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Coulomb excitation of light nuclei  

Adiabaticity

Safe energies

Quantal effects

Polarizability

 Problems with Light Nuclei



Coulomb-excitation Perturbation Theory
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Reorientation effect 
Virtual E1 excitations

Polarizability (another 2nd order effect)

J. Eichler, Phys. Rev. 133, B1162 (1964)
Virtual excitations via the GDR may affect B(E2) and Qs values 



PE
The torque produced by the interaction between E and P may set the 

nucleus into rotation  → enhancement of quadrupole collectivity

E

P

Deformed nucleus in an external homogeneuos electric field, E 

Alder & Winther, Electromagnetic Excitation (North-Holland, Amsterdam, 1975) (appendix J)

Symmetry
 axis



Disentangling Nuclear Polarizability and Reorientation Effects  
through Coulomb excitation @ different angular ranges and bombarding energies

Eichler 1964

The difference in the angular behaviour or in the energy dependence of 
second-order effects  in Coulomb excitation may disentangle the two effects 



Nuclear Polarizability (another second order effect)
High impact in spectroscopic quadrupole moment measurements of light nuclei

Large E1 matrix elements via 
virtual excitations of the GDR 
may polarize the shape of the 
ground  and excited states

J. Eichler, Phys. Rev. 133, B1162 (1964)
Virtual excitations via the GDR may affect B(E2) and Qs values 



Hydrodynamic Model Second-order Perturbation Theory

Nuclear Polarizability, 

A.B. Migdal, J. Exp. Theor. Phys. USSR 15, 81 (1945)

A B Migdal introduced implicitly the concept of a dynamic collective model 
in nuclear physics and used this concept to predict a giant dipole resonance

b/MeV



J. S. Levinger, Phys. Rev. 107, 554 (1957)
The  polarizability parameter: deviations from the GDR effects for light nuclei

Levinger confirmed Migdal's power law from available photo-absorption data
Nuclear Polarizability, 

b/MeV



b/MeV

Dietrich & Berman photoneutron cross-section evaluation (1988)
J. N. Orce, PRC (2015), Comment (von Neunman-Cosel) (2016) + Reply (2016)

  New power-law formula for 

ELI-NP

for light loosely bound nuclei (also from Coulex: 6Li, 7Li, 17O)
for Tz0 self-conjugate nuclei: missing (,p) contribution (Morinaga)



asym is not 23 MeV: asym(A)

Tian et al. (2014)

 Sv ≈ 28.32 MeV
 Ss /Sv ≈ 1.27

The nuclear symmetry energy, a
sym

(A), is key to understanding the elusive 
equation of state of neutron-rich matter, which impacts three-nucleon forces, 

neutron skins, neutron stars and supernova cores 

From a global fit to the binding energies of isobaric nuclei
 with A  10, extracted from the 2012 atomic mass evaluation 



New formula for from asym(A) 

for light loosely bound nuclei, J. N. Orce, PRC (2015)

Shell 
effects

The increasing upbend observed as A decreases provides an explanation for 
the large GDR effects observed in light nuclei. Both merge with data at A~70

The validity of the hydrodynamic model to be tested for the lightest A < 10 nuclei



J. N. Orce,  Proc. of the 4th South Africa - JINR Symposium (2016)
P. von Neunman-Cosel PRC (2016) + J. N. Orce, PRC (2016)

Constraining asym(A)
 High-precision relativistic (p,p') measurements of  by von Neumann-Cozel et al., 
high-energy, binding energies, total photo-absorption cross sections and IVGDRs



 Polarization potential reduces the effective quadrupole potential

b/MeV

for 1

 default value in GOSIA

 Adjustable empirical E1  polarization strength (Häusser, Vermeer (1960-70s)) 

 K. Alder, A. Winther - Electromagnetic Excitation (1975) – Appendix J

New polarization potentials change this slightly



GOSIA Code

Adiabaticity

Safe energies

Quantal effects

Polarizability

 DIPOL  - E1 polarization parameter

DIPOL = 0.005  (using Levinger’s power-law formula)

ZPOL   - dipole term (GDR excitation)



New polarization potentials



incorporated in GOSIA:  nuclear polarizability  for deviations from GDR effect



J. N. Orce, Phys. Rev. C 91, 064602 (2015)



The nuclear polarizability  from Coulex & SM calculations
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Häusser, Barker, Navratil

