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The excitation energies and y-ray decay modes of the low-lying states of C134 have been
studied using the S (Hes, py)Cl~ reaction. Some lifetime limits were obtained by the Doppler-
shift-attenuation method. The lifetimes of the (J', T) = (1', 0) levels at 461 and 666 keV, and
the (2', 0) level at 1230 keV were measured to be 7.1+0.7, 12.S + 1.0, and 19.4 + 1.4 psec, re-
spectively, using the recoil-distance (plunger) technique with the P (e,np) Cl~ reaction. The
transition strengths from these three levels are discussed qualitatively in terms of calcula-
tions involving simple configurations, and are compared with recent detailed shell-model
calculations.

I, INTRODUCTION II. EXCITATION ENERGIES AND DECAY MODES

Cl~ is an odd-odd self-conjugate nucleus and,
like others of this class, is a rich source of nu-
clear-structure information and a fruitful testing
ground for nuclear models. Very recently, there
has been a great deal of experimental work on this
nucleus. The first comprehensive study of the y-
ray decay modes was the S"(p, y)C1 work of
Graber and Harris. ' The S"(He', py)C1' and P"-
(n, ny)C1' results of Brandolini and co-workers, ''
of Sykes, and of Deluca, Lawson, and Chagnon'
soon followed. Before these studies only the
ground state and first excited state had definite
spin-parity assignments. Now, as a. result of
these y-ray decay studies' ' and several direct-
reaction studies, "there are definite spin-parity
assignments for the first six states of Cl~.

The presently available information on the exci-
tation energies, y-ray decay modes, and spin-par-
ity assignments of the first seven states of Cl" is
summarized in Fig. 1. Some results from the
present work are included in this figure.

The present work consists of two parts. In the
first, the S"(He', py}C1 reaction was used to
study the energies and decay modes of the y rays
emitted by the low-lying levels of Cl~. Some in-
formation on the lifetimes of the states was also
obtained from the observation of Doppler shifts.
This work is reported in Sec. II. In Sec. III re-
sults for the mean lives of the 461-, 666-, and
1230-keV states of Cl are reported. The P"-
(n, ny)C1~ reaction was used to populate the states,
and the recoil-distance method' "was used to de-
termine the mean lives. Section IV contains a dis-
cussion of the lifetime measurements.

Ge(Li) spectra of y rays emitted following the
bombardment of a natural sulfur (95.0% S",4.2% S'4)

target with a 6.8-MeV He' beam were recorded
and analyzed to obtain the excitation energies and
branching ratios reported herein. A doubly ion-
ized He' beam of -10 nA was provided by the
Brookhaven National Laboratory 3.5-MeV Van de
Graaff accelerator. y rays were detected by a 40-
cc coaxial Ge(Li) detector placed 8 cm from the
sulfur target and at either 90 or 0' to the beam
axis. The spectra were recorded using a 4096-
channel analog-to-digital converter (ADC}

Energies of the first four levels of Cl~ were
measured first in a high-dispersion study of the
low-energy ((882 keV) y rays. The mixed-source
technique was used, and the detection angle was
90 . One spectrum was recorded with sources of
Mn", Cs'", and Ir"' placed so that the intensi-
ties of the y rays from these sources were com-
parable with the intensities of the S"+ He' y rays.
A second spectrum was taken using sources of
Mn", Cs'", Ir"', Bi"', and Th'". Portions of
this spectrum are shown in Fig. 2. A third spec-
trum, taken to obtain the energy of the first ex-
cited state at 146 keV in Cl", was recorded with
the beam off after buildup of the 32-min' activity
due to this metastable state. Sources of Co" and
Ir"' were used in this measurement. The ener-
gies of the y rays emitted by Mn', Cs'", Ir"',
Bi' ', and Th'" were taken from the compilation
of Marion"; the Co" energies and some of the Ir"'
energies were from the work of Greenwood,
Helmer, and Gehrke. "

