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The P decay of the neutron-rich nuclides, 40-s '39Xet 1.7-s ' 'Xe, and 0.4-s ' Xe to levels of odd-Z
Cs, ' 'Cs, and ' Cs, respectively, has been studied using sources isolated from fission products by

on-line mass separation. The data collected include gamma-ray and conversion electron singles

spectra as well as gamma-ray coincidence and angular correlation spectra. New levels have been
identified in ' Cs including a doublet at 393 keV, and new spin and parity assignments are pro-
posed. New data are presented for ' 'Cs levels in support of an earlier proposed level scheme by
Talbert and Cook. Evidence for a 0.4-s half-life for ' 'Xe has been found, and a level at 90 keV is

proposed for ' 'Cs. The resulting level structures for the neutron-rich Cs nuclides are compared
with level structures of other odd-Z neutron-rich nuclides and neutron deficient Cs nuclides. The
transition from the structure observed near the closed N =82 neutron shell to deformed structures
described by Nilsson model orbitals is discussed.

I. INTRODUCTION

Recent studies of neutron-rich nuclides with masses
near A =145 have revealed structures that have not been
readily described by theoretical calculations presently
available. Leander et al. suggested that ' Ba lies at the
center of a small region of nuclides where reflection
asymmetric structures play an important role in the
determination of properties of the low-lying levels. This
conjecture has been strongly supported by the recent
identification by Phillips et al. of interleaved odd- and
even-parity bands above J =7 in the even-even Ba nu-
clides with sizeable E1 transitions between them. The
most extensive data are in ' Ba with less well-defined
bands present in ' Ba and ' Ba. Similar bands have
been found in ' Ce and evidence for such bands at
higher energy have been reported in ' Nd and ' ' Sm.
The structures of ' Ba, ' Ba, and ' Ce were investigat-
ed by Robertson et al. , ' but it was not possible to de-
scribe those structures theoretically and at the same time
account for the ground-state magnetic dipole moments
measured for ' Ba and ' Ba by Mueller et al. In con-
trast, the levels of ' Ba and '"'Ba with one and three
neutrons beyond the N =82 closed neutron shell, respec-
tively, have the expected f7/2 and (f'7/2 )3/3 ground states
and magnetic dipole and electric quadrupole moments
that are well accounted for by the cluster-vibration mod-
18,9

Ground-state spins and magnetic moments have also
been measured for the neutron-rich odd-mass Cs nu-
clides. Ekstrom et al. ' and Thibault et al. ,

" have
shown that the neutron-rich Cs isotopes '

Cs82,
'

Cs84,
and ' 'Cs86 have the expected shell model ground-state
spin and parity of —', + with dipole moments of 2.84(1),
2.70(1), and 2.41(1)p~, respectively, and quadrupole mo-
ments of 0.03(4), —0.06(3), and —0.45(7) eb, respectively.
On the other hand, '

Cs88 and '
Cs90 have ground-state

spin and parity of —', +, dipole moments of 0.870(4) and

0.784(4) p,z, respectively, and quadrupole moments of
0.47(3) and 0.62(6) eb, respectively. These changes of
spin and moment indicate the possibility of a significant
change in structure between N =86 and 88, rather than
between N =88 and 90 as is found near Z =64. To fur-
ther investigate these changes, we have carried out a sys-
tematic investigation of the structures of the odd-Z Cs
and La nuclides with N & 82 aimed at obtaining addition-
al details of the level structures of these nuclides. ' In
this paper we report the results of studies of the decay of
40-s ' Xe to levels of ' Cs and the decay of 1.7-s ' 'Xe
to levels of ' 'Cs, as well as a study of the decay of very
short-lived activities in the A =143 chain. The results
for the level structures of ' La and ' 'La have been pub-
lished, ' and the results for a study of the decay of ' Ba
to levels of ' La will appear in a subsequent publica-
tion. '

The study of the decay of ' Xe to levels of ' Cs using
sources prepared by on-line mass separation methods was
reported by Holm et a/. ,

' who employed both beta- and
gamma-ray detection to deduce a level scheme of 15 gam-
ma rays and seven levels. A later study by Alvager
et al. ' reported a scheme of 11 gamma rays among five
excited states. Cook and Talbert' placed 48 transitions
among 15 excited levels, and the most recent and com-
plete published scheme was reported by Lee and Talbert'
from work at the same laboratory. Internal conversion
measurements for some low-energy transitions have been
reported by Achterberg et al. ' Although considerable
agreement exists for the level scheme, few spins and pari-
ties have been determined.

Early studies of the decay of ' 'Xe to levels of ' 'Cs
were reported by Alvager et al. ,

' and Tamai et al. , in
which intense transitions of the entire mass chain were
observed. A detailed level scheme to an energy of 4.8
MeV has been reported by Otero et al. ,

' with
conversion-electron measurements for some transitions
below 600 keV. The most recent level scheme for ' 'Cs
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was reported by Talbert and Cook in which levels are
given to an energy of 1600 keV. The lifetimes of some ex-
cited levels were investigated by Norman et al. , and a
' 'Xe half-life of 1.73+0.01 s was reported by Talbert
et al. Profound differences exist between the level
scheme proposed by Talbert and Cook and the level
scheme proposed by Otero et al.

Owing to the low fission yield, few data are available
for the decay of ' Xe to levels of ' Cs. Half lives of 0.96
s (Ref. 25) and 0.3 s (Ref. 26) have been reported but no
information on subsequent gamma radiation was includ-
ed.

II. EXPERIMENTAL PROCEDURES

These studies were performed at the TRISTAN facility
at the 60 MW High Flux Beam Reactor at Brookhaven
National Laboratory. The facilities available and the
four-detector gamma-gamma angular correlation system
have been discussed extensively in earlier publica-
tions. ' Two types of ion sources were used to produce
xenon isotopes in these experiments, a FEBIAD ion
source operating at a temperature of 1600'C, and a
high temperature plasma ion source operating at a tem-
perature of 2500'C. Both sources had targets of enriched

U as uranium dioxide in a graphite matrix, and were
exposed to a thermal neutron flux of 2X 10' n cm s

Beams of mass separated Xe ions were implanted in an
aluminized mylar tape which passed through the center
of an array of gamma-ray detectors. The array could be
positioned around the point of deposit (parent port) or in
a second position 60 cm away (daughter port). The tape
could be moved periodically to avoid buildup of daughter
nuclides or transport a source to the daughter port. The
detectors were large volume (&75 cm3) Ge detectors
with full-width-at-half-maximum values of less than 2.0
keV for the 1.33-MeV gamma ray of Co, with gains set
to cover an energy range up to 2 MeV.

For the studies of the decay of 40-s ' Xe to levels of
Cs ( t, z2

—9.4 min), data were collected at the parent
port. Activity was allowed to accumulate on the tape for
5 min and then the tape was moved and a fresh source
collected. Angular correlation data were collected in the
study of the decay of ' Xe for some of the more intense
gamma-ray cascades along with extensive gamma-gamma
coincidence data. Two different detector configurations
were used for angular correlation measurements: one
with the detectors at 0', 35', 55, and 90', and the other
with the detectors at 15', 30, 45', 60, 75', and 90'.

