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Levels of ’Au: A detailed study of shape coexistence in an odd-mass nucleus
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The decays of:®™Hg (2.2 min; J"=13/2") and '®Hg (2.4 min;J™=3/2") have been studied with mass-
separated sources at the UNISOR facility. Multiscaled spectraralys, x rays, and conversion electrons, as
well as yyt, yxt, eyt, andext coincidences were obtained. Decay schemes have been constructed incorpo-
rating >99% of the decay intensities assigned to the high-spin and low-spin decaysy-Tde gated
conversion-electron spectra permitted determination of 367 conversion coefficients. A variety of coexisting
band structures are established#Au. Some of these have near-identical analogs in the heavier odd-mass Au
isotopes. The remaining bands reveal new degrees of freedom at low excitation en&tgwirNine electric
monopole EO) transitions are observed to deexcite members of these new bands. The work represents an
undertaking to achieve a benchmarkcompletespectroscopy following radioactive decay. The most notable
band structure in'*’Au has two bands with identical spins, nearly identical relative energies, and electric
monopole transitions connecting tfi@vored members. These bands can be understoodtag and 7f,
intruder configurations coupled to coexisting prolate or near-prolate (20°) cores having diabatic configu-
rations that differ only in the number of protons occupying the=5 intruder configurations.
[S0556-28188)02408-X

PACS numbdrs): 21.10.Re, 21.66:n, 23.20--g, 27.70+q

[. INTRODUCTION discussed in terms of the systematic trends seen in the
heavier odd-mass Au isotopfg] and in terms of a pattern of
The nuclei in the far-frong-stability region defined by EO transitions which is common td%°Au and ®Au [5].
Z=78,N<108 have become the most extensively characterBesides the much higher statistics of the present study com-
ized region of low-energy shape coexistence knoiwee, pared to the previous studigs8—22 of ¥'Hg B decay, we
e.g.,[1-3]). The Au Z=79) isotopes in this region, in par- made a dedicated study of th@ decay of the low-spin
ticular, have been the subject of recent radioactive deca§T,,=2.4 min, J7=3/2") ground state'®Hg. This latter
studies[4—6], in-beam y-ray spectroscopy studigg—11],  experiment entered tha=187 mass chain at®’TI which
atomic hyperfine spectroscopy studig2—14, and low- decays predominantly[25,26 to the low-spin ¥Hg
temperature nuclear orientation studj&$]. In broad terms, B-decaying state.
the basic features of the shape coexistence in the Au isotopes A major goal of the present study was completeness, i.e.,
have been elucidatgd,6,16. However, detailed studies of identifying all levels up to a given excitation energy and
the shape coexistence in the Au isotopes have been lackingpin/parity in *8’Au. We focused on this issue in a recent
The present study describes a detailed experimental and thstudy [4] of *¥9Au. The situation is similar in'®’Au, and
oretical investigation of the low-lying low-medium spin both ¥%Hg and*8Hg exhibit high- and low-spifB-decaying
states in'8’Au. (Some selected details of the present studyisomers which populate states in the spin range<I/2
have already been reporteti7].) <17/2. Completeness is crucial for establishing systematics
The nucleus'®Au has been studied previously by radio- between stability-line nuclei, where detailed spectroscopic
active decay{18-22 and by in-beamy-ray spectroscopy information is available, and nuclei far frog stability. A
[7,9,10,23. There are also atomic-beam magnetic resonanceajor motivation for the recent studyt] of *¥°Au was to
data[24] and, as noted, atomic hyperfine spectroscopy inforestablish a systematic base for the present investigation of
mation[12,13 that establish thé®’Au ground-state spin and !87Au. The present theoretical studies play a crucial role in
magnetic moment. The main features BfAu have been this respect: they confront the detailed experimental level
scheme with a reliable picture of the density of states, and
conversely, the detailed level scheme unequivocally dictates
*Current address: Michigan State University, East Lansingthe shape coexisting degrees of freedom in the description of
MI 48824. 187au.
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FIG. 1. A portion of they-ray (a) and conversion-electrofb)
spectra, from thé®Hg™— '87Au experiment, analyzed by the code
sAM [29]. Peak energies are given in keV. The conversion-electron 100
energies are shifted by the ACG-shell binding energy of 80.7 keV
so that the Auy-ray andK-shell conversion-electron energies are
aligned. The fit resulted in 39-ray peaks compared to a detailed
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FIG. 3. Background-subtracted gates on the 203 key) and
the 252 keV (bottom) transitions, from theyy coincidence data
from the ®¥"Hg™— 187Au and 1#"Hg™9— 87Au experiments, respec-
tively. The 392 and 579 keV transitions depopulate levels with spin/
parites 3/2 and 3/2, respectively, and are stronger in the
1871Hg™ 9 187Ay experiment while the 470 and 363 keV transitions
depopulate levels with spin/parities 9/2and 9/2°, respectively,
and are stronger in th#Hg™— '87Au experiment.

Il. EXPERIMENTAL PROCEDURE

Mass-separated samples 6fHg™ were produced by the
1784 (160, 5n) reaction with subsequent mass separation on
line with the University Isotope Separator at Oak Ridge
(UNISOR). The reaction was initiated by bombarding a HfC
target (*"°Hf enrichment 76%with 125 MeV %0°* ions at
the Holifield Heavy lon Research FaciliffdHIRF) in Oak
Ridge, Tennessee. Mass-separated sample$/Biy? were
obtained from the radioactive decay 8'TI™9 (15s, 51 %
following the 1®Hf (1°F,8n) reaction and mass separation
using the UNISOR separator. The reaction was produced by
bombarding the HfC target with 170 MeVPF8* ions. Tar-
gets were bombarded in the UNISOR ion souf&].
Sources were collected on a tape and moved by a compact
tape transport systefi28] to detector stations. Conventional
v-ray and conversion-electron multiscaling angt, eyt,