For all three spectra the method of analysis
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was the same. First, the positions of the full-en-
ergy peaks were determined as follows. A least-
squares fit of an exponential was made to the data
points in the wings of a y-ray full-energy peak (or
peaks). Subsequently, a least-squa. res fit wa. s
made to the peak assuming a Gaussian superim-
posed on the predetermined exponential back-
ground. The results of six such fits are illustrat-
ed in Fig. 2. The Gaussian fits were restricted to
the channels for which the peak intensity was a 25%
of the peak intensity. Tests were made to deter-
mine the sensitivity of the peak position to the as-
sumed background level and to the region of chan-
nels used in the Gaussian fitting. The peak posi-
tions were quite insensitive to reasonable changes
in both. The uncertainties in the y-ray energies
in Table I include an estimate of this systematic
error.

The second step was to fit the polynomial

34.5 4 t 0.8 0.8 .
X' has been normalized by dividing by the degrees
of freedom and so its expectation value is unity.
The data, then, are well described by a polynomi-
al of degree 4, and this comparison gives conclu-
sive evidence for monotonically varying nonlineari-
ties in the detector-amplifier-analyzer system,
such as have been discussed recently by Green-
wood, Helmer, and Gehrke. "Similar results were
obtained for the other two spectra. The energies
of Table I, which are the weighed averages of the
two results, were taken from the calibration
curves with m = 4. It can be seen in Fig. 2 that the
radioactive lines were chosen to form close-lying
doublets with the lines of interest. This insured
that any uncertainties due to local nonlinearities
were minimized. The excitation energies of the
first four excited states of Cl" listed in Table II
result from the y-ray energies of Table I.

The energies of the next three levels were ob-
tained from a 90 spectrum taken with a disper-
sion of 0.992 keV/channel and including y rays
with energies up to 4082 keV. For this spectrum
the energy calibration was internal and was based
mainly on the y rays of Table I and the S~ 212'7-
and 3304-keV y rays from the P decay of Cl" .
As can be seen from Table HI, two y rays were

TABLE I. Low-energy y rays from S 4+He .

Eq= g a„x"
n=0

to the radioactive peaks of known energy. The un-
certainties in the peak positions x were taken ac-
count of in the least-squares analysis, as well as
the uncertainties associated with the E&. As an

example of the results of this procedure, consider
the spectrum recorded with Mn, Cs'", Ir"',
Bi ', and Th ' sources. 16 y-ray peaks with en-
ergies ranging from 238 to 834 keV were included
in the least-squares fit to Eq. (1). X', the mea-
sure of the goodness of fit, varied with the poly-
nomial degree, m, of Eq. (1) as follows:

2 3

l46
l F

55 45 0+ T=l

C)34

FIG. 1. Energy-level scheme of C134. The excitation
energies (in keV) are from the present work, the y-ray
branching ratios are from this and previous work (see
Table III), and the spin-parity assignments are from
Refs. 1-7.

(keV)

146.36 + 0.03
461.00 + 0.04
564.68 + 0.06
665.56 + 0.05
769.25 ~ 0.07
788 .46 +0.20
810.51+0.16
840.91+ 0.05

Level
assignment

Cl'4(1-0)
C134(2-0)
C134(4~ 3)
C134(3~ 0)
C134(4 2)
Cl"(1-0)
C13 (1 0)
S33(1-o)

Reaction

S (He, p)Cl
S32(He3, p) C134
$32 (He3 p) C134

S (He, p)C13
S32(He3, p) C134

S34{He3,p)Cl ~

S (He, d)C13
S32(He3, y)S»
+S34(He3, e)S33
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observed which were assigned to the decay of the
fifth excited state and four y-ray peaks were as-
signed to the decay of the sixth excited state. In
addition, two y-ray peaks had the right energy to
be assigned to the 2.18-0.15 and 2.18-0.46-MeV
transitions, and the excitation energy for the sev-
enth excited state, resulting from our determina-
tion of these two y-ray energies, is given in Ta-
ble II. It should be remarked that our identifica-
tion of the y-ray peaks is based mainly on their
energies and, therefore, relies heavily on pre-
vious coincidence studies. ' '