For the studies of the decay of 1.7-s ' 'Xe to levels of
'"'Cs (t, zz

——25 s), data were collected at both ports.
Sources were deposited on the tape for 4 s and then the
tape was moved to transport the activity to the daughter
port. Coincidence spectra were collected at the parent
port and time-correlated singles spectra were collected at
the daughter port. Sixteen sequential 8192-channel spec-
tra were collected for 0.25 s increments. They were used
to identify gamma-rays following the decay of ' 'Xe be-
cause of the presence of large quantities of cesium in the
separated beam. From these spectra, the transitions of
the decay of 1.7-s ' 'Xe were distinguished from those of
25-s ' 'Cs daughter and the 18-min ' 'Ba granddaughter.

III. EXPERIMENTAL RESULTS FOR ' Xe DECAY

The proposed level scheme for the decay of ' Xe to
levels of ' Cs is given in Fig. 1. In Table I the energies
of the gamma rays observed in this work are listed along
with their relative intensities and placement in the level
scheme. Results of the angular correlation measurements
are listed in Table II. Angular correlation data were fit to
the function

W ( 8 )= A p [ 1 + A 22P2 (cos8 ) + A 44P4 ( cos8 ) ]

The best 322 and 344 values are given with an uncertain-
ty of one sigma. The data were also fit with the 344 term
set equal to zero.

The ground-state beta feeding of (15+6)% was deter-
mined by Robertson, who used a negative surface ioniza-
tion source that produced only iodine in A =139 mass
chain. By collecting activity until the mass chain had
reached saturation, the intensitjes of the strongest transi-
tions from each isobar could be determined relative to the
absolute intensity of the 166-keV gamma ray of ' La,
which has recently been measured by Gehrke. ' From
these absolute intensities, the ground-state beta branches
could then be computed.

The level scheme shown in Fig. 1 is similar in most
respects to that proposed by Lee and Talbert. ' The gam-
ma rays observed in the principal coincidence gates are
listed in Table III. The most important new feature of
this level scheme is the identification of a very close lying
doublet at 393 keV. This doublet was established by the
observation of differences in the 175- and 393-keV gated
spectra. A portion of the gamma-ray singles spectrum
between 160 and 400 keV is shown in Fig. 2 where no
broadening of the 175-keV peak is observed. Inspection
of gated spectra of the gamma rays feeding the 393-keV
level showed differing ratios of 175- to 393-keV gamma-
ray intensities. For example, the 612- and 627-keV gam-
ma rays were both shown to be in coincidence with the
gamma rays depopulating the 393-keV level. In the gates
on these two gamma rays, which are shown in Fig. 3,
very different 175/393 intensity ratios are observed.
Through quantitative analysis of all of the gates involving
the 393-keV level, it was concluded that there is a second
level that lies slightly above the originally deduced 393-
keV level. This new upper level is only weakly beta-fed
and depopulates only to the 218-keV level by a 175-keV
gamma ray. The lower level is depopulated by 103- and
393-keV transitions, and the lower-energy member of the
doublet 175-keV gamma-ray peak. The 175/393 intensity
ratios were used to determine the relative feedings of the
two levels. Many of the gamma rays previously thought
to populate the lower 393.5-keV level were found to pop-
ulate both levels, but only one was found that populates
only the higher-lying 393.6-keV level. No attempt has
been made to resolve any of these doublets, however.

Two levels proposed by Lee and Talbert' are not in-
cluded in this scheme. We could not confirm the ex-
istence of a level at 1186 keV owing to the new placement
of the 896-keV gamma ray. The 1816-keV level, which
was previously reported to decay only by a ground-state
transition, was not included in the current scheme be-
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FIG. 1. (a} Level scheme of ""Cs 0-1000 keV. The value in the logft column for the ground state is the logf, t. Transitions on

which gates have been set are indicated by half circles at the top of the transition. (b) Level scheme of » Cs ]000-&5OO keV. The

value in the logft column for the ground state is the logf, t Transit. ions on which gates have been set are indicated by ha]f circles at

the top of the transition. (c) Level scheme of '"Cs 1500-1850keV. The value in the logft column for the ground state is the logf, t

Transitions on which gates have been set are indicated by half circles at the top of the transition.

cause the transition was found to be in strong coincidence
with the 218-keV gamma ray.

The spin and parity assignments for the levels observed
in ' Cs depend upon the spin and parity of the ground
state of the parent nuclide ' Xe. In a recent study of
the decay of ' I to levels of ' Xe, a —', spin and parity
assignment for the ground state of ' Xe was proposed.
Such an assignment is consistent with the —', assignments

for the levels of isotonic N =85 ' 'Ba and ' Ce. Argu-
ments in favor of the alternate —,'assignment rested on

the possibility of significant beta branching to the —', +

ground state of ' Cs. The new logf, t value of 8.91 com-
puted from the new 15% ground-state beta branch deter-
mined by Robertson, no longer restricts the spin of ' Xe
to —,', —,', or —,

' values, but also a11ows —,
' and —", . Further

discussion of spins and parities is based upon the assump-
tion of a —,

' spin and parity for ' Xe.
The observed beta decay to the 218-keV first excited

level and its subsequent gamma decay by a transition that
can have Ml, Ml/E2, or E2 multipolarity restricts the
spin and parity of this level to —,

'+ or —,'+. The large A2~

values for three cascades through this level eliminate the
—,
'+ possibility as the Ezz coefficient for a —,

'-
—,
' transition is

only —0.14. None of the maximum A2 coeScients for a
—,
'-—', (0.9), —', -—,'(0.6), or —,'-—,'(0.8) transition is large enough to
produce the measured value of A22

——0.36 for the '788-

218-keV cascade when multiplied by 0.14.
Neither the negligible direct beta population to the

289-keV level nor the small angular correlations for the
two cascades through the 289-keV level place any restric-
tions on its possible spin and parity assignments. The
only restrictions arise from gamma branches to the —',
ground state and the —,

' first excited level, which limit the

spin and parity to —,'+, —,'+, —,'+, and —', +. This level is

quite similar to the second excited levels of isotonic ' 'La
and ' Pr as neither of those levels is found to receive
significant beta population from —,

' N =85 parents. '

Because both of those levels have been assigned spin and
parity of —', +, a similar assignment is favored here. Three
additional factors favor the —', + assignment: the fact that
nearly every higher-lying level that feeds the —,

'+ first ex-

cited level also feeds this level, the similarity of the angu-
lar correlation coefficients (very small) to those observed
for the second excited level in 'La, and the relatively
equal reduced transition rates to the ground and first ex-
cited levels. If this 1evel were either —', + or —', +, the pure
F2 transition would likely show considerable hindrance
relative to the M1+E2 mixed transition.

