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Structure of 1?°Te from the ®Sn(a,2ny) reaction and 1?4 decay
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The level structure of?°Te has been examined utilizing gamma-ray spectroscopy followingdt#n )
reaction and*?d decay. Excitation functionsy-y coincidences, and angular distributions were measured.
Spectroscopic information, e.g., spins, branching ratios, and multipole-mixing ratios, was obtained for many
new levels below 4.5 MeV in excitation energy. The level scheme was examined from the viewpoint of an
anharmonic vibrator model, the general collective model, the particle-core coupling model, and interacting-
boson-model-based intruder models. Particular aspects of the level sequence can be reproduced by each of
these models, but the agreement with transition rate data is modedB(E29 transition rate ratios are most
consistent with the simple (8) pattern. The higher-spin intruder states are identifietfifie by comparison to
the known band structures and decay patterns of\the&66 andN =68 tin and cadmium nuclei. The intruder
signature vanishes below spin-8, where there is strong mixing between states.
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I. INTRODUCTION nents in the § state wave functiofil—3].
Rotational bands are observed in the neighboring Sn and
At first glance, tellurium-120 appears to be a good candish nuclei, where configurations based gy, holes are as-
date for a quadrupole vibrational nucle(i§g. 1). The two-  gocjated with nuclear deformation and produce rotational
phonon triplet and three-phonon quintet of states seemgynq stryctures. These intruder configuratipfisare thought
readily apparent. The splittings between members of thesg o ghserved in all the neighboring nuclei (53, Sn[6,7],

multiplets are reasonably small, suggesting that a spheric&y, 1q] and |[8]; however, the situation for the tellurium
vibrational model would provide a good description of the , \ |ei is not as clear.

nuclear properties. As such, the tellurium isotopic chain Previous experimental information ori°Te mainly con-
should be a good testing ground for vibrational models anq:erns intermediate spin states from@Pd(3C,3ny) mea-
their perturbations. . . surement [9], !%Sn(a,2n) [10,11, and several
As erroneous conclusions can be drawn from studies of amzolﬁ*/electron capturéEC) decay measuremeritsl, 17, A
isolated nucleus, we consider the isotopic chdiy. 1) to full evaluation of the National Nuclear Data CentBiNDC)

uncover the active structures in this region. Away from thedata sets was recently completed by Kiteioal. [13]. The

: 11 L : . .
mldshell' ®e, anhqrmommuss |n+crease. Toward t.he heav'erpresent study was undertaken to add additional low-spin
Te nuclei, the energies of thg 2 4, , and 2 states increase

> . . = spectroscopic information(spins, branching ratios, and
as expected and the;Ostate rapidly rises to join the;3  myitipole-mixing ratio in the region above the two-phonon
state. Other trends are not expected for a sequence of V|braﬁu|tip|et, thereby providing a basis for evaluating anhar-
tional nuclei. The § state drops to nearly constant energy monic vibrator model, particle-core coupling model, and
aboveA=122 instead of maintaining its position near trfe 3 interacting-boson-modelIBM)-based intruder model de-
and 4, states. This behavior suggests particlelike composcriptions.

In Sec. Il we briefly describe the experimental procedures
used to extract level and transition information, and in Sec.

*Email address: vanhoy@usna.edu Il we discuss those states for which there is special concern
"Present address: Hospital Sion, Sion, Switzerland. about the interpretation of the data. Section IV contains de-
*Present address: Asulab, Marin, Switzerland. tailed comparisons of the experimental information to vari-

$Deceased. ous model predictions. Our results are summarized in Sec. V.
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FIG. 1. The mass dependence of selected energy levels in the 10t L ]
tellurium nuclei. The 2, 47, and Z states show the expected i
spacing and parabolic increase expected for vibrational states as the F
neutron number varies from midshell. For neutron numbers above 1000
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midshell, the § state remains at nearly constant excitation energy,
suggestive of an underlying particle structure.
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Il. EXPERIMENTAL METHODS
FIG. 2. Samples of singleg-ray spectra from thé'8Sn(a,xnvy)

Measurements were performed at the Paul Scherrer Instieaction at different alpha-particle energigs,. Several lines have

tute, Villigen, Switzerland using: and 14N beams from the been labeled with their residual nucleus assignment.

Philips variable-energy cyclotrory-ray excitation functions

and angular distributions were measured in-beam followingen-point angular distribution measurements performed at
the (a,xn) reaction on*'8sn foil targets of 95.75% isotopic E,=24 and 28 MeV. In order to extract the magnetic sub-
enrichment and 7 mg/chthickness. A Compton-suppressed state alignmentsd), level spin, andE2/M 1 mixing ratio 8,
intrinsic Ge detector of 130 cinas described in Ref14],  we followed the procedures described by both Der Mateosian
was utilized to obtain singles speciiig. 2). and Sunyaf16] and Cejnar and co-workef47,18. Theo's

Two types of coincidence measurements were performediere found to have a slight excitation energy dependence, as
using a system comprising five Compton-suppressed intrinexpected 18]. (A sample of the der Mateosian procedure for
sic Ge detector§15]. In-beam y-y coincidence measure- extractingo from a mixedE2/M 1 transition from a spin-4
ments were made following thESn(a,xn) reaction.y-ray  state is illustrated in Fig. BThe mixing ratios provided in
coincidences were also recorded from an activaldd  Table | are from the latter Cejnar-Kern method, which takes
sample which was prepared with th&Pd(*N,4n) reaction  perturbations on the angular correlations freanay feeding
on 99% isotopically enriched targets of 5 mgfcthickness. into account.

The level scheme ot?°Te was constructed from the co-  Excitation functions were measured at five incident
incidence measurements. TA&! decay measurements pro- a-particle energies and serve several purposes. First, the
vide access to the lower-spin statds;0—4, of the nucleus, shape of they-ray excitation function reflects the energy
and most of the level scheme was constructed by analysis afependence of thenl 2n, or 3n exit channel and can be
this cleanerB-decay data. Coincidences from the,2n) re-  used to assign transitions to the proper final nucl&is. 4).
action tend to populate states with spins 6—12 directly. FoSecond, the slope of an individual excitation function is
that reaction, lower-spin states are observed as a result of tlsemewhat sensitive to the spin of the parent sfafd and
deexciting cascades. serves as a consistency check on the spin assignment. Be-

Spin assignments fot?’Te were obtained fromd,2nvy) cause the angular distributions were measured at two ener-
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FIG. 3. Angular distribution
data and analysis of the previously
known 4,—4, transition. Spins
and mixing ratios are extracted
following the procedures de-
scribed in Refs.[12,17,18. For
mixed-multipolarity  transitions,
both alignment parameter and
mixing ratio must be extracted
from the data simultaneously.
Analysis of each Legendre coeffi-
cient provides a series ofé(o)
values. The common solution oc-

curs where thea, and a, curves
intersect.
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gies, the efficiency-correctefl, values from the Legendre nents and thus allows one to produce lbgestimates. In
polynomial fits can be used for refined values of the excitacases where there is an unambiguous interpretation, tHé log
tion function slope, defined as values can be used to confirm spin or parity assignments.