For both the low- and high-dispersion gains,
spectra were taken at 0' as well as 90'. From
these spectra information was obtained on y-ray
Doppler shifts. From the 0.209-keV/channel spec-
tra it was determined that the Cl" y rays of Ta-
ble I all had 0-90 Doppler shifts of &0.1 keV. For
comparison, the expected shift is 0.51% of E& for
an average He' energy of 5.0 MeV and a S"(He', P)-
Cl' angular distribution symmetric in the center-
of-mass system. These results are consistent
with previous results' which indicate that the
0.46-, 0.67-, and 1.23-MeV levels all have mean
lives long compared to the stopping time of Cl'
ions in solids. The y rays emitted by the next
three levels all had observable Doppler shifts.
Those emitted by the 1887- and 2180-keV levels
had shifts significantly less than the kinematical
shift, thus indicating lifetimes for the initial
states comparable (within, say, a factor of 3} to
the slowing down time of -0.5 psec. The y rays
emitted by the 2158-MeV level appeared to have
the full kinematical shifts; i.e., T «0.5 psec.

These results are also consistent with previous,
more quantitative results. '

Branching-ratio information was extracted from
the various Ge(Li} spectra. The effects of any an-
isotropies were approximately taken account of by
forming the sum of the 90 and 0 spectra normal-
ized in the ratio 2: 1. This accounts for terms in

P,(cos8&). The anisotropies were small and

P~(cos8&) terms were considered to have negligi-
ble effect. The branching ratios obtained in this
work are compared with previous results in Ta-
ble III. We adopt the "subjectively weighted" re-
sults given in the last column of Table III.

III. LIFETIME MEASUREMENTS OF THE
461-, 666-, AND 1230-keV LEVELS OF Cl

A. Neutron~ Coincidence Measurements

The P"(o, ny}Cl" reaction was explored at vari-
ous n-particle bombarding energies between 8 and
11 MeV, using a 1-mg/cm' Zn, P, target evaporat-
ed onto a thick Ta backing. The neutrons were de-
tected in a NE213 liquid scintillator positioned
near +30' with respect to the incident beam, and
the y rays were detected in a Ge(Li) detector
placed at -90 . Pulse-shape discrimination was

employed to separate the neutron pulses from the
y-ray pulses in the neutron detector. ' A y-ray
spectrum in coincidence with neutrons obtained at
E = 11.0 MeV is shown in the bottom half of Fig.
3, and a singles y-ray spectrum obtained at the
same energy is shown in the top half of Fig. 3.
The 461- and 666-keV y rays from Cl are clear-
ly seen in both the singles spectrum and the coin-
cidence spectrum, and the y rays from the 1230
-461 and 1230-666 transitions (where the ener-
gies are in keV) are also evident. The other coin-
cident y rays labeled in the lower half of Fig. 3 cor-
respond to known y-ray transitions in Cl'4 (see Ta-
ble III). The unidentified lines in the singles spec-

TABLE II. Excitation energies of the low-lying levels
of C134.

IP I I I 1~iI I I ~~ I I

2I60 2220 3I20 3I80 3920
CHANNEL NUMBER

3980 Level
Present work

(keV)
Previous work '

(keV)

FIG. 2. Portions of a 40-cc Ge(Li) y-ray spectrum tak-
en at 90' to the 6.8-MeV He3 beam and 8 cm from the nat-
ural sulfur target using a 4096-channel ADC. The dis-
persion is 0.209 keV /channel. The dashed lines indicate
the exponential backgrounds assumed in the Gaussian fits
to the six indicated full-energy peaks. The solid lines
through the data points indicate the regions included in
the Gaussian least-squares fits. The energies of the ra-
dioactive y rays were taken from Ref. 11 as follows:

, 468.053+ 0.014 ke V; Cs 7, 661.635 + 0.076 keV;
Mn54, 834.81 + 0.03 keV.

