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Decay of mass-separated “*Ba to levels in **La

J. C. Pacer,* John C. Hill, D. G. Shirk, and W. L. Talbert, Jr.t

Ames Laboratory-ERDA and Department of Physics, Iowa State University, Ames, Iowa 50011
(Received 15 June 1977)

The decay of mass-separated '“*Ba to levels in '“*La has been investigated using y-ray spectroscopy in both
the singles and coincidence modes. Of 69 <y rays ascribed to the decay of '**Ba, 59 were placed in a level
scheme which represents the first information on excited states in '**La. A total of 19 levels up to a
maximum energy of 2347 keV were observed. The resulting level scheme is compared with that of '*'La and
systematics of odd-A4 La isotopes are discussed.

RADIOACTIVITY !**Ba [from 2%5U(n, f)]; measured Ti/3 Eys 17, yy-coin Ge(Li)
detectors; 143La deduced levels, J, 7. Mass-separated 143Ba activity.

1. INTRODUCTION undertook this study on the decay of mass~-sep-
arated **Ba to levels in *°La to extend the system-
Little information exists on the level structure atics of odd-A La nuclei to the neutron-rich side
of odd-A La nuclei with neutron number greater of the N =82 line.
than the magic number 82. This is due to the dif-
ficulty of obtaining nuclear structure information Ii. EXPERIMENTAL METHODS
- i id ility.
for nu(;le1 on th.e neutron-rich side of .Stat?l 1y Sources of mass-separated **Ba were produced
Level information for the above nuclei exists only .. s
jaly . 1 . 143 . by the TRISTAN on-line isotope separator facility
for **'La.' The half-life of ***Ba was first mea-
sured by Wahl ef al.? to be 1242 sec. A value of at the Ames Laboratory research reactor. The de-
) : tails of this system have been described elsewhere.’

13.2+0.3 sec was later obtained by Runnalls,
Troutner, and Ferguson.® Both values were ob-

tained indirectly by milking **La from the *°Ba 0% l l ' . ] ]
parent. A direct measurement of the **3Ba half- L i
life by Tamai et al.* after separation from fission Ey=2il kev

B T)/2=14.5%0.5sec ]

products by paper electrophoresis resulted in a
value of 20 sec which was accepted by the Nuclear
Data Group.® They also measured the y spectrum ) L
with a Ge(Li) detector and assigned eighty rays to
14383 decay. A decay scheme was not given, and 5+
no information on excited states of *°La exists in
the literature. L
We expect the low-lying states in odd-A La
nuclei near N =82 to be mostly positive parity
and described in terms of the odd proton coupled
to phonon vibrations of the Ba core. It is well
known that even-even Ba nuclei become increasing-
ly soft towards deformation as neutron pairs are
subtracted from the N =82 nucleus **Ba, and
ground-state rotational bands have been reported®:’
for '®Ba and '*®*Ba. Henry and Meyer® have ob-
served low-lying negative-parity states in *3La
which can be interpreted in terms of a Coriolis-
coupling model in which the odd particle is coupled
to a rotating core.

COUNTS

3 | | 1 1 L 1
It is interesting to determine if there is a soften- 10 5 10 15 20 25 30

ing of La nuclei as neutron pairs are added beyond TIME (sec)
N =82 and to see to what extent it corresponds to FIG. 1. Half-life curve for the 211~keV vy ray from

the effect observed for nuclei with N<82. We thus 14383 decay.
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FIG. 2. y-ray spectrum of 43Ba decay.

In view of the discrepancies between earlier mea-
surements® ? the **Ba half-life was remeasured.
The A =143 ion beam from TRISTAN was collected
on a movable tape for 35 sec. After an 8-sec de-
lay, the y-ray spectra were multiscaled into 32
time bins, each of 1-sec duration. Each spectrum
contained 512 channels of information. The decay
curve obtained for the strong 211-keV y ray after
subtraction of background and correction for live-
time is shown in Fig. 1. The value of 14.5+0.5
sec was obtained from a weighted least-squares
fit to the data. This result is in fair agreement
with the earlier indirect®-®* measurements, but
disagrees with the value of 20 sec obtained by
direct measurement? and accepted by the Nuclear
Data Group.®

For y singles measurements the A =143 ion beam
from TRISTAN was collected on a movable tape in

The cnergies given in keV are for y rays from !43Ba decay.

the moving tape system described in Ref. 9. In
typical runs activity was collected for 40 sec and
moved to a shielded secondary tape stop position.
After a delay of 4 sec to minimize interference
from short-lived 3Cs and **Xe a Ge(Li) detector
with 109% efficiency was used to accumulate data
for 40 sec. This process was repeated until suf-
ficient statistics had been obtained.

