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Motivation for #15°Sm
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* Systematics of the evolution of nuclear structure effects from #Sm (,=0.00) to >*Sm (5,=0.27).
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Motwatlon for 154,1556m
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Systematics of the evolution of nuclear structure effects from #4Sm (,=0.00) to >*Sm (5,=0.27).
As the nuclear shape changes, y-ray strength functions (ySF) are expected to be affected.
In particular, resonances such as the Pygmy dipole (PDR), Scissors Resonance (SR) and Low-

Energy Enhancement (LEE) may reveal interesting features.
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Strength

Electromagnetic dipole response in nuclei

GEDR

Open Questions...
A » Are the LEE and SR connected?

e"/ » How are the resonances affected as

deformation changes?

» Do ditferent probes yield similar

results?

neutron threshold S
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Objectives

> Measure Nuclear Level Density (NLD) and vy-ray Strength Function (ySF) below S, in 1>#15°Sm
isotopes (Oslo Method).

— I' =D Continuum

— I' < D Quasi-continuum

— I' K D Discrete [1]

» Extract the B(M1) of scissors resonance.

» Compare to other measurements and provide a near complete picture of systematics in

Samarium isotopes (}4+15Sm).
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Experimental Setup
Oslo Cyclotron Laboratory

Si AE-E Nal(TI) + 6 LaBr;(Ce) (3.5”x8")
telescope

> 3.2 mg/cm? thick *Sm foil

»  1%45m(d,X)P+15Sm 13 & 15 MeV

» CACTUS Array: 24 collimated 5”x5” Nal(T1) (~22 cm)
> 14.1% eff. at Ey= 1332 keV
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Experimental Setup ><

Oslo Cyclotron Laboratory

Si AE-E Nal(TI) + 6 LaBr;(Ce) (3.5”x8”)
telescope

> 3.2 mg/cm? thick *Sm foil
»  1%45m(d,X)P+15Sm 13 & 15 MeV

> SiRi Array, 64 AE-E Si particle telescopes [0 = 126° to 140°,~ 5 cm S ik
» AE, E and Al foil thicknesses (130, 1550 and 10.5 pm)

SCICNCE [1] M. Guttormsen et al., NIM Phys. Res. A 648, 168 (2011) 3
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__Particle-y Coincidence Matrices

10°

The Oslo Method
1. Unfolding the continuum y-ray spectra [1]

102

10 > Unfolding iterative procedure

2. Extraction of primary y-rays [2]

‘ > first-generation method

o 3. Simultaneous extraction of level density and
strength function [3]

)Ll.f = 2. o( Ef) Fermi’s golden rule

P(EE,)) > p( Ef)T (E,)  Assumes Brink-Axel
' ’ hypothesis
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4. Normalization
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Normalization of the Nuclear Level Density
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151-1556m Nuclear Level Densities

* NLDs of neighbouring isotopes ~ + NLDs of even-even vs. even-odd isotopes
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Even-odd 1°315Sm vy-ray strength functions
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Even-odd 19315Sm vs. Even-even 1°2154Sm

Y B(M1) 1~ B(E2;0; —27)~ &’

K. Heyde, P. von Neumann-Cosel, and A.
Richter, Rev. Mod. Phys. 82, 2365 (2010)

« vSFs of neighbouring isotopes
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*  Where is the scissors resonance for well-deformed
even-even isotopes? \
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152-1555m

Comparison with photoabsorption data
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> 2.9 and 3.2 mg/cm? thick 152’1548m(p/ p,Y) eXperiment

152,154Sm foil, 15 MeV beam

Very very ...
> OSCAR (30 LaBr,:Ce y Very
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Future Work

* Finalize analysis and extraction of B(M1) values in >*15Sm
* Test difference spin distribution models

* Compare resonances in the YSF to those of 144148149,1521535m [Oslo Group], **Sm(p,p’) [RCNP],

134Sm(a,0y) [K600, iThemba LABS]

* Analysis of P21>*Sm(p,p’y) experiment using OSCAR at OCL, which took place September 2018.

* Other measurements: NLD and ySF of neutron rich >*1°9Sm, scheduled 2019 at ANL (CARIBU)
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