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an average of about three degrees. Not only is
this effect, then, substantially less than the diver-
gences exhibited in Fig. 2, but, more importantly,
the effect mould be the same for both entrance
channels and thus could not cause the difference
that ls observed between them.

A more complete analysis of this problem, in
which the behavior of fissioning nuclei in a particu-
lar narrow region of high spin is described in Ref.
2, requires the determination of the cross sec-

tion for compound-nucleus formation in the vari-
ous entrance channels. Such an investigation is
presently underway.
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Measurements are reported for y-ray energies and intensities present in the p decays of
four nuclei Xe 42, Cs 2, Ba~4, and La 42. These nuclei are all members of the isobaric de-
cay chain beginni. ng with Xe, which was made available by use of an on-line isotope sepa-
rator developed for the study of gaseous fission products, Partial energy level schemes
have been constructed for Cs, Ba, La 2, and Ce 2 with the aid of Ge(Li)-Ge(Li) coinci-
dence data. Some spin-parity assignments were made and relative transition probabilities
determined for levels in Ha~4 and Ce 4; comparative half-lives were calculated for the de-
cays of Ba and La . The energy level scheme of Ce suggests vibration-like excitations,
but that of Ba supports the suggestion of a transition to deformation effects as the neutron
number approaches N = 88.

I. INTRODUCTION

Recent advances in the study of short-lived activ-
ities have made available a large number of short-
lived radionuclides free from contaminating activi-
ties. Many of the transitional nuclei with neutron

numbers in the region 84 ~ N ~ 90 are now avail-
able using "on-line" techniques for production and
investigation. The on-line isotope separator sys-
tem TRISTAN at the Ames Laboratory research re-
actor'~ is currently being used to make available
for study the short-lived gaseous fission products
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and their daughters; initial investigations have
been directed toward the determination of half-
lives and delayed neutron emission properties for
these nuclei. ' In this work, the A = 142 nuclei in
the isobaric decay chain, starting with the decay
of Xe'" produced in thermal-neutron fission of
U"', were studied with large volume Ge(Li) de-
tectors, both in singles measurements and in co-
incidence measurements.

The y-ray transitions in the four nuclei reported
here, Cs'", Ba'", La"', and Ce"', have been
poorly studied in the past, mainly because of the
inability to obtain pure samples of reasonable ac-
tivity for the parent nuclei. An incomplete y-ray
list for all four nuclei has been reported by Al-
vager et al, ' and y rays from transitions in I a'"
have been reported by Fritze and Kennett' and by
Schuman, Turk, and Heath. ' No investigator at-
tempted to construct a decay scheme. The decay
of La'" has been more extensively studied re-
cently, ' ' and a partial level scheme for Ce' '
exists from these studies. ""

The transitional nuclei with neutron numbers
greater than K= 82 are of interest, since they pro-
gress from the vibration-like structure of the near-
spherical nuclei to the rotational behavior of the
deformed region of the rare-earth nuclei. Just
what the relationship is between the structures on
either side of this transitional region is not known.
Several attempts have been made to describe the
behavior of similar transitional nuclei. "" The
numerical technique of Kumar and Baranger" "
has met with some success in the heavy transition
region which includes the even-even tungsten, os-
mium, and platinum nuclei. ""Other theoretical
approaches may be attractive in describing these
transitional nuclei; the variable-moment-of-iner-
tia model" may have some valid application in
these nuclei, and there exist other recent attempts
at simplified microscopic calculations which may
prove to be useful. ""

In addition to the classification of transition en-
ergies and intensities and the development of level
schemes, an effort is made in the present study to
identify the underlying behavior of the levels found;

i.e., to determine whether vibrational and/or ro-
tational features are easily identified.

II. PROCEDURE

The short-lived Xe"' parent activity for these
studies was produced from fissions induced in 650
mg of U'" (in the form of uranyl stearate) placed
in a neutron beam of approximately 3 && 10'n, „/cm'
sec; this sample has excellent emanation proper-
ties for the inert gases. " The xenon gas was
transported from the uranium sample through a 2-

m transport line (i.d. 1.27 cm) into the ion source
of the isotope separator with the aid of a sweep
gas (98%%uq He, 1%%up Kr, 1% Xe); the average transit
time to the ion source has been measured to be
less than 1 sec. The entire fission-product gener-
ation assembly was operated at a 60-kV accelera-
tion potential of the isotope separator, thus over-
coming the problems encountered in the use of a
fissioning sample placed at ground potential within
the reactor. '

Mass separation of the gaseous fission products
was accomplished by use of a Scandinavian electro-
magnetic isotope separator. Ions of the particular
mass of interest, in this work 142, were directed
through a slit in the focal plane of the separator
and collected on a metallic surface at the secon-
dary focus of a beam-switching magnet; the adja-
cent mass contamination was less than one part
in 104.

The decay of La' ' has a half-life of 92.5 min,
which allows standard radiochemical techniques
to be used to separate this activity from its pre-
cursor activities. The ion beam of the separator
was deposited on a thin copper foil for approxi-
mately three half-lives of La'", removed from the
vacuum system of the separator, and set aside for
30 min to allow the 10.7-min Ba' ' decay to La' '
to be completed. The lanthanum was then sepa-
rated from the remaining activity in the form of
La(OH), and placed before the appropriate detector
to form a small source with negligible self-absorp-
tion of the y radiation.

The half-lives of Xe' ' and. .Cs' ' are quite simi-
lar, with values of 1.24 and 1.67 sec, respectively.
Activities with half-lives this short must be stud-
ied "on line" with the aid of a moving-tape collec-
tor." The xenon decay activity is enhanced by col-
lecting the ions on an aluminum-Mylar tape while
observing the y radiations coming from the region
of deposit through a collimator. The residual
daughter activities are carried behind the collima-
tor shielding by moving the tape at a continuous
rate. The cesium daughter activity can also be ob-
served at the point of ion beam collection and can
be enhanced by operating the tape collector in a
discontinuous mode. In this mode, the ion beam
is collected for a preset time and deflected from
the tape during a time interval selected to allow
preferential decay of the parent xenon activity,
then the detector system switched on to count the
residual (enhanced) cesium activity. At the end of
the counting period the tape can be moved to car-
ry any remaining activity to a shielded location
and to bring a fresh portion of collection tape into
position for a repetition of the collection, deflec-
tion, and measurement cycle. For the specific
enhancement of Cs' ' activity, optimization of the
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collection, delay, and analyze times by computer
analysis resulted in values of: collection time of
5 sec, delay time of 5 sec, and analyze time of 6
sec. Although this use of the moving-tape collec-
tor yielded enhancement of the parent xenon or
daughter cesium activity, there was significant
contribution in each spectrum from the opposing
decay. The separation and identification of the in-
dividual transitions was obtained by comparing the
two spectra for relative enhancements, which
worked well for the more intense peaks (see Fig.
1).

Since the 10.7-min Ba'4' activity is difficult to
separate radiochemically within the time limita-
tions imposed by the half-life, . this activity was
isolated by use of the moving-tape collector in
another mode. The beam was collected for about
three half-lives of the Ba' ' activity, then the de-
posit was transported within 20 sec to another de-
tector station shielded from the collection port and
was analyzed for the three half-life periods re-
quired to collect a new sample at the ion beam col-

lection port. The cycle was repeated until ade-
quate statistics were accumulated in the y-ray
spectrum. With this technique, a contribution was
present from the La'" decay, but was easily identi-
fied from previous studies of the decay of radio-
chemically separated La'".