146.36 + 0.03
461.00 + 0.04
665.55 + 0.05

1230.24 + 0.07
1887.1 + 1.6
2158.0 + 0.5
2180.1 + 1.5

146.2+ 0.3 b

461.5+ 0.3
664.6 + 0.3

1228.8 + 0.7
1885.9 + 1.6
2158.4 + 1.2
2179.4 + 1.4

Except for the first and last levels these are from
Ref. 1.

b Reference 5.
'Reference 3.
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TABLE III. Branching ratios for the low-lying levels of C1~4.

Branching ratio

Level (keV)
Ey

(keV) (keV)
Present
results Refs. 2, 3 Ref. 1

Adopted
values

461.00

665.55

1230.24

1887.10

2158.0

0
146.36

0
146.36
461.00

0
146.36
461.00
665 ~ 55

0
146.36
461.00
665.55

1230.24

0
146.36
461.00
665.55

1230.24
1887.10

461.00
314.64

665.55
519.19
204.55

1230.24
1083.88
769.24
564.69

1887.10
1740.74
1426.10
1221.55
656.86

2158.00
2011.64
1697.00
1492.45
927.76
270.90

100
&0 ~ 5

100
&1

&4

27.5+ 2

31.8 + 2

40.7 + 2

&14
32.8+ 2

67.2+ 2

&8

17.1~ 2

7.1+2
68.8 ~3
&1

7.0 +2
&1

100

100

&3

&2

32 +6
37+5
31+4

&1
39+4
61~4

&3

27+8
&8

73+8
10

100
&5

100
&5

&2

23 +7
29+5
48 +10

&8

50+20
50+18
&8

24 ~9
&6
64+11
&2

12+4

100
&0 ~ 5

100
&1
&3

&2

28+2
33 +2
39 +2

&1

33 +2
67+2

&3

18+2
7+2

68+3
&1

7+2
&1

t
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FIG. 3. y spectra from the 0'-particle bombardment of a Zn3P& target at E~ =11.0 MeV. The upper spectrum (a) is a
singles p-ray spectrum and the lower spectrum (b) is an n-p coincidence spectrum obtained using a Ge(Li) detector for
the y rays, and an NE213 liquid scintillator for the neutrons. Transitions labeled Cl are from the P3 (u, ny)Cl re-
action, and transitions labeled S are from the reaction P (0, , py)S
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trum may arise from other reactions on P" and
from reactions on the zinc in the target.

B. Lifetime Measurements

22
x l(p D=0.46mil

I8-

Ci" O6ikeV —0
I.O

The lifetimes of the (J', T) =(1', 0) levels in Cl'
at excitation energies of 461 and 666 keV, and the
(2', 0) level at 1230 keV were measured using the
recoil-distance (plunger) technique. " The plung-
er apparatus used in these measurements has been
been described previously. " The excited Cl" nu-
clei were produced in the P"(o, n)C1 reaction us-
ing an Q. -particle beam from the Stony Brook
tandem Van de Graaff accelerator. Lifetime mea-
surements were made at E„=8.3 MeV for the 461-
and 666-keV states, and at E = 9.3 MeV for the
1230-keV state. The target consisted of approxi-
mately 100 pg/cm' of Zn, P, evaporated onto a
4-mg/cm' gold foil. The target was positioned in
the plunger apparatus by means of a V-groove, 0-
ring arrangement designed to hold the target sur-
face flat. The target was oriented so that the
beam would pass through the gold backing before
striking the target material. Because of the endo-
thermic nature of the P"(o., n)Cl reaction, the
recoiling Cl" nuclei in the excited states of inter-
est were kinematically constrained to travel in-
side a forward cone of 9 half angle. The recoils
were stopped in a flat gold "plunger" which could
be positioned at variable distances D from the tar-
get. The y rays produced by the decay of the re-
coiling nuclei were detected with a 15-cc Ge(Li)

detector positioned at 0 with respect to the beam
direction.

