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Abstract. The 3 decay of the very neutron-deficient isotope '°'Sn was studied at the GSI on-line mass
separator using silicon detectors for recording charged particles and germanium detectors for «-ray spec-
troscopy. Based on the j-delayed proton data the production cross-section of '°'Sn in the *°Cr + 5®Ni
fusion-evaporation reaction was determined to be about 60 nb. The half-life of 1°'Sn was measured to be
1.9(3) s. For the first time $-delayed ~-rays of °'Sn were tentatively identified, yielding weak evidence for
a cascade of 352 and 1065 keV transitions in °*In. The results for the '°'Sn decay as well as those from
previous work on the '°3Sn decay are discussed by comparing them to predictions obtained from shell
model calculations employing a new interaction in the %¥Sr to '32Sn model space.

PACS. 27.60.4+j 90 < A < 149 — 21.10.-k Properties of nuclei; nuclear energy levels — 23.40.-s 3 decay;

double 3 decay; electron and muon capture — 21.10.Tg Lifetimes

1 Introduction

Measuring properties of doubly magic nuclei and their
closest neighbours is of great interest as it provides in-
formation on the underlying shell structure. Concern-
ing the closest neighbours of the heaviest particle-stable
self-conjugated nucleus $9°Sn, i.e. §5In, 25Sn, ('Sn and
$91Sb, only one of them is known so far, namely 19*Sn.
The scarce experimental information available on this nu-
cleus stems from studies of its 8T /EC decay [1,2] or
from investigating the a-decay chains 1%Te — 191Sn [3]
and '%Xe — 1%Te — 1°1Sn [4]. In order to approach
experimentally these nuclei, heavy-ion—induced fusion-
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evaporation reactions have been found to be a suitable
production mechanism, as can be seen, e.g., from the stud-
ies of the 8 decay of 192Sn, 1%3Sn and '%4Sn [5-8]. How-
ever, far away from £ stability the production cross-section
and, correspondingly, the number of atoms available for
investigations become very low, causing a problem for
the detailed spectroscopy necessary to gain information
on nuclear-structure properties. In this context, experi-
mental data on production cross-sections of exotic nuclei
are important. This paper reports on such a measurement
for 1%91Sn and on an attempt to improve the data on the
B-delayed proton (8p) and 7y (87) decay of this nucleus.

The 3+ /EC decay of nuclei “southeast” of 1%9Sn is
dominated by the Gamow-Teller (GT) transformation of
a gg/> proton into a gr/» neutron. Based on shell model
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considerations [9] and experimental systematics of the
ground-state spin and parity of odd-A tin isotopes and
N = 51 isotones, one expects a 5/2% assignment for the
ground state of 197Sn. Hence for the decay 1°'Sn — 101In,
the GT transition can be expressed as 5/27 {07 (core) ®
5/2%vds )} — {1+(wg;/12,ug7/2) ® vds/p}. Such one
proton-hole, two neutron-particle states in 1°'In were pre-
dicted [10] to be populated in GT decay of °'Sn in a
resonance-like fashion. The centroid of the broad predicted
resonance lies at an excitation energy of about 4 MeV with
respect to the 9/2+{9/2+7rg;/12 ® 0*vdZ,,} '°'In ground
state. This excitation energy is larger than the proton sep-
aration energy S, in '9'In which is estimated by extrap-
olating systematic trends to be 1650(310) keV [11]. Since
the corresponding estimates yield a decay energy (Qgc)
of 9050(420) keV [11] for '°1Sn, the energy window for
the Bp decay (Qgc — Sp) of this nucleus is large, namely
~ 7400 keV, and the probability for its Sp decay is thus
expected to be high. As the Qgc — S, value of '%'In is
only 2200keV and those of lower-Z isobars are also low
or even negative [11], a 8p measurement of 191Sn offers Z
selectivity. In addition, the detection of protons does not
suffer from the laboratory background that represents a
major problem for the - spectroscopy of weak activities.