III. DATA ACCUMULATION AND ANALYSES

The singles spectra from the four activities were
measured using standard high-resolution detector
electronics and an 8192-channel analog-to-digital
converter (ADC). Three Ge(Li) detectors were
used in the measurements: a 6-cm' planar de-
tector which has excellent resolution at low ener-
gies, and two 30-cm~ five-sided detectors (with a
system resolution of 2.8 keV at 1.33 MeV) which
were used primarily for the region above 500 keV
and for coincidence measurements.

Coincidence data were collected in two experi-
ments, each lasting four days. The Xe"' and Cs"'
activities were studied together using the tape col-
lector in a continuous on-line mode, while the
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FIG. 1. Low-energy (70-530-keV) singles spectra for Xe 4 decay enhanced (upper curve) and Cs~ decay
enhanced gower curve) .
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Ba'" and La'~' activities were observed off line
without chemical separation. The 30-cm' detec-
tors were used in both experiments with coinci-
dence timing determined from the use of commer-
cial constant-fraction pick-off units. The outputs
of the timing units were used to drive a time-to-
amplitude converter which provided the coinci-
dence gate to the ADC's after amplitude selection
of the converter output by a single-channel ana-
lyzer. The resolving time of the system was set
to be about 100 nsec. The linear signals were
processed in two 4096-channel ADC's, and digital
addresses for each event were recorded pairwise
in a buffer memory and transferred to magnetic
tape. With this system, a 4096-by-4096 matrix
was recorded in the coincidence experiments.
Playback of the magnetic tape through digital re-
striction gates into a large-memory multichannel
analyzer enabled the sorting of coincidence events
from the matrix into coincidence spectra selected
by the windows placed about photopeaks in the spec-
trum of one detector. To correct for Compton-
background coincidence events, an additional win-
dow of the same width was placed adjacent to each
photopeak window. The coincidence experiment re-
sults were used mainly in a qualitative manner,
with a few quantitative intensity determinations
made in coincidence spectra for the case of the
long-lived La' ' decay.

The unknown singles spectra, together with spec-
tra obtained for standard calibration sources,
were analyzed using standard computer peak-fit-
ting routines to give the centroid and area of each
photopeak. Corrections were made for the non-
linearity of the detector system, y-ray attenua-
tions, and detector efficiency; and energies and
intensities of the transitions with associated stan-
dard errors were determined. The relatively
weak sources available and detector geometries
used for these experiments did not show any photo-
peaks corresponding to accidental summing in the
detectors. Escape peaks were identified by energy
differences from full-energy peaks, peak widths,
and relative intensities.

IV. DECAY SCHEMES

A. Decay of 1.24-sec Xe' '

A portion of the low-energy singles spectra of
the enhanced xenon decay (upper curve) and en-
hanced cesium decay (lower curve) is shown in

Fig. 1. Comparison of the two spectra shows that
many photopeaks can be assigned unambiguously
to one of the two decays. The highest-energy y
ray apparent in the xenon-enhanced studies is at
2078 keV. Since the xenon enhancement is quite
marked and all higher-energy transitions are weak

in either spectrum, and since there is a consider-
able difference between the decay energies expect-
ed for the decays of Xe'4' and Cs'4' (4.34 and 7.24
MeV, respectively" ), it has been assumed that the

y rays of higher energy belong to the cesium de-
cay. A summary of y-ray transitions in Cs'~' is
presented in Table I. Many of the weak transitions
included are only tentatively attributed to the xenon
decay. The observed coincidences between the
more intense transitions are listed in Table II.

The proposed level scheme for Cs'" is shown in
Figs. 2 and 3. The low-lying levels in Cs"' are
shown in Fig. 2, while the higher-lying levels ap-
pear in Fig. 3. The existence of the level at 12.2
keV is inferred from the observation that several
pairs of transitions differ in energy by this amount,
and from y-ray cascades deduced from the coinci-
dence data. The levels at 39.0 and 85.4 keV were
placed from the consideration of the coincidence
relations between the 73.1-, 124.3-, 157.2-,
164.8-, 203.6-, 218.8-, 414.5-, 538.1-, and 571.7-
keV y rays. These coincidence relations also re-
quire the presence of two 39.0-keV transitions in
order to account for the cascades indicated. A
33.0-keV transition, which is difficult to observe
since it coincides in energy with the K8 Cs x ray,
is placed between the 242. 5- and 209.5-keV levels
to account for possible coincidences of the 124.3-
keV transition with the 414.5-keV transition and
the 197.2-keV transition with the 414.5-keV tran-
sition.

Additionally, a second 203.6-keV transition is
placed in direct cascade with the 414.5-keV y ray
to account for the very strong coincidence ob-
served; the 191.6-keV transition is not seen in as
strong a coincidence with the 414.5-keV transition
as would be expected for only a single 203.6-keV
transition to the ground state. The 191.6-keV and
lower 203.6-keV transitions are placed in parallel
to explain the several coincidence relations in-
volving both of these peaks. An estimate of the in-
tensities of the two 203.6-keV transitions is based
on the 414.5-keV gated spectrum.

On the basis of the y-ray placements, most of
the P-decay strength to excited states appears as
branching to the 656.8-keV level and, depending
on the characters of the low-energy transitions
and hence the magnitudes of the internal-conver-
sion coefficients, possibly to the levels at 12.2,
39.0, 70.4, and 85.4 keV. No information exists
on the ground-state P branching. Future studies
should include attempts to directly observe the in-
tensities of the y-ray transitions between these
low-lying levels, and an attempt to determine
their multipolarities. The calculation of compara-
tive half-lives will depend upon success in these
future studies.
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TAl3LE I. y-ray transitions in Cs

Energy
(keV)

12.2 + 0.1
33.0 + c
39.0 +0.2
46.4 +0.2
57.6 +0.3
59.7 + 0.3
68.3 +0.2
70.4 + 0.2
73.14 + 0.11
94.65 + 0.10

100.5 + 0.2
105.6 + 0.3
113,0 + 0.5
118.3 + 0.2
120.2 + 0.3
124.31+ 0.04
142.5 +0.3
157.18+ 0.02
162.5 + 0.5
164.81+0.02
167.0 + 0.2
170.6 + 0.2
180.1 +0.3
191.56 + 0.02
197.19+0,07
203.64 + 0.05

211.56+ 0.06
218.84 + 0.05
224.2 + 0,5
230.22 + 0.05
238.8 + 0.5 &

240.0 + 0.4 g

242.5 +0,4
250.59 + 0.02
262.6 + 0.4
265.1 + 0.3
286.89 + 0.04
291.88 + 0.03
303.8 +0.4
308.59+ 0.05
312.6 + 0.2

