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Decay of the 9.4-Min and S.V-Day Isomers of Sn"'
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The decay schemes of the 9.4-min and 9.7-day isomers of Sn"~ have been studied using scintillation
spectrometers and coincidence techniques. Gamma rays of energies 325, 585, 640, 830, 1070, 1390, 1470,
1610, 1720, and 1940 keV with relative intensities 130, 0.75, 0.40, 0.16, 0.17, 1.0, 0.58, 0.28, 0.08, and 0.07,
respectively, were observed in the decay of the 9.4-min isomer while the decay of the 9.7-day isomer gives
rise to gamma rays of energies 330, 470, 810, 910, 1075, 1165, 1410, 1985, and 2230 keV with relative intensi-
ties 0.23, 0.28, 1.0, 0.92, 2.81,0.09, 0.09, 0.41, and 0.03, respectively. On the basis of the coincidences between
the various gamma rays it is concluded that the 9.4-min isomer excites levels in Sb126 at 325, 640, 910, 1470,
1720, and 1940 keV, whereas levels at 1075, 1410, 1885, 1985, and 2230 keV are excited in the decay of the
9.7-day isomer. Further evidence in support of these levels from total-absorption gamma spectra is also
presented. Plausible spin and parity assignments to these levels have been made on the basis of the log ft
values of the beta groups feeding these levels and also their decay modes.

I. INTRODUCTION

S EVERAL workers have studied the radiations in the
decay of 9.4-min and 9.7-day isomers of Sn"'. The

most recent and detailed investigation of the decay
schemes of these isomers is due to Burson et a/. ' These
authors have used scintillation spectrometers and co-
incidence techniques with a multichannel analyzer.
They report gamma rays of energies 342, 468, 811,
904, 1068, 1410, and 1970 keV with relative intensities
9, 10, 20, 18, 73, 3, and 24, respectively, in the decay of
the 9.7-day isomer. The coincidence relationships
between these gamma rays have been explained by
assuming levels in Sb"' at 1070, 1410, 1880, and 1970
keV. In the decay of the 9.4-min isomer, gamma rays
of energies 326, 640, 1070, and 1390 keV with relative
intensities 99.7, 0.3, 0.3, and 1.9, respectively, have
been reported. To explain the observed coincidences
among these gamma rays, the authors have proposed
levels at 326, 640 or 1070, and 1720 keV. In the present
work the decay schemes of the Sn"' isomers have been
reinvestigated in order to get more information about
the levels in Sb~' fed in these decays.

II. EXPERIMENTAL PROCEDURE AND RESULTS

A. The 9.4-min Activity

1. Source I'reparats'ort

The 9.4-min activity was obtained by irradiating
about 3 mg of enriched Sn'" (96%%uq) in the form of Snot
for periods of about 3 min in a Qux of 10"neutrons/
cm'-sec at the Apsara reactor. The observations were
started within 2 min after the irradiations and it was
observed that the Sb"5 activity did not build up enough
to cause any interference. The sources for the study of
the gamma-spectrum and gamma-gamma coincidences
were made by sandwiching the irradiated SnO2 between
two aluminum strips ~ in. thick.

' S. B. Burson, J. M. Le Blanc, and D. %'. Martin, Phys. Rev.
105, 625 (1957).

Tax.z I. Relative intensities of gamma rays of 9.4-min Sn' ~,

corrected for photopeak efficiency and absorption in lead.

Gamma-ray Relative
energy (keV) intensity

Gamma-ray
energy (keV)

Relative
lntenslty

325&5
585&10
640+10
830+10

1070aiO

130&20
0.75~0.11
0.40+0.06
0.16~0.03
0.17&0.03

1390&10
1470W10
1610+10
1720a15
1940&15

1.0
0.58 w0.09
0.28 +0.04
0.085+0.02
0.072~0.014

The gamma-ray spectrum was studied with a
3-in.-diamX3-m. -thick NaI(Tl) crystal coupled to a
DuMont 6363 photomultiplier. The resolution of this
integral assembly was 8.5 jq for the 662-keV gamma ray
of Cs13~. The spectra were recorded on a Nuclear Data
512 channel analyzer. An aluminum absorber approxi- .

