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Radiations from Sb'"t
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(Received February 3, 1955)

The radiations from Sb'~ were investigated by use of a magnetic solenoid spectrometer, a coincidence
scintillation spectrometer, and a proportional counter spectrometer. Three P -groups are present with end-
points 1970&5, 1400%10 740~20 kev. The highest energy P-groups exhibits an O.-shape and the two lower
P-groups have allowed Kurie plots. Gamma-ray investigations showed that four gamma rays of energies
566+4, 686~4, 1137~6 and 1260~6 kev could be associated with the decay of Sb"'. Coincidence tech-
niques related the 1150-kev 7-ray with the E-capture side and also showed that the 566 and 686-kev y-rays
are in cascade. The ratio of (%+I) capture relative to total P=emission was found to be 3.1 percent. The
ratio of E-capture to the excited state of Sn'~ and E-capture to the ground state was found to be 1:2.1.The
intensities of all radiations are listed and the ft-values for various transitions calculated. An upper limit of
10 ' is placed on the positron emission.

INTRODUCTION the proportional counter spectrometer, and the selective
coincidence spectrometer.'HE erst studies on the radiations of Sb' ' in this

laboratory were made in 1950.' The shape of the
highest energy p group from Sb'" was investigated
6rst. It showed a unique first-forbidden shape of the
type of transition of AI=2, yes, which assigns the spin
and parity of the ground state of Sb'" as 2 . Further
work with a magnetic coincidence spectrometer isolated
the second group of p transition and revealed that the
upper energy of this transition is 1.45 Mev and that the
shape of the spectrum is indistinguishable from an al-
lowed one. However, subsequent p and y angular cor-
relation experiments showed a definite anisotropic dis-
tribution' which furnished further information on the
possible spin and parity assignments of the first excited
state of Te'". The spectra of the two highest. -energy
P groups and the P-7 angular correlation of Rb" and
I"' were investigated at that same period and a general
similarity was observed among these three isotopes
(Rb" Sb"' and I"'). The general conclusions concern-
ing the assignments of the spin and parity of the energy
levels in Sb'" and Te'" were at that time in substantia
agreement with Glaubman's results from y-7 angula
correlation. ' The shapes of the two highest P spectr
were also in good accord with his results. Lately, how
ever, several more gamma rays were reported in Sb"'
Further, the analysis of the composite p spectrum le
to conclusions which were quite different from thos
previously obtained. 4 ' In view of these differences, i
seemed highly desirable to have the radiations of Sb"
systematically reinvestigated. The reinvestigation wa
performed with the magnetic solenoidal p spectrometer

t This work was partially supported by the U. S. Atomic Energ
Commission.' C. S. Wu, Proceedings of the International Conference o
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Lidofsky, and Wu, Phys. Rev. 82, 334 (1951).

s I. Shaknov, Phys. Rev. 92, 33 (1951).
M. J. Glaubman, Ph. D. thesis, University of Illinois, Urban

Illinois (unpublished); M. J. Glaubman and F. R. Metzger, Phy
Rev. 87, 203 (1952).

4 Cork, Brice, Hickman, and Schmid, Phys. Rev. 93, 105
(1954).

'J. Moreau, Compt. rend. 18, 1130 (1954).

PREPARATION OF THE SOURCE

Sb"' was produced from the reaction Sb"'(ts,y)Sb"'
by bombarding enriched Sb"' with slow neutrons in the
Brookhaven pile for a period of three days. The en-
riched Sb had an abundance ratio of Sb"' to Sb"' equal
to 99.4 percent to 0.6 percent and was procured from
the Stable Isotope Research and Production Division of
Oak Ridge National Laboratories. The presence of the
small amount of Sb"' in the bombarded sample con-
taminated the source with the 60-day Sb"' isotope
which was produced by the reaction Sb"s(ts,y)Sb"'.
The number of disintegrations of Sb"', present at the
time the experiment was carried out, was less than 0.4
percent of the number of disintegrations of Sb'". This
estimate was made using the intensity ratio of the 1.71-
gamma line of Sb"' and the 566-kev gamma line of
Sb122

RADIATIONS

The first measurement of the P spectrum of Sb"' in
this laboratory was made in 1950 by using a magnetic
solenoidal spectrometer and the magnetic coincidence
spectrometer. The results were brieQy reported by
Macklin, Lidofsky, and Wu. ' Recently, the total P
spectrum, in particular the conversion electrons of the
566-kev gamma line, was again investigated. The Kurie
plot of the highest-energy portion reveals an e shape.
Consequently, the n correction factor (-',K'I.s+ 41.&)'*-
was applied to each point on the curve and another plot
was made of these corrected values [Fig. 1(a)]. The

y points in the higher-energy region fall on a straight line
that crosses the energy axis at 1970 kev. Therefore, the
highest energy p group in Sb"' has an end point of
1970&5 kev and an n shape. The analysis of the total
p spectrum was continued after subtracting the
highest-energy p group from the composite spectrum.

