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High-spin states in doubly odt®Tm were investigated by means of in-beamnay spectroscopy techniques
using the multidetector array GASP. Excited state$®6fm were populated using th€%Gd(*!B,5n) reaction
at a beam energy of 61 MeV. Known rotational bands have been extended to higher spins and their configu-
rations have been discussed. Alignments, band crossing frequencies, and electromagnetic properties have been
analyzed in the framework of the cranking model. Signature inversion inrthg® vi 3, Structure is dis-
cussed. Calculations in the framework of the particle rotor model witin interaction included have been
able to reproduce the inversiol decay modes were observed in competition \ithintraband transitions.
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[. INTRODUCTION eter which was crucial for establishing the placement of sev-
eral v rays, helping in the construction of the complicated
The study of doubly odd nuclei has provided a fruitful low-spin part of the level scheme. Other investigations which
ground for the discovery and discussion of a number of ininclude magnetic moment measuremefit8—16 have es-
teresting nuclear structure phenomefid. One recurrent tablished 1”=2" and the configuration 71/27[411]
theme has been the identification and classification of the vi5/5/27[642]) for the ground state of®Tm. In Ref.
structures of the rotational bands among the multitude of thgl7] a long lived isomeric stateT(;,=340 ms) was estab-
possible combinations of proton and neutron configurationsished and identified as the bandhead of the*FAD4]
which occur at low excitation enerd$,2]. To thisaim a firm  ®»5/27[523]K"=6" structure. The works of Refd12]
determination of spins, parities, and excitation energies ass@and|[17] were very useful in the present investigation.
ciated with the rotational bands is very helpful. A variety of
interesting phenomena has been discovered along the way,
among them that of signature inversi@®,4]. This feature Il. EXPERIMENTS AND RESULTS
has been recently observed in thlg,® vi 3, Structure, of-
ten called semidecoupleb], and its origin discussed in
terms of the proton-neutron residual interacti@7]. The High-spin states of*®Tm were populated through the
present study of the doubly odtf®Tm is framed into the !%%Gd(*'B,5n) reaction at 61 MeV. In this experiment the
above context. This nucleus has been reexamined using theam was provided by the Tandem XTU accelerator of Leg-
GASP detector array at the Legnaro Tandem Facility yieldingnaro and was focused on a stack of three foils. Each foil
a wealth of rotational structures where the abovementionedonsisted of 18Qug/cn? isotopically enriched *%Gd,0,
ideas can be tested. In particular the large amount of higkevaporated onto a 1mg/cn? carbon layer. The most in-
quality triple y-ray coincidence data allows the observationtensely populated nuclei were!®>166.16Tm [18-2(,
of multiple interband transitions leading to more accurate'®>%€r [18,19, and %*Ho [21] corresponding to the r§
spin and parity assignments. Thehg,® vi3, semide- 5n, 4n, 5np, 4np, and a4n channels, respectively. The
coupled structure was identified exhibiting signature inver+ays emitted by the evaporation residues were detected using
sion. In this bandE1l decay modes were observed in compe-the GASP array22], consisting of 40 Compton suppressed
tition with E2 intraband transitions. For example, large volume Ge detectors, and a multiplicity filter of 80
pronouncedEl decays into ther1/2°[411]® vi,3, band BGO elements, providing the sum energy apday multi-
were established over a large spin range. The strength gflicity used to select the different reaction channels. Events
theseE1 transitions was compared along the isotopic chainvere collected when at least three suppressed Ge and three
162,164Tm [8,9] and %Tm. Moreover,E1 decays into the inner multiplicity filter detectors were fired. With this condi-
he),® v5/27[523] were identified. tion a total of 18 events was recorded. The data correspond-
The '%Tm nucleus has been studied earlier using theéng to Ge energies were sorted into fully symmetrized matri-
(a,3n) reaction[10—12. In Ref.[12] a level scheme con- ces and cubes with a variety of conditions on time, detector
taining several rotational bands was carefully constructed. Iposition, multiplicity, and sum energy of the BGO filter. In
this last work, the authors used an online crystal spectromerder to determine multipolarities and mixing ratios for the

A. Measurements
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transitions, the data were sorted to allow a directional correspectrafor some low-energy transitions of special interest in
lation orientation(DCO) analysis. For this purpose a non- the level scheme, the experimental values are compared with
symmetrized matrix using the detectorséat=90° with re-  the theoretical ones for different electromagnetic characters
spect to the beam direction against thos#.at 31.7°, 36°, [23].
144°, and 148.3° was constructed. In the GASP geometry, In the remainder of this section a description of the level
setting gates on stretched quadrupole transitions leads to theesheme is reported. Band 4 was extended at low and high
oretical DCO ratios | Ygate-5,(61)/1 Ygate-9,(62) ~1 for  spin with respect to previous wofR2]. In the low part, the
stretched quadrupole transitions a=@.6 for pure stretched CroSSover transition of 126.5 (86:89.9) keV was observed
dipole ones(taking into account the loss of the state align-in coincidence with members of band (Fig. 2) and also
meny. with the 62.2 keV line. From intensity balance with the lower
Another experiment was performed at the TANDAR members of band 4, we assigned character to the 62.2
Laboratory in Buenos Aires, to measure half-lives of iso-keV out of band line, in agreement with results of the con-
meric states in the range of 10—-100 ns. In this experimentersion electron measurement reported in R&P]. Then,
186Tm was populated through thé*Dy(°Li,4n) fusion-  consideringE1l character for the 62.2 keV transition, the
evaporation reaction aE(°Li) =38 MeV. The target con- total internal conversion coefficient extracted for the 39.9
sisted of a 1.5 mg/ctisotopically enriched®Dy foil with ~ keV transition is consistent with aM1(E2) charactex(in-
a Bi backing of a thickness of 2 mg/émThe experimental band transitiol and the upper limit obtained for the 102.1
setup consisted of a high resolution Ge planar detector ankeV transition confirms thé&1 character of this linéTable
an 11 Na(Tl) element multiplicity filter. AnE -t matrix was  11). In addition, the branching ratio measured between the
constructed, where the time was measured relative to th#26.5 and 86.7 keV producesB{M1)/B(E2) value which

multiplicity filter acting as stop in the coincidences. follows the trend of the band. The above arguments support
the placement of the 126.5 and 39.9 keV transitions in the
B. Level scheme of'%Tm lower part of band 4. With the addition of the corresponding

The level scheme oft®®Tm constructed in the present level to bfnd 4, which we assigned as the andhead of

work is shown in Fig. L(parts A—Q. Ten rotational bands the 777/-2 [404)@ v 1-3’2(5/2+[6-42])KW:6-+ structure (gee
. . : discussion beloyy spins were increased in one unit with re-

composed of two signature partners plus a single signatur, bect to the previous work of Mannaretlal. [12]. Between
sequence were observed. The low-spin part of the leve pins 12 and 17, the states of bands 4 e;md 5 are strongly

scheme is essentially in very good agreement with previougOnnected by str’etcheEZ and M1(E2) transitions. The

works [12,17. Here we extended the rotational bands tODCO ratios measured for some of these connections support

higher spins, and found interlinking transitions among them[ : . L .
, ! . : heir assigned charactésee Table), and in this way, spins
which established relative bandhead energies. The propos d parit? of band 5 a?é fixed wit)hout ambiguity r)éla{?ve o

sp_in and parity assignments to Ieyels were partially deterband 4. The present spin assignment of band 5 increased also
mined by the presence of connections among the bands, ﬂiW one unit the spin values reported in Ref2]. Band 5 has
DCO ratios and total internal conversion coefficients €X-paen identified as the ground state band o'n the basis of its

tr?ec\fﬁisf?ﬂrlosr&r{nlez cl)fﬂmsess(?[e(;?ar\]tri]cegtcl)cr)r?sérggisd\?/m frzgimht_hgssigned configuratio(see Ref[12] and the discussion be-
b Al Y P 9 low). As mentioned in the Introduction, the ground state of

boring nuclei, namely;®***Tm [8,9], and arguments based %6Tm has been identified as the*2member of the

on band configurations have also been used in the spin and, ,,+ ; o\ .
parity assignments. The bands have been labeled 1-11 foﬁll2 [411]® vi15(5/2°[642]) structure{ 13-1§. With our

lowing the order as they are drawn in Fig.(arts A—G. Spin assignment the lower observed level of band 51fas

. ; =(3") and considering the ground state to bg, 2he tran-
Four bandq1-4), the ones corresponding to high-struc- ( " N " "
tures, populate thi™=6"T,,= 340 ms isomeric statel7] sition (47) —(2™) is missing. We expect for this transition

(Fig. 1, part A. The rest of the band&—7,9—11, those of an energy close to 50 keV on the basis of similarities with

=1 the 1%“Tm case[9]. In their work Mannanakt al. [12] re-
low-K structures, and band 8 are mainly linked among them, rted the observation of a 57.5 keWray in coincidence

The links between bands 4 and 5 establish the connectio\?lv?th lines of band 5. which can be a candidate for the
between the lowk and highK structures. To show these (41)—(2%) transition’ Possiblv. we could not observe this
linkings, band 4 is also plotted in Fig. 1, part B. Band 7 istransition because it Was emgédded in the  (49.8 and
plotted in parts B and C of Fig. 1 to show its linkings with 21 o
bands 5 and 6 and with bands 8—10, respectively. In part 807 keV or K (57.5, 59.1 keY Tm x rays, and/or it is
some states of bands 5 and 6 are shown to indicate the dbighly converted. Examples of double gated coincidence
cays of bands 9 and 11, respectively. spectra on lines of bands 4 and 5 are shown in Fig. 3. States
Transition energies, spin assignmemnjsray intensities, of equal spin along bands 4 and 5 are close to each other
and DCO ratios are reported in Table I. Gamma-ray intensiwith a minimum energy difference of 10 keV atfl5Con-
ties were obtained from the total coincidence projection andgequently, around this spin value, it is expected a strong mix-
from individual spectra in coincidence with low spin transi- ing between the states. Above spimil®vo =1 sequences
tions and were normalized to the 151.6 keV line of band 5composed oE2 lines of approximately the same energy and
Table Il reports total internal conversion coefficiefex-  intensity are in coincidence with the lower transitions of the
tracted from intensity balances evaluated in double gated=1 component of bands 4 and 5. In FighBthe 520.8,
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FIG. 1. Level scheme ot%Tm divided into parts A, B, and C. The half-life of the { isomer has been extracted from Rgf7].
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FIG. 1. (Continued)
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FIG. 1. (Continued)