A representative singles spectrum collected for
a 70-h period over an energy range from 100 to
2600 keV is shown in Fig. 2. Because of possible
contamination from other members of the A =143
decay chains, the **Ba singles spectrum was com-~
pared with spectra collected to optimize short-
lived *°Xe and '*3Cs, long-lived '*3La, and back-
ground. In Fig. 2 all y rays from '**Ba decay are
indicated by energy, and strong peaks from con-
taminants are designated by isotope or as back-
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TABLE 1. y-ray transitions observed in the decay of 43ga.

PACER, HILL, SHIRK, AND TALBERT

Energy Relative Energy® Relative
(keV) intensity # (keV) intensity ° Placement
29.8¢ 30-0
174.9 +0.3 3014 466-291
176.88 £0.20 45 +7 643-466
178.56 +£0.09 139+8 208-30
181.69 £0.10 33+3 211-30
208.31+0.12 34 +5 208-0
211.49+0.07 10009 211.3 10004 211-0
218.75+0.09 54 +5 219-0
254.32 +£0.12 105+7 466-211
257.8 +0.6 3+1 466-208
261.56 £0.15 62 +6 291-30
281.5 +0.5 10+2 925-643
291.22 +0.05 338 £20 291-0
297.02 £0.08 37 +4 941-643
310.77 £0.15 16 +3 1010-699
351.7 +0.5 14 +3 643-291
365.0 +0.5 T+2 831-466
367.54 +0.13 80 +5 . 1010-643
387.1 <3 387.1 286 £33
397.59 +0.06 58 +4 1408-1010
408.3 0.3 2143 699-291
424.84 £0.15 19 +3 643-219
431.54 £0.06 1208 431.6 524 +£62 643-211
435.87 £0.09 86 +6 466-30
458.81+0.25 1143 925-466
466.0 +0.4 43 +4 466-0
482.88 +£0.08 36 +3 1408-925
488.2 +0.4 T+2 699-211
515.6 <5 515.6 243 +70
544.4140.08 41 +4 1010-466
577.05 +0.13 314 1408-831
602.21 +£0.14 23 +4 1067-466
613.68 £0.18 28 +4 643-30
619.40+0.13 33 +£5 831-211
633.73+0.09 5145 925-291
643.15+0.10 40 +4 643-0
667.07 £0.12 29 +3 Unplaced
669.44 +£0.11 27 +£3 699-30
713.5 +0.25 18 +4 925-211
718.99+0.06 164 +£11 1010-291
764.88 +0.13 59+6 . 1408-643
798.78 £0.05 559 +35 799.2 745 +80 1010-211
853.94 +0.20 - 54 +10 854-0
858.81+0.15 43 +5 1067-208
884.10 0217 22 +3 2292-1408
895.17 +0.06 144 +10 925-30
925.03 £0.06 174 £12 925.7 208 +£78 925-0
942.13+£0.17 32+4 1408-466
973.1 0.3 13+3 Unplaced
980.45+0.06 379 +25 981.7 483 £73" 1010-30
1000.2 +0.5 14 +3 Unplaced
1010.25 +£0.07 324 +24 1011.3 558 +78 1010-0
1037.6 +0.25 2243 1067-30
1063.34 £0.17 9+£2 Unplaced
1116.2 +0.4 31+4 1408-291
1196.36 +0.09 238 £17 1408-211
1261.1 +0.4 10+3 Unplaced
1367.2 +0.25 2143 2292-925
1378.0 +0.3 15+3 1408-30
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TABLE 1. (Continued)

Energy 2 Relative Energy® Relative
(keV) intensity 2 (keV) intensity ° Placement

1401.9 +0.5 11+3 Unplaced
1407.87 +£0.19 23 +£3 1408-0

1443.3 +0.25 20+3 2297-854
1649.23 £0.18 34 +4 2292-643
2000.5 +0.4 14 £3 2292-291
2016.1 +0.4 1813 Unplaced
2055.8 +0.3 32+3 2347-291
2203.4 +0.7 10+£3 Unplaced
2296.7 +0.5 18 +4 2297-0

2347.2 +0.4 29 +4 2347-0

2386.9 +0.7 11+3 Unplaced
2392.1 +0.6 1243 Unplaced

2Results from this work.

PResults from Ref. 4.