mately 900 mg/cm' thick was used for absorbing the
beta particles. The gamma spectrum taken with the
source at a distance of 15 cm from the crystal showed
a very intense photopeak due to a 325-keV gamma ray
and a weak photopeak due to a 1390-keV gaInma ray.
In order to see whether any other weak gamma rays
were also present, the source was placed almost in
contact with the crystal with a 6-mm-thick lead
absorber in-between to reduce the intensity of the
325-keV gamma ray. The gamma spectrum obtained in
this way was analyzed in the usual manner by sub-
tracting out the contributions due to individual gamma
rays. The standard line shapes for this purpose- were
obtained by recording under similar conditions of
geometry the gamma spectra of Ce-Pr'~ La'~ Na22

Zn", Mn'4, Csla~ Au"', and Cr". The gamma spectrum
along with the line shapes as they were itted in the
analysis is reproduced in Fig. 1. It is seen that apart
from the intense 325-keV garrnna ray, other weak
gamma rays of energies 585, 640, 830, 1070, 1390, 1470,
1610, 1720, and 1940 keV are also present. Of these,
the 585-, 830-, 1470-, 1610-, 1720-, and 1940-keV gamma
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rays have not been reported earlier. It was ascertained
that all these gamma rays are due to the 9.4-min
activity of Sn"' by following their decay over a period
of three half-lives. The photopeak at 150 keV was seen
to decay with a longer half-life of 40 min and was
attributed to the presence of Sn"'. Table I gives the
relative intensities of these gamma rays, corrected for
the photoefFiciency and the absorption in lead. The
contributions due to genuine and random summing
have been taken into account. The corrections due to
these were found to be small except in the case of the
intensity of the 640-keV gamma ray. In order to verify
that the correction for absorption in the lead absorber
did not introduce any large errors, the intensity of the

1390-keV gamma ray relative to that of the 325-keV
gamma ray was also calculated from the gamma
spectrum taken with the source at a distance of 15 cm
without any absorber. This intensity was found to
agree with the one listed in Table I within 5%, showing
that there was no error due to the correction for
absorption.

3. Gamma-Gamma Coincidence measurements

In order to study the coincidences between various
gamma rays, two scintillation spectrometers consisting
of 3-in. -diam X 3-in.-thick NaI(Tl) crystals coupled to
DuMont 6363 photomultipliers were used. A fast-slow
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Fro. 1. Gamma spectrum of Suu' (9.4 miu).



S. H. DECARE AND H. G. DEVARE

IOO—
l390 Ityg

V)I-z
O
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125TABLE II. Gamma-gamma coincidenc e results of 9.4-min Sn

Gate
(keV)

325
585
640
830

1390

Gamma rays in coincidence
( ev)

585, 1390, 1610
325
830, 1070
640
325

rt No. 2480,2 E.Fairstein, a r ge', 0 k R'd National Laboratory Report N .
1958 (unpublished).

'd tup making use of the crossover pick-off
principe an a

''
1 ' d having a resolving time ~=0. psec w

he hoto eaksutilized. The coincidence spectra with the p p
s in ate were recorded on the

512 channel analyzer. The crystals were place ace- o-
face with suita e an i-ble anti-Compton shielding in-between

tterin .to avoid spurious coinciincidences due to back sca ering.
The intensity o t e — ef the 325-keV gamma ray was reduced

The deca
'

h h h 1 f a 6-mm-thick lead absorber. e ecaywith t e epo a
s hotopeaks in the coincidence sps ectraof the various p o o~

f ll d over a period of two half-lives in or erwas o owe over
in Sn"' activity.con6rm that they were due to the 9.4-min Sn

' '
y.

In order to correct or ef the Compton contributions of
teamma ra s which are included in the ga e,

d d with the gate
~ ~

s ectra were also recor e wi ecoincidence sp
eaks. The coincidenceshifted away from the photopeaks. e c

iso corrected for chance coincidences.spectra were aso corr
Some of the coincidence spectra obtained in is wa

F' . 2 The results of all the coincidencesare shown in ig. . e r
are summarize in a ed

