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Detailed spectroscopy measurements have been made of the gamma rays that follow the deexcita-
tion of '®Er levels populated in the electron capture decay of '®*Tm. These results, when combined
with a reanalysis of Coulomb excitation and inelastic scattering data, provide level lifetime informa-
tion and support octupole-state Coriolis-coupling calculations. The {[521 %][633 %]} two-neutron

configurational pair deexcitation rates are compared and some evidence for K mixing among the oc-

tupole bands is presented.

I. INTRODUCTION

The 3~ octupole state in '*®Er has been shown to have a
nearly pure two-neutron {[521+][633+]] configura-
tion.! This supports the calculations of Neergaard and
Vogel? (NV), who calculate that this configuration contri-
butes to 99% of the makeup of the 3~ octupole state.
Also, recent neutron-capture gamma-ray completeness
studies® have established all the octupole states and have
given all band members below approximately 2 MeV. The
relative ordering and energy of the K"=0",17,2",3" oc-
tupole states again confirm the prior calculations of NV.
Unfortunately, analysis of Coulomb excitation data misas-
signed the K values of 3~ states, and early (d,d’) studies*
could not assign 3~ values to weakly excited states. This
has led to the suggestion that the NV calculations were
not applicable to '®Er (Ref. 5). Here, we show that
reanalysis of the Coulomb excitation data®® in combina-
tion with the (d,d’) data do support the Coriolis redistribu-
tion of B(E3)t strength in the Coulomb excitation of
18Er. The new B(E3)1 values in combination with our
measured E3 branching ratios then allow us to calculate
the level half-lives and determine absolute deexcitation
rates for transitions from the octupole 3~ band members.
These transition strengths, as well as beta transition
strengths, allow us to investigate the properties of the
two-neutron {[521 +][633 -]} configurational partners
and find some evidence for K mixing among the octupole
bands.

The electron capture (EC) decay of 93.1 d '*Tm was
last studied in 1969 by Keller, Zganjar, and Pinijian’ and
Kenealy, Funk, and Mihelich.® However, in both of those
studies low-level source strength precluded detailed inves-
tigation. Here we give the results of our detailed spectros-
copy studies of the decay of '®*Tm originally performed
to measure precise values for the gamma-ray abundances
used in gamma-ray metrology.’

II. EXPERIMENTAL MEASUREMENTS

In order to perform a complete set of gamma-ray mea-
surements, we used three separate methods to produce
18Tm sources. In the first, an intense source of ®8Tm
was made by irradiating a thin metal foil of thulium with
the maximum flux of 14.8-MeV neutrons at the Lawrence
Livermore National Laboratory’s (LLNL’s) Insulated
Core Transformer Facility for a period of ~80 h. The
metal foil was 99.9% pure thulium and was used without
chemical purification.

In the second method, a sample of Tm,0; was irradiat-
ed with high-energy neutrons (up to 40 MeV) at the
University of California, Davis, cyclotron. The Tm,O0;
was 99.9% pure. After the irradiation, the Tm,0; was
dissolved in acid, filtered, precipitated with NH,OH, and
reignited to Tm,O;.

In the third method, a source of '*Tm was prepared by
high-energy spallation of tantalum at the Los Alamos
Meson Production Facility. The tantalum target was dis-
solved and the thulium fraction was purified by three
separate elutions through cation-exchange (Dowex-50
resin) columns. This sample was then mass separated us-
ing the LLNL Nuclear Chemistry Division’s isotope
separator to provide an isotopically pure sample of '**Tm.

A period of several months was allowed to elapse be-
tween the end of each source preparation and the begin-
ning of any spectroscopy measurements. This allowed
any '®"Tm (9.25-d half-life) that might be present to decay
away.

