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Excited states in 1%8yb from electron-capture decay of **¥L.u™ (T,,=6.7 min)
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The electron-capture decay of & u™ (T,,=6.7 min, J7=3") isomer was studied with high purity
sources, obtained by using a new radiochemical method consisting of fast continous on-line separation of
reaction products. A complex spectrum composed of abouty2fdys was observed. From these, 162 transi-
tions were assigned to a level scheme of 39 excited levef€%b, primarily by y-y coincidence spectro-
scopic measurements. About 60 transitions were placed for the first time @0% of the decay intensity was
clearly identified. The structure of the levels directly fed by the electron-capture decay was reviewed as
particle-hole excitations of the corg50556-28189)01308-4

PACS numbefs): 21.10.Hw, 23.20.Lv, 23.40.Hc, 27.76q

I. INTRODUCTION =0,%1, with a parity change and these two transition types
have comparable transition probabilities{fg ft<8.5). On

Low energy excitation levels of well-deformed even-eventhe other hand, in some cases fog5 and the transition is
nuclei such as'®yb have been extensively studied both unquestionably allowed unhinderéal)). It must conserve all
theoretically and experimentally. They have always been thé&lilsson quantum numberdNf,A). It was shown that only
main application field for collective deformed modgld. A two orbital pairs ¢7/2 [514]«< 79/2[514]) and
lot of experimental work, as well as transfer reactions, in-(v5/2[523]«< w7/27[523]) exist in the rare-earth region
elastic scattering, Coulomb excitation, heavy itfl) reac-  which could give rise to such transitions. The daughter states
tions, and decay measurements, was carriedsmé Ref[2]  must contain significant components of the corresponding
and references therginNevertheless, decay studies remainconfigurations. In addition these states usually lie above the
incomplete and should be reviewed, essentially owing to th@airing gap, and must be described as particle-hole excita-
existence of two isomers in th®3%.u odd-odd parent, @™  tions of the core. We made an attempt to analyze our data
=(6") ground state(g.s) (T,,=5.5 min) and aJ™=3" according to such an interpretation.
excited state T1»,=6.7 min at ~200 keV energy. It was
already noticed that the isomer activity ratio depends on the
manner of producing thé®¥u parent. Sources obtained by
1684t decay were shown to excite mainly the longest half- The experimental setup for producin§®Hf sources has
life isomer[3], identified as an excited state, while sourcesbeen described elsewhdigd and will be summarized below.
obtained by direct nuclear reactiofsay ®Tm(a,n)] con-  Pure (>99%) %%Gd targets were bombarded witfO’*
tained both isomerg4,5]. 100-MeV ions at IPN(Institut de Physique Nucigre) tan-

In carrying out a research program for the production andlem facility at Orsay. Target and window energy losses were
chemical separation of transactinide elememts=(04) we tuned to obtain the cross-section maximum of the
tested our separation facility RACHEkapid aqueous chem- 1%6Gd(*%0,4n)8Hf reaction.
istry apparatus for heavy elemenf§] by producing the ho- Pure lanthanum sources were separated from decay prod-
mologous elements in Mendeleiev’s talhéf, Ta, ...) ofthe  ucts with the RACHEL apparatus. Basically the reaction
corresponding transactinidé®f, Db, ...). Details of the products were collected with a helium jet facility, charged
separation method will be given laté8ec. I). Mass chains with KCI aerosols, brought to the chemical reaction vessel,
in the rangeA=164—-169 were obtained; some decay ana-and dissolved in HF. There they might form anionic or cat-
lyzes are still in progress. In this paper we report the study ofonic complexes. Three different resin separation columns, in
the %8 u— %8b decay and the development of a new ra-serial setup, retained anionfor cationio complexes, while
diochemical method to obtain high purity sources. A papeunlike species passed through. The first column retained cat-
on %%f decay has already been publisH&d. ions (lanthanides issued from decays during transfer time,

Beta decay involves the transformation of only a singlethe second one retained aniof$i{F]>~) and was used as
nucleon and the reduced transition probabilities, usually exa source of pure hafnium, and the third one retained the
pressed in the form of lofj values, provide valuable infor- cations (L3") issued from the hafnium decay in the second
mation about the relative spin and parity of the parent anadolumn. In the present experiment the last column was con-
daughter states. These data seldom point to unique Nilssdmously eluted and measured in direct and coincidence
orbital assignments. One reason for this is that observed tragountings.
sitions are primarily either allowed hinderea|(=0,+1, A three-detector coincidence setup was used, composed
with no parity change or nonunique first forbidden A of a 20-cnf-area, 0.5-keV full-width-at-half-maximum

