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Giant resonances : their classifications and physical issues addressed through their
investigations

Compression modes – Monopole and Dipole

E1 response : why do we study it ?  
what do we need to know?

E1 response in the low energy region : 
Pygmy Dipole Resonance (in neutron rich nuclei )

stable nuclei  and radioactive beams



Giant resonances: Fundamental modes of nuclear excitation



compression modes in nuclei



features
Angular distribution of 
the population cross sections



• Ordered moFon : dipole oscillaFon

• Coupling to complex states : 
Stringent test to theory

• Regime at which the 
nucleus is characterized by chaos : 
Compound nuclear system

Compund
nuclear states
n-resonances

Exp. on gamma decay from GDR :  
why?

Damping
mechanisms



compression modes in nuclei

Breathing mode

Squizing mode



Microscopic picture: GRs are coherent (1p-1h) excita?ons induced by single-par?cle operators. 



compression modes in nuclei





Difference Technique to isolate the GMR 



This number is
consistent
with both
ISGMR and 
ISGDR Data



compression modes in nuclei

And in 
nuclei 
far from
Stability?



GMR studies with radioac;ve beams



Two approaches

Ac#ve target

Storage  ring

Measure angles and
few hundreds keV

alpha



results

Experiments
at GANIL

Phys. Rev. Lett. 100, 042501
(2008).



The isoscalar giant monopole resonance (ISGMR) 
centroid was determined to be

21.1 p/m 1.9 MeV
and indica?ons for a soS monopole mode are 
provided for the first ?me at 12.9 p/m  1.0 MeV.

PRL 113, 032504 (2014)

Results for  GMR in 68Ni



Measurements with the storage ring
The feasibility study using
the 58Ni  stable nucleus beam



The collec8ve response of nuclei

Electric 
Giant 
Resonances

Effective 
mass

Compressibility

Polarizability



The collective dipole response of nuclei: the details

Dipole 
strength  at low
energy below
the 

par@cle binding 
energy  (pygmy)

The E1 around 
binding affects r-
process

In neutron rich 
(with a neutron 
skin)  the pygmy 
is seen of a 
properFes  of the 
nucleus skin 8-9 MeV 15-16 MeV 

THE NUCLEAR 
EQUATION OF STATE 

THE R-PROCESS 
ABUNDANCE 

PDR (Pygmy ) 
:
Much work is 
being made 
(exp –and 
theory)  to 
understand   
its  structure



A funcFon of nuclear
density and asymmetry

P = pressure

Expansion in series- L is the first deriva?ve of 
an energy and this is a pressure…



Experiments: obsevables related to 
the electric dipole response
• The position and intensity of the  low
energy part (Pygmy)

• Polarizability (the pygmy
part plays a role!)

Theore6cal predic6ons

Correla6ons between
different quan66es

L -à related to Pygmy and polarizability

L à related to the neutron skin
(difference of  the maQer and electromagneFc
radii)

L and J are related



Inelas?c sca]ering of polarized protons at 295 MeV



Real photons

Virtual photons



Pygmy – via Coulomb excitation
on exotic nuclei -130-132Sn and 68Ni

0.17 fm 

From the deduced L the corresponding
neutron skin is
0. 200 p/m  0. 015 fm  for 68Ni 
0. 258 p/m   0. 024 fm 132Sn 
0. 194 p/m   0. 024 for 208 Pb

Strength in the pygmy region Polarizability

Polarizabolity – via Coulomb Exc.
on exo6c 68Ni

GSI- LAND

GSI-RISING

GSI- LAND

0. 176 fm  for 68Ni 





We need to understand the structure of the low lying E1 strength !
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Typical transi?on density  of protons 
and neutrons for 1- states  at excita?on energy 
in the region of the tail of the GDR 

There are regions in which only neutrons 
contribute

Typical transi?on density  of protons 
and neutrons for 1- states  at excita?on energy 
in the region of the GDR  centroid

Neutron and proton contribu?ons extend in 
the same spa?al regions and 
proton and neutron oscilla?ons are out of phase!



