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g2 (32 min) decays by electron capture and
positron emission to Snlls, the positron branch account-
ing for 12+ 3% of the disintegrations. Of the total
disintegrations 94% lead directly to & previously known

L99 kev level in Snll5.

The remaining &% of the disin-
tegrations are to an excited state in Snll5 and are
followed by two garma reys in cascade whose energies are
980 kev and 1240 kev respectively. The cross over gamme
ray of 2220 kev has also beeu secen, with an intensity
equivalent to 1¢ of the disintegrations. The cascade

and cross over gamme raye lead to the 499 kev level and

coincidences have been observed hetween these gamma rays.

An upper limit of 0.4% was obtained for a beta branch

115

from Inllsm to the 499 kev level in Sn These levels

in Snl15 seem to be too high in energy to correspond to

L 5

the predicted low-lying levels in 8Sn of Kisslinger

and Sorensen.
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INTRODUCTION

The interest in the tin isotopes stems in part from the fact

that the protons are in a major closed shell and celculations of excited
. 1 1
levels are simplified by virtue of this fact. Kisslinger and Sorensen,

for example, have made calculations for single closed shell nuclei con-

sidering the effects of a pairing interaction, and they have predicted in

detall the low lying excited levels of the tin isotopes. Snlls in parti-

cular is of additional interest from the point of view of the systematics
: 5 ,

of isomerism in the odd tin isotopes. The odd isotopes of tin from

snl?7 to 5n12° exhibit isomerism and this has been sttributed to the fact

that in these isotopes two low lying adjacent levels have spins and

113 3

.paritiee of 11/2~, and 3/2+. In Sn an isomer has recently been reported
but the ground and first excited levels have been assigned the spins and
parities i/2+ and 7/2+ regpectively. No isomer has as yet been reported

in Snlls. 115

The question thus arises. vhether an isomer exists in Sn
similar in kind to those of the heavier gdd mass isotopes of tin or
vhether the level order has been changed by the appearsnce of néw low
lying levels (7/2+ for example) between the 11/2- and 3/2+ levels which
prevent effectively the existence of isomers.

Although no one has reported the existence of an isomer of Snlls,
some information does exist on its low lying levels throuﬁh the decay of
neighboring elements. Chikhledze, Khulelidze and Selinov reported a 30
min activity in Sbll5 which‘decays to Snll5 through the emigsion of
positrons and through orbital electron capture. The positrons have an
end point energy of 1.51 Mev, and a log £t value of 4.25. The positron 1s

followed by a gamma ray of 439 kev which has & X conversion coefficient



o, equal to 0.00625 and & K to L ratio of 6. The theoretical values for
0y for & gamma ray of this energy in tin are 0.0065 ang 0.0060 for ML
and E2 transitions respectively. Markowitz and Wilson reported 1.55 t 0.08
Mev for the end poinf energy of tge pogitron. |
Recently Beard and Kelly measured the end point energy of the

115 , 1h

beta spectrum emitted in the decay of the ground state of In {6x107 yrs)

and obtained a vglue of 625 kev. Inllsm (4.5 hr) which is 335 kev above
the ground statf is reported to emit & beta particle with en end point
eﬁergy of 830 kev. This lesves & discrepancy of the order of 100 kev which
Beard and‘Kelly point(out could be due either to large errors in the beta
end point measurements or the indicetion of & level ~100 kev ebove the

ground stete of Snlls.

EXPERIMENTAL WORK
Sbll5 was produced in the Brookheven Cyclotron by lrradiating
énriched7 Inll3 (65.4%) with 4O Mev ¢ particles through & 15 mil thick
aluminum foil which wae chosen to emphasize the (o,2n) reaction over other

llS’ the irrediated smmple

competing reactions. Due to the presence of'In
contained besides the Sblls'(32 min) activity, other known activities were
present as & background in the sburces. Figure 1 shows & singles spectrum
of the gmmma rays socon after irradiation. The radietlons were detected
with 8 3" x 2" HaI(T4) crystal and the counts were recorded with a 256
charmel pulse height analyzer. The spectrum was repeated as e function of
time and the decay of each peak was plotted (Fig. 2). The peaks at 500 kev,
980 kev, 1240 kev, and 2220 kev all exhibit & component with a 32 min half
life and are attributed to the deeay of sp1o {32 min). The low energy

peaks and the long lived components of the above mentioned peeks may all



-l

be assigned to one of the following activities: Sbllh, Sbllé, st

118

7

, and
| sb

The 500 kev peak is a mixture of the 499 kev gamma ray and anni-
hilation radiation resuwlting from the positron. 1In order to determine
the relative proportions of the two»compopents in this pesk, gamna-garma
coincidences vere stuﬁied with a fest-slow coincidence circuit with a
resolving time of 0.25 usec. Coincideﬁces were counted with the detectors
in two geometriésd: first with 180 degreea between the detectors then, 90
degrees. Standard sources were used to calidbrate the efficiencies of the
crystals and the geometrlies. The percentage of positron emission relative
to the 499 kev gamma ray vas determined to be 12+ 3%.

