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Overview	

Ø  Physics Motivation for 154,155Sm	

Ø  Experimental Setup	

Ø  Nuclear Level Densities	

Ø  γ-ray Strength Functions	

Ø  Scissors Resonance	

Ø  Future Work	
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Motivation for 154,155Sm	

•  Systematics of the evolution of nuclear structure effects from 144Sm (β2=0.00) to 154Sm (β2=0.27).	
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•  Systematics of the evolution of nuclear structure effects from 144Sm (β2=0.00) to 154Sm (β2=0.27).	

•  As the nuclear shape changes, γ-ray strength functions (γSF) 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.	

Motivation for 154,155Sm	
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Electromagnetic dipole response in nuclei	
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Open Questions…	

Ø  Are the LEE and SR connected?	

Ø  How are the resonances affected as 

deformation changes?	

Ø  Do different probes yield similar 

results?	
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Possible co-existence of the SR,  
LEE and PDR in some isotopes?	

Ø  Data analyzed using the Oslo Method.	



Objectives	
Ø  Measure Nuclear Level Density (NLD) and γ-ray Strength Function (γSF) below Sn in 154,155Sm 

isotopes (Oslo Method).	

[1]	

Ø  Extract the B(M1) of scissors resonance.	

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

Samarium isotopes  (144-159Sm).	
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[1] M. Guttormsen et al., Eur. Phys. J. A 51 (12), 170 (2015)	
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Experimental Setup 
Oslo Cyclotron Laboratory	

Ø  CACTUS Array: 24 collimated 5”×5” NaI(Tl) (~22 cm)	

Ø  14.1% eff. at Eγ= 1332 keV	

https://www.mn.uio.no/fysikk/english/research/about/infrastructure/OCL/	
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Si ΔE-E 	
telescope	

47o	

NaI(Tl) + 6 LaBr3(Ce) (3.5”x8”)	

2H	

Target nucleus (154Sm)	

2H	

γ	

Ø      3.2 mg/cm2 thick 154Sm foil	

Ø      154Sm(d,X)154,155Sm 13 & 15 MeV	



Experimental Setup 
Oslo Cyclotron Laboratory	
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Si ΔE-E 	
telescope	

47o	
2H	

Target nucleus (154Sm)	

2H	

γ	

Ø  SiRi Array, 64 ΔE-E Si particle telescopes [θ = 126° to 140°,~ 5 cm]	

Ø  ΔE, E and Al foil thicknesses (130, 1550 and 10.5 µm)	

[1] M. Guttormsen et al., NIM Phys. Res. A 648, 168 (2011)	

[1] 	

NaI(Tl) + 6 LaBr3(Ce) (3.5”x8”)	

Ø      3.2 mg/cm2 thick 154Sm foil	

Ø      154Sm(d,X)154,155Sm 13 & 15 MeV	



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

> Unfolding iterative procedure	

2.  Extraction of primary γ-rays [2] 

> first-generation method	

3.  Simultaneous extraction of level density and 

strength function [3]	

	
	

4.  Normalization	

         	
[1] M. Guttormsen et al., NIM Phys. Res. A 374, 371 (1996)	
[2] M. Guttormsen et al., NIM Phys. Res. A 255, 518 (1987)	
[3] A. Schiller et al., NIM Phys. Res. A 447, 498 (2000)	
[4] A. C. Larsen et al., Phys. Rev. C 83, 034 315 (2011)	

P(Ei,Eγ )∝ρ(Ef ).T (Eγ )

λif =
2π
!
Mif

2
⋅ρ(Ef ) Fermi’s golden rule	

Assumes Brink-Axel 
hypothesis	
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154Sm(d, p’γ)155Sm, 13 MeV	
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Particle-γ Coincidence Matrices	
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Normalization of the Nuclear Level Density	

ρ(Sn ) =
2σ 2

D0

1
(JT +1)e

[−(JT +1)
2 /2σ 2 ]+ e[−JT

2 /2σ 2 ]

http://www.nndc.bnl.gov	
S. F. Mughabghab, Atlas of Neutron 
Resonance, 5th ed. (Elsevier Science, 
Amsterdam) 2006.	
https://www-nds.iaea.org/RIPL-3/	
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151-155Sm Nuclear Level Densities	
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•  NLDs of neighbouring isotopes 	

No neutron resonance 
data available (154Sm)	

K. Sønstevold Beckmann (152,153Sm), MSc thesis, UiO, (2018)	
A. Simon et al., Phys. Rev. C 93, 034303 (2016)	
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•  NLDs of even-even vs. even-odd isotopes 	
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K. Sønstevold Beckmann (152,153Sm), MSc thesis, UiO, (2018)	
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Even-odd 153,155Sm γ-ray strength functions	

f (Eγ ) =
1

2πEγ
3 BT (Eγ )

A. Schiller et al., NIM 
Phys. Res. A 447, 498 

(2000)	
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Even-odd 153,155Sm vs. Even-even 152,154Sm	

B(M1)∑ ↑~ B(E2;01
+ → 21

+ ) ~ δ 2

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

 (MeV)
γ

-ray energy Eγ
0 1 2 3 4 5 6

)
-3

-r
ay

 s
tr

en
gt

h 
fu

nc
tio

n 
(M

eV
γ

-810

-710

-610
Sm 13MeV (NaI) Present Exp.155)γSm(d,p154

:Ce) Present Exp.
3

Sm 13MeV (LaBr155)γSm(d,p154

Sm 13.5MeV Beckmann 2018 153)γSm(d,p152 

•  γSFs of neighbouring isotopes 	

 (MeV)
γ

-ray energy Eγ
0 1 2 3 4 5 6

)
-3

-r
ay

 s
tr

en
gt

h 
fu

nc
tio

n 
(M

eV
γ -810

-710

-610
Sm 15MeV Present Exp.154)γSm(d,d'154

Sm 13.5MeV Beckmann 2018152)γSm(d,d'152 

•  Where is the scissors resonance for well-deformed 
even-even isotopes? 	
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Nucl. Data Sheets 120, (2014) 272: Experimental Nuclear Reaction Data (EXFOR)	
Nucl. Data Sheets 110, (2009) 3107: Reference Input Parameter Library (RIPL-3)	
-available online at http://www-nds.iaea.org	
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Comparison with photoabsorption data	

f (Eγ ) =
1

3π 2!2c2
σγ (Eγ )
Eγ

154Sm(p,p’) [RCNP], 
154Sm(α,α’γ) [iThemba 
LABS, K600]	
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152,154Sm(p,p’γ) experiment	Ø  2.9 and 3.2 mg/cm2 thick      
152,154Sm foil,  15 MeV beam	

Ø  OSCAR (30 LaBr3:Ce 

Array+SiRi)	

Ø  12C and 16O contamination	

Very very …	
preliminary!!	
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Future Work	

•  Finalize analysis and extraction of B(M1) values in 154,155Sm	

•  Test difference spin distribution models 	

•  Compare resonances in the γSF to those of 144,148,149,152,153Sm [Oslo Group], 154Sm(p,p’) [RCNP], 

154Sm(α,α’γ) [K600, iThemba LABS]	

	

	

	

•  Analysis of 152,154Sm(p,p’γ) experiment using OSCAR at OCL, which took place September 2018.	

•  Other measurements: NLD and γSF of neutron rich 156-159Sm, scheduled 2019 at ANL (CARIBU)	
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