








Experimental result 

  Description of TSC intensities with Oslo results 



Low-energy RSF enhancement 
2

FIG. 1: Experimental level densities from the (3He,!) (filled circles)
and the (3He,3He’) (open circles) reaction. The data from the new
analysis is compared with previously published data [6].

should not be used for " energies lower than the experimen-
tal data points. In the extreme case when E" → 0, it is clear
that the description is totally unrealistic as it gives wrong "
multiplicity.

SUMMARY AND CONCLUSIONS

The radiative strength function of 96Mo has been reana-
lyzed giving a slightly less pronounced enhancement at lower
"-ray energies. The data points at and below the 778 keV
2+ → 0+ transition have been omitted. Since extraction of
level density is coupled to the radiative strength function, new
level densities have also been presented.
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FIG. 2: Experimental radiative strength functions from the (3He,!)
(filled circles) and the (3He,3He’) (open circles) reaction. The
data from the new analysis is compared with previously published
data [7].
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FIG. 12. (Color online) Comparison of theoretical predictions including pygmy fits with experimental measurements for 116−119Sn. The
total strengths (solid lines) are modeled as Gaussian pygmy additions to the GLO (E1 + M1) baselines. The SLO (E1 + M1) baselines are also
shown, failing to reproduce the measurements for low Eγ . The arrows indicate the neutron separation energies Sn. (Upper left panel) Comparison
of theoretical predictions of 119Sn with the Oslo measurements, 117Sn(γ ,n) from Utsunomiya et al. [29], 119Sn(γ ,x) from Fultz et al. [31],
and 119Sn(γ ,n) from Varlamov et al. [30]. (Upper right panel) Comparison of theoretical predictions of 117Sn with the Oslo measurements,
117Sn(γ ,n) from Utsunomiya et al. [29], 117Sn(γ ,x) from Fultz et al. [31], 117Sn(γ ,x) from Varlamov et al. [32], and 117Sn(γ ,x) from Leprêtre
et al. [33]. (Lower left panel) Comparison of theoretical predictions of 118Sn with the Oslo measurements multiplied with 1.8 (filled squares)
(the measurements with the original normalization are also included as open squares), 116Sn(γ ,n) from Utsunomiya et al. [29], 118Sn(γ ,x) from
Fultz et al. [31], 118Sn(γ ,x) from Varlamov et al. [32], and 118Sn(γ ,x) from Leprêtre et al. [33]. (Lower right panel) Comparison of theoretical
predictions of 116Sn with the Oslo measurements, 116Sn(γ ,n) from Utsunomiya et al. [29], 116Sn(γ ,x) from Fultz et al. [31], 116Sn(γ ,x) from
Varlamov et al. [32], and 116Sn(γ ,x) from Leprêtre et al. [33].

for the different nuclei is gratifying. As is seen in Fig. 12, these
theoretical predictions describe the measurements rather well.

The pygmy centroids of all the isotopes are estimated to
be around 8.0(1) MeV. It is noted that an earlier experiment
by Winhold et al. [36] using the (γ ,n) reactions determined
the pygmy centroids for 117,119Sn to approximately 7.8 MeV,

in agreement with our measurements. Extra strength has
been added in the energy region of ∼4–11 MeV. The total
integrated pygmy strengths are 30(15) MeV mb for all four
isotopes. This constitutes 1.7(9)% of the classical Thomas-
Reiche-Kuhn (TRK) sum rule, assuming all pygmy strength is
E1. Even though these resonances are rather small compared

TABLE VI. Parameters used for the theoretical γ -ray strength functions of 116−119Sn. The value of Tf in 118Sn has been found for the
measured strength function multiplied by 1.8.

Nucleus EE1 "E1 σE1 EM1 "M1 σM1 Tf

(MeV) (MeV) (mb) (MeV) (MeV) (mb) (MeV)

119Sn 15.53 4.81 253.0 8.34 4.00 0.963 0.40(1)
118Sn 15.59 4.77 256.0 8.36 4.00 0.956 0.40(1)
117Sn 15.66 5.02 254.0 8.38 4.00 1.04 0.46(1)
116Sn 15.68 4.19 266.0 8.41 4.00 0.773 0.46(1)
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Conclusion on the Oslo method 

  Level densities 
–  Good agreement with evaporation spectra 
–  Fine structure → Cooper pair breaking 
–  Thermodynamics → Pairing phase transition 

  Radiative strength functions 
–  Good agreement with GDR, primary γ intensities 
–  Soft M1 resonance, low-energy enhancement 
–  Excellent description of capture γ spectra (total+TSC) 
–  Need comparison with (γ, γ’) results 



Conclusion 

  Statistical spectroscopy is a useful tool to investigate nuclear 
structure, complementary to discrete spectroscopy 

  Oslo method a success, good agreement with other methods 
–  Evaporation spectra 
–  TSC, total cascade spectra, photoneutron σs 
–  Need good comparison with (γ,γ’) results 

  New physics results 
–  Pairing phase transition (phase transitions in finite systems) 
–  6.5 µN

2 M1 resonance at 3 MeV in deformed rare-earth nuclei 
–  Low-energy RSF enhancement in Mo, Fe, V, Sc 
–  Pygmy resonance in stable Sn isotopes 
–  Establishment of TSC method following p capture (not discussed) 
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