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Abstract

Experimental studies of beta-delayed proton and
alpha-particle emission from precursors in the re-
gion close to the double shell closure at N = Z = 50
are described. The resu;ts range fgom identification
of new precursors like 99Ag and 1035 105spn, to
determination of branching ratios, feeding of ex-
cited levels after particle emission and the energy
available for proton emission. Comparison of the re-
sults with statistical-model calculations points to
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1. Introduction

The evolution since the fira} observation of
beta-delayed proton emission '* has made it clear
that this decay mode is characteristic for very
neutron-deficient nuclides of many elements. The
combination of large beta-decay energies and small
binding energies of charged particles in such
nuclides permit?161so other decay modes as shown by
the example of I in Fig. 1. However, of the beta-

L
[ 10 109 Te+
B ecpy) ™ P
K a
5
=7 106
_—2F Sb+a
ZP/ =7 277
Py
OBSn+2p 4//¢/
m— g LA
Slnepra o
110-[-e
a
1065n+q

Schematic presentation of po??6b1e decay
modes of the T; = 2 nuclide I. The nuc-
lear masses were taken from the droplet-
model calculations by Myers (in ref. 3).
Note the many channels open for p?r icle
emission following ?sta-decay of 101 to
excited levels in '10Te: In addition to
proton and alpha decay, emission of two
protons, a proton plus an alpha particle,
and even of °He becomes energetically pos-
sible (the latter decay mode is omitted in
the figure for simplicity). Decay channels
already identified are shown as full-drawn
lines, while so far unobserved modes are
given as dashed lines.
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delayed decay channels which - at least in principle -
are open for this nucleus, only two have been ob-
served so far: the emission of protons and alpha
particles from the excited levels fed by beta decay.

Along with the identification of ever more
particle precursors, the investigations of these pre-
cursors have changed character from being studies of
an exotic decay mode as such,into applications of
this decay channel to obtain information on nuclear
properties. In the following we present examples from
the region Z ~ 50 of both identification of new par-
ticle precursors and more thoroughly studies of
selected precursors. The latter should be seen as an
attempt to perform rather "complete" experiments in
the sense of measuring as many decay properties as
possible, in order to approach a unique determination
of the numerous parameters used in the theoretical
description of the process. The identification of new
precursors includes e.g. the so far Tightest known
isotopes of tin (Z = 50) and a series of N = 49 pre-
cursors. The applications have mainly been performed
for precursors with 53 < Z < 56 and the interest has
beeﬂ)focussed on the derivation of ingogTation on mas-
ses'’/ and the beta-strength function °7°/, but in-
cludes also the first observation of an earlier un-
known excited nuclear level by means of coincidence
measurements of beta-delayed alpha particles and
Y-rays.

2. Experimental techniques

As mentioned above, the particle precursors are
characterized by their remoteness from the region of
stable and long-Tived nuclides. Unfortunately this
means in most cases that the cross-section for
formation of such a nuclide is only a small fraction
of the total reaction cross-section. This makes an
isolation of one or a few nuclides from the rest of
the reaction products a necessary condition in order
to allow for subsequent spectroscopic investigations.
The most powerful tool for this selection has proven
to be on-line mass separation.

The experiments presented in the fo]]owggg have
all been performed at the GSI mass separator?/on-line
to the heavy-ion accelerator UNILAC. The activity was
produced as_evaporation residues by bombardment of
2 - 4 mg/cm? targets of 50Cr, 94Fe, 98, 60Ni and 63,
65Cy with 4 - 5 MeV/u iops of 15 - 40 particle-nA
(pnA) beams of 40Ca and °SNi. The recoiling producti
were stopped in the catcher foil of an jon source!0),
ionized, extracted and accelerated by a voltage dif-
ference of 50 kV. They were then sorted according to
their masses by the magnetic field of the separator,
and the beam corresponding to the selected mass was
directed to the actual collection position.
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In the present investigations three measuring
positions were used: by means of two sets of electro-
static deflector plates, two mass-separated beams
could sipultaneously be guided to and stopped in two
10 W9/cm* thick carbon foils, each situated on a
wheel equipped with two such foils, a calibration
alpha source and a Tight-screen for beam adjustments.
Behind the wheel a te1%scope, consisting of a 21 -

