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Sets of rotation-aligned bands indicating nonaxiality in*°Au
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The level scheme d?°Au was extended up to high spin usinpgpectroscopy with the Eurogam-Il array and
internal conversion measurements with the electy@pectrometer of Orsay. Several sets of rotation-aligned
bands were found and associated with hjglew-K configurations. According to the total Routhian surface
and cranked shell model calculations these bands are caused by the nonaxiality of the nuclear deformation
(y=<-70°). Furthermore, very good agreement was obtained between the experimental data and the theoretical
predictions for the properties of these bands, such as alignments, band-crossing frequencies, and signature
inversion, thus supporting the suggested nonaxial shapes.
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I. INTRODUCTION such sets of rotation-aligned bands with the experimental

The ,Pt, 76Au, and ggHg isotopes in theA=190 region data.
are moderately deformed with oblate shape ghe=0.16
[1-5]. They show rotational bands built on different multi- II. EXPERIMENTAL PROCEDURE
quasiparticle excitationfs]. The properties of the low spin
states in these nuclei have been studied in several works and ¥ Spectroscopy and internal conversion spectroscopy ex-
nonaxiality of the nuclear shape was sugge$t%8, 7. periments were performed in order to stutifAu. The y
Two-quasiparticle 7h;1,® vij3, rotational bands are experiment was carried out with the Eurogam-Il multidetec-
known in the odd-oddgo-wil%u nuclei[8]. Although these tor array [14,15, operated at the Vivitron accelerator in
bands look like strongly coupled bandsuilt of M1 direct  Strasbourg. Thé®W(!B,7n) reaction at beam energies of
and E2 crossover transitionshey were associated with a 84 and 86 MeV, and a self-supporting target of two
low-K configuration and interpreted using rigid triaxial rotor 280 ug/cn? foils were used. The trigger required five or
calculations as a set of rotation-aligned bands, formed by thghore unsuppressed detectors to fire in coincidence. The re-
coupling of two rotation-aligned quasiparticles to a slightly sulting data set consisted ef9x 10 fourfold and higher-
deformed nonaxially symmetric Hg co[8,9]. The configu-  fold events. In this fusion-evaporation reaction the major
rations for which such sets of rotation-aligned bands can bgroducts, *°Au and '%'Au, were produced with relative
expected in theéA=190 Pt-Au-Hg isotopes were studigtl]  vyields of 51% and 37% of the total cross section, respec-
with the total Routhian surfac€lRS) [11,17 and cranked tively. The results relating t&°!Au were reported previously
shell model (CSM) calculations using universal Woods- [10,18.
Saxon potentia[13]. The calculations predicted that a hole  The analysis of the data involved) a study of they
in the 7hy 4, and/or vhy, shells could induce triaxial defor-  coincidence relationships using Bg-E,-E., cube and differ-
mation with y=-80°. Furthermore, at such nonaxiality the ent gated matricesiji) angular distribution and linear polar-
signature splitting of thé, B, andC Routhians(originating  jzation measurements in order to deduce the spins and pari-
from low-K i3, orbitaly becomes small and th& ties of the levels(iii) y-intensity measurements, afid) a
Routhian becomes yrast. Thus, o(@ two) excited neu- search for nanosecond isomers using the recoil shadow an-
tron(s) can occupy any of the thre&, B, or C (AB, BC, or  isotropy method17]. More details about the data analysis
AC) Routhians, which results in a set of up to three rotation-can be found in Ref[18].
aligned bands. In the case of three excited neutrons, how- A complementary internal conversion spectroscopy ex-
ever, the three close lying positive parity Routhians will beperiment was performed using the electrppectrometer at
occupied and thus only one band is expected. These predighe Orsay tandem accelerator. The aim of this experiment
tions were found in very good agreement with the availablayas to assist in the measurement of transition multipolarities,
experimental data in several nuclei in this mass re§id}.  in particular for low energy transitions. The electron spec-
In this work the doubly odd®Au nucleus is studied up to trometer consisted of a Kleinheinz magnetic lens with trans-
high spins in order to compare the theoretical predictions fomission T=(4.11+0.15x 102 and momentum window
ABp/Bp=30%, coupled to a large composite cooledLBi
detector(area: 2< 7.5 cnt) [19]. The spectrometer was set at
*Email address: elena@tlabs.ac.za 90° relative to the beam direction. The current in the mag-
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FIG. 1. Level scheme of°°Au obtained from this work. The width of the arrows represent the intensity of the transitions.

netic lens was chosen to sweep within an interval allowindarization asymmetry, and internal conversion coefficients
detection of electrons in the energy range 30-—350 keVare listed in Table I. The data analysis allowed unambiguous
Eight Compton-suppressed Eurogam-|I Ge detec®3%0 ef-  determination of the spin and parity of most of the new lev-
ficiency) were mounted in the hemisphere opposite to theels. A partial level scheme obtained from this work was pre-
electron spectrometer. In addition, six Badfetectors were viously published in Ref[18].

mounted around the target. TA¥Au nuclei were produced
using the reaction'®\W(1'B,5n)**%Au with a pulsed B A. Negative parity states

bear_n of 70 MeV, and_W|th_ a 50ﬂg/c_mz target, set at 45 The 1T and 12 bands were extended up to the 2@vel
relative to the beam direction. The trigger was set to accept .

