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Discovery of 1”Xe and !®>Te: Superallowed a Decay near Doubly Magic °°Sn
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Two new «a emitters ' Xe and '®Te were identified through the observation of the '%Xe — 1%3Te —
1018 @-decay chain. The !'®Xe nuclei were produced in the fusion-evaporation reaction
S4Fe(3®Ni, 31)!9Xe and studied using the Recoil Mass Spectrometer at the Holifield Radioactive Ion
Beam Facility. Two transitions at E, = 4062 = 7 keV and E, = 3918 = 9 keV were interpreted as the
1 =2 and I = 0 transitions from the 7/2" ground state in 'Xe (Tyj, = 13 £2 ms) to the 5/2% ground
state and a 7/2" excited state, located at 150 * 13 keV in !9 Te. The observation of the subsequent decay
of 195Te marks the discovery of the lightest known @-decaying nucleus. The measured transition energy
E, = 4703 = 5 keV and half-life T, = 620 = 70 ns were used to determine the reduced a-decay width

82. The ratio 62

105Te
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Alpha decay has long proven to be a useful tool to
investigate the low-energy structure of neutron-deficient
nuclides near magic shell closures [1]. The presence of an
island of « emission in the neutron-deficient Sn region
provided initial evidence that the N, Z = 50 shell closures
apply to '°Sn (e.g., [2,3]). In the classical Gamow picture,
a decay occurs through the preformation of an « particle
in the nucleus and its subsequent tunneling through
Coulomb and centrifugal barriers [4]. Close to the N = Z
line, above 'Sn, protons and neutrons are expected to
occupy identical orbitals. This may result in an enhance-
ment of the preformation probability of an « particle
within the nucleus and the development of so-called super-
allowed « decay [2].

The low-energy structure of nuclei around doubly magic
10080 provides a benchmark for the development and in-
terpretation of shell structure models. Significant recent
work has been devoted to elucidate the single-particle
structure around 'Sn (e.g., Refs. [5—8]). While a shell-
model description of the odd-mass Sn, Te, and Xe isotopes
requires knowledge of five single-particle energies (vds ,,
vg7/2, V812, ¥d3 )2, Vhyy12), the energy separation between
the lowest single-particle states vds;, and vg7/, is of
particular importance for the low-energy structure in these
nuclei and yet they have not been measured. There are
numerous theoretical estimates for the vg;/,-vds,, energy
separation which range from —0.05 to 1.9 MeV ([9,10],
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/ 522,31,0 of ~3 indicates a superallowed character of the & emission from '®Te.

PACS numbers: 23.60.+¢, 21.10.Dr, 21.10.Pc, 27.60.+]

and references therein). Experiments performed in this
region investigating the low-energy structure of the Sn,
Te, and Xe isotopes suggest that the vg;/,-vds,, energy
separation is below 0.3 MeV [5-9,11-14]. Experimental
efforts are needed to improve this constraint and ultimately
identify the low-energy excited states in '°'Sn. Further
interest in the decay rates of nuclei around '°°Sn comes
from the study of astrophysical processes, for which this
region has been cited as the end of the rapid proton capture
process due to the Sn-Sb-Te cycle [15].

The development of new experimental techniques has
continually increased the number of nuclei that are acces-
sible for spectroscopic study [5,6,16]. However, despite
many experimental efforts [17,18], new neutron-deficient
isotopes of Xe and Te have not been observed since the
discovery of ''%Xe and '%°Te over 25 years ago [19]. The
current work focuses on the first identification of ' Xe and
105Te through the observation of their a-decay chain. This
marks the closest approach to the N = Z line above '®°Sn
and provides an opportunity to search for superallowed «
decay and extends the 5/2% and 7/2% level systematics to
IOSTS.

The '®Xe nuclei were produced in the
4Fe(*®Ni, 3n)!9Xe fusion-evaporation reaction with
beam energies between 220 and 225 MeV on a
470 pg/cm? thick *Fe target. Mass 109 reaction products
were separated according to the ratio between atomic mass
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and ionic charge using the Holifield Radioactive Ion Beam
Facility Recoil Mass Spectrometer [20]. The separated
beam passed through the mylar foil of a high efficiency
microchannel plate counter, a 0.15 mg/ cm? thick Al de-
grader, and implanted with ~60 MeV into a 40 mm X
40 mm X 66 um double-sided silicon strip detector
(DSSD) with 1-mm wide strips. The DSSD and all ancil-
lary detectors were read out by digital electronics [21]. To
ensure that the sequential '%Xe and ' Te « decays (time
difference of only hundreds of nanoseconds) were cor-
rectly recorded, a novel acquisition mode was developed.
If a preamplifier signal was beyond a preset threshold,
~9.2 MeV, it was considered to be an implanted ion and
the energy and time of the event were recorded. This limit
was chosen to exceed the expected sum of the '®Xe and
105Te « energies. If a signal was below this limit, 25 us of
the pulse shape (trace) was recorded starting 1 us before
the leading edge. Examples of traces for the '“Xe —
105Te — 101Sn a-decay chain are shown in Fig. 1. The
ability to identify two « particles closely spaced in time,
milliseconds after the correlated ion implantation into the
DSSD, demonstrates an advantage of digital electronics.
A total of 100 a-a decay events were attributed to the
109%e — 105Te — 101Sn decay chain. The maximum time
allowed between an implant and correlated decay events in
the same DSSD pixel was limited to 200 ms. The energy
calibration was obtained from known '®Te and '®Te «
lines. The '®Te resulted from the proton decay of '*1.
The « energy spectra for ' Xe and ' Te are shown in
Figs. 2(a) and 2(b). The energies of the two « transitions
from 1%Xe are 3918 = 9 and 4062 = 7 keV. After decay-
recoil energy correction the Q,, for the two transitions are
4067 = 10 and 4217 = 8 keV, respectively, leading to an
energy of 150 = 13 keV for the excited state in '%Te. The
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FIG. 1. Part of a signal trace, from 0.5 to 2.0 us, recorded for a
109%e — 105Te — 101y @-decay chain event. The time differ-
ence between the '®Xe and 'Te a particles is 275 ns, and
traces from both the front (black line) and back (gray line) strips
of the DSSD are shown.

