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Lifetime Measurements for the First Excited States in Cd and Cd
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We performed delayed coincidence measurements for the first excited levels of VCd and
5Cd and obtained the following results: T(205 keV, VCd) =(1.03+ 0.05) ns, 7(321 keV, Cd)

~ 60 ps, v(131 keV, 5Cd) =(2.52+ 0.15) ns. Experimental results are in agreement with the
predictions of the intermediate coupling nuclei.

I. INTRODUCTION II. EXPERIMENTAL

In recent works the decay scheme of '"In feeding
the levels of '"Cd has been reported. "' This iso-
tope presents a nearly pure M1 transition between
the first excited state —,' (205 keV) and the —,

' (g.s.).
The same situation seems to occur in the level
schemes of '"Cd fed by the 5-min decay of '"In'
and of "'Cd in which Ben-Zvi et al.~ measured a
hindrance factor of 10 for the —,

' (203.5 keV) -—,
'

(g.s. ) predominantly M 1 transition. '
In order to follow the evolution of the transition

probabilities, we started lifetime measurements
in ' ' 'Cd and also in 'OoCd

A Source Preparation

The 4.3-h "In, 32.7-min ' 'In, and 5.1-min ' In
sources were obtained by irradiation of enriched
isotopes: 97.2% '"Cd, 82.4% '"Cd, and 88.4%
'"Cd, respectively, in the Grenoble isochronous
cyclotron with 26-MeV protons. The "'Cd(P, 2n)-
'0 In and 'O'Cd(P, 2n)'O'In reactions give pure
sources. This point was checked by reference to
isotopically separated sources. In the case of
'"In production, recent studies' showed that 2-
min-long irradiations gave ~ 'In sources in which
the parasitic activities were without any effect in
the energy range of interest (cf. Sec. B3).
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B. Measurements

The lifetime measurements were performed by
the delayed coincidence method. We used NE111
plastic and NaI(TI) scintillators coupled to XP1021
and 2106 photo multipliers.
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FIG. 1. Partial decay scheme of YIn VCd from
Ref. 1.

Figure 1 shows the partial decay scheme of
"'In -'"Cd.' We selected the positrons of energy
Ez+ & 1940 keV with a thin (8-mm) plastic scintil-
lator and the 205-keV y rays by means of a 2.5-
cmx 2.5-cm plastic scintillator, setting the ener-
gy window on the corresponding Compton edge. A
4-mm aluminum absorber was placed in front of
the second scintillator to prevent the absorption
of positrons in the detector.

In order to avoid the contribution of the posi-
tronium lifetime in the plastic, the photomulti-
pliers were placed at 90 and a lead screen was
interposed between the two scintillators. '

Figure 2 shows the measured delayed curve.
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The prompt curve was obtained in the same con-
ditions using a "As source: the P decay (E,„
=2460 keV) of "As fed a 559-keV level in "Se,
the lifetime of which is 12 ps. ' A least-squares
fit treatment of the slope results in r(205 keV,
"'Cd) = 1.03 + 0.05 ns.

2. 321-keV Second Levelin ~07Cd

We selected positrons of energy in the range
1750 «ps+ «1930 keV and the Compton edge of 321-
keV y radiations (Fig. 1). The measurement was
performed by comparing the centroid of the time
correlation curve with that of an "As source. The
two sources of same intensity were interchanged
every twenty min. We deduced the following upper
limit: r(321 keV, "'Cd) «60 ps.

3'. 13'1-keV First Levelin ~05Cd
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Figure 3 shows a partial level scheme of ' 'Cd
fed by 5.1-min' 'In. ' The 131-keV y rays were
selected with a Nal(T1) crystal and the Compton

edge of (639+668+700 keV) y radiations with a
plastic scintillator. Because of the shortness of
the source lifetime, the measurements started 1
min after the end of 2-min-long irradiations and
lasted 10 min. A contribution of prompt events
due to the Compton of higher energy is present on
the experimental result (Fig. 4). The slope of this
experimental result was fitted with a least-squares
treatment and- led to the lifetime

r(131 keV '"Cd) = (2.52 + 0.15) ns.
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FIG. 3. Partial decay scheme of In ' 5Cd.
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FIG. 2. Time correlation curve between P+ and the 205-
keV y ray in YCd. The As prompt curve was obtained
with the same energy settings.

