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What do we want to achieve?
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Measuring the PSF and NLD
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* Primaries from p-capture (>S;and <S) |
* Primaries from charged particle reactions (<S,) o

o Oslo, beta-Oslo, inverse Oslo Methods ;
o Ratio/Shape Methods o 1
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PSF and NLD from Inverse Kinematics at iThemba LABS
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* Complementary to Oslo & Beta-Oslo Methods.

* Applicable to stable & radioactive beam
facilities.

* iThemba LABS: 133Xe, 8Kr, 87Kr

Regular Article - Experimental Physics

First application of the Oslo method in inverse kinematics
Nuclear level densities and y -ray strength functions of STKr
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67Ni: PSF and NLD from inverse-Oslo
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3.5x10° pps for 140 hours Ingeberg, Siem, MW et al.,
Miniball + LaBr;(Ce) + C-REX submitted to PRC (2023).

LaBr: ~320k p-y, Miniball: ~1.1m p-y
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°6Ni(n,y) for nucleosynthesis
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Shape Method

* D,is not known.

* No standard approach in absence of D, .

 Unambiguous identification of origin and destination of primaries.

* Functional form is retained between primaries from same excitation energy bin.
* Concepts from Average Resonance Capture, Ratio, and x? methods.

PHYSICAL REVIEW C 104, 014311 (2021) PHYSICAL REVIEW C 107, LO11602 (2023)
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Independent normalization for y-ray strength functions: The shape method Extracting mode]-independent nuclear level densities away from Stability
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Shape Method in practice: **Dy
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Shape Method in practice: ***Nd

Comprehensive study on PSF evolution for 9 Nd isotopes.
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Guttormsen, Ay, Ozgur et al., Phys. Rev. C 106, 034314 (2022).
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Tandetron: Iow -energy nuclear physics beam line

Half-sphere frame

7 HPGe or large LaBr;:Ce

+4 Small LaBr;:Ce detectors
Angular range (45, 90, 135 deqg.)

Angular distribution table, 3 detectors on
carriages (20-160 deg.)

Beams: p, a, SHe

Energies: 0.5-6 MeV p
1-9 MeV a

Intensities: ~ 10 nA - 10 uA
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Photon strength functions from (p,y) reactions

* >°Cr(p, v)>*Mn.
* 1Cloverand 1 LaBr;:Ce detector
o >OCr targets of 200-350 ug/cm?

e Proton beams of 2.5to 3 MeV and 3.7 to
4.5 MeV in 20-25 keV intervals.

* Atotal of 64 y-ray spectra were collected.

e ARC method.

e Pairs of primary transitions feeding
discrete states to extract shape of PSF.
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Photon strength function and resonances
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Nuclear Structure from the PSF: SR and LEE
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Pvemy Dipole Resonance: spherical vs deformed nuclei
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Pvemy Dipole Resonance: spherical vs deformed nuclei

134Sm and *4Sm with (a,ay) at 120 MeV: K600 at 0° + HPGe + LaBr,:Ce
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Pvemy Dipole Resonance: spherical vs deformed nuclei
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Summary

Majority of tools now available for next generation PSF and NLD measurements

Experimental techniques: Beta-Oslo, Inverse Oslo
Analytical: Shape Method
Significant increase in detection efficiencies worldwide

Nuclear Structures

Pygmy Dipole Resonance
Scissor’s Resonance
Low-Energy Enhancement

(n,y) cross sections for nuclear astrophysics
®6Ni(n,y) bottleneck
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