Shell model calculations for the GT decay of heavier
odd-A tin isotopes '9%:195Sn show a high sensitivity of po-
sition and width of the GT resonance on the interaction
employed [6,7]. Keypoints are the near degeneracy of the
ds/> and g7/> in '°'Sn [9] causing mixture and redistri-
bution of the GT strength and the mgy/5vg7/> interac-
tion [7,12]. On the other hand in-beam experiments have
identified a wealth of high-spin states in '01:19%In [13,14].
Therefore these nuclei provide a unique test ground for the
determination of a shell model interaction that describes
the yrast line and highly non-yrast low-spin states which
are fed in 8 decay.

The decay of 1°1Sn was studied employing two different
detector setups that aimed at Sp and S~y spectroscopy, re-
spectively, and are introduced in sect. 2. The results of the
Bp and 7y measurements, presented in sects. 3.1 and 3.2,
respectively, are discussed in sect. 4 and summarised in
sect. D.

2 Experimental techniques

1018n was produced at the GSI on-line mass separator [15]
by using the 5°Cr(®8Ni, a3n)1%*Sn fusion-evaporation re-
action. A %®Ni beam from the linear accelerator UNILAC
impinged on an enriched °Cr target (3 mg/cm?, enrich-
ment 97%). The intensity and specific energy of the *®Ni
beam amounted to 36 particle-nA, 4.9 MeV /u for the fp
experiment and 34 particle-nA, 5.2 MeV /u for the 8y mea-
surement. FEBIAD-B2C ion sources were used which con-
tained niobium, graphite and ZrOs-felt catchers, respec-
tively. Most of the data were collected with the latter
catcher which yielded the highest separation efficiency.
High chemical selectivity for tin was achieved by adding
CS, vapour to the ion source. Using this technique about
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60% of the tin ion-output is shifted to the SnS™ molecu-
lar side-band, thus strongly suppressing the isobaric con-
taminants of indium, cadmium, silver and palladium iso-
topes [16]. The suppression factors are, e.g., of the order
of 5-10* for silver and 5-10° for indium isotopes [16]. After
ionisation, acceleration to 55keV and mass separation in
a magnetic sector field, the ions with A = 101 4 32 were
implanted either into thin carbon foils in front of a fSp
setup or into a tape positioned in the centre of an array
of silicon and germanium detectors (Si-Ge array) for Sy
spectroscopy.

In the Bp experiment the mass-separated beam was pe-
riodically switched between two carbon foils in consecutive
grow-in (12s) and decay (12s) intervals, the collected Sp
activity being recorded by two identical AE-E Si-detector
telescopes. Each AF detector had an area of 450 mm? and
a thickness of 20 pm, while the corresponding dimensions
of the E detector were 2000mm? and 500 um, respec-
tively. The solid angle covered by each of the telescopes
amounted to 34(3)% of 4w. The AE singles and AE-E co-
incidence events were tagged by the time elapsed since the
start of each 24s cycle. The resulting time profiles were
used to determine the half-life of 1°*Sn.

In the Sy experiment, two 30 mm x 30mm Si detec-
tors and one 14 mm x 14 mm one were placed in a cube-
like geometry inside of a small vacuum chamber. The
other three sides of the cube, which remained open, were
used to let the beam pass onto a tape in the centre of
the cube and to guide the tape to the implantation po-
sition and away from it. The solid angle covered by the
Si detectors amounted to about 40%. Around this setup
two GSI VEGA-SuperClover detectors [17] and a small
Clover detector were mounted. The photopeak efficiency
of the 12 Ge crystals was 7.5% at 1.3MeV. The mea-
surement was performed in grow-in mode, i.e. during the
time when the A = 101 4+ 32 beam was continuously im-
planted into the tape at rest. After a pre-selected time of
8 s the implanted activity was removed from the implan-
tation position.

3 Experimental results
3.1 Beta-delayed proton emission

Data on the fp decay of '°'Sn were collected by using
ZrOs and graphite catchers (see sect. 2) during 10364 24 s
cycles (12s irradiation and 12s decay), which correspond
to a total measurement time of 69 h. The time profile was
analysed for energy loss events observed in the AE de-
tectors within the range from 400 to 2500 keV. This leads
to 137 events in the grow-in and 39 events in the decay
parts of the time profile. From the ratio of 3.5(6) between
these numbers, the half-life of 1°1Sn was determined to be
1.9(3) s. This result is in good agreement with but consid-
erably more accurate than the previously obtained values
of 3(1) s [1] and 1.5(6) s [2].

