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Abstract: Directional correlation measurements have been made for y-transitions in *4*Pr following
the decay of 33.0h '43Ce using two Ge(Li) detectors. Correlation coefficients are reported
for twelve cascades, of which coefficients for five cascades are previously unreported. Deduced
are, mixing ratios for thirteen transitions and spins and parities. for the following levels:
57 (3*), 351 (3%), 490 (3*). 722 (3%), 739 (), 938 (3+), and 1160 () keV.

E RADIOACTIVITY 43Ce {from 142Ce(n, ¥)]; measured yy(f). *43Pr deduced J, y
mixing ratios.

1. Introduction

Previous investigators * ~1°) of directional correlations of y-rays in 1**Pr follow-
ing the decay of 33.0 h '*3Ce have used at least one NalI(T1) detector in their experi-
ments. The present work employs two Ge(Li) detectors and uses their better
resolution to obtain résults for twelve correlations, five for which results have not
been previously reported.

In private communications to other authors '!'!?), Sunyar and Thieberger re-
ported an appreciable time-dependent attenuation of the 293-57 keV correlation.
Extrapolating their results to zero time and applying this correction to their earlier
results 8), they obtained larger values for the 4,, coefficients of the 293-57 and
664-57 keV correlations than any previously reported. The present work uses
powdered CeO, which has a cubic' crystal structure !*) to eliminate the time-
dependent attenuation of correlation coefficients for cascades through the 4.2 ns
57 keV level. Results obtained are in agreement with the revised results of Sunyar
and Thieberger reported in ref. 1)

The directional correlation coefficients in the present work and previous internal
conversion coefficient results 214 15) are used to deduce the spins and parities of
the 57, 351, 490, 722, 739, 938 and 1160 keV levels.

t Present address: Department of Physics, Hamilton College, Clinton, New York 13323.
"t Work supported in part by the National Science Foundation.
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2. Experimental procedure

Samples of CeO, enriched to 93 % in '*2Ce were irradiated in the thermal
neutron flux (= 3x10'3 neutrons/cm® sec) of the University of Michigan Ford
Nuclear Reactor for periods of approximately five days. The powdered samples
were then placed in Lucite holders.

The directional correlation studies utilized 29 and 32 cm® Ge(Li) detectors. The
apparatus and method of data analysis have been described elsewhere %),

3. Results and analysis

The results of the y-y directional correlation measurements are given in table 1.
A partial level scheme '7) is presented in fig. 1. Only levels studied in the present
investigation are shown. A y-spectrum taken with the 29 cm® detector is presented
in fig. 2. Graphs of the normalized data and the correlation function W(8) before
making geometrical corrections are presented for the 293-57 and the 232-490 keV
correlations in figs. 3 and 4, respectively. The sign convention of Krane and Steffen
[ref. 13)] for the mixing ratio J of the y-transitions is used throughout.

The directional correlation function W(#) may be written as

W(0) = 1+ A32(y1, y2)P2(cost)+ A44(y1 , ¥2)P4(cosb),

where 0 is the angle between the detectors, y; and y, are the first and second
y-transitions in the cascade, respectively, and the P, are Legendre polynomials. The
Ay, may be written as

Au(715 12) = Ar1)Bi(72),

where A,(y,) and B,(y,) are functions only of parameters associated with their
respective y-transitions, i.e., the spins of the upper and lower levels of the transition

TaBLE 1
-y directional correlation coefficients in 1*3Pr

Cascade A 22 A“

(Ein keV)
293-57 0.166 4-0.003 0,005 4-0.004
433-57 0.0494-0.037 0.00410.050
587-57 0.081+0.051 —0.0561-0.070
664-57 0.1504-0.008 —0.005+0.011
880-57 0.1404-0.009 —0.06240.012

1103-57 0.143-1-0.021 —0.0284-0.029
232-140 0.116-0.021 —0.009-40.029
232-490 ~0.195-+0.005 0.021 4+-0.006
371-293 —~0.2564+0.044 0.0214+0.059
390-293 0.172-+0.036 —0.053 40.049
587-293 0.259-+0.022 —0.0364+-0.029

447-490 ~0.063+0.032 0.047-4-0.043
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Fig. 1. Partial level scheme of *43Pr with spins and parities deduced in the present study.
108 =y
w
nd
o o~
105 T R
¥ <
(=1 0
(3 o
! - -
104 L -0 M |
"y T ~ [
g g
5109 =
o -
© -
r
1]
02
1‘ N
10"
100
500 1000 1500 2000 2500 3000 3500 4000