569.7, 618.5, 667.3 keV, etc. lines belonging to one sequendeV, etc., lines were assigned to band 5. However the other
and the 532.3, 581.9, 631.4, 679.5 keV, etc., lines belongingase, the sequence 520.8, 569.7, 618.5, 667.3 keV, etc., in-
to the other are clearly observed, while in Figd3we can  side band 4 and consequently the 521.9, 581.9, 631.4, 679.5
see the 510.4, 569.7, 618.5, 667.3 keV, etc., lines belongingeV, etc., lines inside band 5 could have been chosen in the
to one sequence and the 521.9, 581.9, 631.4, 679.5 keV, etplot of the level scheme. The larger distance betweerD

lines which belong to the other. In the level scheme we plotstates of equal spin of bands 4 anda@pproximately twice

ted the 532.3, 581.9, 631.4, 679.5 keV, etc., sequence dake observed in thex=1 sequencgsis consistent with
belonging to band 4, and then the 510.4, 569.7, 618.5, 667 Weaker linking transitions in comparison with the intraband
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TABLE I. y-ray transition energies, spin assignmenjstay intensities, and DCO ratios iA®*Tm obtained from the reaction

160Gd(*'B,5n) at 61 MeV.

PHYSICAL REVIEW C 66, 044308 (2002

E, (keV)? IT—IT ) Rpcod E, (keV) IT—17 y Rpco

Band 1 79.9 (8)—(77) 440 0.83(8)
147.5 (7)—(67) 101.6 (9)—(8") 595 0.80(7)
167.2 (8)—(7) 123.2 (10)—(97) 780 0.9(1)

185.4 (9)—(8") 55 136.6 (8)—(67) 17

202.5 (10)—(97) 32 145.1 (1T)—(107) 690 0.79(9)
218.2 (1T)—(107) 20 166.8 (12)—(11) 594 0.85(8)
233.2 (12)—(11") 17 181.6 (9)—(77) 73

246.4 (13)—(12) 10 187.8 (13)—(12) 475 0.80(8)
258.5 (14)—(13") 7 207.3 (14)—(13) 338 0.85(7)
268.6 (15)—(14") 6 225.1 (10)—(87) 208

278.4 (16)—(15") 228.6 (15)—(14") 266 0.80(9)
286.5 (17)—(16") 242.1 (16)—(15") 190 0.77(8)
291.4 (18)—(17") 268.2 (17)—(16) 116 0.91(8)
314.7 (8)—(67) 268.6 (1T)—(97) 288

352.6 (9)—(77) 66 269.0 (18)—(17") 147 0.9(2

388.0 (10)—(87) 72 288.6 (20)—(197) 87 0.8(2)

421.4 (1T)—(97) 58 1.Q1) 300.7 (22)—(21) 56 0.9(2)

451.7 (12)—(107) 56 306.8 (19)—(18") 103 0.76(8)
479.7 (13)—(11") 52 308.9 (24)—(23) 31

504.8 (14)—(127) 54 1.12) 312.0 (12)—(10") 463 0.99(7)
527.0 (15)—(13") 48 1.22) 343.6 (21)—(20) 77 0.67(18)
547.0 (16)—(14") 36 354.7 (13)—(11") 492 1.06(8)
564.4 (17)—(157) 32 377.2 (23)—(227) 55 0.9(2)

577.9 (18)—(167) 395.3 (14)—(127) 497 0.97(6)
598.4 (19)—(17") 410.7 (25)—(24) 18

Band 2 436.0 (15)—(13") 434 1.01(6)
122.7 (7 —(6") 100 470.7 (16)—(14) 410 0.98(6)
140.6 (8"HY—(71) 70 0.82) 510.2 (17)—(15) 313 0.93(12
158.1 (9)—(8") 51 537.3 (18)—(16)) 330 1.01(7)
175.4 (10)—(9") 44 575.6 (19)—(17) 340 0.99(15)
191.9 (11)—(10%) 38 595.2 (20)—(187) 256 0.96(9)
207.7 (12)—(11") 34 631.8 (21)—(197) 224 1.05(8)
223.5 (13)—(12") 22 643.8 (22)—(207) 203 0.98(8)
237.1 (14)—(13") 20 677.8 (23)—(21) 147 1.06(9)
252.6 (15)—(14%) 11 685.8 (24)—(22) 133 1.1(1)

263.5 (8 —(6") 13 718.9 (25)—(23) 66 1.1(2)

269.2 (16)—(15") 9 725.1 (26)—(24) 63 0.9(2)

298.8 (9 —(77) 20 764.3 (27)—(25) 31

333.9 (10)—(8") 14 767.9 (28)—(26") 28 1.1(2)

367.7 (11)—(9%) 24 817.0 (30)—(287) 13

399.9 (12)—(10") 25 820.0 (29)—(27) 10

431.2 (13)—(11") 23 871.9 (32)—(30") 6

460.5 (14)—(12") 23 884.0 (3T)—(29") 4

489.9 (15)—(13") 20 930.8 (34)—(32) 2

521.4 (16)—(14%) 23 954.6 (33)—(31) 2

544.5 (17)—(15%) 13 993.5 (36)—(34) 1

593.8 (18)—(16") 10 Band 4

Band 3 39.9 (7")—(6") 250

56.4 (77)—(67)
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TABLE |. (Continued).

E, (keV)? |77 P Rpcct E, (keV)? T 1P Rped’
86.7 (8" —(7") 330 0.8(1) 189.7 (8)—(6") 619 0.93(8)
119.3 (9)—(8%) 348 0.97(12) 210.9 (13)—(12") 40 0.6(2)
126.5 (8")—(6%) 22 1.1(2) 211.2 (14)—(13") 10

145.8 (10)—(9) 250 1.06(10) 233.7 (9N —(7) 1071 1.08(5)
169.7 (11)—(10%) 160 1.2(2) 241.9 (15)—(14") 12

188.9 (12)—(11%) 102 1.1(2) 254.5 (17)—(16") 19

206.0 (9" —(77) 240 0.92(17) 263.5 (10)—(8") 650 0.98(7)
210.2 (13)—(12") 66 1.1(2) 266.6 (19)—(18") 9

217.8 (14)—(13") 38 1.1(2) 277.1 (21)—(20%) 2

236.8 (16)—(15") 14 3125 (11)—(9") 663 1.00(6)
249.3 (15)—(14") 13 341.0 (12)—(10") 611 1.04(6)
249.3 (18)—(17) 4 384.4 (13)—(11") 460 1.02(5)
265.3 (10)—(8%) 502 0.97(12) 421.9 (14)—(12%) 436 0.98(7)
295.6 (17)—(16%) 19 1.07(8) 452.9 (15)—(13") 322 1.08(6)
315.8 (11)—(97) 590 1.00(8) 497.8 (16)—(14%) 312 1.04(8)
332.6 (19)—(18") 13 510.4 (17)—(15") 142 0.93(8)
358.8 (12)—(10") 600 1.08(10) 557.4 (18)—(16") 223 0.97(10)
366.8 (21)—(20") 9 569.7 (19)—(17") 194 1.00(5)
399.2 (13)—(11") 510 1.03(7) 608.2 (20')—(18") 164 1.1(1)
401.3 (23)—(22) 4 618.5 (21)—(19") 142 1.04(8)
428.2 (14)—(12") 480 1.07(8) 655.1 (22)—(20") 100 1.0(1)
467.2 (15)—(13%) 370 1.16(14) 667.3 (23)—(21") 76 1.02(15)
486.2 (16')—(14%) 375 1.06(10) 704.3 (24)—(22") 56 1.1(2)
532.3 (17)—(15%) 106 1.03(8) 7215 (25)—(23") 45 0.9(2)
544.8 (18)—(16") 267 1.04(15) 759.8 (26')—(24") 25 1.0(2)
581.9 (19)—(17") 161 0.99(8) 782.9 (27)—(25") 19

597.2 (20)—(18") 208 0.93(15) 821.9 (28)—(26") 11

631.4 (21)—(19") 114 0.9(2) 849.3 (29)—(27") 10

645.0 (22)—(20") 120 0.98(24) 888.3 (30)—(28") 6

679.5 (23)—(21%) 62 1.0(2) 918.3 (31)—(29") 5

693.5 (24)—(22") 64 1.41) 955.0 (32)—(30") 3

731.1 (25)—(23") 36 986.5 (33)—(319) 2

747.7 (26))—(24%) 33 0.92(15) 1029.1 (34)—(32%)

789.1 (27)—(25") 15 Band 6

809.0 (28)—(26") 15 101.8 (10)—(97) 26

851.5 (29)—(27") 7 126.5 (9)—(8) 22 0.5(1)
875.3 (30)—(28") 6 127.0 (12)—(117) 44 0.49(7)
917.5 (31)—(29") 4 154.0 (14)—(13") 29 0.67(13
943.6 (32)—(30%) 3 179.7 (11)—(10") 53 0.46(7)
983.5 (33)—(319) 2 185.4 (16)—(15") 12

999.7 (34)—(32") 1 211.4 (9)—(77) 26

Band 5 2285 (10)—(87) 66 1.02(8)
745 (77)—(6") 50 236.7 (13)—(12") 78 0.56(6)
74.9 (5")—(3") 620 0.95(7) 281.7 (11)—(97) 71

77.3 (6")—(5") 410 289.0 (15)—(14") 35 0.39(7)
115.2 (8" —(77) 221 0.66(8) 306.8 (12)—(107) 247 1.00(6)
118.4 (6')—(4%) 520 1.0(2) 329.1 (17)—(16") 18

144.9 (10)—(9%) 94 0.69(8) 351.5 (19)—(18") 10

151.6 (7)—(5") 1000 0.98(5) 356.5 (2I)—(20") 4

167.4 (11)—(10%) 28 0.67(12 363.7 (13)—(11") 155 1.10(6)
1735 (12)—(11%) 24 0.5(1) 390.8 (14)—(12)) 347 1.03(5)

044308-7



M. A. CARDONA et al. PHYSICAL REVIEW C 66, 044308 (2002

TABLE |. (Continued).