A Kurie plot of the remainder was made and is shown
in Fig. I (b). The high-energy points fall on a straight line
which crosses the energy axis at 1400&10kev and there-
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FIG. 4. External conversion electron spectrum showing the
presence of four gamma radiations in the decay of Sb'~ at energies
566&4, 686~4, 1258~6, 1137~6kev.

magnetic spectrometer. The electron spectrum shown
in Fig. 4 reveals the presence of four gamma radiations.
After correction of peak energies for the E or I.binding
energies of lead is made, the radiations correspond to
energies of 566&4, 686&4, 1258&6, and 1137~6 kev.
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Gamma-Ray Spectrum

(a) Single SPectrum Analysis

The spectrum of photons emitted in the decay proc-
esses was investigated with a single channel scintillation
spectrometer. The resolution is 9 percent for the 661 kev

TABLE I. Relative intensity of the gamma radiations.

y radiation

566 kev
686 kev

1258 kev
1137 kev

Single-channel
analyzer

100
5.1
0.99
1.10

Coincidence
spectrometer

100
5.3

693-kev gamma rays was eliminated by the usual
absorption methods.

(b) Coincidence 3IIeasurements

line of Cs"'. Repeated checking assured that the ap-
paratus was stable and that the gamma-ray energies
could be measured with about 3 percent accuracy.

The relative efficiency of the spectrometer for de-
tecting radiations of diGerent energies was determined
by a method outlined previously. 7 A plot of relative

efficiency versus energy was made on log-log graph paper
and yields a smooth curve.

The single spectrum is shown in Fig. 5. Four gamma
rays belonging to Sb'" are identi6ed at the energies
565&5, 693&7, 1130&11,and 1260&13kev. A peak in
the very low energy region due to the x-rays of Sn"'
and Te'" is also present. Further investigation showed
that no other gamma rays could be associated with
Sb"'. The peak at 1.71 Mev has been previously re-
ported in the decay scheme of Sb"'. The presence of
this isotope was justified earlier in this paper. After
suitable corrections were made for background, Comp-
ton radiations from higher-energy gamma rays, and
variations in the detecting efficiency with energy, the
relative intensities of the gamma rays were determined
with an accuracy of about 10 percent and are listed in
Table I. The possibility of the 1150- and the 1260-kev
radiations arising from the summation of the 565- and
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The assignment of the various gamma radiations
and the x-rays in the decay scheme was done with the
selective coincidence spectrometer (Fig. 6). The in-
strument consists of two crystals each mounted on a
Dumont E'-1186 photomultiplier tube. The phototubes
are horizontally placed head on and the source is
mounted between them. The system of crystals, tubes
and source is enclosed in a —,6-in. thick aluminum light
tight shield. Provision is made for varying the source
distance. The crystals used for detecting gamma rays
are 12 in. &1~ in. NaI and the crystal used for detect-
ing the x-ray is a 12 in. &(8 in. NaI. All three crystals are
permanently sealed in aluminum containers with glass
windows. The housing for the x-ray crystal has a 1-mil
thick aluminum foil window. Electrons are absorbed

.006
500 IOOO

fNERGV 1141 KKV

FrG. 5. Single gamma-ray spectrum of Sb~ obtained by using
a single-channel scintillatioIn spectrometer.

7 Koerts, Macklin, Farrelly, van Lieshout, and Wu, Phys. Rev.
98, 1230 (1955).

The authors wish to express their appreciation to Dr. J. Mihe-
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results of his investigation of the gamma rays in Sb'~.
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in a polystyrene slab. The use of the thin aluminum
and the polystyrene slab minimizes the absorption of
the low-energy gamma radiation.

A detailed description of the performance of the
spectrometer and the methods employed for the energy
calibration and eKciency determination have been
given in an earlier paper. BrieRy, its function is to
select radiation of a particular energy which has been
detected in one of the phototubes and then to display
on a multichannel pulse height analyzer all the radia-
tions detected in the second phototube which are in
coincidence with this selected one. The coincidence
mechanism employs a combination of fast and slow
coincidences.