Relative
intensity

b
c
d~e
d

d, e
d
d
d

454+130 ~

15+4
6+2'
5+2
2+1
7+2~
5+2

62+ 15
6+2

127+ 27
4+2

163+31
11+3
10+3
6+2

283+ 51
57+ 12

215+59'
(to g.s.)
503+ 125
(to 39 keV)
40+8
47+8
5+2

47+ 8
17+4
17+4
7+3

260 +44
5+2

10+3
78+ 16

152 + 29
9+3

71+ 15
27+6

Energy
(keV)

329.8 +0.2
333.7 + 0.2
337.9 +0.4
342.2 + 0.4
349.0 +0.2
352.84 + 0.05
373.2 + 0.4
380.13+ 0.09
394.03+ 0.05
404.7 + 0.3
406.5 + 0.2
411.6 + 0.4
414.45+ 0.15
418.7 + 0.3
421.7 +0.5
428.11+ 0.10
432.07+ 0.15
438.13+ 0.10
442.8 +0.4
447.0 + 0.2
453.05 + 0.04
467.98+0.10
497.6 + 0.3
514.4 +0.3
524.28 + 0.12
538.12 + 0.03
547.44 + 0.12
557.6 + 0.2
562.3 + 0.5
571.66 + 0.02
578.3 +0.3
582.4 + 0.2
586.7 + 0.2
598.2 + 0.2
605.47+ 0.06
617.82 + 0.04
627.4 + 0.6
642.5 + 0.3
644.55 + 0.04
656.83 + 0.08
662.0 + 0.5
664.4 + 0.2
669.O +O.4
672.0 + 0.2

Relative
intensity

17+4
21+ 5
7+3
9+3

58+ 12
108+ 21
10+3
63+ 13

146+ 28
28+6

105+20
13+4

430 + 69
19+5
11+3
54+ 11
38+ 8
57+ 11
13+3
51+11

182 + 33
217+ 38'

20+ 5
40+ 9
54+ ll

752 ~ 100
63+12
51+11
20+ 5

1000 + 103
28+6
52+ 11
36+ 7
52+11

218+ 32
763+ 99

6+2
96+ 18

628+ 81
825+91
28~6

193+31
20+4
69+ 19

Energy
(keV)

693.5 + 0.3
709.4 + 0.2
712.3 + 0.6
718,2 + 0,3
724.8 + 0.8
727.2 + 0.6
734.6 + 0.3
737.1 +0.2
740.5 +0.2
744.6 + 0.2
761.1 + 0.3
765.5 + 0.2
775.9 + 0.4
792.0 + 0.4
801.1 + 0.2
806.7 + 0.2
815.4 +0.3
823.6 +0.6
830.5 + 0.5
863.9 + 0.5
891.5 + 0.3
900.8 + 0.2
917.9 +0.3
930.8 ~0.2
943.4 ~0.5
957.3 + 0.2
982.4 +0.4
991.5 + 0.2
997.0 +0.3

1019.6 ~0.5
1041.3 +0.8
1049.5 +0.9
1056.0 ~0.7
1068.2 + 0.4
1089.4 + 0.6
1108.3 +0.5
1156.9 + 0.2
1164.7 + 0.4
1183,7 + 0.5
1187,3 + 0.2
1194.6 + 0.2
1219.18+ 0.09
1227.12 + 0.07
1232.9 + 0.2

Relative
intensity ~

48+ 10
16+4
11+3
10+3'
10+3
14+4
41+9

157+30
28+ 6
22+5
20+ 5
41+9
33+ 7
12+3
68+ 14
69+14
37+8
16+4
19+5
22+5

115+ 21
13+4
33+ 7
21+5
29+ 6
66 +13
20+5
79+14
39+8
30+ 6
15+5
12+4
5+2

44+ 8
15+4
22+5'
67+ ll
27+ 6
22+ 8
67+ 12
70+ 15
82+ 16

242 + 40
42+9

Energy
0 eV)

1258.17+ 0.10
1266
1300.24 + 0.08
1303.6 + 0.5
1312.34 ~ O.O9

1338.3 + 0.5
1362.4 + 0.9
1377.4 + 0.4
1384.5 + 0.3
1395.0 ~0.3
1410.50 + 0.15
1432.3 + 0.9
1455.8 +0.5
1472.8 + 0.3
1486.5 +0.8
1511.4 + 0.4
1519.7 + 0.7
1542.3 +0.4
1595.1 + 0.6
1602.4 + 0.2
1607.0 +0.2
1616.8 + 0.5
1625.2 + 0.4
1633.1 + 0.2
1640.0 +0.8
1663.6 +0.5
1671.9 +0.5
1711.0 + 0.2
1718.9 + 0.3
1744.8 +0.9
1756.9 + 0.3
1774.8 + 0.4
1781.0 + 0.3
1790.7 + 0.5
1805.2 + 0.7
1832.4 ~0.4
1837.0 + 0.3
1844.3 + 0.2
1862,2 a 0.2
1875,5 + 0.3
1902.1 + 0.2
1972.2 + 0.5
1996.3 ~0.4
2078.5 + 0.4

Relative
intensity ~

99+ 19
6+2

397 + 58
41+ 8

286 +44
29+6
15+4
14 +4
14+4
18+5
88+ 17
15+4
12+4
20+5
17+5
15+4
9+3

11+3
16+4
23+5
46+10

7+2
1163
21+ 5
5+2

12+3
17+4
25+ 6
19~5
14+4
15+4
11+3
12+ 3
12+3
10+3
37+ 8
36+8
28+ 6
21 +6
30+ 7
65+ 14
18+5
18+5
22~5

~Measured relative to the 571.7-keV transition.
Transition below the detector threshold; intensity

unknown.
If this transition exists, it coincides with the Cs

x rays, making accurate measurement difficult.

~Detector efficiency not known for this energy.
~Used in more than one place in level scheme.
~Estimated; Pb x rays interfere with measurements.
gPossibly a singlet at 239.4 keV.

B. Deczy pf 1.67-s+c Cs

The most elusive decay of the four nuclei which

were investigated is that of Cs' ' to Ba' '. The
measured y-ray energies are listed in Table III to-
gether with intensities. Errors quoted for both

quantities are larger in most cases than those
quoted for the other isobars because of the lack of
adequate statistics for satisfactory computer fits
to the data. Coincidence relations for transitions
in Ba"' are listed in Table IV.

There was great difficulty in the construction of
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TABLE II. y-ray coincidence in Cs~42.

Gating transition
(keV)

Coincidence transitions
0 eV)

73 1
94.7

124.3
157,2
164.8
191.6
197.2
203.6
211.6
218.8
230.2
250.6
286.9
291.9
349.0
394.0
406.5
414.5
514.4
524.3
538.1

571.7
617.8
644.6
656.8

124.3, 157.2, 218.8, 414.5, 538.1, 571.7
124.3, 197.2
73.1, 94.7, 414.5 (?), 547.4
73.1, 414.5, 538.1
414.5, 453.1
406.5 (?), 414.5, 453.1
94.7, 414.5 {?),547.4
394.0, 406.5 (?), 414.5, 453.1, 514.4, 538.1
406.5, 1108.3 (?)
73.1, 352.8
414.5, 538.1
349.0, 406.5
352.8
352.8, 891.5
250.6
191.6, 203.6
250.6
73.1, 157;2, 164.8, 191.6, 203.6, 230.2, 538.1
203.6
250.6
157.2, 191.6, 203.6, 230.2, 250.6, 352.8, 414.5,
453.1, 571.7, 617.8, 644.6, 656.8
73.1, 538.1
538.1
538.1
538.1
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C. Decay of 10.7-min Ba' '

55 y-ray transitions have been identified in the
deexcitation of the levels in La'". The highest-
energy transition is at 1379.9 keV. The observed
y-ray energies and intensities are listed in Table
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a comprehensive decay scheme; the resulting par-
tial level scheme is shown in Fig. 4, in which lev-
els are indicated only if supported by coincidence
data or unique energy sums for cascade transitions.
Despite the incompleteness of this level scheme,
in whi. ch the multitude of high-energy transitions
has been ignored, it still accommodates about 60%%uo

of the y-ray intensity assigned to this decay. The
information presented here for the decay of Cs'4'
is clearly preliminary, but the level scheme does
offer some interesting conclusions, to be dis-
cussed later.