200 Ao, Ao,

SL= . 1
E,—E1 Ao, +Aq, @

Ill. LEVEL SCHEME DISCUSSION

Approximately 73% of the observed transitions were

v rays emitted from the same level should have consisterieadily placed into a scheme 6f100 levels using the tech-
values of SL, provided there are no complicating effects niques outlined above. The resulting level scheme is given in
from doublet lines in the spectrum. Table | along withy-ray transition information. Branching

The activated?% sample also provided an opportunity to ratios were cross checked by comparigs in both the 24-
estimate logft values. Singles spectra were recorded in 10-and 28-MeV angular distributions with gated spectra in the
min intervals during the'?d decay measurements. Sample coincidence measurements. Legendre coefficients and
vy-ray decay curvegyield versus timgextracted from these multipole-mixing ratios are provided from the 24-MeV data
data are shown in Fig. 5. 1A%, the 2~ ground state is measurement, although both angular distributions were used
accompanied by an unresolved isomer of unknown spirin the analysis. Efficiency-correctedray intensities are pre-
(4—8 [20]. The two states have very similar half-lives of 81 sented from both thea(,2n) and g-decay singles data sets.
and 53 min, respectively. Decays from the &tate populate The effective mean decay tineayis obtained from time
primarily states of spins 0—4 it*°Te, while decays from the analysis of the gamma-ray intensity following th&l decay
higher-spin isomer tend to populate spins 4—8. The meaand serves as another consistency check-oay placements
sured decay curve can be expressed as a superposition of thed spin assignments. Ldt values from the ground and
decay curves from the ground and isometd states. The isomeric 129 states are given in Table II. The systematics of
effective decay timeT yoc,, fOr each y-ray decay curve is decays from this nucleus seem to indicate thafftaglues in
then related to the relative contribution of the two compo-the range 7.0-8.5 have an ambiguous interpretation, while
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TABLE |. Level scheme and transition information f&#°Te. TheE2/M 1 multipole mixing ratios is provided instead of multipolarity
(XL) where possible. Alternate solutions férare listed when appropriate. The Legendre coefficients and mixing ratios provided are those
extracted from the 24-MeV angular distribution. Relatiyeray intensities| ; and 1, ,,, are taken from the®d decay yields and the
(a,2n7y) reaction, respectivelyl 4¢c.yiS the decay half-life. Uncertainties are those in the last digits. In situations where the spectrum peak
was obscured or too weak to extract values, the entry is left blank.

