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GAMMA-RAY CONTINUUM SPECTRA FROM HEAVY ION REACTIONS -:
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The continuum gamma-ray spectrum produced by a residual deformed

nucleus following a Hi-induced evaporation reaction is the most promising

source of experimental information on the nuclear structure of yrast and

near-yrast states at very high spin (MO).1 For a typical deformed rare-

earth residue, the high-spin nuclear structure information i . contained in

a well localized bump of y-radiat ion between a few hundred keV and

M.5 MeV. The radiation in th is region (at least for E > 500 keV) is

dominated by stretched E2 t ransi t ions,2 and is known as the "yrast" con-

tinuum, though at high spin collective cascades up to several MeV above
the yrast line probably contribute to it. Underlying this is a continuum
of statistical transitions (i.e. noncollective transitions which carry
away excitation energy but little spin) which are observed to have a
spectral shape that is very close to exponential above E % 2 MeV.

We have attempted a detailed quantitative analysis of the yrast con-
tinuum by subtracting the underlying statistical continuum in a way that
makes allowance for tetff'ignorance of its detailed shape. This procedure
makes it possible to obtain the moment of inertia as a function of spin
over a wide range of spins. The results of this continuum spectral shape
analysis can be used to calculate the first and second moments of the con-
tinuum multiplicity distribution. Such calculations are found to be in
reasonable agreement with experimental data on these quantities.

Continuum spectra were taken in 5 cm x 7.6 cm Nal detectors, in *
coincidence with a seven-detector Nal array, during the bombardment of
150Nd by 115- and 130-MeV beams of 2®Ne. The spectra were unfolded to
correct for detector response.
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In the first stage of analysis the high energy part (E^ £ 2.5 MeV) of
a spectrum was fit to the empirical form

NS(EY) = A EX exp(-Ey/T) Eq. 1

where A is a normalization constant and x and T are considered purely

empirical parameters.3 The f i t s were made with a range of fixed values

of x. Using best f i t values for A and T, the resulting stat is t ica l com-

ponent was subtracted from the experimental spectrum and the difference

interpreted as the yrast continuum. Curves for x =0 .5 to 5 and some

resulting yrast continua are shown in Fig. 1 . For each value of x these

f i t s give such quantities as the relative yield of yrast and stat is t ical

t ransi t ions, the average stat is t ical y-ray energy and the absolute sta-

t i s t i ca l y y ie ld . Values of x outside the range ^ 1.5 to ^ 3.5 were found

to give results for these quantities at variance with other experimental

data. In al l subsequent analyses of the yrast continua, uncertainties O!i

deduced parameters have been expanded to span the fu l l range of their

variation with x in the range 1.5 to 3.5.

In order to proceed with the yrast analysis, a simple picture of the

yrast cascade, similar to that employed in previous work,4 was used. The

relationship between spin ( I ) , E and moment of inertia,<£ ,was taken as

Ey = % (41-2) Eq. 2

and the spin distr ibut ion at entry:

P(I) a (21 + l ) / { l + exp( l lW) l Eq. 3
' d )

where d was taken from optical model calculations (3.5 - 4) and Imax was

fixed by requiring agreement with gamma mul t ip l ic i ty experiments.^ By

considering only those events in which a given minimum number of detectors

in-the seven-Mai array f i red , the upper spin region in the residue can be*

enhanced anJ low mul t ip l ic i ty background arising from Coulomb excitation

and other quasi-elastic reactions can be removed^ The effect of this

requirement can be taken into account in a well-defined way as a

modification of the entry spin distr ibut ion.



Using the assumed entry spin distr ibution, the yield of yrast gamma

radiation as a function of the in i t i a l spin in the transit ion, Y ( I ) A I , can

be calculated. From this quantity and the experimental yrast-continuum

yield data, Y(E )AE , we can obtain an approximation for dl/dE as a

function of E

9 i_ a _ a _ Eq. 4

From Eq. 2, with k = fi2/2-4 , we have

Eq. 5

These equations can be integrated numerically to give I vs.. Ey or equiva-

lently k vs. Ev or I , provided a value of Ev is available at which

k and dk/dEY are known (for example, a point of approximately constant^,

where dk/dEy = 0). This procedure has been applied to the 130- and 115-

MeV data using known values of<^ at high spin from the 164yb ground state

band.6 Results obtained from the sum of four-and-higher fold data are

shown7 in Fig 2a. These results are reproduced schematically in Fig. 2b,

together with values deduced from a conventional integral analysis.**

Also shown are contributions of various final channels to different spin

regions, deduced from mult ipl ic i ty distribution measurements.^ The 130-

MeV data show the moment of inertia to rise slowly with spin over the fu l l

range for which our data can be considered meaningful, reaching the rigid

sphere value at I ^ 50. The flattening in the 115-MeV data at lower spin

is probably related to increasing yield in the 5n channel at high spin in

those data.

We have also studied the f i r s t and second moments of the Y-ray multi-

p l i c i t y distribution as a function of E jwith a setup similar to that

described above, but with spectral inf-orijiation derived from a conversion

electron lens.9 the resulting data are shown in Fig. 3 for 130 MeV ^

20Ne. + *50Nd. The parameters deduced in the spectral shape analysis •

outlineri^abtive were used to make the calculations shown as solid l ines, \

with the only additional input being the assumption that the average



statistical multiplicity is constant with a value chosen to fit high E
data. The x = 2 results were used in this calculation; smaller and
larger3 values of x give in appreciably poorer accounts of the data.
Somewhat better agreement with the data is obtained by assuming a larger
value of the spin population diffuseness than was used in the spectral
shape analysis, as shown by thê  dotted lines in Fig. 3. The bump in
M data near 1.5 MeV does not imply any unusual characteristics of the
entrance spin distribution, but arises from the mixture near this energy
of very high multiplicity yrast transitions with comparable numbers of
relatively low <M> statistical transitions leading to a double humped
(and hence broad) multiplicity distribution.
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FIGURE CAPTIONS

Fig. 1 Statistical continuum fits and deduced yrast continua.
Pig. 2 Moment of inertia .vs. spin for 115- and 130-MeV 20Me + 150Nd.

Results6 of the analysis at both energies is shown in Fig. la.
In Fig. 2b, these results are schematically reproduced along
with an indication of the contribution of various final channels.
The solid line in 2a is for the ground band in lw\b deduced from
discrete line spectra (preliminary results, Ref. 6).

Fig. 3 Mean and width of the multiplicity distribution for 130-MeV
2 0 N 6 + 150Nd. The solid lines are for x = 2, d = 3.5 and the
dashed lines for x = 2, d = 8.
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