CHANNEL NUMBER

Fig. 2. Gamma ray spectrum following the decay of 33.0 h 143Ce to levels in **3Pr. Ounly transitions
used in the correlations are labeled.
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Fig. 3. Normalized data values and the correlation function W(f) (before geometric corrections)
versus the angle 6 between the detectors for the 293-57 keV correlation. Errors of the data values
are less than 0.1 %;.
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Fig. 4. Normalized data values and the correlation function W(f) (before geometric corrections)
versus the angle 8 between the detectors for the 232-490 keV correlation. Errors of the data values
are less than 0.3 %.

and the mixing ratio of the transition. Tables were prepared for the 4, and B, as
functions of & for various spin sequences and used in the analysis.

Internal conversion coefficient (ICC) data !?) and the theoretical calculations of
Hager and Seltzer 1°) were used to calculate § for the 293 and 57 keV transitions.
These values for § were then used to calculate the A4,, coefficients for all possible
spin sequences for the 293-57 keV correlation. The ground state spin of '*3Pr has
been assigned 7 from atomic beam experiments #°). Only four spin sequences yield
values for 4,, in the neighborhood of the experimental value. Since the ground
state spin of **3Ce is known to be 3 from atomic-beam experiments *'), the log f
value *7) for the 351 keV level may be used to eliminate the sequences with $ or 1+
for the spin of the 351 keV level. The remaining sequences assign 3 or 7 as the spin
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of the 351 keV level and 3 as the spin of the 57 keV level, Positive parity is indicated
for these levels by the magnetic moment of the 57 keV level and the multipolarities
of the transitions 7).

The 722, 938 and 1160 keV levels all have spins and parities indicated to be 3*
or 3* by the magnitudes of the A,(y,) coefficients for the 664-57, 880-57 and
1103-57 keV correlations, respectively, and by the multipolarities of the transitions
from ICC data **). The spin of the 490 keV level cannot be 4 or 3 because 4,,
and A,, for the 232-490 keV correlation are both non-zero.

The 232490 keV correlation then allows the spin seqences 3-3, -3, 3-3 or 3-% for
the 722 and 490 keV levels, respectively. However, -7 is ruled out by the 447-490 keV
correlation if the spin of the 938 keV level is 4 because the magnitude of the resulting
A 44 coefficient is much larger than the magnitude of the experimental A,, coeflicient.

The 371-293 keV correlation does not aliow the spin sequences 3-% and 3-# for
the 722 and 351 keV levels, respectively. The former sequence is ruled out because

TABLE 2
Mixing ratios deduced in the present study

E, Sequence *) 3
(keV)
57 $(D, Q)% 0.0164-0.002
140 §D, Q) 0.138:-0.010
0.30 +0.02
232 3D, Q)% —0.58240.013
0.7 +0.3
293 D, Q% 0.62 +0.04
n (D, Q¥ —42 107
0.02 -+0.04
390 1D, Q3 —0.14 1-0.03
2.45 +0.18
433 D, Q) 0.8 +0.4
6] > 4
447 3(D, Q)% —0.30 +0.06
—0.01 +0.09
3.5 +1.3
18] > 20
450 8D, Q% —2.50 4-0.03
|6l > 80
581 3D, Q)3 0.58 +0.04
3.6 404
664 3D, Q% 0.41 +0.06
1.24 40.13
880 D, Q)% 0.35 4-0.06
1.39 +£0.15
1103 3(D, Q)% 0.37 £0.15
1.3 +04

The sign convention of Krane and Steffen 18) is used for 8.
*) Dipole and quadrupole radiation are denoted by D and Q, respectively.
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the magnitude of the resulting A4,, coeflicient is much larger than the magnitude
of the experimental 4,, coefficient, and the latter is eliminated because the resulting
magnitude of & is twice as large as that found from ICC data '*) and indicates
more than 10 9, octupole radiation for the 371 keV transition. Similarly, the 587-293
keV correlation eliminates these sequences for the 938 and 351 keV levels.