Legendre coeff. Rel. Intens.
J7 Level E, E; BR XL/S a, a, SL lg o  Taecay
(keV) (keV) (keV) % (X10% (X10°) (min)
2+ 560.443) 560.443) 0 100 E2 2726) —156(6) 1000 1000 62)
0* 1103.034)  542.591) 560 100 E2 —-16(11) -—83(16) —6.0(5) 17 75 8@
4% 1161.543) 601.1G1) 560 100 E2 84719  —633(18) 3.13) 650 750 501)
2" 1201.476) 640.831) 560 69.016) 0.2715) 51(33) —374(60) 110 46  74)
1.1919)
1201.883) 0 31.016) E2 115120 -86(19) -—0.3(10) 13 22 8@
2" 1535.4%6) 333.9q18) 1201  9.910 —1.4(13) —532(22) 2134) a <0.05 15
432.216) 1103 7.210 E2 6.5
974613) 560 39.45  0.18200 -—263(15) —66(22) -—0.4(6) 18 88 @)
1535.884) 0 43.55) E2 9919 -81(27) —1.511) 7.3 12 774)
6" 1776.139) 614.597) b 1162 100 E2 241(2) —241(4) 9.87) 480 580 471)
47 1815.7%15) 280.17200 1535 1Q1) E2
614.5916)° 1201  572) E2
653.524) 1162  262) 10(5) —133(6) —138(10) 1.44) 12 16 542
—0.84(5)
1254.697) 560  6.§10) E2
3* 1863.2713) ¢ 661.853)° 1201 36.844) —2.7(4) —183(9) 2313 -1.2(4) 25 13 66l
701.6G7)° 1162 23.851) —3.7(10) 1914 —128(22) a 59 75 7@
1302.866) 560 39.464) 0.172) 1(11) —43(16) —2.3(8) 9.3 22 780)
47 1924.316) © 762.734) 1162  28.020) 8.9(10) —84(7) —49(11) —0.3(4) 15 18 5®)
1363.886) 560  72.020 E2 1449) —116(13) 3.09) 14 43  562)
o+ 1936.9190) ¢ 402.2122) 1535 13.640) E2 <11
735.286) 1201 81.8100 E2 45 878)
1375.00500 560 5.130) E2 <1.3
1* 1983.7612) ¢ 449.8950) 1535 4.11) —0.35(10) 12821) —142(31) 4.9
782.53500 1201 22.040 <1.0
881.083) b 1103 3.911) M1 3.4
1423.196)® 560 68.4100 0.2710) —186(15) —-39(25) —3.3(11) 95 91 8®)
(4-8 2029.1611) 253.037) b 1776 16
4% 2083.6010)¢ 881.083)° 1201  3.911) E2 3.4
1523.165) 560 96.1698) E2 45133) —754(56) —2.3(6) 4.0 13 8®)
3* 2104.7010) 1544.267) 560 100 —0.21(9) —178(37) 7954  —2.0(15) 12 57 10
6+ 2201.397)  384.9220) 1816  3.11) E2
425.323) 1776 35.62) 0.072) 276(2) —83(3) 11.02) 10 43 661)
0.583)
1039.833) 1162 61.23) E2 2393) —147(4) 11.26) 51 158  461)
(1-3 2234.6818) 1673.2418) 560 100 —299(95) 47155 -2.0126) 1.9 1.8 818)
(4—-6 2357.9818) 1196.4418) 1162 100 2482) 9(35) 0.8(11) 13 15 493)
5 2422.2%22)  498.9975 1924 5.8200 —0.96(40) —749(31) 13845 6.3(6) <16 1.9
1260.7122) 1162 94.212) —1.86(10) —456(8) 19812 1.37) 6.6 32 494
(5) 2445.0218) 1283.4818) 1162 100 —8.6(28) —116(18) 10626) —3.6(12) 6.7 12 5@)
3 2457.169) ¢  1255.6%9) 1201 14 694)
1895.7713) 560 —89(83) 100127 3.3 2.7
5~ 2461.0817) 1299.5416) 1162 100 El —359(5) 168) 4.2(6) 9.3 59 55%3)
3" 2463.009) 1876.0013) 560 100 El —152(54) —29(86) —3.2(20) 3.3 41 8@l
3" 2494.8419) 1934.4019 560 100 —0.78(60) —471(74) 421113 —5.8(25) 35 3.1 66b)
6" 2520.05%15) 704.6q13) 1816 37.010) E2 241(9) —172(14) 7.24) 9.3 13 472)
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Legendre coeff. Rel. Intens.
J7 Level E, E; BR XL/S a, a, SL lg lam Tdecay
743.746) 1776 63.05) —0.47(1) 838) —83(12) 6.65) 16 22 512
1.42)
3" 2612.9310)¢ 529.0418) 2084  3.720) 2.2 8112
750.747) 1863 11.011) -0.4710) —5(63) —21(94) 6.815 3.0 3.0
1411.136) 1201 16.530) —16(20)  —25(26) 17 12 8W)
1450.9757) 1162 68.85) —2.15(20) 9810 —39(16) 1.88) 5.2 17 8Q@7)
8t 2652.9724)  452.2q200 2201  1.81) E2
876.8422) 1776 98.71) E2 744) —228(5) 15.24) 6.3 220 443)
(0-3 2689.6911) 2129.2511) 560 6.0
3 2723.8015  860.536) 1863 100  —0.09(9) 9731) —131(48) 2712 09 4.2
(2-4  2749.1210) 1548.4130) 1201  193) 1.5 1.0 789
2188.247) 560 814 -2977 11 0.3 834
(2-5  2749.3@8)¢ 886.0450) 1863 100 1.5 0.10
5% 2778.0024)  852.9486) 1924 28.7130) 5.6(15 —87(34) —111(54) 75100 23 3.2 697
1616.4624) 1162 71.830) —0.84(30) —1032(23) 12136) 0.4(12) 40 9.0 5%
5- 2792.0018) ¢ 1631.0018) 1162 100 El —418(15) 2124) 1.0100 2.0 15  538)
6" 2807.1115 1030.9413) 1776 100 —0.58(2) 2715) 30(22) 5.3(7) 11 12 513
8+t 2835.1312) ¢ 633.8413)° 2201 q1) E2 75 24 583)
1058.993) 1776  914) E2 3295) —72(7) 7.64) 52 51 471)
2835.6324) ¢  477.6515 2358 100 336) 129(35) 10.15) 4.9 23 494
5(3,4  2842.2%16) 1680.7113) 1162 100  —14(5) —68(29) 8444) 2713 14 68 634
3" 2869.8%21) ¢ 1668.3819) 1201 100 M1 —762(163) 261280 a 29 1.0 6
(67) 2878.1418) ¢ 417.086)¢ 2461 100 a <03 1.1
7 2899.1137) 1122.9837) 1776 100 El —332(3) —26(5) 11.G4) 4.0 72 594
3" 2937.196) ¢ 854.014)° 2084
1074.5450) 1863 1.3 <o0.1
1402.2722)® 1535 10.0
1775.819) 1162 82 39
2376.4310) 560 —582(96) —100(149) 75 27
7 2940.1815) 739.3213) 2201 23.83) —0.22(10) —396(9) —53(14) 11.61) 3.0 17
—0.57(20)
1163.8813 1776 76.25) —1.04(30) —977(34)  56751) 9.4(5) 12 78 462)
(0-9 2962.9%8)  2402.517) 560
(41 2963.6615 1101.3612) 1863 90.910) 1.04) 25810) —76(15) 7.16) 6.1 20 715
1762.4215 1201  9.110) —444(100) —243(159) 3.24) 59 22 663)
6" 2972.1224)  452.0019) 2520 100 1.3R0) 12521)  —142(31) 2305 3.8 25 464
(4-9 2975.520) 1199.420)° 1776 100 —217(43) 4326) 1.3 34
(77) 3030.3911)  828.524) 2201 12.%6) El —477(12) —103(20) 11.7461) 1.1 8.3
1254.334) 1776  87.%5) El —335(5) —17(8) 10.65) 12 59  694)
8" 3039.0810)  837.693) 2201 100 E2 251(2) —195(4) 16.714) 1.7 91
3043.3715  841.9814) 2201 100 8.2 10 48
©) 3052.5250) 1517.0750) 1535 100 1.87) 175101) 175137 1641 1.0 2.1
(6-8  3070.0324)¢ 417.066)° 2653 100 <03 1.2
7t 3110.4812)  909.039) 2201  35%1) 0.091)  —134(19) —86(30) a 12 7.0 42
1334.386) 1776  6%1)  0.7525) 40940) —79(58) 2.122) 24 8.9 4711
6" 3122.129) ¢ 1345993) 1776 100 2.13) 6(36) —88(53) 2.713) 150 5.4 463)
(6—8)" 3122.219)¢ 287.0G10) 2835.1 284) —401(21) 3426) 50 1.1 533)
920.8%4) 2201  727) 26 12 5@1)
(0-4  3124.7419) 1923.2718 1201 100 5.1 6(5)
8" 3130.8313)  295.7G46) 2835.1 100 —0.58(4) 745) —55(5) 8.51) 13 23 481)
5(7) 3141.619) 940.227) 2201 100 E1) —362(13) —26(20) 6.47) 1.8 13 5%6)
(87) 3142.2416)  111.686) 3030 18.11) -—0.73(3) —5(4) -62(7) 15.11) <0.05 1.3
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TABLE I. (Continued.