The y rays produced by the recoiling Cl' nuclei
which decay in flight exhibit a Doppler-shifted en-
ergy at 0 given by

E, =ED(1+v/c),

where v is the component of the recoil velocity in
the beam direction. The y rays emitted from the
excited Cl nuclei that have stopped in the plung-
er material have an unshifted energy EQ and thus
may be distinguished from the shifted y rays. The
intensities of the unshifted peak I, and the Doppler-
shifted peak I, are given by''

0

I, = N(1 —e i"')

where N is the total intensity of y rays (N =I,+I,),
and 7 is the mean lifetime of the initial state. The
ratio R =ID/(ID+I, ) is given by

R -D/uT

and hence a measurement of R as a function of D
provides the mean lifetime 7 with a knowledge of
v. In practice, one must make corrections to
these simple relations for a number of effects'
which have not been discussed, such as the pres-
ence of a finite distribution of recoil velocities.
These corrections, which are all small in the
present case, will be mentioned briefly toward
the end of this section.

In the plunger measurements, the 461-0, 666
—0, 1230-461, and 1230-666 transitions in

14- = @5810.07 rnil CI 666 keV 0
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FIG. 4. y-ray spectra and lifetime curve for the
461-keV- 0 transition. The left portion of the figure
displays the y-ray spectra in the region of the 461 0
transition, measured at three different plunger displace-
ments D. The right portion of the figure is a logarithmic
lifetime plot of R -R„vs D-DO, with R =0.018+0.005.
The curves through the data points represent least-
squares fits to the data as described in the text.

30;
a i I

630 650 670
CHANNEL NUMBER

QQI & I I i I

0 I 2 3 4 5 6
O-O, (mli)

FIG. 5. y-ray spectra and lifetime curves for the
666-keV —0 transition. The figure details are similar
to the description given in the caption of Fig. 4, with R
= 0.028 + 0,007.
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TABLE IV. Lifetime analysis.

Transition
(keV)

D
(mil) ~

v/c
(%)

Uncorrected 7.

(psec) b
Final 7

(psec) '

461 0

666 0

1230 461
1230 666

0.58 + 0.07
0.48 + 0.08

1.04 + 0.10
0.90+0.11

1.55 + 0.15
1.42 + 0.14

0.647 + 0.008
0.612 + 0.007

0.639 +0.008
0.606 + 0.005

0.647 +0.015
0.645 + 0,011

7.61+0.92 $
6.61+1.].0 f

13.66+ 1.37
12.57+ 1.54

20.34 + 1.97
18.64 + 1.844

7.1+0.7

12.8 + 1.0

19.4 ~ 1.4

In units of 10 inches.
Computed from the relation v=D /v, in units of

10 ~2 sec.

Including geometry, solid-angle, counter-efficiency,
and velocity-distribution corrections (see text) .

Cl were studied. The 461-0 and 666- 0 transi-
tions were studied simultaneously at E„=8.3 MeV,
and the 1230-461 and 1230- 666 transitions were
studied together at Z =9.3 MeV. The spectra
were recorded in a 1024-channel pulse-height an-
alyzer with an appropriate bias to obtain a disper-
sion of 0.4 keV per channel. The energy resolu-
tion was about 2.4 keV full width at half maximum
for these y rays. The spectra were analyzed in a
computerized least- squares fitting procedure. In
the first step the background in the region of the
Io and I, peaks was fit with a linear function. In
the second step the I, and I, intensities were de-
termined by simultaneously fitting two analytic
peak shapes to the data with predetermined back-
ground. The peak shape used to fit the I, intensity
was Gaussian, while the I, shape included an asym-
metry parameter in addition to the usual Gaussian
form. The left-hand portions of Figs. 4 through 7

illustrate typical spectra of interest, and the fits
obtained by this analysis. The intensities I, and

I, extracted in this fashion were used to compute
the ratios R, as a function of D.