' T bl II. The coincidences observed
ra sandn the 580- 1390-, and 1610-keV gamma rays an

the 325-keV transition indicate the presenc
d 1940 keV. The last two levels can also

exp ain e1
'

the observed gamma rays of energies
rom these levels.1940 k V crossover transitions frome as

osed b theThe — e1720-keV level has also been propose y
etweenearlier wor ersk ' to explain the coincidence

could not,640- and 1070-keV gamma rays. They could no,
however, establish whether the cascade was through a
level at 1070 or e7 640 k V. The fact that the 830-keV
gamm ya ra is a so in coinci1

'
ncidence with the 640-keV

bi it and shows thata ray removes this am gui y
1 Sb"' at 640 and 1470 keV. T ethere are leves in a

ed 1470-keV gamma ray can then be interpre eobserve - e
a crossover transition rom t e a er e

clear that all the observed gamma rays ands and the coinci-
dences among them can be understood by assuming
levels in Sb"' at 325 640 910 1470, 1720, and 1940keV.

4. Tota/ Absorptiol Gamma Spectrlm

In order to confirm the presence of the proposed new

levels at 910, 1470, and 1940 keV, the gamma spectrum
was stu ie in amosd' d

'
lmost 4~ geometry by intro ucing the

source in e 4-ith -'- n -diam& 1-,'-in. -deep we o
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I'IG. 3. Total absorption gamma spectrum of Sn"' (9.4 min).

3-in. -diatn)&3-in. -thick NaI(Tl) crystal. The beta
particles were absorbed with a copper absorber. In such
total absorption gamma spectra, coincident gamma
rays sum up to a large extent, giving rise to distinct
sum peaks. Levels having beta feedings can easily be
identi6ed from the sum peaks corresponding to them.
Figure 3 shows such a spectrum for the 9.4-min activity
of Sn"'. The sum peaks due to the levels at 325, 640,
910, 1470, 1720, and 1940 keV can clearly be seen. The
decay of all these peaks was studied over a period of
three half-lives to confirm that they were all due to the
9.4-min activity of Sn"'. The intensity of the 1390-keV
photopeak is very much reduced here as it sums up
considerably with the 325-keV gamma ray to give an

intense sum peak at 1720 keV. Similarly, the peak at
1470 keV is better resolved than in the singles gamma
spectrum which suggests summing due to the 640—835-
keV cascade and a beta feeding to the 1470-keV level.
The effect of the nonlinear response of the NaI(Tl)
crystal has been taken into account while assigning
these energies to the sum peaks. ' The intensities of the
sum peaks at 1720 and 1940 keV relative to the intensity
of the 325-keV photopeak agree very well with the
values expected from the relative intensities given in
Table I. Thus, the total absorption spectrum lends
further support to the proposed levels, the relative

' H. G. Devare and P. N. Tandon, Nucl. Instr. 22, 253 (&963}.
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TABLE III. Beta transition data for 9.4-min Sn~~. mentally found value of the end-point energy of the
beta group feeding the 325-keV level.

Beta end
point (keV)

Level fed
(keV)

Relative
intensity (%} 6. Decay Scheme

2030
1715
1445
885
630
410

325
640
910

1470
1725
1940

98
0.06
0.58
0.17
0.96
0.27

5.4
8.4
7.2
6.7
5.5
5.4

intensities of the gamma rays and the coincidences
observed.

5. Beta Brunehnsgs aud log ft Values

The beta spectrum of ihe 9.4-min activity was studied
with a 1~-in.-diam& 1-in.-thick anthracene crystal
coupled to an EMI 9536A photomultiplier. The end

point of the beta spectrum was found to be 2030+40
keV. The beta spectrum in coincidence with the 325-keV
gamma ray showed the same end-point energy indicat-
ing that this beta group feeds the 325-keV level. No
attempt was made to find out other beta groups by
analyzing the beta spectrum, as it was realized that
such beta groups would be extremely weak in intensity.
The intensities of the beta groups feeding-ether levels
were, therefore, estimated from the relative intensities
of the gamma rays. Table III summarizes the data
about beta transitions in the decay of 9.4-min Sn"'.
The end-point energies of the various beta groups
mentioned in the table are obtained directly from the
energies of the levels which they feed and the experi-