Il. EXPERIMENTAL METHODS
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(FWHM) resolution at 122 keV, HPGéhigh purity germa- (iii) As usual only low order possible multipolarities were

nium) planar detector; a 40% relative efficiency, 1.75-keV considered for unmeasured values, according to Weisskopf's

FWHM at 1.33 MeV, and a 20%, 1.89-keV FWHM, coaxial single-particle estimated.1].

detectors, at 90° to each other in orthogonal planes. The assignments reported in the review data of R2f.
Single-y-ray spectra were recorded on a multichanneere generally found to be in agreement with our analysis,

analyzer and processed with the computer codeiaNAL ~ EXCEPL IN some minor cases. _

[8]. About 5.8< 10° coincidence events were stored on tape . SPIN assignments were deduced from comparison of as-

and analyzed off line in bidimensional matrices between any'dned multipolarities and existing transitions depopulating

two detectors. Spectroscopic data were obtained with co cach _IeveI. Additional assignments _for levels dlr_ectly popu-

puter codes of theNsDF (evaluated nuclear structure data ated inB decay were made accounting for selection rules for

' . log ft<7 from a 3" parent state, which permit only allowed
files) package from NNDQGNational Nuclear Data Center or first-forbidden transitions | = 0. 1, Sol =2 4.

. . 16
Il RESULTS B. Isomeric states in'%8_u

It has already been reported th&fLu sources produced
by %8f decay are mainly composed of the 6.7-min isomer
Energies and intensities were measured with proper dete€3,5]. In a preceding papdi7] we proposed the existence of
tor calibrations using standard reference sources. Correctio@s202.8-keV isomeric transitiofiT) of 0.86+0.21 % of the
for coincidence summing were applied if needed. Here 162otal decay, from the observation of a weakransition in
out of 177 identifiedy lines (Table ) were assigned to a the *°®Hf decay spectrum. This transition is strongly masked
168yl scheme of 39 excited level@able Il). The assign- in "*®.u decay owing to a multiplet around 200 keV. A weak
ments were made first by coincidence relations, second by ray is possible at 202:50.4 keV, with an intensity of
agreement with energy level differences. Some transitiond-2+ 0.3 relative unitg% of the intensity of the 896-keV).
might be multiply placed into the level scheme and a fewThis y does not appear in coincidence spectra, as expected.
levels were proposed only on account of energy differencén these units the total intensity of the IT transitida3 with
relations. Some placementabout 60 are reported for the theoretical conversion coefficieat, =1.76[9] and abso-
first time and were mostly confirmed by coincidence mealute normalization to 100 decay$=0.164+0.021) should
surement. Some examples are reported in Fig. 1. e.g., e 0.54-0.15% of the decay. The agreement with the pre-
201.0-keV transition between the 2404.9- and 2204.0-keWious suggestion seems fair, but some other discrepancies
levels was firmly established by coincidence measurementsfill emerge. First, the maiy's excited in °%.u? decay do
a new level was proposed at 2055.9 keV to account for th@aot appear in our spectra; second, otlyér assigned to g.s.
coincidence between the 1071.9-keV and 148.2-keV transidecay appear with the wrong intensities or may be assigned

A. y spectrum and level scheme

tions. to the ®%u™ decay and placed elsewhere in the level
Multipolarity assignments were made according to thescheme. So either the existence of a low mixture of g.s.
following arguments in increasing order of importance. decay in isomeric decay may be questionable, orythrays

(i) Primarly, they were made on the basis of the knownof g.s. decay are under the detection limit. Taking a conser-
K-electron conversion coefficients measured by Charvevative view, only an upper limit for the IT intensity may be
et al. [4], compared with the theoretical valu¢9]. The proposed;; <0.8% (at 90% C.L), still lower than the value
akexpt Values of the reference were multiplied by a factor of previously proposedl{;y <5% [5], I, <4.5% [3]).

1.25 according to a reanalysis of the experimental data. The
new normalization was adopted on the basis of the assign- C. e+ B* decay
ment of pureE2 character to the single 298.8-keV transition.

