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Decay of Sb 
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Sbll5 { 32 min) deca,ys by electron capture and 

positron emission to sn115, the positron branch account-

ing for 12± 3i of the disintegrationa. Of ·the total 

disintegrations 94, lead directly to a previously knovn 

499 kev level in Snll5. The remaining (/fo of the disin­

tegrations are to an excited state in Snll5 and arc 

followed by tvo gumma rays in cascade vhose energies are 

98o kev and 124o kev I"(!Spectively. The cross over gamma 

ray of 2220 kev has also beeu seen, vi th s.n intensity 

equivalent to lcfo of the disintegrations . The cascade 

e.nd croM over gamma rays lead to the 499 kev level e.nd 

coincidences have been observed be~;een these gamma rays. 

An upper limit of o.4~ vas obtained for a beta branch 

115m 4 115 from In to the 99 kev level in Sn • These levels 

in Sn115 seem to be too high in energy to correspond t o 

the predicted lmr-lying levels in sn115 of Kissl:tnger 

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 calculations of excited 
1 1 

levels are simplified by virtue of this fact. Kisslinger and Sorensen, 

for example, have m84e calculations for single closed shell nuclei con-

sidering the effects of a p~ring interaction, and they have predicted in 

detail the lmr lying excited levels of the tin isotopes. Sn115 in pa.rti-

cular is of additional interest from the point of view of the systematics 
2 

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

Snll7 to sn125 exhibit isomer.ism and this has been attributed to the fact 

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

. pari ties of ll/2-, and 3/2+. 
3 

In Snll3 an isomer bas recently been reported 

but the ground and first excited levels have been assigned the spins and 

parities 1/2+ and 7/2+ respectively. No isomer bas ae yet been reported 

in sn115 . The question thus arises.whether an isomer exists in sn115 

similar in kind to those of the heavier odd mass isotopes of tin or 

vhether the level order has been changed by the appearance of' nevr low 

lying levels (7 /2+ for example) betveen 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 sn115, 

some information does exist on 1 ts lmr lying levels through the decay of 
4 

neighboring elements. Chikhla.dze, KhuJ.elidze and Selinov I"ePPrted a. 30 

min activity in Sb115 which .dec~e to sn115 through the emission of 

posi trona and through orbital electron capture.. The :posi trans have an 

end point energy of 1.51 Mev, and a log ft value of 4.25. The positron 1s 

followed by a gamma ray of 499 kev which has a K conversion coefficient 
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~ eque.l to o.oo625 and a K to L ratio of 6. The theoretical values for 

'ic for a gamma ray of this energy in tin are o.oo65 and o.oo6o for Ml 
5 

and E2 transitions respectively. Markol.,itz and Wilson ·reported 1.55 ± o.o8 

Mev for the end :point energy of the posi t.ron. 
6 

Recently Beard and Kelly measured the end point energy of the 

th - 115 ,, 14 ) beta spectrum emitted 1n the decay of e ground state of lll i. oxlO yrs 

and obtained a value of 625 kev. Inll5m ( 4. 5 hr) which is 335 kev above 
2 

the ground state irs reported to emit a beta particle with Q..'"l end point 

energy of 830 kev. Thj.s leaves a discrepancy ·of the order of 100 kev which 

Beard and Kelly point out could be due either to large e:rrors in the beta 

end point me$Surements or the indication of a level -100 kev above the 

ground state of sn115 . 