V, and coincidence relations are summarized in
Table VI. All but four of the listed transitions
have been placed into the level scheme for La'4'

(Fig. 5). A y-ray multiplet was observed at ap-
proximately 62 keV, but has not been considered
in the construction of the decay scheme.

The strong transition at 77.6 keV is placed as
the ground-state transition from the first excited
state; the proximity of this y ray to the lead x
rays in the spectrum is a factor in the intensity
and energy uncertainties for this transition, which
are larger than for the more well-defined y rays.
The total y-ray intensity feeding the 77.6-keV lev-
el exceeds that depopulating the state, indicating
the presence of appreciable internal conversion
for this transition. If no P branching to this level
is considered, the minimum total internal-conver-
sion coefficient must be 1.7, which is close to that
for a pure AI1 transition at this energy. The value
of 2.26 for a pure MI transition" was used in the
calculation of a 6% p branching to the 77.6-keV
level. A similar situation is observed in the de-
cay of Ba", for which the 30-keV transition in
La' ' has a measured multipolarity of pure M1."

For the purpose of calculating P branching ratios
and comparative half-lives, the decay energy is
assumed to be 1.88 MeV, according to the mass
tables of Garvey et al. ,

"and the ground-state p
branching is assumed to be negligible (a ground-
state branching of 20%%uo would give a ground-state
logjt value of 6.1 and would increase the other

logjam values by only 0.1). The results of the p-
branching calculations appear in Table VII.

D. Decay of 92.4-min La'

756.9
7 I8.2

656.8

599.6

304,I

~ 250.6~ 242.5
203.6

l 42
55C'87

~ 85.4
70,4
39.0
I2.2
0

FIG. 3. High-energy level scheme for Cs . Symbols
as in Fig. 2.

The y-ray spectrum for this decay is character-
ized by intense peaks at 641.2, 894.9, 1901.3,
2187.2, 2397.7, and 2542. 7 keV. The observed
photopeak energies and intensities are shown in
Table VIII, while coincidence relations appear in
Table IX. 90 y-ray transitions have been placed
in a decay scheme of 25 excited levels, shown in
Figs. 6 and 7. The low- and high-energy states
are shown in Figs. 6 and 7, respectively. The
important low-energy levels are located at 641.2,
1219.3, 1536.1, 1652.6, 2004.2, 2397.7, and
2542. 7 keV; these states are firmly established
both by energy sums and coincidence relations.

P-branching percentages and comparative half—
lives are summarized in Table X, and result from
the assumption of a 13%%u& ground-state p branch. '
Two intense branches to the 2397.7- and 2542. 7-
keV levels, combined with the ground-state branch,
comprise the major part of the P-decay strength.
A complete P-decay scheme is shown in Fig. 8,
where the decay energy is assumed to be 4. 50 MeV,
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TABLE III. y-ray transitions in Ba'4'.

Energy
(kev)

Relative
intensity

Energy
0 eV)

Relative
intensity ~

Energy
0 eV)

Relative
intensity ~

Energy
(keV}

Relative
intensity 3

140.0 + 0.6
175.7 +0.7
186.3 + 0.3
208.8 +0.4
277.2 + 0.8
281.8 + 0.6
325.1 + 0.5
359.52+ 0.02
401.6 + 0.5
459.3 + 0.6
475.0 + 0.3
492.8 -0.6
608.4 + 0.2
635.4 + 0.6
841.0 + 0.5
857.3 +0.5
915.4 + 0.7
932.9 +0.2
966.92 + 0,10
986.2 +0.4

1015.3 + 0,5
1064.2 + 0.4
1100.6 + 0.3
1118.2 + 0.6
1137.5 + 0.5
1175.88 + 0.08
1192.6 + 0.4
1243.5 +0.1
1279.88+ 0.07
1326.48 + 0.02
1333.1 + 0.2
1349 + 1
1422.96 + 0.05
1559.7 + 0.1
1610.9 +0.2
1768.5 +0.1
1818.1 + 0.1

7y4
6+3
5+3
5+3
5+3
5+3
6+3

1000+ 94
7+3

10+4
12 +4
2+1
3+1
2+1
2+1

14+ 5
11+4
27+6

365+ 70
17+4
11+3
32+6
21+ 5
10+4
9+4

119+24
16+ 5
17+6
73+ 13

362+ 56
50+ 11
3+1

80+17
32+10
15+ 5
21+6
18+ 5

1898.81
1915.6
1935.3
1957.0
1960.9
1982.1
2006.6
2050.2
2057.2
2152.0
2165.4
2186.1
2191.7
2246.5
2254.1
2286.2
2300.0
2334.6
2341.4
2351.2
2393.4
2397.6
2411.7
2444.4
2455.2
2499.8
2508.3
2522.6.

2544.5
2555.4
2575.7
2613.6
2655.2
2676.5
2720.0
2725.3
2757.2

+ 0.09
+ 0.2
+ 0.15
+ p.5
+ 0.5
+ 0.1
+ 0.8
+ 0.6
+ p.5
+ 0.5
+ 0.5
+ 0.8
+ 0.7
+ 0.1'
+ 0.2
+ 0.9
+ 0.4
+ 0.4
+ 0.2
+ 0.3
+ 0.5
+ 0.2
+0,4
+ 0.7
+ 0.5
+ 0.6
+ 0.4
+ 0.2
+ 0.4
+ 0.9
+ 0.7
+ 0.3'
+ 0.4
+ 0.4
+ 0.8
+ 0.2
+ 0.2

50+9
12+4
20~5
16+4
8+3

63+ 12
4+2
4+2
5+2
5+2
5+2
4+2
4+2

32+7
22+6
4+2
7+3
7+3

12+4
11+4
7+3

18+5
9+3
3+2
5+2
4+2
7+3

19+5
7+3
4+2
5+2
9+3
7&3
6+3
5+2.