If the 351 keV level is assigned a spin of 3, the 390-293 keV correlation indicates
that the spin of the 739 keV level is less than or equal 7. If the 351 keV level is
assigned a spin of %, the 390-293 keV correlation and the log ft value '7) for the
739 level limit the spin of the 739 keV level to 3, 7 or $. Since no other transitions
from the 739 keV level have been observed and since ICC data !°) indicate that
the 351 keV transition is probably E2 and the 390 keV transition is probably E1 + M2,
3* and 4~ are assigned as values for the spin and parity of the 351 and 739 keV
levels, respectively. Assignment of 4 as the spin of the 351 keV level is also supported
by B-y directional correlation experiments 2). Spin and parity assignments for the
490, 722 and 938 keV levels then follow from the above analysis.

Since no transition is observed from the 1160 keV level to the ground state, 37 is
favored over ¥ for the spin and parity of the 1160 keV level. The log f¢ value for
the 1160 keV level !7) is not in disagreement with this assignment.

Spins and parities deduced in the present study are shown in fig. 1. Mixing ratios
deduced are presented in table 2.

4. Discussion

A list of previous results of y-y directional correlation experiments is given in
table 3 for comparison with the present results. It may be observed that for corre-
lations involving the 4.2 ns 57 keV level the present results are in close agreement
with the coefficients of Sunyar and Thieberger which were corrected for time-
dependent perturbation effects as reported in ref. *!). Coefficients reported by other
experimenters who used liquid sources are smaller in magnitude than the present
results. Therefore, it is believed that using a cubic crystal powdered sample of
CeO, as a source in directional correlation experiments adequately eliminates
time-dependent perturbation effects across the 4.2 ns 57 keV level.

The value of the A4, coefficient for the 880-57 keV correlation is expected to be
approximately zero because of the very small value of the B,(y,) coefficient for the
57 keV transition. The nearness of the 880 keV peak to the 891 keV peak and to
the Compton edge of the 1103 keV transition may account for the magnitude of the
observed value of the A, coefficient for the 880-57 keV correlation.

Several authors 23726) have attempted a theoretical description of the level
structure of !43Pr. Kisslinger and Sorensen 23) use a quasi-particle random-phase
approximation with the pairing plus quadrupole force as a residual interaction but
do not predict the crossing of the $* and 3* states which occurs between '*!Pr
and '*3Pr. Pal and Mitra 2*) include the n-p interaction as a perturbation in the



143pc 443

TAsBLE 3
Previously measured directional correlation coefficients in '43Pr

Cascade A 22 A4‘ Ref.
(E in keV)
293-57 0.1324:0.010 0.00 +0.01 D)
0.1324:0.019 0.0081-0.020 2)
0.13340.007 0.0004-0.006 3)
0.1064-0.010 (0) 4)
0.11240.009 0.000+0.014 %)
0.12340.011 ) %)
0.099 1-0.006 0.0064-0.007 7
0.1394:0.005 0) %)
0.1251+0.006 ()] %)
0.18 +0.01 ©) 2)
0.098 +-0.006 0.0054-0.008 10y
0.166-:-0.003 —0.0051-0.004 present work
587-57 —-0.31 +0.17 —-0.1 0.3 ")
0.0814-0.051 —0.0564-0.070 present work
664-57 0.104 +0.011 ©) %)
0.0634-0.018 ©) )
0.075+0.011 (1)) )
0.063 1-0.009 ©) 7)
0.111-4+0.009 () 8)
0.1444-0.012 ) *)
0.1504-0.008 —0.005+0.011 present work
880-57 0.11 +0.03 ©) )
0.0774+0.027 ()] 8)
0.0994-0.035 ©) )
0.1404-0.009 —0.06240.012 present work
1103-57 0.01 +0.03 ©) B}
0.14340.021 —0.028 4-0.029 present work
232-490 —0.186+0.028 —0.04 +0.15 4)
—0.1763-0.008 —0.00140.012 %)
—0.22740.016 —0.0354-0.028 %)
—0.17340.010 0.008 4-0.013 8)
—0.1954-0.005 0.021-40.006 present work
587-293 0.1461-0.015 0.003+0.026 %)
0.28540.029 ) 8)
0.259+0.022 —0.0364:0.029 present work

%) These values are the coefficients of ref. %) corrected for time-dependent perturbation effects by
Sunyar and Thieberger as reported in ref. 1),

pairing force model but also do not predict the crossing of states. Choudhury and
Kujawski 2°) and Heyde and Brussard 2) studied !“3Pr using the intermediate
coupling approach in the unified model. Each work predicts a spin and parity of
3% for the ground state and $* for the first excited state, but agreement with the
present results is poor for the higher levels.
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