The measured ratio R as a function of D was
then fit with an expression of the form

where D„D, and R„were treated as parame-
ters. D, represents the zero of the plunger dis-
placement and D is related to the mean lifetime
by D = vv. A nonzero value of R„might be ob-
tained, for example, if the plunger surface had
been contaminated by target material or if some
of the recoils stopped in the material due to large-
angle scattering.

The measured and calculated values of R as a
function of D are displayed in the right-hand por-
tions of Figs. 4-7. These figures display R -R„

50-
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FIG. 6. y-ray spectra and lifetime curves for the
1230 666-keV transition. The Qgure details are simi-
lar to the description given in the caption of Fig. 4, with
R = 0.070 + 0.015.

FIG. 7. y-ray spectra and lifetime curves for the
1230 461-keV transition. The figure details are simi-
lar to the description given in the caption of Fig. 4, with
R = 0.139+ 0.015.
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versus D —D„where the additive constants R„
and D, were determined by the fitting process.
The values of A„were determined primarily by
measurements at large D-Do (~13 mil} which are
not shown in the figures. For the 461- 0 and 666- 0 transitions, a second series of data points
were obtained which were similar to the data dis-
played in Figs. 4 and 5. All of these data were
used to arrive at the results given in Table IV.
The average projection v of the recoil velocity
in the direction of the incident beam was deter-
mined for each transition from the separation of
the centroids of I, and I,. Column 4 of Table IV
contains the mean lifetime values computed from
the relation 7' =D /v. A number of small correc-
tions were then applied to these results, the most
important being the recoil-velocity distribution
correction, ' which was computed from the y-ray
spectra to be between 1 and 3% for the various
transitions. The geometry, solid-angle, and coun-
ter-efficiency corrections described in Ref. 10
yielded a total correction of 0.6/p for these mea-
surements. The final lifetime values are listed in
the last column of Table IV. These results for the
lifetimes of the 461- and 666-keV levels replace
the preliminary values, quoted previously, "which
contained a systematic error due to partial feed-
ing from the 1230-keV level.

IU. DISCUSSION OF THE LIFETIME
MEASUREMENTS

The mean lifetimes of the 461-, 666-, and 1230-
keV levels of Cl deduced from this work are
shown in Table V along with the lifetime values
measured in previous work' by the Doppler-shift

TABLE V. Lifetimes of the 461-, 666-, and 1230-keV
levels of C134.

Level
Eex

(keV)

Mean lifetime (psec)
Previous work

Ref. 2Present work

461.00
665.55

1230.24

7.1+0.7
12.8 + 1.0
19.4+ 1.4

9~4
14+ii

6

&14

attenuation method (DSAM}. The present work is in

good agreement with the less accurate DSAM mea-
surements. The experimental Ml and E2 transition
strengths obtained from the present lifetime re-
sults are listed in Table VI in units of the Weiss-
kopf single-particle estimates. " The M 1 strengths
were computed using the present lifetime and
branching-ratio measurements along with the E2/
M1 mixing ratios quoted previously' ' for transi-
tions from the 1230-keV level. The M1 sT =0
transition strengths from the (2', 0} level are all
weak, which is consistent with Morpurgo's rule. "
The M1 AT = 1 transitions 461-0 and 666-0 are
also slow compared with the Weisskopf single-par-
ticle estimate.

The slowness of the M1 ~T = 1 transitions may
be understood on the basis of the dominant shell-
model configuration involved. The results of re-
cent single-nucleon-transfer reactions" into Cl~
suggest the dominant configurations [s«,'d, »s]~+ 0

and [s«,'d, »'],+, for the 461- and 666-keV levels,
respectively, based on a Si" core which closes
the d„, subshell. In this approximation the ground
state should be predominantly [s»,'d „2]o+,. The
s'd'- s'd' transition is forbidden, since the M1

TABLE Vl. A comparison of the experimental B(M1) and B(E2) reduced transition strengths in C134, deduced from
the present lifetime and branching ratio measurements, expressed in units of Weisskopf estimate B . [See Ref. 16.
For completeness, we note: B(M1) =1.79pN and for A =34, B(E2) =6.54e F .]

