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Abstract. The a-decays of 11°Xe and 1°°Te were studied at the GSI on-line mass separator. By using the
grow-in and decay of the a activity, observed in pulsed-beam measurement, the half-life of 1'°Xe was found
to be Ty /o = 105f§§ ms. The lifetime of °°Te was determined to be T2 = 701’?8 us by measuring the

time between two successive '1°Xe — 1%Te — 19281 o-decays. The newly determined half-lives were used
to calculate reduced a-decay widths for '°°Te and '°Xe. Universal systematics of reduced a widths are
proposed to search for the evidence of enhancement of the o formation amplitude in the emitters above

IOOSH

PACS. 21.10.Tg Lifetimes — 23.60.+e « decay — 27.60.+j 90 < A < 149

1 Introduction

The island of a emitters above 199Sn was explored in sev-
eral experiments giving insight into the nuclear structure
of nuclei in this region [1]. It was found, for instance, that
the measured a-decay energies of trans-tin emitters in-
crease along the decay chains as a result of particularly
strong binding of nuclei close to the '°°Sn. This obser-
vation provides a direct proof of the N = Z = 50 shell
closure. What remains to be proven, however, is the sug-
gestion that nuclei above °°Sn undergo superallowed a-
decay as a result of enhanced correlations of valence pro-
tons and neutrons occupying the same single-particle or-
bitals in N & Z nuclei [2].

In a simple Gamow picture a-decay is treated as a
two-step process in which an a-particle preformed at the
nuclear surface penetrates through the Coulomb and cen-
trifugal barrier. The probability of quantum tunnelling
can be calculated in the WKB approximation using ex-
perimental @, values. Then, the information on the a-
preformation probability can be obtained from the ratio
of the measured transition probability and the calculated
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barrier penetrability. The a-formation amplitude contains
information on the structure of the states connected by
the a transitions and provides insight into the nature of
a-clustering correlations in nuclei. The influence of shell
closures is clearly visible already in the global systematics
of the a-decay widths of even-even nuclei [1]. The theoreti-
cal models predicting the amplitude of a-cluster formation
point to the importance of the n-n and p-p pairing cor-
relations [3], configuration mixing [4] and the influence of
continuum states [5]. It is also expected that p-n corre-
lations become significantly important in the a-decay of
the N =~ Z nuclei because valence neutrons and protons
occupy the same orbitals and have large overlaps of wave
functions [6]. Therefore, studies of a-decays in the 19°Sn
region provide a unique possibility to investigate the role
of p-n correlations in the a-cluster formation process.

So far, the ''*Ba — 10Xe — 196Te — 1028n q-decay
chain connecting N = Z + 2 nuclei represents the closest
experimental approach to the N = Z line. In our recent
work [7] we reported on the first observation of the a-decay
of "4Ba. The Q,, value for ' Ba, the half-life of ''°Xe and
the a-decay branching ratios for these two isotopes were
measured for the first time. In this work we report on the
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reinvestigation of the 1%Xe and °°Te a-decays performed
at the GSI on-line mass separator.

2 Experimental method

The '19Xe nuclei were produced in reactions of a
5.0MeV/u ®®Ni beam and 3mg/cm? thick 5Ni targets.
The reaction products were stopped and ionized in the
FEBIAD-B2C ion source [8] of the on-line mass separa-
tor. The ions, extracted from the source, were accelerated
to 55keV and separated according to their mass number.
Two different detection set-ups were used to study the
a-decays in the '°Xe — 106Te¢ — 1928y chain:

A) The mass-separated A = 110 beam was periodically
implanted (1s beam-on / 1s beam-off) in a thin carbon
foil placed in front of a silicon surface-barrier detector tele-
scope. It consisted of a 20 ym, 450 mm?AFE detector and a
500 pm, 2000 mm? E detector. The latter counter was used
to reject signals triggered by positrons, §-delayed protons
and high-energy 3-delayed a-particles passing through the
AE detector. The solid angle covered by the telescope
amounted to about 34%. The observed grow-in and decay
of the collected activity was used to determine the decay
half-life. Signals from the detectors were processed by ana-
log electronics and recorded in event-by-event mode by a
standard data acquisition system. Together with the en-
ergy and fast timing information the time of occurrence
of each event within the collection cycle was stored.