The lower component of the 393-keV doublet and the
level at 515 keV are both restricted to —,

'+ or —,
'+ spin and

parity by their strong direct population in beta decay and
their gamma branches to the —,

'+ ground state. Tentative
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FIG. 1. (Continued).

assignments of —,
'+ were made for both of these levels on

the basis of the similarities in their decay patterns with

comparable levels in ' 'La that are shown in Fig. 4. '
The weak ground-state branching from the 515-keV level
and the large positive angular correlation value are much
more likely for —,'+ than —,

'+. To obtain a value of 0.36 for
the angular correlation coe5cient A22a —,

'+-
—,
'+-—,'+ cas-

cade would require significant E2 mixing in both the
296-keV transition as well as the 218-keV —,

'+ to —', +

ground-state transition. The upper component of the
393-keV doublet is given a tentative —,

+ assignment as it
is the only level below 1 MeV that does not feed the —,'+
ground state.

IV. EXPERIMENTAL RESULTS
FOg THE DECAY OF '4'Xe

A. The level scheme for ' 'Cg

The low-energy levels of ' 'Cs as reported by Otero
et al. ' and by Talbert and Cook are shown in Fig. 5.

Major differences are seen to exist between the two level
schemes including nine levels proposed by Talbert and
Cook, but not by Otero et al. , and six levels proposed by
Otero et al , but not by .Talbert and Cook. As both of
their experiments used ion sources that produced only
gaseous fission products, they ionized and separated only
' 'Xe and observed only the decay of ' 'Xe and the
daughter ' 'Cs that grew from ' 'Xe decay on the tape.
The ion source used for our experiments produced a wide
range of fission products and is much more e%cient for
ionization of Cs than Xe. Consequently our spectra con-
tained much more of the daughter ' 'Cs than did either
of theirs. The presence of sizeable activity from these
daughter nuclides placed important limits on our ability
to set clean coincidence gates and to determine the ener-
gies and intensities of weak gamma rays in both singles
and coincidence spectra. Our goal was to collect ade-
quate data to discriminate between these two-level
schemes, not to duplicate all of the details of their rnea-
suremepts. The level scheme that we propose for the de-
cay of ' 'Xe to levels of ' 'Cs is shown in Fig. 6. It is
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quite similar to that proposed by Talbert and Cook, ex-
cept for energy values where new results from our experi-
ments and from Horner et al. are used. Gamma-ray en-
ergies, intensities, and placernents are listed in Table IV.
The table incorporates our new results with those of Tal-
bert and Cook. The contents of a number of coincidence
gates that support the level placements are listed in Table
V.

The energy calibrations were established using the
values given by Horner et al. and by the more intense
lines in the daughter ' 'Cs decay reported by Yamarnoto
et al. The one exception is the energy of the 69-keV
transition. Horner et al. list a value of 68.693(6) keV for
that transition as well as values of 81.286(2), 105.937(5),
and 118.705(4) keV for other low-energy transitions. All

four of these transitions are a part of the deexcitation of
the level at 187 keV. The sum of the values from the
81—105 cascade is 187.763 keV, and the sum of the values
listed by Borner et al. for the other cascade is 187.398
keV. The 0.365 keV difference is far beyond the experi-
mental uncertainties listed and indicates that one of the
values is incorrectly assigned. By sequentially doing cali-
brations omitting one of the four values, it was possible to
determine that the 69-keV transition was the one misas-
signed and that its best value from our work and from
their di6'erences is 69.05 keV. The results of our analysis
of the gamma-ray singles and the gamma-gamma coin-
cidence spectra are shown schematically in Fig. 7. They
give clear support for seven of the nine levels proposed by
Talbert and Cook and weak support for the other two,
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TABLE I. Gamma-ray energies, intensities, and placements for "Xe decay.

E (keV)'

70.9
103.6
121.2
121.2
174.9
174.9
181.3
218.6
225.4
289.7
296.5
305.0
326.9
338.8
356.7
388.6
393.5
427.7
440.9
442.6
446.8
454.5
467. 1

482.6
491.5
491.5
498.5
505.2
514.1

515.6
518.8
523.9
549.0
549.0
565.7
569.5
579.4
585.6
590.0
595.6
602.1

612.9
612.9
623.9
627.0
634.2
646.5
652.7
672.4
675.9
700.0
710.5
717.3
723.9
730.8
732.5
745.2
745.2
761.2

b
Ire)

3.6(1)
6.3(10)
1.1(1)
8.4(3)

202(13)
154(14)

2.5(1)
1000

53.9(5)
164(7)
388(8)

0.7(1)
1.6(1)

11.1(2)
9.4(1)
1.1(1)

129(9)
1.3(1)
1.7(1)
3.2(1)
1.8(1)
4.6(1)
1.3(1)
0.4(1)

26(3)
6(1)
0.8(1)
6.4(1)

11.5(1.7)
6.6(2)
0.9(1)
0.8(1)

12.3(3)
1.1( 1 )

2.0( 1 )

3.8(2)
1.0(1)
0.8(1)
1.5(1)
6.5(1)

32.1(5)
22(2)
81(8)

1.7( 1 )

20.3(4)
0.6(1)

11.1{2)
4.8{1)
2.6(1)
2.9(1)
1.5(1)
3.5(1)
2.9(1)

32.2(4)
2.7(1)

34.1(4)
1.0(1)
8.4(9)
3.5(1)

From
level

290
394
515
515
394
394
892
219
515
290
515

1037
1037
733
646

1395
394
943

1461
733

2186
1461

1007
710

1020
733
515

1461

943
943

2305
1461
1718
2186
2329
2104

892
1007
1007
1139
1021
2373

646
943
892

2329
1215
710

1007
943

1021
733

1139
1139
1653

To
level

219
290
394
394
219
219
710

0
290

0
219
733
710
394
290

1007
0

515
1021
290

1739
1007

515
219

515
219

0
943

394
394

1739
892

1139
1600
1739
1508
290
394
394
515
394

1739
0

290
219

1653
515

0
290
219
290

0
394
394
892

E (keV)'

772.0
774.6
774.9
785.9
788.1

801.8
818.6
821.4
832.5
847.6
868.7
879.5
889.1

892.0
896.8
908.9
925.1

927.6
937.3
943.1

946.8
957.5
960.2
967.9
970.3
980.8
986.2
996.6

1001.9
1005.7
1017.5
1022.5
1036.3
1046.6
1068.0
1068.0
1100.3
1105.6
1114.8
1115.0
1115.0
1129.2
1137.4
1149.8
1171.3
1176.3
1178.7
1178.7
1190.7
1199.9
1206.3
1206.3
1219.1
1229.2
1233.8
1242.9
1259.1
1267.0
1273.4

b
Ire)

1.0(1)
2.0{1)
1.5(1)
0.4(1)

63(1)
10.6(2)
4.9(1)
1.4(1)
1.3(1)
4.6(1)
1.0(1)
2.8(2)
1.2(1)
3.1(2)
1.3(1)
3.9(2)
2.9(2)
0.6(1)
1.2(1)
0.6(1)
0.5(1)
1.2(1)
1.0(2)
1.2(1)
1.5(1)
2.2(1)
5.4(2)
5.3(2)
1.1(1)
4.6(1)
1.6(2)
0.7(1)
2.2(2)
5.3(2)
2.6(2)
0.3(1)
1.1(1)
1.8{1)
2.4(2)
2.2(2)
0.9(4)
1.4(1)
5.6(3)
2.5(3)
2.6(1)
1.4(1)
6(1)
0.5(3)
2.1(1)
4.0( 1)
6.3(3)
3.4(2)
4.0(2)
1.4(1)
0.7(1)