Transition
(ke V)

461 0

461 147

666 0

666 147

1230 0

1230 147

1230 461

1230 666

(4, T);

(1' 0)

(1+, 0)

(2+. 0)

(J", T)f

(0+, 1)

(3' o)

(0+, 1)

(3+ 0)

(0+, 1)

(3+, 0)

(1+, 0)

{1+,0)

PP(M1) x].P ]/B(M1)

4.5 + 0.4

0.83 + 0.06

0.006+ o.o24
0.004

p p5+ oo03
0.02

0.32 + 0.03

B(E2) /B (E2)~

&27.

&2.5

&0.1

0+o, i

4.4+-2'2

5.4 +2.7

x(E2/j/I1) '

2.2 +1.8
1.2 +0.5

0.37 ~0.09

~References 2 and 3. Note also that the uncertainties in the reduced strengths for the mixed transitions arise pre-
dominantly from the large uncertainties in the mixing ratios and are thus directly correlated. For example, if the
1230-461 transition has aB(M1) of 0.08xlp W. u. , then theB(E2) must be 2.2 W.u.
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operator cannot change l. The [d„,'],+,—[d„,'],+,
transition has a reduced strength of 0.0VV W.u. ;
this is an example of a rule discussed by Maripuu"
which states that M1 b, T = 1 transitions within a
given j shell are inhibited for j =1 ——, (and enhanced
for j=l+ —,'}. This strength is comparable with the
summed M1 b T = 1 decay strength for the 461- and
666-keV levels which was measured to be 0.053
~ 0.004 W.u. The actual transition strengths may
depend sensitively on small admixtures in the
wave functions; for example, admixtures of a few
percent in intensity of the s„,'d„,' configuration
into the three states could be sufficient to repro-
duce the measured transition strengths.

The transition strengths from the (2', 0) 1230-
keV level may be compared qualitatively with
strengths calculated for the configurations given
in the preceding paragraph. The summed M1 ET
= 0 transition strength to the (1', 0) levels of
0.004 W.u. can be compared with the calculated
[sig2 dig2 ]2+ 0 [sig2 d3g2 ]i+ o M 1 strength of 0.01
W.u. The measured M1 strength to the (3', 0)
level is much weaker, which would agree with
the expectation that the (3', 0) level is predomi-
nantly [s„,'d, »'], wherea, s this configuration must

be absent from the (2', 0) level. Finally, the mea-
sured (2', 0)-(3', 0) F2 strength of 1 W.u. is com-
parable to the F2 strength of 1.1 W.u. for the
[s„,'d„,'],+ o- [s»,'d „'],+, transition, calculated
using an effective proton charge of 1.5e, an effec-
tive neutron charge of 0.5e, and flat radial wave
functions. These comparisons are not meant to
imply that the above configurations provide the
only sources of transition strengths but are mere-
ly intended to provide a basis for a qualitative ap-
preciation of the size of these strengths.

Detailed shell-model calculations" "of the M 1

b, T = 1 transition strength are able to reproduce
the relative decay strength in the (1', 0} levels,
but the summed strength is calculated to be about
a factor of 4 greater than is measured experimen-
tally. The inclusion of a tensor interaction in the
calculations' does not reduce this discrepancy.
Agreement is obtained between calculated and mea-
sured values for some of the hT = 0 transitions,
but in general appreciable differences exist, the
most serious of which is the overestimate of the
M1 r T = 0 summed strength from the (2', 0) level
to the (1', 0) levels by a factor of 50 in the calcu-
lation of Ref. 20.
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