29 pm thick and 150 m@ large energy-loss (AE) and a
~700 pm thick, 450 mm¢ large rest-energy (E) surface-
barrier silicon detectors, were recording the par- -
ticles emitted from the sources collected in the
carbon foils. An additional calibration source for
the E-detector was placed on a second wheel behind
the telescope, so that both detectors could be cali-
brated without breaking the vacuum. Alternatively a
third mass could be implanted into the aluminized
mylar tape of a fast tape-transport system, which at
pre-selected intervals brought the activity to a
measuring position 30 cm away from the collection
position. This measuring position was also equipped
with a detector telescope and calibration sources
placed on vertical bars. In addition to the SB-detec-
tors also beta-detectors (1 mm thick scintillators)
and/or photon-detectors (Ge(Li) or intrinsic Ge)
could be placed at the measuring positions, thus al-
lowing for recording of particle-beta, particle-gam-
ma and particle-X-ray coincidences.

The data were recorded event-by-event on mag-
netic tape by a PDP 11/45 computer system. In the
subsequent data analysis various gate-settings
allowed sorting of the data according to particle
type (alpha, beta or proton) and energy of particle
and photon.

3. Identification of new particle
precursors and determination of
new decay properties of previously
known nucTides.

The area of the nuclear chart investigated in
the present series of experiments is shown in fig. 2.
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Fig. 2 Part of the chart of nuclides showing the
mass regions under investigation in the
present work. Beta-delayed particle pre-
cursors are indicated by the symbols of the
observed particles in parentheses, while
ground-state alpha decay is shown without
parenthesis. The filled triangles mark nu-
clides whose first identification took
place at the GSI on-line mass separator,
while the hatched areas show the stable nu-
clides.

In the following, the new isotopes and properties de-
termined are presented; the precursors are divided
into separated sections by their positions on the
nuclear chart.

3.1 Precursors with Z < 50

The Esecursors lying below tin were all pro-
duced in "“Ca-induced fusion reactions in a recent
survey experiment!!). In addition to a verification
of the A = 95 assjggment SE the beta-delayed proton
activity reported for “°™Pd, we observed beta-de-
layed protons at the masses 94, 96, 97 ang 100. From
considerations including predicted masses ),‘forma-
tion cr?ss sections and the odd-N property of most
known!3 precursors, the proton activit&ﬁf ?bserggd
8; these mass numbers were assigned to MRk Ag

Cd and 1001n, Of these Rgclides only
earlier been identified !

bl
Cd has
as proton precursor.

Because of the very weak activity at the masses
94 and 100, no half-life could be determined for
these precursors. The half-life observed for the 12)
A =295 agtivity agreed well with the 14 s reported
for the J9MPd precursor. For the half-life deter-
minations for the proton activities at the masses 97
and 96 two different methods were applied: recording
of pure decay curves by means of the tape-transport
system, and of grow-in and decay curves by means of
periodic electrostatic deflection of the mass-se-
parated beams, which were directed to the carbon
foils. In both cases the time dependence of the
activity was recorded by application of a time-to-
digital converter, which was started by an "end-of-
transport/deflection” signal and stopped by the
occurrence of a part;;le in the detector telescope.
The decay gurve for /Cd and the grow-in and decay
curve of 9 Ag are shown as examples in figs. 3 and
4, respectively, and the half-Tives determined for
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Fig. 3 Decay curve recorded for the beta-delayed

proton actiyity observed at A = 97 and as-
signed EB 9 Cﬂ The activity was produced

by the ®“Ni ( 0Ca,3n) reaction and collected
at the tape-transport system which was

operated with a collection time of 2.8 s.

the precursors treated in this and the following sec-
tions are given in table 1.

