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The energies and half-lives of isomeric transitions in Sn!!® and Cd!® have been measured in pulsed proton
beam bombardments of natural In and Ag at 17.5 MeV. The isomeric gamma rays were detected with a
lithium-drifted germanium detector; time and energy information were obtained with the use of a 4096-
channel two-dimensional analyzer. The values obtained were: Sn!!%: 115.9+1 keV, 100.7+2keV, 498.0+1
keV; 166.4+10 usec; and Cd1®: 26345 keV, 2065 keV; 10.4+1 usec. The gamma rays are quoted in their

probable order of emission.

INTRODUCTION

HE 160-usec isomeric transition in Sn!'® was first
observed by Duffield and Vegors' in (y,n) re-
actions on natural Sn, but they made no assignment.
Ivanov et al.? have studied the transition in detail. They
produced Sn'’ in the metastable 4~— state by the
(p,m) reaction on natural In which is 95.729, In''5 and
observed three gamma rays in cascade. McCarthy et al.?
have observed the same isomeric transitions where the
Lt — state is formed in the reaction In'5(d,2%)Sn!5,
again on natural In. In none of these experiments were
the two low-energy gamma rays resolved, but the
assignments made by both groups,>® namely that the
cascade consists of an M2 transition from the Lt—
state to a I+ state about 100 keV lower in excitation
energy followed by a second gamma ray of similar
energy and a third with energy about 500 keV, is
confirmed from the location of the states of Sn!'® in
the reaction Sn'4(d,p)Sn"® by Schneid et ¢l.* They find
the states given in Table I. In the present work the
three gamma rays have been completely resolved by the
use of a lithium-drifted germanium detector of volume
7 cm® and depth about 9 mm.

The 11-usec isomer reported in Ref. 3 following the
deuteron bombardment of naturel Ag, and also by
Brandi et al.5 from (y,n) reactions on Cd, has been
observed here in the pulsed proton-beam bombardment
of natural Ag. The half-life of this isomer has been
measured to be in agreement with the previous values.
The present data, together with those previously known,
strongly suggest the assignment of the isomer to Cd4'®®
as discussed below.

EXPERIMENTAL

The 17.5-MeV pulsed proton beam from the Princeton
University FM cyclotron having a 25-usec duration and
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300-3000 usec interval has been used to bombard thick
targets of natural Ag and In. A two-dimensional ana-
lyzer with an associated electronics system similar to
that described in Ref. 3 was utilized to measure the
half-lives. The energy measurements were made simul-
taneously. The energy resolution in these runs is in-
ferior to that obtained with source gamma rays because
of the problem of amplifier recovery from overload
signals of prompt gamma rays which occur during the
beam bombardment. The resolution for the 661.6-keV
Cs'¥ gamma ray was typically 4.8 keV. In the case of
Sn!'® the resolution was about 8.5 keV (full width at
half maximum); and for the silver bombardment 16-
keV resolution was obtained. In the latter case the poor
resolution was due to the use of very sharply double
RC clipped pulses for a more rapid restoration of the
baseline. The Li-Ge detectors used for all the measure-
ments were fabricated by one of us (T.W.C.).

The circuits used for making the half-life measure-
ments were used in conjunction with a proton detector
to observe scattered protons from a thin Ta foil in
order to find the time distribution of protons in the
beam. It was determined that the beam pulses cut off
relatively sharply and that the counting of the isomeric
gamma rays could be started some 10 usec after the
end of a 25-usec beam pulse without interference from
prompt events due to residual beam. The residual beam
after 10 usec was less than one part in 10° of the beam
during the pulse, and thus, all the gamma rays observed
are due to delayed events.

Energy calibrations were made using sources of
Co®, Hg?®, and Cs'’, and also the 511-keV annihilation
radiation produced in the target. In the case of Ag,
gamma rays from Co®” and Cs%7 were detected at the
same time as those from the isomer in order to over-
come problems of gain shifting due to the rapidly chang-
ing intensity of the isomeric source.

TaBLE I. Levels of Sn!'® found in the reaction Sn!4(d,p)Sn!tss,

J* E(keV)
11/2— 720

i+ 600

5+ 490

s Reference 4.
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RESULTS AND DISCUSSION
Indium

Figure 1 shows the energy spectrum of isomeric
gamma rays from the reaction In'(p,%)Sn!%. Super-
imposed on the same figure are the spectra of the cali-
bration sources of Co% and Cs'¥. The energies of the
gamma rays have been found to be 100.7+2 keV,
115941 keV, and 498.04-1 keV. The errors have been
assigned on the basis of consistency between independ-
ent runs. The values obtained by Ivanov et al.? were
107, 120, and 500 keV, respectively.

In the spectrum the peak with the highest channel
number is due to a pulser and this pulser has been used
to normalize the live-time of the analyzer as discussed
in Ref. 3. Figure 2 shows the decay curves for the two
low-energy gamma rays; the data have been corrected
for background and live-time. The values of the half-
life from the two peaks agree to within 3%, and the
mean result is 166.54+10 usec as compared to 159+1
usec in Ref. 2. The value extracted for the 498-keV
peak is similar but the result is not so accurate because
of the proximity of the 511-keV peak.