FIG. 4. Time correlation curve between the 600- and
131-keV y rays in Cd. The theoretical delayed curve
fitted on the slope of the experimental one and the con-
tribution of prompt events are shown as continuous
curves.
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TABLE I. Comparison between calculated and experimental electromagnetic properties in
Cd. Th. 1: gs~ff is chosen in order to reproduce the @5&2 experimental value. Th. 2:

the tensor term (g~) =0.75 is taken into account in the effective M1 operator, For 5Cd we
used the same wave functions as for 7Cd. Experimental data are taken from Refs. 1, 4, 5,
17, and 18 as indicated.
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105Cd

107Cd
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'"Cd
'"Cd
109Cd

107Cd

ioscd

107Cd
109Cd

-0.74
-0.62
-0.83

1.4x 10 ~

1x 10 3

0.85x10 3

2.4x 10 2

3x10 '

0.84
0.73

Th. 2

-0.74
-0.62
-0.83

8x10 3

6xlp '
p. 8x 10-2

5x10 3

2.6x10 ~

Exp

—0.7385 + 0.0002
-0.616+0.015
-0,839+0.015

(7.g y 0.5) x10
(6.0+ 0.3) x10-'
0,13+ 0.02

predominantly Ml
pr edominantly M1

0.8+ 0.1
0.78 + 0.1

Ref.

18
17
17

17
17

4 205-ke V Second Excited Level in Cd

Using the same appa. ratus, we studied the +
(203.5 keV) excited state in '"Cd. By compari-
son with a promyt curve given by the "As source,
we deduced the limit r(203.5 keV, '"Cd) & 60 ps in
agreement with the value of Ben-Zvi et al. ':
=52", ps obtained by the microwave method.

5. Transition Probabilities

In '"Cd and "'Cd the values of E/I. ratios" '
imply predominantly M1 transitions for —,'
But no definitive values of 6'(E2/Ml} are available
up to now and weak E2 admixtures are not com-
pletely excluded. Nevertheless in ' 'Cd we can
derive the maximum reduced transition probability
B(M1)= [(0.60+ 0.03)x10 'J p.„' and the hindrance
factor BN,„„„,, (M 1)/B,„„(M1)= .207. The hindrance
factor determined by Ben-Zvi et al.~ for the ana-
log (a - ~a )M1 transition in '"Cd is only 10.

The spin and parity of the first excited state of
'"Cd is assumed to be + .' In this case the 131-
keV transition may have a predominantly Ml
character. The reduced transition probability be-
comes B(MI)=[(0.79+0.05)x 10 Jp„~ and the hin-

drance factor B~(M1)/B,„~(MI)= 156.

III. DISCUSSION

The calculations of Kisslinger-Sorensen (P+ QQ
model)' and Bes-Dussei (anharmonic approa, ch)'
reproduce fairly well most of the properties of the
heaviest Cd isotopes. Unfortunately, no predic-
tion concerning M 1 transition probabilities is
available up to now in the light Cd isotopes. There-

fore, we attempt to describe in the framework of
the intermediate coupling model the '"Cd and' 'Cd nuclei as a quasiparticle of a neutron coupled
to the ' 'Cd and '"Cd core, respectively. The
quasiparticle orbits chosen are 2d' ', 1g' ',
2d' ', 3s' ', and their corresponding nonoccupation
amplitudes II& are taken from (d, P } reaction data. "
We deduced the core matrix elements from the ob-
served transition rates and quadrupole moments of
the cores '"Cd and '"Cd."'" Our approach is
similar to calculations carried out for the odd co-
balt isotopes by Stewart, Castel, and Singh. "

For the best fit obtained in "' "'Cd between ex-
perimental and theoretical syectra, it is worth
noting that, for the ground state +~ and first ex-
cited state —,', the most important components in
their wave functions are of pure quasiparticle
nature; for ' 'Cd, we obtained the following wave
functions (neglecting small components &4%):

i-;,') =0.80i-;, 0 0; —,')+0.53i-,', 12; —,')+ ~ ~ ~

( —,', ) =-0.84I —,", 0 0; ) + 0.47I —,', 1 2; —,')
-0.25~ —,', 12; —,')+ ~ ~ ~ .

We calculated the electromagnetic properties
and comyared them to experimental results in
Table I. It can be seen that the B(M1) calculated
values are in good agreement (except for '"Cd)
with the experimental ones, especially when we .

include in the effective magnetic operator the
tensor term g,'(r)~I;x sj,".'~ It has been shown"'"
that its effect is generally important in Al =2 for-
bidden Ml transitions.

More experiments on these magnetic properties
are needed in similar nuclei (Pd, Ru) to follow the
M1 neutron hindrance factor.
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