Legendre coeff. Rel. Intens.
J7 Level E, E; BR XL/S a, a, SL g laom Taecay
202.126) 2940 30.81) El —374(7) —59(10) 15.%1) <0.05 2.2
243.166) 2899 52.01) 0.471) 386(6) 709 14.31) <0.05 3.8
(6—8)" 3159.0830) 322.1827) 2835.1 100 1.2 7@4)
5* 3163.6643) 2002.1243) 1162 100 —1.2(9) —489(74) —166(143) —4.1(28) 20 24 78)
®) 3179.3921) 344.2316) 2835.1 100 —195(80) —335(123) 11.%7) 24 045 587
(4-8  3181.478)° 661.853)® 2520 6.340)
979.8519 2201 3.2100 6.331) 3.6 584)
1405.2@4) 1776 90.%5)  0.298) 12930) 11(46) 1.1(13 77 A7 461)
7(5) 3215.5316) 1439.4Q13) 1776 100 —4.6(12) —257(26) 8446) -1914 7.8 46 532
—0.18(10)
5% 3217.6024) 1401.8%18) 1816 100  —8(4) —1276(64) —59(181) 10.823 9.1 1.1 623
6" 3226.1%18) 1024.7616) 2201 100 1.3@20) 132120  -165(18)  8.67) 0.45 13
(2-6 3257.0216) 2095.4816) 1162 100 1.5 041
(2-6 3263.1%75 1061.7675 2201 100 1.1 08
(1-5 3286.4713) 537.8275 2749.1 14220  —131(33) —18.7(7) 0.4 32
1423.194)° 1863
6" 3320.1%37) 209.6736) 3110 6.61) —1.3(3) —124(22) -59(31) -7.2(2) 13 06 6B
1119.116) 2201 93.46) 0.82) 26418)  —143(27) —-22(1) 59 7.7 4®)
(4 3341.979) 729.189)° 2613 65 18 7W)
1566.0843) 1776 —434(16) 3323 5.2(10) 04 15
2140.4430) 1201 2.9
2180.1916)° 1162 164161) 31(248 0.1(35) 53 15 977
10* 3364.3727)  325.1%1) 3039 72.68) E2 2723) —180(4)  20.11) 20
711.7712)° 2653 27.46) E2 21913)  —184(19) 25.81) 14
1(3) 3371.4722) 2170.0022) 1201 100 —0.8(5) —547(179) —18(302)  4.436) 44 1.3 806)
9~ 3374.0824)  721.113) 2653 100 E1l —391(4)  —23(7) 18.33) 16 31
(5,7 3396.5437) 1620.4137) 1776 100 m1) —364(29) —163(45) 5.312) 20 74
9- 3399.6727)  360.674) 3039 155 El —480(11) —25(16) 13.74) <0.05 45
746.696) 2653  852) El —335(6) —30(10)  16.64) 14 235
(5-7 3450.8219) 572.687) 2878 100 —44(02) -391(12) 11.3 04 13 8933
6(7)"  3484.8719 1283.4818 2201 100 1.44) 12534)  —239(51) 6.9 8.2 5@)
(5-9 3486.0975) 5459175 2940 100
®) 3487.5315)  356.7G4) 3130 100 1.0) 78(6) -61(9) 12.82) <0.05 6.4
—0.60(4)
(3,9 3493.0028) 743.744)° 2749.1 91.79) 14.9 512)
2291.6619) 1201 8.33) E1l —859(132) 338191) —3(13) 25 2.0
(1-4 3541.3728) 2339.9¢28) 1201 100 1.3
10* 3543.6724)  890.7G4) 2653 100 E2 1995) -178(8)  21.14) 34
3564.3126)¢ 729.189)® 28351 100 21@) —-180(5)  12.016) 50
9 3566.6%525  913.6810) 2653 100 El —294(11) —34(17) 1645 <12 13
3605.0919) 482.8417) 3122.2 100
3633.9841) 313.8314) 3320 100 —332(50) 15973 25.94) 25 0.6 554
3653.6645) 614.5845 3039 100
3665.0345) 1801.7645) 1863 100
3701.8%45)  671.466) 3030 100
3813.0715  671.466) 3141 100
3833.3511) 909.039)° 1924
3990.4%38) 2214.3238) 1776 100 —1.9(45) 29 71
11° 4086.4927) 686.8213) 3400 E2 40136)  —292(53) 33.8) 2.9
711.7712)° 3374 E2
(12°)  4092.6G28) 728.237)® 3364 100 E2 2124) —180(5)  12.016) a 70
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TABLE I. (Continued.

Legendre coeff. Rel Intens.

Jm Level E, E; BR XL/& a, a, SL s lam  Toecay

4099.7833)  2323.6%32) 1776

4267.3693)  723.6993) 3544

4458.8941)  1623.2633)  2835.1
12+ 4459.7629)  916.0917) 3544 100 E2 26229 —133(42) 28.87) 5.4
8(7,9  4552.3943) 1716.7636)  2835.1

4693.714)  1150.G14) 3544

4817.8732)  725.279) 4093

5344.4735)  526.6412) 4818

&/alue not provided because of a difficulty in either the 24- or 28-MeV spectrum peak.
®The transition is a doublet or greater.
‘See text for discussion.

values lower and higher are representative of transitions with The former 1613-keV stat&€he existence of this 0 state

no parity change. would have profound consequences for the nuclear structure
Approximately 40 new low-spin levels were identified be- interpretation. The 10%3)-keV transition reported in the

low 4.0 MeV excitation(compared to the previous count of NNDC compilation is observed in the activated-sample

60). No evidence was found for 1613, 2423, 2428, 2567 datasets, but it is in coincidence with other lines that can be

as a result of revised placement pfrays. Three previously ransitions feeding this level are found.
reported levels at 2749, 2937, 2963, and 3112 keV are ob- The 1924-ke\A* state The 1364-keV line may have a

sefved o be dalblets. . . small contribution from anothey ray. The angular distribu-
cas',:eosr :::g;éﬁi%;l%g&?lyss is of special concern. Thosﬁons of bothy rays deexciting this level indicate a spin of
' either 3 or 4; however, decay patterns from the higher lying

2422-keV level strongly suggest the 1924-keV state should
be spin-4. The higher-spin preference is also supported by

1 the excitation function slop&L. The effective decay times
400 | (eon) 1 (.2n) TaecayOf both y’s are also very similar to the other 4states
2000 - 1 in this system. Oue,= —0.087(7) for the 763-keV transi-
tion rules out the spin-2 assignment given in the compilation
200 - i 1000 | g [13]-

The 1937-keVO* state Transitions belonging to the
1937-keV state are only observed in {Balecay data and as
15 20 25 30035 1200 25 3035 such indicate a low spin. The level is not strongly fed from
high-spin decay cascades or it would be more apparent in the
(@,2n) data. TheT gecay Of the 735-keV transition indicates
that this state is only fed from the 81-min Zround state,

1 which also indicates low spin.
2000 | (&.3n) A The 1984-keV1l™ state Coincidence data indicate that
there are four transitions originating from this level. The an-
500 L | gular distributions of the 450-keV and 783-keV transitions
2000 | . do not provide definitive spin information. The 881-keV and
1423-keV lines are doublets. The major portion of the 1423-
keV peak belongs to this level, and its angular distribution
0 o s 30 35 st o 25 30 3 indicates a preferred spin-1 or -3 solution. Considering all
transitions andSL, the best spin assignment is 1. The non-
zero 6 of the 1423-keV transition indicates positive parity.