E, (keV)? 1717 1P Rocct E, (keV)? |77 1P Rpcot
443.1 (15)—(13") 130 1.03(5) Band 8

474.7 (16)—(14") 253 1.00(3) 629.4 (23)—(21) 5

514.6 (17)—(15) 81 1.00(5) 693.0 (25)—(23") 6

554.9 (18)—(167) 166 1.04(6) 745.1 (27)—(25") 3

577.5 (19)—(17") 54 1.1(1) 804.7 (29)—(27") 1

629.1 (20)—(18") 86 1.01(8) Band 9

634.2 (21)—(19) 34 0.9(1) 81.1 (6")—(5")

687.0 (23)—(21") 16 0.9(1) 89.6 (77)—(6")

695.6 (22)—(207) 50 0.95(1) 121.4 (8)—(77) 34

738.0 (25)—(23") 6 129.5 (9)—(8") 26

753.9 (24)—(22) 22 1.1(1) 164.8 (10)—(9%) 26

788.4 (27)—(25) 4 166.5 (11)—(10") 8

804.2 (26)—(247) 10 1.0(1) 170.1 (7" —(5")

840.6 (29)—(277) 3 206.0 (13)—(12") 7

846.4 (28)—(267) 6 206.9 (12)—(11%) 16

870.3 (30)—(28") 3 211.1 (8)—(6") 80

895.6 (31)—(29) 2 251.4 (9)—(77) 58 0.92)
906.7 (32)—(307) 1 294.5 (10)—(8%) 104

953.9 (33)—(31) 3315 (11)—(9%) 108 1.008)
Band 7 373.7 (12)—(10") 92

75.7 (6")—(5") 413.4 (13)—(11") 123 1.0712)
80.6 (7")—(6") 52 461.9 (14)—(12") 46

100.8 (9)—(8") 49 0.7(2) 479.2 (15)—(13") 105 0.9811)
135.6 (8" —(77) 64 540.7 (17)—(15") 90 0.9815)
156.3 (7 —(5%) 25 546.9 (16')—(14") 62

209.0 (10)—(9%) 84 0.3(2) 603.7 (18)—(16") 35

216.1 (8")—(6") 131 0.9(2) 617.2 (19)—(17") 21 1.42)
236.6 (9N —(77) 170 1.0(2) 672.3 (20)—(18") 12

280.4 (12)—(11) 27 0.5(2) 715.9 (21)—(19") 7

310.0 (10)—(8") 144 1.1(2) 749.5 (23)—(21") 3

325.5 (11)—(9%) 312 1.03(8) Band 10

343.6 (14)—(13") 8 86.8 (8)—(7") 48

396.8 (12)—(10") 110 0.82) 120.2 (7)—(6") 46

418.6 (13)—(11") 177 1.048) 128.7 (10)—(9%) 41 0.5915)
473.6 (14)—(12") 76 160.9 (9)—(8") 78 0.6220)
506.1 (15)—(13") 122 0.9610) 174.4 (12)—(11") 12

518.2 (16)—(14") 25 203.8 (11)—(10") 29

582.4 (17)—(15") 71 1.0(2) 207.2 (8")—(6%) 30 0.92)
573.9 (18)—(16") 81 240.4 (13)—(12) 28

630.1 (19)—(17") 30 1.1(2) 247.9 (9N —(7%) 48 0.9(2)
631.9 (20)—(18") 62 289.9 (10)—(8") 94 1.04(12)
653.4 (21)—(19") 40 0.9(2) 332.7 (11)—(9%) 88

690.3 (22)—(20") 39 377.9 (12)—(10") 88

718.5 (23)—(21") 13 414.9 (13)—(11") 65

744.2 (24)—(22") 14 455.6 (14)—(12") 60 1.0(2)
751.9 (25)—(23") 8 503.6 (15)—(13") 42

796.6 (26)—(24") 5 541.0 (16)—(14") 30

812.5 (27)—(25") 4 578.3 (17)—(15") 27

848.0 (28)—(26") 3 598.0 (18)—(16") 77 0.9(2)
865.2 (29)—(27") 2 623.6 (20)—(18") 30 1.02)
897.3 (30)—(28") 1 654.8 (19)—(17") 7

044308-8



HIGH-SPIN STATES IN DOUBLY ODDTm

TABLE |. (Continued).

PHYSICAL REVIEW C 66, 044308 (2002

E, (keV)? |77 1P Roco”  E, (keV)? |77 1P Rpcot

670.4 (21— (19") 5 290.8 (19)—(18") 6

Band 11 404.1 (14)—(12") 153 0.95(8)
76.9 (67)—(57) 442.3 (15)—(13%) 32

86.0 (7)—(67) 468.3 (16)—(14") 41 1.0(1)

98.0 (8)—(77) 139 0.57(15) 521.9 (17)—(15%) 129 1.00(6)
118.2 (9)—(87) 133 0.75(12) Transitions from band 5 to band 4

131.1 (10)—(97) 169 0.75(25)  235.6 (14)—(13") 27

158.1 (11)—(107) 186 0.9(2) 259.7 (15)—(14") 25 0.58(12)
168.5 (12)—(117) 153 0.7(2) 266.2 (16)—(15") 18

202.5 (13)—(12") 140 0.66(15)  283.9 (17)—(16") 10

208.6 (14)—(137) 108 291.7 (18)—(17") 13

216.1 (9)—(7) 17 308.9 (19)—(18") 9

248.1 (15)—(14") 95 318.3 (20)—(19%) 11

249.7 (10)—(87) 59 330.4 (21)—(20") 6

249.8 (16)—(15") 70 0.68(15) 341.8 (22)—(21%)

289.3 (11)—(97) 41 352.2 (23)—(22") 2

289.6 (17)—(16") 45 445.9 (14)—(12") 110 1.0(2)

290.8 (18)—(17") 40 477.6 (15)—(13") 23

321.7 (19)—(18") 18 515.4 (16)—(14") 15

326.8 (1Z)—(107) 50 1.12) 520.8 (17)—(15%) 160 1.005)

330.1 (20)—(19) 17 558.3 (19)—(17") 16

345.3 (21)—(207) 8 Transitions from band 5 to band 7

359.0 (22)—(217) 5 53.8 (8" —(71) 47

371.3 (13)—(11) 73 0.9620) 80.6 (10)—(9™) 59 0.54(9)
411.3 (14)—(12") 74 96.2 (12)—(11%) 36 0.50(8)
456.8 (15)—(13") 82 248.2 (11)—(9%)

497.8 (16)—(14") 70 Transitions from band 6 to band 4

538.5 (17)—(15") 69 372.6 (15)—(14") 13

579.6 (18)—(16") 71 401.1 (17)—(16") 7

612.3 (19)—(177) 38 433.6 (19)—(18%) 2

651.9 (20)—(18") 48 Transitions from band 6 to band 5

675.4 (21)—(197) 25 270.3 (12)—(11%) 104 0.69(12)
704.2 (22)—(207) 32 271.1 (7)—(6") 50 0.8(2)

721.1 (23)—(21") 15 276.1 (10)—(9%) 187 0.58(7)
Transition from band 2 to band 1 276.7 (14)—(13%) 32 0.56(6)
156.9 (6)—(6) 281.3 (8)—(7") 109 0.60(8)
Transitions from band 2 to band 3 292.6 (9)—(8"%) 153 0.57(8)
35.1 (6")—(6") 310.7 (11)—(10%) 137 0.66(7)
242.5 (8"—(77) 9 299.1 (16)—(15%) 6 0.6(2)

320.6 (9")—(87) 17 333.6 (13)—(12%) 75 0.51(8)
Transitions from band 2 to band 4 354.3 (15)—(14%) 30 0.59(8)
94.4 (6")—(6™) Transitions from band 6 to band 7

Transition from band 3 to band 1 165.1 (14)—(13%) 15

121.5 (6)—(6) 192.8 (12)—(11") 43 0.55(11)
Transition from band 3 to band 4 211.2 (10)—(9%) 50 0.60(12)
59.3 (6)—(6") 219.9 (8)—(7") 19 0.60(15)
Transitions from band 4 to band 1 Transitions from band 7 to band 5

62.2 (6")—(67) =1120¢ 0.8(2) 98.2 (5")—=(4") 0.7(2)

102.1 (7" —(67) 180 0.66(8) 132.0 (6" —(5%)

Transitions from band 4 to band 5 135.7 (7"Y—(6") 90 0.72(8)
231.8 (18)—(14%) 24 182.9 (9" —(8%) 260 0.55(6)
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E, (keV)? |77 1P Roco”  E, (keV)? |77 1P Rpcot
196.8 (8)—(7) 38 103.0 (8" —(77) 22