With the exception of 100In, all the precursors
treated in this section have N = 49, i.e. the corres-
ponding proton emitters are lying on the N = 50 closed
neutron shell, and the proton spectra are, therefore,
expected t9 ?R?w peak structure induced by fluctuation
phenomena originating in the relatively low
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level density. A study of this property has to wait
for more detailed experiments in this region.
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Fig. 4 Grow-in and decay curve recorded for the

A = 96 proton activity simultaneously with
the curve in Fig. 3. The time spectrum was
obtained by means of the electrostatic de-
flection system operated with a collection
time of 25 s.

Table 1
Half-lives of proton precursors with Z < 50
Nuclide T1/2 (s)
96pg 5.1 + 0.4
97¢cd + g
1035" + 3
1055y, 31 +6

3.2 New tin isotopes

The expected double magicity of 100sh has at-
tracted much interest to the very neutron-deficient
jsotopes of tin and the neighbouring elements. Since
the elements lighter than tellurium (Z = 52) are
not expected to show alpha decay, the beta-delayed
proton channel was supposed to offer the best pos-
sibility for identification of very light tin iso-
ggpes. In analogy, thgofusion reactions between

Ni projectiles and ““Cr or S4re targets appeared
from production cross-sections calculated using the
HIVAP code 15), to be favourable for the production
of such nuclides.

We have therefore agp]ied these techniques to
look for tin isotopes 16) at the mass settings

A = 105, 103 and 101 of the mass separator. While
for A = 105 and 103 the intensity sufficed to reach
proton spectra containing some hundred counts, the
spectrum recorded for A = 103 and the corresponding
decay curve are shown as examples in fig. 5, only
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Fig. 5 Energy spectrum of the beta-delayed protons

faom the precursor 103sn, produced by the
50cy (®8Ni, 2p 3n) reaction. The decay curve
shown as an inset resulted from a measurement
with the tape-transport system operated with
a collection time of 10 s.

15 AE-E coincidences of proton character were observed
from the A = 101 activity. Furthermore, in contrast
to the heavier masses, where the mass setting of the
separator and considerations involving the compound
nucleus and masses of the nuclides produced in the
reactions, make an unambiquous assignment of the
activity to 103sn and 1053 possible, no firm state-
ment is possible for the A = ]01 activity, and hence
it cannot be claimed, that 18 S? Eas been observed.
The observed half-Tives of 103:1095n (see table 1),
agree qualitatively with the values of 5 s and 30 s,
respec}iye]y, predicted from the gross theory of beta
decay 7).

3.3 Precursors with 50 < Z < 56

Al precursors investigated in this element range
had ear]i?g BB?" observed either as alpha-decaying
nuclides '°° or as beta-delayed particle precursors.
They are consequently not treated here, but in the
section, where the properties determined for the in-
dividual nuclides are the main subject.

4. Determination of branching ratios

Since the determination of total particle
branching ratios, i.e. the fraction of decays which
is followed by emission of beta-delayed particles,
and of feeding of excited levels by the emission of
such particles, are rather different, they are treated
separately in the following. Common for both properties
is the applicability of the results in the comparison
of experimental and calculated values, which is
treated as well.