On the basis of the 138 fp events obtained in 5843
cycles with the ZrOs catcher (see sect. 2) and registered
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Fig. 1. Gamma-ray spectrum obtained in coincidence with positrons. Gamma rays known to belong to the decay of '°' Ag and
101¢d [19] are marked by open squares and diamond, respectively. Gamma rays marked by filled circles indicate evidence for
B-delayed ~-rays of 1°2Sn. The 7-ray lines of interest are labelled by their energies in keV. The spectrum is scaled by a factor

of 20 above 530 keV.

in the AE detectors of the telescopes, the '°'Sn beam in-
tensity was found to be about 150 atoms/h at an average
%8Ni beam intensity of 34 particle-nA. This estimate is
based on a branching ratio for 8p decay (bs,) of 0.14733%
for 192Sn [2] as well as the detector efficiency and cycle
time as given in sect. 2. Assuming a separation efficiency
of 7.5% for 192Sn32S* jons [16,18] and the °°Cr target as
specified in sect. 2, the production cross-section of 1°1Sn
in the fusion-evaporation reaction °°Cr(°®*Ni, a3n) was de-
termined to be about 60nb. This value corresponds to an
average over the target thickness.

3.2 Beta-delayed ~ rays

The '9'Sn beam intensity, determined in sect. 3.1, al-
lowed for the feasibility estimation of a Sy measurement
of 1%918n. Considering the implantation cycle and the effi-
ciency of the Si-Ge array as described in sect. 2, and a Sy
branching ratio of 86% [2], a few events/h are expected to
occur in the photopeak of a S-coincident v spectrum, as-
suming a 1 MeV v-ray to follow the 8 decay of '°!Sn. This
rate is low indeed but not out of reach for an experiment
based on the high chemical selectivity of the FEBIAD-
B2C ion source (see sect. 2).

For the [+ measurement performed at mass A
101 + 32, 37216 collection-counting cycles were accumu-
lated corresponding to a total measurement time of 82h.
Figure 1 presents part of the resulting y-ray data. Most
of the y-ray lines identified in this spectrum belong to the
decay of 190Ag and °1Cd [19]. The latter activities were
observed in spite of their strong suppression by the sul-
phurisation technique and by choosing an 8 s cycle for the
tape collector (see sect. 2). In contrast to the occurrence of
the B activity of 1°' Ag and '°' Cd, the non-observation of
Bry-rays of 19'In apparently means that this isotope does
not form a sizeable part of the A = 101 + 32 beam but is
dominantly produced as a daughter activity of '°'Sn on
the tape during the implantation period.

Figure 1 also shows weak evidence for the occurrence
of [-delayed v-rays at 352 and 1065keV. The assign-
ment to By-rays of 1°'Sn is tentative as their low in-
tensity did not allow for half-life analysis. The number
of counts observed for these transitions corresponds to
the expectations based on the experimental production
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Fig. 2. Background-subtracted (3-y-y coincidence spectrum
gated on the 352keV (first panel) and the 1065 keV line (third
panel). The gates conditions for these two lines are indicated
in the spectra obtained in coincidence with all y-rays (second
and fourth panels, respectively).

cross-section (see sect. 3.1), taking into account -y co-
incidence efficiency and using normalisation to the 193Sn
level scheme [6,7].

The 7-v coincidence data shown in fig. 2 yielded
evidence for mutual coincidence between the 352 and
1065 keV transitions. The three coincidence events ob-
served for these lines at almost zero background indicate
that these y-rays belong to the same cascade, correspond-
ing to 1% In level energies of 1065 and 1417 keV. The ten-
tative assignment of the 352 and 1065 keV transitions to
the 192Sn decay is supported by the following arguments:
mass determination and non-observation of these y-rays in
previous works on the decay of %' In, 1°'Cd and '°' Ag [19].