! -~ “tat 2978 keV. The energy of the new 79-keV transiti@a"
events when at least one Ba&nd one Ge detector fired in o1- incid ith th £ this fA
coincidence with a $Li) detector or another Ge detector and _ ) concides wi ' energy o p X Tays ot AU.
the beam burst. This transition was identified using the spectra shown in l_:|g.

Two asymmetric matricesEy(90°)—Ey and E. -E,, 2. The spectrum double gated on the 332- and 482-keV lines

were built. The internal conversion coefficients were mea—ShOWS the same coincidence relationships as the spectrum
sured using the electron andspectra obtained after setting Eoulple gated on ttheb332— ar;]d iel_k@v?%’s’ excei_pt tha&_the
the same gate on tig, axis of both matrices. Lifetime mea- A ine appears to be much stronger than Keline indi-

surements were performed by measuring the slope of th%atln%th%r)res?nge Oftﬁ 7%'3k267)“'fa33 I;gr':(he\;r?ore,_:he spehc-
time distribution of the electron lines for the isomeric tran- - um double gated on the - an “KEV lransitions shows

sitions. strong c_oin_cidence With the_482-keV transition and similar_
other coincidence relationships. Thus, a new 79-keV transi-
tion was placed to connect the2&nd 2T levels, in antico-
incidence with the 561-keV transition. In the complementary
internal conversion coefficient experiment thieline of this

The previously known level schen(8,20] was consider- transition could be observed in the electron specas
ably extended up to an excitation energy-e7.9 MeV and  shown in Fig. 3. It should be noted that the internal con-
spin of 36, as shown in Fig. 1. The obtained transition version line of this transition is strongly mixed with tie
energies,y intensities, angular distribution coefficients, po- line of the 146-keV transition.

IIl. RESULTS
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TABLE |. Energy, y intensity, angular distribution coefficients, linear polarization asymmetry, measucetversion coefficients, and
deduced multipolarity of the transition 1¥%u. The spin assignments and the energies of the initial levels are also inclydedl |, are
normalized to the intensity of the 232-keV transition. The multipolarity ML is given ifahanda, coefficients and either the polarization
asymmetry of theK conversion coefficient were measured.

E, (keV) L, a, a, Aol a(exp ML Lot E (keV) IT—I1f

23.1(5)2 2172 20—18"
62.05)% 2172 20—18"
65.1(5) 6% 2728 22 —21F
79.24) 0.3014)° M1 34 2978 2221
111.12) 11(1) -0.694) 0.31) 0.04210)° E1l 15 2283 19—20°
134.23) 0.803) -0.32) 0.1(1) 1 2283 1918
145.52) 192) -0.426) 0.078) 1.43) M1 69 428 1312
152.83) 0.72) 0.22) 0.21) 25 2437 19-19
158.23) 0.21) 5309 2928
167.84) 2.7(5) -0.51) 0.12) 1.56) M1 7 3067 2221
170.23) 9(2) -0.31(4)° 0.058)° 1.43) M1 24 2899 21207
170.44) 102) -0.31(4)° 0.058)° 1.52) M1 26 2437 19—18
173.54) 1.1(3) 2.8 5741 30—29
179.q4) 0.21) 0.4 2996 21—

190.23) 0.31) 0.21) 0.098) 0.3711) E2 3.5 2283 19-17
201.34) 0.31) 0.4(1) 0.038) 0.6 3457 2323
228.03) 2.33) -0.278) 0.028) 0.5714) M1 4 4334 26— 25
232.32) 81 0.214) -0.098) +0.10622) 0.141) E2 100 1831 17—15*
238.92) 6(1) -0.32) -0.01(8) 0.678) M1 10 3495 2423
247.63) 5(1) -0.21(6) -0.098) 7 4795 2827
249.64) 3(1) 0.31) 0.108) 3.6 2978 22200
255.74) 4(1) -0.246) -0.068) 0.6Q010) M1 5.5 2366 19— 18
256.03) 1.84) -0.31) -0.098) 2.8 5588 30—29
277.13) 1.0(4) -0.1(1) -0.158) 0.5319) M1 1.4 5309 2928
279.33) 15(2) -0.0718) 0.098) 0.364) M1 22 2110 18—17"
282.02) 68(8) -0.114) -0.098) -0.07914) 0.393) M1 96 282 12—11°
292.62) 27(3) -0.094) -0.078) -0.07616) 0.3603) M1 37 2729 20—19
299.64) 4(1) -0.028) 0.018) 5 2666 20—-19"
311.12) 15(3) 0.234) -0.078) +0.1007) 0.09750) E2 15 4645 28— 26
315.13) 13912 -0.054) -0.068) -0.0718)° 0.262) M1 179 744 14—13
318.22) 8510) -0.104) -0.098) -0.0718)° 0.232) M1 111 2149 1817
319.53) 0.93) 0.31) 0.168) 1.2 2816 —19*