4.1 Beta-delayed particle branching ratios.

The main technique applied to determine the
total particle branching ratio, is the comparison of
intensities of beta-delayed particles and ground-
state alpha particles observed with the same detection
system for nuclides whose alpha-decay branch was
known from earlier studies. However, also simultaneous
recording of beta activity in a multisca]in§1wode and
of beta-delayed particles has been applied . The
branching ratios determined in the course of the

- 207 -



Table 2
Half-Tives and particle branching ratios for precursors
with 52 < Z < 55

Precursor Tysz () Pd.g? Pd.g) Pd.p./Pd .
108y, 2.1 +0.10) | 0.05 £ 0.02 -
109, 4.1+ 0.2¢) (9.2 + 3.1)-1072 -
10y 0.65 + 0.024) | 0.11 + 0.04 (1.1 + 0.4)-107% 0.2 + 0.7
12y 3.42 + 0.11) + + 8.5 + 0.2
M3e | 2.78 + 0.15¢) . " £ 750 + 1508)
Mcs | 0.57 + 0.027] 0.07 + 0.027) (1.6 + 0.6)-1073 | 45.5 + 1.2

a) A "+" in this column means that this kind of activity was observed, but
the branching ratio was not determined, whereas a "-" indicates that no
such activity was observed.

b) 18) «¢) 22) d)

e)

19)

From ref. from ref. from ref.

PreTiminary results from recent measurements. More accurate values are
expected to result from the final analysis.

f) from ref.21)

present studies are summarized along with the half- - tector 19) within an 8 ps time window were sorted out.
lTives in table 2 and in addition they are treated in-
dividually in the following.

108

4.1.1 The nuclide Te

has earlier been observed by its alpha decay
18,23), Due to improvements in the production rate
also a beta-delayed proton branch could be observed,
and the branching ratio of Pd.p,= 0.05 + 0.02 could
be obtained via the known 18) alpha-decay branching
ratio. The relatively large error arises from a
correction of the proton rate caused by con-
tamination from the more abundant 109Te.

10° L ™1 BETA-DELAYED PROTON DECAY_]
Ty, = 06820025 |

v
—
4.1.2 The nuclide 1097e 3

has been studied 23-25) for as well alpha de-
cay as beta-delayed proton decay by the Du?na group.
Using an improved alpha-branching ratio we have r ]
in addition derived thg proton-branching ratio 0] BETA-DELAYED ALPHA DECAY

Pg.p. = (9.2 + 3.1)-10 LN =S Ty, 08120095

B 2

4.1.3 The nuclide 1101 -

was identified by its alpha decay and emission L _
of beta-delayed protons in the early ?¥age 22) ?£ the
present work. Using the more intense I and M4cs 10 1 | | n ]
activities now available, we haye also observed beta- 02 04 06 08 10
delayed alpha particles from ;101 and determined its TIME (s)
?1Bha-d?8ay branching ratio | ) from the 114Cs3

1% 1065h decay sequence. From this value, the .

beta-delayed particle branching ratios were deduced_ Fig. 6 Decay curves for ground-state alpha particles
to be Py o = 0.11 + 0.04 and Py , = (1.1 £ 0.4)+1072, and beta-delayed protons and alpha particles
The inténBity for all three decay modes sufficed to from the ''"I decay. The experimental data
record the decay curves shown in fig. 6. The three origine from a measurement at a windmill
half-lives are seen to agree within an average value system (collection time 1.2 s, transport

time 0.2 s). In analogy with the preceding

T = 0.65 = 0.02 s. .
of T1/2 figures also least-squares fits are shown.

In a 25-h experiment primarily designed to in-

Yggtigate t?e alpha-decay sequence !10xe™ 106Te % A few coincidences of proton-proton signature were

Sn 19,20) ) we also searched for beta-delayed found, but the explanation as random coincidences or
emission of two protons or a qsoton and an alpha positron-proton coincidences cannot be ruled out.
particle from the precursor 01, For this purpose From the number of beta-ﬂe]ayed proton events detected
charged-particle coincidence events recorded in a with the telescope (7-107), its detection efficiency
detector telescope and a 50 um thick annular de- (12 % of 4m sr) and the branching ratio for this pro-
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cess, an upper limit for beta-delayed two-proton
emission can be deduced if an assumption is made on
the proton-proton angular correlation: a 180° corre-
lation, e.g., would corregpond to a branching-ratio
limit of Pd 2p <8+ 107°,

112

4.1.4 The nuclide 1

could originally not be unambiguously identi-
fied as beta-delayed particle precursor, since 121
and 112Xe are botg)possib1e precursors, judged from
mass predictions ~/. We have, therefore, recorded
an X-ray spectrum in coincidence with the beta-
delayed particles observed at this mass number.
Since this spectrum showed only antimony X-rays, the
activity was assigned to 121.” The ratio between
beta-delayed protons and alpha particles was deter-
mined to be Pd D /Pd 0= 8.5 + 0.2.