FIG. 2. A portion of background-subtracted gated and ungated’Xt, @ndext coincidence spectroscopy were carried out us-

conversion-electron angkray spectra, from thé®Hg™— 87Au ex-

ing large volume Gg.i) detectors and a liquid Ncooled

periment, showing the 388.2 and 334.8keV transitions. The3 MMx 200 mnf Si(Li) detector. The coincidence data were

388.2 keV transition hakl1(+ E2) multipolarity with a sizablé=0

recorded event by event on magnetic tape, along with the

component, which can be compared to the 334.8 keV transition thdime delay between the two energy pulses. The tapes were
hasE2 multipolarity.

scanned subsequently for selected energy and time gates.
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0 I | T 284K (203 keV) conversion electronglower), done on the data
2005103 gate 270.9 keV s from the ¥Hg%— 87Au experiment. The 277 keV transition was
150 F 3 chosen as a “response” transition for the plots. Each point in the
100 ¢ ‘ 3 plot represents the argaounts of the 277 keV transition, taken
50 F e from a one-channel gated spectrum. The one-channel windows run
OF. = ' — = across the 284 keV transition in theray and conversion-electron
268 270 272 274 spectra. The peak at lower energy than thek2@¥7 coincidence
Energy (keV) relation arises from the indirect coincidence between the 205.4 keV

. . M -shell conversion electrons and the 276.6 ke¥ays(through the
187F|G- 4. Five different background-subtracted gates, from thej30 4 keV transition The bottom part of the figure shows the same
Hg?—"Au experiment, showing different members of the response foly-gated gammas, where the 205-277 relation cannot be
271 keV multiplet. seen because of the chosen energy range.

The systems were calibrated for energy and intensity of information in Nuclear Data She€lt80]. The strongest sum
rays with an absolutely calibrated mixed soufcentaining peak in the Gf.i) detector, from the 233.4keV and
1255, 1%%u, and %), and for energy and intensity of 334.8 keV coincideny rays, is~4% of the 334.8 ke\y-ray
conversion electrons with a mixedBa-2°/Bi source. Typi- intensity. At the level of precision reported for relative inten-
cal source-to-detector distances were 1 cm, and 180° coincsities in this work, summing has a negligible effect. No sum-
dence counting geometries were used. The time-to-amplitudeing was seen in the &ii) detector.
convertefTAC) spectra for both they and ye coincidence Spectra for'8"Hg? were accumulated from 1325 sources,
measurements exhibited a full width at half maximumeach of which was collected for 120 s. Because ffelg?
(FWHM) of ~20ns. Time gates were set witk100ns production was achieved vig'TI™9 (51's, 16 $ 8*/EC de-
widths, resulting in true-to-chance raties32:1 for theyy cay, contamination from this decay occurred. Also, direct
coincidences. Gamma-ray spectra covered the range 2Qsroduction of *¥"Hg™ occurred via thet”®Hf(1%F, p7n) reac-
2470 keV. Conversion-electron spectra covered the range 5tion. Lines from*TI™9 decay were identified by comparing
1600 keV. Further details can be found[2b]. spectra taken at two sequential counting stations; i.e., each
source was counted for 120 s at “station 1” and then moved
to “station 2" where it was counted for 120(svhile the next
source was being counted at station @omparison of'8’TI

In Fig. 1(a), a portion of they-ray singles spectrum for lines, so identified, was made with data from a separate ex-
1874g™ is shown for the energy range 587—665 keV takenperiment[26]. The 8’Hg™ lines were straightforwardly de-
with a detector which had a resolution of 1.9 keV FWHM at convoluted from the®®Hg? spectrum. Summing was similar
1333 keV. In Fig. 1b), a portion of the conversion-electron to that observed in thé®'Hg™ spectra.
singles spectrum fof®Hg™ is shown covering the energy ~ Representative spectra from theyt and eyt coinci-
range 506584 keV taken with a cooled 3 @00 mnt dences are shown in Figs. 2 and 3. Figure 3 also shows the
Si(Li) detector (resolution 1.9 keV FWHM at 975keV difference between spectra frofi’Hg™ and ¥"Hg? decay
These spectra were accumulated from 832 sources, each w$ing the same gating transition. This will be discussed later.
which was collected for 99 s. The only contaminating linesThe yyt coincidences were taken at counting station 2 and
seen in the spectra are from the daughter decdy8u  theeyt coincidences were taken at counting station 1. It was
(8.4 min), Pt (2.35h, and ¥Ir (10.5h, together with  possible to identify x-ray lines uniquely in nearly all coinci-
background. These lines were identified using multiscaledlence gates, providing a confirmation of our assignment of
data,yy, yx, ey, andex coincidences, and comparison with rays and conversion electrons t§'Hg™9—87Au decays.

lll. EXPERIMENTAL RESULTS
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187Hg - 8" Au Careful coincidence analysis reveals that the 284 keV

449 running gate gamma line is a triplet if®’Au, and is also contaminated by

- . : . 284 keV transitions from®Hg, 8’Pt, and ®r. The run-

¥ ning gate technique removes all transitions from the multip-
let peak at the gate energy except the one that is in coinci-
dence with the response lin@77 keV in this case As a
result, it was possible in this case to obtain sufficient preci-
sion in ek so that the 284 keV transition in coincidence with
the 277 keV line could be identified &+ M1(+E2). An-
other example of a running gate is shown in Fig. 6. This
shows the existence of the coincidence doublet 448.3/525.4
and 449.2/524.5 keV, which is discussed later.

