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Abstract: The excited superdeformed band (band 5) in ""Gd has a discontinuity (back-bend) 
in the smooth variation of gamma-ray energy with spin at around 1 MeV. It has been 
established that the band also has a decay branch that is probably a continuation of band 5 
below the back-bend. Gamma-rays have been identified which link band 5 with the yrast 
superdeformed band in '"Gd. 

1. Introduction 

There are four strongly excited superdeformed (SD) bands') in ""Gd. The strongest (SD2) 
at 50% intensity of the yrast SD band is associated with a proton excitation from the low N 
[301]% orbital into the high N [65113/,. SD band 3 and 4 are signature parties and they 
exhibit 3',) moments of inertia similar to the yrast SD band in 14'Gd and thus they are 
associated with neutron excitations from the high N [770]% orbital into the [40215/, orbitals. 
This report concerns SD band 5 which has an intensity of 38% relative to the yrast SD band 
and an 3") of a large magnitude similar to that of the yrast SD band in ISzDy. In addition the 
y-ray energies are within 1 - 2 keV of those in '"Dy at the highest energies. These data have 
led to the proposal ') that lsoGd SD band 5 is associated with a two proton.excitation from 
the [301]% orbital into the [651]3/2 orbital. The y-ray energies slowly diverge from those in 
lSzDy as the spin of the band decreases until there is a discontinuity or back-bend at a y-ray 
energy of just below 1 MeV. This feature is unusual in SD bands in the A = 150 region, the 
other examples have been interpreted as neutron pairing effects in '"Gd band 1 3, and 14'Gd 
band 2 4*5); proton pairing alignments 6, in I4Gd band 1; and an interaction 7, between the 
neutron [651]M and [64215/, orbitals (146* 147*148Gd). In the case of Gd SD band 5 it has been 
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suggested ,) that the back-bend is linked to proton pair excitation. 
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The excited SD bands in lsoGd have been investigated in an experiment at Gammasphere 
(with 84 detectors installed) using the 13@Te (=Mg, 6n) reaction on 2 tellurium foils of 
thickness 500pg cm-' on 500% cm-' gold with a thin layer of aluminium to prevent migration 
of the tellurium. Over lo9 events were recorded with unsuppressed fold greater than 5. 
Analysis has focussed on setting three selection conditions and thus using data with at least 
four coincidence y-rays. Details of the decay scheme around the back-bend have been 
established and links between SD bands 5 and 1 have been identified 8). 
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Figure 1. Spectrum of SD band 5 in I'Gd obtained by setting three gates on y-rays in the 
band from 1047 keV to 1450 keV. The gamma-rays with energies of 815 keV, 850 keV, 889 
keV, 930 keV and 1014 keV are identical to y-rays in the yrast SD band (band 1) of 150Gd. 
Gamma-rays marked with an asterisk (*) are associated with the decay out of the band into 
normally deformed states. 

2. The back-bend in '"Gd 

The spectrum of lsoGd SD band 5 shown in figure 1 has been obtained by setting 3 gates on 
y-rays between 1047 keV and 1450 keV (except 1098 keV as this is very similar to the 
energy of a y-ray in the yrast SD band). The major intensity flow is via the doublets at 996, 
999 keV and 966, 969 keV followed by the 911 keV transition. There are other y-rays in the 
spectrum which are not observed in other SD bands and therefore are probably not associated 
with the decay out via normally deformed states. These include y-rays with energies identical 



to those at the lower spin end of the yrast band which will be discussed later and those at 
856, 901 and 948 keV. The later transition is close to the strong 950 keV decay between 
normally deformed states but this decay is only very weakly seen in spectra obtained for other 
superdeformed bands in IsoGd. 