244.8 (11)—(10") 201 0.46(9) 145.7 (9 —(8") 40 1.0(2)
271.7 (8)—(6") 45 187.4 (11)—(10") 48 0.70(15)
322.6 (13)—(12") 52 0.34(100  222.7 (13)—(12") 6 0.7(2
325.7 (10)—(9%) 7 1.2(3) 396.9 (13)—(11%) 33

389.4 (11 —(9%) 130 1.0(3) 461.3 (15)—(13%) 15

391.0 (10)—(8%) 3 478.3 (14)—(12") 50

406.9 (18)—(14%) 13 Transitions from band 10 to band 7

496.1 (13)—(11%) 14 267.0 (13)—(12") 8

Transitions from band 7 to band 8 296.8 (15)—(14%) 10

660.0 (23)—(21Y) 10 335.1 (14)— (13" 6

782.7 (258)—(23%) 1 378.3 (16)—(15%) 2

Transitions from band 7 to band 9 481.6 (14)—(12%) 38

430.9 (14)—(12%) 7 549.2 (16)—(14%) 63

588.2 (19)—(17") 34 Transitions from band 10 to band 9
Transitions from band 7 to band 10 107.7 (7")—(6") 34

447.0 (14)—(12") 26 143.7 (10)—(9%) 42 0.9(2)
510.3 (16)—(14") 71 190.4 (12)—(11") 13

Transitions from band 8 to band 7 223.6 (13)—(12%) 10

687.7 (23)—(21Y) 14 266.1 9H—(7) 22

Transitions from band 8 to band 9 439.0 (14)—(12%) 48

682.5 (21)—(19%) 6 518.7 (16)—(14%)

Transitions from band 9 to band 5 Transitions from band 11 to band 6

141.7 (67)—(6") 214.7 (8)—(7) 29

162.9 (8")—(8") 28 248.1 (9)—(8) 40

193.9 (10')—(10") 10 252.9 (10)—(97)

Transitions from band 9 to band 7 309.1 (11)—(10) 9

504.4 (14)—(12%) 8 Other transitions

659.3 (19)—(17Y) 32 1.2(2) 621.5 8

745.1 (21— (19%) 6 629.9 9

Transitions from band 9 to band 10

@Uncertainties between 0.1 and 0.3 keV.
bUncertainties between 10 and 50 %, depending on intensity of the lines and complexity of the corresponding spectra.

‘Directional correlation ratid Yoate-0,{ 01)/ 1 Ygate-9,(62), (01=31.7°, 36°, 144°, and 148.3° ary=90°) determined from coincidence
spectra, setting gates on stretcHe?l transitions on both axes of the DCO matrix.
9The intensity loss due to the half-life has not been evaluated.

lines. In this case we followed intensity arguments to estabthe isomer through an unseen transition of enefgy
lish the =0 transition sequence inside each band. <25 keV. Based on energy differences, we found from our
The above mentioned transitions 62.2 and 102.1 keV, depresent data, an energy of 8:2.5 keV for this intermediate
populate band 4 both feeding the same state. This state wasnsition concluding that the 34.42 keV depopulates directly
established as (6 on the basis of the spin and parity of the isomer, as shown in Fig. 4. Furthermore, HEie multi-
band 4, theE1 character of the 62.2 and 102.1 keV transi-polarity of the 34.42 keV transition established by Drissi
tions, and theAl=1 type of the 102.1 keV lin¢supported et al. [17] is consistent with a (6)—(5") decay giving
by the DCO ratio, see Tablg.IThis (67) state is the long- additional support to our present spin assignment of band 5.
lived isomer reported in Ref17]. The connections between Assuming the isomeric (6) state to be fully depopulated
bands 4 and 5 fix the energy of the (6isomeric state at through the 34.42 ke\E1l transition aB(E1,34.42 keV)
34.65) keV above the (5) state of band 5. In Fig. 4 we =1.5(1)x10 *!e? fm? (corrected by internal conversipis
show the low-energy part of bands 4 and 5 together with thestimated for this decay. According to the structure of initial
(67) isomer and its decay. Drisst al.[17] observed a 34.42 (K"=6") and final K"=2",3") levels the 34.42 keV cor-
keV line with a halflife of 34025) ms in prompt coincidence responds to a1l AK=3,4 transition. The hindrance factor
with the 74.9 keV of band 5, and assumed that it depopulatedith respect to the Weisskopf estimat&if~10') falls
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TABLE II. Total internal conversion coefficients for selected — 1 T T ' T T 1

low energy transitions ift®Tm. The experimental values;™® were 1.0 § o T
obtained from intensity balances and the theoretical vak{esom x &
Ref.[23]. 2 E ~
= 2 ©
> © S
o % -
E, (keV) Placement a$® al assigned © 05+ ¢ {2 S i
E1l E2 M1 multipolarity 2 o % ||F -
3 x
35.1 bands 2,3 <3 1.02 300 10.6 El 1 \Q’ i
39.9 band 4 93) 071 160 7.2 ML(E2) B o
80.6 bands 57 72 059 7.2 59 MI1(E2) 0.0 et el ey
1021  bands4,1<15 032 29 30 E1l 40 60 80 100 120
Energy (keV)

within the systematic for &K =4 transition and not to far FIG. 2. Sum ofy-ray coincidence spectra obtained setting gates
for the evaluated data fakK =3 transitions24]. on pairs of transitions of band @65.3 and 358.8 keV plus 265.3
Band 3 is one of the most populated bands as it is exand 428.2 keY. The 39.9 and 126.5 keV lines added to band 4 are
pected from its yrast character displayed over a large spiflearly seen.
range. Figure &) shows a coincidence spectrum gated on
the 123.2 and 145.1 keV lines of band 3. This band decayfor these transitions are around Qgee Table ), which re-
through the 59.3 and 121.5 keV transitions both proceedingluire pure stretched dipole assignments. The apparent ab-
from the bandhead which has been established a3 @8- sence of quadrupole admixtures is consistent with Ede
cording to the structure assigned to the basde Refs. andAl=1 assignment for each of these transitions. As an
[11,12 and the discussion belgwThe time spectra of the example Fig. 8) shows the calculated DCO ratio as a func-
59.3, 62.2, and 121.5 keV transitions are shown in Fig. 6tion of arctang) and the experimental value for the linking
From the fits of these spectra a valueTgf,=36(2) ns was 292.6 keV transition which is consistent with0.1<6
adopted for the bandhead of band 3. This result differs from=0.1. As a consequence band 6 is proposed to have negative
the 2(1) us value reported in Ref17]. The isomeric char- parity, if positive parity is assigned to band 5. At spin (5
acter of the bandhead of band 3 is responsible for the inter(-L7"), (197) this band also decays into band 4 through the
sity unbalance between transitions feeding and depopulatinines 372.6, 401.1, and 433.6 keV, the first two ones are
this isomer registered in the coincidence experiment due ttndicated in Fig. 8a). This fact could be a consequence of
the thin target which let the recoil nuclei to escape. The 59.3he mixed structure of states in bands 4 and 5. Band 6 also
keV transition links the bandheads of bands 3 and 4 andecays into band 7 through the 165.1, 192.8, 211.2, and
according to the configuration assigned to these bands h&49.9 keV transitions. Figures(® and 9b) show double
AK=0. The B(E1,59.3 keV)=3.3(3)x 10 %e? fm? corre-  gated coincidence spectra on pairs of lines belonging to the
sponds to a hindrance factor with respect to the Weisskopft=0 and a=1 components of band 7, respectively. Spins
estimate ESV1~6>< 10*) which falls within the systematic and positive parity of band 7 have been assigned from the
for a AK=0 transition[24]. analysis of its linking transitions mainly with band 5. For
Band 2 is a weakly populated band, several transitiongxample, the total electron conversion coefficient of the 80.6
were observed linking band 2 to bands 3, 4 and to thé&eV transition(from band 5 to band )7corresponds to an
(67)340 ms isomer. Th&1 character of the 35.1 keV line M1(E2) charactefsee Table Nl while its DCO ratio is con-
(Table 1), together with the presence of the other decay-ousistent with Al =1 transition. In addition, among the stron-
transitions of energies 94.4, 156.9, 242.5, and 320.6 ke\gest lines which depopulate band 7 into band 5, the 182.9,
establish the spins and parity of band 2 and its position int@44.8, and 322.6 keV lines present DCO ratios which are

the level scheme. A representative double-gated spectrum f@ensistent withAl =1M1(E2) transitions with mixing ratios
this band is shown in Fig.(b). 6<0. In Fig. 8b) the experimental and calculated DCO ra-

Band 1 was placed on the ($340 ms isomer on the tios for the 322.6 keV transition are shown, from this figure
basis of its assigned structufgee belowin agreement with —5.0<6<—0.18 was evaluated for this line. Furthermore,
Ref.[17]. No interlinking line with other bands was found. the DCO values of the 192.8, 211.2, and 219.9 keV transi-
An example of a double gated for spectrum this band idions(see Table), which are consistent withl =1 E1 char-
shown in Fig. %a). Comparing Figs. @) and 5c) the differ-  acter, solidified our spin and parity assignments.
ent intensity between bands 1 and 3 is evident, which indi- Around spins 12—-1@ the «=0 component of band 7 is
cates the immediately departure of band 1 from the yrast linstrongly linked to thea=0 sequences of bands 9 and 10
with increasing spin. through transitions of energy in the range 400-550 keV,

Band 6 was extended at high spins compared to the prewhile weaker lines connect it with the=1 sequence of
vious work[12]. Representative double gated spectreE@  band 10. In Fig. @) these two pairs of interband lines are
transitions belonging to the=0 anda=1 signature com- indicated, for example the 481.6 and 504.4 keV and the
ponents of this band are shown in Fig&)7and 7b), respec- 267.0 and 296.8 keV transitions. The=1 component of
tively. This band decays into band 5 through a series of tranband 7 interacts strongly with the=1 sequence of band 9
sitions of energy around 300 keV. The DCO ratios obtainedaround spins 17—18, the 659.3 keV interband line is indi-
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FIG. 3. y-ray coincidence spectra of Ge detectors setting double gates on transitiongafdle0 sequence of band(265.3 and 358.8
keV), (b) @=1 sequence of band @99.2 and 467.2 kel (c) «=0 sequence of band(®263.5 and 341.0 kely and(d) a=1 sequence of
band 5(384.4 and 452.9 keV

cated in Fig. ®). On the basis of the interlinking transitions 193.9 keV lines which, according to our present spin and
among bands 7, 9, and 10, spins and parities were assignedrity assignment, ar&l =0 M1(E2) transitions, being the

to the two latter bands relative to band 7. The small distancéntensity balance for these lines consistent with their ex-
of levels of equal spin in thee=0 components of the three pected electromagnetic character. In Fig(alOwhich corre-
bands which achieves its minimum at spim]4xplains the sponds to a double gate on the 294.5 and 373.7 keV lines, the
presence of the connections as a consequence of strong miseincidences with the lower members of band151.6 and

ing among the different band configurations. An example 0fl89.7 keV lineg and with the 162.6 keV out-of-band line are
this effect can be observed in Fig.(&) where the intraband clearly observed.

