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Inspiration and collaboration on the topic of the
dipole-response

OUTLINE
» Why do we investigate the low-lying dipole strength function ?

> Where do we stand ?

» Which investigations could give further insight to the problem and could
be made in the future ?---> Edoardo will have a very dense agenda !




Why do we investigate low-lying El strength
(minor component of the dipole response) !

*  For neutron rich nuclei is due to neutron excitations and thus
of the neutron skin and the latter is related to the properties
of neutron matter

* The gamma strength function contains these excitations and the excess as
compared with a Lorenztian function is affecting reactions involved in
astrophysical processes for nucleosynthesis

* Test bench for theory, in particular Nuclear Density Funtionals. Open
problems are the dependence on interactions and on the level of complexity
assumed to describe the microscopy of these nuclear excitations
(isoscalar and isovector components) _ £ V)
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There is a need for a variety of experimental tools

(y,y') real photons
on stable nuclei
Probing the entire nuclear volume

(p,p’) virtual photons ‘:: Coulomb excitation

at Eye.n™> 200 MeV ‘ > with radioactive beams
on stable nuclei g virtual photons
Probing the entire nuclear volume Exotic nuclei

Work at Osaka RCNP )

(a,a’y) or (G,'7Q) and (p,p'y)
Probing the nuclear surface mainly

— short range nuclear forces and low-energy of
the collision
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what have we learned so far
from hadronic reactions ?

(,a’y) (O,’O'y) and (pp'y)

* Ground state gamma decay select preferentially |-states

 Measurements of cross sections

* Measurement of the angular distributions of the
gamma-rays
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Main features of some existing results
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|- excitation with :
70 20 MeV/u
and alpha scattering

at 130 MeV
and their comparison

In all cases only the
region < 6-7 MeV is
populated by all
reactions
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Comparison alpha - protons for '1°Ce

Experiment

7 3 4 5 6 7 8
Energy [MeV] Energy [MeV]

Savran et al. PLB786(2018) 16

Also protons!

With this probe at low energy
(80 MeV here) the isoscalar character
is dominating

However the (p.p’) is less
peaked on the surface as
compared with alpha scattering

Therefore if a state is due to excitations of
nucleons at the nuclear surface its excitation
cross section should follow the feature of the
probing particle

(cross sections smaller than those of alpha
scattering)
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https://www.sciencedirect.com/journal/physics-letters-b/vol/816/suppl/C

Angular anisotropy

for 7%99Z for proton and

Inelastic Scattering
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in both cases the continuum region has dipole character

Calculations performed with the DWBA approach
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Isoscalar EWSR deduced
for proton and alpha
Inelastic Scattering on
the 90947 target nuclei

Selected form factors
associated to transition
densities computed within
RPA starting

with different interactions

Cross section calculated with
the DVWBA approach
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......With radioactive beams

experiments measuring gamma decay
from dipole excitations

what we have learned so far




IsoVector and IsoScalar

dipole excitation measurement at RIKEN
DALI2+LaBr3:Cet+ZeroDegreeSpectrometer and different TARGETSs
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Physics Letters B 768 (2017) 387-392
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"'Ni PYGMY measurement @ Riken Coulomb excitation

, , and comparison with theory
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64,62Fe nuclei
PYGMY measurement @ GSI Coulomb excitation - AGATA for the gamma rays
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64.62Fe nuclei — comparison with theory of
PYGMY measurement @ GSI Coulomb excitation - AGATA for the gamma rays
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Pygmy Quadrupole! Another property of the neutron skin?
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Conclusion

* The collaboration with Edoardo was very productive and | hope it will be in the future!

* Many open problems which need the competence, dedication and vision and ingenuity
of Edoardo

| count also in the future to have "isoscalar” pleasure to collaborate with Edoardo
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