32+ 7
22+ 5

2784.6 + 0.3
2795.7 +0.5
2840.2 + 0.3
2856.1 + 0.5
2882.50 + 0.11
2924.10+ 0.10
2939.1 + 0.4
2987.5 + 0.6
2992.6 + 0.5
3079.7 + 0.7
3144.4 + 0.2
3167,3 + 0.4
3182.3 + 0.6
3262.0 + 0.4
3282.9 + 0.2
3310.2 + 0.8
3368.9 + 0.5
3402.9 + 0.9
3426.1 + 0.2
3573.03 + 0.09
3662.5 + 0.4
3667.9 + 0.9
3786.6 + 0.2
3798.2 + 0.2
3835.0 +0.2
3852.7 + 0.7
3870.5 + 0.2 b

3876.8 + 0.8
3881.7 + 1.3
3897.3 + 0.4
3931.7 + 0.2
3938.7 +0.6
3953.7 + 1.0
3982 4 ~0 5c
4008.8 + 0.8

10+4
5+2
9+3
5+2

26 +6
38+ 7
9+3
5+2
6+3
5+2

]4y4
9+3
6+3

11+4
41+8
4+2
7+ 3
3+2

21+ 5
49+ 10
10+3
2+1

16+4
19+4
22+ 5
6~3

13+4
7+3
4+2
8+3

22+ 5
5+2
3+2
3+2
4+2

4028.1
4036.6
4086.5
4096.1
4145.0
4178.6
4198.1
4205.4
4218.5
4237.1
4249.4
4276.5
4362.5
4369.3
4388.9
4396.1
4418.0
4494.2
4538.6
4549.5
4564.8
4577.2
4609.5
4647.2
4668.2
4691.9
4697.6
4730.7
4811.5
4862.4
4874.5
4892.3
4935.4
5112.5
5393.6

+ 0.4~
+ 0.4'
+ 0.5
+ 0.3
+ 0.7
+ 0.5
+ 0.5
+ 0.7
+ 1.0
+ 0.2
+ 0.4
+P.3
+ 0.8
+ 0.2
+ 0.6
+ 0.8
+ 0.2
+ 0.4
+ 0.7
~0.4
+ 0.4
+ 0.5
+ 0.4
+ 0.4
+ 1.1
6 1.3
+1,0
+ 1.0
+ 0.9
+ 0.7
+1,1
+ 0.6
+ 1.1
+ 0.8
+ 0.7

7+3
7+3
6+3

10+3
4+2
5+2
5+2
4+2
2+1

17+4
6+3
6+3
3+2

22+5
5+2
3+1

21+ 5
6+3
3+1
4+2
5+2
4+2
5+2
7+3
2+1
2+1
3+1
2+1
2+1
3+1
i+1
3 6 1
2+1
2+1
1+1

~Measured relative to the 359.5-keV transition.
A double-escape peak is also found at this energy.

A single-escape peak is also found at this energy.

again from the mass tables of Garvey et al."
V. DISCUSSION

The known decay schemes in this mass region
display a preponderance of first-forbidden non-
unique p transitions. For the decays reported
here, first-forbidden transitions are expected
from consideration of the single-particle levels
present near the Fermi surface for these nuclei.
The most likely transition would be from an f~&,
neutron to a g,&, proton. Other close-lying single-
particle levels which may contribute P strength
are the h„, neutron and d„, proton levels. Any
combination of these four single-particle states
would give a first-forbidden p decay. Accordingly,

the comparative half-lives are expected to have a
range of values for logff from about 6.0 to 10.5."

Excited-state spins and parities may be estimat-
ed under the assumption that the y-ray transitions
observed are of M1, E1, or E2 character. Addi-
tionally, the systematics of levels in neighboring
even-even nuclei should reveal tendencies for the
low-lying energy levels which can be used to de-
termine probable spin-parity assignments.

A. Levels of Cs'

Examination of similar odd-odd nuclei reveals
that MI transitions dominate between the low-lying
states of these nuclei, and similar multipolarities
can be expected for transitions between the low-
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Gating transition
(kev)

859.5

966.9
1064.2
1175.9
1279.9
1833.1
1423.0
1982.1

TABLE IV. y-ray coincidences in Ha~4~.

Coincidence transitions
(kev)

475.0 (9), 966.9, 1064.4, 1100.6 (?), 1175.9,
1243.5 (?), 1279.9, 1333.1 ('?), 1423.0, 1768.5,
1982.1
359.5
359.5
359.5
359.5
359.5 (?)
359.5
359.5

TABLE V. y-ray transitions in Laws

Energy
(keV)

H elative
intensity ' Belative

intensity ~

b
69.4 +0.3
76.8 +0.6
77.6 + 0.1

122.89 + 0.08
154.22+ O.OS

162.0 + 0.2
176.82 ~ 0.08
216.8 + 0.1
222.6 ~0.1
231.52 + 0.04
242.7 + 0.2
255.12 + 0.04
269.88 + 0.09
283.9 + 0.3
286.2 + 0.1
809.02 + 0.05
334,8 + 0.1 '

837.1 +0.2
346.7 + 0.5
363.80+ 0.05
379.1 + 0.1
417.8 + 0.3
425.03 + 0.06
482.3 + 0.8 ~

4344 +04
448.1 +0.5
457.8 + 0.2

2O'
50cgd

540
52+ 7
29+4
6+4

83+ 10
11+3
15+ 3

572+ 82
9+4

1000+ 87
88+ 5
10+4
52+ 8

127~17
70+ 10
14+ 3
8~4

222+ 31
26+4
19+4

275 + 40
55+ 8
17+3
12+ 8
22+4

478.4 +0.2
488,3 +0,5
513.3 +0.5
531.9 ~0.6
537.5 +0.5
558.3 + 0.3
59O.7 +0.3
599.84+ 0.08
604.2 + 0.8
769.4 +0.2
786.4 +0.3
792.2 +0.4g
823.4 + 0.3
840.23 + 0.07
876.6 + 0.9
894.9 +0.1"
948.75 + 0.06

1000.86 + 0.05
1032.8 + 0.8
1078.48 + 0,05
1Q93.62 + 0.06
1122,6 + 0.3
1126.$4+ 0.08
1148.3 + 0.3
1202.2 + 0.1
1204.06 + 0.08
1283.4 + 0.5
1379.9 + 0.1

17+ 8
6+4

13+5'
5+4

17+ 3
14+ 3
90+ 10
18+4
34+4
14+4
12+4
23+4

170+25

615+64
500+ 70
440+ 64
27+4

522+ 75
124+17
17+3
86+ 12
22k 3

800 + 40
766 + 85

9+4
191+25

~Measured relative to the 255.1-keV transition,
bSeveral unresolved y rays near 62 keV.
cEstimated; detector efficiency is not well calibrated

at these energies.
~Pb x rays are superimposed, making intensity mea-

surements difficult.
~A 433.3-keV transition from La~42 decay is also pres-

ent.
Annihilation radiation interferes with intensity mea-

surement; a 514.7-keV transition from La 4 decay is
also present.

~A weak background line may be included.
"A y transition occurs at the same energy in the La~42

decay,

lying levels in Cs'". The density of low-lying lev-
els is similar also to that observed in Cs'~." The
ground state of this odd-odd cesium nucleus is ex-
pected to have odd parity and, as mentioned above,
should be populated in p decay by a first-forbidden
transition. On the basis of systematics shown in
neighboring odd-odd nuclei, the ground-state spin
is likely to bed= I or J=2.