114

4.1.5 The nuclide Cs

21)

has been subject of a recent publication
Suffice it therefore here to mention that the beta-
delayed particle branches, as given in table 2, were
determined fsom a combination of beta and particle
detection 21),

4.2 Feeding of excited levels by particle

emission.

The addition of a Ge(Li) detector to the tele-
scope set-ups made it possible to measure particle-
gamma coincidences, yielding information on the po-
pulation of excited levels by the emission of beta-

delayed particles. We have performed such measure-

ments for the two precursors treated below. The
results obtained are summarized in table 3.
4.2.1 The decay of ''Xe

leads after emission of protons to 112Te, in
which nuc]égs the three lowest-lying excited levels
are known with spin, parity and excitation ener-
gy. The relevant part of the gamma-ray spectrum

recorded in coincidence with beta-delayed protons
from Xe is shown in fig. 7 together with a sim-
plified decay scheme, showing the intensities of the
individual proton transitions. The intensity of the
transition leading directly to the ground state of

2Te has been determined on the assumption that the
four transitions shown represent essentially the
total proton-decay branch. From comparisons with
branchin9 ratios calculated using the statistical
model 657) i? gas found, that only the assumption of
I = 5/2 for 113Xe yielded satisfactory agreement.

Based on the available or 1 als for N = 59, it is
therefore suggested that ''°Xe has I = 5/2*,
4.2.2 The decay of ''cs

3 1e??8 after particle emission to the nuclides
1131 and Te for beta-delayed protons and alpha
particles, respectively. In both of these nuclides
no information on excited levels is available. The
proton-coincident gamma lines given in table 3 can
consequently not be converted into feeding of exci-
ted levels. An additional difficulty here is, that
the multipolarities and hence the internal conver-
sion coefficients are not known for these transi-

Table 3
Results of measurements of coincidences between beta-delayed particles
and gamma rays for 113Xe and 114Cs.
Precursor Particle Energya) and intensityb) of Energy of level fed
emitted particle-coincident y-ray by particle emission
689 keV , (53 5 )% 689 keV
M3ye proton 787 keV , ( 3.8 + 0.7)% 1476 keV
795 keV , ( 3.3 £ 0.6)% 1484 keV
121 keV , (11.8 + 1.2)% c)
" protond) 239 keV , (7.6 +0.8)% c)
Cs 400 keV , ( 3.2 + 0.8)% c)
403 keV , ( 3.9 +1.0)% c)
alpha 656 keV , (17 +8 )% 656 keV
a)The uncertainty of the y-ray energies is approximately *+ 1 keV.

b)The intensity is given as the fraction of particle emissions which is followed

by this y-ray.

C)Not determined

d)In addition to the y-rays given here

beta-delayed proton emission from 1140

a 31 keV Tline was assigned to fol
s in an earlier y-ray experiment

by

From the relative intensities of this line and the 121 keV line it is inferred,
that (14.4 + 4.3)% of the proton emissions are followed by the 31 keV y-ray.
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Fig. 7 Gamma-ray spectrum recorded in coincidence
with beta-delayed protons from '13Xe. The
inset shows a simplified decay scheme for
the beta-delayed proton-emission process
for this precursor.

tions, so not even an assumption of the gamma-ray
energies being directly representative of excited-
level energies (this could well be so, since no sum
of two gamma-ray energies is yielding a third energy)
would make a deduction of proton-branch intensities
possible.