11.6(2)
9.8(3)
1.2(1)
0.8( 1 )

From
level

2510
2186
1508
1793
1007
1021
1037

2433
2586

1395
1831
892

1412

2064
2621

943
1461

1693

2186

1718
1215
1395
1653
3745

2186
1461
1461

1395
1508
1508
2329

1653

1461
1395
1693
2186

1600
1600
1508
2968
2373
2186
1653

To
level

1739
1412
733

1007
219
219
219

1600
1739

515
943

0
515

1139
1693

0
515

733

1215

733
219
394
646

2728

1139
394
394

290
394
394

1215

515

290
219
515

1007

394
394
290

1739
1139
943
394
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TABLE I. (Continued. )

E (keV)'

1289.5
1291.3
1297.6
1298.8
1308.0
1316.7
1324.2
1344.8
1344.8
1351.8
1362.8
1366.9
1385.9
1404.5
1416.1
1429.1

1434.5
1437.4
1449.4
1452.9
1458.8
1481.5
1490.1
1503.6
1520.4
1539.4
1542.8
1579.0
1584.6
1608.1
1611.6
1613.8
1635.2
1641.1
1653.6
1665.4
1670.5

bI„
8.8(2)
3.1(5)
7.9(1)
0.9(1)
5.9(2)
2.7(2)
3.7(4)
1.8(1)

18(1)
1.7(1)
5.6(2)
3.0( 1 )

9.2(4)
2.3(1)
3.1( 1 )

3.3(1)
4.4(3)
2.7(2)
2.5( 1 )

8.7(2)
5.9(2)
1.2(2)
3.7(5)
3.6( 1 )

12.7(5)
1.1(1)
0.5(1)
3.5(6)
1.5(1)
1.7(1)
1.6(2)
4.7(3)
1.3(1)
2.8(2)
4.6(6)
0.8( 1 )

19.7(3)

From
level

1508
2329
2305
1693
2329
1831
1718
1739
1739

1653
2099
2329
1693
2063
2927
1653
1831
1739
2186

2621
2510
2510
1739

3209

2621

3745

2186

TQ

level

219
1037
1007
394

1021
515
394
394
394

290
733
943
290
646

1508
219
394
290
733

1139
1021
1007
219

1007

2104

515

E (keV)'

1681.5
1700.7
1711.4
1723.5
1765.0
1769.0
1773.8
1777.3
1791.2
1793.6
1804.1
1814.2
1818.5
1829.0
1829.0
1852.3
1853.3
1858.1
1862.7
1863.2
1896.2
1911.7
1935.0
1939.5
1966.9
1979.7
1993.9
2007.6
2015.3
2022.0
2024.7
2039.4
2063.5
2085.7
2099.7
2109.9
2116.5

b
Iree

4.9(2)
3.6(2)
6.0(7)
1.9(2)
0.9(1)
0.7(1)
5.4(1)
3.3(2)
7.7(2)
1.1(2)
2.0(2)
2.2(3)
2.7(3)
1.4(1)
0.6( 1 )

1.7(1)
3.4(2)
2.0( 1 )

1.3( 1 )

5.3(3)
10.7(2)
2.1(1)
2.0(3)
1.7(3)
2.2(1)
9.3(2)
1.5(2)
2.0(2)
3.1(1)
1.8( 1 )

1.0(2)
1.4(1)
7.0(2)

11.2(2)
2.8(2)
7.0(2)
5.7(2)

From
level

3375
2433

2063
2798
2798
1793

2329

2968

2373

2510
2186

2186
2373
2510

2305

2968
2329

2305

2329
2510

To
level

1693
733

290
1021
1007

0

515

1139

515

646
290

219
394
515

290

943
290

219

219
394

'The uncertainties in the energy values are equal to & 0. 1 keV.
The uncertainties in the intensities are listed in parentheses adjacent to the last digit of the number.

but no support for any of the six proposed by Otero et al.

B. Spin and parity assignments in ' 'Cs

The ground state of ' 'Cs is known to have a spin of —,
'

from hyperfine structure studies. ' '" Positive parity can
be readily inferred from the similarity of the dipole and

quadrupole moments with those of ' Cs and ' Cs where
positive parity is well established. In Fig. 8 the 60- to
130-keV region of a spectrum gated on the 909-keV gam-
ma ray is shown. The intensity of the 119-keV peak
represents the population intensity of the first excited 69-
keV leve1 in this gate uncorrected for detector efficiency.
Because the state can only deexcite through the 69-keV

TABLE II. Angular correlations of "Cs, with and without A44 coe%cients.

Cascade

296-218
225-289
103-289
513-218
723-218
788-218

A 22

0.24
0.02

—0.08
—0.03

0.18
0.36

Error

0.04
0.04
0.04
0.04
0.04
0.04

—0.01
—0.08
—0.07
—0.07
—0.07
—0.08

Error

0.07
0.06
0.07
0.07
0.07
0.08

A2q

0.24
0.00

—0.09
—0.04

0.17
0.35

Error

0.04
0.04
0.04
0.04
0.04
0.04
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transition to the ground state, the actual number of 119-
and 69-keV events occurring in coincidence must be
equivalent. Therefore, the conversion coefficient of the
lower transition may be computed from the peak areas,
detector efficiencies, and the conversion rate of the 119-
keV gamma ray. Otero et al. ' determined from the az
of the 119-keV transition that its multipolarity is M1,E2.
Assuming that it is pure Ml (the least possible conversion
value), the peak areas indicate that a«, ) 7 for the 69-keV
transition. The coefficient would be even higher if there

is any E2 admixture present in the 119-keV transition or
if there is a 37-keV transition between the 106- and 69-
keV levels. The theoretical total conversion coefficient
for a 69-keV E2 transition in cesium is 7.55 and an M1
coefficient is 2.79. Therefore, the transition is at least
90% E2, and quite likely a pure E2 transition between
two levels separated in spin by 2 units of angular momen-
tum. Thus a spin and parity assignment of —,

'+ is tenta-
tively given to the 69-keV level.

Both Talbert and Cook and Otero et al. ' indicate

TABLE III. Selected gamma-gamma coincidence results from the decay of" Xe to levels of ' Cs.