¢ Energy determined from level scheme. Evidence for y ray in LEPS spectrum marginal.
Transition probably highly converted.

dIntensity normalized to 1000 for the 211-keV v ray.
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FIG. 3. Coincidence spectrum of the 211-keV gate.
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ground (BKG). They rays at 352, 365, 408, 466,
488, and 1116 keV are mixed containing *°Ba and
143Cs or background. The spectrum from 0 to 400
keV was measured using a LEPS Ge(Li) detector.
The only y ray due to *3Ba decay observed below
174 keV was a possible weak one at 29.8 keV. No
y rays from *?Ba decay were observed even though
42B3 could be produced by delayed-neutron emis-
sion from #3Cs.

Standard y lines from **Na, °Co, ®°Co, ***Ba,

1821, 20"Bj, and 2*Th were used to provide energy
and intensity calibrations for the detectors and map
the nonlinearities of the systems. Spectrum peak
centroids and areas were determined for the sin-
gles data by applying'® a nonlinear least-squares
fit of a skewed-Gaussian fit function to the data.
A total of 69 y rays were assigned to *°Ba decay.
Their energies, intensities, and placements are
given in Table I and compared with the results of
Tamai et al.* We did not observe y rays seen by
them at 387.1 and 515.6 keV, and upper limits on
the ‘intensities are given in the table.

Coincidence measurements were performed with
two Ge(Li) detectors with 109 efficiency in 180°
geometry. Constant-fraction timing was used.
The timing sequence for activity collection, delay,
and data accumulation was similar to that for the
singles measurements. About 4x10° events were
stored in a 4096x4096 channel array covering a
3200x3200-keV interval. The coincidence spectra
for various y rays were reconstructed by a com-
puter search of the event data and compared with
suitable “Compton background” spectra. .The
spectrum in coincidence with the 211-keV y ray is
shown in Fig. 3, and the coincidence results are
summarized in Table II

III. DECAY SCHEME AND DISCUSSION

The above data were used to construct the decay
scheme for *3Ba shown in Fig. 4. We were not
able to measure the 8 feeding to the ground state
or the 30-keV level. In order to determine approx-
imate logft values for our levels a crude value for
B feeding to the 1408-keV level was determined by
comparison in our singles spectrum of the inten-
sity of the 1196-keV y ray from #°Ba decay and the
621-keV y ray from '*3La decay. The 621-keV y
ray depopulates a level at 663 keV in **Ce which
is fed!* by 2.4% of the 8 strength from *3La decay.
Bjornstad et al.}? observed the 621-keV y ray to be
a doublet of 620.6 and 621.7 keV with intensities
of 100 and 47,9, respectively. The 620.6-keV y
ray isthe onethat depopulates the level at 663 keV.
Using the above information it was determined that
(7.4£2.0)% of the **3Ba g transitions feed the 1408-
keV level in ***La. From this value and our y in-

TABLE II. vy coincidences in the decay of 143pa.

Gating

transition (keV)

Coincident:
v transitions (keV)

175,177,179

182
211

219
254

258
262
281

297
311
368

398

425
432
436
459
466
483
544

577
602
614
619
634
643
669
714
719
765

799
854
859
884
895
925
942
973
980
1010
1116
1196
1443
1649
2001
2056

175,177,179, 208, 211, 219, 254, 258, _
281,291, 368, 398,436,459, 466, 483,
765, 859, 1649

177,254, 368,432,799, 1196

177,254, 368,398, 432, 488, 544, 577,
619,714,765, 786,799, 854, 942,
1196,1649

175, 297, 368

177,182, 211, 365, 368, 398, 459, 544,
577,602,765,942, 9492

177,179, 208, 368

175,177, 368, 634,719,1116
175,177,179, 182, 208, 211, 254, 262,
291,466,483

311, 352, 398,408, 634,719, 1116, 2001
2056

219,425, 643,11112

179, 208, 211, 254, 291,408, 669
175,177,179, 182, 208, 211, 254, 262,
291,425,432, 436,466, 577, 643
177,179, 182, 211, 254, 262, 291, 368,
719,799, 980, 1010

219,297, 368
182, 368, 398, 765, 1649
177,368, 544, 602, 765, 942
179, 208, 211, 254, 291
177,368, 398
179,208, 211, 254, 262, 281, 291, 895, 925

179,182, 208, 211, 254, 262, 291, 398,
436,466

211, 619

211, 254, 291, 436, 667

765

211, 577

262, 291

368,765, 1649

311

182,211

262,291, 398
175,177,211, 254, 291,432, 436, 614, 643
182,211, 398

1443

179,208

211

483

483,1367
179,182, 211, 254, 291,436, 466

4352

398

398

262,291

181,211,884

854

177,211, 254, 291,432, 643

291

291

2y ray seen only in coincidence and not placed in level

scheme.
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FIG. 4. Proposed decay scheme of “3Ba.
tensities, B feedings to all levels except the ground Levels at 30, 208, 211, 291, 466, 643, 699, 831,
state and the 30-keV level were determined. Logft 925, 1010, 1408, and 2292 keV are firmly estab-
values were calculated for all levels above 30 keV. lished on the basis of numerous populating and de-
A Qg of 4200 keV was used.® The complete 8 populating y rays and extensive coincidence re-
branching, logft, and level energy information is sults. The level at 2347 is based on the good en-

summarized in Table III. ergy match between the energy of the 2347-keV y
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TABLE III. B branching and logft values for 4B, de-
cay.