The decay scheme of the 9.4-min activity of Sn"',
based on the results of the present investigations, is
shown in Fig. 4. The level at 1720 keV has been proposed
by earlier workers' also. The ambiguity about the
position of a level either at 640 or 1070 keV suggested
by these workers has now been removed, and the present
work supports the level at 640 keV. Besides these, three
new levels have been proposed at 910, 1470, and 1940
keV. Strong evidence for these levels has been obtained
from the analysis of the gamma spectrum, gamma-
gamma coincidences and the total-absorption garruna
spectrum, as has been shown in the subsections 2, 3,
and 4 above. On the basis of shell-model considerations„
the ground. state of Sb"' is expected to be g 7/2, and
the isomers of Sn"' can be d 3/2 and h 11/2. The spin
and parity assignment of ~+ to the 9.4-min activity has
been made on the basis of the absence of any beta
feeding to the ground state of Sb"'. The 325-keV level
is expected to have a d 5/2 character according to the
shell model, and the observed log ft value for the beta
transition to this level is consistent with such an
assignment. The spin and parity assignments to the
other levels have been made consistent with the log ft
values of the beta groups feeding these levels and the
gamma transitions arising from these levels. Thus the
beta groups feeding the 1720- and 1940-keV levels have
log ft values corresponding to allowed transitions
indicating —,'+, —,'+, or —,'+ as the possible spin and parity

(9.4mln)

geV IOO ft.

4IO

630 5.5 I

l390

ieeo g, f +

NIO

lTRo ~a, II +

I940
880 67 I470 &~,&~ +

FIG. 4. Deca+ scl1cmc of th,c
9.4-min isomer of Sn1 ~.
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Fxo. S. Gamma spectrum of Sn'ss (9.7 day).

assignments. Of these, the possibility —,+ is ruled out on
the basis of the ground-state transitions from these
levels. Similarly, the 1470-keV level is also assigned the
spin and parity —,'+ or —,'+ though the log ft value of the
beta feeding to this level is rather high for an allowed
transition. The character of the 910-keV level is most
probably —,

'+ in view of the absence of any transition to
the ground state. However, the log ft value for the beta
group feeding this level also is too high for an allowed
transition. The beta feeding to the 640-keV level is

very small and an assignment of ~+ for its spin and
parity would be consistent with this, though the
possibility ~+ cannot be completely ruled. out.

B. The 9.'7-day Activity

1. Sogrce PreParation

The 9.7-day activity of Sn"' was produced by
irradiating about 15-rng of SnOs enriched in Sn"4 (96%%uq)

in the DIDO reactor, Harwell, in a Aux of 10'4 neutrons/
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cm2-sec for a period of 32 weeks. Chemical separation
was performed to remove the dominant activity of
Sb'25 which is formed mainly by the decay of the 9.4-min
isomer. This chemical separation was found to be
rather dificult because of the chemical form in which
the enriched sample was obtained and so only a partial
separation was possible.

Z. The GutrIIua SPectrum

The gamma spectrum was studied in the same way
as has been already described above. The source-to-
crystal distance in this case was 15 cm, and a Perspex
absorber of 1 cm thickness was used to absorb the beta
particles. The gamma spectrum along with the standard
line shapes as they were 6tted in the analysis is repro-
duced in Fig. 5. On the basis of this analysis, gamma
rays of energies 330, 470, 810, 910, 1075, 1165, 1410,
1985, and 2230 keV have been assigned to the decay of
9.'/-day Sn"' as the intensities of these gamma rays
decayed with this half-life. In the case of 330- and
470-keV gamma rays, correction was applied for the
contribution fr oIQ Sb by taking into account the

relative intensities of the gamma rays of Sb"'.4 An
estimate of the contribution due to the bremsstrahlung
produced by absorption of the intense beta transition
to the ground state was made by recording the brems-
strahlung spectrum of I'32 in similar geometry. The

Gamma-ray
energy
g eV~

330+10
470%10
810'10
910m 10

1075+10
1165&15
1410a10
1985~10
2230&20

Singles
spectrum

0.23 +0.06
0.28 a0.06
1.0
0.92 w0. 14
2.81 &0.42
0.093a0.014
0.092a0.014
0.407a0.06
0.031+0.005

Spectrum in
coincidence with

.gamma ray of
energy 1075 keV

0.28 +0.05
0.25 &0.05
1.0
0.94 &0.14

0.087+0.014

R. S. Narcisi, thesis, Harvard U'niversity, 1959 (unpublished).

TABLE IV. Relative intensities of gamma rays of (9.7-day) Sn"'
corrected for Sb'~5 contribution, and normalized to a value of 100
for 810-keg gamma ray.
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- a Sn'2'incidence results of 9.7-dayYAsLz V. Gamma-gamma colnci en