The sources were measured on several different Ge(Li)
spectrometers at source-to-detector distances ranging
from 88 to 1.3 cm. During these experiments spectra
were accumulated with no absorber between the source
and detector as well as with a variety of absorbers. The
low-intensity high-energy gamma rays present were mea-
sured by counting with 12.4 mm of lead absorber between
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FIG. 1. Selected spectral regions from '®Tm spectra. The lower plot in (a)—(e) shows the residuals (in standard deviations) be-
tween the channel counts and the calculated peak shape fit. (a) Peak shape fit of the 79.804-keV photopeak. (b) Peak shape fit for the
184.295-keV photopeak. (c) Resolution of the 1012.19- and 1014.13-keV photopeaks. (d) Resolution of the 1277.44- and 1279.13-keV
photopeaks. (e) Resolution of the 1489.47- and 1493.09-keV photopeaks. (f) Detection of the 511-keV annihilation radiation. (g)

Detection of the 87.73-keV photopeak.

the source and detector while the source was 20 cm from
the detector. This eliminated all summing peaks in the
spectra. Also, because very low-intensity E3 crossover
transitions were to be used in the ensuing level half-life
determinations, a series of measurements were made at
several different source-to-detector distances on several

different detector systems. The energy calibration was
performed by counting the '®Tm with a series of known
multigamma-ray standards.'®!! Also, because an accu-
rate knowledge of the relative intensities was needed, a
series of counting experiments were performed in which
the '®Tm was measured simultaneously with standard
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FIG. 1. (Continued).

sources such as '?Eu and '**Ba. This allowed reconfigu-
ration of the precise shape of the detector efficiency curve
at low energies at the time of measurement.

III. RESULTS AND DECAY SCHEME

A. Energy and intensity values for the gamma rays

We observed several previously unobserved gamma rays
in the EC and beta decay of '®*Tm. In general, these
gamma rays were detected because of better resolution
and a better peak-to-Compton ratio for the detectors. In
Fig. 1 we show several selected photopeaks taken from
different counting conditions that illustrate our increased
measurement sensitivity. Figure 1(a) and (b) show the
quality of fit obtained for the 79- and 184-keV photo-
peaks. Figures 1(c)—(e) show the resolution of the 1012-
1014, 1277-1279, and 1489-1493 photopeak doublets using
the computer code GAMANAL.'? The 1012-, 1279-, 1489-,
and 1493-keV photopeaks were previously unknown in the

1Tm EC decay. The presence of any annihilation radia-
tion in the '®®Tm decay is of importance in determining
the extent of electron capture to positron decay to the 79-
keV level of '®Er and in determining the absolute abun-
dances of the gamma rays. The presence of the 511-keV
photopeak was observed in all spectra with a consistent
intensity; a typical 511-keV spectral region is shown in
Fig. 1(f). Figure 1(g) shows the spectral position of the
87.73-keV gamma ray. The presence of this photopeak, as
discussed below, is evidence for the beta decay of '®*Tm to
the first 2+ level of '**Yb.

The gamma-ray energies and intensities we measured
for the decay of '®Tm are given in Table I. As noted in
footnote c of Table I, the conversion factor for transform-
ing the relative intensity values to gamma rays per 100 de-
cays is 0.0522. This value was arrived at by three
separate, but slightly related, methods:

(1) Summing all transitions to the ground state (0.0522).

(2) Accounting for all transitions populating and depo-
pulating the 264-keV level (0.0523).
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TABLE 1. Energy, intensity, and assignment of gamma rays in the decay of '®*Tm to levels of '®Er and '**Yb.