Transition 
densities  of protons 
and neutrons for 1- states
in the PDR  region : 
similar features for 
different 

Isoscalar and isovector
components of the 
transition densities

The structure of the low lying 1- states :   Isovector and Isoscalar components 

E. Lanza et al. PRC(2015)054607



(γ,γ’)  real photons 
on stable nuclei 
Probing the entire nuclear volume

(p,p’)  virtual photons  at Ebeam> 200 MeV 
on stable nuclei 
Probing the entire nuclear volume
Work at Osaka RCNP

Coulomb excita?on with radioac?ve beams virtual photons 
Exo?c nuclei 
E1 excita?on at high energy  (GSI, MSU) with par?cle and 
gamma decay from the projec?le

(α,α’γ)  or (17O,17O’γ) 
on stable nuclei 
Probing the nuclear surface mainly

KVI and LNL  



IS nature of the PDR due to outermost
nucleons (neutrons in a
neutron-rich nucleus). 
The rnp is correlated with J and L.

Interes?ng to study the proper?es of the 
neutron skin

In 208Pb 
4.3-5.5 % IS EWSR strength 
at 9 MeV 
Theory from Rocha-Maza, Colo’  

First work on (α,α’γ) –
PLB278, 423 (1992).





The AGATA experiments
Ø Large cross-sec?on for the popula?on of 

the giant resonance region
Ø 17O is loosely bound (Sn = 4.1 MeV)
Ø Clean removal of projec?le excita?on

17O @ 20 MeV/u on different targets  
+ g-rays in coincidence

Silicon Detectors, D. Mengoni NIMA 764(2014)241



Doppler correc;on…..AGATA performances

qb

qB

b

B
Beam
direc)on

a A Target-like recoils (v/c ~0.5%)
– ~25 keV @ 5 MeV

Projec?le-like (16O, v/c ~20%)
– > 500 keV @ 5 MeV



Angular Distribution 
of g’s 

position sensitivity 
of  AGATA 
and  E-DE  Si 
telescopes (pixel type)

Angular distribution of g-rays ---Some data on 208Pb



• The B(E2) and B(E3) 
known from other works*

• CalculaFons assumed
pure isoscalar excitaFon
namely the p and n
matrix element are 
related by
Mn / Mp = N/Z  

• (e,e’) and (g,g’) experiments,
see e.g.: http://www.nndc.bnl.gov/ensdf/

**for the case of 208Pb:
D.J. Horen et al. PRC44(1991)128 Agreement	with	measurements

at similar beam energy**

2+ states
3- states

A. Bracco , F.C.L. Crespi and E.G. Lanza, EPJA51(2015)99

http://www.nndc.bnl.gov/ensdf/
http://www.nndc.bnl.gov/ensdf/


(**) J. Endres et al., PRL105, 212503 (2010)
L. Pellegri, et al., PLB738 (2014)519



1- states in 208Pb 

The  calculation accounts
only for a fraction of the 
measured yield

Why?
Calculations obtained
using a standard form factor  are found to 
be very similar to the Coulomb excitation 
alone

Energy [keV]

B(E1)↑ values 
known from (γ,γ)**

** photon scaKering experiments: 
N. Ryezayeva
et. al PRL89(2002)272502, 
T. Shizuma et al. PRC78(2008)061303



Use a  microscopic form factor

208Pb

17O+208Pb

ScaNering of 17 O at these energies is probing mainly
the nuclear surface!!

*E. G. Lanza et al., Phys. Rev. C 79 (2009) 054615
**E. G. Lanza et al., Phys. Rev. C 84 (2011) 064602
***E. G. Lanza et al., PRC 89 (2014) 041601



Some results for  selected 1- in 90Zr,  124  Sn  and  208Pb   

Calculated transiGon densiGes:
*(for 124Sn)E. Litvinova, et al., PRC 78 (2008)014312, **E.G. Lanza, et al.,PRC 89 (2014) 041601



Industrial tomography

material inspec;on nuclear
waste- food contamina;ons



• GMR and isoscalar GDR informa<on on nuclear compressibility 

• GDR and Pygmy  at T=0  Informa<on on the neutron Skin- related to the 
Radius of the neutron stars- Informa<on for the r-process
more work on deformed nuclei and on exo<c nuclei with radioac<ve beams

• Finite temperature :  extreme deforma<ons
Isospin mixing  measurements in other mass regions 