The other transitions previously used for normalization, andscr']:er%ne1 5\?;2' égtggﬁg%e?bﬁ:nrzzzeatthza%h Is%eelsz ?ﬁgf >If10
assumed to be purE2 in Ref. [4], are multiple (strong : yp

198.9+ 201.0 keV+ some weak components and 979_4d|rect branch was feeding the g.s. No branch was reported if

. I +y<1%, except for high energy levels with no incom-
m m . (e+B™)
934'0 ke_V) or may be |xed\4_1 E2:884.8 ar_ld 896.3 ing y's or if the (Al/1)(.. 5+y>50%. The decay scheme is
keV; see discussion in Sec. JVWith the new choice good (e+57)

. . reported in Figs. 2—6.
agreement was obtained, e.g., for the singleays 1083.6 . -
and 1219.9 keV, assigned to be piE@ transitions within As discussed later, only lower limits can be settled for the

experimental uncertainties and confirmed unmixed frc)mtransition decays to levels below 1.2 MeV. From theoretical
Ievpel scheme considerations, according to the rotational model, the leading

- - . . : order intensity forA-multipole radiation must be inversely
(i) Additional secondary multipolarity assignments were . -

. 4 roportional to the square of a Clebsch-Gordan coefficient
made according to level scheme and comparison of the th ee relation 4.91 58 in Rdfl))
oretical asymmetryA=W(180°)W(90°)—1 from direc- <4 P
tional correlatiorW(6) for assumed knowhy 111> [10], ft N1 7K — 17K ) = (LKA (K — K| iKe) "3 M| 72,
with the corresponding experimental value from coincidence
intensity ratio fory, and y; detected at 180° and 90° with whereM is an intrinsic matrix element independent of spins.
respect to the gating transition. So theft s for the allowed § =1) transitions to the levels
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TABLE I. 4(168Yb from (e+ 87)¥Lu decay. Standard uncertainties on the last digits are given in parentheses after the values.
Unassignedy’s have empty placements. Relative photon intensities are normalized to 100 for the 896.261-keV transition; for absolute
intensities per 100 decays multiply by 0.184). Values in parentheses are probableak measured assignments; values in brackets are
deduced from level scheme. Limits on multipole mixing were deduced frgm,,; except otherwise stated.

E, I, Multipolarity Placement E, I, Multipolarity Placement
(keV) (relative (from level) (keV) (relative (from leve)
17.75) 0.5025) 1390.11
24.05) 1.2(6) [M1(+E2<13%)] 2427.97 449.74) 0.6522) 2180.33
27.1(5) 0.5025) [E1] 1480.00 467.9Q5) 6.4(11) M1(+E2<70%) 1451.76
53.25) 2 <1 2064.96 473.64) 0.7324) 2203.99
68.05) 2 <0.3 2203.99 479.38) 0.31(16) 1650.65
74.05)2 <0.4 1233.44 484.3218)° 1.603) 1551.33
84.006) 0.2414) [M1+E2] 1067.15 2158.54
87.773) 82(12) E2 87.764 ;“2’1-‘1‘3)21) 8-2(;)17) g?g-gz
89.64) 0.4616) (E1] 1480.00 530.47)° 1.25) 1597.87
99.603) 3.1(5) [M1+E2] 1551.33 2903.99
104.89) 0.087) [M1+E2] 1171.38 550.6723) 1.313)
122.956) 1.2521) [M1+E2] 1674.20 560.05) 0.4622) 2158.54
130.9G6) 1.3023) [M1+E2] 1302.41 567.4115) 2.35) 1551.33
147.088)" 0.61(25) 2064.96 583.5021) 1.64) (E1) 1650.65
2158.54 586.49) 0.3420) 1171.38
148.164) 4.27) [M1+E2] 2203.99 605.83) 1.75) [E1] 2203.99
166.35) 0.229) 1233.44 607.229) 8.514) [M1+E2] 2158.54
176.33) 2 0.2210) 1407.9 621.68) 0.4(2) 2011.42
187.3419) 0.4311) [E2] 1171.38 652.759) 5.2(9) [M1+E2] 2203.99
191.2423) 0.4914) 2255.95 659.05) 0.46(25) 2255.95
198.943) 190(30) E2 286.60 674.65)° 0.94) 2064.96
200.48) 2 3.412 [M1+E2] 2255.95 2404.86
201.0115) 11.220) [M1+E2] 2404.86 683.46) 0.6320) 2135.38
) 697.64) 0.9325) [E2] 984.00
20254 123 [E3] 706.8317) 3.1(6) 2 2158.54
222.5817) 0.9019) [E2] 1674.20 717.2820) 2'5(5) [M1+E2] 0 Liopa1
224.1517) 0.8918) [M1+E2] 2427.97 ' ' E2(+M1<47%) '
231.95) 0.179) 950399 723.47) 0.4923 2203.99
235.65) 02316  [E2] 1302.41 730737 9519 (E2) 2404.86
246.334) 5.28) M14+E2 2404.86 752.338) 8.213 [M1+E2] 2203.99
[ ] 768.47) 0.6223 2158.54
248.13) 0.4719) 1551.33 780.615) 26(4) 9 1067.15
269.4811) 1.2123) 2404.86 E2(+M1<44%)
2427 97 804.9416) 0.9425) 1390.11
271.43) 0.2511) [M1+E2] 2475.23 22(‘;-;111) ‘1‘-321)1) [E1] 22‘2"7‘-23
280.53) 0.3910) M1+E2 1451.76 ’ ’ :
283.55) 0.21(11) : : 2255.95 832.13) 1.24) 2135.38
294.909) 2.004) 2475.23 853.574) 27(4) E2(+M1<89%) 2404.86
298.774) 12.620) E2 585.36 gzz'gg)@ ‘igg ;322-22
zggég gigig; 14728 884.80724) 84(13) E2(+M1<39%) 1171.38
331.8013) 1.43) 887.65) 0.94) 1472.8
339.24) 0.4918) 2404.86 896.26124) 100° E2(+M1<39%) 984.00
347.13) 0.4520) 901.610) 7.6(13) [M1+E2] 2203.99
348.994) 9.5(15) E2(+M1<35%) 2404.86 924.9324) 2.35) [E1] 2404.86
372.1719) 1.33) 2427.97 944.4725) 1.86) 2011.42
375.04) 0.5319 1972.84 947.8512) 2.4(10) 2427.97
380.116) 4.57) [M1+E2] 1551.33 953.33)° 2.05) 2255.95
384.807) 6.9(11) E2(+M1<37%) 1451.76 2404.86
303.507) 5.1(8) [M1+E2] 2404.86 964.1915) 478 2135.38
405.95)° 0.3415 1472.8
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TABLE I. (Continued.