322.82) 32(3) -0.044) -0.058) -0.04018) 0.205) M1 41 1469 16—15
329.83) 1.34) -0.1(1) 0.008) 1.7 2996 21—20*
332.22) 41(3) 0.254) -0.148) +0.11312) 0.0356) E2 44 3792 2523
335.62) 9(1) 0.01(4) -0.038) -0.06424) 0.193) M1 11 2266 18—17
339.12) 7(1) -0.144) -0.168) -0.769) 0.11(3) M1 9 3002 22-21°
343.65) 1.94) 0.478) -0.208) 2 2437 1917
345.45) 1.45) -0.1(1) -0.178) 1.7 3341 22-21F
353.64) 6(2) 0.21) 0.058) 0.06618) E2 6 2283 1917
357.44) 0.84) 1 5031 2827
361.13) 0.62) -0.2(1) -0.398) 0.7 3088 2t—22°
362.43) 1.1(4) 0.42) -0.028) 1.3 5741 30— 30
362.32) 36(3) -0.294) -0.048) +0.00316) 0.01%2) El 37 1831 17—16
365.12) 11(1) 0.31(4) -0.258) +0.1247) 0.03%19) E2 12 3823 2523
368.43) 2.35) 0.146) -0.338) +0.15315) E2 2.4 3457 28—-21*
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TABLE I. (Continued)

E, (keV) L, a, a, Apol a(exp ML ltot E (keV) =17
386.53) 3.56) 0.038) -0.078) 0.206) M1 3.7 2497 19—18"
392.13) 7(1) -0.078) -0.048) -0.02418) 0.235) M1 8 3460 2322
394.54) 2.48) 0.4(1) -0.2498) +0.09316) E2 25 4795 2826
402.02) 232 -0.21(4) -0.078) -0.03917) 0.132)"° M1 27 1146 15—14
416.14) 1.94) -0.21) -0.21) 2.2 5568 29-28°
421.82) 15(2) 0.034) -0.008) -0.10q49) 0.193)° M1 17.6 4214 26— 25
427.82) 12810 0.254) -0.098) +0.0538) 0.0262) E2 146 428 13—11°
445.72) 4(1) -0.21) 0.058) 45 2729 20— 19
454.63) 3.67) 0.004) -0.038) 0.112)¢ M1 4 3457 2322°
460.25) 4.59) -0.124)° -0.048)° 5 4674 27—26
461.45) 103) -0.124)° -0.048)¢ 0.04(:{2)0'd M1 11 1930 17— 16"
461.84) 20(2) 0.246) -0.3638) +0.03810) 0.0432)0'd E2 21 744 14—-12
462.15) 16(4) +0.0229) 16.5 2899 21-19
467.63) 0.72) 0.7(1) -0.2(1) 0.7 5588 3028
476.54) 1.1(4) -0.1(1) -0.048) 1.2 5151 28-27
479.54) 3.1(8) 0.21) -0.21(8) 3.2 6221 3230
481.53) 192) -0.224) -0.088) -0.04510) 0.0584)° M1 21 3460 2322
484.84) 2.15) -0.0(2) -0.128) -0.07114) M1 3 5031 28—27
490.52) 22(2) 0.094) -0.048) -0.0678) 0.0482)° M1 24 2663 21—-20*
492.Q5) 2.57) 0.1(1)° -0.098)° 2.6 3495 2422
498.22) 2.7(4) 0.2(1) -0.1398) 2.8 7269 36— 34"
506.62) 20(2) 0.224) -0.168) +0.10214) E2 21 2437 1917
512.12) 152) 0.324) -0.1798) +0.0748) E2 15 3491 2422
514.83) 1.95) -0.3(1) 0.068) 2 5309 2928
524.84) 1.34) 1.3 4813

528.12) 15(2) 0.024) -0.098) -0.07q10 M1 16 3255 2322
535.23) 3.58) 0.316) -0.21) +0.25413) E2 3.6 2366 1917
545.63) 2.0(5) -0.4(1) 0.098) 21 3524 23-27
548.33) 1.34) 1.3 3214 —20
550.62) 5(1) 0.21(6) 0.048) 5.3 4373 2725
555.34) 6(2) 6 2666 2018
555.62) 63(5) 0.234) -0.098) +0.0769) E2 64 2728 22—-20*
560.62) 12(2) 0.41) -0.21) +0.06512) E2 12 3460 23—-21"
565.14) 2.05) 0.568) -0.338) 2 4938 2927
580.82) 5(1) 0.396) -0.21) +0.12610) E2 5 4795 2826
589.15) 0.94) 0.9 5741 30— 28"
592.715) 2.05) 2 3255 2321
595.35) 3(1) 3 5332 2927
608.43) 6(2) -0.264) 0.1(1) 6 4400 26—25
610.82) 31) -0.168) 0.178) 3 4105 28 24"
615.92) 12(2) 0.204) -0.0998) +0.11§16) 0.0122)° E2 12 2899 2119
624.73) 102) -0.068) 0.4(1) 10 2093 17—16
629.83) 3(1) 0.31) 0.128) 3 2996 21 —19*
633.43) 1.86) 0.4(1) -0.058)  +0.04810° E2 1.8 7020 3232
634.63) 3.505) 0.41) -0.01(8) 3.6 6771 3432
634.83) 2.23) 0.298) -0.068) +0.04810)° E2 2.2 5309 2927
635.14) 2.0(6) 0.398) -0.348) 1 5152 28 26"
673.53) 7(1) 0.238) 0.148) +0.0816)° E2 7 6053 3230
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TABLE I. (Continued)

