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Samarium Isotopic Chain
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• Systematically investigate the evolution of nuclear 

structure effects from 144Sm (β2~0.00) to 155Sm (β2~0.27)

• As the nuclear shape changes, γ-ray strength function 

(γSF) will be affected 

• In particular, nuclei response modes such as the 

Pygmy dipole (PDR) , Scissors Resonance (SR) and 

Low-Energy Enhancement (LEE) may reveal 

interesting features
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• As the nuclear shape changes, γ-ray strength function 
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• In particular, nuclei response modes such as the 

Pygmy dipole (PDR) , Scissors Resonance (SR) and 

Low-Energy Enhancement (LEE) may reveal 

interesting features

Open Questions…

• Are the LEE and SR interconnected?

• How are the excitation modes affected as deformation 

changes?

• Do different probes yield similar results?

• Validity of the GBA hypothesis and many more …

Electromagnetic Dipole Response in Nuclei
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• Data analyzed using the Oslo Method

E. B. Balbutsev et al.,  Phys. Rev. C 97, 044316 (2018)

Both the LEE and the scissors 
mode have been observed 
simultaneously in the same 

nucleus.



• Large-scale shell-model calculations for 60,64,68Fe. 
• The strength of the SM increases by a factor of 2 when going 

from 60Fe to 68Fe.
• LEE strength decreases correspondingly and thereby 

conserves the total strength of B(M1) ≈ 9.8µ2
N.

• The conservation of the summed SM and LEE strengths has 
been experimentally tested for 147,149,151,153Sm [1], but large 
uncertainties prohibit a firm conclusion.

Data analyzed using the Oslo Method

”The data reveal how the low-energy enhancement, 
the scissors mode, and the pygmy dipole resonance 
evolve with nuclear deformation and mass number. 
This indicates that the mechanisms behind the low-
energy enhancement and the scissors mode are 
decoupled from each other.”-Guttormsen et al.[1] F. Naqvi et al., Phys. Rev. C 99, 054331 (2019)
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Experimental Details
Oslo Cyclotron Laboratory

Backwards:
θ = 126o – 140o

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

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

Ø + 6 LaBr3(Ce) (3.5”x8”)

• 2.9 & 3.2 mg/cm2 thick 152,154Sm

• 152,154Sm(d,pγ)153,155Sm 13.5 & 13 MeV
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The Oslo Method in a

[1] Guttormsen et al., NIM A 374, 371 (1996), [2] Guttormsen et al., NIM A 255, 518 (1987)
[3] Schiller et al., NIM A 447, 498 (2000), [4] Larsen et al., PRC 83, 034 315 (2011)
[5] Midtbø et al., Comput. Phys. Commun. 262, 107795 (2021)

1. Unfolding the continuum γ-ray spectra [1]
2. Extraction of primary γ-rays [2]
3. Simultaneous extraction of NLD and γSF [3]
4. Normalization [4, 5]

M. Guttormsen et al., NIM A 648, 168 (2011)



Normalized 153,155Sm NLDs

153Sm

155Sm
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ρ(Sn ) =
2σ 2

D0

1
(JT +1)e

[−(JT +1)
2 /2σ 2 ]+ e[−JT

2 /2σ 2 ]
[1]

Due to the unavailability of 

experimental Jπ data at Bn, RMI [2] and 

HFB+comb. [3] utilized to model the 

spin distributions.

[1] Capote et al., Nucl. Data Sheets 110, 3107 (2009)
[2] von Egidy and Bucurescu, PRC 73, 049901(E) (2006)
[3] Goriely, Hilaire, and Koning, PRC 78, 064307 (2008)

Malatji, et al., PRC 103, 014309 (2021)



Normalized 153,155Sm NLDs

• Error bands - statistical and systematic uncertainties

• Upper limit - HFB+comb. + FG interpolation

• Lower limit - RMI + CT interpolation

• 153Sm has a higher NLD than 155Sm, which is counterintuitive 

153Sm

155Sm
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Comparison to microscopic NLD models

• Stronger shell + pairing 

effects in 155Sm than in 153Sm

Demetriou and Goriely, Nucl. Phys. A 695, 95 (2001).
Goriely, Hilaire, and A. J. Koning, Phys. Rev. C 78, 064307 (2008)
Guttormsen, Alhassid, Ryssens, et al., Phys. Lett. B 816, 136206 (2021) 

9

Courtesy of S. Goriely

153Sm

155Sm

Malatji, et al., PRC 103, 014309 (2021)
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Courtesy of S. Goriely

153Sm

155Sm

Malatji, et al., PRC 103, 014309 (2021)

!(#$) = '(
) (*+ + *-)

!(#$) measures singles particle LD at the Ef



• Statistical decays are 

dominated by dipole 

transitions:

• Photonuclear cross-

section

f (Eγ ) =
1

3π 2!2c2
σ abs (Eγ )
Eγ

153Sm

155Sm
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Kopecky and Chrien, Nucl. Phys. A 468, 
285 (1987)
Malatji, et al., PRC 103, 014309 (2021)