The gamma-ray spectrum recorded in coinciden-
ce with beta-delayed alpha particles showed, in ad-
dition to the 511 keV annihilation-radiation line,
821¥ 3 Tine at 656 keV. Based on energy systematics

of 2+ levels of even tellurium isotopes, it
is almost certain that this 8amma line represents
the 2+ » 0* transition in 11 This is the first
application of coincidences between beta-delayed
alpha particles and gamma rays to identify a new le-
vel, and it makes it possible to follow the 2+-level
systematics until N = 58 for tellurium. It should
finally be noted, that the intensity of the line
corresponds to a feeding of 17 = 8 % of the 2+ state,
a value which in analogy to the gamma-ray data 21)
supports a 1t -assignment for 114Cs, when compared
with statistical-model calculations.

5. Determination of Qpc - B, values

The technique applied for measurements of
E B values, i.e. the energy available for beta-
e?a¥ed proton emission, is the one introduced for
TTe by the Dubna group , namely simulta-

neous recording of proton spectra in singles and in
coincidence with positrons. The experiments were
performed at the tape station, where the measuring
position was equipped with a particle-detector tele-
scope and a 1 mm thick plastic scintillator for beta-
particle detection. The two detection systems were
placed face-to-face with the tape carrying the acti-
vity located between them. This secured that no
contribution was added to the proton signal, when a
coincident event was recorded. But for the singles
proton spectrum a correction had to be performed,
since a fraction of the protons, equal to the solid
angle of the detector telescope (12% of 4w sr) mul-
tiplied by the B*/(EC + B*) probability ratio for
the beta transition preceding the proton emission,
was shifted to an energy approximately 300 keV (the

energy loss of 1 - 6 MeV positrons in the detector
telescope) higher than the true energy of the proton
itself, since this fraction of the protons acciden-
tally was recorded coincident with the positron e-
mitted in the preceding beta decay. Since this cor-
rection depends on the ratio B*/(EC + B*), which is
a function of the available energy, i.e. the quan-
tity which is to be determined by the measurement,
such corrections had to be performed in an iterative
way. The correction has also been taken into account
in the determination of the precision of the derived
energy values.

The measurement of the Q-value for the posi-

tron decay?9) of 109Sb and the available Q,-values

»20) in the trans-tin region, made it possible to
determine the masses of three nuclides lying at
or very near the proton dr}? line by a measurement
of the Qg¢ - B value for '14Cs. For this reason
and in orger to approach the "comp1ete" descr1pt1on
of a few cases of beta-delayed particle emission
we have performed Qgc - B, determinations for 114cs
and Xe.

The resulting ratios of B-coincident and total
proton intensities are shown as a function of the
proton energy for these two precursors in fig. 8.
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Fig. 8 Intensity ratio of protons measured with and
without the requirement of co1n§1dent p??1tron
detection for the precursors Xe and
The experimental points have not been correc-
ted for the efficiency of the beta counter
(n35%), which instead was included into the
calculated curves. The full-drawn curves
represent the best possible fits to the data,
taking feeding of excited levels by the pro-
ton emission into account, and yielded the
energy values given in the figure .

- 210 -



Also shown are the correiponding curves resulting
from stat1st1ca1-mode1 calculations. Treating

the Q value as a parameter, such calculations
were pgrforﬁed until the best possible agreement with
the experimental data was reached. This procedure

is necessary, because the feeding of excited levels
after the proton emission demolishes the one-to-one
relationship of proton energ¥ available for the pre-
ceding beta decay. For the 114Cs decay these final
states are , as earlier mentioned, not known. We
have, therefore, varied the number, energies and
spins of the assumed final states in order to see

the influence on the derivation of the energy para-
meter, and included this in the uncertainty on the
final result. The resulting Qgc - B, values are
given in table 4, while the masses aRd proton-binding

energies Bp der1ved from these measurements are
treated in"a parallel contribution to these procee-
dings 4
Table 4
Experimentally determined QEC - Bp values
Precursor QEC - Bp , MeV
M3ye 7.92 + 0.15
Macs 8.73 + 0.15