461.9 keV and the interband 439.0 keV transitions show ap- Finally, in the analysis of double gated spectra on pairs of
proximately the same intensity. AB2 sequence indicated in transitions of band 11 we observed systematically the pres-
the level scheme as band 8 has been observed linked to tle@ce of the lower members of bandriamely, the 151.6 keV
a=1 component of bands 7 and 9. The decay of band 9 int¢ine) through rather weak coincidences, as is indicated in Fig.
band 5 has been observed through the 141.7, 162.6, arddXe). Due to complex and low intensity coincidence rela-
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Band 4 Band 5 276.1 keV lines. It can be noted that for each pair the second
line corresponds to aB1 decay transition from band 6 into
. band 5(Fig. 1, part B. This fact allowed the placement of
x+4176 y (8 358.8 ‘ 263.5 band 11. We adopteld—1—1 for the decay lines from band
119’3 R33.7 &) Lxrsato 11 into band 6. The possibility df—1—2E2 transitions for
206.0 (8%)4 x+298.2 these decays was discarded. In this last scenario spins of
band 11 should be increased in one unit with respect to our
present assignment and as a consequence, states of the same
spin in bands 6 and 11 would lie very cldses an example it
can be seen that the {9 state of band 6 and the (§ state
of band 11 are only 3 keV apaind strong linkings between

86,7 126.5  x+226.5y

................ 1
x+109.5

Ty=340ms 34 42\ x+74.9 ’ : )
) vd.9 (4%) ¢ x+33.8 the bands in both directions should have been observed.
x+0.0 y(3* However, only weak connections were detected and only

FIG. 4. Low-energy part of bands 4 and 5 and the\@&omer.  ffom band 11 to band 6. Positive parity for band 11 can not
The energy of the transition from the levebat 109.5 keV to the b€ discarded on the basis of the coincidence data analysis
level atx+74.9 keV and the half-life of the isomer have been ex-and to assign negative parity we invoke structure arguments,
tracted from Ref[17]. namely, theB(M1)/B(E2) values, and systematic compari-
son with a similar structure reported i##*Tm [9]. On ac-
tionships, some of the decay-out transitions were not placedount of coincidence relationships the 86.0 and 76.9 keV
into the level scheme. However, clear coincidences were olines[which are indicated in Fig. 16)] lie at the bottom of
served between the members of the following pairs: 214.band 11, however, the absence of observed crossover transi-
and 271.1, 248.1 and 281.3, 252.9 and 292.6, and 309.1 anidns forbid an unambiguously placement of these lines. To

o T ' _ T '~ T T _T © T T T T T "
- 3 z 14758 167.2keV (Q)
-1 32 ] < © -
< <
100 — - o <o+ |
3 ¥ | g3 88
41 5
x
0| 2 |
Tt
Q
- m o
=< 0
200 E 5 o
2] g/'_ I\'g 2 S —10 © S
— ] gL > © 5
C % N = ey ~ -
x IR
o 3 o i
s
O T
g ptrnga bttt
1500 — \% 2 . 123.2 & 145.1 keV (C) -
_gx; 8 - E % _
1000 4§, = 2L . S o =
x & g g S o
13 3 TE gl .
© [ss]
500 — 0
0 - L
00

Energy (keV)

FIG. 5. Representative spectra obtained setting double gates on transitigdafd 1(147.5 and 167.2 ke (b) band 2(175.4 and
191.9 keV}, and(c) band 3(123.2 and 145.1 keV
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show this fact we indicated the two lower states of band 11
with dotted lines in the level scheme. Examples of double
gated coincidence spectra for bands 9—-11 are shown in Fig.
10.

For coupled bands with connectidd = 1M 1(E2) mixed
transitions the experiment@(M1)/B(E2) ratios were de-
termined by the following expression:

BMLI—1-1) B 2
B(E2]—1-2) ES M1+6%) [ (eb)?)

WhereE,/1 and E,,are the energie§n MeV) corresponding

to theAl =1 andAl =2 transitions, respectively, the y-ray
intensity ratiol (y,)/1(vy,), and 6 the mixing ratio of the
Al=1 transition. The experimental branching ratios) (
were obtained from relativg-ray intensities in the spectra in
coincidence with transitions directly populating the corre-
sponding states. In the evaluation®fM1)/B(E2), we as-
sumed §°=0 (in most cases the error produced with this
assumption is less than 10%).

Ill. DISCUSSION

The bands expected at low excitation energyifim are
those built on the lowest proton and neutron orbitals in the
neighboring oddZ and oddN nuclei. In order to identify
these bands we studied the evolution of Nilsson levels in the
vicinity of *®%Tm as a function of the neutron number. In Fig.
11 the bandhead energies have been plotted for the odd Yb,

FIG. 6. Time distribution of the 59.3, 62.2, and 121.5 keV linesTm, and Er isotopeg§21,18,20,2% For the doubly odd

arising from the NakTl) multiplicity filter and planar detector co-

165Tm we constructed the zero-order level sch¢®edding

incidences. The best fits through the data points are also shown. the experimental bandhead energies extracted from neighbor-
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FIG. 7. Representative double gatgday coincidence spectra of Ge detectors on pairs of transitions ¢the=0 sequence of band
6 (474.7 and 554.9 keMand (b) =1 sequence of band @43.1 and 514.6 ke
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ing odd proton and odd neutron !sotopfs and neglecting the ,,_— (g, —gR)(me_ipK/|)+(an_gR)
residual interaction which can split the. = |Qpi Q,| states P

according to the Gallagher-Moszkowski coupling rul2s] X (QaV1—KH12—i K1),

(see Table IlI. For the *%6Tm rotational bands found in the

present work, the configuration assignment was based on units of uy. Qg is the intrinsic quadrupole momeny, ,
systematics and on the analysis of band properties such @% andgr=0.3 are the proton, neutron, and collectlvpe gy-

rotation alignments, band crossing frequenues romagnetic factors, respectively. The quantitieandi, rep-
B(M1)/B(E2) values, mixing ratios o 1(E2) transitions, g b y: q & n P
resent the aligned angular momenta of the proton and the

signature splitting, etc. The theoretical estimates of theneutron respectivel
B(M1)/B(E2) were obtained from the semiclassical for- P Y- o .

: - The mixing ratio 6 for Al=1 in-band transitions was
mula of the cranking model developed by mxu and evaluated using the exopression
Frauendorf27] (see also Ref[28]). We used the following 9 P

expressions:
P 5=0.9F QoK VIZ—K?/(u12),
B(E2|—I1— 2)— (IK20|I 72K>2Q0 whereE, is the transition energy in Me\Q, and ur are in

units of eb and wy, respectively. We use®@,=7.5eb,
which corresponds to an average of the experimental values
for the neighboring even-even Er and Yb nug¢29]. Proton

and neutrong factors (qu, an) were calculated by the

expression[30] go=0,+(9s—9;)(s3)/Q. The expectation
values of the spin projection on the symmetry adg) were
where u1 is the transverse magnetic moment given by evaluated using Nilsson-type wave functions obtained from

and

3 2
B(MLI—1-1)=g—uf,
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FIG. 9. v-ray coincidence spectra of Ge detectors gated on pairs of transitions belongingdpdhe0 sequence of band(310.0 and
396.8 keVf and(b) a=1 sequence of band (418.6 and 506.1 keV

the diagonalization of the deformed harmonic oscillator with A clearest distinction among the bands is connected to the
B=0.30, the parameters and u were extracted from Ref. lowest observed crossing frequency. In bands containing the
[30]. For the orbital and spimg factors we usedg, ,=1, vi13{5/27[642]) orbital, the firsti,5, crossing(called the
0sp=3.91,09, ,=0, andgs ,= —2.68. Alignments and fac-  AB crossing is blocked. These bands show the second
tors for the proton and neutron intrinsic states used in thé;s, (BC) crossing delayed=0.07 MeV with respect to the
calculations are listed in Table IV. Figure 12 shows experi-AB crossing. In order to establish crossing frequencies we
mental and calculateB(M1)/B(E2) values for bands 1-7 studied the evolution of the dynamical moment of inedt@

and 9—-11. In Table IIl we report the sign of the mixing ratio along the rotational band. We used the following approxima-
evaluated for theAl =1 in-band transitions of the different tions to evaluatd® vs 7 w:

configurations.
A Al =2 sequence in a rotational band can be analyzed in J(z)_%~ 4h?
terms of the cranking model. The inertia parametégsand T do E,,~E,,

