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Beta~delayed particle emission: average and

statistical aspects of nuclear structure

One of the main fields of research at ISOLDE is experimental
investigations of beta delayed particle emission. These
studies have until now covered delayed protons 1_4),delayed
alphas 5'6'7)and in recent years also delayed neutrons.

One may say that these decay modes are typical of nuclei

far from stability and they provide cne of the main experi-
mental tools for studying wvery unstable nuclear systems.

This will certainly continue to be the case,

The particle emission processes, as such, are relatively

2,8)

1
well understood ' and the main interest in continuing

this type of exotic nuclear spectroscepy is to use the
special features of the decay to learn about nuclear structure.

The particles are emitted from nuclear states that are typically
at some MeV of excitation energy; in the case of medium weight
and heavy nuclei these regions of excitation are characterized
by high level densities. The particle spectra serve as a very

sensitive probe of the propverties of these states,

This letter mainly serves as a reminder that this research
line will continue. To illustrate what we foresee as its
most interesting outcome, we have chosen three examples:
(i) beta-strength functions; (ii) nuclear level densities;

(iii) lifetimes for highly excited nuclear states.

1. Beta-strength functions from delayed particle spectra

Beta-decay prcbabilities are normally thought of on a transition-
by-transition basis, but with high level densities it is more

natural to define the beta-strength function, 8 as being

Bi’
related to the total preobability per energy interval of final
states in the daughter nucleus. In order to get a complete
picture of the variation of the strength with energy for nuclei

far from stability, the delayed-particle spectra play an im-~

portant role. As an example of a case where the beta~strength



function has been built up of a combination of different

types of data we show in figure 1 the result for 49K
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Fig., { The beta astrength function for 491( deduced from neutron and garmma-ray data.

In this case we have been able to construct the strength
function up to 10 MeV by combining (i) gamma spectroscopy
data, (ii) delayed neutron data (energy spectra and P

value) and (iii) ny coincidence data.

The special significance of this system lies, of course, in
its proximity to the doubly-magic 48Ca. It is possible that
this nucleus will be useful as a model for understanding the

microscopic origin of beta-strength.



We foresee that several new cases of this kind, on both sides

of stability, will come within reach for experiments during

the next couple of years and we shall continue our mapping

of the strength functions. Also other doubly magic regions
(Z,N=50,50 and %,N=50,82) are of interest as well as the general
behaviour of the g -strength functions that we can extract

from the beta-delayed neutron data.

2. Measurements of nuclear level densities

Spectra of delayed particles show, in the typical case, a
broad hump with a super-imposed fine structure. This fine
structure arises mainly from Porter-Thomas fluctuations in
the transition probabilities, whereas fluctuations in the
level spacings are of less importance. The intensity of the
fluctuations in unresolved spectra from beta-delayed particle

2)

emitters can be related to the nuclear level density at

the excitation energy of the particle emitting states.

Analyses of this kind of data has until now only been completed
in three cases, collected in figure 2. One interesting result

is the extremely low value of the level density parameter

for the isotope 23 Ag. This is maybe the strongest evidence
until now for the magicity of the as yet undiscovered 128 Sn.

We shall continue to collect level density data and a major
effort will be put on the neutron rich side of stability.
With this information we may‘expect to arrive at a better
understanding of the level density parameters in general and
especially for the neutron rich isoctopes that are of major

interest in astrophysical calculations.
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Fig.2 The level density parameter a (in MeV_{) as a function of the nesutron number N for the

elements ailver (Ag, Z = 47), antimony (3h; = 5¢{) and iodine T, 2 = 52), Ezperimental
poinis are counnected with heavy lines. The data points are from fluctuation analysie of
beta-delayed proton epectra and the small ones from neutron resonance data. The curves
earrespond to predictione from a semi-empirical formuila (Truran et al. ref, (0} and the
daghed lines to the usual estimate a = A/8.

3. ARverage excited state lifetimes

In nuclei with A>50, delayed proton emission is usually pre-~
ceeded by a significant electron capture component. Thus a K
vacancy 1s created simultaneously with the population of a
proton-unstable state. If the K X-ray is emitted before the
proton its energy will be characteristic of the beta-decay
daughter; if it is emitted after, it will correspond to the
element cne unit lower in Z. Consequently the intensity ratio
of the two X-rays will provide a measure ¢f the nuclear life-
time, since the atomic one is acurately known. Such lifetimes
can be measured with particle X-ray coincidence techniques, and
the data vield information on both y-ray and protcn partiél
widths as well as on the level density. As an illustration

of this kind of data we show the results for

EC (B+) * o) , .
73Kr TBBr 728e in figure 3.
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This measurement technique yields direct information on the
proton- and y-decay widths of low-spin excited states, and as
such is unique in the study of many exotic nuclei. We shall
pursue these studies in order to relate present knowledge of
near-stable nuclei to the more general geography of the entire
nﬁclear chart. It is already evident that theories extrapclated
from near stability do not correctly predict the behaviour of

I' walues.
Y

The most recent experiment on the 733r lifetimes shows that

a full understanding depends on obtaining data from a number
of sources: particle intensities, fine structure, B-ray work,
spectral shapes and lifetimes. 1In view of the fact that these
experiments are complex and time consuming, the improvement

in intensity offered by a SIN-ISOLDE installation is of con-

siderable interest.



-7 -

References:

1.

10.

P, Hornshéj, K. Wilsky, P.G. Hansen, B. Jonson and
O0.B. Nielsen, Nucl. Phys. Al87 (1972) p.599 and p.609

B. Jonson, E. Hagberg, P.G. Hansen, P. Hornshgj and
P. Tidermand-Pertersson. CERN 76-13, p.277

P. Asboe-Hansen, E. Hagberg, P.G. Hansen, J.C. Hardy,
P. Hornshgj, B. Jonson, S. Mattsson and P. Tidemand-
Petersson. Phys.Letter 77B (1978) 363.

P. Asboe-Hansen, E. Hagberg, P.G. Hansen, J.C. Hardy,
B. Jonson and S. Mattsson. Nucl. Phys A to be published

P. Hornshgj, K. Wilsky, P.G. Hansen and B. Jonson.
Phys. Letters 55B (1975) 53

P. Hornshgj, P. Tidemand-Petersson, R. Bethoux, A.A. Caretto,
J.W. Griiter, P.G. Hansen, B. Jonson, E. Hagberg and

S. Mattsson. Phys. Letters 57B (1975) 147

E. Hagberg, P.G. Hansen, P. Hornshgj, B. Jonson, S. Mattsson
and P. Tidemand-Petersson, Phys Letters 73B (1975} 139

J.A. MacDonald, J.C. Hardy, H. Schmeing, T. Faestermann,
H.R. Andrews, J.S. Geiger, R.L. Graham and K.P. Jackson.
Nucl. Phys A288 (1977) 1,

P.G. Hansen, Adv. Nucl. Phys. Vol.7 p.159

J.W. Truran, A.G.W. Cameron, E. Hilf, CERN 70-30, p.275.



	
	
	
	
	
	
	
	