« branching ratios to the excited and ground states of ' Te
are (30 = 6)% and (70 * 6)%, respectively, assuming all
109Xe decays proceed through a emission. The energy of
the '®Te a line is 4703 = 5 keV, leading to Q,, of 4889 =
6 keV. No fine structure was observed in the '©Te a
decay, but a 5% limit can be placed on the branching ratio
of the decay to an excited state in 1°'Sn.

The time distribution for the '°°Xe decay is shown on a
logarithmic time axis in Fig. 2(c) constructed from the time
difference between an implant in the DSSD and a subse-
quent correlated '“Xe o decay. Using the method of
Ref. [22] the half-life of 1%°Xe is 13 * 2 ms. The half-lives
of the low and high energy « transitions from '%Xe are
10 = 3 ms and 15 * 3 ms, respectively. The time distribu-
tion for '®Te was derived by histogramming the time
differences obtained from a fit to the '"Xe-'%Te double
« traces. As the time between the two « pulses decreases,
it becomes increasingly difficult for the analysis algorithm
to identify the signal as a double pulse. The efficiency for
identifying double pulses decreases at time differences
below 0.5 ws, though the algorithm is still sensitive to
time differences as low as 0.25 us. The half-life of 1®Te
is 620 £ 70 ns.
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FIG. 2. Energy spectra from 3500 to 5250 keV for the « decay
of (a) '%Xe and (b) '®Te. (c) Decay spectrum for '®Xe and
105Te on a logarithmic time axis and fit according to the method
described in Ref. [22]. Only times above 0.5 us were used in the
105Te half-life fit, which is indicated by the solid line.
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The ground state spin and parity of '°!Sn was previously
suggested to be 5/27, arising from the vds /2 orbital [11].
The observation of only one « transition between '®Te
and '°'Sn suggests that the ground state of '%Te is 1”7 =
5/2%. A large a branch from '®*Xe to the excited state in
105Te is interpreted as a result of the / = 0 character of the
« transition which compensates for the decreased « energy
compared to the higher energy !/ = 2 transition to the
ground state. Thus the ground state of % Xe and the excited
state of '%Te are both tentatively assigned as 17 = 7/2%
states, resulting in the decay scheme presented in Fig. 3.
The spin and parity deduced for the ground state of '*Xe
agree with those proposed for the '''Xe ground state [7]
where in both cases excited levels have not been identified.
The current results for '%Xe are also consistent with the
observation of fine structure in the « decay of !'!'Xe to the
tentative 5/2% ground and 7/2* first excited state in 19" Te
[12]. The ordering of the ground and excited state in '%Te
agree systematically with those in the heavier 19719%111Te
isotopes [7,13]. The 5/2* and 7/27 states in 91! Te have
been identified as predominately having vds,, and vg;/,
parentage [13,14].

The Q,, values as a function of proton number are shown
in Fig. 4(a) for nuclei in the '°°Sn and 2%Pb regions [23].
The expected increase in Q, approaching doubly magic
10080 is observed in the new data for '“Xe and '®Te. In
Fig. 4(b) the Q, values for the Te and Xe isotopes are
shown. When the odd- and even-mass isotopes are consid-
ered separately, there is an apparent linear trend between
the neutron number and the Q, value. If this systematic
trend of the Q, values is extended, Q, for !%Te can be
expected to be greater than 5 MeV.