Gated gamma
ray (keV) Gamma rays observed in coincidence (keV)

175

181
218

290

296

305
548
579
602

627

647
710
724
732

818
897
986

1324

121
627

1067
1299
1641
218

71
454
672
981

1137
1267
1345
1520
1711
1911

104
505
716

1006
1362
1773
2039

218
879

1316
2006

175
175
175
290

1046
1862

175
672

1458
1006

181
218
290

1852
218
175
175
613
175

218
745

1114
1324
1670
225
121
492
679
986

1176
1283
1367
1580
1765
1967
225
549
730

1036
1404
1804

427
846

1384

218
218
218
528

1120

218
719

1490
1036
326
518
305

524
218
218
700
218

339
847

1179
1345
1699
296
175
505
723
996

1179
1289
1386
1612
1769
1986
339
569
761

1067
1429
1864

454
946

1584

339
290
356
569

1129

290
1137
1777
1290
968
889
467

1291
296
290
723
290

454
986

1206
1367
1791
492
181
518
788

1018
1206
1300
1434
1641
1776
2086

357
601
889

1105
1448
1895

492
1137
1670

393
393
515
672

1199

393
1190
1903
1416

1243
775

393
339
732
627

498
1001
1229
1386
1896
569
225
549
801

1046
1219
1309
1453
1670
1790
2099

443
613
896

1149
1490
1967

505
1179
1711

514
492
624
761

1217

441
1283

1864

1385
961

515
393
788

549
1018
1243
1503
1911
710
296
613
818

1068
1243
1316
1458
1681
1814
2110
492
652
924

1171
1612
1994

624
1291
1859

732
518
745
909

1392

454
1309

986

773
443

613
1046
1259
1580
1979
761
339
627
847

1114
1259
1324
1503
1699
1854
2116
498
676
986

1219
1670
2015

700
1297
1896

889

1009
1855

532
1324

1453

514



38 DECAY OF "' " Xe TO LEVELS OF "' " Cs 913

8.0- IP I + E(keY) IP I ~ c(kev)

60-
«I

& 4.0-
o
Io

2.0-

~t

O

)
V

Gamma rag spectrum
Decng of ' Xe to levels of ' Cs
160 —300 keV

0.5
1.0
~0
0.5 ~

0.2

1508.1

1461.4
1412.2

~1395.1

1215.0

1 139.0

6.8

0.3

04m
1,6

1502.0

1426.7

~1 1 89.4
1172.4

0.0
800

I

900
I

1000 1100

0.2 ~
1.0
8.8 ~
1.4
1.6

~1037.3
1020.5~1006.7
942.7
891.6

3.9
~0
~0

13 0 5/2

1066.9
1039.9
992.2

929 7

5.0-
Lal
iK

$40-

3.0- )o v

o
lA IAo 2.0- g

1.0-

CHANNEL NUMBER

Gamma rag spectrum
Decay of ' Xe to levels of '3 Cs
300 —440 keV

CP

CO

0.4

~732.5
710.3

646.4
0.2

.- 25.0

- 0.7

3.7
289 6

2 1 8 6 - ~ -...... - -73

22.2 515.4-

..- 17.5

1.9 ~(1 /2+)~393. 6--
1 5.1 ~($/2) y~ 393.5-"

~831.9
826.6

685.6
648.2

58O.4

5 /2 467

304 4

5/2 190 4

0 0--.
I

1300
I

1400 1500
I

1600
CHANNEL NUMBER

FIG. 2. Gamma-ray singles spectrUm for "Xe decay to lev-
els of '"Cs from 160 to 400 keV.

1 5 O O ---------------------- 4 4 +
O O

139 141Cs La

FIG. 4. Comparison of the low-energy levels of the odd-Z
N =84 isotones "Cs and ' 'La.

3.5-

3.0-
K
CKx 2.5

2.O-

o
1,5-

I

1.0 .

05-

Co&nci dence spectrum
gated on 627-keV P rags
Decag of ' 'Xe to levels

I of 141Cs

1557 &= ~-)

1518
1412

1245

1197
1121
1097 K = (-)

980

946

1557@,= (-)

1559

1 197
1 'l21

1097 K = c-)

980
975

843
801

700 800 900
CHANNEL NUMBER

I

1500 1600

669
644

4.0 ~

30

2.0.
o

H)
Io 1.0

Co1nc1dence spectrum
gated on 612-keV P rags
Decng of ' 'Xe to levels
of '4'Cs

557

468

207
188

106
69

557
493
468

389
571

207
188
117
1O6&
69

J
0.0

700
I

1600800 900 ::1500
CHANNEL NUMBER

FIG. 3. Gamma-ray coincidence spectra gated on the 612-
and 627-keV gamma rays in "Xe decay.

0
Otero et al.

0
Talbert and Cook

'&'c
FIG. 5. Reported low-energy levels of ' 'Cs from the work of

Otero et al. (Ref. 21) and from Talbert and Cook (Ref. 22).



914 SCOTT H. FAI.I,ER et al.

the presence of strong beta population of two levels lying
at 1097 and 1554 keV and suggest that they have the
same parity as the ground state of '"'Xe. The determina-
tion of the parity of these levels is dependent upon the
multipolarity of the depopulating gamma rays, and the
parity of the parent ' 'Xe. Peker has indicated a posi-
tive parity for the ground state of ' 'Xe on the basis of
the 69% beta branch to the ground state of ' 'Cs whose
ground-state spin and parity are —', +. Such a large beta
branch leads to a logft value of 5.23 and would suggest
positive parity for ' 'Xe, contrary to all of the systemat-
ics of adjacent nuclides which indicate that the lower lev-
els of odd-N nuclides with N p 82 arise from filling the
negative parity shell model f7/2 p3/2 and h9/2 orbitals.

It was not possible in this experiment to make an accu-

rate direct determination of the ground-state to ground-
state beta branching because the ion source used pro-
duces large quantities of the daughter Cs nuclide. The
ground-to-ground beta branch Xe(g.s.) has been previous-
ly computed from the di8'erence between the total re-
quired feeding needed to account for the decay of the
daughter Cs based on the decay of a prominent Cs
daughter gamma ray or Ba or La granddaughter gamma
ray and all sources of Xe feeding. Four sources account
for the growth of daughter Cs gamtna rays, Cs (y). They
are population from the decay of known Xe gamma rays
and conversion electrons, Xe (y+ce), population from
the decay of unplaced Xe gamtna rays, Xe (unplaced),
population from direct ground-state beta decay of Xe,
Xe(g.s.), and growth from direct mass separation of

C5123-
141
a~Xea7

Q g ~ 6150 keV
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(a)

%N log ft
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FIG. 6. (a) Level scheme of ' 'Cs 0—801 keV. The logft values shown are upper limits and were computed using assumptions de-

scribed in the text. (b) Level scheme of ' 'Cs 810—1600 keV. The logft values shown are upper limits and were computed using as-

sumptions described in the text.
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daughter Cs nuclide, Cs(direct).

Ba=Cs(y )+Cs(g. s. )

=Cs(direct )+Xe(g.s. )+Xe( y+ ce) +Xe(unplaced)

or

Xe(g.s. )= Cs(y)+Cs(g. s. ) —Xe(y+ce)
—Xe(unplaced) —Cs(direct) .

It can be seen from this equation that the use of an er-
roneously large value for Cs(g.s.) leads directly to an er-
roneously large value for Xe(g.s.). And, that the use of
inadequate values for Xe(ce), Xe(unknown), or Cs(direct)

also leads to an erroneously large value of Xe(g.s.).
For that reason, the large beta branch proposed for

' 'Xe decay to ' 'Cs rests upon the previously reported
large beta branches from ' 'Cs to the ground state and
47-keV level in ' 'Ba. Otero et al. ' reported -75% of
the beta branching of ' 'Cs to populate those two levels
of ' 'Ba, and a resulting ground-state feeding in ' 'Xe de-
cay of 49%. Recent studies of the decay of ' 'Cs by
Yamamoto et a/. have resulted in a significantly lower
beta branching from -75% to 57% to the low-lying trip-
let in ' 'Ba. This lowering of Cs(g.s.) translates directly
into a reduction of the Xe(g.s.) value of 49% reported by
Otero et al. to a value of 31%. Moreover, the Xe(ce)
values were computed by Otero et al. on the assumption
of M1 multipolarity for the gamma rays feeding into the
ground state of ' 'Cs. For the 69-keV transition, this to-
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FIG. 6. (Continued).
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TABLE IV. Gamma-ray energies, intensities, and placements for ' 'Xe decay.