Energy*® Intensity< Assignment Energy®® Intensity®? Assignment
(keV) (Relative®) From To (keV) (Relative®) From To
79.804 (2) 201 (4)¢ 79 g.s. 741.355 (4) 235 (1) 821 79
87.73 (2) 0.03 (2) 87(Yb) g.s. 748.282 (7) 7.8 (1) 1569 821
99.293 (2) 812.287" 0.2" 1633 621
98.982f 2.8 (4)8 1193 1094 815.989 (5) 935 (3) 895 79
99.289f 77.7 (4)2 1094 994 821.162 (2) 220 (1) 821 g.s.
173.591 (19) 0.77 4) 994 821 829.948 (6) 128 (1) 1094 264
184.295 (2) 333 (3) 264 79 853.468 (3) 0.63 (3) 1117 264
198.251 (2) 1000 (3) 1094 895 862.6 (3) 0.027 (15) 1411 548
221.8 (5) 0.04 (2) 1117 895 914.933 (4) 57.2 3) 994 79
272.896 (13) 1.70 (7) 1094 821 928.916 (7) 1.17 (3) 1193 264
284.655 (14) 1.66 (8) 584 264 1012.26 (6) 0.21 (2) 1276 264
348.509 (2) 6.49 (7) 1541 1193 1014.226 (10) 1.35 (5) 1094 79
422.305 (7) 5.59 (8) 1615 1193 1025.4 4) 0.0006 (4) 1574 548
447.501 (2) 1137.36 (15) 0.008 (4) 1217 79
445.995f 1.4 4) 994 548 1167.357 (6) 1.36 (3) 1431 264
447.515¢ 440 (2) 1541 1094 1196.510 (52) 0.074 (9) 1276 79
497.782 (58) 0.68 (8) 1615 1117 1229.08 (11) 0.015(9) 1493 264
511 (=) 0.15 (3) positron ann. 1277.451 (5) 30.9 (2) 1541 264
521.134 (66) 0.58 (7) 1615 1094 1279.100 (23) 0.66 (4) 1358 79
546.805 (30) 48.7 (4) 1541 994 1310.0 (3) 0.0012 (9) 1574 264
557.083 (12) 4.1 (2) 821 264 1323.909 (9) 0.40 (1) 1403 79
559.5 (4) 0.15 (5) 1653 895 1331.39 (9) 0.015 4) 1411 79
568.8 (4) 0.11 (5) 1117 548 1351.575 (5)
582.57 (25) 0.03 (2) 1403 821 1351.24" 0.28" 1431 79
620.59 (7) 0.14 (5) 1615 994 1351.542h 1.33 @)* 1431 79
631.705 (3) 170 (1) 895 264 1358.904 (14) 0.19 (1) 1358 g.s.
645.766 (3) 1392.209" <0.0004 1656 264
644.277° 0.23h 1193 548 1413.35 (15) 0.008 (2) 1493 79
645.775¢ 27.7 (2) 1541 895 1431.68 (38) 0.0068 (15) 1431 g.s.
673.670 (15) 3.0 (1) 1569 994 1461.750 (4) 4.54 (6) 1541 79
720.379 (4) 1489.655 (31) 0.039 (2) 1569 79
719.550f 3.8h 1615 895 1493.7 (2) 0.0037 (6) 1573 79
720.392f 224 1541 821 1541.56 (3) 0.042 (2) 1541 g.s.
730.660 (4) 96.8 (4) 994 264 1553.5 (7) 0.0008 (4) 1633 79
737.7 (7) 0.2 (1) 1633 895 1569.5 (4) 0.0004 (2) 1569 g.s.

*Gamma-ray energy and intensity errors are given in parentheses.

®Where no energy value is given the energy value was taken from Ref. 3.

“Intensities given are relative to the 198-keV gamma-ray intensity being taken as 1000 units.

dConversion from relative intensity to absolute intensity in percent is obtained by multiplying these values by 0.0522.

‘In a large volume Ge(Li) or high-purity Ge detector this gamma ray may give an apparent intensity in the range from 190 to 208
units. This is due to several factors beyond the problem of correct efficiency description including summing and pulse pileup loss.
Our best value comes from several measurements using different detectors and different spectrometer gains.

fDoublet.

£The intensity ratio of 1 to 28 for the intensity of the 98.982 to that of the 99.289 gamma-ray intensity was determined using a high-

resolution LEPS spectrometer.

"This value was determined by using other known gamma rays from the same level and the level branching ratios as determined in the

neutron-capture gamma-ray experiments of Davidson et al. (Ref. 3).

(3) Performing a detailed analysis for the entire decay
scheme (0.0521).