Gate
(keV)

1165
1075
910
810
470
330

Gamma rays observe d in coincidence
(kev)

1075
1165, 910, 810, 470, 330
1075
1075
1410, 1075, 330
470) 1075

t075 kIV

r f the amma rays afteter correctingrelative intensities o g te
'n effects are given in afor any summing e e

also gives the rela
'

tive intensities o
trum 1D colncldcDcc wi

5-
gRITlmR spec rum

as described e ow.gRI11ma iRy R

and 2230-keV gamma rays, a e
have been reported earlier. '

3. Gamnsa-Gamma Coins eece Meusurenseets

Ii 200—

CA

l60—
C)

)20—

— SINSLES

'
ence s ectra with various gamma raysThe coincidence spectra wi ra ss, 8 ll-G ham-type fast-slow

ere recorded wit t e sam
sciibed above, excep t thata e - ra

t 2~=0.13 @sec'th a resolving timecoincidence circuit wi
'

ht angles to eachwas used. The cry t ri acr stals were kept at rig a
othcI' with R soUlc-

sed to avoid spurioussuitable anti- omp'-Com ton shield was use o a
gU

d'
d 1'd

'
h the 1075-ke gamma

for chRQcc colDcl cQCtrum was corrected .or
a .The relative intensities o

dd Tbl. IVIt„„..
oo t b tween the relativeR go g

I'oID the sing cs Rnintensities found fI'oID

ctra. In the Iow-energy region,.-t-- - -"the coinci ence s
Sb"' '

1 1„,.;.„'d,.„,.„.he interference from is
suppressed. p t er c

'

a ra shows a coinci en
h' ts a new levelra also. This sugges s1165-keU gamma ray . h' s

at 2230 keV which is further supporte y
ma ra, which can t en e inof the 2230-keV gamma ray,

'
e in

level. The 1165—1075-keV col e ce
by taking the 1165- g e-keV amma ray in e

ruITl ls I'epl oducC ln lg.coincidence spectrum p
hoto eak. Coinci encesonly the 1075-keVp o op

e pith the hotopea s o e
nd the results are s owrays in the gate and 1 ow

These colncldcncc mcasurcmcnts co rm
Burson et al. '

4. Total Absorptiort Gamma Ry--Eu S ectrum

level atr to confirm the existence of the

the gamma rays, the gamma spectrum o t e

40 -',
COINClMHCE

0
50 IOO I50

CHANNEL NUMBER

FIG. 7. Gamma spectrum in cocolncld ence
pvith 1165-keV region in the gate.

eometry as already describedSn'2' was recorded in 4' geome ry a
before. This ls reprodu . a p

nd a broad peak at about2230 keV an a r
clearly seen. Q RQRl sls of t is lg

t d dli hpsctrum wRs xIladc using Rs s RD

the pho pto eak of the - e
822

2230 1985 andsource. The relativ
'

e intensities of the
bc ln vciy good1885-keV sum peaks were seen to e in

t nsities calculatedwith the suJIl pcR lIl cnsl
~ ~r

' '
tensities of the gamma rays particl-

f h h kcascades. This serves as a ur
1

' ' fthectness of the rea ive lnoQ thc collcc D ln

the existence of the 2230-keV level.

5. SNm-Coincukece Meesuremeets

f the 2230-keV level was further
stu ie yb the sum-coincidence tec nique

5 A. M. Hoogenboom, Nuc.cl. Instr. 3, 57 (1958).
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FIG. 8. Total absor tionption gamma spectrum of S ~' 9.7 dn . ay).

to see whether this level has dec
e 65—1075-keV cascade and the 2230-kev cross-over

transition. The sum-coinciden
'

ce
in ig. 9A. It is clear that the 1165—1075-ke"

mo e o de-excitation apart from the 2230-
keV cross-over transition. The other gamma ra s of
energies 810, 910, 470, 330 keV d o" p iip t

e eca of thiy 's level. For comparison th
coincid

e sum-

incidence spectrum with the hi hg p
- e sum peak in the gate is also shown in Fi . 98.