Energy'

37(1)
47.78(5)
69.05(3)
81.826(2)
89.10(6)
89.80(4)

100.721(2)
105.937(5)
118.705(4)
122.5(8)
137.63(4)
167.6(4)
187.69(4)
254.1(6)
255.24( 5 )

261.3(5)
280.26(7)
283.05(4)
286.0(1)
286.0(1)
304.9(3)
320.2(5)
320.2(5)
333.0(3)
335.4(7)
361.96( 5 )

369.5(1)
369.5(1)
387.00(6)
389.11(4)
398.9(2)
412.5(7)
422.4(2)
422.4(2)
423.89( 5)
435.6(3)
437.7(4)
451.5(4)
453.3(2)
456.8(3)
459.30(4)
462.10(4)
467.81(4)
473.1(4)
476.6(5)
480(1)
482.2(2)
492.85( 6)
507.6(4)
511.9(4)
538.4(1)
540.12(4)
551.7(1)
556.8(1)
576.4(2)
594.2(1)
599.7(3)
604.3(2)
613.06(4)
628.8(3)

Source

B
T

B
8
B
T

T
T
T
T

T
T
T
T
T
T

Intensity'

0.7(2)
20(1)
14(1)
0.8(1)
2.0(2)

11.3(8)
41(3)
67(5)
0.2(1)
3.4(2)
0.19(6)

11.8(8)
& 0.47

3.4(3)
0.15(7)
0.3(1)
2.2(2)

& 0.99
& 0.99

0.7(1)
& 0.25
& 0.25

0.5(1)
0.2(1)
4.8(4)

& 0.4
8.0(4)
2.5(2)
6.7(7)
1.4(1)
0.2(1)
1.7(5)
1.7(5)
8.6(7)
0.7(1)
0.4(1)
1.2(3)
2.3(4)
2.0(2)

23(2)
1.6(2)

12(1)
0.7(2)
0.5(2)
0.5(4)
0.9(2)
2.8(3)
0.5(2)
2.1(4)
5.3(4)

22(2)
2.0(2)

14(1)
1.6(2)
2.1(2)
0.7(2)
2.3(2)
5(1)
2.5(3)

Source

T
T
T
T
T
T
T
T
T
T
T

T
T
T
T

T
T
T
T

T
T
T
T

T
T
T
T

From

106
117
69

188
557
207
207
106
188
493
207
557
188

1097
644
468
468
389
493
843
493
389

1121
801
980
468
369
557
493
389
468
801
980

1557
493

1557
644
557

1097
644

1557
669
468
843

1121
669
975
493
975
980
644

1097
1196
557

1557
801
669

1097
801

1097

To

69
69
0

106
468
117
106

0
69

369
69

389
0

843
389
207
188
106
207
557
188
69

801
468
644
106

0
188
106

0
69

389
557

1134
69

1121
207
106
644
188

1097
207

0
369
644
188
493

0
468
468
106
557
644

0
980
207

69
493
188
468
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TABLE IV. ( Continued. )

Energy'

641.19(7)
644.2(2)
669.3(4)
708.6(7)
731.92( 8)
744.9(3)
755.32(6)
772.90( 5)
791.9(1)
801.0(3)
807.0(4)
842.7(2)
873.8(4)
909.23(5 )

913.4(5)
933(1)
946.1(6)
979.7(3)
988.9(5)
999.8(6)

1007.6( 1)
1015.0( 1)
1028.25(7)
1051.96(9)
1064.62(7)
1089.6(5)
1097.41(8)
1121.1( 1)
1132.0(6)
1134.8(4)
1150.6( 3)
1168(1)
1232.9( 1)
1270.4( 5)
1368.8( 1)
1556.66( 8)

Source

T
T
T

T
T
T
T

T
T
T

T
T
T
T
T

T
T
T

Intensity'

6(1)
2.5(2)
0.5(2)
0.4(2)
2.3{3)
0.8(2)
5.6(5)
9.4(6)
1.5(2)
0.8(2)
0.8(2)
1.5(2)
0.4( 1 )

100
2.4(9)
0.4(4)
0.5(1)
6.6(7)
0.8(2)
0.6(2)
1.9(3)
1.3(1)
5.1(4)
4.6(4)
3.3(3)
0.6(2)
3.6(6)
2.8(3)
0.5(2)
0.9(2)
0.9(2)
0.2( 1)
2.3(3)
0.3(1)
5.3(6)

12(1)

Source

T
T
T

T
T
T
T
T
T

T
T
T

T
T
T
T
T

From

1134
644
669

1097
801

1134
1557
980
980
801

1196
843
980

1097
1121
1121
1134
980

1196
1557
1196
1121
1134
1121
1557
1196
1097
1121
1339
1134
1339
1557
1339
1339
1557
1557

TQ

493
0
0

389
69

389
801
207
188

0
389

0
106
188
207
188
188

0
207
557
188
106
106
69

493
106

0
0

207
0

188
389
106
69

188
0

'The uncertainties in the energies are given in parentheses for the last digit in the value.
Values marked Tare from Talbert and Cook, those marked B are from Borner et al.

'The uncertainties in the intensities are given in parentheses for the last digit.

tal conversion coefficient was 2.79. Use of the new con-
version coefficient of 7.55 appropriate for an E2 transi-
tion increases the conversion electron contribution Xe(ce)
to the ground state by —10%. This increase again re-
sults in a reduction of the direct feeding required to
-20%. Even this value must be considered an upper
limit in view of the large number of high-energy gamma
rays reported by Talbert and Cook ' that are not placed
in the decay scheme. Thus, the lower limit for the logft
rises to a value 5.8 which would be at the lower limit of
values consistent with a first forbidden transition. This
lower limit for the logft value of 5.8 is only slightly
smaller than the logft of 6.1 observed in the first forbid-
den decay of —', + ' 'Cs to the —', level in ' 'Ba, and is
above the 5.7 value observed for first forbidden beta de-
cay in the decay of ' Ba to a 1 level in ' La.

To compute the logft values shown in Fig. 6, a number

of assumptions were required. In addition to using the
20% ground-state feeding deduced above, it was also as-
sumed that an additional 30% of the feeding populates
levels above 1600 keV. Included in the 30% is any de-
layed neutron branching. Of that 30%, 5% were as-
sumed to decay directly to the ground state and the other
25% to intermediate levels. Thus, it is important to
recognize that the beta decay percentages for the inter-
mediate levels are strictly upper limits and the actual beta
branching must be reduced by gamma feeding from
higher-lying levels whose study was not a part of this in-
vestigation. Consequently, all of the logft values are
strictly lower limits. For the 106-keV level, the gamma-
ray population exceeded its depopulation if the transition
is assumed to be pure M1. A minimum 20% E2 admix-
ture is required to balance the gamma-ray population ob-
served in this study.