B. Decay scheme for '*Tm and levels of '*Er

We present the decay scheme for '®®Tm in Fig. 2, and
in Table II we give the logft values for the EC population
of the levels. The spin and parity values for the levels are
known from previous studies.!®> In general, the gamma-

ray energies independently determined in this work
against multigamma-ray standards'®!! agreed, within ex-
perimental error, with the values obtained in earlier
neutron-capture gamma-ray studies. A comparison of the
intensity values is given in Table III, where the most in-
tense transition from a given level is taken as 100 arbi-
trary units. The branching ratios, given in columns 2 and
3, are from the work of Davidson et al.,® and those in
column 3 labeled EC decay are the values from this work.
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FIG. 2. Decay scheme for the decay of '*Tm to levels of '®Er and '*Yb [the numbers given in parentheses are relative transition
intensities (gamma-ray + conversion-electron intensities) normalized to an intensity of 1000 for the 198-keV gamma-ray intensity].
(a) Population of the ground state and gamma-vibration bands. (b) Population of the two neutron [521 %][633 —;—]4~ at 1094.04 keV
and the O band at 1217.16 keV. (c) Population of the K”=1" octupole band. (d) Population of the two neutron [521 —;—][633 %]3*
band. (e) Population of the 1493-, 1569-, 1633-, and 1653-keV levels. (f) Population of the 87-keV level of '8Yb.
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In general, there is good agreement between the two sets.
However, the EC decay results show that in some cases,
the capture gamma-ray data must contain unresolved dou-
blets. For example, the E1 transition from the 272 band
head at 1569.45 keV to the 210 ground-state (g.s.) band
member is given as 4% of level deexcitations where, in
fact, the beta decay is an order of magnitude less, at
0.36%. Also, in some cases, where close lying doublets
are separated in energy by less than the resolution, the
values are incorrectly proportioned even though they may
result from fits to more than one order of reflection in the
bent-crystal work. An example of this is the partitioning
of intensity between transitions arising from two close ly-
ing levels, at 1541.56 and 1541.76 keV, with 373 and 471
values, respectively. The EC decay populates the
1541.56-keV level intensely. If we use the extent of EC
decay to other members of the K=1 band and simple
Alaga rules for the distribution of EC decay to other
members of a band as a guide to approximating the popu-
lation of the 471 member, we find that we should expect

TABLE II. Level population and logf,t values.

Population
Level I"K (%) logft logft
g.s. 00
79 2+0 0.6 11.7

264 4+0 0.41 11.63

548 6+0

821 2+2 11.7 9.39

895 3+2 1.30 10.22

994 4+2 0.06 11.3

1117 5+2
1094 4-4 429 8.26
1193 5-4 0.005 11.9
1217 0%0
1276 2+0 0.019 11.07
1411 4+0 0.0010 11.79
1358 11 0.040 10.20
1403 2-1 0.020 10.47 (10.20)°
1431 3-1 0.08 9.73 (9.38)°
1541 4-1 <0.03 >9.4 (>8.8)°
1574 5-1 9.4% 1073 10.9
1422 00
1493 2%0 0.0014 11.13
1656 4%0 <2x1073 > 10
1541 373 41.6 6.26
1615 4-3 0.62 7.06
1569 272 0.57 7.80
1633 3-3 0.21 8.08
1653 3+3 0.0078 7.81

*Average of the gamma-ray plus conversion electron intensity
and that calculated from the positron intensity balance (see the
text).

This is the logf;t value if all the electron capture intensity
proceeds through the unique first forbidden process.

less than 0.1 unit of gamma-ray intensity to arise from
these transitions. Thus the gamma rays observed in EC
decay can be taken as originating entirely from the deexci-
tation of the 1541.56-keV level (within experimental er-
ror). We note that further confirmation of this arises
from the beta-decay studies of !'®Ho by Tirsell and
Multhauf.!* They find the same transition branching ra-
tios as our values for the depopulation of the 1541.56-keV
level in the decay of '®®Ho with a ground-state spin parity
of 3%,
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FIG. 3. (a) Comparison of the octupole band member ener-
gies calculated by Neergaard and Vogel (Ref. 2) and those
known from experiments. (b) Comparison of the B(E3)t
strength calculated using the model of Neergaard and Vogel
(Ref. 15) (with and without Coriolis coupling) to experimental
values [see the text for determination of some of the B(E3)t
values].
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TABLE IIl. Comparison of '®*Er level branching properties determined by neutron-capture and beta decay spectroscopy.