The 2084-keV 4" state The strong positive a,

FIG. 4. A selection of excitation functions. Reaction kinematics = 0-451(33) and negative, for the 1523-keV transition
and penetrabilities give eachr(xn) channel a different energy de- Tules out the negative parity assignment given in the compi-
pendence. The transitions of 284, 291, 286 keV are placed in thition [13].
nuclei 12Te, 120Te, 1197e, respectively. The 307-keV transitionisa ~ The 2457-keV (3) statéReliable information is obtained
doublet with components belonging to both th€Te and ?°Te  only from the B-decay data. The 1256-keV transition is
nuclei. present in the €,2n) reaction data, but the peak is domi-

600 T T T T T T

E7:284 keV E7:29W keV

3000

(arb. units)

6000 T T T

E7:286 keV

1000 L E,=307 keV

Yield

Incident Energy (MeV)
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a) b)

c)

1876.0 keV 743.7 keV 1101.4 keV

o o o 5
8 o4 K g 107k
= 100 = =
10% E
Thecay = 87(11) min Thecay = 51(2) min - Thecay = 71(5) min |
1000 E|
I I I 10° I I I I I I
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Time (min) Time (min) Time (min)

FIG. 5. A selection of'?% y-ray decay curveda) The 1876.0-keVy-ray transition from the 2463-keV level has a characteristic decay
time Tgecayindicating it is populated by decay primarily from the 2 129 ground state and therefore has spin 0(3.The Tyecay Of the
743.7-keV y-ray transition indicates the 2520-keV level is populated primarily by decay front?thésomer and therefore has spin 4-8.
(©) The Tyecay Of the 1101.4-keVy-ray transition indicates the 2964-keV level is populated from biGth states and therefore has an
intermediate spin.

nated by a close line from the 3030-keV level. As a result The 2613-ke\8" state Four transitions originate from a
there is no useful information from the angular distributionlevel at this excitation energy; 529, 751, 1411, and 1451 keV
measurementT 4o,y iNdicates the state is populated from as identified by gating on the 729-keV feeder transition. Both
both 53- and 81-mirt?9 states, and therefore has a probable529-keV and 1451-keV lines havigcay CONsistent with de-
spin of 3 or 4. The weak aof the 1896-keV transition sug- cay from the?% 2~ ground state. The 1411-keV peak may
gests the best choice is spin-3. be a doublet in the ¢,2n) excitation function and angular

TABLE Il. Log ft values extracted from thé?d decay experiment. Hyphens indicate that the decay
branch is clearly absent.

Log ft Log ft
State Gnd st Isomer State Gnd st Isomer
1936.91 8.721) - 2899.11 - 7.81)
1983.76 7.70) - 2937.19 7.71)
2083.60 8.11) 9.31) 2940.18 - 7.81)
2104.70 7.91) 8.5(1) 2963.66 7.40) 7.8(1)
2201.39 - 7.81) 2972.12 - 7.91)
2234.68 8.51) - 3030.39 - 6.70)
2357.98 - 7.81) 3043.37 - 7.82)
2422.25 - 8.721) 3110.48 - 6.70)
2445.02 8.61) 8.1(1) 3122.12 - 6.21)
2457.16 7.7 8.2(1) 3122.21 - 6.91)
2461.08 8.7) 7.921) 3124.74 7.2) 8.1(2)
2463.00 9.81) - 3141.61 8.01) 8.2(1)
2520.05 - 7.81) 3142.24 - 7.61)
2612.93 7.20) - 3159.08 8.71) 9.2(1)
2652.97 - 7.91) 3163.66 8.2 8.82)
2689.69 7.70) - 3179.39 - 8.1)
2749.12 7.4) 3215.53 - 7.51)
2778.00 8.81) 7.91) 3217.60 9.721) 7.4(1)
2792.00 9.¢4) 8.31) 3371.47 7.51) -
2807.11 - 7.81) 3396.54 - 9.®2)
2835.13 - 7.81) 3450.82 8.8 -
2835.63 - 6.81) 3484.87 - 7.43)
2842.25 8.2 8.22) 3633.98 - 7.70)
2869.85 8.21) - 3990.45 7.82) 8.02)
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distribution data. The 529-keV line was weak in theZn) states are found to occur at 3122-keV excitation. Previously
singles measurements. Fits to the 751-keV and 1451-kein Ref.[21] only one was suggested. A very strong 1346-keV
angular distributions require spin-3. transition which feeds the 1776-keV @evel is observed in
The 2749.3-keV stat@he 886-keV transition is cleanly the B-decay data. This transition is relatively weak in the
observable only in coincidence data. This transition could «,2n) measurements. Two weaker 287- and 921-keV tran-
belong to the known level at 2749.1 keV, but it was notsitions are also observed, but these belong to a separate
obviously present in gated spectra feeding that level. 3122-keV level as indicated from spectra gated on the 483-
The 2792.00-ked ™ state The angular distribution indi- keV feeding transition. The 287 and 921-keV lines are not
cates a spin of 5. The lof§ from the 24 ground state is apparent in the singles measurements. Thetloglues from
large, 9.91), and similar in size to the analogous transition decay of the isomer for both states ax&/.0 and this sug-
for the 3] state. Negative parity has been assigned to thigests positive parity.
2792-keV state. The 3181.5-keV statdhe 1405-keV transition had been
The 2835.1-ke@ " and 2835.6-keV stateA close pair of ~ previously placed from a 2566-keV staf20,21. In our
levels lies at an excitation energy of 2835 keV, anthys of ~ B-decay y-y coincidences for the 1405-keV gate, we ob-
478, 634, and 1058 keV are involved in the decays. Theerve the 560, 601, and 614-keV peaks all with similar yield.
combination of singles and coincidence measurements indWe find no evidence for the 2567-keV level in either,Zn)
cates that the 634-keV peak is a doublet. Placements amy ?4 decay datasets. The 980-keV line has been placed
made by examining coincidences on the deexciting and feedwith the 3181-keV state based on energy considerations.
ing transitions into the pair of levels. Branching ratios are
derived from the gates on the feeding transitions. Singles IV. MODEL DISCUSSION
data indicate that practically all of the 633.8-keMay yield )
in the 24-MeV data belongs to an alternate source, and much The nucleus'*’Te lies near the center of tHé¢=50-82
of it in the 28-MeV dataset too. The 633.8-keV lineed.  shell and the level scheme is strongly suggestive of a har-
= —23.2(3) indicates that this strong component belongs tgnonic vibrator_. To uncover the actual underlying structures,
the (a,n) channel(decay of the?'Te 11/2" isome). The W€ have considered a var_|ety_of models. The positive-parity
decay gate on the 633.8-keV line shows a significant 634.1€vels of 2Te are shown in Fig. 6. _
keV peak(not placed and thus the coincidence intensities We first examine this nucleus W|th|r_1 the constraints of the
are suspect. IBM, then move to the general collective mod&lCM), and
The 2870-ke\8~ state The 1668-keV transition is obvi- finally to treatments including particlelike character of the

ous in the lower energy singles and decay coincidence datg§xcitations and @-2h excitations. _ _
but is not observed in the 28-MeV singles andZn) coin- The level structures derived from the various models dis-

cidence measurements. This would suggest a low spin. THeSsed in the following sections are displayed in Fig. 6,
effective decay time, however, indicates that it is producedVhile transition rates are compared in Table IlI. Unfortu-
from both states if? and thus should have an intermediate Nately only the level lifetime of the first excited state is
spin. The angular distribution is consistent with a dipole tranknown. One can still get a feeling for the preference of de-

sition. cays if one looks at thB(E2) branching ratios from a level.
The 2878-keV and 3070-keV statésmch of these levels
decays only by the emission of a 417-keMray. The coin- A. Anharmonic vibrator descriptions

cidence measurements suggest that both 2878- and 3070-keV 54 1201 appears to be a vibrational nucleus, we begin by

levels are strongly populated by ther,@n) reaction. The  qnsidering the appropriateness of the “anharmonic vibra-
2878-keV level also appears in prewou?C(,&hy) and  {or” which was first shown to be equivalent to thea limit
(a,2n) studies, where it was assigned spin;@owever, in ¢ the |BM-1 by Aprahamiaret al. [22].