E, (keV) 1, ay a, Apol ML ot  Ei (keV) |77
675.25) 2.6(5) 0.31) -0.148)  +0.0816)° E2 2.6 3341 2220
675.33) 1.73) 0.31) -0.238) 1.7 7020 3432
675.64) 2.58) 0.418) -0.38)  +0.0816)° E2 2.5 3678 2822
690.44) 1.34) 0.31) -0.512) 1.3 6760 3331
691.55) 2.87) 0.226) -0.048) 2.8 5437 2927
711.82) 10(2) 0.396) -0.038) +0.0927) E2 10 5506 30—28
717.72) 51(5) 0.174) -0.128)  +0.06§10) E2 52 1146 1513
724.72) 44(4) 0.274) -0.148)  +0.06%11) E2 44 1469 16— 14"
729.54) 1.103) 1.1 3457 2322
732.52) 27(2) -0.284) 0.51) +0.0438) E1 27 3460 2322
734.32) 133) 0.294) -0.188) +0.0567) E2 3 5379 30— 28"
746.54) 1.24) 0.32) -0.208) 1.2 3743 2321
754.83) 14(1) 0.244) -0.198) +0.0965) E2 14 4547 2725
756.34) 1.75) 1.7 6344 3230
756.53) 4(1) 0.496) -0.048) 4 6136 32 30"
760.24) 5(1) 0.258) -0.268)  +0.07710) E2 5 6069 3129
764.24) 1.43) 0.51) -0.258) 1.4 4105 2422
764.23) 1.23) 1.2 4288 —23
767.02) 15(2) 0.254) -0.118)  +0.06911) E2 15 3495 2422
777.72) 6(2) 0.536) -0.1(1) +0.16114) E2 6 4268 2624
784.52) 29(2) 0.184) -0.168)  +0.06412) E2 29 1930 17—15
793.04) 1.34) 1.3 5588 3028
794.13) 3.1(4) 0.284) -0.11(8) 3.1 3457 2321
797.02) 22(2) 0.21(4) -0.21) +0.06614) E2 22 2266 18— 16
798.83) 1.103) 0.6(1) -0.21) 1.1 6387 3230
801.34) 0.2(1) 0.2 6389 —30°
808.34) 0.41) 0.4 5928 28
817.84) 1.88) 0.10(4) -0.678) 1.8 5031 2826
837.54) 4(1) 0.326) 0.138) 4 6344 3230
838.34) 6(2) 0.296) -0.268) 6 4516 26— 24"
839.13) 15(2) 0.234) -0.098)  +0.10810) E2 15 4334 26— 24"
845.85) 2.0(5) 2 7067 —32
849.65) 6(3) 6 4105 25 23"
851.84) 3(1) 0.41) -0.21) 3 5120 2826
854.93) 115100  -0.114) -0.078) +0.0183) E1 115 1599 1514
866.33) 2.0(4) 0.278) -0.028)  +0.12711) E2 2 7886 3634
880.33) 2.1(4) 0.41) 0.058) 2.1 6387 3230
893.43) 2.1(5) 2.1 6331 29"
911.43) 3(1) 0.238) -0.348) 3 4734 2725
916.24) 2.0(6) -0.428) 0.028) 2 3088 2120
923.43) 5(1) 0.306) -0.078) 5 4746 2725
944.64) 3(1) 0.248) -0.088) 3 4737 2725
950.14) 8(3) 0.276) -0.148) 8 3678 2422
981.44) 3(1) 0.51) -0.068) 3 7034 3432

*Deduced from the coincidence relationships.

PThe values for the 79- and 111-keV transitions corresponghf@nd o; conversion coefficients, respectively.

“Nonseparated doublet or triplet. The value corresponds to the total peak.

YDeduced in directungated internal conversion measurements, e.g., using the electron spectra apdpbetra of the Ge detector at 90°
measured in coincidence with the beam burst and at least ongdgaéctor.
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structures.

FIG. 2. Spectra double gated on the 332-keV transition@nd
482-,(b) 561-, and(c) 79-keV y rays.

A new sequence dE2 transitions labele@r) was found to

. A spectrum double gated on the 282- and 293-keNdys,
develop above thg ZZeng at 2978 keV. The coquence of showing the transitions from the negative parity structures in
the 512-keV transition with the 79- and 250-keV lines deter-lgoAu is plotted in the tob panel of Fig. 4
mined the placement of this band above the 2%el. A few 1S P PP g- %
weak transitiong546, 764, and 525 keMwere found to lie
parallel to this band. Their multipolarities, however, could B. Positive parity states
not be determined. The most intense new structure with New positive parity structures were found #PAu and
negative parity, Iab_ele(ic), is built abOV"?‘ _the Z3level at several already known ones were extended to higher spin. A
3460 keV and consists ¢i2 andMl_trar_15|t|ons_. It develops new 20 level at 2172 keV was introduced, which deexcites
up to the 36 Ieve_l at 7.89 Mev, which is the highest energy towards the previously known 18evel at 2149 keV by a
level observed in this nucleus. Another new structure, las, |, .\ transition and towards a new*1@vel at 2110 keV
beled(h), consists oM1 andE2 transitions and feeds the by a 62-keV transition. Using the recoil shadow anisotropy

lower lying levels of structurgc). method[17] with the Eurogam-Il data, and the time spec-
trum of the electron lines with the internal conversion spec-
S000 ' ' ' ' ' ' troscopy data, the 2devel was found to be isomeric with a

half-life of 7.0+£0.3 ns. More details about the identification
and the lifetime measurements of this isomeric state were
published in Ref[18].