J; are extracted fitting the Harris expression

R=1,—i=(Jo+J 0?0, and

where R is the collective and the particle contribution b o= EytEy,
(which is also set as a free parameter in the calculation w= 4 ’

the total aligned angular momentuirg(1) = /(1 + 3)2—K?, . .

andK represents the projection of the angular momentum o#'nereE, andE, are the energies of two consecutide

the nuclear symmetry axis. The rotational frequenciey (=2 transitions in the rotational band. THE) parameter is
are derived from the experimental level spacing with thevery sensitive to changes in the moment of inertia caused by

usual relatio 31] level crossing implying particle alignments and in this way
can be used to determine crossing frequencies avoiding the
E(I+1)—-E(1-1) difficulties of selecting reference inertia parameters. The po-
ho= , .. g .
L(I+1) =1 (1—1) sition of peaks and/or of sudden and large variations in the

plot of J® vs 2w was adopted as the crossing frequency. In
whereE(l) is the energy of the level of spih The fitting  Fig. 13 we plotted the dynamical moments of inertia corre-
intervals are chosen in a frequency range corresponding tsponding to bands of®®Tm and different bands in the neigh-
fully aligned particles without breaking pair effects. The boring nuclei. The yrast band in the even-even nucfét&r
alignments listed in Table IV and the inertia parametkys [32] represents the behavior of the even-even core and the
andJ; used for band 6 of®Tm and for the single-nucleon bands in®*b [20], %3%r [21], and %°Tm [33] display the
components in neighboring oddl-nuclei presented below, effect produced by the odd particle. In the odd-odd nucleus
were extracted by this procedure. 186Tm we expect the combination of both odd particle ef-
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fects. The crossing frequencies extracted from Fig. 13 arstate [17]. In Fig. 12 we compare the theoretical
listed in Table V, where we also included the deviation of theB(M 1)/B(E2) values with the experimental ones. Even tak-
crossing frequencies with respect to the even-even corgg into account the large mixing ratios of this structug (
(6hwe) and for the bands of®Tm the calculated devia- ~0.9) the experimental points are rather underestimated by
tions, adding the effects of the proton and neutron involvedhe calculation. The estimation of the crossing frequency,
in the configuration of the bandst ™), are also reported. 7 ,_~0.28 MeV, obtained from the dynamical moments of

A. High-K structures: bands 1, 2, and 3

For band 1 we propose the configuratietv/2*[404]

®v5/27 [523K™=6"

in agreement with Ref[17]. This

the energy ratio of the first twal=1 transitions ), ac-
cording to the formul& = (2—x)/(x—1), assuming a ro-
tational band with energy stateB(1)=(%2%/2J)[I1(1+1)
—K?], as described in Ref2]. The high value oK ob-
tained for band 1 corresponds to the case in which both prazero-order level scheme dfTm (Table Ill) predicts a 6

ton and neutron orbitals are weakly affected by the Coriolisbandbead energy for this structure at 227 keV. In addition,
the observedB(M1)/B(E2) values of band 2 are in very

interaction, resulting inKgg~K=Q,+Q,=7/2+5/2=6.
The 6 bandhead of this structure appears as the loweggjood agreement with this interpretati@fig. 12.
highK configuration predicted by the zero-order level

schemgTable Ill), and was identified as the 340 ms isomeric ® vi,345/27[642]))K™=6"

inertia [Fig. 13e) and Table V is consistent with the first
viq30 Crossing AB).

As mentioned above, band 2 has positive parity and spins
determined according to its connections with band 3, estab-

high-K normal band is consistent with its effective projection lishing a bandheat= 6, which is approximately equal to the

quantum numbeKeﬂ: 6.5. This parameter is obtained from eXtraCtemeﬁZS.g. This is consistent with a normal band in
which thewi 3/, orbital is not involved. This can not be con-

firmed by the crossing frequency because ithg,, crossing
is not reached. We propose for band 2 th&/2 [523]
®v5/27[523]K™=6" configuration which, according to the

The structure assigned to band 3 i87/27[523]

044308-17
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ture. However, the DCO ratios of thkel =1 in-band transi-
tions indicate positive mixing ratios excluding the presence
of the whg,, orbital (Table Ill). An example of the DCO
ratios is shown in Fig. @& where a mixing ratiod
=0.23(8) is obtained for the (I3—(12") 187.8 keV tran-
sition. TheB(M1)/B(E2) properties of this band are con-
sistent with its configuration assignmeiftig. 12).

B. High-K structure, band 4 and lowK structure, band 5

The structures assigned to bands 4 and 5 are
w7127 [404]® vi 5{5/27[642])K™=6" and w1/27[411]
® viy35/27[642])K™=2",3", respectively, in agreement
with Ref.[12]. In band 4, the DCO values, around 0.8-1.2
measured for the\l=1 in-band transitions, are consistent
with large and positive mixing ratios. This is in agreement
with the proposed configuration for which a variation &f
from 0.3 up to 9 is predicted when the spin increases from 8
up to 23i. As an example, the mixing ratio of the (10
—(9") 145.8 keV transition extracted from the DCO analy-
sis[Fig. 8(d)] is close to the calculated valug€0.7). The
non-negligible 6 values were taken into account and the
quantities B(M1)/B(E2)(1+ %) are compared favorably
with experiment(Fig. 12.

The small values of B(M1)/B(E2)~0.01—
—0.04u?/e? b? of band 5 are close to the expected ones for
the configuration 71/2"[411|® vi,445/27[642])K"™=2"

odd (Fig. 12. The deviation from the general trend of the experi-

mental values above splr=17% corresponds to the mixing
of the states of band 4 and 5, which is not included in the

[11,12. The dynamical moment of inertia of this band showscalculations. This strong mixing is similar to the observed

a pronounced peak at 0.35 Md¥ig. 13e)]. This delay in

between thew7/2°[404] and the w1/2°[411] bands in

the crossing frequency is consistent with the presence of th&°Tm [33]. The DCO ratios for the\l =1 in-band transi-
viq3 (Table V). The same conclusion is obtained from thetions of band 5, which are around 0.5-0.7 imply small mix-
Ke=1.6<6 indicating a significative compression of the ing ratios. As an example a mixing ratie 0.25< §<0.03

band. Another possibility could be the presence ofitig,,

was evaluated for the (13— (11%)173.5 keV transition

orbital, which produces similar delay and compressed strud+ig. 8e)]. This result is in agreement with the calculations

TABLE lIl. Zero-order level scheme offTm. Entries arK . =|Q,* Q| values, zero-order energies in
keV, and the sign of the mixing ratié evaluated for theAl =1 in-band transitions. Excitation energies
correspond to the average ¥fTm and*¢"Tm for protons and to the average $PEr and*®?Yb for neutrons.
(The values corresponding to proton and neutron intrinsic spins aligned have been underlined.

TQINNgA ] vQTINNZA ] 5127 [523] ¥5/2+[642] 3127 [521] »1/27[521]
E, (keV) E, (keV) 0 38 211 243
71/2+[411] 273" 2+, 3% 17, 2° 0,1"
0 0 ~ 38 211 243
6<0 6<0 5<0
w7127 [404] 1,6~ 1*,6% 2,5 37,4"
130 130 ~ 168 T 341 373
5>0 5>0 5>0 5>0
w1/27[541] 2%,3* 27,3" 1+,2* 0*,1*
165 165 ~ 203 ~ 376 408
5<0 8<0 5<0
77127 [523)] 1*,6" 17,6~ 2% ,5" 3*,4"
227 227 265 438 ~ 470
5>0 5>0 5>0 5>0
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TABLE IV. Parameters used in the calculations of yored signature of both particles, we expeétza +a
B(M1)/B(E2) values. The alignments were extracted fréffrm —1/2+1/2=0 for the normal favored sequence in band 5,

and from *r and ***Yb for the proton and neutron orbitals, re- po\ever, the band displays a particular behavior with two

spectively. points of signature inversion and with the=1 component
Protons Neutrons anomalously favored over 'Fhe high spiniange. In Figsa)l4
orbital (%) o orbital (%) 90 and 14b) the energy differenceS(1)=E(l)—E(l—1)

—[E(I+1)—E()+E(I-1)—E(I—=2)]/2 of the levels of
w7/27[523] 0.9 133 w5/27[523] 0.5  0.250 band 5 is plotted for the twar=1 sequences which can be
w7/2°'[404) 05 0.626 v5/2'[642] 3.0 —0.306 assigned to band 5, as discussed above. Even if the ampli-
w1/2°[411] 04 —111 »3/27[521] 0.6 —0.378 tude of the level staggering changes, both cases display the
w1/2°[541]] 1.8 0.863 same trend. A possible explanation of the anomalous signa-
ture splitting at high spin could be the interaction between
bands 4 and 5 which pushes upwddisvnward$ the o
=0(1) states of band 5.

performed for this configuration which prediét= — 0.4 and
8~—0.2 for theK™=2" and K™=3" couplings, respec-
tively. The dynamical moments of inertia evaluated along
bands 4 and 5 show great similarities with pronounced peaks All the properties analyzed for band 6 are consistent with
at 0.32 MeV[Fig. 13f)]. These delays in the crossing fre- the whg,(1/27[541])® vi,55/27[642]) K™=27,3" as-
quency are consistent with the presence of the neldtrgpn  signment. The measurefi(M1)/B(E2) ratios agree with
(Table V). the calculated one¢Fig. 12. In addition, in-bandAl =1
The evolution of the level staggering of band 5 presentgransitions have DCO ratios 0.5 which are consistent with
interesting features. On the basis of the coupling of the fad<0, as expected for this structufble IIl). For example,

C. Low-K structure mhg,®vi 3,: band 6

0.84 { Band 1 1 29 Band 2
06 7/2'7404] @ v5/27523]) | 151 n7/21523] © v5/21523] 1
0.4 : { K=6 | 1.0 K'=6" |
0.2 ! Py 1 osd }
0.0 T T T T T 0.0
8 10 12 14 16 8 10 12 14 16
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0.04— T T T T T T T T A T T T T T T T T
8 10 12 14 16 18 20 22 24 26 8 10 12 14 16 18 20 22 24
03 T T T T T T T T T T
/2] [411] © 52" [642] "Band5 ozl Band 6 ] FIG. 12. ExperimentaB(M1)/B(E2) values.

framework of the cranking model for the configu-
rations assigned are also shown. For bands 1 and

. f i 11 ; { { i The results of the calculations obtained in the
! !