Coincidences vere studied also between varicus combinations of
the 500 kev peak and the threc other peaks which have & 32 min compégent
(980 kev, 1240.kev and 2220 kev). Since these ganma ray pesks contain
neasurably large amounts of long lived gamma rays of about the same energy

as that of the Snll5

| gemmg rays, coincidences were repeated as a function
of time and the coincidence efficiencies {mumber of coincidences pef
singles countg) were recorded as a function of time.

Coincidences between 499 kev gamma raye and each of the three
higher energy gamma rays were found to exist. The 930 kev gamme ray, in
addition, coincides with the 1240 kev gamna ray but not the 2220 kev garmea
rey. Coupled with the facts that the 2220 kev gamma ray coincides with the
499 kev gmmme ray end that ite energy is equal to the sum of the 980 kev
and 1240 kev gampa rays, the data on the 2220 kev gammae ray makes it
highly probable.that this is the cross over transition from the third
excited state to the first excited state. The coincidence eff‘iéiency for

the 980 kev-1240 kev pair of garma rays did not change as & function of
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time even though measurable amounts of long lived impurities were present
in both gamma ray pesks. The msin impurities in these peaks are probably
due to %118 (5 hrs) which has among ites radiations two gamms rays (1030

115

kev and 1220 kev) which are not resolved from the Sn gemme rey pesks

end vhich coincilde with one another. Therefore &s the 32 min Snlls

activity decays and the sample becomes predominsntly 5 hr s%ns, the coin-
cidence efficiency of the 980 kev-1240 kev pair remeins unchanged. On

the other hand, the efficiency for 499 kev-980 kev coincidences and 499 kev-
‘1240 kev coincidences go to zero in time because the Sbue (5 hr) background
does not have a 500 kev gamma ray coinclding with the 1030 kev and 1220 kev
gamna rays. Thus, the data on the coincidences as 8 function of time are
satisfactorily in agreement with the aésmption thet the 5 hr background

in the sample is Sblle. The relative positions of the 980 kev and 1240 kev
gamms. ra&s is unknovn. The level at 2.72 Mev agreés ig energy ﬁiﬁﬁ the |

15

level at 2.68 Mev in 8nt reported by Willard et al., from the study of

the (p,ix) reaction on mlls.
The relative intensities of the various y-reys were determined
from the singles spectrum shown in Fig. L. The efficiency of the 3" x 2"
KaI(T?) crystal used in this determination was calibrated as a function of
energy with various stendard sources. Both the 980 kev and 1240 kev gamma
rays appear to be about 5% as intense as the 499 kev ground state transitions,
vhile the 2220 kev gamms rey is only 1% as intense as the 499 kev transition.
The end point energy of the positron spectrum wes measured with
a scintillation spectrometer uzing an anthracene crystal detector, and the
value given by Chikladze et al (1.51 Mev) was confirmed. An upper limit
of 1% was placed on a poeitron branch to the ground state. Since all diein-

115

tegrations of Sb lead eventually to the 499 kev lewvel, the intensity of



the 499 kev garme ray slong with the intensitles of the K x-ray and
positron brenches allows one to calculate the ratic of A+ emission to
electron capture end the ratio of L + M capturé to K-capture. Both

these experimentally determined ratios were in reasonsble egreement with

115

the assumption that the transition from the Sb ground state to the 499

115 is allowed.

115

kev level in Sn

115m

The levels of Sn were alsc looked at from the decay of Ia

115 Normal cadmium containing cdllh (28.8%) was irradiated with slow

neutrons to give cdll?m (44 days) and Cdllsl(Sh hrs) . 'Cdll5 (54 hrs)

decays to InllSm

to Sn

(k.5 hrs). About 24 hours after irradiation indium
activity was separated from the cadmiuvm activity by the standard ion exchange
method. The separated indium activity showed & lifetime of 4.5 hours.

The end point energy of the Inllsm bets ray wvas checked and a value -
9 ,
(830 * 30 kev) in sgreement with Langer et al was obtalned, In order to

determine whether any of the beta decay was to an excited state in SnllS,

veta~-ganma coincldences were performed with negative results. No evidence
was found for levels in Snit” below the 499 kev level and en upper limit
of 0.4% of the total decay of Inllam was put on & £ branch to the 499 kev

level.