Level Origin Final Level Origin Final
and transition of branching ratio state and transition of branching ratio state
(keV, I"K in paren.) n capture EC decay (I"K) (keV, I"K in paren.) n capture EC decay (I"K)
K"=2%* band (821) 2%0 (1276)
2+2 (821) 1276 53(7) a 0+o
821 90(8) 93.6(4) 0*t0 1196 53(7) 35(41) 2%0
741 100(9) 100(2) 2%0 1012 100(10) 100(10) 4+0
557 1.6(2) 1.74(8) 4*0 455 0.91(2) 2%2
3+ (895) 380 1.3(3) 3t2
815 100(8) 100(2) 270
631 17.9(1.5)  18.1(2) 40 470 (1411)
74 0.04(1) 2+2 1331 77(8) 56(15) 2+0
1146 51(6) 4+0
4+2 (994) +
o14 61(5) 59.1(6) 240 862 100(10) 100(50) 610
730 100(9) 100(2) 4%0
445 1.17(12) 1.1(1) 610 K”=1- band (1358)
173 0.94(11) 0.80(5) 2%2 1-1 (1358)
5+2 (1117) 1358 42(10) 32(2) 0%0
853 100(9) 100(2) 40 1279 100(13) 100(6) 2%0
568 16(2) 17(7) 610 537 1.1(2) 2+2
221 4.1(5) 6(3) 3+2
+
122 0.37(6) 472 -1 (1404)
K"—4- band (1094) 1323 100(9) 100(3) 2%0
4-4 (1094) 582 30(4) 8(5) 2+2
1014 029(5)  0.1355  2%0 507 3.0(4) 3*2
829 12.8((1.3)  12.8(1) 4%0 371 (1431)
272 0.16(3) 0.17(1) 2%2
198 100(11) 100(2) 3+2
99 7(1) 7.77(8) 4+2 K'"=1" band (1358) not observed in beta decay
471 (1542)
574 (1193) 1277 100(10) (100)® 4*0
928 100(9) 100(2) 4+0 645 15(1) (32)° 372
644 20(2) 19.73) 6*0 546 25(5) @7y 4+2
175 0.5(1) 5+2 137 1.4(3) (1.6)° 271
98 180(27)  240(30) 4-4 110 0.286)  (0.31)° 371
K'"=0% band (1217) 571 (1574)
0*o (1217) 1310 100(9) 100(75) 410
1137 100(17) 100(50) 2+ 1025 57(7) 50(30) 610

C. Gamma-ray summing

Elimination of gamma-ray summing is an important
factor in our spectroscopy measurements of '*Tm decay.
For '®8Er, we wish to use the low-intensity transitions that
represent E3 deexcitation of levels which are in competi-
tion with intense cascading transitions. Further, summing
can lead to erroneous results when '*Tm decay sources
are used in metrology. This is particularly true when
low-intensity sources are used where the source-to-
detector distance is required to be very small. That a ma-
jority of the major transitions in the '**Tm decay do un-
dergo summing is illustrated in Table IV, where we com-
pare the measurement of 'Tm at several source-to-
detector distances. As can be seen by inspection of the
last column in Table IV, only three of the gamma rays

remain at constant values when the results of the 1.3-cm
counting distance are compared with those of an 88-cm
counting distance. For analytical uses, we find that be-
cause of these effects it is more appropriate to calibrate
the entire system of sample configuration, source-to-
detector distance, and Ge(Li) detector efficiency for each
measurement configuration if accurate results are re-
quired.

IV. DISCUSSION

A. Octupole states in '*Er

From a purely phenomenological view, the octupole
states in deformed nuclei should be collective. However,
Neergaard and Vogel*!® (NV) have shown that low-