The gamma-gamma coincidence spectra found are
shown in Fig. 7(a), (b). The spectrum (a) was obtained
when selection of the 565-kev gamma was made and
shows that the 693-kev gamma ray is in coincidence
with it. The spectrum (b) was obtained by selecting the
693-kev gamma ray and serves not only as a check on
(a) but also to confirm the absence of any other coin-
cident events. Selection of the 1150-kev gamma ray
showed that no radiation with energy greater than 1.00
kev could be in coincidence with this gamma ray.
Furthermore, proportional counter investigations of the
Sn x-rays resulting from E-capture transitions showed
that these x-rays were relatively abundant and are in
fact about 10 times as intense as the Te x-rays. Thus it
seemed logical to extend the coincidence investigation
to the E'-capture side. The spectrum of radiation in
coincidence with the Sn x-rays, Fig. 7(c), con6rms the
above suspicion and definitely establishes that the
1150-kev gamma is in the E-capture branch.

The relative intensity of the 563-kev to the 693-kev
radiation was calculated from the coincidence data in
accordance with the procedure developed in reference
7. The results are listed in Table I and agree well with
those determined from the analysis of the single-channel
spectrum.

Determination of the Relative Intensity of
the Electron Capture Process

The electron capture transitions of Sb'" should lead
both to an excited and to the ground state of the Sn"'
nucleus with the emission of Sn x-rays. Since the x-rays
are close in energy to the Ba E x-rays which arise from
the internal conversion of the 661-kev gamma radiation
of Cs'37, a pa'rticularly useful type of comparison method
may be employed to determine the intensity ratio of
E-capture to the 563-kev gamma-transition. The
method involves a measurement of the x-rays of Sn and
Ba with a proportional counter (Fig. 8) and a measure-
ment of the 563-kev gamma line of Sb"' and the 661-kev
gamma line of Cs'" with a single-channel scintillation
spectrometer. The same sources must be used in both
cases.

The details of the method, along with a discussion of
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Fig. 6. Block diagram of the selective coincidence spectrometer.
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Pro. 7. (a) Gamma radiations in coincidence with the 566-kev
gamma ray. (h) Gamma radiation in coincidence with the 686-kev
gamma ray. (c) Gamma radiation in coincidence with the Snns
x-ray.

the various correction factors which are employed, are
given in reference 7. The intensity of E-capture transi-
tions relative to the intensity of the 563-kev gamma
radiations as determined according to the above pro-
cedure is 4.1 percent. By multiplying this ratio by the
factor Isss/(Ip&+Ip&+Its), one gets for the ratio of
E-capture to P emission the value 2.8 percent. If one



FARRELLY, KOERTS, BENCZER, VAN LIESHOUT, AND WU

then uses the value of 1.12 for the ratio of total capture
to E-capture, one obtains (E+I) capture/P=-3 1.
percent.

Ratio of K& to EC2 Capture

The branching ratio for E-capture to the excited and
to the ground states of Sn can be calculated from the
results of the coincidence measurements. The formula
used is

f~+1150, x-rsy coins/(&x-rsy singles X e1150)y

where f is the fraction of total E-capture going to the
excited state; t.~~50 is the value of the detection eKci-
ency of the coincidence spectrometer for the 1150-kev
gamma ray. The latter was determined to be 3.8&(10-4.
Substitution of the coincidence data into the above for-
mula gives a value 1/2. 7 for f. Therefore, the ratio of
E-capture to the excited state to that for the ground
state is about 1.0:1.7.

It is also possible to make another independent
estimate of this branching ratio from the single spec-
trum in conjunction with the information obtained
from the proportional counter investigations. This gives
for the ratio of E-capture to the excited state to that to
the ground state a value of 1:2.4, which agrees within
statistics with the value found from the coincidence
data.

ESTIMATE OF THE POSITRON INTENSITY

An estimate of the energy available to the ground
state of the Sn'" nucleus for E-capture may be obtained
from a graph of decay energy versus mass number for
neighboring isotopes (Fig. 9). The systematics show
that this energy is large enough for positron emission
to occur. Investigation of the positron spectrum showed
that the intensity is so weak that only an upper limit
could be placed on it. This limit was determined using

I50

the magnetic so1enoid spectrometer with a separating
bafRe. The results give a value of 1.0&(10 ' for an upper
limit on the intensity of the positrons relative to the
intensity of negatrons. This is in agreement with theo-
retical predictions.

DISCUSSION

On the basis of the results of the present investigation.
a proposed decay scheme is given for Sb"' (Fig. 10),
The intensities of the various radiations together with
the calculated ft-values for the transitions are listed in
Table II.