The previously known sequencéd) and (g) [20] were
extended and a new sequenceE¥ transitions labeledf)

was found. The sequende), consisting of the 593- and

e 2('2°kev) 250 850-keV transitions was previously knowi20]. A new
7 structure labeledh) consists ofM1 andE2 transitions and
' ! develops above the previously known'l@vel at 1831 keV

[8].

A spectrum double gated on the 282- and 232-ketays
showing the transitions from the positive parity structures in
1%0Ay is plotted in the bottom panel of Fig. 4.
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IV. DISCUSSION

200 250
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It is known that the coupling of the highlow-K quasi-
FIG. 3. y (upper panéland electrorflower pane) spectra, gated particles in theA=190 Pt-Au-Hg isotopes leads either to
on the 282-keV transition, obtained from the internal conversiondecoupled bands or to sets of rotation-aligned bd6HsThe
spectroscopy experiment. configurations and properties of the latter were recently pre-
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respectively. The calculations used the same values of the
Harris parameters aly=6#°MeV! and J,=30h*MeV~2 as
those of the neighborint*Au nucleus[10], andK=0 for all

the bands.

TRS calculations predict nonaxial shape for several con-
figurations in'°Au, as shown in Fig. 6. CSM calculations
were then performed fot®°Au using 3,=0.137 andg,=
—-0.027, as predicted by TRS, and fpdeformation of —60°,
—-70°, =80°, and -90{the neutron quasiparticle Routhians
are plotted in Fig. ¥. It should be noted that for large non-
axiality the lowest lying positive parity positive-signature
Routhian has smaller alignment at low rotational frequency
than the second lowest one, while it is the opposite for axi-
ally symmetric nuclei(see Fig. J. Thus, in this work, the
Routhian with the larger alignment is labeléddfor all y
deformations and frequencies, while the one with smaller
alignment is labelecC. Some information about the labeling
convention as well as the aligned angular momenta and
band-crossing frequencies calculated with CSM are listed in
Table II.

As in the neighboring®*Au nucleus[10] a constant neu-
tron pairing gap of 1.0 MeV was used in the CSM calcula-

! tions. In the'®™Hg isotone better agreement with the experi-

L mental measurements was obtained for several band-crossing
: frequencies by using configuration dependent neutron pair-
E ing gaps(ranging from 0.66 MeV to 1.15 MeM21]. Since
much larger nonaxiality is predicted for the bands'ifAu,

b no attempt is made here to use the configuration dependent
a pairing gaps of%'Hg. Emphasis is rather placed on studying

3 the differences in the experimental band-crossing frequencies
in the axially symmetrict®*Hg and the nonaxiat®®Au iso-
tones that can arise as a result of changes in the nuclear
shape.

Thus, keeping these considerations in mind the predic-
tions for the presence, alignments, band-crossing frequen-
cies, and signature inversion in the highew-K bands of
19Au are compared with the experimental data.

™~ {-¢bond 11—
1—&— band 12—

020 025 030 035 040 045
4w (MeV)

CSM Routhians (MeV)

FIG. 5. Experimental alignment@pper pangland Routhians
(middle panel for the bands in'°Au, calculated withK=0 and
Harris parameters ofl;=6 #°MeV™! and J,;=30:*MeV 3. The
CSM Routhians(bottom panel for the 1T and 12 bands were
calculated for the predicteg deformations of —80° and -70°,

respectively.
A. The 11" and 12" bands

dicted using TRS and CSM calculatiofi0]. The following The 1T and 12 bands were previously assigned to a
discussion focuses on studying such hjglow-K bands in rotation-alignedwhﬁ,2® viﬁ,2 configuration[8,9] (or eBand
190Au and comparing them to the theoretical predictions. eA configurations using the CSM labgl§he TRS calcula-
The *°Au nucleus is expected to have near oblate shap&ons predict nonaxial deformation 08,=0.14 and y~
with moderate deformation of8,~0.13 [9]. The orbitals -78° for the 11 sequence and the samg andy~—70° for
closest to the Fermi level for this deformation are IBw- the 12 sequencgsee panelga) and(b) in Fig. 6]. For such
orbitals from thewi 3, and vhg,, (and/or vf;;) shells and nonaxiality theB andA Routhians lie very closésee Figs. 7
low-j orbitals from thevps, and vfs), shells, as well as low- and 5, and thus a set of rotation-aligned bands are expected
K why4/, Orbitals(see Fig. 4 from Refl10]). Considering the in very good agreement with the experimental observations.
deformation driving properties of these orbitéds predicted The experimental alignments of A&and 12 of the 1T and
by the TRS calculations a nonaxial shape withy<=-80° 12" sequences, respectivalgee Fig. 5, are in good agree-
may be induced by the oduﬁ,2 proton[10]. Since for such ment with the predicted alignments of 16.and 11.% at
nonaxial deformation the lowest neutrof, B, and C vy=-80° andy=-70° respectivelysee Table I\.
Routhians (originating from lowK i3, orbitaly are ex- Signature inversion appears in the™ldnd 12 bands in
pected to lie very close to each other, the excitation of one ot°°Au as well as in the yrast bands in the neighboring doubly
two i3, Neutrorgs) can lead to a set of rotation-aligned odd '8¢-1%Au nuclei[8,22. This phenomenon is manifested
bands[10]. by the inverted position of the experimental Routhians at low
The experimental alignments and Routhians of the bandeotational frequency, i.e., the Routhian of the Hand(un-
in 1%9Au are shown in the top and middle panels of Fig. 5,favored signaturelies at lower excitation energy than the
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Routhian of the 12band(favored signaturg while the nor-