those data the strongly populated 3070-keV level was not Tpe eigenvalues may be writt¢a3] as

indicated. Hence, we are unable to confirm the previous 6

assignment. The 417-keV transition is very weak in the de- E=eng+ang(ng+4)+Brv(v+3)+yL(L+1), (2
cay coincidence measurement and its gated spectrum sug-
gests a third placement independent of the first two. whereny is the number ofd bosons,v is the number of

The 2937-keV statd-ive y rays (854, 1075, 1402, 1776, d-bosons pairs not coupled to zero angular momentum|and
and 2376 keY are observed to originate from levels at 2937-is the total angular momentum of the state. The Hamiltonian
keV excitation. The previously tabulated ground-state transiparameters were extracted by fitting the nine levels of the 1-,
tion was not observe®0]. Our coincidence data are unable 2-, and 3-quadrupole multiplets. Acceptable fit parameters
to demonstrate that all five originate from the same state. Thare found to bee=587.7-0.3 keV, o= —5.84+0.19 keV,
relative yields of the 1075, 1776, and 2376-keV transitiong3=9.23+0.19 keV, andy=1.85+0.19 keV. The resulting
are consistent oveE ,=16-32 MeV and thus indicate they level scheme is shown in Fig. 6. Transition rates were calcu-
depopulate the same level. The spectral 1402-keV peak is lated with PHINT[24] and are given in Table III. It is ob-
doublet with most of its yield coming from the higher 3218- served that the calculated states decay in a pure multiphonon
keV level. A spin-3 assignment is required to fit the decayfashion (Fig. 7). The agreement is quite acceptable as all
pattern. large B(E2) ratios are predicted to be large and all small

The 3122-keV stateBased on coincidence data, two ratios small in a consistent fashion.
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FIG. 6. Comparison of the experiment’Te level scheme with model calculations. The organization of levels into columns is purely
for clarity and does not imply a particular physical interpretation. Additional low-spin levels present are indicated in the fifth columns.

The general collective modg25—-28 may also be used to  with A=0,2 and wherex, , are the time-dependent multi-
provide an empirical description of the quadrupole collectivepole deformation parameters. The Hamiltonian is constructed
motion of nuclei described by the radial shape function in terms of thea,, and the corresponding canonical mo-

menta. The Gneuss-Greiner form of potential energy may be
_ * expressed in terms of the standard polar intrinsic deforma-
R(0,6,0=Rg 1+ 2 al,(0Yau(0:8) . 3 o1 Variables and v,
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TABLE Ill. B(E2) transition rate ratio comparisons f&°Te.

Ratio  Thisexpt. ) GCM- PCM- PCM- Intrudef
GG Ps? Ppsy

2—2, 3.2 ° 13 11 048 100

2,—0, or 27.6

2-2, 179 © 175 068 0.0010 45

22,

3-2, 81¢ © 00072 34 95 45

3-2

3-2, 197 25 00023 45 86

34

4,-2, 12000 = 52 60 28 5700

=2

4,-2, 3.0 11 43 14 81 16

4

0,-2, 0 047 12

0,-2;

0,2, 370 © 62 310 012 6.4

05-2;

0,2, 348 0 025 002 15

0-2,

aGneuss-Greiner formulation of the General Collective Model.
®PCM calculation of Ref[35].
°PCM calculation using PS5 and transition rate parameters as digotential with a slight cos dependencélower-spin states
cussed in text.
dintruder mixing caluclation from Ref56].
®Mixing ratio value for the 3 —2; transition is suspect.

(keV)

E

3000 -

2000 +

1000 +

120
Te
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1, 2 1,

V(B,v)=C, 5,3 -C; %,3 005(37)+C4§ﬁ
-C \/i Scog3y)+C E/3%052(3 )

s\ 1788 YT 635 Y

1 6
+Dg 553

This model has the feature that all types of macroscopic col-
lective behavior are treated as one. The first three terms are
sufficient to describe most collective behavior; the last three
serving as higher-order refinements in the potential. Values
for the six potential parameters above were derived from fits
to the nine levels of the 1-, 2-, and 3-quadrupole multiplets.
To ensure that the minimization routine found the absolute
minimum, searches were made starting from different poten-
tial parameters selected from the Hg and Ru redid8.
Variation of C5, Cg, Dg had a minor effect on the level
scheme and was therefore set to zero. The final potential
parameters werdin MeV) C,=2670+30, C3=—18900
+500, C,=4780+10, with kinetic energy parametei3
=2924 andP= —0.0124. The observed level scheme in Fig.
6 is quite nicely reproduced. The splitting pattern of states
within each multiplet is qualitatively correct.

Caprioet al. [29] have examined the general case of vi-
brational multiplet splittings within the GCM. The patterns
in both the 2- and 3-phonon multiplets are as expected for a

4

tend to be pushed ypTrhe downward shift of the experimen-
tal 0; and Z states is also consistent with a small cgs 3
term in the potential(See Fig. 3, Ref.29].) These two states

3000 -

1

2000 -

T

(keV)

X

E
o

T

1000 +

u(s)

FIG. 7. Decay branchings for the low-spin levels'éfTe. TheB(E2) for each transition is indicated by the width of the line. This width
is normalized per level.
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TABLE IV. pPPCOREparameter sets.

Orbital energies Quad.
Parameter (keV) Pairing Phonon Coupling

set Source/Ref. 9712 dsy i1 dayz S112 G fiwy &

PS1 Nilsson scheme=0 [22] 0 486 1620 3070 3400

PS2 Kisslingeff38] 0 520 2030 3190 3330

PS3 Lopac PCM35] 0 750 2400 1800 2000 0.25 1000 =2.10
PS4 Warr PCM37] 0 1000 2030 3190 3300 0.20 1300 =2.10
PS5 119Sh energies 270 0 1366 3130 3370 0.16 1300 =2.25

are “family 2" levels [29] and are the states that first deviate from the 1'9Sh states. The sets PS1—4 may be more appro-

from the harmonic multiplets when the oscillator symmetrypriate for the heavier tellurium nuclei where tlig,, lies
is broken in a way that maintains some independence hjgher than theg-, orbital.