The vast majority of conversion-coefficient measurements
were obtained from a comparison gfgated gamma and
v-gated electron spectf®5]. An example is presented in

446 448 450 452 Fig. 2, which shows a portion of gatétbp two spectraand
E, (keV) ungated(bottom two spectray-ray and conversion-electron
spectra. Note that by gating both theray and conversion-

FIG. 6. Plot of the running gate across the energy of 449 keVelectron spectra with the 233 keV transition, one can extract
with the area of the total 525 keV peak as a response transitiopg|ative conversion coefficients for the 334.8 and 388.2 keV
(upper partand the area of the 642 keV peak as a response transj4sitions. In this case, it is determined thgt=0.051) for
tion (lower par). The upper plot reveals two pairs of coincident o 334 g eV transition andy =0.9611) for the 388.2 keV
transitions while the lower plot has only ori@he 449.0 keV line in ey o .

transition. Normalization of the conversion-electron spectra

coincidence with the 525 keV transition is due to the same transi- d . the 233.4 keV t it in b d
tion as the 449.2 keV line in coincidence with the 642 keV transi-Was one using the -4 KeV Transition seen in beam an

tion: the energy difference results because the line fits are indepeﬁ‘-SSigned as a 1,372_’9/27 yrast 'transition[8—10]. (The
dent and it reflects the errors in the method. present work uniquely confirms its placemerithus, the
normalization uses the theoretichBl] E2 «ay for the

Spurious events due to Compton backscattering and Sun2_33.4 keV transition. The theoretical value f@k foranE2
ming were identified and eliminated. Coincidence intensitiegransition at 334.8 keV is 0.08ndicating pureE2 multipo-
were extracted for all lines seen in the selected coincidenci@rity for this transition and the theoretical value fary for
gates. The extraction of coincidence intensities was essentigh M1 transition at 388.2 keV is 0.1&f. above; therefore,
because of the complexity of the decays. For example, Fig. the 388.2 keV transition has a® value which is 6 times
shows evidence for a 271.5 keV quintuplet. In fact, the enlarger than the theoretical value fbt1. Since prompt coin-
ergies and intensities of-ray and conversion-electron lines cidences are inconsistent with transitions of high multipolar-
obtained from the analyses of the singles spectra were dty (M2, E3, etc), a sizableEO component must be present
limited use because of this complexity. For example, in thdn the 388.2 keV transition. In this way, transitions contain-
energy range depicted in Fig. 1, spectrum fitting resulted iring EO enhancement are identified. The two lower plots in
30 y-ray lines, whereas analysis of the coincidence datdig. 2 are presented to show the advantage of gated spectra

identified 45v-ray lines in this energy range. Further, many compared to the ungated coincidence spectra. In order to
lines from ¥"Hg™9—87Au are doublets with lines from obtain accurate intensities and therefore accurate internal-

187Au—187Pt. The singles data were primarily used to estabonversion coefficients, more than 2000 gates were extracted
lish overall relative intensities of the strongest lines. in this analysis.

Another method in the coincidence analysis used to sepa- 1he heavy-ion reactions used in the two experiments pro-
rate multiplets is that of “running gates[25]. For example, ~duced both groundI('=3/2") and metastablel {'=13/2")
in a two-dimensional array, one runs a one-channel gatétates of the'®Hg nucleus, which each decay through
along one axigspectrum A and thus scans a peak of interest 87 /EC to the states of®’Au. Since there is no isomeric
to generate a coincidence spectr@pectrum B. The area transition(13/2"—3/27), the relative intensity of a specific
(counts of the “response” line in spectrum B, which is in transition in*8Au is the sum of the intensities resulting from
coincidence with the specified coincident peak in spectrunthe concurrent®’Hg? and *8’Hg™ EC/8* decays. Relative
A, is then determined for each of the gated spectra and plogmounts of *¥"Hg? and *8'Hg™ produced in each reaction
ted as a function of the energy of the gate channel frontan be roughly expressed using the intensity of two transi-
spectrum A. For example, in Fig. 5, gates were “run” acrosstions: 233.4 keV as a high-spin signature and 203.4 keV as a
the region containing a line at 284 keV in spectrum A and(predominantly low-spin signature. If the relativg-ray in-
the aredacounts of the 277 keV transition in spectrum B for tensity for the 233.4 keV transition is normalized to a 100
each gate were plotted as a function of the gate energy. Thuspits in both reactions, the 203.4 keV transition has a relative
the image of the peak in spectrum A, which is in coincidencey-ray intensity of 47 units in the experiment using 170 MeV
with a given peak in spectrum B, was generated. This was®F and 12 units in the experiment using 125 Mé&0 on
done for bothyet and yyt data. This method can extract 17®Hf, respectively. The procedure to separate transition in-
accurate internal-conversion coefficients from complex tensities is relatively straightforward and is presented in de-
spectra(cf. Fig. 5. The 284 keV gamma line is not a singlet. tail in Ref. [25].
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TABLE I. Gamma and electron intensities #i’Au for '*"Hg? decay. An asterisk indicatés(203.4)=100; note 1
is 51,,® d3,® dsj» bands, note &4, bands, note Bg,,® f,, bands, and note g only ifHg? decay; T is total intensity:;
L12 is the conversion coefficient for L12-shell electrons; and R indicates the running gate method.