Aust. J. Phys. (1982)

O. Häusser, NPA (1973)



Coulex measurements and shell model calculations of   
Discrepant SM and Coulex Results 

J. N. Orce, PRC (2015), J.N. Orce, PRC (2016)



 Qs(2
+, 12C)  0.06(3) 

eb
1

  Vermeer et al., 
PLB 122 (1982)

Virtual excitations via the GDR affect B(E2) and Qs values 

 Qs(2
+, 12C)  0.06(3) eb1

J. N. Orce et al., PRC(R) (2012), Kumar Raju et al., PLB (2018)
New 2+ polarizability from NCSM  (chiral NN+3N / Nmax=6 / up to 30states)

k from SM calculations assuming that all the E1 strength 
from the ground state is concentrated at an energy EGDR 



(g.s.)NCSM
()NCSM1

Total photo-absorption 
cross section agrees with 
NCSM calculation of (g.s.) 

E. G. Fuller, Phys. Rep. 127, 185 (1985)
Total photo-absorption cross section

J. N. Orce, Phys. Rev. C 91, 064602 (2015)

(g.s.)exp

Kumar Raju et al., PLB (2018)

● Model spaces with basis sizes of Nmax = 4 for natural and Nmax = 5 for unnatural parity states
● E1 matrix elements from all the transitions connecting 1  states up to 30 MeV 

NCSM calculation of the nuclear polarizability  using chiral NN+3N



NCSM by C. Forssén, R. Roth and P. Navratil, J. Phys. G 40, 055105 (2013) 

From lifetime

From Coulex

QS() eb
1

Coulomb-excitation curve vs lifetime (normalization procedure)

Kumar Raju et al., PLB (2018)



B(E2; 0+ → 2+) value in 18O

Long-standing discrepancy between Coulex and high-precision 
lifetime measurement



The remarkable case of 18O
B(E2;  → ) value in 18O

b/MeVb/MeV 

B(E2) values underestimated in previous Coulex measurements by ~10%!
J. N. Orce, to be submitted



The remarkable case of the Nickels 

Everything is OK once you add the photoproton contributions. 
A small do not enhance collectivity.

J. N. Orce, to be submitted

Discrepancies between lifetimes vs Coulex in 58Ni

J. M. Allmond et al., PRC (2014)



The remarkable case the Tins

Everything is OK. A small do not affect/enhance collectivity
J. N. Orce, to be submitted

Enhancement of collectivity for proton-rich tin isotopes



The remarkable cases of the Nickels and Tins

Everything is OK. A small do not enhance collectivity
J. N. Orce, to be submitted

Discrepancies between lifetimes vs Coulex in 58Ni
and enhancement of collectivity for proton-rich tin isotopes



CONCLUSIONS  &  FUTURE WORK

   Dipole polarizability effects strong for light nuclei
     do not enhance collectivity
   Ni and Sn isotopes unaffected
   The goal is to disentangle RE vs E1 polarizability
   The only information we know is for ground states. 
   What happens at higher excitation energies? (Cebo’s MSc work)
   Pulsars & symmetry energy: Synergy between SKA & Coulex

 
   Lots of new ideas (12C, 17O, 18O, semi-magic nuclei, etc)



 VIII Tastes of Nuclear Physics @ UWC
John Wood, Steve Yates, David Jenkins, Paul Garrett, Berta Rubio, Maria Garcia Borge, Alejandro Algora, 
Magda Zielinska, Dan Doherty, Mark Riley, Paul-Henri Heenen, Carlos Bertulani, Emanuele Vardaci, John 

Sharpey-Schafer, Mathis Wiedeking, Smarajit Triambak + our UWC Students, etc.

New Physics with Modern African Nuclear DEtector LAboratory 
(nuclear reactions, new particle-detector arrays, etc)



Motives for Scientific Creativity

Not for you are passion and goldlust,
It is science that entices you.

Passion may fade and love is betrayed
But you cannot be deceived
By the bewitching structure of the cockroach.        
    

N. Olennikov, Comic Verses

A.B. Migdal, Contemp. Phys. VOL. 20, NO. 2, 121-148 (1979)
On the Psychology of Scientific Creativity



Electromagnetic excitation, Alder & Winther 
1975



Electromagnetic excitation, Alder & Winther 
1975
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