EXPERIMENTAL WORK 

Sbll5 was produced in the Brookhaven Cyclotron by irl'adiating 
. 7 
enriched rn113 (65.4~) vith 4o Mev ex particles through a 15 mil thick 

aluminum foil which vtae chosen to empha.size the (o:, 2n) reaction over other 

competing reactions. Due to the :presence of Inll5, the irradiated GQmple 

contained besides the S'oll5 ( 32 min) activity, other known actlvities were 

present as a. bacl:.ground in the sources. Figure 1 shows a singles spectrum 

of the gamma rays soon e.:t'ter irradiation. The radiations Yere detected 

with a 3" x 2" Nai(T.t) cryetal a.nd the counts vere recorded vith a 256 

channel pulse height analyzer. The spectrum was repeated as a f'unction of 

time and the deCSiY of each peak was :plotted (Fig. 2). The peaks at 500 kev, 

980 kev, 12!K> kev, and 2220 kev eJ.l exhibit a component vi th a 32 min half 

115 lif'e and are attributed to the deeay of Sb { 32 min) . The lov energy 

peaks and the long lived components of the above raentioned peaks ma.y all 
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114 116 . 117 
be assigned to one of the following activities: Sb , Sb , Sb , a.11d 

Sb118. 

The 500 kev peak is a mixture of the 499 kev gamma ray &l;d anni-

hilation radiation resulting from the positron. In order to detennine 

the relative proportions of the two components in this peak, gamma-gamma 

coincidences were studied with a fast-slow coincidence circuit with a 

resolving time of 0.25 ~sec. Coincidences vere counted vith the detectors 

in two geometries! :t'irs'L with 180 deg!'P.ea between the detectors then, 90 

degrees. Standard sources were used to calibrate the efficiencies of the 

crystals and the geometries. The percentage of positron emission relative 

to the 499 kev gamma ray ws determined to be 12± 3cJ,. 

Coincidences were studied also between various combinations of 

the 500 kev peak and the three other peaks vhich have a 32 min compo~ent 

(9&> kev, 124o,kev and 2220 kev). Since these ~ ray peaks contain 

measurably large amounts of long lived gamma rays of about the same energy 

as that of the Snll5, gemma rays, coincidences vere repeated as a :f'tmction 

of time and the coincidence efficiencies {n1$ber of coincidences per 

singles counts) trere recorded as a function of time. 

Coincidences between 499 kev gamma ~s and each of the three 

. higher energy gamma rays .,rere found to exist. 'fhe 98o kev gamma ray, in 

addition, coinc:i.des with the 124o kev gamma rev but not the 2220 kev gamma 

ray. Coupled 't•ri th the facts that the 2220 kev gamma ray coincides with the 

499 kev gemma ray and that its energy is equal to the etu:n of the 980 kev 

and 124o kev gamma rays, the data·on the 2220 kev gamma ray makes it 

highly probable that this is the cross over transition fl"'lll the third 

excited state to the first excited state. The coincidence efficiency for 

the 98o kev-124o kev pair of gamma ~ys did not ch~ as a function of 
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time even thougb. measurable amounts of long lived impurities were present 

in both gamma ray peaks. The main impurities 1ri these peaks are probably 

U8 · · · ( due to Sb (5 bra) which has among its radiations two gamma rays 1030 

kev and 1220 kev) which $re not resolved from the sn115 ge.zama ra;y peaks 

and vhich coincide with one another. Therefore as tile 32 min Sn115 

118 activity decays and the sample becomes predominantly 5 hr Sb , the coin-

cidence efficiency of the 98o kev-124o kev pair remains unch.a.nged. On 

tbe other hand, the efficiency for 499 kev-980 kev coincidences and 499 kev-

4 . 118 
·12 0 kev coincidences go to zero in time because the Sb ( 5 hr) background 

does not have a 500 kev gamma Talf coinciding with the 1030 kev and 1220 kev 

gamma rays. Thus, the data on the coincidences as a function of time are 

eatisfacto:t;.ly in agreement vi th the ass1.llllPtion that the 5 hr background·· 

118 in the sample is Sh . The relative positions of the 980 kev end 124o kev 

gamma rays ie unltno'l-m. The level at 2. 72 Mev agrees in enerf£{ with the 

115 
8 

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

the (p,n) reaction on rn115. 