918 SCOTT H. FALLER et al. 38

TABLE V. Selected gamma-gamma coincidence results from the decay of ' 'Xe to levels of ' 'Cs.

Gated gamma
ray (keV) Gamma rays observed in coincidence (keV)

90

101
106

119

286
362
369
387
389
424
462
468
483
538
594
613
732
755
773
909

1028
1051
1150

90
540

69
773
106
82

459
69

773
90
90
69

106
168
69
90
90

119
106
90
82
69

101
69
69

106
69
82

119
732
101

286
90

538
280
909
101
106
82

168
255
483
101
462
137
453
101
119
755
106
90
82

422

106

138
755
106

462
101
594
369

137
333
106

745
604
106
508
387
477
106
755

119
101
106

119

360
773
286

594
283
773
459

254
508
119

641
137
540
424

755

594
106
119

369
909
468

773
360
895
540

483
629
473

1064

629

613
137
188

424
1051
540

913
369
909
613

557

540

732
459
459

459

755

389
1028
755

577

The 1097-keV level of ' 'Cs decays by a number of
gamma rays, including an intense 909-keV transition and
a considerably weaker 540-keV transition which is a part
of a doublet. The 1097-keV level was assigned positive
parity by Peker on the basis of an M1,E2 multipolarity
of the 540-keV gamma ray, which was deduced from the
conversion coefficient of the 540-keV doublet. No elec-
tron peak was reported for the 909-keV gamma ray, even
though it is five times an intense as the 540-keV gamma
ray, and would have an a& about one third as large if it
were M1,E2. If it were an E1 transition it would have a
much smaller az, and the fact that the E line was not ob-
served may indicate that the 1097-keV level does not
have the same parity as the low-lying levels and ground
state.

Otero et al. ,
' were unable to completely resolve either

the 540-keV gamma ray or conversion electron peak and
deduced that it was a triplet. We can clearly resolve two
components in the gamma-ray singles spectrum, a 538-
keV transition with an intensity of 5.3, and the larger
540-keV transition with an intensity of 22. The total in-
tensity is in good agreement with the total intensity re-
ported both by Otero et al. , and by Talbert and Cook.
If the 540-keV transition is M1+E2, then its intensity
should be nearly twice that of the 468-keV peak in the
conversion electron spectrum as the intensity of the 538-
plus 540-keV transitions is twice the size of the intensity

of the 468-keV transition. However, in the conversion
electron spectrum shown by Otero et al. ,

' the peak ap-
pears to be somewhat smaller than the 468-keV conver-
sion electron peak. The somewhat smaller broad peak
shown in their Fig. 8 would be consistent with an
M1+E2 assignment for the 538-keV transition and E1
multipolarity for the 540-keV transition. In view of the
doublet character of the 540-keV peak, the large uncer-
tainty in the electron intensities, and the absence of what
should have been a readily observable electron line for
the 909-keV transition if it were of M l /E2 character, the
1097-keV level is shown tentatively as a negative parity
level as is the ground state of ' 'Xe. The strongly beta
fed level at 1557 keV populates the 1097-keV level by a
459-keV transition whose conversion coefficient indicates
an Ml/EZ multipolarity, and is also assigned negative
parity. As neither the 1097- or 1557-keV levels feed the
—,'+ level at 69 keV, their possible spin and parity assign-
ments can only be restricted to —,'or —,

'
The beta population of the 69-keV level appears to be

of sufficient strength, even considering possible feeding
from higher-lying levels, to suggest first-forbidden
nonunique character. Combined with the first-forbidden
nonunique branch to the ground state, the most likely
choice for the spin and parity of the ground state of ' 'Xe
is —, . In support of this assignment is the observation
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that nearly all of the levels populated by beta decay below
1600 keV feed the —', + ground state. This feeding pattern

may be contrasted with that observed for the decay of —,
'

Xe decay to levels of ' Cs shown in Fig. 1, where
numerous levels do not depopulate directly to the —',

+

ground state.
The coincidence spectrum shown in Fig. 8 which sup-

ports E2 multipolarity for the 69-keV transition also indi-

cates that the 82- and 106-keV transitions have similar
conversion coeScients and that both are likely mixed
Ml/E2 transitions. The gate on the 773-keV transition
also shows a 101-106-keV cascade, again with approxi-

mately equal intensities, with the intensities indicating
that both transitions are M1 with considerable E2 admix-
tures. Consequently, an assignment of —,

'+ is most likely
for the 106-keV level and —', + for the 207-keV level. The
117- and 207-keV levels do not directly populate the —', +

ground state and are both candidates for —,
'+ assignments.

However, if the 207-keV level were to be a —,
'+ level, then

the 101-keV transition would have to show pure E2 mul-
tipolarity. As the 101-keV transition does not show pure
E2 multipolarity, the 207-keV level is assigned —', + spin
and parity. A —,

'+ assignment is favored for the 188-keV
level as it is populated by nearly all of the levels that also
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FIG 7 Coincidences observed 1n support of the placement of levels at 117, 371, 389, 493, 669, 801, 843 1134 and 1339 kev 1n
' 'Xe decay.



SCOTT H. FALLER et al.920

cle. Owing to delayed neutron emissions from ' Xe,
considerable gamma-ray activity from the A = 142 decay
chain was present along with large amounts of directly
separated ' Cs. In these spectra, only one clearly
identifiable gamma ray at 90 keV could not be associated
with other known decay products that should be present.
It was observed with a half-life of 0.4+0. 1 s. There was
an additional indication of short-lived activity at 121
keV.

10..0.
Coincidence spectrum gated on the 909-keV peak

'Xe decay to' 'Cs

8,0.
C)

7.0.

6.0 .

5.0 .

4,0.
CO

3.0.

VI. DISCUSSION2.0 .

1.0.
The structures of the odd Z Cs nuclides with

78 (N (88 are shown in Fig. 9 along with the adjacent
even-even Xe cores. These results show the progression
of structure changes by which the ground state of ' Cs
achieves a ground-state spin of —,'. The sharp downward
movement of the —,

' level is in marked contrast to the
movement of the —,

' level in the neutron deficient Cs nu-

clides. The structure of ' Cs is readily accounted for in
the context of weak coupling or cluster-vibration models.
Extensive calculations were carried out for the N =76,
78, and 80 Cs nuclides by Choudhury and Friedman,
who showed the necessity of including clustering to ac-
count for the second low-lying —,'level in both ' Cs and

Cs. The qualitative similarity between ' Cs with two
neutrons beyond the closed shell and ' Cs with four neu-
tron holes in the closed shell is also of interest. The 2+
levels in their respective cores lie at approximately the
same energy. Both nuclides show a cluster of excited lev-
els near the energy of the 2+ core excitation energy, a
—,', —,

' doublet near 400 keV and a pair of low-lying —,
'+ lev-

els separated by about 75 keV. The apparent additional

400 440 480 520 560 600 640 680 720 760

Channel Number

FIG. 8. Gamma-ray coincidence spectrum gated on the 909-
keV gamma ray in ' 'Xe decay.

populate the 106-keV level and depopulates by Ml/E2
mixed transitions to the 69- and 106-keV levels.