Similarly, the expectation of MI transitions be-
tween the first few excited states is consistent
with the assumption that these states are likely to
have odd parity, since the saxne neutron and pro-
ton subshells are probably involved in the P decay
to these low-lying levels. Any neutron excitation
to the first even-parity orbit (the i»„ level) is too
far above the Fermi level to be seen at low ener-
gies; however, even-parity states might be ex-
pected in the higher levels of the level scheme.
Since the present work was confined to y-ray spec-
troscopy, the inability to determine spins, pari-
ties, logff values, and internal-conversion coeffi-
cients for the levels in this nucleus prevents fur-
ther interpretation of these levels.

B. Levels of Ba'"

The spin-parity assignment for the ground state
of this even-even nucleus is 0+, and for the first
excited state at 359.5 keV it is 2', because this
state is the "so-called" one-phonon vibrational
state. The second excited state at 1326.5 keV prob-
ably has J~ =2', since strong y rays are observed
to feed both the ground state and first excited state.
The reduced transition probabilities between the
second excited state and the ground state and the
second 2+ to the first 2+ states have a ratio of

B(E2; 22- 0„+)

B(E2; 2;- 2+)

This ratio is in agreement with that expected for a
non-axially symmetric rotor assuming that the non-
axial parameter can be determined from the ener-
gy ratios for the 2' states. "
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FIG. 4. Partial level scheme for Ha~4~.

It is impossible to assign quantum numbers to
the excited states above the 1326.5-keV level.
Other nearby nuclides have states of 4' and 3
occurring fairly close to the second 2' state, and
similar states should be expected in this nuclide.

An interesting point is the apparent lack of a
state intermediate to the 359.5- and 1356.5-ke V
levels. An illustration of systematic trends in the
low-lying levels for N = 86 and Z = 56 nuclei is
shown in Fig. 9. From the trends indicated, a lev-

el in the vicinity of 800 keV might be expected.
There is weak experimental evidence in the pres-
ent work for the existence of such a level; a very
weak coincidence is observed between the 475.0-
and 359.5-keV y rays which might be summed to a
level at 834 keV. However, the decay intensity is
very small and does not agree with that observed
in Ba'"." Population of this state, which might be
expected to be the 4' member of the two-phonon
vibrational triplet, may be difficult if the spin of
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TABLE VI. y-ray coincidence in La~42.

Gating transition
(keV)

Coincidence transitions
(keV)

69.4
77.6

122.9
154.2
162.0
176.8
216.3
222.6
231.5
242.7

255.1
269.3
283.9
286.2
309.0
334.8
363.8
432.3
434.4
599.8
840.2
894.9
948.8

1122.6
1126.5
1202.2
1379.9

77.6, 216.3
122.9, 162.0, 222.6, 231.5, 283.9, 286.2, 599.8,
840.2, 894.9, 1100.9, 1093.6, 1126.5, 1379.9
77.6, 154.2 (V), 231.5, 309.0
122.9, 840.2 (?)
69.4
255.1, 434.4 (r)
77.6, 840.2
77.6
77.6, 122.9, 769.4, 894.9, 1148.3 ('P)

283.9 0 599.8
176.8, 823.4, 948.8, 1202.2
334.8, 599.8
77.6 {V), 242.7 (V)
77.6, 840.2, 1093.6
122.9, 894.9
269.3, 473.4 ('P), 599.8, 1122.6
840.2, 1093.6
434.4 (9)
122.9 {'P), 176.8, 432.3 ('P)

242.7, 269.3, 283.9, 334.8, 448.1, 604.2
77.6, 154.2 (Y), 216.3, 286.2, 363.8
77.6, 231.5, 309.0
255.1
77.6
77.6
255.1
77.6

the parent Cs"' nucleus is low.

C. Leyels Of Lg

The ground state of La'" has been determined to
have J' = 2 .' The first-excited-state-to-ground-
state transition is probably M1 in character, which
suggests a spin-parity of 1 or 3 for the 77.6-keV
level. The estimated logif value of 6.6 (6% p
branching) would favor a 1 assignment for the
77.6-keV level, since the p transition appears to
be first forbidden.

Spin-parity assignments for the next few levels
cannot be made without an assignment for the 77.6-
keV level. However, they are expected to have
negative parity, and M1 and E2 transitions should
occur between them. The log@ values listed in Ta-
ble VII are calculated from the y-ray intensity bal-
ance for the various levels. Since the multipolari-
ties of the transitions have not been experimentally
determined, the internal-conversion corrections
to these intensities cannot be calculated and the P
branches are subject to modification. A possible
manifestation of this situation is seen in the very
low logfE values determined for the P decays to
some of the higher-lying states. An interesting

possibility for the interpretation of these low logft
values is that the states involved may exhibit some
four-quasipartiele character involving h„, and ky, g2

single -particle orbits.

D. Levels of Ce'

The important features of this decay are shown
in Fig. 10. The first excited state is assumed to
have J' = 2' and would then be the one-phonon vi-
brational state. This level would be fed by a first-
forbidden P transition, which is consistent with
the observed logjf value of 9.0.

The state at 1219 keV is assigned J"=4' because
no crossover transition to the ground state is
found and the 578-keV stopover transition, even
though it is not one of the stronger transitions ob-
served, is in definite coincidence with the 641-
keV y ray and with other transitions feeding this
level. The level systematics for the neighboring
N= 84 nuclei are shown in Fig. 11, in which a 4'
level occurs in both Sm'~' and Nd'~' and appears to
follow a smooth contour with proton number. The
corresponding level in Ba' ' agrees well with the
indicated trend. The choice of the 4' assignment
is consistent with that expected from the vibrator
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FIG. 5. Energy leve1 scheme for La

model; the 4' member of the two-phonon triplet
is at approximately twice the energy of the one-
phonon singlet state.

A 2' assignment is given to the 1536-keg level.
The logft value of 8.8 for the 8/p P branching to
this level indicates a first-forbidden transition
from the 2 parent. The absence of a transition
to the ground state supports the 2' choice in that
the 2, —Oo two-phonon transition is not allowed.
This level is likely, then, to be the second mem-
ber of the two-phonon triplet.

The level at 1653 keV is given an assignment of
3, partly on the basis of the decay of this level to
only the 2' and 4' levels, presumably by E1 tran-
sitions. This state is probably an octupole vibra-
tion state due to the very small (if not zero) P feed-
ing; the log ff of 9.1 rules out an allowed transition.
A P transition from the 2 parent state to the 3
excited state of the daughter is undoubtedly hin-
dered if the two states involved have quite differ-
ent character; the parent state is presumably a
two-particle state (formed by a f», neutron and a

g», proton), while the daughter state is collective
in nature. Additional plausibility to the 3 assign-
ment is given by the trend seen in Fig. 11 for the
3 levels in neighboring even-even nuclei with K
= 84. Finally, assuming that this state does de-
excite by E1 transitions, the reduced transition
probabilities to the 2' and 4' states have a ratio of

B(E1' 2 —2')
~( 1' 8 4, )

=0.82+0.45,

which agrees well with the value of 0.82+0.50 for
the similar case in Sm

The 2004-keV level is assigned a spin-parity of
2' because of y transitions to only the 0' and 2'
states, along with the P branching logft of 8.6 indi-
cating a first-forbidden transition to this state.
This level is not likely to be the 2' state of the
three-phonon multiplet, since the existence of a
transition to the ground state violates the selec-
tion rule of forbidden three-phonon transitions.
The remaining choices are: (1) a two-cluasiparti-
cle state, (2) a single-particle state arising from
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FIG, V. High-energy leveI saheme for Ce~42.
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La142