35 OCTUPOLE STATE PROPERTIES IN !®Er AND THE TWO- . .. 1475
TABLE III. (Continued).
Level Origin Final Level Origin Final
and transition of branching ratio state and transition of branching ratio state
(keV, I'"K in paren.) n capture  EC decay (I"K) (keV, I"K in paren.) n capture  EC decay (I"K)
K'""=3~ band (1542) K" =2~ band (1569)
373 (1542) 272 (1569)
1541 (5(1))° 0.0096(5) 0*0 1569 (10)f 0.005(2) 0%0
1461 (3.6(9))° 1.03(1) 2%0 1489 6(2) 0.50(3) 2%0
1277 (70(8))¢ 7.04(7) 4*0 748 100(10) 100(2) 2+2
720 49(5) 51.0(5) 2%2 638 6.7(6) 4+2
S dom  aam  aw | Y2 e
: 1553 7(2)¢ 0.5(2) 2+0
447 100(9) 100(2) 44 812 84(10) 2+2
348 1.7(2) 1.48(3) 574 737 100(11) 100(50) 3+2
44 (1615) 638 6.7(6) 4%2
1351 (=) 5.0(4) 410
719 67(8) (=) 3t2 K'"=3% band (1654)
620 3.44) 2.5(8) 4+2 3+3 (1654)
497 17(2) 12(1) 5+2 832 10(2) 2+2
521 12(1) 10(1) 474 757 0.9(2) 3*2
422 100(9) 100(2) 574 559 100(13) 100(30) 474
303 0.9(1) 674 229 0.26(5) 271
73 3.4(7) <4 373 84 0.7(2) 272

20Obscured by the intense 1277.451-keV transition.

For corrected values see the text and Table III.
‘A gamma ray of the correct energy is listed in the neutron-capture gamma-ray Tables of Ref. 3 but it is not assigned to this level.
In the neutron-capture gamma-ray studies the entire intensity of this transition was assigned to the decay of the 1541.71-keV 4~1
level.
°This is a doublet with the more intense component assigned elsewhere.

fThis gamma ray was reported in Ref. 3 but was not assigned to any level.

TABLE IV. Comparison of intensities of selected gamma rays from the EC decay of '**Tm taken at
source to detector distances from 1.7 to 88 cm.

Intensity?®

Energy Source-to-detector distance (cm) Ratio®

(keV) 88 21.7 17.7 1.3 (%)
79 10.86 (5) 10.5 (1) 10.4 (3) 12.4 (1.2) 114

99 4.20 (2) 4.28 (3) 42 (2) 42 (1) 100
184 17.4 (2) 17.6 (2) 17.5 (5) 14.5 (3) 83
198 52.2 (5) 53.1 (5) 52.8 (5) 45.6 (3) 87
348 0.34 (1) 0.35 (2) 0.39 (4) 0.2(6) 76
422 0.29 0.30 (2) 0.34 (4) 0.23 (2) 79
446 23.0 (1) 22.6 4) 22.7 (3) 18.0 (2) 78
547 2.54 (2) 2.53 (2) 2.53 (5) 2.25 (5) 89
631 8.84 (5) 8.71 (11) 8.81 (11) 7.20 (9) 81
645 1.45 (1) 1.49 4) 1.5 (5 2.69 (5) 186
720 119 (1) 11.8 (1) 11.9 (1) 11.2 (1) 94
731 5.05 (2) 5.00 (11) 5.0 (D 4.38 (5) 87
741 12.27 (5) 12.27 (11) 12.5 (1) 12.17 (9) 99
748 0.41 (1) 0.42 (2) 0.41 (5) 0.39 (2) 95
816 48.8 (2) 48.7 (7) 49.0 (3) 43.8 (3) 90
821 11.48 (5) 11.5 (2) 11.5 (1) 11.6 (1) 101
830 6.68 (5) 6.8 (1) 6.76 (5) 6.9 (1) 103
915 2.99 (2) 2.98 (5) 3.01 (5) 3.16 (3) 106
1277 1.61 (1) 1.64 (3) 1.67 (5) 1.74 (2) 108
1461 0.24 (1) 0.24 (2) 0.25 (3) 0.74 (2) 308

Gamma-ray intensity in units of gamma rays per 100 decays. Error is given in parentheses after each

value.