Level energy B branching
(keV) ‘%) Logft
0.0 69 +9292 >5.4
29.81+0.10 > 5.4
208.34 +£0.09 1.3 *0.4 7.0
211.49:+0.06 0
218.68 £0.20 0.35 +0.11 7.6
291.25+0.08 0.43 £0.26 7.5
465.84 +£0.18 1.1 +0.3 7.0
643.04 +£0.20 0.46 +0.19 7.3
699.41 +£0.16 0.39 +0.11 7.3
830.85+0.11 0.088 +9.068 7.9
853.88 +0.19 0.33 +0.13 7.3
924.99 +0.08 3.5 =1.0 6.3%
940.06 +£0.21 0.37 +0.10 7.2
1010.26 +£0.07 15.1  #3.7 5.62
1067.5 0.5 0.88 +0.27 6.8°
1407.87 £0.07 5.0 +1.4 5.8°
2292.08 £0.19 0.88 %0.30 5.92
2297.0° £0.3 0.39 +0.11 6.2°
2347.11+0.21 0.62 +0.17 6.0°

2Logfit<8.5, therefore corresponding f transition
must have A7<2.

ray and the sum of the 2056~ and 291-keV y rays.
The coincidence between the 2056- and 291-keV
v rays was also well established. Levels at 219,
854, 940, 1067, and 2297 keV are less firmly es-
tablished even though all are supported by some
coincidence information. These levels are there-
fore dashed in Fig. 4.

Simple shell-model arguments would imply aJ” of
+~for the '3¥Ba,, ground state due tothe 87th neutron
but the *&Nd,, ground state is$". We therefore favor
%~ or ¥ for the '**Baground state. The shell model
would imply the ground state and 30-keV level in'*3La
to be g,,, or d;,,. There is no division of the
69% B~ feeding to the above two levels that would
give logft’s above 5.9 for both levels. This im-
plies either that one of the levels has negative
parity (contrary to expectations of the simple
shell model) or that this situation is an exception
to the logft rules of Raman and Gove.'*

The density of excited states in **3La below 500
keV is double that in **'La.! A similar trend is
noted™* in ¥"La and '*°La which can be interpreted
in terms of a softening of the Ba core when moving

away from the N =82 line. The logjt values for 8
decay to levels in **3La below 500 keV are charac-
teristic of first-forbidden 8 transitions and imply
that most of these levels have positive parity. An
interpretation of these levels in terms of a single
proton weakly coupled to vibrations of the Ba core
seems reasonable. For levels at 466, 643, 925,
1010, and 1408 keV the intensities for transitions
depopulating to the ground state and the 30-keV
level, respectively, are within a factor of 2. We
thus favor a spin of & or % for these levels.

The most significant result of this study is the
identification of three negative parity levels at,
1010, 1408, and 2292 keV on the basis of
the low values of logft for the B transitions popu-
lating them (we assume negative parity for the
143Ba ground state on shell-model grounds). The two
levels at 1010 and 1408 keV are fed by 65%
of the total 8 strength to states in **La above 30
keV. It is also interesting to note thaty transi-
tions of significant strength are observed between
the 1408-keV and the other two negative-parity
states even though such transitions are hindered
relative to decay to lower-lying states both by
energy and the fact that they are M1/E2 in char-
acter rather than E1.

A possible interpretation of the negative-parity
states could be in terms of a weak-coupling model
where the 7,, /, proton is coupled to the one-phonon
vibration of the *Ba core. The first excited 2*
state!® in *?Ba is at 360 keV but the energy of the
i, state in this region is not known. The corre-
sponding state!* in **°La is at 787 keV. It there-
fore seems unlikely that all three of our negative-
parity levels could be accomodated by a weak-
coupling picture. Another possible interpretation
of the negative parity levels would be in terms of
a particle-plus-rotor coupling scheme similar to
that used® to interpret levels in !**La. The
above model was used to calculate the negative
parity levels in **3La. It was not possible to re-
produce the number of relatively low-lying low-
spin negative-parity states observed in this work.
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their attention.
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