[30,31.

In summary, we confirm the underlying vibrational char-
acter of 2°Te. Observed deviations in the 2- and 3-phonon
multiplets are as expected in the GCM approach.

All parameter sets have the feature that the energies of the
07> andds, orbitals are distinctly below those of thg4,,
dap, andsy, orbitals. This has the effect that the low-lying
states are predominately composedgefh and dsj, protons
coupled to the core vibrations. There are two approaches for
B. Particle structures selecting the proton-proton pairing stren@ghOne can em-
loy a global prescription, such &=17.05A—0.14[43]
r G=19.2A—7.4 (N-Z)/A?—0.15[44], or simply use a
ixed value G=0.20 [37]. Because of this uncertainty, we
have adopted the approach of varyi@detween these limits
and searching for the best fPS5. The quadrupole phonon

One can often gain deeper information on the particle'D
versus collective structure of the excited states by use of
particle-core coupling modéPCM) [32], where, for the case
of 12°Te, two valence protons orbit a vibrating core formed
Egéhbeequ\l/J;[cr)(r)r;i.g\éveesgsgeo?gtsr E;‘gﬁ%él&?&;@irﬁp?ﬁ;ts ;energy is chosen representative of the core Sn first excited
its wave function for the neutron-rich Te isotopes. The PCMState' In our case, the energy of the quadrupole phonon is

11 ~
model has been effective in understanding the two-valencteaken from %n, 7.w,=1.30 MeV. The octupole phonon

i . . . Was not used. Reasonable values for the particle-phonon in-
,21251%4 nuclei[33,34. Here we extend this calculation to teraction strengthé, lie betweené,=2.0 and 2.6 for the

Several related calculations were performed some year%auunum nuclei [32,34,37,4% We have adopted the ap-

ago on various tellurium nuclei by Lop485], Degriek and pro;::sh ttc? t\r/]aerﬁ% ZESu;Ie g\fglsf%the;%t fg)+5 5'4+ 5
Van der Berghd36], and Warret al. [37]. The calculations ) 3y £1-30 Y10 L2y Mo
principally differ in their choice of single-particle orbital en- 812: and g with PS5 indicate average deviations of
ergies(as displayed in Table IV For the present®Te in-  ~2°—50 keV can easily be obtained with=0.16+0.01
vestigation, we use the cos@coreof Copnell and Heyde, and &,=2.25+0.25. These fits are illustrated in Fig. 6. Pa—_
described in Refs[32,34. The complete PCM Hamiltonian '@meter sets PS3 and PS4 reproduce the ground band easily,
and details required for parameter selection can be found iRut have large level energy deviations with the remaining ten
Refs.[34] and[37]. We present results from a corrected ver- States. Parameter set PS5 provides smaller level energy de-
sion of PPCORE[39,40. (A problem was found in the code Viations for all states with the exception off 6 which is
which causedPPCOREto use a smaller model space for the Severely depressed. In all cases, thelével is pushed up
calculation of transition rates compared to that for the enerinto the level scheme, contrary to what is observed.
gies) To gain better understanding of the problematic, Bve
Previous parameter sets PS1-4 start from regionally valithave started from the PS3-5 parameter sets, varied specific
potential parameters, which neglect the variation in singleterms, and compared the results to the 13 actual levels men-
particle energies across the tellurium chain. Of particular intioned above.
terest is the inversion of thes, and g, orbitals near mid- The choice ofG directly affects the energies of the unper-
shell witnessed in the Sb isotopes. Spectroscopic factorsirbed two-proton configurations. Increasing the valuetfor
from proton-transfer measurements, $¢,d), indicate that  pulls the 2 and 4 states lower while pushing all other
the 5/2 , 7/2] states nearly exhaust the allowed strength ofstates higher in energy. In all cases, the €tate lies above
the ds, and g, orbitals in the A=113-125 Sb nuclei the 2] and 4 states, contrary to what is observed in experi-
[41,42. The hyy, strength in the 112 state is also moder- ment.
ately strong in those nuclei. On the other hand, th¢ 3(@d Examination of the § wave function indicates that the
1/2] Sh states have complex orbital structure as the spectrstronger theds;,g7, component, the lower the state lies in
scopic factors to these states are low. To examine the effe€nergy. More diverse configuratiofend hence more collec-
of these variations, orbital energies in PS5 are taken directlivity) are required to place the;6level into the proper
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position. It was found that the 6level could be properly 22 w
positioned if theg,, orbital energy was increased, but unfor- 20 - N=66 x 9322 .
tunately the § , 5, , and 8 energies also rose out of their 8 - A 1
proper position. The remaining ten states were relatively in- 16 |- o Te ; .
dependent of that modification. 14 - * Sn .
Electric quadrupole transition rates are a more stringent 12 o Cd .

test of level structure. A proton effective charge and a core_z 10 b
surface-stiffness paramet€r, must be selected. Conven- & 5L
tional guidance [34,37 suggests e,~1.0 and C,
=250 MeV. This choice reproduces the only known transi-
tion rate in *Te, theB(E2; 2; —0;) of 31(6) W.u. The

|

N ON oo
T
]
%

! ~* .

resulting transition rate ratios are presented in Table Ill. The T h .«

general agreement of these ratios is not clearly better than | 0, 0 o
1 H H H H 1 1 1 1 1 1

that obtained with the purely collective models discussed in 0 00 200 300 200 s00 00 00

Sec. IVA.
hao (keV)

C. Intruder configurations FIG. 8. Cascade signatures fdr=66 nuclei.

Proton-pickup measuremen#6], (t,«), leading to anti- _ _ _ _ _
mony nuclei indicate that the Sb §/2tate has very strong POInt at spin 6, at which point 36% of the decay continues to
gos character. In Sn nuclei, low-lying structures related tothe 4, state along the intruder path but 64% goes through
the gg), orbital are 2-2h excitationg47,48. The equivalent the 4, state into the ground band.
states in the Te nuclei would have p-2h structure. Nilsson In *'°Te, decay of the 1821-keV,Bstate into the 1702-
model calculations performed by Heyeeal. [49] demon-  keV 4, state has not been observed; this would presumably
strate that the energy required to produce thg$epairs is  complete the intruder sequence into the State if the be-
greatly reduced if the nucleus acquires a slight deformatiomavior of Te is analogous td*°Sn.
(€~0.1-0.2). Low-lying rotational bands built on thgsé TheN=68 system is examined in a similar fashion in Fig.
structures are well known in Sn and 880,51]. These “in- 9. Data do not extend quite as high in spin for these nuclei.
truder” structures in the midshell tellurium nuclei have The '%Cd and!'8Sn nuclei are very similar tdl=66, with
proven to be elusive and are often only assigned at high spithe intruder band head residing in thg 8tate. The highest
where band structures are apparent. identifiable members of the intruder band are the 5379-keV