B) Since %Te nuclei are too short-lived (< 100 us)
to be extracted directly from the ion source of the sepa-
rator, they were produced as a-decay products of mass-
separated 119Xe ions. The A = 110 beam was continuously
implanted at an angle of 45 degrees on a thin carbon foil
placed between two silicon detectors, whose dimensions
were 100 gm, 200 mm? and 300 xm, 900 mm?, respectively.
This detector configuration minimized the efficiency loss
due to the '%8Te recoil escape and enabled registration
of 10Xe-196Te - correlations with a total efficiency of
about 16%. This value is 5 times higher than the efficiency
for a-a correlation registration in set-up A). The short life-
time of '%6Te requested a data-taking system capable to
register a-decay events occurring in less than 100 us after
each other. Since this time interval is critical for the stan-
dard acquisition system with a typical dead-time of about
100 us, a DGF-4C module [9] was used to register signals
from the detector’s preamplifiers. In this module the in-
put signals were digitized and analyzed by the on-board
signal processor. The amplitude and the time stamp of
each processed signal were stored in the internal memory
buffer and transferred on request to the host computer.
The system based on the DGF-4C module enabled practi-
cally dead-time—free registration of the correlated events.

3 Results
3.1 Measurements of 110Xe half-life

Figure 1 shows the energy spectrum of a-particles mea-
sured in the AFE detector in anticoincidence with signals
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Fig. 1. Energy spectrum of a-particles registered in the AF
detector in anticoincidence with the E detector of the tele-
scope. The inset shows the time distribution of the sum of the
3737keV '%Xe and 4160keV '°°Te a lines. The solid curve
represents the best fit of the theoretical distribution to the
experimental data.

from the E detector of the telescope during 10 hours
of mass-110 measurement. The 3737 keV and 4160 keV
« lines assigned by Schardt et al. [10] to the decays
of 119Xe and '06Te, respectively, are clearly visible. The
106Te is produced exclusively as a-decay product of 119Xe
and since its half-life is very short compared to the '1%Xe
decay time scale, both lines follow the same time depen-
dence, characteristic of the 119Xe decay. The inset in fig. 1
shows the time distribution of the 19Xe + 196Te lines
during the 1s collection and 1s deflection of the A = 110
beam. A least-square fit of the theoretical time distribu-
tion to the experimental data yielded T}/, = 1101‘38 ms
for the half-life of ''°Xe. This result agrees with the
value of 1001‘38 ms obtained by using the ratio of events
observed during the grow-in and decay period for the
half-life determination. For further discussion we adopt
Ty /2 = 105732 ms for the half-life of %Xe. This value is

consistent with the previous estimate of 16072° ms [7].

3.2 Measurement of 1% Te half-life

The half-life of '°6Te was determined through the analysis
of time correlations between the '°Xe and '%6Te a-decay
events. The detection set-up B) was used to i) increase the
efficiency of detection a-« correlation and ii) to circum-
vent the problem of the dead-time of the standard data
acquisition system. Figure 2 shows the energy spectrum of
particles registered in one of the detectors within 1ms af-
ter the detection of a signal corresponding to the energy of
HO0Xe a-particles registered in the opposite counter. Most
of the correlated events group around 4160keV, i.e. the
energy of 1%6Te a-particles. Three events at the energy of
the T « line are due to random correlations and rep-
resent about 0.02% of the intensity of 1T « line in the
single spectrum. The contribution of randomly correlated
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Fig. 2. Energy spectrum of particles registered within 1 ms
after detection of a signal corresponding to the a-decay of
110%e. The inset shows the distribution of the logarithm of
the time difference between the detection of '9Xe and *°%Te
a-decay. The solid curve represents the best fit of the theoret-
ical distribution to the experimental data.

events to the 19Te peak is smaller than 0.2 counts and
can thus be neglected. The inset in fig. 2 shows, in loga-
rithmic time scale, the observed distribution of the time
difference between the detection of ''°Xe and '%%Te a-
decay. A statistical procedure proposed by Schmidt [11]
was applied to verify that the measured time distribution
is consistent with the assumption of a single-decay half-
life. The test is based on a comparison of the standard
deviation of the measured logarithmic distribution with
the theoretical expectation. The analysis of the measured
correlation times gives 0.83 for the standard deviation of
the logarithmic time distribution. This value falls between
the limits (0.79 and 1.73) defined by a significance level
of 90% for 18 correlated events. Thus, the result of the
test supports the assumption of a single exponential decay
character of the measured time distribution and indicates
that there was no cut-off in the time range covered in the
measurement. The half-life of 1°6Te determined by apply-
ing the maximum-likelihood method [12] to the 18 data
points amounts to 801’??, ps. This value is in agreement

with the 1%Te half-life of 60735 uus reported by Schardt et
al. [10]. For further discussion we adopt the average value
of these two measurements which yields 70735 us for the
decay half-life of 1%6Te.