4 Discussion

4.1 Production cross-section

The production cross-section for the 50Cr(°®Ni, a3n)!°!Sn
reaction was estimated for the first time by Janas et al. [1]
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Fig. 3. Gamow-Teller strength distributions for the '°*Sn decay, obtained from experiment (shaded-area histogram) and
resulting from shell model calculations based on the Models A (grey-line histogram), B (dotted histogram) and C (black-line

histogram).

to be 10nb. These authors used a *Ni beam current of
40 particle-nA and determined the '°'Sn beam intensity
to be 40 atoms/h. This rate estimate is based on a theo-
retically predicted bg, value of 40% [10] for '°'Sn. A re-
evaluation of the Bp rate measured by Janas et al. assum-
ing a bg, value of about 14% [2] yields a '°'Sn rate of
110 atoms/h. A normalisation of this result to the >®Ni
beam intensity of 34 particle-nA, used in our work, yields
an intensity of 95 atoms/h. This has to be compared to the
value of 150 atoms/h derived in sect. 3.1. However, in this
context we note that the separation efficiency given in the
present work takes losses between target and catcher into
account which makes it about two times lower compared
to the value given in ref. [1]. All in all, the re-evaluation
of the results presented by Janas et al. [1] yields a '°'Sn
production cross-section of about 50 nb which is in agree-
ment with the value of 60 nb obtained in this work, taking
the uncertainties of such estimates into account. A compi-
lation of *°Cr(°®Ni, 2pzn) cross-section for the production
of light tin isotopes, including the extrapolation to '°°Sn,
has recently been given by Karny et al. [5].

4.2 Shell model calculations

Several shell model calculations with different interactions
have been performed for N > 50 palladium-to-tin isotopes
in the proton m(p1/2,90/2) v(ds/2,97/2,d3)2, 5172, hi1)2,)
model space, using ®¥Sr as an inert core [10,20,12,13].
In the present work a newly developed interaction was
used [21] that started from a G-matrix, based on the CD-
Bonn potential [22] and determined by the method out-
lined in refs. [23,24], and experimental single-particle en-
ergies inferred from the ®¥Sr one-proton and one-neutron
neighbours. By application of monopole corrections the
standard '°°Sn single-neutron particle and single-proton
hole energies [9] and the evolution of the 7(p; 2, gg/2) hole

states in the indium isotopes were reproduced. Further-
more, the overall agreement with experiment was opti-
mised by tuning the 77 interaction for the N = 50 isotones
by multiplying all two-body matrix elements by a factor of
0.9, while the vv pairing was reduced by A{jZ|V|43)j=0 =
AG/2+/(2j1 +1)(2j2 + 1), AG = 25keV for the tin iso-
topes. Thus a good agreement with experiment was war-
ranted for single-particle states, high-spin yrast and the
highly non-yrast states in the GT resonance populated in
the decay of tin isotopes, i.e. in N = 50,51 and isotones
of Z =50 (tin) and Z = 49 (indium) nuclei. Calculations
were performed with the shell model code OXBASH [25].
Further details will be given in a forthcoming paper [21].
We shall characterise the predictions obtained by using
the new interaction by “Model C” in order to distinguish
them from those derived from the Models A and B intro-
duced in ref. [7].

In fig. 3 the experimental GT distribution for the well-
studied '°3Sn decay [6,7] is compared to shell model re-
sults obtained by using the present interaction (Model C)
and the ones characterised as Models A and B in ref. [7]
(see also refs. [10,12]). It is interesting to note that, with-
out the optimisation described above, the present interac-
tion would correspond to that characterised as Model A
in [7], yielding a too narrow and too low-lying GT reso-
nance compared to the experiment. The improvement of
the new interaction in reproducing centroid, width and the
high-energy tail of the GT resonance is clearly evident. It
should be noted that inclusion of 1°°Sn core excitations
will cause a moderate redistribution of the GT strength
around the resonance. This may reduce the splitting of
the double peak which is due to the concentration of the
I™ = 3/2%,5/2" final-state feeding in the lower and the
I™ = 7/2% strength in the upper peak.