E, 18THg9 decay Theory [31] E; Ey
_ oK —_— Multipolarity I; Iy Note
(keV) I, (AD* L. (Al E2 M1 (keV)  (keV)
19.5 3/2t 1/2v 195 00 -
36.9 15.(5)T 5/2+ 3/2+ 2403 2034 1-
50.7 21.7(60)T /2t s5/2t  291.0 2403 1-
89.7 0.4(2) 2.8(16)L 7(4)L E2 1/2— 5/2~ 5459 456.2 3-g
101.0 699.(55)T E3 9/2— 3/2t 1205 195 -
102.3 0.2(1) obscured 3/2= 5/27 4282 3259 3¢
103.3  22.5(30) 1.5(5)L12  1.6724  0.9499 76%E2+M1  1/2— 5/27 275.0 171.8 3¢
103.4 8.7(4) 0.99(8)L12  1.6652  0.9473 81%M1+E2 11/2— 9/2— 223.9 1205 2-
129.7  0.75(20) 1.5(4) 2.0(7) 0.4550  2.9789 7/2t (3/2%) 6337 5038 1-
130.4 4.0(10)  6.4(12) 1.6(4) 0.4501  2.9335 E2+M1 5/2= 7/2= 456.2 3259 3-g
138.5  0.49(10) 0.29(12) 0.6(3) 0.3980  2.4711 7/2t  7/2t 6337 4956 1-
142.7 0.6(2) 0.30(15) 0.5(3) 0.3735  2.2700 E2+M1 7/2~ 5/2~ 597.8 456.2 3-g
153.3  17.8(22) 9.8(15) 0.55(17) 0.3192  1.8528 E24+4M1 3/2— 1/2— 4282 275.0 3-g
153.7  15.9(19) 20.0(10) 1.32(9) 0.3173  1.8392 M1+E2 7/2= 5/2— 3259 171.8 3-
156.7 0.5(3) obscured 0.3025  1.7508 E2 3/2— 7/2~ 7545 597.8 3-g
170.4 0.6(2) obscured 0.2502  1.3747 7/2= 3/27 597.8 4282 3-g
181.4 7.5(20) 1.65(66)  0.22(8) 0.2156  1.1531 E2 5/2— 1/2— 456.2 275.0 3-g
183.7  1.36(60) 0.46(12) 0.34(10) 0.2092  1.1131 85%E2+M1 3/2%t 3/2% 2034 19.5 1-
185.7 3.9(9) 0.27(8) 0.07(2) El:  0.0709 E1 7/2— s5/2t 4764 2910 2-
192.3 0.9(2) 0.30(12) 0.33(17) 0.1873  0.9793 E2+M1 572t 7/2%t  687.0 4956 1-
203.4 100.(7) 80.(9) 0.8(1) 0.1632  0.8373 M1 372t 1/2t 2034 0.0 1-
205.4  42.2(40) 23.6(30) 0.56(10) 0.1593  0.8148 E2+M1 7/2— 9/2~ 3259 1205 3-
208.4 3.5(7) 1.6(9) 0.46(21)R  0.1527  0.7771 (M14+E2) 3/2— 1/2— 7545 5459 3¢
220.8  47.6(32) 9.7(14) 0.203(29) 0.1333  0.6665 88%E2+M1  5/2%+ 3/2t 2403 195 1-
236.3 5.7(4)  0.28(7) 0.05(2) El:  0.0393 E1 7/2= s5/2t 4764 2403 2-
240.3 66.(5)  7.9(12) 0.12(2) 0.1080  0.5274 E2 5/2% 1/2t 2403 0.0 1-
252.5  21.1(30) 1.9(3) 0.09(2) 0.0955  0.4602 E2 7/27 11/2— 4764 2239 2-
255.2 6.3(4) 2.5(5) 0.40(6)  0.0930  0.4470 78%M1+E2 7/2t 5/2t 4956 240.3 1-
256.4  15.7(13) 2.8(8) 0.18(6)  0.0922  0.4427 E2+M1 3/2— 5/2~ 4282 1718 3¢
263.8 2.0(5) 1.1(4) 0.53(20)R  0.0857  0.4081 (M1) (3/2%) 5/2t 503.8 2403 1-g
2709  19.9(25) 11.7(23) 0.59(7)R  0.0802  0.3795 EO+MI1(+E2) 1/2— 1/2— 5459 2750 3¢
271.5 83.(8) 34.9(65)  0.42(8) 0.0800  0.3783 Mi1+E2 572t 3/2t 2910 195 1-
272.1 3 3(6) 1.2(2) 0.37(8)R  0.0793  0.3745 M1 7/2= 7/2 597.8 3259 3-
275.4 2.7(5) 0.30(6)  0.11(3) 0.0770  0.3628 76%E2+M1 (3/2%) 7786 5038 1-g
276.6 4. 8(7) 1.9(5) 0.4(1) 0.0762  0.3585 (M1) 5/2= 5/27 7325 4562 3-g
278.7 4.2(6) 1.5(3) 0.36(7) 0.0748  0.3512 M1 5/2— 7/2— 8768 5978 3-g
284.5  18.4(21) 9.6(19) 0.52(6)R  0.0711  0.3320 EO0+M1(+E2) 5/2— 5/2 456.2 171.8 3¢
291.0 1.9(6) obscured 0.0673  0.3121 s5/2t  1/2t 2010 0.0 1-
292.2 0.9(2) 0.06(2) 0.07(2) 0.0666  0.3087 E2 7/2t 3/2t 4956 2034 1-
298.4 5.8(8) 1.2(6) 0.21(15) 0.0628  0.2894 M1+E2 3/2— §5/2~ 7545 456.2 3-g
299.6 3.0(5) 0.39(10)  0.13(7) 0.0626  0.2884 M1+E2 3/2+ 5/2% 5909 291.0 1-
300.3 4.2(2) 0.34(17)  0.08(4) 0.0623  0.2866 (E2+M1) (3/2%) 3/2t 503.8 2034 1-g
304.5 1.8(2) 0.45(18) 0.25(15) 0.0602  0.2760 (M1) 3/2t s5/2t 5953 2910 1-.g
326.2  6.30(75) 1.32(30) 0.21(5)  0.0507  0.2279 M1 3/2~ 3/27 7545 4282 3-g
327.0 0.9(1)  0.14(7) 0.16(9)  0.0506  0.2275 Mi+E2 5/2t 7/2t 822.7 4956 1-
330.9 4.2(4) obscured 0.0492  0.2204 5/2= 1/2= 876.8 5459 3-g
335.7 3.3(9) obscured 0.0475  0.2120 5/2= 9/2= 456.2 1205 3-g
342.6 1.5(3)  0.20(8) 0.13(4)  0.0453  0.2007 E2+M1  7/2%t s5/2t  633.7 291.0 1-
347.9 1.1(2)  0.22(8) 0.20(7)  0.0437  0.1925 (M1) /2% 572t 638.9 2910 1-g
350.0 1.5(3)  0.15(7) 0.10{6)  0.0430  0.1895 (M1+E2) 3/2%t s5/2t 5909 2403 1-
355.3 2.1(6) 0.42(14)  0.20(8) 0.0415  0.1820 (M1) 3/2t s5/2t 5953 2403 1-g
374.2 26.(4) 1.0(8) 0.04(2) 0.0367  0.1584 (E2) 1/2— 5/2— 5459 171.8 3-g
387.7 0.9(2) 0.20(6) 0.22(8)R  0.0338  0.1441 (Eo+M1(+E2)) 3/2% 3/2t 5909 2034 1-
391.9 8.4(15) 1 7(3) 0.20(3)R  0.0330  0.1400 (E0+M1(+E2)) 3/2t 3/2+ 5953 2034 1-¢g
393.4 14.2(8) 2.1(3) 0.15(3)  0.0327  0.1386 M1 7/2%t 5/2F 633.7 2403 1-