6. Comparison of experimental and calculated
data:

resonance in the decays of
113Xe, 114,116Cs and 117Ba

an indication of a beta-strength
110,112I

Following the studies 21) of 114Cs for which
a resonagce in the underlying beta-strength func-
tion ° was proposed, we have undertaken a more
systematic investigation of this phenomenon in this
mass region. The derivation of information on nu-
clear properties from experimental data followed the
conventional procedure of comparing the measured par-
ticle spectra, branching ratios etc. with the corre-
sponding values from statistical model 7) calcula-
tions. The most conspicuous deviation was noticed
between the measured and ca]cu]ated part1ﬁ1e spectra:
in analogy to what was reported2 for | the
most neutron-deficient precursors of iodine, xenon
and barium all showed experimental spectra having
their intensity maxima at energies which were 0.7 -
1.5 MeV higher than those of the corresponding spec-
tra obtained from calculations with standard para-
meters. As an example, f1§ 9 shows the experimen-
tal particle spectra of 113xe together with two cal-
culated sets. It is evident that especially the
proton spectrum calculated using a constant beta-
strength function and uncorrected level widths is
far from being in agreement with the experimental
one. This result deviates essentially from most of
the results reported earlier (see e.g. the review
in ref. 7)).

Because of the large number of parameters
entering the statistical-model calculations, it is
not possible directly to pick out one quantity as
being responsible for the disagreement. We have
therefore chosen to make not too violent changes of
the parameters and study the influence of such vari-
ations.
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Fig. 9 Experimental (histograms) and calculated
(smooth curves) spectra of beta-delayed
protons (top) and alpha particles (bottom)
of the precursor 113Xe. The intensities
correspond to counts per 50 keV and 100
keV for protons and alpha particles, re-
spectively. The two sets of theoretical
spectra are based ?g a spin-parity assign-
ment of 5/2% for 113%e and the fo]]owing
beta -strength functions: ?B and
S 0.1 + 2.5:(0.7+v/2m)" -exp E 5.65)2/
( -0.72)) Mev -1 (IT), with E be1ng the
excitation energy in the beta-decay
daughter in MeV. In addition the gamma-
emission width was assumeg Eo be equal to
the prediction of Cameron30 s
whereas in (II) the predicted va]ues have
been multiplied by a factor of two. More
details concerning the calculations are
given in the text.

Although the Qg¢ - B va]ues are k9o§% for se-
veral of the cases treatea here (refs. and this
work), we have also varied this quantity. However,
in contrast to what might be expected, this brings
only minor changes in the position of the maxima of
the calculated spectra, when the energy parameters
are kegt within the 1imits of various mass predic-
tions far more is the high-energy tail of the
spectra 1nf1uenced Hence, the Tevel densities and
the partial level widths of the intermediate nuclei
and the beta strength of the precursors are left as
possible candidates.

Based on particle X-ray co1nc1dence (PXCT) mea-
surements it has been sugges?ed 32-34) that extrapo-
lation of gammaz 63y widths T, e.g. using the for-
mula of Cameron3 to the rgg1on of very neutron-
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Fig. 10 Beta strengths for eight beta-delayed particle_precursors in_the A ~ 115
mass region. The vertical bars represent the 7/2[ 413 ], ~ 5/2[ 413 7],

(hatched) and 9/2[ 404 Ig

> /2[’404 1, transitions as calculated within

the Nilsson model 1nc1ud1ng pairing. The height is giving the intensity
obtained as the pro?uct of the occupation coefficients V3 and Uj. The

smooth curves for !

0,1121,113xe,114,116¢s and 117

Ba are the strength

functions offering the best agreement with the exper1menta1 spectr?13

described in the text.