The relative intensities of the various J'-rBifS were determined 

trom the sin81es spectrum shown in Fig. 1. The efficiency of the 3" x 2" 

Nai(T!) crystal used in this determination ~.as calibrated e.s a function of 

energy vi th various standard sources. Both the 98o kev and 124o kev gamma 

~s appear to be about 5~ as intense ao t.he 499 kev ground atate transitions, 

while the 2220 kev gamma ray is only 1~ ae intense as the 499 kev transition. 

The end point energy of the poei tron s:pectrtllll "W'S.s measured with 

a scintillation spectrometer using an anthracene crystal detector, and the 
4 

value given by Chikladze et a.l (1.51 Mev) was confirmed. An upper limit 

of 1% vas J)1&ced on a. positron branch to the ground state. Since all disin­

tegrations of Sbll5 lee.d eventually to the 499 kev level, the intens:i.ty of 

..... 
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the 499 kev gamma ray along with the intensities of the K x-ray and 

positron branches allows one to calculate the ratio of (3+ emission to 

electron capture and the ratio of L + :t-1 capture to Kaca.pture. Both 

these experimentally determined ratios were in reasonable agreement with 

the assumption that the transition from tbe Sbll5 ground state to the 499 

kev level in Sn115 is allowed. 

The levels of sn115 'irere also looked at f:rom the decay of nl1 5m 

to sn115. I~o:rm&l cadmitDll containing Cd114 (28 .&%) was irradiated with almr 

neutrons to give Cdll5m (44 days) and Cdll5 (54 hrs). · Cd.115 (54 hrs) 

decays to Dlll5m ( 4. 5 hrs) • About 24 hours after irradiation indium 

activity was separated from the cadmium activity by the standard ion exchange 

method. The separated indium activity showed a lifetime of 4. 5 hours . 

The end point energy of the In115m beta ray was checked and a value · 
9 

(830 ± 30 kev) in agreement ,.,ith Langer et a.1 was obtained.. In order to 

115 detennine whether any of the beta decay was to an excited state in Sn , 

beta-gemma coincidence a \rere perfonned with negative results. No evidence 

was :found for levels in Snll5 below the 499 kev level and a.n upper limit 

of 0.4% of the total decay of tn115m was put on a (:': branch to the 499 kev 

level. 

DISCUSSION 

A decay scheme for Sb115 ( 32 :min) is proposed 1.n Figure 3. The 
115 . 10 

ground state spin and parity of Sn have been measured and are ~+ • A 
and pari~y 

11 
~ 

spin/of ~ ha:V+een e.ssigned to Sb 5 ( 32 min) on the basis of the systematics 

of nuclei, although the less likely assignment of ~+ cannot be entirely 

excluded. In the tin region ( singl.e closed shell) the varioue possible 

low lying spins on the basis of the shell model are s1; 2, d
3
; 2 , d 5; 2, ·S7;2 , 
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a.."ld ~~2 . The K qonversion coefficient of the 499 kev "/-ray is 

0.00625 as reported by Chikhl.ad.ze et a1.. The theoretic&l values for a 

K conversion coefficient for a gamma r&y of this energy for the tin 
. . 

:tsotopes a.re o.oo65 and o.oo6o form and E2 transitions respectively. 

That is, the spin of the 499 kev level· may be either ~ or ~ . Sine~ the 

first excited levels in both Snll7 and Snll9 have spin ~ $a Signed to 

them, ~ J"JJB::f be ·the more p~ba.ble assi,gnrnent in this case also. 'I'he spin 

assignment of~ to Sb115 ( 32 min) is in agreement with our observation 
c. 

that there is little or no ~+ emiasion to the groUA~ state of sn115, vhile 

941> of the tra.nai tiona from Sbll5 go directly to the 499 kev level. 'rbe 

2. 72 Mev level is fed by electron capture from Sb115 (/fq of the time. For 

this.tranaition to.compete With an allowed trSnsition to the 499 kev level, 

1 t is a.l.most mandatory that e. spin of -} or f. be -assigned to the 2. 72 

Mev level. If the spin were ~, then one should normally e:A-pect a cross­

over transition from this level to the ground state, which is not observed. 