!(#γ) =
1

2)#γ3 +,(#γ)

Normalized 153,155Sm γSF
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Kopecky and Chrien, Nucl. Phys. A 468, 
285 (1987)
Malatji, et al., PRC 103, 014309 (2021)
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1
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Normalized 153,155Sm γSF
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The PSF and even the SR is not excitation 
energy dependent 
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Courtesy of S. Goriely

Comparison to D1M+QRPA+0lim γSF



153,155Sm Scissors resonance
B!" = (%ℏ'))

*+, ∫ ./01/2 3γ 43γ

SR B(M1) strength not measured



153,155Sm Scissors resonance
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Ho, this work, method 1(A)

Ho, this work, method 1(B)

Ho, this work, method 2(A)

Ho, this work, method 2(B)

Ho, this work, method 3

Dy, Renstrøm et al.

Sm, Siem et al.

Er, Melby et al.

Yb, Agvaanluvsan et al. (
3
He,

3
He)

Yb, Agvaanluvsan et al. (
3
He,↵)

Sm, Simon et al.

Nd, Guttormsen et al.

Sm, Malatji et al.

Ho, Nord et al.

Sm, Ziegler et al.

F. Pogliano, et al., Phys. Rev. C 107, 034605 (2023)
B!" = (%ℏ'))

*+, ∫ ./01/2 3γ 43γ

SR B(M1) strength not measured

Lo Iudice, Riv. Nuovo Cim. 23, 1. (2000)

• 155Sm B(M1) in agreement 

with measurements of other 

rare-earth nuclei studied 

with the Oslo Method

• B(M1) increases linearly 

with deformation squared

• Differences between the 

(p,d)153Sm and (d,p) 153Sm

56789(:1) ↑~>?



(d,tγ) 151Sm

MSc (Wits)

• 2.9 and 3.2 mg/cm2 thick

• 152,154Sm foil,  13.5 MeV d beam

• CACTUS [26 NaI(Tl)] + SiRi Array

(p,p’γ) 152,154Sm

Ongoing Analysis

• 2.9 and 3.2 mg/cm2 thick

• 152,154Sm foil,  15 MeV proton beam

• OSCAR (30 LaBr3:Ce +SiRi)

• 12C and 16O contamination

MSc (UiO)

prelim
inary!!
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• 153,155Sm NLDs and γSFs extracted from (d,pγ) coincidences, using the Oslo Method

• First time measurements of NLD and γSF below Sn in 155Sm 

• Unexpectedly, 153Sm has higher NLD than 155Sm but feature reproduced with combinatorial and statistical models

• Lower 155Sm NLD explained as a result of shell and strong pairing effects at the fermi surface

• SR observed in 153,155Sm, B(M1) extracted and that of 155Sm in agreement with other deformed rare-earth isotopes

• The 153,155Sm γSF is in fairly good agreement with QRPA calculations

• Analysis of 152,154Sm(p,pγ) experiment using OSCAR at OCL ongoing (Bell et al.)

• Preliminary results on 152Sm(d,tγ) 151Sm experiment using CACTUS at OCL (Magagula et al.)

• 154Sm(p,p’) [RCNP, von Neumann-Cosel et al.] and 154Sm(α,α’γ) [iThemba LABS, Pellegri et al.] on PDR and GDR

• Recent measurements: NLD and γSF of neutron rich 156-159Sm, scheduled at ANL (CARIBU, Larsen et al.) Sept. 2022
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Summary

Outlook



Applications:
- Photon Strength Function 

measurements (neutron-
deficient isotopes)

Beam Left: Half-AFRODITE frame, 
Slide ~1.3 meter outward
- +7 HPGe or large LaBr3:Ce
- +4 Small LaBr3:Ce detectors
- Angular range (45, 90, 135 deg.)

Beam Right: Angular Distribution 
Table, three detectors on carriages for 
multiple angles (~ 27-141 deg.)
Target Ladder, Frames and Chamber: 
Depends on user specifications

- Beams: Protons, Alphas & in the 
future 3He

- Energies: 1-6 MeV protons & 2-9 
MeV Alphas

- Intensities: ~ 10 nA - 10 !A

XIA cards (100 & 500MHz)

New Nuclear Physics Setup at iThemba LABS’ Tandetron Facility

2017 : Replacement of the 
52 year old Van de Graaff 
with 3MV Tandetron

Proton beam of various energies and intensities 
successfully commissioned in April 2023

50Cr(p, γ)51Mn

Courtesy A. Netshiya



Phy. Rev. C 
103, 014309 
(2021)

Thank you all for you attention!



Thank you all for you attention!



Scissors Mode

A. Richter, Nucl. Phys. A 507, 99c. (1990)
K. Heyde et al., Rev. Mod. Phys. 82, 2365 (2010)
E. B. Balbutsev et al.,  Phys. Rev. C 97, 044316 (2018)