The reduced a-decay width 62 can be calculated using
the tunneling probability P of an « particle through the po-
tential barrier, using the WKB approximation, and the par-
tial a-decay rate A, for a given transition, 8> = A h/P.
The reduced a-decay widths relative to 2'?Po (W, =

82/83p,) [16] for all three observed « transitions are
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FIG. 3. Alpha decay scheme for the '®Xe — !©Te — 101Sn
decay chain. Figure is not to scale. See text for uncertainties on
half-lives, energies, branching ratios, and W,,.

given in Fig. 3. The nucleus >'?Po is used as a reference
for 82 values due to its simple nuclear structure; it may be
pictured as an « cluster outside the doubly magic 2°*Pb
core [24]. The W, values for the two '®Xe transitions are
0.9 + 0.3 to the '%Te ground state and 0.8 * 0.2 to the
excited state. These widths should be considered upper
limits since no consideration was given to other decay
modes such as a small 8 branch (estimated as 4% assuming
a T]B/2 of 368 ms [25]). The W, of the '%Te transition is

2.0 + 0.3. The difference between W,, for 'Xe and '%Te
is not unexpected, as mixing between single-particle states
becomes more pronounced away from the doubly magic
IOOSI‘I.

When protons and neutrons occupy identical orbitals,
the result may be an enhancement of the « preformation
factor S, which is proportional to the a-decay width (S =
8%/vh, where v is the frequency at which the « particle
encounters the Coulomb barrier). A large increase in the
preformation factor is expected to lead to superallowed «
decay [3]. The W, values for the lightest Te isotopes are
compared to Po nuclei [23,26] with similar valence struc-
ture in Table I. An enhancement of 2.7 = (.7 is observed in
the relative width of '®Te compared to >'3Po, and it is
apparent that the enhancement of a-decay widths is in-
creasing as mass decreases suggesting that the '®Te —
100Sn transition is the best candidate for superallowed «
decay. Additionally, the enhancements for both '%Te and
106Te are consistent. However, since only two points are
shown for odd and even masses it is difficult to determine
how quickly the enhancement increases. Thus, a lower
limit of the enhancement expected in '*Te is taken to be
3. Combined with the extrapolated '“Te Q, an upper limit
for the half-life of 100 ns for the a decay of '%Te is
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FIG. 4. (a) Q, as a function of proton number for the different

a decay chains in the %°Sn and 2°®Pb regions [23]. The strong
double shell closures at !%°Sn and 2%8Pb give rise to a peak in Q,,
at proton numbers of 52 and 84, respectively. (b) Q, for the
1008n region separated into even- and odd-mass « emitters.
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TABLE I. W, for isotopes in the Z = 50 and Z = 82 [23,26]
regions. In each row are nuclei in the two different regions with
corresponding valence structures with respect to the appropriate
doubly magic core (either '°°Sn or 2°8Pb). The last column
shows the enhancement of the W, value.

Valence Nuclide W, Nuclide W, wle /wke

a 104Te 3 212po 1.0 3
a+n '®Te 20+03 2BPo 073+0.14 27+07
a+2n '%Te 4.63+056 2Po 1.53+0.02 3.02*0.37
a+3n 'Te 145+0.63 2“Po 1.16+0.01 1.25*0.54
a+4n '%Te 219+027 ?Po 1.59+0.01 138+*0.17

“Lower limit; see text for details.

deduced. The measurement of this half-life represents a
significant experimental challenge but may still be feasible
with the digital electronics used in our work.

An accurate understanding of nuclei around doubly
magic '%°Sn requires a knowledge of single-particle ener-
gies, in particular, the energy separation between the vds,
and v g7/, single-particle orbitals. Viewed from an extreme
single-particle shell-model perspective, this energy sepa-
ration can be extracted from the energy of the first excited
state in '%'Sn. The energy systematics of 5/2% and 7/2%
states as a function of neutron number can be extended to
105Te (see Fig. 5). The simultaneous break with systematic
trends at N = 53 for both Sn and Te isotopes may suggest
that the 7/2" level is converging toward the single-particle
energy separation between the vds;, and vg;/, single-
particle orbits. Although configuration mixing may influ-
ence the trends, one could expect the excited 7/27 state in
10181 to be around 160 keV.

In summary, the first identification of 'Xe and '®Te
has been made through the detection of the a-decay chain
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FIG. 5. Energy systematics of the 7/2" level relative to the
5/2% state for Te and Sn isotopes as a function of neutron
number. Data were taken from the current work (heavy black
line) and from Ref. [7] (and references therein).

109Xe — 105Te — 191Sn and marks the closest approach to
the N = Z line above '%Sn. The half-lives of the two «
decays were determined to be 13 = 2 ms and 620 = 70 ns
for '“Xe and !“Te, respectively. The Q, values are
4067 = 10 and 4217 = 8 keV for the « transitions from
19Xe and 4889 = 6 keV for the 'Te a decay. The ob-
served enhancement between the W, for '®Te and the
analogous 2!*Po indicates the superallowed character of
the a decay of '®Te. Fine structure was observed in the «
decay of '%”Xe — !©Te placing the energy difference
between the tentatively assigned 5/2% ground state and
7/2% excited state at 150 * 13 keV. Further experiments
are anticipated to measure both the fine structure in the
105Te o decay to '°'Sn and attempt to measure the a-decay
chain 1%Xe — 104Te — 1905,
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Note added in proof.—'"Te has been independently
identified by Seweryniak et al. [27].
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