the alignment of avii3, pair along the rotational axis. In-

mal position is restored at higher rotational frequency. Sig-deed, among the orbitals close to the Fermi level only the
nature inversion has also been found in a number of rargnvolvement of avi,3, pair can reproduce the large aligned

earth odd-odd nucl€i23] and proved to be a phenomenon

angular momentum of-21.%: of band(a) (see Fig. . Fur-

challenging the theoretical models. A study of the signaturdhermore vii3;, nature is suggested for the first band crossing

inversion in the doubly odd®'8u nuclei has been done
using CSM calculationg22], and it was shown that if a
nonaxial shape withy~-70° is assumed, th® Routhians in

186,18 become yrast at low rotational frequency and a sig-

nature inversion takes place at a frequency &
=0.22 MeV. This frequency, however, was much lower tha
the experimentally measured one of 0.35 MeV. It should b
noted, though, that the signature inversion frequency i
strongly dependent on the value of theleformation, thus a
study of the nuclear shape is needed.

The CSM Routhians for the Iland 12 bands in**°Au

in the neighboring®®%-1%Hg [24], °%1%%t [25,26, and
187,189.191,198 [10,27-31 isotopes. Thus, arhi},® rii3,
configuration is assigned to baia).

The TRS calculations predict a nuclear deformation with
B-=0.14,8,=-0.027, andy~ -69° for banda), as shown in

n[)anel(c) of Fig. 6. It is then expected that the three excited
d13 neutrons will occupy the three close lyirigt this non-

axiality) A, B, andC Routhians and thus no sets of rotation-

ISélligned bands will be observed. In excellent agreement with

this prediction, only one sequence, baay is found experi-
mentally above the first band crossing.
Very good agreement is also obtained for the alignments

corresponding to the nuclear deformations predicted by thgng pand-crossing frequencies. The experimentally measured
TRS model, were constructed and are shown in the bottorgjigned angular momentum of 24.%f this band is in very

panel of Fig. 5. Thus, the Routhian of the™1fhkand was
obtained as a sum of threeand B diabatic Routhians calcu-
lated fory=-80° and the Routhian of the 1Band as a sum
of the e and A Routhians calculated foy=-70°. In good

good agreement with the predicted value of 21#& y=
—=70°. The experimentaBC band-crossing frequency of
0.27 MeV is the same as tH&C band-crossing frequency in
the neighboring axially symmetric’®Hg isotone of

agreement with the experimental data, signature inversion ig.266 MeV/[24]. This observation is in very good agreement
predicted by the calculations. Moreover, the value of the thewith the prediction that th8C band-crossing frequency does

oretical signature inversion frequency of 0.306 MeV is in

not change near the axially symmetric shépee Table I).

excellent agreement with the experimentally measured one The next band crossing in baa) occurs around the 28

of 0.313 MeV. The precision of this prediction on a phenom-

enon that is so difficult to describe, is striking.

B. Band (a)
A band crossing takes place between the and 22

level. In the neighboring'®*Hg isotone theABC band is
crossed by two bands, associated with the excitatiofi)of
two low-j (j=pg2, f52) neutrons, andii) a vhg;, and a low-

j neutron, respectivelj21]. These two band crossings occur
at a rotational frequency dfw~0.45 MeV and carry a gain
in alignment of~2.24 and ~5#, respectively{21]. The ex-

levels in the yrast bands as indicated by the irregularity operimental gain in alignment at the band crossing®fu is
the transition energies. This band crossing is associated witk 67 and the alignment takes place at much lower rotational
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level and the systematics of configuration assignments in this
mass region18]. Thus, the sequencdsl), (e), and (f) in
190Au are associated with a set of rotation-aligned bands,
similar to the bands above the 3%/i2omer in the neighbor-
ing °?Au isotope[10].

For the expected deformation of~-90° the calculations
predict the presence of a set of rotation-aligned bands corre-
sponding to theeFAB eFAC andeFBC configurations. In
excellent agreement with these predictions three sequences,
(d), (e), and(f), are observed, two with signature @0 and
one with a=1. Considering the signatures and alignments,
band(d) is assigned to theFBC configuration, while bands
(e) and (f) are assigned teFAC and eFAB configurations,
respectively.