Although a spin of ~ for this level cannot be completely ruled out, it 

seems a vers less likely assignment thBk• ~' because ~~e transition to 

the 2. 72 N!ev level would then be 'J,. ' forbidden, for whiCh the log f't • 6. 

For log :t't = 6, the :,partial li f'e time of' the tre.nsi tion to the 2. ?2 ~>1ev 

level would become about 20 days; which means. that the transition to this 

115 . 
level from Sb votUd become about 0.1~ of the total disintegration, this 

is against the <ncperi.mental observation of &fo. Therefore the likely spin 

of the 2. 72 Mev level is } . The log ft values for the tre.nsi tion to the 

2. 72 Mev and 499 kev levels seem to be 4. 3 and 4. 7 respectively. The spin 

of the remaining level could in principle be one of the several available 

3 5 7 . 11 
choices, ie., ~~ 2, "§+· Actually an 2 - level is posaible .in this region 

but it would not be fed from any of the observed levels in the m>115 decay. 
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Moreover, if .the second level 't.>rere ¥ ;;. , one should have observed t."'le 

lifetime ·correspoliding to an M4 tra.nsi tion. Of the a:va.lla.ble spins ~, 

}, a.lld } , which are possible a.ssig.riraents to the second exci·t;ed level, 

}- ia to be preferred over ~+ since normally one might expect a direct 

transition to thi.s level f~ SbLl5 if the spin of this leYel were g+, 
si<·n1.lar to the 2. 72 Mev level. Since this tra.nsi tion does not take place 

one may suzpect that this level has a spin of S7/2 vbich would again be 

'J,' forbidden. If the spin of tl:lis level were ~~ one might expect a 

cross-over trans! tion from this level to the ~+ ground state, which ia not 

observed. 
1 

Kiaslinger and Sorensen have re<:ently ce.lcula.ted the levels of 

the single closed· .Shell nuclei including the effect of the pairing correla­

tion. According to them the first ~~ } and} levels in sn115 are at 

14o kev, 44o l~ev, a:nd 570 kev respectively. The first excited level at 

499 kev may be too high in energy :fur one to sa.y with assurance that it 

corresponds to their predicted first excited le·vel at 14o kev. Their 

:first excited level in snll7 is a.l.ao a. little lov in energy compared with 

tlle experimental value. The } mld ~ observed states in en115 are quite 

high in energy in comparison vi th their lowest predicted }- a.nd } levela 

and may probably not be pure quasiparticle states. The second ~+ excited 

level due to Kisslinger and Sorensen has a large phonon adraixt1.:,re and lies 

a.t 1 • 5 t.1ev above the ~-+ ground state . OUr second excited level with a. spin 

of }- could be the second ~+ excited level of their level· structure of su115 • 
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FIGURE CAPTIONS 

Fig. 1 Gamma r~ spectrum of Sb~5 32 minutes 11~etime ~~en with a 

3" x 2" Nai(T.t) cz-.tstal. The spectrum vas ta."<en a.t three different 

geometries to detect :possible addition peaks. The peaks at 500 kev, 

98o kev, l24o kev ,and 2220 kev decayed '\dth 32 minutes lifetime. 

Several law energy peaks are seen, 8J.J. of which are attributable 

to know Sb activities. The efficiency (solid angle x the intrinsic 

photoelectric efi'iciency) as a f'unction of' energy is plotted 

below the spectrum. {Neg. No. 5-6o6-61) 

Fig. 2 Lifetime curve.s for the various :peaks in the gamma re;y spectrum 

following the decay of Sb115 • (Neg. No. 5-607-61). 

Fig. 3 Decay scheme of Sb115 (32 minutes). (Neg: No. 5-6o8-61) 
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