PRatio of intensity at a 1.30 cm counting distance to intensity at an 88 cm counting distance in percent.
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energy two-quasiparticle configurations can dominate the
configurational makeup of octupole states. In addition,
NV have shown that the mixing brought about by the
Coriolis interaction can alter the properties of the octu-
pole states such as the B(E3)t values to members with
37K (herein we use I"K). Davidson and co-workers®
have used neutron-capture gamma-ray techniques to es-
tablish all of the levels below approximately 2 MeV in
18Er. In Fig. 3(a) we compare the known octupole band
members with the calculations of NV. The good agree-
ment suggests that, for this nucleus, these calculations
provide a good picture of the octupole states. Unfor-
tunately, published Coulomb excitation data® have been
used to suggest that the B(E3)t strength is in disagree-
ment with these calculations. However, McGowan® has
reanalyzed the Coulomb excitation data with the present
knowledge of the location of octupole members (the
presently known 371 member at 1431 keV was originally
thought to be the 370 band member). Figure 3(b) com-
pares the NV calculations with and without Coriolis cou-
pling to the reanalyzed B(E3)t values taken from
McGowan’s reanalysis and the results of the published
(d,d) experiments of Tjom and Elbek,* which have been
augmented through the association of previously unidenti-
fied peaks with levels that have since been identified as
octupole states. As can be seen, the Coriolis-coupled cal-

TABLE V. Octupole state components.

K value® Configuration %

K=0(1786/1913)
Proton [404 21[523 7] 21
Neutron [514 21633 %] 38
[512 3][642 3] 11
[521 +][651 4] 6

K=1(1358/1431)
Proton <1
Neutron [512 31633 7] 89
[523 310633 57 6

K=2(1569/1633)
Proton [4113][523 7] 44
Neutron (521 21[633 %] 27
(512 31[624 3] 7

K=3(1431/1542)
Proton b <1
Neutron [521 +1[633 %] 99

*The components listed in this table were calculated by Vogel
using the model described in Ref. 2. Values in parentheses are
the experimentally observed/theoretically predicted bandhead
energies (in keV).

®There are no proton configurations in this band that are
predicted which have over a 1% component.

culations of NV agree with the measured B(E3)t values,
particularly for the two lowest-energy octupole bands.
Further support comes from recent transfer reaction stud-
ies,"!®17 which establish a {[521 5-]1[633 =]} two-neutron
configuration as making up ~99% of the 373 octupole
band head, again consistent with the calculations of NV.
Thus the octupole two-quasiparticle components calculat-
ed by NV that are given in Table V can be taken as a good
indication of the major components in these bands.

B. {[521 % 11633 %]} configurational pair properties

The 3~ spin partner of the two-neutron
{[521 +][633 71} configuration has been determined to
dominate the K=3 octupole state with its band head at
1542 keV."1%17 Using the coupling rules of Gallagher'®
we should expect its K=4 partner to occur at a lower en-
ergy. Both g-factor'® measurements and transfer reaction
studies'®!” have shown that the K=4 band at 1094 keV,
with a half-life of 107 ns,!' has about a 70%
{[521 3][633 7]} two-neutron component with most of
the residual component (25%) coming from the
{[523 7][411 3]} two-proton configuration. Using our
intensities, earlier data, and the reanalyzed B(E3)t data,
we have determined the deexcitation properties of these
bandheads, which are given in Table VI.

Included in the observed deexciting transitions of the
3~ bandhead are the spin-flip transitions to the band
members of its 4~ spin partner. As few cases have been
observed,?® the determination of their absolute rate is of
some interest. Although no direct measurement has been
made of the level lifetime, it is possible to determine the
level half-life provided the B(E3)t strength and the E3
deexcitation transition branching ratio are known (see
Ref. 21). Using the values from our investigation, the
Coulomb excitation values determined by McGowan,® and
reanalysis of the work of Tjom and Elbek,* we are able to
determine a half-life of 8 ps for the K=3 bandhead at
1542 keV and a half-life of 41 ps for the 371 band
member at 1431 keV. The absolute transition probabili-
ties for all observed transitions can be calculated and hin-
drance factors determined. The latter are given in Table

3%3 g.s.
{r[4111/2) (633 7/2}}
571 - [10.9] ‘IGST
L — L m
33 6.26 471 >9.4(>8.8]
0991v(5211/21(6337/2L 3y 9731938
271 10.47[10.18}
171 - [10.20]

