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Motivation and Project Goals

I Electric dipole strength and polarisability

I Neutron skin and symmetry energy

I Gamma strength function covering PDR and GDR

I Test of Brink-Axel hypothesis
I Network reaction calculations in astrophysics

I Level densities in the GDR region

I Test of level density models over a large energy range
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Electric Dipole Response in Nuclei
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D. Martin, Master’s thesis, TU Darmstadt (2013)

I Pygmy Dipole Resonance (PDR)

I Oscillation of neutron skin against core
I Giant Dipole Resonance (GDR)

I Oscillation of neutrons against protons
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Dipole Polarisability

I Static dipole polarisability
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I αD is a measure of neutron skin

I P.G. Reinhard, W. Nazarewicz,
PRC 81 (2010) 051303

I PDR strength related to neutron skin

I J. Piekarewicz, PRC 73 (2006) 044325
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Why Tin Isotope Chain?

...

I Wide mass range with little change of the underlying structure
I Experiment: Data available in stable and unstable isotopes

I NRF: 112Sn, 116Sn, 120Sn, 124Sn
I Coulomb dissociation: 124−132Sn
I Alpha scattering: 112−132Sn
I Proton scattering: 120Sn, 112Sn, 114Sn, 116Sn, 118Sn, 122Sn, 124Sn

I Theory: Many calculations for PDR available

I N. Tsoneva et al., NPA 731 (2004); PRC 77 (2008)
I N. Paar et al., PLB 606 (2005)
I J. Piekarewicz, PRC 73 (2006)
I S. Kamerdizhiev, S.F. Kovaloo, PAN 65 (2006)
I J. Terasaki, J. Engel, PRC 74 (2006)
I E. Litvinova et al., PLB 647 (2007); PRC 78 (2008)
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Experiment at RCNP:
E422 campaign in 2015 and 2017

I Reaction: (p,p’)

I Beam energy: 295 MeV
I Resolution: ∼ 30 keV
I Measured angles:

0◦, 2.5◦, 4.5◦

I Main targets:
112Sn, 114Sn, 116Sn,
118Sn, 122Sn, 124Sn

A. Tamii, Seminar, TU Darmstadt (2005)
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Preliminary Results
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Neodymium Isotope Chain: Deformati-
on dependence of the GDR

I Inelastic proton scattering at
iThemba LABS

I Beam energy: 200 MeV
I Resolution: ∼ 45 keV
I Targets: 144−150Nd, 152Sm

I P. Carlos et al., Nucl. Phys.
A 172 (1971)

I L. M. Donaldson et al., Phys. Lett.
B 776 (2018)

I No double-hump structure found!
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K-splitting in 154Sm

I A. Krugmann et al.,
to be published

I P. Carlos et al.,
Nucl. Phys. A 225 (1974)

I D. M. Filipescu, et al.,
Phys. Rev. C 90 (2014)

I Different ratio of K=0 and
K=1 components compared
to (γ, xn) data
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Summary and Outlook

Summary

I Tin isotope chain
I Neodymium isotope chain
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Level Densities of 1− States
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Gamma Strength Function (GSF) for
E1 transitions

〈Γ(Ei )〉 =
1

ρ(Ei )
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I Brink-Axel hypothesis

I GSF depends only on Eγ
I Independent of the structure of initial state
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Determination of the level density

I Background from MDA

I Stationary spectrum

d(Ex ) =
g(Ex )

g>(Ex )

I Autocorrelation function

C(ε) =
〈d(Ex ) · d(Ex + ε)〉
〈d(Ex )〉 · 〈d(Ex + ε)〉
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Determination of the level density

I Variance of the autocorrelation
function
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