For calculating GT strength distributions for the 1°'Sn
decay, we assumed a 5/2% or 7/2% spin-parity assign-
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ment for the 1%1Sn ground-state corresponding to the two
lowest-lying, almost degenerate neutron orbitals above the
N = 50 gap near '°°Sn. The resulting distributions pre-
dicted by Model C are characterised by a resonance that
is narrower and peaks at higher energy than for the '°3Sn
decay, with negligible strength at low energies which ex-
cludes direct feeding to states below 2 MeV. The predicted
GT strength distribution has a centroid at a '°'In exci-
tation energy of about 4.1 MeV in the 5/2% case while in
the 7/27 case it is double-humped with peaks at about 4.0
and 4.5 MeV, the latter being dominated by contributions
from 9/2% states in %' In [21]. The S-intensity distribu-
tions, deduced from these GT strength predictions by as-
suming a @ g value of 9050 keV based on systematics [11],
are narrow and peak at 1°'In excitation energies of about
4.2MeV (see fig. 4) for both spin-parity assignments. In
the 7/2% case the S-intensity distribution has a somewhat
more extended high-energy tail without showing a sepa-
rate high-energy peak. For the 8 decay of both !°1Sn and
103Gy the GT resonance lies well above the proton separa-
tion energy in '°'In and '%%In, namely 1650(310) keV [11]
and 3550(320) keV [7]. However, as the Sp spectra peak at
3.0 and 2.5 MeV for 191Sn (see fig. 4) and 1%3Sn [7], respec-
tively, it is obvious that this decay mode probes mainly
the high-energy tail of the GT resonance. This explains the
sizeable b, values of 0.147-12 for 11Sn [2] and 0.012(1)
for 193Sn [7]. More details on the Bp decay of °1Sn will
be discussed in the following section.

4.3 Beta-delayed proton emission

Figure 4 shows the (p energy spectrum obtained from
the AE-E coincidence events in one of the telescopes
and results of Model C calculations described in sect. 4.2.
The experimental Sp spectrum represents an improvement
over that reported previously [1], due to the lower degree
of contamination achieved by using the tin-selective ion
source (see sect. 2). The calculated proton spectra, shown
in fig. 4, were obtained by using an S, value of ''In
of 1650keV according to systematics [11] and a barrier
transmission calculation based on a statistical model [26,
27], with the optical model parameters being derived from
the back-shifted Fermi gas level density [28]. The proton
energy scale of the S-intensity distributions displayed in
fig. 4 was shifted by again using the S, value of 1650 keV.
Moreover, its intensity relative to that of the Sp energy
spectrum correspond to the bg, values of 0.26 and 0.14,
found for the 5/2% and 7/2% assumption, respectively, by
using Model C. The latter results are both in agreement
with the experimental value of 0.1415:1% [2].

It is interesting to note that the theoretical Sp spec-
trum for the 7/2% case shown in fig. 4 is double-humped.
This means that the broad single peak predicted for the -
intensity distribution (see sect. 4.2) splits, due to its spin-
energy structure, into two components of the related pro-
ton energy spectrum (see fig. 4). In order to further study
this effect as well as the possibility of using proton spec-
tra for spin and parity assignment of the 5-decaying state,
we performed additional calculations of proton spectra by

323

40 T T T
35—
> 30
4
S 251
N
\.20._

2]

)
c

S 15—
@]
© 10

\

RS PO C N

\

\
=
I

N N

Al

2000
Proton energy (keV)
' I

Wign 77 7]

4000

40

35—
> 30+
Q25—
-~ 20
15—
10—

k

5
N -
N
x
EN
Yy

ReTe—

N

PR

-

Counts /2

PO N SRS

2000
Proton energy (keV)

4000

Fig. 4. Energy spectrum of S-delayed protons from the '°*Sn
decay, measured at mass A = 101+ 32 (shaded-area histogram)
and predicted on the basis of Model C (solid-line histogram).
The theoretical proton spectra were obtained by assuming a
5/2% (upper panel) or 7/2" (lower panel) spin-parity assign-
ment for the '°*Sn ground state. Theoretical and experimen-
tal proton spectra are normalised to equal integral number
of counts. Moreover, the theoretical S-intensity distributions
(dashed-line histogram) are displayed as resulting from the
5/2% and 7/2% assumption. The proton energy scale of the
theoretical proton spectra and (-intensity distributions were
deduced by assuming an S, value of '®In of 1650 keV (see
text for details).