E, I, Multipolarity Placement E, I, Multipolarity Placement
(keV) (relative (from leve) (keV) (relative (from leve)
979.37924) 128(20) E2(+M1<80%) 1067.15 1387.4312) 6.8(11) (M1+E2) 1674.20
983.994) 78(13) E2 984.00 1392.1913 5.009) [E1] 1480.00
987.3415) 8.2(14) [M1+E2] 2158.54 1420.795) 62(10) M1(+E2<60%) 2404.86
988.9619) 6.3(11) [M1+E2] 2055.88 1434.43) 1.7(3)
998.17) 0.6(3) 2064.96 1439.15) 0.8(3)
1013.46) 0.5822) (M2) 1597.87 1445.56) ° 0.8(3 2427.97
1015.867) 11417)  E2(+M1<87%) 1302.41 1463.4710) 124200 (E2) 1551.33
1027.4420) 2.86) 2011.42 1510.013) 5.4(9) 1597.87
1032.614) 578) M1(+E2<79%) 2203.99 1516.76) 0.8325) 1604.5
1066.89) 2 <0.2 1154.6 1521.16) 0.7622)
1068.49) 1.38) 0135 .38 1573.420) 0.55) 2158.54
71900 <1 nses 1920 149 218033
1071.945) 15.725) (M1+E2) 2055.88 1610.410) o4 9203 99
1083.583) 41(7) (E2) 1171.38 1622.27) 0.6920)
1084.94) 0.84) 2255.95 1631.24) 1.94) 1917.88
1089.@10) 0.3(3) 1674.20 1642.112) 0.4417) 1730.67
1091.5819) 3.007) 2158.54 1686.33) 0.22) 1972.84
1102.93) 1.94) (E0+E2) 1390.11 1711.818) 0.31(18)
1113.68)° 0.5(4) 24155 1724.67) 0.8422) 2011.42
2180.33 1730.86) @ 0.63) 1730.67
1136.834) 84(13) 45%M 1+ 55%E?2 f 2203.99 1779.58) 0.44(19) 2364.5
1144.96) 0.6(3) 1233.44 1793.58) 0.5224)
1151.Q9) 0.4920) 2135.38 1848.7425) 2.95) 2135.38
1159.27)° <0.2 1159.95 1853.78) 0.7423)
1165.2116) 4.47) [M1+E2] 1451.76 1871.84) 1.94) 2158.54
1188.3121) 0.87) 2255 05 1894.110) 0.3621) 2180.33
1191.28) 1.34) 1279.0 1917.2810) 10.1(16) 2203.99
1193.43) 3.26) 1480.00 1967.714) 0.603) 2055.88
1219.945) 69(11) E2 2203.99 1969.55) 5311 2255.95
1231.34)b 1.06) 12313 1977.69) 0.6921) 2064.96
1233.467) © 33) [E2] 1233.44 2047.64) 1.94) 2135.38
2070.94) 2.04) 2158.54
173 (M1+E2) 2404.86 2093.14) 1.94) 2180.33
1256.3612) 4.98) (E2) 2427.97 2116.2420) 11.722) 2203.99
1264.685) 14.623 1551.33 2118.110) 1.48) 2404.86
1279.a44) 0.6(3) 1279.0 2128.74) 1.603) 2415.5
1302.43) 1.64) [E2] 1390.11 2141.398) 21(3) 2427.97
1311.2711) 5.99) (E1) 1597.87 2168.45) 1.003) 2255.95
1320.12718) @ 3.0(6) 1407.9 2187.97) 0.8623 2475.23
1337.6%5) 25(4) E2(+M1<60%) 2404.86 2276.84) 1.74) 2364.5
1360.76) 1.33) 2427 97 2317.1824) 2.7(6) 2404.86
1363.904) 23(4) E2(+M1<50%) 1451.76 2336.411) 0.93)
1380.46) 0.83) 2364.5 2340.611) 0.63) 2421.91
2358.48) 0.51(16) 2645.0