This shows that the 1985-keV level deex
'

the 910-1075-k— eV cascade.

- e evel deexcites only by

6. Beta Branchings and log ft-Values

In order to calcu
eta groups feeding the various levels, the intensit

g ound state was assumed to
e 0. The re ative intensities could th b

om the relative intensities of the gamma ra s.

en -point energy of the beta rou tog p t g sae
e . e relative intensities and the I

ound this way are given in Table VI. It may be

7R. W. Ha. Hayward, Phys. Rev. 79, 409 (1950).



. -DAY ISOMERS OF SnAND 9 7-DCAY OF 9 4 M

lPfs kN

125TABLE VI. Beta transitron dataa for 9.7-day Sn

Beta end
point (keV)

2350
1275
940
465
365
120

Level fed
{eV)

Ground state
1075
1410
1885
1985
2230

Relative
intensity {%)

95
0.8
0.2
1.9
1.9
0.2

log J't

8.8
10.1
99
7.9
7.6
7.0
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7. Decay Scheme
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considered to be first forbidden transitions on the basis
of their log ft values. Their spin and parity can, there-
fore, be 2+ or 11/2+, the third possibility of 13/2+ being
ruled out because of the observed transitions to the
ground state from these levels. The situation about the
spin and parity of the 1885-keV level is a little more
uncertain because the log ft value of the beta group
feeding this level is rather high for a first forbidden
transition but slightly low for a first forbidden unique
transition. Moreover, there has not been observed any
transition to the ground state from this level though
there are transitions both to the 1075- and 1410-keV
levels. In view of the fact that both of these levels are
likely to have spin and parity ~7+ similar to the ground
state, it is difFicult to understand these transitions. A
tentative assignment of ~+ or j.1/2+ has been made in
this case, assuming that the transition to the ground
state is hindered due to some other reasons which are,
as yet, not clear.

III. DISCUSSION

The present investigations show the presence of
several new levels in Sb"' which are fed in the decay of
the isomers of Sn"', besides confirming those proposed
by earlier workers. However, it is observed that the
relative intensities of gamma rays found in this work
are not in very good agreement with those of Burson
et a/. The reason for this discrepancy may be the rather
peculiar geometry used by these workers. For our
calculations of relative intensities, we have used a
source-to-crystal distance of 15 cm without any
collimator and have used the values of total efFiciency
and peak-to-total ratio given by Heath. ' Even in the
cas(: of low-intensity gamma rays in the high-energy
region, studied with a lead absorber, it was verihed that
the absorption correction did not introduce any error.
Moreover, our values of relative intensities have also
been checked by the results of the total-absorption
gamma spectra and are, therefore, believed to be more
reliable.

The nucleus of Sb"' with only one proton. outside a
' R. L. Heath, Atomic Energy Commission Research and De-

velopment Report IDO 16408, 1957 (unpublished).

closed shell, may be considered to have a nondeformed
shape. The low-lying excited state in Sb"' may, there-
fore, be considered to be due to a coupling between the
single particle orbitals of the odd proton and the
harmonic vibrations of the even-even core. Such an
interpretation has been suggested by Silverberg' and all
the excited states observed can be qualitatively ex-
plained by considering the coupling of the g —,

' and
d ~ proton orbitals to the 2+ one-phonon excitation
of the core. However, even though the spin assignment
of the levels is not inconsistent with such an inter-
pretation, it is found that the center of gravity rule' is
not satisfied. The center of gravity of the levels due to
the coupling between the —,

'+ orbital and 2+ one-phonon
state should be at 1130 keV, the first excited state of
Sn"'."Similarly, the center of gravity of the levels due
to the coupling between the -',+ orbital and 2+ state
should be at 1455 keV. Making a plausible assignment
of the observed levels to the g ~ and d ~ core multi-
plets, the centers of gravity are found to be 1409 and
1638 keV, respectively. Since these are considerably
different from the expected values, it seems that some
of the high-energy excited states cannot arise due to
this type of excitation. The nature of these excited
states can be dehnitely established only when unam-
biguous spin and parity assignments to the levels and
M1-K2 mixing ratios for the various gamma transitions
are available from angular correlation and conversion
coefFicient measurements.
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