4 Discussion

Table 1 lists the experimentally determined a-decay prop-
erties of 11%Xe and '°Te. The last column of the table
shows the reduced a-decay widths (W, ) defined as a ra-
tio between the measured transition probability and the
calculated s-wave barrier penetrability [13], normalized to
the decay width for the ground-state a-decay of 212Po [14].
The screening correction applied in the calculations was
determined from the tables of Huang et al. [15].
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Table 1. Experimentally determined «a-decay properties of
110Xe and %9 Te.

Isotope Qa(keV) Ty (ms)  ba(%) We
10Xe 3885+ 14 [16] 105+33 64+35[7] 2.4%13
06 4200 +£9 [16]  0.070720® 100 46797
(a) Average value of Ty /5 from ref. [10] and this work.
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Fig. 3. Experimental reduced a-decay widths for even-even
emitters plotted as a function of parameter P = N,N,, /(N +
Ny,). Data points for trans-tin and trans-lead isotopes are
marked by open and full circles, respectively. Error bars for
trans-lead o emitters are too small to be shown in scale. Ex-
perimental data for 1°8Te, 1'2Xe and trans-lead isotopes were
taken from [14] whereas those for ''*Ba, '°°Te and ''°Xe stem
from [7] and from the present work.

The more accurate data on the decay half-lives, ob-
tained in this work, substantially reduced the uncertain-
ties of the W, values reported in our previous work [7]. In
the case of 119Xe, the main contribution to the uncertainty
W, comes from the uncertainty of the a-branching ratio,
whereas for the case of 196Te the half-life uncertainty is
dominant.

Figure 3 shows the systematics of the reduced «-
decay widths for the even-even « emitters in the trans-tin
and trans-lead region plotted as a function of the factor
P = N,N,,/(Np, + N,,) [17], N, and N,, denoting the num-
ber of valence protons and neutrons above the '°°Sn and
208pY cores, respectively. The P-factor describes the av-
erage number of interactions of each valence nucleon with
those of the other type. Such a parametrization of the W,
systematics seems to be relevant in order to identify the
expected enhancement of the a-particle formation ampli-
tude in the N = Z nuclei due to the particularly strong p-n
interaction in such systems. The remarkable general agree-
ment of the W, of trans-lead isotopes with the same P val-
ues supports the usefulness of the applied parametrization.
While the reduced a-widths for the ''°Xe and ''?Xe agree
with the benchmarks set by the respective trans-lead iso-
topes, the a-decay widths for °Te, 108Te and ''*Ba lie
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above the W, values for the heavy P-partners. However,
the largest deviation of W, values for these isotopes is
below the 20 level. Therefore, at this stage no firm con-
clusion can be drawn on a possible enhancement of the
a-formation amplitude due to the strong p-n correlations
in N = Z nuclei.

Further a-decay studies in the '°°Sn region should con-
centrate on the accurate measurements of decay branching
ratios for the 119Te, 119Xe, 112Xe and '“Ba (in the latter
case also the accuracy of the T}/, measurement has to be
improved), where a-particle emission competes with the
(-decay. These measurements can be performed e.g. at in-
flight separators where the energetic (fragmentation) re-
action products can be identified and counted ion by ion
before being implanted in the a-particle detector. Stud-
ies of the ''?Ba — 108Xe — 104Te — 1009n g-decay chain
connecting N = Z nuclei would be of prime interest in or-
der to clarify the influence of the p-n interaction on the
a cluster formation probability. However, these measure-
ments represent a major experimental challenge due to the
extremely low production cross-sections and/or very short
half-lives of isotopes in the 1?Ba-'°°Sn a-decay sequence.

In summary, a-decays of 11°Xe and °6Te were investi-
gated at the GSI on-line separator. The half-life of 19Xe
was determined from the observed grow-in and decay of
the collected activity. The new T}/, value for ''°Xe, ob-
tained in this work, replaces the previous estimate of the
half-life based on only two observed events. The half-life of
106 Te was measured by using versatile digital signal pro-
cessing electronics to register correlation time between the
subsequent ''°Xe and '°Te a-decays. The newly deter-
mined half-lives improved the accuracy of the reduced a-
decay widths for '°Xe and '%6Te. In general, however, the
a-decay widths of even-even emitters in '°°Sn region are
still known with insufficient accuracy to enable firm con-
clusions on the expected enhancement of the a-formation
amplitude due to the p-n interaction.
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