8Uncertain placement.

Multiply placed, undivided intensity.

‘Multiply placed, intensity suitably divided.
YPossible isomeric transition.

®Normalization value.

16| =1.1(5) from ayexp=0.034(6) measuremefd].
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TABLE II. %8vb levels.
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Some discussion is needed on the experimeftaner-
gies. End-point energies were measured by Merz and Caretto

E(level) J7 TR Comments [12], in a radiochemical separation experiment &#Hf
00 o stable " — 168 y—168yp decay chain, who found 1:20.1 MeV for
8776425 2 1.473) ns b 158 y and 1.7:0.1 MeV for 1°%f; by Arlt et al.[3], in the

' . : b same experimental setting, who found £®3 and 2.7
286.603) 4+ X +0.3 MeV for %8 u; and by Charveet al.[5,4], in %8 u
585.365) 6+ . —168yph, who found 1.230.08 MeV for %8 u? decay and
984.063) 2 1.0310) ps 1.47+0.10 MeV for %8 .u™ decay. From intensity imbal-
1067-15321 3" ¢ ances the 2.7-Me\3* end point is poorly compatible with
1154.69)° (07) © our data: no3™ transitions of significant intensity were ob-
1159.9524) ¢ (1°) f served towards excited levels in the 95800 keV region,
1171.383) 4° ¢ but ~10% of the feeding is missing or uncertain. So weak
1231.349 ¢ (17) f feedings to levels in this region might be allowed by experi-
1233.447) 2" <4 ps ¢ mental data.
1279.44)  2° An intensity ratioe/ 3" ~8 between electron capture and
1302.416) 57 ¢ Bt emission was measured by Merz and Caréft2], in
1390.1112) 4* € rough agreement with the ratio 32 deduced from level
1407.92) ¢ (27) f imbalance. Most of the intensity proceeds through two
1451.764) 3% 9 branches(in the ratio 1/2: a 3.5% branch, which may be
1472.84)  (4%) identified with the measured 1.47-MeV end-point endrtly
1480.009) 3~ f and a 1.9% branch 224 keV lower, which corresponds almost
1551.334) 4" g exactly to the 1.2-MeV12] end point and the 1.23-MeM]|
1597.877) (47) f end point(but with the wrong assignmentSo the assign-
1604.56)  (2) ments are still unclear. .
1650.6521) (3,4)" f From intensity imbalance at each level the total feedings
1674.205) 5* g were determined. Using the tables of Gove and l\/_la[rl(_BjI
1730.6717) (2%) we calculated lodit values. They are also reported in Fig. 2.
1017.8819) (2°,3,4") Two levels appear to share most c_>f the decay. The level at
1072.8420) (3.4) 2204.0. keV, with 41% of the |nten3|ty, and a level at 24280
2011.426) (2; 3.4) keV, with 37%. Indeed t_he latter is only an upper Iln_1|t: itis
2055.8$4) (2+'3’+) based on the assumption that most of the intensity flows
2064.96518) (2+’3 4% through the 24-keV transition to the 2404.9-keV level. Un-