{0.89 v(512 5/2) (633 7/2]}
{0.06 v(5235/2) (633 7/2]}

FIG. 4. Octupole state band members in '®Er populated by
the unique first forbidden EC decay of '*Tm (numbers on the
right-hand side of each level is the logft value and number in
square brackets ([ ]) is the logf' ;¢ value). The Nilsson state con-
figuration for each band (and the '®®*Tm ground state) is given
below band head. The two left-hand columns represent the 3~
and 1~ octupole bands, while the right-hand column represents
the '®®Tm ground state that beta decays to '*®Er.
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TABLE VI. Hindrance factors® for transitions from the neutron [521 %][633 %] configurational

bandheads.
To From
4=4 373

E1 M2 E3 El M2 E3 M1 E2
0%0 4.7
2+0 1.4[5] 700 2.0[7]
410 2.6[9] [41-[5] 2.0[6] 200—1400
2%2 112 4.9[4]
3+2 4.5[6] 3.2[5]
4+2 7.2[6] 1.1[5] ~20
4—4 67 4
5-4 0.5

2The values are given as, for example, 1.4[5], which signifies 1.4x 10° hindrance over the Weisskopf es-

timate.

VI. Of the intraconfigurational (spin-flip) transitions, the
373 to 574 transition must be E2; however, the 373 to
474 transition can have both M1 and E2 character.
Iwashita?? has performed directional correlation measure-
ments for the gamma rays associated with the beta decay
of '®Tm to '®Er. The 373 to 44 bandhead-to-bandhead
transition was measured to have an 0.8% E2 component,
which gives an E2 component that is 8 times slower than
the 373 to 574 transition.

In general, we should expect two orders of magnitude
hindrance for every unit of K change beyond that allowed
by the multipolarity of a transition.?> Comparison of the
deexcitation properties of the configurational partners
shows that the deexcitation follows this K-hindrance rule
for electromagnetic transitions. The allowed M2 transi-
tions have hindrance factors of 20 and 112. This com-
pares well with the hindrance of approximately 10° for
the M2 transition between the K=4 bandhead and the
ground-state band (K=0) and a hindrance of approxi-
mately 10° for the M2 transitions from the K=3 partner
to the ground-state band. A similar effect is found when
the two known E3 transitions are compared. The E3
component of the 474 to 270 (g.s.b.) transition is ~ 200
times slower than the 373 to 0%0 (g.s.) transition. The
E1 transitions exhibit a similar behavior.

The mixing of higher-K two-quasiparticle states into
rotational members of octupole states has been shown by
Fields et al.?* to affect the properties of octupole states in
the light Er nuclei. Thus the mixing of higher K-octupole
states into lower-K octupole band members might be ex-
pected to occur in '®Er as well. Such mixing may ac-
count for the unexpected tenfold jump in EC strength
within the K=1 octupole band. Because there is a two-
unit change in K value for EC transitions from 3713
1%¥Tm to band members of the K=1 octupole band, the
EC transitions must proceed by unique first forbidden
(UFF) EC decay.?® The UFF transitions are governed by
a single matrix element; hence they are not subject to can-
cellations between different EC matrix elements such as
are found in ordinary first forbidden EC transitions.?> As

shown in Fig. 4 (see also Table II), the UFF logf¢ value
is 10.20 for population of the K=1 bandhead. When a
statistical factor for the difference in substates populated
is included,?® this value is consistent with the known
logft value of 9.40 for the '’Tm to '’Er UFF EC tran-
sition between the [411 5] ''Tm ground state and the
[521 3] excited state in '*’Tm (cf. this is the basic transi-
tion from !'Tm with a configuration of
{w[411 T]v[633 21} to the '*Er 171 octupole state with
an 89% two-neutron {[5123][633 21} configuration®®).
For pure states, only the UFF process should contribute
to the population of other band members even though the
spin difference would allow a first forbidden transition to
occur. The high logft (or logf¢) value for the population
of the 271 member is consistent with this picture. How-
ever, if there is K mixing into a band member, then first
forbidden EC transitions become possible. This may be
the cause of the factor of approximately 10 increase in the
EC strength to the 371 member over that to the 271
member. The K=3 octupole band is near in energy and,
as discussed above, has a nearly pure two-neutron
{[521 31[633 7]} configuration which is populated with
a logft of 6.26. Thus only a small admixture of the K=3
band into the 371 band member could account for the in-
crease in EC population of the 371 state.
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