(keV)
EB

(MeV)
P branching

{Vo) Logft

0
77.6

147.0
154.6
255,1
300.2
309.0
334.8
361.5
868.8
425.0
482.8
590.7
604.2
792.2
818.2
867.0

1078.5
1204.1
1283.4
1457.5

1.73
1.63
l.58
1.57

1.52
1.46
1.45
1.29

1.09
1.06
1.01
0.80
0.68
0.60
0.42

pb

6
~0

0.1
1,8
0.2
0.8
0

A+0

1.4
5.1
8.5
0.4
0
0.8
0.8
0.5

20
45

0,1
14

6.6

8.8
6.9
7.8
7.2

6.9
6.3
6.4
7.2

6.6
7.0
6.7
4 7
4.1
6.6
8.9

TABLE VII. Calculated logft values for the decay
of ga142 La142

57 85

Qp =450

2% 5.8
1%7.0
1%7P
1%7.0
% 7.1

4% 66
2 % 6.9
1% 74
2% 71
2% 72

7%
3%

19%
20%
2%
6%
2%

I % 9.l

87

5% 90

8.3
7.5
7.9
7.2
7.3
s.s~
s.o~

4 043
3.719
3.717
3.675

~~ 3.613
3.633
3.612~3.470—3:S

~2.742
2.696
2.667
2.543~2.398~ 2.364
2.187

2.004

1.653
1.536

1.219

'From Garvey et al. (see Ref. 28).
Assumed to be negligible (see text).

13% 89

—0.641

some configuration mixing of the proton g», and

d„, levels, and (3) some higher-order residual in-
teractions such as pairing-plus-quadrupole or ro-
tation-particle coupling.

A large P feeding (20%%up) is observed to the 2398-
keV level; the logft value (7.3) indicates that this
is possibly an allowed transition. Hence an assign-
ment of J' = 1 is tentatively made, which is sup-
ported by the observation of deexcitations only to
levels with J'=0' or 2'. Earlier investigations
have an assignment for this state of 2', but the 4'
level at 1219 keV, to which no transition is ob-
served from the 2398-keV level in this work, was
not previously seen, which leads to a logical
choice of 2' supported by a different interpreta-
tion of the comparative half-life for P feeding to
this level. '" Under the present assignment, this
state may result from a collective motion or from
a quasiparticle excitation in a deformed nucleus.
If this 1 state is a four-quasiparticle state and
the first 2' state and the 0' ground state are the
two-quasiparticle and vacuum -quasiparticle states,
respectively, the hindrance for y transitions would
be stronger for the 1 —0' transition than for the
1 —2 transition. This is compatible with the ex-
perimental observation for a number of nearby
rare-earth nuclides. In the Ce'" nucleus, the
ratio of reduced transition probabilities is

Ce 142
58 84

FIG. 8. p-decay branching percentages and logf t
values for La 4 decay.

B(E1; 1 —2")
B(E1; 1 —0+)

which agrees with other rare-earth nuclei. In the
rotational model, if K=O the ratio is 2; if K= 1
the ratio is —,." It is also not likely that this level
is a two-quasiparticle state, because the proton
or neutron orbits in the same major shell cannot
couple to each other to produce the 1 state unless
an energetically unlikely excitation to an orbit in
the next major shell occurs. However, if the core
is deformed, the orbits will be split in a spheroid-
al potential and the state can be explained as a two-
quasiparticle state with a deformed shape. It is
the existence of this state that indicates the "spher-
ical" nucleus may be deformed for a high excita-
tion energy because of the breaking of the pairing
force which tends to stabilize the spherical shape
of the nucleus.

The next level at 2543 keV is assigned as J' = 2'.
This choice is based on the presence of transitions
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TABLE VIII. y-ray transitions in Ce

Energy
(keV)

Relative
intensity ~

Energy
(kev)

Relative
intensity ~

Energy
(kev)

Relative
intensity ~

Energy
g.eV)

Relative
intensity ~

106.1 + 0.4
119.4 + 0.6
142.2 + 0.6
169.5 +0.7
174.1 + 0.4
297.9 ~0.3
332.0 + 0.8
353.6 + 0.6
355.3 + 0.8
367.3 +0.2
393.7 + 0.3
408.4 + 0.4
420.8 + 0.1
427.9 +0.5
433.34+ 0.07 b

514.7 +0.3
532.0 + 0.2
538.3 +0.5
545.8 +0.7
571.6 +0.5
578.09+ 0.04
597.6 ~0.5
601.8 +0.5
619,5 +0.10
641.17+ 0.03
793.1 + 0.4
861.57 + 0.07
878.2 +0.3
894.85 + 0.04
917.1 +0.5
946.5 +0.3
962.2 + 0.13
991.2 + 0.3

1006.7 + 0.2
1011.88 + 0.06
1021.3 + 0.7
1089.2 + 0.3
1043.68 + 0.07
1056.5 + 0.4

3+2
&1+I
&I + 1
&1+ 1
2+I
I+I
I+I

&I+ 1
&I+ I
2+1
2&I
I+I
5+2
1+1
8+3
3+2
3+2
I+I

&I+ I
I+I

26 +4
I+ I
I+I
3+1

1000+ 87
I+I

38+ 6
4+2

179~20
I + I
2+1
8+8
2+I
5+2

SS+ 10
I+ I
2+1

58~7
I+I

1061.8
1070.3
1074.2
1088.9
1100.1
1104.8
1112.6
1116.7
1130.6
1144.5
1160.16
1174.8
1190.9
1205.1
1231.5
1283.11
1242.8
1264.7
1270.1
1280
1283.2
1288.0
1323.2
1332.3
1341.2
1354.6
1362.95
1373.6
1889.3
1395.3
1402.2
1445.5
1455.1
1493.7
1500.3
1516.3
1535.5
1540.2
1545.8

+ 0.2
+0,8
+0.3
+ 0.15
+0.5
+ 0.5
+ 0.3
+P.S
+ 0.15
+ 0.2
+ 0.06
+ P.S
+ 0.15
+ 0.5
+ 0.5
+ 0.08
+ P.S
+ 0.3
+ 0.4
+I
+ 0.5
+ 0.3
+ 0.2
+ 0.4
+0,6
+ 0.5
+ 0.05
+ 0.7

0 Ic
+ 0.2
+ 0.2
+ P.S
+P,S
+ 0.2
+ 0.5
+ 0.2
+ 0.3
+ 0.15
+0,1

3+2
8+2
2+I
5+2
I+I
I+I
2+1
2+I

10+3
3&2

37~5
3+2
8+3
I+I
6+2

39~6
4+2
2+ I
2+I
I+I
I+I
2+ I
7+2
2+1
I+I
2+1

45+6
4+2
9+3
4+2
3+2
3+2
2+1
3+2
2+1
9+3
5+2

10+3
63+9

1618.2 + 0.2
1651.4 + 0.3
1688.1 + 0.3
1722.9 + 0.15
1752.4 + 0,7
1756,42+ 0.07
1768.0 + 0.5
1771.0 +0.5
1778.4 + 0.7
1793.8 + 0.8
1806,3 + 0.5
1817.1 + 0.6
1885.4 + 0.7
1901.32 + 0.08
1923.0 + 0.8
1938.5 + 0.5
1948.2 + 0,4 d