It should be mentioned that for !

3Xe and

the gamma-emission width has been multiplied by a factor of two, whereas
for the remainingbghe values resulting Yrgm direct application of the

Cameron fogTul were agp]ied
from ref. , while for 1
Sg = Ip(exp)/Ip(calc) ratio of ref.

For
Ba the cur

Xe the beta strength was taken

¥e presents a smooth version of the

The vertical lines with the

arrows indicate the region of excitat1on energy available for investiga-
tions by beta-delayed proton spectroscopy: Bp <Ec< QEC’

deficient nuclides results in too low values. In ana-
logy to the procedure in ref. we have therefore
introduced a multiplicative correction factor to T'l,
but it emerged that factors far outside the limits
proposed by the PXCT results were needed to shift

the calculated spectra to the experimentally obser-
ved positions, and in addition such corrections were
accompanied by substantial reductions in the total
branching ratios, which in most cases agreed reaso-
nably well when unaltered gamma widths were applied.
Therefore, 9150 the level density, which enters the
express1on for the reduced level width for proton
emission, has been varied, again following the pat-
tern outlined in ref. 32). Even a combination of the
two effects appeared not to suffice; for Cs, e.g.,
an enhancement of T) and of the level-density ggr%-
meter a of the formula of Gilbert and Cameron 6
by factors of 10 and 1.33, respectively, brought the
proton spectrum only about two thirds of the way to
agreement with the experimental one, and resulted in
a reduction of,_the calculated proton-branching ratio
from 4.1 « 107¢ (in_satisfactory agreement with the
value (7 ¢ § 2) « 107¢ determined experimentally) to
2.1 < 10°

We have therefore eventually focussed our at-
tention onto the effect of the beta-strength func-
tion Sg, which 1n1t1a11y was keg& constant. It has
earlier been reported 6521,23531) that in some cases
the introduction of a structure in Sg lead to impro-
ved agreement between calculated and measured par-
ticle spectra, and such resonances were furthermore

supported by theoretical arguments 37'39). We have
tentatively added a Gaussian structure to the con-
stant Sp and varied the parameters of the Gaussian
to obtain the best possible agreement with the expe-
rimental spectra.

Parallel calculations, on which more details

will be presented elsewhere®’/, performed within a
Nilsson model including pairing, yielded positions
and relative strengths of allowed unhindered beta
transitions. In the relevant mass region only two
such transitions, both originating from the paired
system of nucleons, can c0n§r1bute essent1a11y to a
beta-strength resonance w(//2+[413]) + v(5/2+[413])
and ( /2+%404] > v 7/2+[404]) The intensities of
these transitions were found to be 20-50 times stron-
ger than those of the allowed hindered transitions.
The initial proton states and the final neutron sta-
tes originate from the gg/2 and g7, orbitals, re-
spectively. In fig. 10 we show for eight known pre-
cursors the strength and position of the unhindered
transitions together with the Sp functions derived
as described above ig the c??gs investigatg? here,
and taken from ref. for Xe and ref. for

198a. The general agreement between the calculated
and the derived beta-strength resonances is taken as
support for the interpretation outlined above, but
it must be emphasized, that the best overall agree-
ment is achieved by the simultaneous introduction of
beta-strength resonances and a moderate enhancement
of the gamma-emission level widths.
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7. Conclusions

The experiments described here have a double
character. For the elements above tin essentially
all measurements which are possible on beta-delayed
particle emission with the present production rates
have been performed. They have proven to yield much
information on the nuclides involved, but still it
would be desirable to have more information avail-
able on spins, excited levels etc. in the analysis
of the data. In contrast to this, the precursors
just below tin represent largely a new area, which
could be the source of additional information on the
nuclides lying on or very near the closed N = 50
shell. In conclusion we find that beta-delayed par-
ticle spectroscopy is an extremely useful tool in
the study of very neutron-deficient nuclei.
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