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Abstract! 

The f-dec ay -from states with low spin at high excitation 
energy has been studied using the <»He,*He * > 4* aDy and 
<3He,*He>'*aDy reactions. The ?-ray spectra obtained in the 
two reactions are almost identical and do not reveal any 
reaction dependence. 
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In the experiments reported (1-3) on the decay of nuclei 

which have been excited by means of the <3He,*He> reaction, 

the gross structure of the ^-spectra is indeed as expected 

for statistical decay. However, two broad bumps 

superimposed on the statistical spectrum, were observed. 

One bump was located at an energy of 0. B - 1.2 MeV in even-

even nuclei (1) and one bump with energy 2.0 - 2.5 MeV so 

far reported only in odd nuclei (2). 

Mechanisms that could explain these broad structures have 

been suggested in earlier papers (1,2}, but so iar, not 

enough data have been avazlable to allow definite 

conclusions to be drawn. 

The broad bumps account for a considerable fraction of the 
total f-ray intensi ty, and one may ask why they have not 
been observed in other f-decay studi es, e.g. in the (a,2n) 
reaction studied by Sie et al . <4) . Are these prominent 
bumps anl y associated wi th the <3He,"*He) react i on empl Dyed 
in the preparation of the f-emi tters referred to above ? 

To look -far a possible reaction dependence, we have 
compared the f -spectra for the nucl ens **,=Dy produced in 
the ^'Dyt^He^He) >**zDy reaction and in inelastic 3He-
scatteri ng. The i neiastic process exei tes preferential 1y 
the cal leeti ve quadrupole and octupole vibrational modes, 
while the ( 3He, 4He) reaction mainly populates two-
quasiparticle states via transfer to single-hole states 
with large par tide angular momentum. 
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The experiments were performed by bombarding the 
isotopically enriched Xé'aDy and 1 A 3 D y targets with 45 MeV 
3He particles -from the Bcanditronis MC 35 cyclotron at the 
University of Oslo. The charged particles from the reactions 

were detected in four particle telescopes all positioned at 
a scattering angle of 40° relative to the beam direction. 
Each telescope consisted of cne 140 pm and one 3000 \im 

Si-detector and was placed as close as possible to the 
target to give a maximum solid angle (250 msr>. The *f-rays 
were measured with two 12.7 cm K 12.7 cm Nal and two Ge 
counters. Details of the set-up are given in ref. (3). 

The experimental intensities of the yrast transitions 
normalized to the number of cascades, are shown in fig. 1. 
The data shown are measured with Ge-detectors in 
coincidence with emerging '•He particles leaving the 1 A = D y 
nucleus with an excitation energy between 2.4 and 8.2 Mev*. 
The absolute normal ization i s somewhat arbitrary since the 
f eedi ng to the 0"** and 2* yrast states i s unknown. However T 

fig. 1 clearly shows that on the average the yrast states 
are entered wi th 2tt less angular momentum i n the i nei asti c 
scattering process when compared to the pick-up reaction. 

The yrast intensi ties can be compared wi th a simple model 
tzalcul at i an where it is assumed that a non-yrast state wi th 
spin I decays with equal probabi1 i ties to states with spins 
1-1, I and 1+1» For the excitation region of interest 
(E„=2.4-8.2 MeV) the average number Df non-yrast ?-
transitions is known (5) to be f* 2.5. With these 
assumpti ons the calculated yrast intensiti es for the 
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initial average spins of 1-2,4 and 6 are drawn as solid 
curves in fig.l. If the decay follows roughly the spin-
selecti on mechani sm described above, we esti mate that the 
initial spin populated prior to f-radiation ar& 

1= (3.5+1.0)11 and (5.5+1.Of» for the < 3He, 3He') and 
(3He,"*He> reactions respectively- This is consistent with 
the assumption that the inelastic scattering process 
popul ates low spi n vibrati onal states and the transfer 
reaction picks out h<t/ S fhn/ a and ii 3/2 neutrons. Thus, the 
observed spin di stributions emphasize the difference i n the 
two reaction mechanisms. 