A spectrum with two gates on SD band 5 on or above the 1047 keV transition and one gate 
on the 901 keV transition shows that this y-ray is in coincidence with the 999 keV member 
of the higher energy doublet and weakly with the 966 member of the lower - energy doublet. 
However it is not in coincidence the two other members of those doublets. It is concluded 
that it is parallel with the 969 keV y-ray as shown in the decay scheme proposed in figure 2. 
The 948 keV and 856 keV y-rays are in coincidence with the 901 keV transition and thus they 
are placed with the 901 keV as a continuation of SD band 5 below the band crossing. The 
intensities of the four members of the back-bend doublets have been estimated from a series 
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Figure 2. Decay scheme of SD band 5 in ImGd showing the proposed continuation of the 
band below the band crossing and the transitions linking SD bands 5 and 1. 



of spectra including those with the final condition being a narrow gate on one of the doublet 
members. These show that the intensities of the 966, 969 and 996 keV transitions are 
approximately equal and that the difference between these intensities and that of the 999 keV 
is equal to that of the 901 keV y-ray. Thus there appears to be no loss of total intensity 
around the back-bend. The level scheme is consistent with a strong interaction between two 
levels of spin 38' which are separated by 68 keV (fig. 2) whereas their unperturbed separation 
is 5 - 10 keV. Adjacent levels in the band would have much larger unperturbed separations 
and thus have much smaller perturbations of a few keV. Thus the level scheme in figure 2 
is consistent with an accidental degeneracy of two states which have different SD 
configurations and thus it may not be a pairing interaction as previously ') suggested. 

3. Decays between band 5 and band I 

The spectrum (figure 1) of SD band 5 in '"Gd indicates the presence of the lowest four 
transitions (815,850,889 and 930 keV) of the yrast SD band. The next members are the 972 
keV transition, which is not fully resolvable from the 966/969 keV doublet, and the 1014 keV 
transition which is weaker. Higher energy members are not observable in the spectrum. The 
intensities of the lowest 4 band 1 y-rays are each approximately 24% of the intensity of band 
5. Gamma-rays linking bands 5 and 1 were identified from spectra generated by setting two 
gates on band 5 and one gate on band 1. In figure 3a the spectrum has two gates from 999 
keV to 1450 keV on band 5 and one gate from 850 keV to 930 keV on band 1 whereas in 
figure 3b the gates on band 5 have been restricted to 1149 to 1450 keV and that on band 1 
extended up to 1057 keV. A series of 7 transitions from 1382 keV up to 1649 keV are 
observed in these spectra. The 1381 keV y-ray is much stronger in figure 3a which has gates 
extending down to 999 keV and the higher energy transitions are stronger in figure 3b where 
the gates on band 1 are extended to the higher energies. These transitions indicate 
unambiguously that the bands are linked as shown in figure 2. The y-ray energies are 
consistent with this interpretation and it is possible that the links extend to even higher spins. 
The decay between the bands occurs at spins above the back-bend and it appears to stop at 
the back-bend. This is at variance with the initial suggestion that the inter-band decays were 
initiated by the back-bend. The linking transitions are currently being further investigated to 
establish their intensities and to measure angular correlation information which should give 
definite information on the multipolarity of the transitions. In fig. 2 the transitions are 
assumed to be of E2 character and the spins of the states to be even. These assignments are 
based on the identity of the y-ray energies with those of the yrast SD band in '"Dy. However 
these spin assignments are two lower than currently assumed ') for the yrast SD band in 
"'Dy. If confirmed by the multipolarity information it shows that the spins of all SD bands 
with four N = 6 protons should be 21i lower relative to Tb and Gd SD bands with two and 
three N = 6 protons. 

' 

The intensity data should enable conclusions about the character of band 5 and that of the 
linking transitions. 

Support for this project is acknowledged from the UK EPSRC and the US DOE Nuclear 
Physics Division. 



100 

0 

100 

Y 
E 
3 6 *‘50 

0 

2 gates on band 5 (999 - 1451) 
1 gate on band 1 (850 - 930) 

0 
.-( 

2 

I 

2 gates on band 5 (1150 - 1451) 
1 gate on band 1 (850 - 1057) 

I I ,  I .  I n  I 
1250 1350 1450 . 1550 

Ey (kev) 
1650 

Figure 3. Spectra of SD band 5 in lSGd showing linking transitions to SD band 1. a) Two 
gates are set on transitions in band 5 from 999 keV to 1451 keV (except 1098 keV) and one 
gate on transitions in band 1 from 850 keV to 930 keV. b) Two gates are set on transitions 
in band 5 from 1150 keV to 1451 keV and one gate on transitions in band 1 from 850 keV 
to 1057 keV (except 972 keV). 
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