0.14

B(M1)/B(E2) [, 7e°b%]

=1/27541] ® v5/2'[642] E}i: 4 in which the effect of the largé values cannot
e e be 2neglected, the theoretic®(M1)/B(E2)(1
. . . . . . . + &%) values are plotted.
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FIG. 13. Experimental dynamical moments of inertia as a function of the rotational frequency correspor{dingrast band of*®Er
andvi 35/27[642]) band of*67Yb, (b) ¥5/2 [523] band of*¥"Yb and»3/2 [521] band of*5%r, (c) #7/2"[404] andhy{7/27[523)])
bands of'%5Tm, (d) w1/2'[411] and whg,(1/27[541]) bands of'®5Tm, (e) bands 1-3 oft%*Tm, (f) bands 4 and 5 ot%Tm, (g) bands 6
and 7 of 1%¢Tm, (h) bands 9—11 of®*Tm. Filled and open circles correspond to e + 1/2 anda= — 1/2 signatures, respective(pdd
nucle), anda=0 anda=1 signatures, respectivelgven-even and odd-odd nuglei

a value of 5=—0.15(10) was extracted for the (1)L  nents can be more easily seen in a plot of the level stagger-
—(107)179.7 keV transition as is shown in Fig(fg The ing, where it appears as a reversal of the phase of the stag-
alignment of the band is consistent with the sum of#the,,  gering. In Fig. 17 the energy differenc¥1) of levels of

and vi 5, alignments at low spin, and it begins to upbend atband 6 is presented together with the data corresponding to
considerably high frequenciw~0.4 MeV as is shown in  *°>'®Tm [8,9], the similarities displayed along the isotopic
Fig. 15 for thea=0 sequence. Such delayed backbend ishain are evident. The point of the crossing increases with
due to the added effects of thehg, and vi 5, orbitals. The  neutron number 1743 19.4:, and 22.3 for *°2Tm, *4Tm,
delay produced by therhg, orbital has been systematically and **°Tm, respectively. These points correspond in terms of
observed in neighboring nuclei and was explained in termsotational frequency to 0.29, 0.32, and 0.35 MeV, which
of deformation changes in combination with proton-neutronagree within 0.01 MeV with the values extracted from the
interaction[9,33,34. In addition, the evolution of the dy- Routhian plots. It should be considered that the position of
namical moment of inertia also reflects the delaying effectshe Routhian crossing is independent of the selected refer-
of the proton and neutron particlgSig. 13g) and Table \. ence parameters, in the case the same set is adopted for both
However, different behavior is displayed by the=0 and  signatures. For the present configuration the favored signa-
a=1 components of the band. A pronounced pealkat ture of both particles i&v= + 1/2, and therefore the expected
=0.43 MeV is observed for thee=0 sequence while the favored signature isx=1 for the whg,® viq3, band. How-
other shows a rather smooth behavior with a maximum agver, at low spin ther=0 sequence is anomalously favored
hw~0.37 MeV. Band 6 was compared with the same strucup to certain point where the inversion is clearly produced.
tures identified int*21%4rm[8,9]. In Fig. 16 the experimental This is another example of the signature inversion phenom-
Routhians are plotted for the three isotopes, using commoanon which has been extensively observed in rotational
reference  parameters J¢=40.412/MeV  and J, bands of odd-odd nuclei involving highparentage orbitals
=50.41*/MeV®). In the three cases the Routhians display[35]. Recently, a residual proton-neutron interaction in the
similar slopes. A particular feature is observed in the thredramework of the particle rotor model has been invoked to
cases, the Routhians corresponding to both signatures of tlexplain signature inversion effects in thdng,® vi 43, Struc-
band cross each other. The crossing of the signature comptire [6,7]. Here we employed the two-quasiparticle-plus-
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TABLE V. First band-crossing frequencies and experimental and calculated deviations of these crossing
frequencies with respect to the even-even dgrast band of**4Er). The calculated deviationsfi v ° are
obtained adding the deviations of the addxnd oddN neighboring nuclei.

Nucleus band « fiog Shaw, Shwi®
(MeV) (MeV) (MeV)
18421 yrast band 0 0.28
165Tm
77127523 +1/2 0.27 ~0.01
w712*[404] +1/2 0.27 —-0.01
7112 [411] +1/2 0.26 ~0.02
71/27[541] +1/2 0.38 0.10
—-1/2 =0.34 =0.06
167Yb
v5/27[523] +1/2 0.26 —0.02
—-1/2 0.32 0.04
V5/2+[642] +1/2 0.32 0.04
—-1/2 0.42 0.14
163,
V302521 +1/2 0.25 ~0.03
1667,
Band 1 77/2[404]® v5/2 [523]K™=6" 0,1 ~0.28 ~0.00 ~0.03
Band 2 w7/2 [523]® v5/2 [523K™=6" 0,1 =0.25 >-0.03 ~0.03
Band 377/2 [523]® v5/2"[642]K™=6" 0,1 0.35 0.07 0.03
Band 4 77/2"[404]® v5/2'[642]K™=6" 0,1 0.32 0.04 0.03
Band 5w1/2[411]® v5/2 [642]K =2+ 3" 0,1 0.32 0.04 0.02
Band 6 w1/2 [541]® v5/2 [642]K™=2",3" 0 0.43 0.15 0.24
1 ~0.37 ~0.09 0.14
Band 7 w1/2 [541]® v5/2 [523]K™=2" 3" 0 >0.43 >0.15 0.14
1 0.32 0.04 0.08
Band 9 71/2 [541]® »3/2 [521K™=1",2" 0 >0.32 >0.04 0.07
1 =0.37 =0.09 0.07
Band 1077/2[404]® v5/2* [642]K "=1" 0 >0.30 >0.02 0.03
1 =0.33 =0.05 0.03
Band 1177/2 [523]® v5/2* [642]K "= 1" 0 >0.34 >0.06 0.03
1 =0.35 =0.07 0.03

rotor calculations used many years ago to analyze a possib]87] renormalized by pairing correlatiofi36]. This force has
anomalous signature phase in the same structure in the The required features to yield an intuitively transparent
region [36], to explain the staggering of thehg,® vi13,  mechanism for signature inversion. The matrix elements
band in *Tm. The single-particle states were generated us¢(j i, )I|Vp_nl(ipin )JI)=V3 " display small deviations

ing the standard Nilsson calculation with quadrupole defor{o~60 keV) around a mean of about 150 keV for the
mation 8= 0.30 andk andx parameters extracted from Ref. =5—10 states while the value far=11, 886 keV, is sig-
[30]. The Nilsson Hamiltonian was diagonalized within the nificantly larger and strongly repulsive. This means that for
N=5(6) shell for protongneutron$ and the orbitals ohg,  small collective rotation the maximally aligned state 9/2
(i13/2) parentage were selected to construct the prot@u-  +13/2=11 is excluded from the spectrum of intrinsic exci-
tron) particle configuration space. The pairing energy gapsations. The system prefers to add collective angular momen-
(Ap=0.83 MeV andA,=0.91 MeV) were estimated from tum instead of aligning the particl¢86]. As the system ro-
the binding energies of the adjacent even-even andfodd-tates faster and faster at a certain point it becomes
nuclei. The proton and neutron Fermi levels were positioned@nergetically more favorable to align the two quasiparticles
at 1.5 MeV below ther1/27[541] and 0.5 MeV above the to J=11 and the change of phase of the staggering occurs.
v5/2*[642] orbitals to reproduce the correct proton or neu-To determine the moment of inertia we kept in mind that in a
tron numbers, respectively. The magnitude of pien inter-  real nucleus this parameter is not a constant value but usually
action depends on the angular momentum to which the prancreases with spin. A variable moment of inertia was not
ton and neutron are coupled and on the quasiparticlénplemented in the calculation, so we used a fixed value and
character of the two valence nucleons. It was extracted fromavaluated the effect of its variation on the signature inver-
the empirical particle-hole multiplethg,® v~ ti 3,in 2%Bi  sion. An increasédecreasein the moment of inertia causes
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204 | FIG. 15. Experimental alignments as a function of the rotational
frequency corresponding to the=0 component of therhg,
® viq13, band(band 6. The values for the involved single-nucleon
0 1 components in neighboring odd-nuclei, *°Tm and ®%b, are
also plotted, the no symbol dashed line corresponds to the sum of
204 4 these values at low spin. The inertia parameters used for the refer-
ence configurations ard,=40.4:%/MeV and J,;=50.4:*/MeV?,
40 Jo=40.7%/MeV and J;=42.4*MeV?, and J,=34.9%%/MeV
] ] and J;=54.00*/MeV? for the signature component of thehg,

® viqgp, mhgp, andvig, bands, respectively.

sitions, respectively. The branching raois defined as the

vy-ray intensity ratiol (y,)/1(v1). B(E2) is the strength of

FIG. 14. Signature splittings(1)=E(l)—E(I-1)—[E(I+1)

the Al=2 transition within the rotational ban€éin e?b?)