To identify the intruder configurations one requires thatstate in 18sn and the 4458-keV state i1°Te. 18sn again
the behavior of a band in Te be the same as in Sn and Cd. Ras a branch point at spin 6, at which point 63% of the decay
convenient method for making the comparison utilizes plot-continues to the 24 state along the intruder path and 37%
ting the “aligned angular momentum” versus rotational fre- yoes to the ground band. A$°Te, the intruder cascade dis-
quency[52]. In_ this wor_k we WiI_I define the rotational fre- appears at spin 6. The 1776-keY Btate drops into the 4
quency for theith state in a particular band as of the ground band, as that is the only lower-lying spin-4

E . —E state. Here an absolute lifetime measurement can distinguish
ﬁwizw_ (5) between a vibrational or intruder character of this state. A
Jit1=Jdia careful search was made for weak transitions which could

We have selected decay sequen@ascades, not necessarily
to be interpreted as actual bandsom the N=66 andN
=68 isotones and displayed their “signature” behavior in
Figs. 8 and 9.

Consider the neighboriny= 66 isotones first. Thé®Sn
cascade connecting the 9322-keV 26tate with the 1756-
keV state in Fig. 8 has been identified as the intruder struc-
ture in that nucleup48]. In **“Cd the sequence of states built £
upon the 1135-keV state has been identified as the intrudef 8 [
structure[5] up to spin 6. For both **4Cd and®Sn, the 6
intruder band head appears to reside in the strongly mixed 4

2
0

0, and 0; states. The band structure ¥#€Te has been ana-
lyzed in detail by Juutinert al. [53]. The only cascade in
118Te with similar behavior proceeds through the 6103-keV -2 |
16" state[53]. This 1*®Te sequence is nearly identical to the 0 100 200 300 400 500 600 700
established intruder band i®Sn until the spin drops below

the 6/ state, where the cascade becomes vibrational-like.
Note that, for the''®sn cascade displayed, there is a branch FIG. 9. Cascade signatures fdr=68 nuclei.

how (keV)
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lead from the 2652-keV 8 state into the § state. The two advantage to the introduction of the intruder configurations
requisite transitions were located in singles data: a 452.60ver the calculation with only the “normal” states except in
keV y-ray connecting the 8 and 6] states, and a 384.9-keVv the reproduction of excitation energies.

; ; Nevertheless, these are promising developments in the un-
-ray connecting the 6 and 4, levels. Their small branch- . > . . . .
vray 9 5 5 derstanding of intruder configurations in the midshell tellu-

. SN : . o . e
chneglnéztlrﬁZésuzre/()rﬁer:tik?'h(i::rxg;nkiltl?:gncrillgglejg g’;icgglen?; Iri;gm nuclei, and the next step would be to obtain experimen-
: y P41 absolute transition rates for direct comparison to the

ted in Fig. 8, but its similarity to the intruder bands iSn -

e . . ; model calculations.
and ¢Cd is not ideal. We conclude the intruder configura-
tions are present but strongly fragmented below spin 8 in V. SUMMARY
1205 and**#e. , _

From Figs. 8 and 9, we notice that the ground bands begin The level scheme of*Te has been developed utilizing
the same for Cd and Te, but that Sn is distinctly different SPECtroscopy following theq(,2n) reaction and % decay
Both the Cd and Te ground bands have two valence quasfi€@surements. Excitation functiong;y coincidences, and
particles with respect to th&=50 core (2 for Te and 4 angular distributions were measured. Spectroscopic informa-

for Cd) and thus are fundamentally different from Sn. All ;[IIV(?:S, olglealijr?éggfosrpmasr,] b;aer\:\?m?/glsrabtg)lz\'/ving ﬂéﬂq% éigﬁgi
these excitation sequences become similar at spin-6. , y '

We now refer to an existing calculation, based upon thetlon'
9 i P The level scheme was examined from the viewpoints of

IBM formalism, for low-spin intruder states The level system,, interacting boson model, the general collective model,

is modeled by mixing a “normal” IBM model space with a 5, the particle-core coupling model. Anharmonic vibrator
second “intruder” IBM calculation54]. o descriptions appear to be the most fruitful in reproducing the
A popular method for selecting the Hamiltonian param-gpserved energy staggering in the phonon multiplets. The

eters was followed by Rikovsket al. [55,56. A “normal”  pcm model was applied with several Hamiltonian parameter
IBM2, calculation is first performed with a standard IBM2 gets, each with advantages and disadvantages. An attempt to
Hamiltonian[55] connect the level directly to the spectroscopic factor infor-

mation in Sb(PSH resulted in level schemes where thﬁ 6
(6) . : .
level was forced far below its experimental energy. Consid-

The IBM2; intruder calculation is performed with two addi- €ring available transition rate data, tB€E2) transition rate
tional proton bosonsN,+2) representing g-2h excita-  fatios are most consistent with the simpléWpattern. The
tions. The Ru and Ba nuclei were used to obtain the Hamilintermediate-spin portion of an intruder band is identified in
tonian parameters for the pure intruder configurations of “ 1€ by comparison to the known band structures offthe
IBM2, . After adding an energy shift to the IBMXtates =66 andN=68 tin and cadmium nuclei. Because the basic
both configurations are mixed. The reader is referred to thejfuclear structures active &t°Te have similar energies, the
original paper[56] for details of parameter selection and low-spin states appear to be thorough admixtures of
model calculations. The resulting level scheme is shown irfPherical-vibrational, two-particle, and intruder configura-
Fig. 6, separated into anticipated band structures. The levéions. It would be of great interest to determine more life-
placement is slightly improved with an average deviation offimes in this nucleus.

33 keV for our 13 states. The,Ostate is correctly placed
below the 4 and 2 levels. From details of these IBM2
XIBM2; wave functions, intruder configurations are ex-  This work was supported by National Science Foundation
pected to have the most impact in the states that we indicate@rants Nos. PHY-0139504 and PHY-9901508 and the Swiss
as the “third band” in the experimental data: the,®5, 4, National Fund for Science. We also acknowledge discussions
65, and the @ and 2, states. The Rikovska calculation also with M.T. McEllistrem and S.W. Yates of the University of
provides transition rates, mixing ratios, and branching ratio&entucky. The assistance of the Philips Cyclotron accelerator
(see her Table JI There does not appear to be any globalstaff is sincerely appreciated.

H=e(ng,+nNg,)+V,,tV .+ kQ,.-Q,+M_,.
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