The ratio of the intensities of the two highest nega-
tron groups P&/Ps was obtained from the Kurie analysis
of the total negatron spectrum. As was previously
mentioned, the ratio pi/ps, is considered to be high be-
cause of scattering, etc. It is felt that the value of this
ratio as determined from the relative intensities of the
gamma radiations by scintillation techniques is correct
to within 10 percent and constitutes a more reliab1e
estimate.

Since the results of the investigations of the shape of
the P spectra indicate a 2 state for Sb"' and further-
more since Sn is an even-even nucleus, it can be con-
cluded that any positron transitions to the ground
state of Sn would be unique forbidden. YVith this knowl-
edge, it is interesting to calculate roughly the expected
upper limit for positron emission. Letting log ft =8.5&0.2
for a unique forbidden transition and choosing 1.7—2.0
Mev as the energy available for the transition (see
Fig. 9), one can use the Davisson graph to calculate the
partial half-life of the p+ transition to the ground state.
The theoretical upper limit on the fraction of decay
going by positron emission is the ratio rc,&,i/rp+, which
is 0.1 percent —0.01 percent. This is consistent with the
experimental endings.

The intensity of the E x-rays relative to the 566-kev

y ray as determined by the comparison method is
known with a high degree of accuracy since good cor-
rections for the proportional counter are known. The
I.-capture correction was taken to be 12 percent but
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TAMIL'K II. Intensities of the radiations emitted in the decay of
Sb'~ along with the calculated ff-values for the various transitions. Sbl22

5I 7I

Radiation

p~
——740~20 kev

p~ = 1400~10 kev
p3 —- 1970& 5 kev

p+
EC~——0.25—0.85 Mev
EC~——1.4—2.0 Mev

Abundance (%)

4.0a0.5
62.9~2.0
30.0m 1.0

less than 0.1
1.1~0.1
2.0a0.3

Log fpt

7.68
7.59

6.66-7.72

Log fit

7.95-8.57

I.I37 0 686

0.566

l.280
2+

pj = 566+4 kev
y~ ——686~4 kev
y3= 1258~6 kev
p4= 1137~6kev

66.4 a6.6
3.4 %0.4
0.66&0.12
0.73~0.10

0+
l22

50 72

if p+
l22

Te
52 70

Pro. 10. Decay scheme proposed for Sb'".

this value may be slightly questionable since it applies
only to allowed transitions.

The relative intensities of y~, y~, p3, and y4 were ob-
tained from the single spectrum using crystal eKciencies
which are known to be accurate to about 10 percent.
The intensity ratio of y& to y& was independently veri-
fied by the coincidence data (Table I). The branching
ratio for E-capture to the two states in Sn"' has been
calculated from the x-ray coincidence data and from the
singles spectrum. ' '

The absolute branching ratios were obtained from the
relative intensities and are listed in Table II together
with the ft values for the various transitions.

CONCLUSIO¹0

There now seems to be conclusive evidence that the
highest-energy P group has an a shape, thereby es-
tablishing a spin and parity of 2 for the ground state
of Sb"'. The transitions to the excited states of Te"',
are of the type 2=&2+ and the f1 values are compatible
with the mean value of log f)7.5&0.5. The possibility of
a 4+ level for the second excited state of Te is not
feasible since this would require a much lower intensity

'The average of these two independent measurements was
taken for the value of the ratio.

'0 Conclusions on the radiations of Sb'~ by Glaubman are in
good agreement with that of this paper. M. J. Glaubman, Phys.
Rev. 98, 1172(A) (1955);Farrelly, Koerts, Benczer, van Lieshout,
and Wu, Phys. Rev. 98, 1172(A) (1955).

for the cross-over transition. Gamma-gamma angular
correlation results also support this assignment.

The 1150-kev gamma ray is definitely associated
with the E-capture branch. This high energy for the
erst excited state of Sn agrees well with the systematics
and should in fact be expected in light of the closed shell

proton state for the Sn'" nucleus.
The ft values for electron capture to the first excited

state of Sn"' are compatible with a 2=+2+ type transi-
tion. although only a range of ft values has been esti-
mated so that the evidence is not completely conclusive.

The choice of the h~~~~ state for the 71st neutron is the
only posibility in order to obtain a negative parity. The
two reasonable choices for the 51st proton are the ds~~

or the gy~~ state and the necessity for spin 2 rules out
the possibility of the d5~& state.

It is interesting to note that the even-even isotopes of
Te and Xe in this mass region seem to possess at least
a second 2+ state at an excitation energy slightly larger
than twice that of the first excited 2+ state. "
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