,e’),  (p,p’),  (α,α’), Heavy-ion         Higher multipolarities

movies: H.-J. Wollersheim,
https://web-docs.gsi.de/~wolle/TELEKOLLEG/KERN/index-s.html



ii) Inelastic scattering
(e,e’),  (p,p’),  (α,α’), Heavy-ion         Higher multipolarities

movies: H.-J. Wollersheim,
https://web-docs.gsi.de/~wolle/TELEKOLLEG/KERN/index-s.html



ii) Inelastic scattering
(e,e’),  (p,p’),  (α,α’), Heavy-ion         Higher multipolarities

movies: H.-J. Wollersheim,
https://web-docs.gsi.de/~wolle/TELEKOLLEG/KERN/index-s.html



Discovery of Giant Quadrupole Resonance (GQR)

Now: Research Center for Electron Photon Science (ELPH)



EOS of infinite nuclear matter

slide: Carlos Bertulani



Isoscalar giant monopole resonances
(breathing mode)

J.P. Blaizot, 
Phys. Rep. 64 (‘80) 171

K ~ 231 +/- 5 MeV

D.H. Youngblood, H.L. Clark, and Y.-W. Lui, PRL82 (‘99) 691



Sum Rule

F (external field)
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Sum Rule
Strength function:

F (external field)

+

+

+…..E
E1 E2 E3 E4



Sum Rule
Strength function:

 non-energy weighted sum rule

 energy weighted sum rule



 non-energy weighted sum rule

cf. geometry of Borromean nuclei

n n

(11Li)
(6He) K.H. and H. Sagawa, 

PRC76(’07)047302



 energy weighted sum rule



Energy weighted sum rule:

For                           (local operator)



For  F=z

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

Model independent
For



Photo absorption cross section:



Giant Dipole Resonance (GDR)





Nice features of sum rule

Sum rule: 
(Some) information on excited states  

← only with the ground state
(no need to know the excited states)

 a missing strength in the region outside the measurement?
extraction of radii etc. by measuring a strength distribution 
a check of numerical calculations 
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