1954 + I
1960.6 + 0.5
2004,2 +0.15
2025.5 + 0,14
2038.7 + 0.2
2050.4 + 0.2
2055.17+0.07
2076.9 + 0.2
2086.1 + 0.2
2100.4 +0.2
2126.2 + 0.3
2139.3 + 0.2
2180.3 + 0.2
2187.2 + 0.1
2290.5 '+ 0.6
2358.4 + 0.2
2364.4 + 0.3
2397.72 + 0.10
2419.5 +0.4
2459.4 + 0 4
2513.2 + 0.6
2532.3 ~0.7

6~2
4+2
5+2

82+5
2+ I

63+9
4+2
4+2
I+I
2+ I
8+2
2+1

11+3
166+ 11

5+2
3+2

10+3
I+I
3+2

20 +4
26 +4
21+4
10+3
56+6
14+3
8+3

20+4
7+3

11+3
11+3

111+14
7+ 3

16+8
9+3

313+ 33
4+2
8+3
3+2
2+I

2539.4
2542.65
2668,5
2666.8
2672.6
2779
2782.3
2800.8
2818.10
2828.6
2970.0
2972.0
2991.7
2999.9
3007.1
3012.9
3022.3
3034.3
3046.9
3075.9
3155.0
8181.0
3236.7
3242.4
3273.2
3314.7
3334.2
3401.9
3420.4
3459.3
8470.0
3612.1
3632.7
3719.1
3746.3
3850.4
3975.6
4045.2

+ 0.5
+ 0.09
+ 0.3
+ 0.15
~ 0.4
+I
+ 0.4
+ 0.4
+ 0.10
+0.2 d

+ 0.7
+ 0.2
+ 0.5
+ 0.2
+ 0.5
+ 0.2
+ 0.7
+ 0.2
+ 0.2
+ 0.3
+ 0.3
+ 0.3
+ 0.2
+ 0.3
+ 0.7
+ 0.2
+0.7
+ 0.3
+ 0.4
+ 0.2
+0.5
+ 0.2
+ 0.2
+ 0.2
+ 0.8
+ 0.3
+ 0.2
+ P.S

15+ 8
214+ 27
15+3
36+5
4+2
I+1
6+2

12+3
16+4
5+2

15+3
68+6
2+1

10+3
4+2

14+ 3
2+I

11+3
8~3
3+2
4+2
6+2
6+2
4+2
3+2

26 ~4
I+ I
6+2
I+ I
7+3
I+ I

17+4
22+4
6+2
I+I
5+2
I+I
I+ I

~Measured relative to the 641.2-keV transition.

A similar energy transition occurs in La

A single-escape peak is also found at this energy.
dA double-escape peak is also found at this energy.

to the 0', 2', and 4' states. The logff of 7.2 for
the P branch feeding this state may suggest a first-
forbidden transition, which is consistent with the
level assignment.

The final level to be interpreted is at 3459 keV.
This level has a possible J' of either 2' or 1 pri-
marily because of observed transitions to the 0',
2', and 3 states. The comparative half-life value
of 7.1 might indicate an allowed transition, but
such a choice is not clear because of the relatively
small branching ratio observed (2%) and associated
errors from y intensity balances. The lack of ob-

servational data on the transitions from the high-
spin members of the different E bands handicaps
the interpretation of the nuclide with regard to the
collective-model limits. Application of the vari-
able-moment-of-inertia model" cannot be done
for this case, since the present model requires
E(4')/E(2+) ~ 2.23.

The above discussion about the nature of Ce'"
has been carried out with the implicit assumption
that all of the important y-ray transitions have
multipolarity of E1 or E2. In reality, this is not
the case, as appreciable admixtures of M1 multi-
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FlG. 9. The lower-energy levels of the Z = 56 and N =86 nuclides Ge~44 has not been investigated.
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FIG. 10. The significant energy levels and P branching
for Ce~42, showing the spin assignments based on the
present work.

FIG. 11. The lower-energy levels of the N =84
nuclides.
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TABLE IX. y-ray coincidences in Ce

Gating transition
(kev)

Coincidence transitions
(kev)

438.3
578.1
641.2

861.6
894.9

1011.4
1043.7
1130.6
1160.2
1233.1
1363.0
1545.8
1722.9
1756.4
1901.3
1933.5
2187.2

578.1, 641.2
433,3, 641.2, 962.2, 1043.7, 1493.7
433.3, 514.7, 578.1, 861.6, 894.9, 1011.4, 1043,7,
1130.6, 1160.2, 1233.1, 1363.0, 1545.8, 1722.9,
1756.4, 1901.3, 1933.5, 2025.5, 2038.7 (?), 2055.2
641.2, 894.9
641.2, 861.6, 1160.2, 2076.9, 2139.3
641.2, 1043.7
433.3, 578.1, 641.2, 1011.4
641.2, 894.9
641.2, 894.9
641.2, 1545.8, 2187.2
641.2
641,2, 1238.1
641.2
641.2
641.2
641.2, 894.9 (?)
1233.1

Ce~4~ level
0 ev) (Mev)

P branching
po) Logft

TABLE X. Calculated logft values for the decay
of La'4'

polarity are often seen together with E2 transi-
tions for deexcitations from the higher-phonon or
single -particle states.

VI. CONCLUSIONS

0
641.2

1219.3
1536.1
1652.6
2004.2
2181.4
2187.2
2364.4
2397.7
2542.7
2666.8
2696.3
2741.5
3420.4
3459.3
3470.0
3612.1
3613.0
3632.7
3675.4
8717.0
8719.1
3746.3
8850.4
3975.6
4043.0
4045.2

'Prom Ref. 28.
bprom Ref. 9,

4.50 '
3.86

2.96
2.85
2 50

2.81
2.14
2.10
1.96
1.83
1.80
1.76
1.08
1.04
1.03
0.89
O.S9
0.87
0.83
0.78
0.78

0.46

13b
5

~0
3
1
2

~0
6
2

20
19

3
7
1
2
2
1
2

4
1
1
1
1
0

~0
2
0

8.9
9.0

8.7
9.1
8.6

8.0
8.3
7.3
7.2
7.9
7.5
8.3
7.2
7.1
7.4
6.9
6.6
7.1
7.0
7.0
7.0

5.8

It is evident that more experimental information
is needed for all four nuclei to establish the na-
ture of the individual levels. In addition to possi-
ble refinement and extension of the measurements
reported here, studies of the P-decay modes, in-
ternal-conversion processes, and directional cor-
relations are needed.

A precise explanation of the character of these
nuclei is not possible at present. These initial
studies reveal that the Ce'" nucleus is primarily
vibrational in character with little evidence of ro-
tational properties. However, the very crude re-
sults for the even-even Ba'" nucleus suggest quite
a different character. It would not be unrealistic
to ascribe this behavior to the onset of a different
interaction becoming important as the N=88 to 90
gap is approached. It is also conceivable to sug-
gest that some shape isomerism appears at high-
er -energy levels in these transitional nuclei.
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