varying the S, value of ' In within the 1-o limits of the
result of 1650(310) keV from systematics [11]. For an S,
value of 1300 keV the predicted proton spectra are in rea-
sonably good agreement with the measured ones, whereas
the calculated bg, values of 0.48 and 0.38 for the 5/2% and
7/2% assumption, respectively, disagree with experiment.
On the other hand, an S, value of 2000keV yields pro-
ton spectra whose centroids occur at considerably lower
energies than the experimental ones. The bg, values cal-
culated for this case are considerably smaller, namely 0.08
and 0.02, respectively, but still in fair agreement with ex-
periment. The spectra resulting for the 7/2% case and S,
values of 2000 and 1600 keV are double-humped and even
triple-humped, respectively.

From the data displayed in fig. 4 and the above-
mentioned additional calculations based on variations of
the S, value of °'In we conclude that the shape of the
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experimental energy spectrum of §-delayed protons tends
to agree with the prediction for the 5/2% case rather than
with that for the or 7/2% case. Conclusions based on con-
sidering the discrepancy between the centroids of the ex-
perimental and theoretical distributions are less firm. This
is due to the fact that the proton energy scale of the theo-
retical proton spectra (and S-intensity) distributions was
deduced by using the estimated S, value of ''In which
has a large uncertainty and is not a truly experimental
result.

The tentative 5/2% assignment for the ground state
of 1%1Sn confirms an earlier proposal [9] that the v2d; /-
orbital is the lowest-lying one above the N = 50 shell clo-
sure near '°°Sn. The assignment 5/2% has been tentatively
confirmed by experimental data on the 3+ p decay of 1°1Sn
that were published earlier [1], and also in a report on pre-
liminary results from the present work [29]. Moreover, the
latter reference was used for the 5/2% assignment to the
members of the a-decay chain 1%Xe — 19 Te — 1918 [4].

Generally speaking, the ambiguity of this interpre-
tation is related to the numerous assumptions made in
the statistical-model calculation, which cannot be checked
against experiment and contain, in particular, the exper-
imentally unknown @ gc and S, values. The large uncer-
tainty of 420 and 310keV, respectively, obtained for the
latter quantities by extrapolating systematic trends [11]
prevent us from drawing a quantitative conclusion from
the Bp data of '°'Sn shown in fig. 4. The same ambiguity

has to be stated with respect to the bg, value of 0.14733%
for 1%1Sn [2] which has to be compared to predictions of
0.26 and 0.14 for the 5/2% and 7/2% case, respectively.
Such Bp predictions depend not only on the assumptions
made on Q)gc and S, but also on those concerning the
(statistical) v de-excitation of the °1In levels populated
in 8 decay. Another uncertainty is due to the splitting
respective spreading of the GT resonance which is inter-
action dependent (see fig. 3 for the 1%3Sn decay). There-
fore the spin determination for the '°1Sn ground state,
discussed in this paper, is indeed model dependent.

On the basis of the estimated S, value of 1°*In [11],
the peak of the Sp energy spectrum of about 3 MeV cor-
responds to an excitation energy of 4.7MeV in this nu-
cleus. Qualitatively speaking, Sp emission thus probes the
(high-energy part of the) GT resonance which is predicted
to be centered around 4 MeV (see also next section and
ref. [10]). This is expected to be a characteristic feature
of the Bp decay of very proton-rich nuclei near '°°Sn due
to their large Q gc, small S, values and dominance of the
ga/2 = g7/2 GT resonance.

4.4 Beta-delayed ~-ray emission

A cascade of 352 and 1065 keV transitions was tentatively
assigned as fB-delayed ~y-rays of '°'Sn, identifying '%'In
levels at 1065 and 1417keV. The existence of a 352keV
level is excluded, since there are no excited states pre-
dicted in the odd light-indium isotopes, according to the
experimental systematics [19] and shell model calculations
(see sect. 4.2 and refs. [23,9]). The level energies found in
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Fig. 5. Experimental and shell model high-spin yrast and low-
energy low-spin states in !°'In. The new tentatively assigned
~-ray cascade observed in the present work and the possible
shell model predictions are shown, too.