Figure 1 i-shows the Nal f -ray spectra of * **aDy, obtai ned in 
the two reacti ons- The data are taken in coincidence with 
outgoing particles which populate the levels at excitation 
energies of 2.4—8-2 MeV. The two spectra reveal stri ki ng 
similarities. The yrast part of the spectrum (E^<0.5 MeV> 
shows more strength in the pi cfc-up reaction, cansi stent 
with the Ge spectra discussed above. 

The unfolded Nal spectra, displayed in fig. 3 exhibit 
large structures, which are not expected in the decay 
wi thi n a Fermi-gas picture. We have calculated such Fermi -
gas Tf-ray distributions using Monte Carlo simulations 
according to the procedure of ref.(6). The results are 

shown as dotted curves in fig.3. The calculated curves Bre 

scaled to represent a continous background i n the observed 
spectra. Using the Fermi gas distribution as "background", 
the position <E Y), the width (s y) and strength (1^) of the 
1 MeV and 2.5 MeV bumps may be evaluated (see Table i). A 
campar i son of these quanti ti es deduced from the < 3He, 3He') 
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and <3He,*He> reactions again verify the similariti es i n 

the two f-ray spectra. 

We notice that the so—cal1ed 1 MeV bump observed in ** aDy 
actual ly consists o-f two components. The 1 ower one i s 
located at 0.9 MeV f-ray energy and carries about twice the 
strength found in the other component at E-y *-* 1.2 MeV. The 
2.5 MeV bump is even more complex and is i nterpreted as one 
broad bump as a whale. 

The if -ray spectra may be divided into three parts: yrast, 
transitions, continuum transitions and transi ti ons 
assaciated wi th the bump structures, each with a gi ven f-
ray multiplicity. In fig.4 is displayed the average number 
of f--rays per cascade cant r i but i ng to the vari D U S parts of 
the spectra. The multiplicities for yrast transitions ars 

deduced from the data of f i g . 1. For the non-yrast f-

radiati on we find that around one f-ray per event 
constitutes the continuum part of the spectra. Thr? three 
bumps carry a significant fraction of the non-yrast 

radi at i on <<--' 587.) and play an important role in the totai 
decay pattern. 

In summary, a comparison of the two reacti ons should reveal 
possible remini scences of the formati on process in the Y~ 
decay. Although states of different structures arc 

populated, the observed f~ray spectra, which contain large 
bumps, are almost identical in the two cases. Hence, no 
reacti on dependence i s observed. Thi s is contrary to the 
situation in 1ighter nuclei where such a dependence has 
recently been found <6>. The result supports the picture <-,J" 
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a fully thermalized nucleus as a source of the ?-radiati on. 
We conclude that the particular shape of the ^-spectrum is 
characteristic for decay of highly excited low spin states 
in this nuclear mass region. 
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F i gure capt ions 

Fig.l Probability -for population o-f yrast states in 
the f-decay -from E M=2.4-0.2 MeV. 

Fig. 2 Gamma-ray spectra -from the ** aDy<*He, 3He ' > ** 2Dy 
and **3Dy<3He,J*He> 1 A a D y reactions. The 3He beam 
energy was 45 MeV. 

I 
Fig.3 Unfolded f-ray spectra. The dotted curves are i 

calculated with a Fermi gas model. 

Fig.4 The average number o-f f-rays contributing to the 
yrast bump and the continuum part Q-F the ?-spectra 
from EM=2.4-8.2 MeV. 
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Table 1 Comparison of f-ray bumps 
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Reaction E,<MeV) s,(MeV) I , " ' 

C H e . ' H e ' l 0 .B6I3) 0 .31 (8 ) 0 .22 (3 ) 

( 3 He,*He) 0 .85 (3 ) 0 .32 (8 ) 0 .26 (3 ) 

< 3 He, 3 He'> 1.27(2) 0 .31(B) 0 .12 (2 ) 

C H e / H e ) 1.18(2) 0 .32 (8 ) 0 .16 (2 ) 

I ' H e . ' H e ' ) 2 .5 (2 ) 1.2(1) 0 .21 (2 ) 

(-'He,«He) 2 .5 (3 ) 1.6(2) 0 .19 (2 ) 

* r e l a t i v e t o t o t a l i n t e n s i t y o-f n o n - y r a s t <r™rays. 
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