Silver

Figure 3 shows the energy spectrum of gamma rays
following the proton bombardment of natural Ag. In
this spectrum the Co'%7 122-keV gamma ray and the
511-keV annihilation radiation also appear. The energies
of the gamma rays from Ag are 20635 keV and 2635
keV and these values have been averaged over many
similar spectra. The linearity of the system has been
checked using a precision mercury pulser. In Fig. 4 we
can see the decay curves for each gamma ray, and these
points have been corrected for the background and for
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Fic. 1. Energy spectrum of gamma rays of Sn!% following the
proton bombardment of natural In. Also shown are the gamma
rays from Co® and Cs® calibration sources. The high-energy
peak is a pulser,
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live-time. The half-life in each case is 10.4 usec. The
values obtained for the energies and half-life by Brandi
et al.5 were 199 keV, 257 keV, and 10.4 usec; and by
McCarthy et al., were 217 keV, 273 keV, and 10.8 usec.

The single-particle estimates of the lifetime for the
energies observed predicts that the isomeric transition
is M2. In this part of the periodic table the most likely
level ordering to produce such a transition is to have an
112 level above a gq/2 level. The systematics of the
positions of the low-lying 3*— and I+ levels in the
isotopes of Pd, Cd, and Sn®7+ are shown in Fig. 5. The
known isomeric M2 transitions between the L~— and
3+ states are shown on the diagrams by downward
going arrows, together with the half-lives. When the
3+ level is above the %+— level there is usually no
M2 isomer since in general there are other levels to
which the {4 level can decay. The M2 transition in
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F1c. 3. Energy spectrum of gamma, rays of Cd'® following the
proton bombardment of natural Ag. In the same spectrum can be
seen the Co® and Cs'¥ calibration source peaks and a pulser.
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Pd!% has been sought in pulsed beam measurements® in
which the shortest half-lives observable were about
5 usec, but not observed. The half-life must therefore be
less than 5 usec, and indeed the single-particle estimate
is about 1.0 usec. Similarly, for Sn'®® the single-particle
estimate for the 670-keV 41— to I+ transition is
about 0.1 usec. The trend of the 3*— curve for the
Cd isotope suggests that a 10-usec isomer would be
reasonable for Cd'® and possibly for Cd’.

Several auxiliary experiments were done in order to
determine the reaction producing this isomer.

In order to eliminate the possibility that the isomer
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Fi1c. 5. Systematics of low-lying 11/2— and %4 levels in
the isotopes of Pd, Cd, and Sn. (a) Pd, Ref. 6. (b) Cd, Ref. 7.
(c) Sn, Ref. 4.
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ISOMERIC TRANSITIONS IN Sntits

AND Cd1os 883
TasBLE II. Conversion coefficients and predictions
of relative gamma-ray intensities in Cd'®.
E,
(keV) Conversion coefficients Ratio 7(263)/I(206)
If 263-keV transition
isomeric
263 M2 0.125
206 M1 0.057 1.057/1.125=0.94
If 206-keV transition
isomeric
263 M1 0.028
206 M2 0.290 1.290/1.028=1.26

is formed in Cd*® or Cd!8, the beam energy at the Ag
target was reduced to agout 9 MeV using a carbon
absorber. The isomeric gamma rays were observed with
strengths comparable to that observed with 17.5 MeV
bombarding energy. However, the Q values for the
reaction Ag'®(p,2#)Cd"¢ is —8.19 MeV and for
Ag7(p,2n)CdY08 is —9.76 MeV so that we may exclude
the possibility of the isomer being in either the Cd!?¢
or Cd"8 nuclei. In an elastic scattering experiment of
protons on natural Ag we have not observed states at
energies which would explain the occurrence of the
isomer in Agl? or Ag'®. The (p,n) cross section is then
the only one which would explain the fairly strong ex-
citation of this isomer and we therefore conclude that
the isomeric state is in Cd'¥7 or Cd'®®. This conclusion
together with that obtained by Brandi ef al.’ that the
isomer must be assigned to Cd'® or Ag!® strongly sup-
port its assignment to Cd!.

The order of emission of the gamma rays has been
determined by measuring the relative intensities of the
two gamma rays and comparing this measured ratio
with the ratio of intensities calculated for the two pos-
sible orders of emission using the internal conversion
coefficients of Sliv and Band.® The observed ratio of
0.57 from the data has to be corrected for detector
efficiency. This factor is obtained from observations of
v rays in cascades of known multipolarity in Ta and
Hf.® The efficiency factor between the energiesis 1.57,
giving a true relative intensity 7(263)/7(206)=0.90.
The predicted values for this ratio for the two alterna-
tives are shown in Table II. The measured value is in
good agreement with the 263-keV gamma rays being
the M2 isomeric transition followed by a 206-keV, M1
transition.

The level scheme of Cd'® ! can be easily modified to
incorporate this data inserting an %*— state at
469 keV which decays to the known Z+ state at 205
keV and thence to the $+ ground state.
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