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12 MeV    d  on 232Th 
24 MeV 3He  on 232Th 
15 MeV    d  on 238U   

                                 γ
3He –beam 
                                      
 
 
 

3He, α,d,t
                        

5”x5” NaI 
 

M.Guttormsen, A.Bürger, T.E.Hansen, N.Lietaer,  
NIM A648(2011)168 

 
    ∆E-E 
 

Backwards:
ϑ = 126o – 140o 
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Oslo method: 
M. Guttormsen et al.,  NIM A374 (1996) 371 
M. Guttormsen et al.,  NIM A255 (1987) 518 
A.  Schiller et al.,        NIM A447 (2000) 498 
A.C. Larsen et al.,       Phys. Rev. C 83, 034315 (2011) 

 P(E,Eγ)            

232Th(d,p)233Th 
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The same γ-energy distribution 

E 

γ
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232Th(d,p) 233Th  
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        P(Ex,Eγ)  
                   
 
 
 
               Level density         Trans. coeff. 

ρ(Ef)                T(Eγ) 
      Fermi’s golden rule     Brink hypothesis 

               

P(Ex,Eγ)  
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f (Eγ ) =
1
2π

T (Eγ )
Eγ
3

Utsunomiya et al., PRC 80, 055806 (2009)  
Agvaanluvsan et al., PRL 102, 162504 (2009) 

Dear child, many names: 
 
•  γ-ray strength function (γSF) 
•  radiative strength function (RSF) 
•  photon strength function (PSF) 
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K. Heyde et al., Rev. Mod. Phys. 82, 2365 (2010)   
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M. Guttormsen et al., PRC 68, 064306 (2003) 
H.T. Nyhus et al., PRC 81, 024325 (2010) 
U. Agvaanluvsan et al., PRC 70, 054611 (2004) 
E. Melby et al., PRC 63, 044309 (2001) 



COMEX5 Kraków, September 14-18, 2015 

0 2 4 6 8 10

)
 -3

 S
F 

(M
eV

γ

8−10

7−10

6−10
Sm, present exp.151(p,d)
, n ), FilipescuγSm(150

, n ), FilipescuγSm(152

 ), Kopecky, E1γSm(n, 149

GDR

M1

nS

 (MeV)
γ

-ray energy Eγ
0 2 4 6 8 10

)
 -3

 S
F 

(M
eV

γ

8−10

7−10

6−10
Sm, present exp.153(p,d)
, n ), FilipescuγSm(152

, n ), FilipescuγSm(154

 ), Kopecky, E1γSm(n, 149

GDR

M1

nS

E 
(M

eV
)

0.5

1

1.5

2

2.5

3

3.5

4

10

210

310

(a)

Sm151 )γSm(p, d152 10

210

310

 (MeV)γE
1 1.5 2 2.5 3 3.5 4

E 
(M

eV
)

0.5

1

1.5

2

2.5

3

3.5

4

10

210

310

(b)

Sm153)γSm(p, d154 10

210

310

0 1 2 3 4 5 6

)-1
 (M

eV
ρ

Le
ve

l d
en

si
ty

 

210

310

410

510

610
 from neutron res. data ρ 

 Present exp. 
 Known levels 
 CT model 

Sm151(a) 

Excitation energy E (MeV)
0 1 2 3 4 5 6

)-1
 (M

eV
ρ

Le
ve

l d
en

si
ty

 

210

310

410

510

610

Sm153(b) 

A. Simon et al., 
STARLiTER Clover detectors, 
25 MeV (p, d) reaction, Cyclotron Institute of Texas A&M University

                                          PRELIMINARY!!!
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Theory on two-bumps: 
Orbital and spin scissors  
E. B. Balbutsev, I.V. Molodtsova, and P. Schuck,  
Phys. Rev. C 91, 064312 (2015) 

Data: 
M. Guttormsen et al., PRC 89, 014302 (2014) 
T.G. Tornyi et al., PRC 89, 044323 (2014) 
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Inversely and linearly energy-weighted sum rules  
 
J. Enders, P. von Neumann-Cosel, C. Rangacharyulu,  
and A. Richter, Phys. Rev. C 71, 014306 (2005). 



Now running JYFL – JR137: 
“Search for the M1 Scissors Mode in 254No” 

Fusion-evaporation reaction 
208Pb(48Ca,2n)254No ⇒ Tag recoils (254No) 

JUROGAM2-RITU-GREAT  
spectrometers @ JYFL 
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Figure from A. Lopez-Martens 

Blue: statistical E1, simulations [T. Lauritsen, private comm.] 
Red: statistical E1, fit [S. Leoni et al., PLB 409, 71 (1997)] 
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global OMP 
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•  Rare earth B(M1) ≈ 5 – 7  µΝ
2   at Eγ ≈ 3 MeV  

•  Actinides   B(M1) ≈ 8 -11 µΝ
2    at Eγ ≈ 2 MeV  

•  Splits into two components 

 
•  γSF + NLD  predict accurate (n,γ) cross sections 

 
•  Funding for 30 3.5x8” LaBr3      CACTUS -> OSCAR 
•  Far from stability, new β-Oslo methods at MSU 

 
•  Constant-temperature level densities NLD 

 
 
 
Scissors 
 
 
 
Applications 
 
 
Outlook 
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Listen to 
Artemis 
Spyrou 

on 
Friday! 



 M. Aiche, F.L. Bello Garrote, L.A. Bernstein, D. Bleuel, Y. Byun, Q. Ducasse, T.K. Eriksen, 
F. Giacoppo, A. Görgen, F. Gunsing, T.W. Hagen, B. Jurado, S.N. Liddick, M. Klintefjord, 

A.C. Larsen, L. Lebois, F. Naqvi, H.T. Nyhus, G. Perdikakis, T. Renstrøm, S.J. Rose, E. Sahin, 
A. Simon, A. Spyrou, S. Siem, T.G. Tornyi, G.M. Tveten, A. Voinov, M. Wiedeking  

and J.N. Wilson  
University of Oslo, CENBG Gradignan, LLNL, Ohio University, IPN Orsay, CEA Saclay, 

iThemba LABS, NSCL/MSU, University of Notre Dame 
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