The TRS calculations performed for the three sequences
showed large nonaxial deformation wiy,=0.14 andy~
—-88°, -81°, and —-86° for thé&d), (e), and (f) sequences,
respectively{see panelsge), (f), and(g) in Fig. 6]. Excellent
agreement with the theoretical predictions is found for the
aligned angular momenta of these bands. The experimental
alignments of 19.6, 20.0%, and 20.% for the bandgd), (e),
and (f) (see Fig. » are similar to the theoretical values of
19.&1, 19.81, and 21.@ for y=-90°, —80°, and —90° respec-
tively (see Table Il. Taking into account the strong depen-
dence of the aligned angular momenta on the value ofythe
deformation for such large nonaxiality, this good agreement
is notable.

It is interesting to note that the experimental Routhian of
band(f), eFAB configuration, lies at a higher excitation en-
ergy than that of the ban@l), eFBCconfiguration, as shown
in Fig. 5. This can be compared with the relative positions of
2 ] the Routhians of théa), (b), and(c) bands in the neighboring
Y=-90deg O o ¥®IAu nucleus, assigned teBC eAB and eAC configura-

_ ] tions respectively, where the Routhian of bahyllies at the
, e e lowest excitation energy10]. Furthermore, a gradual in-
005 010 015 020 025 030 crease in the experimental alignment of badylis observed
ho (MeV) in 1%Au (see Fig. 5. It should be taken into account, how-
. ever, that only a small nonaxial deformationpf —70° was

FIG. 7. Cranked shell model calculations f#Au performed predicted for the(a), (b), and (c) bands in1®%Au, while in
for neutrons. AWoods-S_axon potential with universal parameters 1390, (due to the involvement of thE Routhiar) the nuclear
used. Nuclear deformation @#,=0.136 andg,=-0.027 is chosen.  qp56 is |argely nonaxial. As a consequence, the interaction
The panels from top to bottom correspondye-60°, —70°, —-80°, of the A and C Routhians, which takes place atw
and -90°. The Routhians withr, a)=(+, +1/2) are represented ~0.1 MeV for y=-70° is deléyed and occurs at larger rota-
with a solid line, (+,-1/2) with a dotted line,(—, +1/2) with a tion.al frequenciesfio=0.20 MeV for y=-90°, for which
dash-dotted line, an@-,-1/2) with a dashed line. the rotational bands aNre Ialread Y ! )

y pres@ee Fig. 7. There
) . fore, it is likely that this interaction is causing a strong mix-
frequency offw=0.35 MeV. The TRS calculations predict jug of the A andC Routhians in the configurations of the)
that above this band crossing the nuclear shape becomes vepyy (f) bands in'%Au and is probably the reason for the
triaxial with y~-100° [see panel(d) in Fig. €], and that a  gpserved relative position of the Routhians and the increase
gain in the neutr92n alignment of8f. is expected. Thus, they i, the alignment of bangd). The experimental Routhians of
predict that arvhg, (e.g., EF) excitation is more likely in the (d), (€), and (f) bands are found to lie very close to the
19Au. The suggested different nature of this band crossing ikothian of band@ (see Fig. 5 This observation is in
*%%Au can be caused by the deformation driving properties ofycelient agreement with the theoretical predictions that only
the oddhyy/,, which mduces rather large nonaX|aI|ty_ in the 4 very large nonaxiality ofy~-90° theF Routhian drops
nuclear shape of Au isotopes, and thus the Kwrbitals  (jose 1o the Fermi surface and successfully competes with
from thevhg, shell drop close to the Fermi leveee Fig. 7. he positive parity Routhiansee Fig. 7.
An alignment of twoi, 3, neutrons occurs in thé) se-
C. Bands (d), (e), and () quence around the 3®evel. It is indicated by the large gain

The 20 isomer is assigned to theh;},® vi;3hg, con-  in the aligned angular momentum and takes place at a rota-

figuration by considering the orbitals closest to the Fermitional frequency of 0.33 Me\(see Fig. 3 CD excitations

Neutron quasiparticle Routhians (MeV)

-0.5
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TABLE Il. CSM alignments, calculated &tw=0.30 MeV, and band-crossing frequencies, for differgnt
deformations in°?Au. Information on the labeling convention is also included.

-60° -70° -80° -90° -100°
Alignments(#)
A (+,4) Viga 6.23 6.26 6.15 5.97 5.78
B (+,-) Vigg 5.16 5.26 5.35 5.40 5.45
C (+,4) Vigan 4.11 4.25 4.28 4.72 5.18
D (+,-) Vit 3.05 3.14 3.22 3.24 3.42
E (=,7) vhyj, 2.74 3.06 3.11 3.29 3.39
F (=,%) vhy/, 3.85 3.98 4.04 4.25 4.38
e (=,9) mhi1 5.01 5.21 5.33 5.40 5.46
hawe (MeV)
AB 0.195 0.200 0.213 0.220 0.230
BC 0.245 0.240 0.227 0.215 0.215
AD 0.255 0.263 0.275 0.288 0.310
CD 0.340 0.323 0.310 0.307 0.310
EF 0.477 0.407 0.358 0.305 0.270

with similar gain in the aligned angular momentum andincreasing neutron number, etenay be able to reveal fur-
band-crossing frequencies are known in the neighboringher details of the nature of these bands.