‘ L fortunately the 24-keVy was observed only in coincidence

2135.389) (3; 47) spectra and its intensity is subject to a high uncertainty. A
2158.545) 4+ high conversion coefficient38.1, M1 with probably low
2180.3318) 4 E2 mixing) prevents a clear total intensity determination. So
2203.994) 4" <0.14 ns w1/2°[541]+ m7/27[523] 37% is the total feeding to 2404t2428.0 keV levels. For
2255.9513) (3",4") the lower levels at 286.6, 984.0, 1067.1, and 1171.4 keV
2364.83)  (47) only a lower limit can be proposddt 68% or I confidence
2404.864) 37 w1/27[541]+ w5/27[532] limit). It may correspond to the end-point energy of 2.7
2415.84) (39 +0.3 Mev observed by Arlet al. [3].
2427.976) (3%) w1/27[541]— w7/27[523]
2475.2319) (2%,3,4%) (w1/27[541]— w5/27[532])

% rom Ref.[2].

®y band.
€y band.

9Doubtful or weakly excited level.

€8 band.

Low energy levels in deformed even-even nuclei have
been extensively described as collective stldsThe ex-
perimental pairing gap is defined from the even-odd experi-
mental separation energigs4],

fOctupole band.
9(w7/2"[404] - w1/2°[411]) band.

at 984.0 keV ("K=2%2), 1067.1 keV ["K=3%2), and
1171.3 keV ("K=4"2) of the y band must be in a (=1041 keV} for neutrons, or
7:20:140 ratio. Already the most intense decay to the 984.0-
keV level is experimentally hardly observédnly a lower
limit log ft>6.3 can be proposgdso decays to higher levels
should be still weaker.

Agg)=—%[Sn(N—1,2)—25n(N,Z)+Sn(N+1,Z)]

1
A@D=— ZLSp(N.Z=1)=25,(N,2) + Sy(N,Z+1)]
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FIG. 1. Selected portions of coincidence related spe¢#al48.2-keV gate in the 750-1100 keV regidh) 198.9-keV gate andc)
201.0-keV gate in the 750—1000 keV region and the corresporidiniptal projection spectrum showing the gating transitions.

(=983 keV) for protons, andA=0.8A., to account for a and will be compared with theoretical predictions.
weaker pair field in excited configuratio$5]. The pairing
gap appears lower for protona €786 keV) than for neu- A. Generalized treatment

trons A=832 keV). It may be compared with the semi- duced . babilti f interbaf .
empirical valueA = 12/A2=926 keV. All states with exci- _~educed transition probabilties of interbak@ transi-

taion energy lower than ®~1.6 MeV should be tions were described quite generally by Mikhaillg\6] by a

predominantly collective mixing of rotational bands with different values kfaccord-
The classical ground=0), y (K=2), andg (K=0) "9 o the generalized formula

bands were extensively studied in this region. We must re- B(E2;1;Ki— 1K) = (1+ 8 o)(1;Ki2— 2|1 1K)

mark that theB band is very poorly excited in the decay of e A

168 y™. According to rotational model predictions, X M1+ My(X— X2, 4.3

B(Ez;liKelfK>:<IiK20|IfK>2l<K|M'<E2:0>|K>I(241 with X=1(1+1),

and M =(Ki|M"(E2,2)[K¢)— 4(K;+ 1)M,

B(E2;1;2—170)=2(1;22—2|1;0)?|(0|M'(E2;—2)|2)|? and

4.2 15
for unmixed intraband4.1) and interband K;=2—K;=0) Ma=—e€,\ g &K,
(4.2 transitions, with quadrupole moments defined as

1 16 vyhereey is a spin-infjependent para_meter related to interac-
QoK)= =1 /—(K|M "E2;0)|K). tion strength, and with the assumpti@y(K;) = Qy(Kj).

e 5 A polynomial least-squares fit ofyB(E2;l;2—1:0)/
éli22—2llf0> versusX;—X; must give a straight lineAl
=1 transitions are supposed to be unmixXpdre E2), be-
cause of the experimentBl/L conversion coefficient ratios,

Experimental values of reduced transition probabilities wer
measured in Coulomb excitation experimeftsviewed in
Ref.[2]) as