The data presented here f6'Au represent only a subset ~ Tables | and Il list the transition energiés,, the sepa-
of the observed levels and transitions. A specification of theated relativey-ray intensitiesl ,, the conversion-electron
energy “cutoff,” above which levels and their depopulating intensities |,, experimentalK-shell (and someL-shel)
transitions are not shown, is stated in the captions for thénternal-conversion coefficientsyyx, theoretical internal-
decay schemef~igs. 7—13. The omitted levels and transi- conversion coefficients foE2, E1, and M1 multipolarity
tions are given in Refl25]. from Rosel et al. [31], assigned multipolarities, initial and
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TABLE I. (Continued.

E, 187Hg9 decay Theory [31] E; E;
—_— oK _ Multipolarity  I; Iy Note
(keV) L, (AD)* I (AD) E2 M1 (keV) (keV)
395.9 1.2(3) 0.17(5) 0.14(6)R  0.0322  0.1362 M1 s5/2% s5/2t 687.0 291.0 1-
398.3 6.6(5) 1.4(5) 0.21(10) 0.0318  0.1341 >M1  5/2t 572t 6389 240.3 l-g
402.1 3.3(6) 0.26(13) 0.08(5) 0.0311  0.1307 (M1+E2) 1/2= 9480 5459 3-g
407.8 7.8(5) 0.94(19) 0.12(3) 0.0301  0.1259 M1 5/2- 7/27 7325 3259 3-¢g
421.5 4.2(5) 0.42(6) 0.10(2) 0.0279  0.1153 (M1) 5/2= 5/2— 876.8 456.2 3-g
426.1 14.(2) 1.3(3) 0.09(2) 0.0272 0.1121 M1+E2 7/2~ 5/2~ 597.8 171.8 3-
428.6 2.7(9)  0.07(4) 0.026(15) 0.0268  0.1103 E2 3/2- 7/2= 7545 3259 3-g
429.5 1.8(5) 0.22(7) 0.12(4) 0.0267  0.1097 (M1) 3/2— 1/2~ 9753 5459 3-g
429.9 1.8(3) 0.045(22) 0.025(15) 0.0267  0.1095 (E2) 7/2t 3/2F 6337 2034 1-
435.5 9.(1) 0.7(1) 0.078(12) 0.0259  0.1058 Mi1+E2 572t 3/2t 6389 2034 l-g
446.9 3.0(2) 0.27(7) 0.09(3) 0.0244  0.0988 M1 s5/2t s5/2t 687.0 2403 1-
457.8 9(2) 0.36(29) 0.04(3) 0.0231  0.0927 (E2) 5/2— 1/2— 7325 2750 3-g
476.0  22.6(21) 0.54(9) 0.024(5) 0.0212  0.0837 E2 7/2% 3/2+ 4956 195 1-
478.0 11.4(5) 0.57(19) 0.05(2) 0.0210  0.0827 E2+M1 7/2— 9/2 597.8 1205 3-
480.1 3.6(5) 0.22(6) 0.06(2) 0.0208  0.0818 M1+E2 3/2— 1/2— 7545 2750 3-g
483.7 2.4(3) 0.07(2) 0.03(1) 0.0205 0.0802 E2(+M1) 5/2+ 3/2% 687.0 2034 1-
484.3 6.9(9) 0.55(18) 0.08(3) 0.0204  0.0799 M1 (3/2t) 3/2% 5038 195 1-g
503.6 9.3(4) 0.7(3) 0.08(4) 0.0187  0.0722 (M1) (3/2%) 172t 5038 0.0 1-g
519.4 2.1(5) 0.15(7) 0.07(4) 0.0175  0.0666 M1 3/2~ 5/2- 9753 456.2 3-g
545.9 5.1(9) 0.041(25) 0.008(3) El:  0.0060 E1 1/2— 1/2t 5459 0.0 3-g
551.8 2.1(9) 0.11(5) 0.05(3) 0.0154  0.0568 M1 5/2— 7/2— 8768 3259 3¢g
571.4 9.6(15) 0.28(5) 0.029(5) 0.0143  0.0519 Mi1+E2 3/2t 372t 5909 195 1-
575.8 2.9(7) 0.26(15) 0.09(6) 0.0141  0.0509 >M1 (E0?) 3/2% 3/2% 5953 195 1i-g
579.3 7.8(6)  0.15(8) 0.019(10) 0.0139  0.0501 (E2) 3/2— 7/2~ 1056.0 476.4 2-g
582.4 3.0(2) 0.13(2) 0.043(7) 0.0137  0.0494 Mi1+E2 5/2t s5/2% 8227 2403 1-
582.6 1.9(6) obscured 0.0137  0.0494 3/2— 5/2~ 7545 171.8 3-g
591.0 3.3(5) 0.17(6) 0.05(2) 0.0133  0.0476 M1 3/2%+ 1/2%t 5909 0.0 1-
595.2 2.4(7) 0.12(5) 0.05(2) 0.0131  0.0467 (M1) 3/2t 1/2+ 5953 0.0 1-g
614.1 3.0(14) 0.09(2) 0.03(2) 0.0123  0.0431 7/2t  3/2t 6337 195 1-
618.7  0.75(30) 0.04(1) 0.05(2) 0.0121  0.0422 M1 5/2%t 3/2t 8227 2034 1-
619.0 3.0(5) 0.15(5) 0.05(2) 0.0121  0.0422 (M1) 572t 372t 6389 195 1-g
638.7 3.4(5) <0.3(2) <0.09(6) 0.0113  0.0389 5/2t  1/2t 6389 0.0 1-g
667.8 2.4(3) 0.10(3) 0.04(2) 0.0104  0.0347 M1 s5/2t 3/2t 6870 195 1-
686.7 0.9(2) obscured 0.0098  0.0323 5/2t  1/2t 687.0 0.0 1-
700.3  15.1(15) 0.45(6) 0.030(4) 0.0094  0.0307 M1 3/2 1/2= 9753 275.0 3-g
745.2 2.1(2) 0.025(8) 0.012(5) 0.0083  0.0262 E24+M1 1/2= 1291.1 5459 3-g
757.3 2.9(4) 0.032(15) 0.011(6) 0.0080  0.0252  (E2+M1) 7/27 12337 476.4 2-g
761.0 3.5(5) 0.07(2) 0.020(7) 0.0080  0.0248 (M1) 5/27 7/2= 12375 4764 2-g
764.4 1.5(3) too weak El:  0.0031 3/2— 5/2% 1056.0 291.0 2-¢
783.8 2.2(4) 0.018(12) 0.008(4) 0.0075  0.0230 (E2) 3/2= 7/27 12602 476.4 2-g
791.0 3.3(2) 0.17(8) 0.05(3) 0.0074  0.0225 >M1 (E0?) 3/2% 9944 2034 1-g
803.5 1.1(2) 0.010(4) 0.009(4) 0.0072  0.0216 E2+M1 3/2— §5/2— 9753 171.8 3-g
816.1 2.4(4) too weak El:  0.0027 3/2— 5/2% 1056.0 2403 2-g
853.3 3.0(4) too weak E1:  0.0025 3/2= 3/2% 1056.0 2034 2-g
1036.1 2.7(9) 0.008(6) 0.003(2) E1:  0.0017 (E1) 3/2— 172t 1056.0 195 2-¢
1056.0 7.5(23) 0.015(5) 0.0020(8) El:  0.0017 (E1) 3/2— 1/2%t 1056.0 0.0 2-g