even Hg and odd Au nuclgil0,27-3Q. The TRS calcula-

tions predict that above this band crossing the nuclear shape

of %Au remains nonaxial withy~-85° (see Fig. 6. The D. Structures (b), (c), (g), and (h)
measured experimental alignment of 2016r this band is in .
good agreement with the predicted value of 29for y= Structure(c) is based on the Z3level at 3460 keV and

-90°. It should be noted that the alignments of a sedegsl  100ks very similar to the irregular structu(® in the neigh-
neutron pair in the neighboring?Hg and®!Au nuclei were  boring **?Au nucleus[10]. We thus suggest a similar con-
associated with smaller nonaxiality. An axially symmetric figuration of 7hi1,® vi73Ngisi, | =(Pas2, fs2). The decay of
oblate shape was assumed f8fHg (for ABCD configura- the 23 level towards structures associated with the excita-
tion) [24] and nonaxial shape witly~-70° was predicted tions of vi 3, andvhy, gives further support for such a con-
for 19Au (eABCD configuration [10]. In excellent agree- figuration assignment. The energy of the ~23evel,
ment with the predictions that th€D band-crossing fre- 3460 keV, is also consistent with the syBv71 ke\j of the
guency is decreasing at larger nonaxialisge Table If, ex-  energies of the 20isomeric level and the I5bandhead of
perimental values of 0.36, 0.34, and 0.33 MeV were found irthe semidecoupled bands. Similar t8'Au, structure (b)
192Hg [24], °Au [10], and 1%Au, respectively. might be associated with the sam®;1,® vij3hghj quasi-

An alignment of twoi,3, Neutrons is probably also taking particle configuration, but involving the unfavored sequence
place in the(d) sequence above the 2&vel, as shown by of the semidecoupled bands.
the gain in the aligned angular momentum. A band The structurgg) seems to be more irregular and is prob-
crossing seems to be most likely and therefore (these-  ably similar to the transitions observed above the 37égel
quence(eFBC configuration should be fed by the higher in the187:18%1%Ay nuclei[10,27-30. It may have noncollec-
energy levels of théf) sequencgeFABCD configuration.  tive nature.
Indeed, in very good agreement with these considerations, The 15 level at 1599 keV has been associated with the
such connection between the*3@vels of the(f) and (d)  onset of the semidecoupled bands!#Au and assigned to
sequences was experimentally observed. In addition, baritie whﬁ,2® vizg,zj, i=(pay2, f55») configuration[8]. The iden-
(d) is fed by two other paths, the nature of which remainstification of the 20 isomer at 2172 keV allows the separa-
unclear. tion of the structures associated with this isomi&8] and

Thus, the predictions of the TRS and CSM calculationsthus the sequences label@gd are suggested to belong to the
for the presence, alignments, band-crossing frequencies, asémidecoupled bands i?°Au. In the Au isotopes these
signature splitting in the sets of rotation-aligned bands irbands are considerably weaker than in the Hg and Pt iso-
19%Au were found to be in very good agreement with thetopes. Such a difference in the population pattern is most
experimental data. A study of the systematic trends in thdikely due to the deformation driving properties of the odd
nuclei in this mass regio(like the dependence of the signa- h;;,, proton, which induces nonaxial shapes in the Au iso-
ture inversion frequency on the neutron number in the oddtopes, and causes thbg,, orbitals to drop much closer to the
odd Au nuclei, the decreasing signature splitting in theFermi level. Thus the structures involving such orbitdilee
whi1,® vi15, bands in theA=190 odd-even Au nuclei with the structures above the 2@nd 23 levels in the odd-odd
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and above the 31/2and 39/2 levels in the odd-even Au aligned bands, band-crossing frequencies, alignments, and
isotope$ become yrast. signature inversion frequency, were compared with the ex-
perimental data from the neighboring axially symmetric
191Hg and nonaxial®'Au, as well as with the corresponding
V. CONCLUSION theoretical predictions of the TRS and CSM models. Very

In summary, the level scheme 8%Au was extended up good agreement was obtaine_d between_the experimental
to high spin using two complementary experiments. The_measuremen_ts .and the theoret_lcal calculat|_ons, th.us support-
188y/(118, 7n) reaction and the Eurogam-li spectrometer N9 the predictions for nonaxial del_‘ormatlons with —99".
was used in the first experiment. THOW(B, 5n) reaction < y<-70°. It seems that a systematic study of the nuclei in

and the electron spectrometer of Orsay coupled to eightthis mass region may _be able to reveal further details of the
Eurogam-| Ge detectors was used in the second, internal coRature of these nonaxial nuclei.

version spectroscopy, experiment. The data analysis included
v coincidence, angular distribution, linear polarization, inter-
nal conversion coefficient, and lifetime measurements. Sev- The EUROGAM project was funded jointly by the IN2P3
eral rotational bands were found and were associated witfFrancg and the EPSRCUK). We are grateful to H. Folger
high-j low-K configurations. Since the properties of theseand his collaborators at the GSI Target Laboratory for their
bands often strongly depend on the predicted magnitude diigh quality targets and to the teams of the VivitrdReS,
the nonaxiality of the nuclear shape, they can be used as Strasbourgand IPN TandengOrsay for providing excellent
test of the theoretical models. Several properties of thesbeams. Fruitful discussions with M.-G. Porquet are acknowl-
bands in'%Au, such as the presence of sets of rotation-edged.
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