B(E2;00—20)=5.77+0.04 e’ b?,

1A minus sign was set in the definition df, with respect to Ref.
B(E2;00—22)=0.128+0.005e? b?, [1], formula 4.230, p. 159, to maintain compatibility.
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FIG. 2. B decay scheme. @ Multiply placed: intensity suitably divided. & Multiply placed: undivided intensity given. Inteniqitjes:
+ce) per 100 parent decay. Dots mark observed true coincidences, open dots weak coincidences; dashed lines stand for uncertain place-
ments. Parentheses denote weak assignments, square brackets deduced assignments.

which were supposed to be puER [17], but they appear compatible withM1+E2 mixed transitions.

also compatible with an unvanishimgl mixing (K/L varies Different hypotheses were tested.

less than 20% fronE2 to M1 for all transition$, so this (i) With only one parameteM, (no band mixing, x?/f
hypothesis may be unrealistic. Thg.,, values[4] are also  =13.02/9=1.44 (for f=9 degrees of freedomthe relation
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FIG. 3. B decay schemécontinued.

accounts for a satisfactory description in the pure unmixed

band model with
J2M,=(0.359+0.005¢eb.

(i) With the introduction of theM, parameter, we have

V2M,=(0.368+0.010¢eb,

V2M,=(1.6+1.6)x 10 3eb.

M, is not significantly different from zeréFig. 7), and
worse, x?/f=11.89/8=1.49 is increasing, so the result must
be discarded.
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FIG. 4. B decay schemécontinued.

(i) However, a closer look at the figure shows that the
disagreement may come mostly from the two transitions 4

—2 and 4-6, observed in this work for the first time, hav-
ing a lower intensity than expected. We might ask if this

discrepancy is a real effect or is due to the high uncertainty

J2M,=(0.406+0.015eb,

V2M,=(7.9+2.5)x 10 3eb.

The result seems quite correct, but we have to note that many

of the measurement. If the two points are omitted/f
hypotheses were introduced: in addition to the one tat

=5.80/6=0.96 and
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FIG. 5. B8 decay schemécontinued.

=1 transitions be pur&2, we introduced arbitrary normal- Therefore, we may conclude that probably Mé& mixing
izations, to the values given by the pure rotational model, fois underestimated; the agreement in omitting the new experi-
transitions issued from™3and 5' levels. mental points may be accidental; the bare unmixed rotational
(iv) A more general formula was also proposed inmodel is still a good approximation.

Ref. [16], accounting for a difference of quadrupole mo-
ments between the two bands, but it does not supply any
improvement in our situation, according to the preceding re- From the present accuracy of the experimental data we
marks. assume that Alaga’s rule may be applied and we analyze our

B. Unperturbed treatment: Alaga’s rule
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FIG. 6. B8 decay schemécontinued.

data in the framework of the pure rotational model withoutwhich compares well with the experimental ratio (6.7
mixing. We consider the unperturbed reduced probability ra=+2.1)x 10” 2. The comparison in Table IIl of the theoretical
tios for the vy-to-ground band transitions. For thE'K and experimental values supports the hypothesis that a sig-

=2%2 |evel at 984.0 keV the theoretical ratio will be nificative M1 mixing be present i\l =1 transitions. Rota-
tional (AK=2) band mixing would not appear sufficient to

explain the experimental intensities, Kanay not be a good
B(E2;22—40)/B(E2;22—00)=5/70=7.14X 102, quantum number.
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@ Calculated from B (E2;00 2 22) = 0.128 ¢? b? measured in Coulomb excitation
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FIG. 7. Mikhailov’s plot. The full horizontal lingg=0.358 is the fit to ten points and the dashed le0.406+ 0.007% is the fit where
the two points farthest to the right are omitted.

C. Particle-hole levels

[1]). Two levels are mainly excited by+ 3 decay in%8yb:

The structure of the levels directly populated in the decaya (J"=4") 2204.0-keV level and aJ"=3") 2428.0-keV
of 18"y may be considered as best described by particlelevel with logft~5(4.95+0.09 for the 4 level). They must
hole configurations, lying above the pairing gap. The valueswn a main component of the particle-hole configuration
of log ft<7 favor allowed or at most first-forbidden transi- {71/2"[541]+ 7~ 17/2 [523]}4+ 4+. Disregarding unessen-
tions, so the daughter must contain large amplitude compaial pairing factors(see, e.g.[23], p. 219 this component
nents of these permitted configurations. The parent was eXgpresents>56% of the total configuration intensity. Actu-
plained as a two-quasiparticle configurati¢m1/27[541]

+v5/27[523]}5+. The only au transition expected, and al- hosed mainly on the highly probable existence of a 24-keV

ready observed

in

this

region,

wasr7/2 [523]

—v5/27[523] with log ft=4.7 (see, e.g., pg. 307 in Ref.

