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ABSTRACT
Beta-delayed alpha emission from neutron-deficient intermediate and heavy
nuclei provide a possibility of estimating the alpha strength function in ex-
citation regions below the Coulomb barrier. Recent experimental data are pre-
sented and used to obtain the average alpha strength, which in units of the Wigner
limit is estimated to be of the order 0.05-0.10 MeV~!. A semiempirical expression
for the average alpha width at 5-12 MeV excitation is given and compared with

optical model predictionms.
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The experimental results on beta-delayed alpha-particle emission from inter-
mediate and heavy nuclei provide the possibility of learning about alpha widths
in an energy region where only little is known. The alpha-emitting states are
situated typically at 5-12 MeV excitation energy and are thus bridging the gap
between, on the one hand, the ground states, which in certain cases show alpha
radioactivity, and on the other hand the compound-nuclear states near or above the
Coulomb barrier, accessible through reaction processes involving alpha particles.
The energy spectra and the emission rates are therefore expected to provide a
valuable clue for the understanding of alpha formation probabilities in a rela-
tively cold nucleus.

A summary of our experimental results is given in Table 1. As the details of
the experiments have been presented earlier [l,ﬁ] and have been further confirmed
in the parallel studies by Bogdanov et al. [3], we restrict ourselves here to
showing, as an example, the delayed-proton and delayed-alpha spectra from '!6Cs
(Fig. 1). The alpha strength function, Sa = (Yé) *p;, can be estimated from the
experimental data by relating the observed and reduced widtﬁs through the expres-
sion Fa = 2P£Y§. The parameter s is the density of alpha-emitting levels, and P2
is the barrier penetrability of multipole order % (here calculated with the Igo [4]
exponential potential). Although the presence of strong local structure in the
alpha strength function is a theoretical possibility [5], it is simpler, as a
starting point, to assume a constant strength function in the energy region of
interest. This assumption appears not to be in contradiction with experiment.
Following the alpha-cluster picture used previously [1] we assume that the reduced
width for a cluster level, consisting of the daughter nucleus plus an alpha par-
ticle, is equal to the Wigner limit y% = 3h2/2Mraz, where Mr is the reduced mass
and a the channel radius (here taken to be 1.55 Al/:'J fm). It is further assumed
that the strength in units of the Wigner limit is the reciprocal of the cluster
Ys

level spacing Sa = (2hw)~!, where hw = 41/A'® is the harmonic oscillator level

spacing. From this an estimate of the average alpha width is derived:

v2 p
(T >=-‘-"—%. (1)
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With this estimate a calculation similar to previous delayed-particle calcula-
tions [2,6] has been performed under the assumption of a constant beta-strength
function, standard level density parameters [7] and, for the proton widths, opti-
cal model calculations [8]. In Table 1 the calculated alpha branching ratios and
delayéd—proton to delayed-alpha intensity ratios are compared with the experimental
results. The agreement is excellent; the largest deviation in Pa amounts to a
factor of 6, while the ratio Pp/Pa’ which is insensitive to assumptions about the
beta-strength functibn and the level density, agrees even better. In units of Y@
our results thus give an alpha strength of 0.05-0.1 MeV™!, which is in close
agreement with results from (n,0) éxperiments [9].

The above estimate may appear overly primitive and we have therefore com-
pared it with optical model calculations. The average alpha width is obtained
from the calculated transmission coefficients Ti with the expression:

'(1")=—T§—- (2)
o

21Tpi

The choice of parameters was guided by the results given by the analysis of
alpha scattering data [10-12]. As an example, Fig. 2 illustrates the calculated
ratio T§=°/PO for (Z,A) = (52,114). The curves correspond to different values
of the imaginary part of the potential, and they are seen to agree almost quan-
titatively with our estimate above 8-9 MeV. This agreement is hardly in itself
surprising as the two estimates both represent single a-cluster models treated
with different degrees of refinement. The essential conclusion is then that the
experiments are in agreement with this picture and that the alpha-stfength func-

tion at 5-12 MeV excitation energy can be understood in a simple way.

The authors are indebted to Dr. A.S. Jensen for making the optical model

program available to them, and for many stimulating discussionms.
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Figure captions

Fig. 1

Fig. 2

Delayed-proton and delayed-alpha spectra from '!®Cs measured with a
AE-E detector telescope equipped with surface barrier detectors

(AE: 25 um, 100 mm®; E: 500 um, 450 mm?). The measurement was
performed at the ISOLDE facility at CERN, the caesium activity being
produced in a target of molten lanthanum metal bombarded with a 1 pA
beam of 600 MeV protons. The ratio of delayed-protons to delayed-
alphas was measured to be 47 * 2 and the alpha branching ratio to be

(8 +2) x 107° [2].

Ratios of transmission coefficients T§=°/P0. The parameters given
in the figure were taken from Ref. 12, and the three curves show the
results oé optical-model calculations with different choice of the
surface absorption (WS) and volume absorption (WV) potentials. The
horizontal line shows the value 0.21 which is obtained by combining
Eq. (1) and Eq. (2). It is clear that this "ansatz" in the region
of interest (Ea > 8 MeV) is in nearly quantitative agreement with
the optical model. The behaviour of Ta at low energies must in all

cases depend critically on the radius parameter.
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