this work differ from those known from in-beam work [13],
where 1310 and 342keV ~-rays were found to represent
de-excitations of tentatively assigned levels (17/2%) to
(13/2%) and of (13/27) to the ground state, respectively.
13/2% levels in 1°'In are not populated by the GT decay
of the 5/2% ground state of °'Sn. However, it is not ex-
cluded that they are fed by v-ray de-excitation paths of
increasing spin, for example those starting from primar-
ily populated 7/2% states. Such a phenomenon has been
observed, e.g., for the 8 decay of the 7/2% ground state
of 97Ag, with a (11/2+) — (13/2+) — (15/2%) — 17/2+
cascade occurring in the daughter nucleus [12]. However,
as the y-ray intensities within this cascade are weak this
argument cannot be used for assigning spin and parity
to the newly observed '°'In states. The Model C cal-
culations predict between 1.0 and 1.6 MeV besides the
known I™ = (13/2%) state 5 levels with spin and par-
ity I™ = 5/27-11/2%, that may be populated by 3 de-
cay directly or a Bv cascade (see fig. 5). Among them
the four lowest states belong to the I™ = 5/21-13/2%,
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{1028n, 2+ @ 7rgg_/12} quintuplet. The shell model $ inten-

sity distribution (see sect. 4.2) excludes direct population
of states in this energy region. We have therefore modelled
the v decay of the most strongly fed primary 8 daughter
states in the GT resonance region to the states in ques-
tion and cascades from these states towards the ground
state allowing for M1 and E2 multipolarity. Only 3 of the
candidates favour a cascade over the direct decay to the
ground state, namely the I™ = 5/27,9/2F, states. The re-
sults for the ~ decay from the GT resonance to these states
show a clear preference for a 5/2%-7/2%-9/2% cascade tak-
ing about 60% of the feeding intensity while the alterna-
tives 9/23 5-(7/2%,11/27)-9/2% take only 16% and 24%,
respectively, which is less than the present detection limit.
The experimentally observed states at 1065 and 1417 keV
have therefore likely I™ = 7/2% and 5/27, respectively.
The tentative levels and their assignments are indicated
in fig. 5. This is in striking agreement with the strongest
314 keV-1356 keV cascade in the '°3Sn decay, which may
have a similar assignment.

5 Summary

The development of SnS™ beams at the GSI on-line mass
separator allowed us to obtain improved data on the 3 de-
cay of 1918n, the closest neighbour of the doubly magic nu-
cleus 1°°Sn. By comparing the experimental energy spec-
trum of $-delayed protons to a theoretical prediction, the
5/2% spin and parity assignment for the '°'Sn ground
state was confirmed. The fp data allowed us to rede-
termine with improved accuracy the half-life of this nu-
cleus to be 1.9(3) s and its production cross-section in the
S0Cr(58Ni, a3n) fusion-evaporation reaction to be about
60 nb. Moreover, for the first time weak evidence has been
obtained for the observation of 8-delayed y-rays of 1°1Sn
which apparently form a cascade of 352 and 1065 keV tran-
sitions in '°'In.

Shell model predictions employing a new interaction
tuned to high-spin yrast, low-spin and single-particle
states in the NV = 50,51 to the Z = 49, 50 region account
well for the experimental observations as tested for the
case of 1938n. For the '°1Sn decay, the shell model predic-
tions were used to assign the tentatively assigned cascade
of S-delayed ~-rays, whereas an attempt to quantitatively
interpret the Sp data remained somewhat inconclusive.
Firm conclusions beyond these tentative ones would re-
quire improved decay data, including in particular high-
resolution and total-absorption vy-ray spectroscopy as well
as the determination of the Qgc value of 1%'Sn and the
S, value in '91n.

The new By results for '°7Sn together with the non-
observation of such data for 1°°Sn [5] show that 60nb is
the present sensitivity level when using fusion-evaporation
reactions for studies of 5-delayed ~y-rays of nuclei near the
doubly-magic 1°°Sn. Considerably higher sensitivities can
be reached for fusion-evaporation reaction if decay modes
involving protons or a particles are considered. For ex-
ample, the recent discovery of the direct two-proton ra-
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dioactivity of (21%) ?4™Ag [30] was achieved at a partial
production cross-section of only 350 pb.
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