final state spins, and initial and final state energies for th¢30] base their'®’Hg decay scheme on the work of Bour-

transitions from the'®Hg® and *¥"Hg™ decay, respectively. geoiset al.[18].

In the ¥Hg? decay, all intensities are given relative to the

v-ray intensity of the 203.4 keV transitiqd00 unitg, and in IV. DECAY SCHEMES

the 8"Hg™ decay all the intensities are given relative to the

y-ray intensity of the 233.4 keV transitiof100 unit3. The A partial decay scheme for 2.4 mi{"Hg%— 8’Au is pre-

error in the last reported digits of the intensity is given by thesented in Figs. 7—9. Its construction relies almost completely

numbers in parentheses. on the coincidence data. In total, we have established excited
A comparison of the present results for tHéHg?™ de-  states up to an energy of 2525 keV#/Au from the 8"Hg?

cay and the work of Bourgeogt al.[18] and Grimm[19]is B decay. Levels above 1300 kg¥?2 of then) and their cor-

restricted by the fact that neither of these other studies sepaesponding depopulating transitiorig9 of them are not

rated the two decays, as is done here. Also, while we havehown in Figs. 7-9; they can be found in Re¥5]. Approxi-

identified 526 transitions and 228 levels #/Au, Bourgeois mately 99% of the total observed decay intensity has been

et al.identified only 71 and 34, respectively, and Grimm 179assigned. Except for several levels that are fed directlyg by

and 96, respectively. The nuclear Data SheetsAer1l87  decay and which depopulate directly to the ground state or to
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TABLE Il. Gamma and electron intensities #i’Au for *"Hg™ decay. An asterisk indicatés(233.4)=100,note

1 is s1,,®d3,,®ds), bands, note 2, ,.bands, note 3,,,® f7;, bands, and note m only i*’Hg™decay; T is total
intensity; L12 is the conversion coefficient for L12-shell electrons; and R indicates running gate method.