DISCUSSION

A decay scheme for Sbll5 (32 min) is proposed in Figure 3. The

. 10
ground state spin and parity of en’t? have been measured and are £+ . A

and parity 1
spin/of 5* hav%been essigned to Sb 2 (32 min) on the basis of the systematics

1
2
excluded. In the tin region (single closed shell) the various poseible

of nuclei, although the less likely assigmment of <+ cennot be entirely

lov lying spins on the basis of the shell model are 51/2, d3/2, d5/2, ,37/2,
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and hli/Q . The K cénversion coefficieng of the 499 kev y-ray is

0.00625 as reported by Chikhladze et al. The theoretical values for a
K conversion coefficientlfo: a garme rey of this energy for the tin
1sotopes are 0.0065 and 0.0060 for ML and E2 transitions respectively.
That 15, the spin of the 499 kev level msy be either g+ or g+. Since the
first excited levels ia both Snll7 and Snllg have spin %+ assigned to
them, g+ may be the more prébable sssignmeht in this case also. The spin
asslgnment of g+ to Sblls (32 min) is in agreement with our observation

that there is little or no g+ emission to the ground state of Snll5

, vhile
| 94% of the transitions from Sblls go directly to the 499 kev level. The
2.72 Mev level is fed by electron capture from Sblls 6% of the time. For
this transition to compete with sn allowed transition to the 499 kev level,
it is almost mendatory that e spin of g+ or %* be assigned to the 2.72

Mev level. If the spin were §+ then one should nomally expect & cross-

5t
over transition from this level to the ground state, which is not obsefved.
Although & spin of %+ for this level cannot bé complétely rmiled out, it
seens @ very less likely assigmment than g+, because the transition to

the 2.72 Mev level would then be '¢' forbidden, for whinh the log £t 2 6.
For log ft = 6, the partial 1life time of the transition to the 2.72 Mev
level would become about 20 deys; which means that the transition to this

115 vould become about 0.1% of the total disintelration, this

level from Sb
is against the experimental observation of 64. Therefore the likely spin
of the 2.72 Mev level is g+ . The log Tt valuéslfor the transiti9n +o the
2.72 Mev and 499 kev levels eseem to be 4.3 and 4.7 respectively. The spin
of the remaining level could in principle be one of the several availsble
g, %4» Actually an 3% - level is possible in this region
but 1t would not be fed from any of the observed levels in the Sblls decay.

choices, ie., §+,



Moreover, if the second level were . , one should have observed the

2
lifetime corresporiding to an Mb transition. Of the avellable spins g+,
g+, and %+ , which are possible assigmments to the second excited level,
%+ is to be preferred over g+ gince normally one might expect’a direct
transition to this level fram Sblls

if the spin of this level were g+,
similar to the 2.72 Mev level; Since this trensition does not take place
‘one nmay suspect that this level has a spin of 37/2 vhich would again be
'2' forbidden. If the spin of this level were g+, one might expect a
cross-over transition from this level to the 3+ ground state, which is not

observed.
. 1 _
Kisslinger and Soreansen have recently calculated the levels of

the single closed shell nuclei including the effect of the pairing correla-

115

tion. According to them the first g+, %4 and g+ levels in Sn are at

140 kev, W40 kev, and 570 kev respectively. The first exciied level at
499 kev may be too high in energy for one to say with assurance that it
.corresponds to thelr predicted first excited level at 140 kev. Their

first excited level in Sa>! is &lso a little low in energy compared with
5

5 are quite

high in energy in comparison with their lowest predicted %+ and g+ levels

and may nrobably not be pure quasiparticle states. The secoand é+ excited

the experimental value. The-%+ and §+ observed states in Snll

level due to Kisslinger and Sorensen hes & large phonon adnixture and lies
at 1.5 Mev above the 3+ ground state. OQur second excited level with a spin

115

of Z+ could be the second Z* excited level of their level structure of Sn .

2 2
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FIGURE CAPTIONS

11

Gamna ray spectrum of Sb™ 7 32 minutes lifetime taken with @

3" x 2" NaI(Ti) crystal. The spsctrum was taken at three different
geometries to detect possible addition peaks. The peaks et 500 kev,
980 kev, 1240 kev and 2220 kev decayed with 32 minutes lifetime.
Several low energy peaks are seen, all of which are attributasble ’
to known Sb ectivities. The efficiency (solid angle x the intrinsic
photoelectric efficiency) as a function of energy is plotted

below the spectrum. (Neg. No. 5-606-61)

Lifetime curves for the wvarious peaks in the gamma rsy spectrum

following the decay of Sblls. (Neg. No. 5-607-61).

Decay scheme of Sblls (32 minutes). (Neg. No. 5-608-61)
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