V. SHORT-LIVED ACTIVITIES
IN THE A =143 CHAIN

Previously reported ' half-lives for i43Xe are
0.03+0. 1 and 0.96+0.02 s. To attempt to distinguish
one or both of these from the 1.78-s ' Cs daughter, spec-
tra were collected at mass 143 at the parent port by al-
lowing the activity to grow for 2 s and then deflecting the
beam to observe decay for 4 s before moving the tape and
repeating this cycle. Gamma-ray spectra were collected
in 0.2-s intervals during the entire growth and decay cy-
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FIG. 9. Systematics of odd-Z Cs nuclides with 78 & N & 86.
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levels in ' Cs are a consequence of a more complete in-
vestigation because of the availability of in-beam tech-
niques that cannot be applied to ' Cs. The levels in ' Cs
are those populated in the beta decay and subsequent
gamma-ray cascades from a —', parent, and are likely to
be levels with spins of —,', —,', and —,

' and perhaps one or two
low-lying —', levels.

It can be seen in Fig. 9 that a significant change begins
to develop between ' Cs and ' 'Cs. The —,

' level has
moved down in position to become the ground state in

Cs. The appearance of negative-parity levels in the vi-
cinity of 1 MeV in ' 'Cs that are strongly populated in
beta decay is a new feature of the structure that does not
appear to have any counterpart in ' Cs. The minimum
logft for what are certainly first-forbidden beta transi-
tions in the decay of ' Xe to levels of ' Cs to levels
below 1 MeV is 6.5, as shown in Fig. 1. Lee and Talbert'
observed a number of transitions with logft values as low
as 6.5 in the energy range between 2 and 3.5 MeV that
could be either allowed or first forbidden. Logft values
below 6 were observed for only a few levels above 3.7
MeV and these had values only as low as 5.9 except for
the very highest level at 4227 keV, which had a logft
value of 5.28. Therefore, the sudden appearance at 1097
keV of a level with a logft value of 5.5 indicates the onset
of structural features that are not present in an
identifiable form in ' Cs.

The half-life of the 69-keV E2 ground-state transition
from the low-lying —', + level to the ground state was mea-
sured by Normon et al. and found to be 23.3 nsec. It is
enhanced by a factor of 40 relative to the Weisskopf esti-
mate for a single-particle E2 transition. Were it not for
the close comparability of the magnetic dipole and elec-
tric quadrupole moments of ' 'Cs with those of ' Cs and

Cs, there would be reason to suggest that the —',
+

ground state and the —', + level at 69 keV form part of a
highly decoupled K = —,

' band, not only in ' 'Cs, but also
in ' Cs where the smaller decoupling has inverted the
positions of the two levels. The level at 117 keV could be
the —,

'+ band head and either level at 106 or 188 keV
could be the —', + member of the band. If four of the six
low-lying levels are used as members of a highly decou-
pled —,', —'„—,', and —', band, there remains the problem of
describing the other two levels, as there is a large gap up
to 389 keV until additional levels are encountered. There
are not enough low-lying levels or levels in the region
from 300 to 800 keV to be consistent with a highly de-
formed nucleus.

In the Nilsson orbital diagram, the 53rd and 54th pro-
tons fill the —', [422] orbital from the g7&2 single-particle
orbital and the 55th and 56th protons fill the —,'[420] or-
bital from the d5&z single-particle orbital. In an unper-
turbed Nilsson scheme, using single-particle energies ap-
propriate to this mass region, these two orbitals do not
cross. However, the introduction of either additional
refiection asymmetric (octupole} deformation, as was
done by Leander et al. ' or hexadecapole deformation, as
was shown by Ekstrom et al. ,

' can bring about crossing
of these levels and place the 55th particle in the —', [422]

orbital. The latter explanation was offered by Ekstrom
et al. to account for the —', + spin and parity of ' Cs.
They noted that the same orbital accounted for the —,

'+
ground state of ' 'Cs and " Cs. However, the quadru-
pole moments measured by Thibault et al. " for ' 'Cs
and " Cs are 0.838(9} and 0.9(l), respectively as com-
pared to 0.47(3) for ' Cs. Moreover, the energy of the
first 2+ levels of the adjacent core nuclides ' Xe (320
keV) and "Xe (337 keV) lie at a much higher energy
than that of ' Xe which lies at 205 keV. Because of oth-
er data ' that indicate the presence of octupole deforma-
tion in the mass region around ' Ba, the source of the
deformation appears more likely to be octupole than hex-
adecapole.

In view of the smoothly changing systematics of the
—',

+ ground state of these Cs nuclides, coexistence of shell

model and weakly deformed levels appears more likely in
' 'Cs. If the 119-keV transition that strongly populates
the —,'+ level at 69 keV represents the —,'to —', transition in

a rotational band, a rotational parameter of 24 keV can
be deduced. If the 90-keV gamma ray that may exist in

Cs is also a similar —,
'-

—,
' transition, a rotational parame-

ter of 18 keV can be extracted. The change from 24 to 18
kev would imply considerably increased deformation,
consistent with the sharply reduced position of the first
2+ level of the adjacent core nuclides, which drops from
376 keV in ' Xe to 205 keV in ' Xe and the increased
quadrupole moment.

In summary, these new results for the level structures
for ' Cs and ' 'Cs have shown that the approach to de-
formation of the odd-Z Cs nuclides is smooth rather than
sudden as in the Z =64 region. Moreover, the deforma-
tion achieved appears to be rather weak when compared
to that of the prolate rotors beyond N =90 in the Z =64
region. Because of the relative weakness of the quadru-
pole deformation, it is possible to suggest that higher or-
ders of deformation, particularly reflection asymmetric or
octupole deformation, as well as hexadecapole deforma-
tion, may play a more significant role in the description
of the low-lying level structure of these nuclides. The
role of the microscopic composition of the underlying
core structure is emphasized by the considerable
differences observed between these heavy Cs nuclides and
the lighter deformed Cs nuclides in the mass 120 region.
These effects are exhibited in the even-even Xe nuclides
by the much more rapid drop in energy of the first 2+
level beyond N =82, as compared to the Xe nuclides with
N & 82. In view of the considerable evidence for the pres-
ence of reflection asymmetric structures in the adjacent
Ba nuclides, the next step in describing the approach to
deformation in the Cs nuclides would be to attempt cal-
culations for those nuclides that are similar to the calcu-
lations described in the introduction for the Ba nuclides
that include reflection asymmetry. Other possibilities in-
clude using the IBFM model in a manner similar to that
used by Scholten, ' who has had some success fitting
the levels of Eu and Pm nuclides in the transitional re-
gion that can be considered as 1 and 3 proton holes, re-
spectively, in the closed subshell at Z =64. However, the
absence of information about the structure of the Xe core
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nuclides remains a serious hindrance to such calculations
at this time.
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