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ABSTRACT

The beta-delayed proton and alpha-particle emission from the
Ado.dde dawxm 114,116 117
r ’

precursors Cs and Ba has been
investigated using fusion-evaporation reactions, on-line
mass separation and decay spectroscopy. Comparison of the
results with theory revealed that satisfactory agreement is
only achieved by introducing into the beta-strength function
a resonance, whose position and strength agree with results

of simplified Nilsson-model calculations.
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Beta-delayed particle emission is a two-step process, which
for medium-mass and heavy precursors involves a large number
of states in the intermediate nuclei. It is, therefore, des-
cribed theoretically by the statistical model ﬁd~mu~ which
combines the treatments of the beta decay and the subsequent
particle emission. Accordingly, the information extracted
from B8-delayed particle spectroscopy is normally concerned
with gross properties of the nuclides like level density and
strength functions.

Following the studies of 114

Cs [3], for which a resonance in
the underlying B-strength function mm mpw was proposed, we
have undertaken a systematic investigation of B-delayed par-
ticle emission from precursors with 5052556. The identifica-
tion of dowlomms has been published ﬁmg » and the experi-
mental details and the observed decay properties of the pre-
cursors from tellurium through cesium will be presented in a
more extended paper ﬁmu - Suffice it therefore here to mention
that the activity was produced in mmelwsacomm fusion-evapo-
ration reactions followed by on-line mass separation. In this
letter we shall focus on the conclusions drawn from comparisons
of measured intensities and energy distributions with the
corresponding calculated quantities for the lightest known
isotopes of iodine, xenon, cesium and barium, while for the
tin isotopes the intensities did not suffice for such studies.

Some of the precursors treated here have already been investi-
gated by other groups hqlmw . However, this represents the
first attempt to perform a more complete study of the process
in this mass region, it includes for the first time the iodine
isotopes, and it takes advantage of the additional data which
have recently become available on precursors in this

region from more detailed studies, e.g. application of the
particle X-ray coincidence technique (PXCT) on omom and Aémxm
[10] and 'Mxe [11] , thus allowing more reliable extrapo-
lations to be made for the nuclides studied here.
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level widths were reduced. We have, therefore, finally
focussed our attention onto the B-strength function m In
order to study the local behaviour of Sgs we have vamOHama
simplified Nilsson-plus-pairing model calculations, inclu-
ding also blocking effects. We applied here potential para-
meters Axv = 0.0662, tb = 0.540, Kp = 0.0637 and By = 0.450)
and deformation parameters ¢ (only quadrupole deformation
was considered, and the values are Given in fig. 3) as
recommended by Ekstrdm et al. mm» u. The pairing-gap para-
meters were averaged for this region and taken to be >v =
1.2 MeV and >5 = 1.3 MeV.

Due to the occupation coefficients ,only two allowed-unhindered
(au) 8- -transitions can contribute essentially to mm in this
area: (7/2+[413]) - (5/2+[413]), ana (9/2+[404]) a7 (7/2+[404])
They both originate from the paired-nucleon system in the
precursors and thus lead to 4(3)-quasiparticle states in the
even(odd) -A daughters. The position and relative strength of

these transitions were calculated for the eight precursors

shown in fig. 3. For adwxm and danom we derived also all

allowed~hindered (ah) and first forbidden (1f) B-transitions
leading to states situated above the pairing gap _HN & and
below the om0|<mwcm in the daughter nuclides. To obtain the
strength of the various transitions, we assumed average ft-
values, QOHHmOﬂmQ mOH pairing mbm statistical factors ﬁmmu
of 1.6- do y 2.5 do and 3.2. Ao for au, ah and 1f transi-
tions, respectively. Because of the large number of ah and
1f transitions (V200 for each precursor), the average values
are assumed to work well for these transitions. But since
transition probabilities are distributed according to the
Porter-Thomas law mumu~ it may well be that the assumed
strengths of the two au transitions deviate considerably from
the real ones. In order to estimate the accuracy of the
applied values, we used the calculated strengths to obtain
theoretical half-lives of 4.2 s and 2.0 s for dgwxm and

AAAOm. respectively. These values agree reasonably well with

the experimental values of 2.74+0.08 s [6] and 0.57+0.02 s [3],
but are both slightly too high, thus indicating that the
strength of the au transitions is indeed of the same order of
magnitude as the average value, but maybe slightly larger.

The resulting mm for Aduxm and AQAOw are given together with

the au transitions for the remaining precursors in fig. 3.

The presence of the strong au B-transitions, which in reality
are assumed to be distributed over several final levels, was

in our statistical-model calculations taken into account by
adding to the constant mmN that was applied earlier ﬁg~w~& B

a Gaussian resonance. The parameters of the Gaussian (posi~
tion in excitation energy, strength relative to the constant
term and width) were then varied until agreement between
experimental and calculated proton spectra was obtained.
Because of the similarity of the precursors treated here, the
width was demanded to be the same in all cases. The 8-

strength functions resulting for the six cases investigated
here, are shown in fig. 3 together with independently derived
strengths for Admxm ﬁa and ddm Ba ﬁ& . The resonance for

AAmOm is exceptional in the sense that the position corresponds.
to the proton energy at which the maximum intensity was ob-
tained also for constant ma. thus explaining why agreement

in spectral position could be achieved without modification hm
We wish to stress, however, that the introduction of a
resonance in mm brought the spectral shape more in accordance
with the experimentally observed one.

The generally satisfactory agreement between the derived mml
resonances and the calculated au transitions together with
the fact that the fitting procedure of the proton spectra
brought also considerably better agreement for the «-spectra
(fig. 1b) and the energy dependence of the branching to the

excited states for the 4dwxm precursor (fig. 2), are taken
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Fig.

Fig.

1:

2:

Figure Captions

Experimental (histograms) and calculated B-

delayed proton (a) and o-particle (b) spectra

of AAOH. The theoretical curves were obtained

with the statistical model applying (I): standard
parameters (see text for explanation), (II):
constant B-strength function mm~ enhanced level-
density parameter a' = 1.33: a and y-emission
widths T! = 10.T 2-0

Y Y o and AHHHvu mD = O.‘_+O..N.JU.=.'

- 2
.mxvfuﬁw.muwwll , where E is the excitation

energy in the intermediate nucleus déoem in Mev,
waan:mm:~mwmmm<m~cmmm.na.uu.memﬁ.uw.ﬁ

Y Y
In all cases we used for AAOH“ Hﬂ = A+ and Q =
110 EC

11.44 MeV, and for Te: mw = 3.36 MeV and OQ =
2.72 MeV. For each calculated set of spectra, a

scaling factor brought the proton spectrum to the
same height as the experimental one, and the same

.

factor was then applied to the a-spectrum, so that
the area under the smooth a-spectra relative to
that of the histogram can be taken as a mass of
how well the calculations reproduce the experi-
mental p/y-ratio.

The fraction of B-delayed protons from dexm ob-

served in coincidence with the 2V —o" Y-transition
in Aﬂmem (the decay process is shown as inset)
given as function of the proton energy. The expe-
rimental points are shown together with three
curves resulting from statistical-model calcula-

T Aduxmv = w\w+ and

tions under assumption of I (
application of (a): standard parameters (see text),
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EXCITATION ENERGY IN DAUGHTER NUCLEUS , MeV
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