—E()+E(1-1)—E(1-2)])/2 vs| evaluated for band 5 with the  a5sumed to correspond to a quadrupole moment of 6.6, 7.1,
two possiblea=1 sequencegd) 510.4, 569.7, 618.5, 667.3 keV, z1d 7.5eb for %2Tm. %Tm. and%Tm respectively, and

etc.,(b) 521.9, 581.9, 631.4, 679.5 keV, etc. The arrows point to th
signature inversion. Filled and open circles correspond toathe
=0 anda=1 signatures, respectively.

the inversion point to move to highgtower) spins. To
present our results here, we chose a moment of inertia
JIh?=38.6 MeV 1. This selected value reproduces well the
inversion point of band 6 and changing 8% the inertia pa-
rameter the inversion point is shifted #al1#4. The results of
the calculations with and without thg—n force are shown
in Figs. 18a) and 18b), respectively. Without thg — n force
the level staggering is determined by the Coriolis force over
the entire spin range; the inclusion of the-n force repro-
duces the phenomenon of the low spin signature inversion
and the point of the change of phase; however, the magnitude
of the staggering is underestimated.

Another similarity among the isotope$®®Tm and
166Tm is observed in the decay of thehg,® vi 3, band into
the 71/2"[411]® vi 5, structure through stretchegll tran-
sitions. TheB(E1) strength of these decays was evaluated
using the following expressiof83]:

El, B(E2
B(E1)=7.7X 10*3E—;2 (T)[ez fm?],
71

evaluated using{ =2. The quadrupole moments are the av-
erage of the experimental values for the neighboring even-
even Er and Yb nucldi29]. In Fig. 19 we compare the cor-

T T T T T T
14 e .
BN c;zs MeV
o \ﬂ 0.31 MeV |
>
= ™y
g 44 —=—1e2 \{\, a .
—A— -
" 164Tm %
21 e e {K 7]
o Im °
T T T T T
0.1 0.2 0.3 0.4 0.5
ho (MeV)

FIG. 16. Experimental Routhians versus rotational frequency for
the 7hg,,® viy5, bands of 16216418¢m The subtracted reference
has parameterd,=40.4:2/MeV andJ,;=50.41*/MeV? andK =2

was used in the calculations. Since all the Routhians are similar in
energy, those fol%2Tm and '4Tm are shifted up in energy by 1.0

WhereEyl and E,, are the energie§n MeV) corresponding
to theAl=1 interband and\| =2 rotational intraband tran-
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FIG. 17. Signature splittings(1)=E(l)—E(I-1)—[E(I+1) 1 {' 7
—E()+E(—-1)—E(l—2)]/2 vs | of the 7hg,® vi,3, bands in ] e
doubly odd nuclei:*6>16418§m_ The arrows point at the signature 30 [ ° I
inversion. Filled and open circles correspond to the 0 and « 8 9 10 11 12 13 14 15 16 17
=1 signatures, respectively. ()

respondingB(E1) strengths for the three nuclei. The order FIG. 19. ExperimentaB(E1) values for transitions from the
of these values is 10— 10 %e? fm?, corresponding to hin-  7hgp® viyz, band into thew1/2"[411]® vi3;, band observed in
drance factors relative to the Weisskopf estimafg~1¢®  '°******Tm nuclei. Filled and open circles correspond de-0
— 10, which fall among the smaller ones displayed by the®=1 anda=1—a=0 transitions, respectively.
systematid 24]. In the three isotopes there is a difference in , , )
strength for theE1 transitions depopulating states of odd andProton configurations as discussed heféne enhanced1
even spins, the first ones are 1.5-4 times larger than thgecays have been explained in terms of coupling to octupole
second ones. This signature dependence oB(fiel) values  ViPrational degrees of freedof89,40.
was observed and discussed in R8f.concerning the"®2Tm
case. Out of band enhancBd decay modes in competition D. Low-K structures: bands 7, 9-11
with intraband stretcheB2 transitions have been foundina  The who(1/27[541]) ® ¥5/2 [523][K™=2*,3" structure
number of neighboring odd-nuclei, involving bands based was assigned to band 7, in which the favored signature of the
on the 71/2"[411] and whgy, structures[33,3§ (the same  proton is coupled to both neutron signatures. As can be seen
in the level scheméFig. 1, part G the a=1 sequence of
T band 7 is favored over the entire band consistent with the
200_' (a) ] coupling of the favored signature of both particlesgé
+1/2 anda;= +1/2). The smalB(M1)/B(E2) values are
consistent with the proposed structufgg. 12. The DCO
values measured for th&l =1 in-band transitions, around
~0.5, correspond to negative mixing ratios in agreement
with the calculated valuesé~—0.4 and 6<—1 for the
K7™=2" andK™=3" couplings, respectively. Moreover, the
behavior of the dynamical moment of inertia along the
experiment 6 o ] =1 component with a peak around 0.32 MeV shows the
combined effects of the whgy(a=+1/2) and the
v5/27[523](a= +1/2) which increases and decreases the
crossing frequency, respectively, with respect to the even-
even core[Fig. 13g) and Table V. A different behavior
shows thew=0 component of band 7. The irregularities of
J®@) aroundw=0.25 MeV can be associated with perturba-
tions in the energy levels due to interactions with bands 9
and 10. Abovei w~0.27 MeV, J® remains approximately
constant over the entire frequency range, which implies a
large delay in the crossing frequency in agreement with the
added effects of therhg, (= +1/2) and thev5/27[523]
(a=—1/2) [Fig. 13g) and Table V.
Another example of enhancdeil decays in competition
with E2 intraband transitions is observed in the decay of
FIG. 18. Results of the two-quasiparticle-plus-rotor calculationsband Gx=0(ap=+1/2,ay=—1/2) into band &=1(a,=
with (a) and without(b) p—n force. The experimental and calcu- +1/2,a,=+1/2). In fact rather largeB(E1l) values
lated values S(1)=E(1)—E(I-1)—[E(1+1)—E(l)+E(1—-1) (=10 3e? fm? were obtained for the 165.1, 192.8, and
—E(1—2)]/2 are plotted as a function of the angular momentum 211.2 keV decays. The$€l transitions can be interpreted as
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a change of the neutron configuration of the states from th&on orbitals, display a similar behavior. In fact for band 3 the
v5/2[642], a,=—1/2 to thev5/27[523], a,=+1/2 with  first maximum is produced #tw=0.35 MeV while for band
the proton acting as an spectatBil decays of comparable 11 this maximum occurs dtw=0.34 MeV, as the result of
strength have been observed in neighboring Ndduclei  the combined effects of theh,,,, and vi,4, particles in the
involving the v5/27[523] and the v5/2*[642] structures crossing frequencyTable V). The largeB(M1)/B(E2) val-
[40,41). For example, in'*Er, B(E1) values in the range, ues measured for this bane1—2u2/e?b? are in good
10™%—-2.5x 10 %e* fm? were measured for these decaysagreement with the calculated on@g. 12. In addition, a
and the data were favorably fitted introducing the effect ofcomparison between the low- and higheouplings of the
octupole vibrations on thE1 transition strengthp41]. proton and neutron spins for thew7/27[523]

The configurations assigned to bands 9 and 10 were s i, (5/2'[642]) configuration leads to similar conclu-
lected among the lowest positive parity candidates presenteglons presented in Ref9], the B(M1)/B(E2) ratios are
in Table Ill and not identified with the previous discussed~1009% higher for theK =1 than for theK =6 one.
bands. We assigned thehg,(1/2 [541])® v3/2 [521]K™
=1".2" and them7/2'[404]® vi 13/ 5/2[642)) KT=1" IV. SUMMARY AND CONCLUSIONS
configurations to bands 9 and 10, respectively. The calcu-
latedB(M1)/B(E2) values fit quite well the measured ones ~ High-spin states in doubly odd®®Tm were investigated
especially for band 9Fig. 12. The calculations predict by means of in-beamy-ray spectroscopy techniques using
small mixing ratiosé~0.04, for theAl =1 transitions of the the multidetector array GASP. The level scheme was ex-
configuration of band 10 in agreement with the experimentatended substantially and several bands were observed at spin
DCO ratios around 0.6. Delaying effects in the crossing fre-higher than 36. A wealth of connections among the bands
guencies can be deduced from the evolution of the dynamicairovided helpful means to assign spins and parities. Different
moments of inertia which are associated with thieg, or-  properties of the rotational bands were analyzed leading to
bital in the case of band 9 and with the blocking effect of thethe identification of their structures. Signature inversion was
Vi3 Orbital in the case of band 1@ig. 13h) and Table V. observed in therhg,® viq3, Structure and this phenomenon
These delaying effects exclude the presence of thavas described by the particle rotor model calculations in-
w7127 [523]® v5/2 [523]K™=1" and the =7/27[523]  cluding an experimentg—n force taken from?°®Bi. Pro-
®v3/27[521] (K™=2" or K™=5") configurations in these nouncedE1l transitions were observed in the decay of the
bands. ’7Thg/2® Vi 13/2 band intO the 7Tl/2+[411]®1/i13/2 and the

Finally, we assigned the7/27[523]® vi,3A5/27[642]) hg;,® v5/27[523] bands, connecting sequences of different
K™=1" configuration to band 11. A variety of arguments signature. The larg8(E1) value of these decays is charac-
supports this assignmefamong them, systematic compari- teristic of the transitions between thehg, and the
son with *%4Tm [9] as mentioned aboyeThe evolutions of 71/2°[411] bands and between theii,5, and the
the dynamical moment of inertia of band fHig. 13h)] and  »5/27[523] bands observed in a number of surrounding odd-
band 3[Fig. 13e)], both involving the same proton and neu- Z and oddN nuclei, respectively.
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