E4 187THeg™ decay Theory [31] E; Ef
——————— ar _ Multipolarity I Iy Note
(keV) I, (AD* L (AT E2 M1 (keV) (keV)
19.5 3/2t 1/2% 195 0.0 -
36.9  4.7(20)T 5/2 3/2t 2403 2034 1-
50.7  0.9(4)T 5/2t  5/2% 291.0 2403 1-
51.2 30.(15)T 5/2— 9/2— 171.8 1205 3-
101.0 678.(50)T E3 9/2— 3/2% 1205 19.5 -
103.4  22.0(15) 0.99(8)L12  1.6652  0.9473 81%M1+E2 11/2— 9/2~ 2239 1205 2-
117.5  0.50(15) 0.34(10) 0.68(21) 0.5476  3.9497 E2+M1 9/2~ 7/27 4433 3259 3-m
122.0  0.45(15) 0.45(16) 1.0(4) 0.5116  3.5473 M1+E2 13/2~ 1172~ 7421 619.8 3-m
127.4 0.8(2) 0.56(9) 0.7(2) 0.4712  3.1348 E2+M1 15/2— 17/2~ 816.0 688.7 3-m
129.7  0.27(10) 0.54(15) 2.0(7)  0.4550  2.9789 7/2% (3/2t) 6337 5038 1-
131.8  0.55(10)  0.44(9) 0.8(2) 0.4406  2.8456 E24+M1 11/2— 13/2~ 881.2 7493 2m
133.7 0.7(3) 0.56(12) 0.8(5) 0.4281  2.7319 E2+M1 9/2*+ 7/2t 7670 6337 1-m
1354  0.45(15) 0.23(11) 0.5(3) 0.4171  2.6354 7/2+ 7/2% 1015.0 880.4 1-m
1385  0.20(10)  ©€.12(5) 0.6(3) 0.3980  2.4711 7/2%t  7/2t 6337 4956 1-
140.7 0.15(5) 0.33(8)  2.2(9) 0.3849 23629 (M1+4E2) 13/2~ 15/2~ 956.7 816.0 3-m
142.6  2.05(20) 3.9(8) 1.9(5) 0.3741  2.2746  M1(+E2) 11/2— 13/2~ 496.8 353.9 3-m
148.3  0.55(20) too weak 0.3451  2.0469 17/2% 19/2— 1380.8 1232.7 3-m
148.8 1.1(2) 0.33(10) 0.3(1) 0.3410  2.0159 (E2) 11/2t 7/2t 11646 10150 1-m
153.7 1.1(3)  1.45(8) 1.32(9) 0.3173  1.8392 M1+E2 7/2— 5/2— 3259 1718 3-
154.0 0.3(1) 0.12(5) 0.40(18) 0.3160  1.8221 (E2) 11/2+t 7/2t 1121.3 9656 1-m
171.7  0.55(15) 0.19(6) 0.5 (3) 0.2458  1.3456 11/2= 7/2— 496.8 3259 3-m
176.5 0.3(1) 0.25(8) 1.0 () 0.2305  1.2532 M1+E2 11/2— 9/2~ 619.8 4433 3-m
181.0  0.45(10) 0.11(6) 0.24(14) 0.2168  1.1603 E24+M1 13/2% 11/2% 11495 9683 1-m
183.7 0.02(1) too weak 0.2092 1.1131 85%E2+M1 3/2t  3/2+ 2034 19.5 1-
185.7 0.6(1) too weak El:  0.0709 E1 7/2 5/2% 4764 2910 2-
192.3  0.51(20) 0.17(8) 0.33(17) 0.1873  0.9793 E2+M1  5/2+ 7/2% 687.0 4956 1-
192.6 0.8(2) 0.26(15) 0.33(20) 0.1865  0.9750  (E24M1) 7/2+ 5/2t 8804 687.0 1-m
196.0  0.65(20) 0.11(8)  0.17(9) 0.1787  0.9285 E2 15/2— 11/2— 816.0 619.8 3-m
196.9 0.8(2) 0.30(7) 0.37(11) 0.1768  0.9167 E2+M1 11/2% 11/2% 11646 9683 1-m
203.4 1.9(6) 1.52(18) 0.8(1) 0.1632  0.8373 M1 372t 1/2%t 2034 00 1-
205.4 2.8(7) 1.57(20) 0.56(10) 0.1593  0.8148 E2+M1 7/2- 9/2— 3259 1205 3-
207.8  0.45(10) 0.07(2)  0.16(6) 0.1548  0.7889 (E2) 11/2— 15/2— 881.2 673.4 2-m
215.3 0.6(1) 0.3(1) 0.50(19) 0.1419  0.7148 M1+E2 9/2% 7/2% 7107 4956 1-m
220.8  16.5(20) 3.3(5) 0.203(29) 0.1333  0.6665 88%E2+M1 5/2t 3/2t 2403 19.5 1-
233.4 100.(4) 11.6(13) 0.116(14) 0.1161  0.5716 E2 13/2- 9/2~ 353.9 1205 3-m
236.3 0.7(1) too weak El:  0.0393 E1 7/2— 5/2t 4764 2403 2-
240.3 21.(2) 2.5(4) 0.12(2) 0.1080  0.5274 E2 5/2% 1/2t 2403 0.0 1-
245.1 1.1(2) 0.29(6) 0.26(6) 0.1028  0.4995 E2+M1 13/2— 11/2~ 7421 496.8 3-m
247.6  1.45(20) 0.36(7)  0.25(8) 0.1003  0.4857 M1+E2 5/2% 5/2t 9345 687.0 1-m
252.5 3.7(9)  0.33(4)  0.09(2) 0.0955  0.4602 E2 7/2- 11/2— 476.4 2239 2-
255.2 6.2(3) 2.5(5) 0.40(8)  0.0930  0.4470 78%Mi14+E2 7/2t 5/2t 4956 2403 1-
257.4  1.85(10) 0.31(8)  0.17(4) 0.0910  0.4365 E24+M1 11/2% 9/2% 9683 7107 1-m
258.7 0.3(1)  0.15(5) 0.5(2) 0.0899  0.4303 (M1) 9/2= 11/2— 7554 496.8 3-m
259.2  1.35(20) 0.12(8)  0.09(6) 0.0895  0.4283 E2 17/2% 13/2% 1380.8 1121.8 3-m
265.9 1.1(2) 0.22(8)  0.20(8) 0.0840  0.3993 E2+M1 11/2— 13/2~ 619.8 353.9 3-m
271.2 7.5(7) 0.7(2) 0.09(3) 0.0798  0.3772 E2 9/2— 5/2~ 4433 1718 3-m
271.5 3.3(9) 1.4(3) 0.42(8)  0.0800  0.3783 M1+E2 5/2t 372t 2910 19.5 1-
271.6 4.2(5)  0.55(9) 0.13(3) 0.0797  0.3768 E24+M1 9/2t  7/2t 7670 4956 1-m
272.1  0.37(10) 0.14(2) O0.37(8)R  0.0793  0.3745 M1 7/2~ 7/2- 597.8 3259 3-
283.7 2.8(4) 0.76(13)  0.27(4) 0.0716  0.3346 M1+E2 13/2% 13/2% 14055 1121.8 3-m
284.2 0.9(2) 0.067(22) 0.075(23) 0.0713  0.3329 E2 11/2t 7/2% 11646 8804 1-m
289.5  1.55(20) 0.16(5)  0.10(4) 0.0881  0.3166 (E2) 7/2t 3/2t 8804 590.9 1-m
291.0 0.06(2) obscured 0.0673  0.3121 5/2%  1/2t 2910 0.0 1-
292.1 0.7(1)  0.02(1) 0.028(14) El:  0.0237 E1 13/2% 11/2— 1121.8 8293 3-m
292.2 0.3(1) too weak 0.0666  0.3087 E2 7/2%t 3/2t 4956 2034 1-

the 120.5 or 223.9 keV leve[ssomeric withT,,=2.3 s[20]  coincidence with any other transition are assumed to go to
and 482) ns[21], respectivelyall assignments of transitions the ground state or to the 120.5keV"=9/27) or

and levels in the scheme are supported by coincidence data23.9 keV §7"=11/2") isomeric states(Transitions to the
with the individual transition intensities being determinedground state)™=1/2", generally depopulate low-spin levels
from the vy and ey coincidence data. Transitions not in while transitions to either of the isomeric statd§=9/2"



778

RUPNIK, ZGANJAR, WOOD, SEMMES, AND MANTICA

TABLE II. (Continued.