TABLE I1ll. Analysis of branching ratios involving interband

transitions between the g.s. and thesibrational bands int6®vb.

Transition B(E2) ratio
(IK—=1"K") (theoretical (experimental
(22— 40)/(22—00) 7.14x10°2 6.7(21)x 1072
(22—20)/(22—00) 1.43 2.3 °
(32—40)/(32—20) 0.400 0.6814) @
(42— 60)/(42—20) 0.254 0.18L1)
(42— 40)/(42—20) 2.945 5.7113 2
(52—40)/(52—40) 0.571 1.:3)2

8PureE2 transition hypothesis.

ally, the identification of the level at 2428.0 keV was pro-

transition, mostly electron converted, to the 2404.9-keV
level (which otherwise might be the *3 partner of the
particle-hole spin-flip coupling It may be noticed that ac-
cording to Gallagher's rul€18] the lowest level of the mul-
tiplet should havd =4(3=0) as proposed.

The level at 2404.9 keV may be proposed to own a main
component of the particle-hole configurati§m1/27[541]

+ 7w~ 15/27[532]} 3+ which must lie close in energy. In this
case the 201-keMand 24-keV transition is an allowed
(AK=1) M1 transition w5/2 [532]— w7/27[523]. The
Weisskopf estimate for this reduced transition probability
gives Byy(M1)=1.79%uy (uny=¢€h/2Mc), and a theoretical
calculation[19] in the framework of the Nilsson modg20],
with realistic effective charge e,=0.6), gives B(M1)
=1.861uy . The two statesr7/27[523] and75/27[532] are
issued from the same main shelhy,,.

Some qualitative indications may be drawn from the Nils-
son model[20]. Configurations issued from the same shell
model orbital, differing only for one longitudinal oscillator,
must be in a first approximation at excitation energies differ-
ing from Ae~#AwyS. The w5/27[532] and 7 7/2°[523] or-
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bitals are ordered in increasing excitation energy. Experiat 1159.9, 1231.3, 1407.9, 1480.0, 1587.9, and 1650.6,keV
mentally the mean excitation energy of the multipletbut their knowledge is not sufficiently established for a clear
E(77/27[523]) = =,(2J+1)E,/=,(2J+1) is 2302 kev, band identification. Theoretical calculations have been made
with the experimental values of the 2204.0-keVj4and DY Soloviev[23] and Neergard and Vogg4] in the frame-
2428.0-keV (3) spin-flip doublet. If the 2404.9-keV (3 work of quasiparticles qoup_led to anhgrmon!c_wbranor_ls ina
have to be identified as the 5/2 low energy partner, the higl'iandom phase approximation formalism, giving qualitative

energy (2') member may be proposed at 2475.2 keV ang@greement for I(";A =3,u=K) states in this region. Inter-
fed in the decay with lo§t=6.7, so with an allowed hin- acting boson models(d+f boson$ calculations have also

dered AN=0,An,=AA =1) transition. The partner (3 at been made by Barfielet al.[25] for near nuclei, but with no

2404 keV must be fed with the same strength gwhich ~ SPecific application td%vb.
implies a feeding=0.5%; this could be allowed by the ex-

perimental data. For this doubletE(#5/27[532])

=2434 keV, giving 132 keV for the deformed oscillator A careful revision of the é+ 8%) decay of the doubly

subshell separation, which is a reasonable value. odd 8. uy™ T,,=6.7 min, isomer was given. About 60
One may ask if other configurations may be identified. Anew transitions were placed into a level scheme of 39 excited

rotational bandhead3at 1451.8 keV has already been pro- states of'®8yb. The electromagnetic transition probabilities

posed in b [5] and confirmed in this work. were discussed, and a significant multipolarity mixing was

We suggest its identification with the{m77/27[404] suggested. Further investigation would be needed to clearly

— 7 11/2"[411]}5,(2=0) particle-hole  configuration, identify negative-parity states.

which lies just under the pairing gap, and may be favored by

residual interactions.

V. CONCLUSIONS
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