Ey 18THg™ decay Theory [31] E; Ef
——— ap —_— Multipolarity I; Iy Note
(keV) I, (AD* L. (AD) E2 M1 (keV)  (keV)
294.5 0.6(1) 003(1) 0.05(2) 0.0653  0.3022 E2 11/2— 7/2~ 619.8 3259 3-m
298.6 9.9(4) 0.8(2) 0.08(2) 0.0631  0.2910 E2 13/2— 9/2— 7421 4433 3-m
299.6 12(2) o 14(4) 0.13(7) 0.0626  0.2884 M14+E2 3/2t 5/2% 5909 2910 1-
304.6 0.4(1) 0.2(1) 0.5(3) 0.0602  0.2758 (M1) 15/2— 17/2— 993.3 688.7 3-m
305.4 1.5(2) 0.05(2) 0.03(1) El: 0.0214 (E1) 13/2% 15/2— 1121.8 816.0 3-m
305.8 1.8(2) 0.27(5) 0.15(3)R  0.0596  0.2728 M1+E2 13/2— 11/2~ 1187.0 881.2 2-m
319.2 7.0(2) 0.4(1) 0.057(15) 0.0537  0.2429 E2 15/2— 11/2~ 816.0 496.8 3-m
322.9 13.4(5) 8.3(10) 0.62(7) 0.0522 02354 E0+M1(+E2) 9/2— 9/2~ 4433 1205 3-m
327.0 0.4(1) 0.08(3) 0.16(9) 0.0506  0.2275 M1+E2 5/2% 7/2% 8227 4956 1-
331.8  0.55(20) 0.12(8) 0.22(19) 0.0489  0.2187 (M1) 13/2— 15/2~ 1147.8 816.0 3-m
331.9 0.85(10) 0.14(6) 0.17(9) 0.0485 0.2166 Mi+E2 7/2t 7/2t 9656 633.7 1-m
332.3 1.6(2) 0.30(10) 0.19(6) 0.0487  0.2179 M1 11/2— 11/2~ 8293 4968 3-m
334.8 17.5(3)  0.95(5) 0.054(%) 0.0478  0.2135 E2 17/2— 13/2— 688.7 353.9 3-m
336.7 2.3(1) 0.37(5) 0.16(2) 0.0472  0.2103 E2+M1 13/2— 11/2— 956.7 619.8 3-m
342.6  0.65(10) 0.08(2) 0.13(4) 0.0453  0.2007 E24+M1 7/2%t 5/2t 6337 291.0 1I-
342.8 0.7(1)  0.04(2) 0.06(3) 0.0453  0.2005 (E2) 17/2~ 15/2~ 1158.9 816.0 3-m
343.6  1.25(15) 0.15(4) 0.12(4) 0.0450  0.1991 Mi14+E2 5/2%t 3/2% 9345 590.9 1-m
349.5 4.5(6) 0.86(9) 0.18(3)R  0.0432  0.1903 Mi 13/2+ 14712 1121.8 3-m
350.0 0.45(9) 0.05(3) 0.10(6) 0.0430  0.1895 (M1+E2) 3/2+ s5/2t 5909 2403 1-
351.9 0.8(1) 0.16(2) 0.20(3) 0.0425  0.1867 M1 7/27 9505 597.8 3-m
360.4 1.3(2) 0.045(9) 0.035(10) 0.0401  0.1751 E2 9/2~ 13/2~ 1317.1 956.7 3-m
363.3 2.1(2) 0.10(5) 0.05(3) 0.0394  0.1714 (E2+M1) 9/2— 7/2~ 8403 4764 2-m
364. 0.7(2) 0.07(2) 0.10(4) 0.0392  0.1705 E2+M1 15/2— 15/2~ 1357.8 993.3 3-m
366.5 0.95(15) 0.09(3) 0.09(4) 0.0386  0.1675 E24+M1  9/2~ 13171  950.5 3-m
371.3  1.45(30) 0.07(2) 0.05(2) 0.0374  0.1617 (E2+M1) 9/2= 1126.5 7554 3-m
373.6  0.95(15) 0.04(1) 0.04(1) 0.0369  0.1590 (E2) 15/2— 11/2— 993.3 619.8 3-m
376.3 41.0(9) 4.9(6) 0.119(15) 0.0363  0.1560 M1+E2 11/2— 9/2~ 496.8 1205 3-m
381.7  0.75(15) 0.10(3) 0.14(5) 0.0351  0.1502 (M1) 7/2t  7/2t 10150 633.7 1-m
381.8  0.85(20) 0.05(2) 0.06(3) 0.0351  0.1501 E2(+M1) 13/2% 9/2% 11495 767.0 1-m
382.8 1.0(1) 0.03(1) 0.03(1) 0.0348  0.1490 E2 9/2t 5/2% 12055 8227 1-m
384.6 0.85(2) 0.043(9) 0.05(1) 0.0345  0.1472 E24M1  7/2t 7/2% 8804 4956 1-m
385.8 2.3(3) 0.39(10) 0.17(4) 0.0342  0.1460 M1 11/2— 9/2— 829.3 4433 3-m
387.5  0.50(15) 0.010(5) 0.020(12) El:  0.0124 (E1) 17/2% 15/2~ 1380.8 993.3 3-m
387.7 0.32(8) 0.07(2) 0.22(8)R  0.0338  0.1441 (E0O+M1(+E2)) 3/2%t 3/2% 5909 203.4 1-
388.2 3.0(2) 2.9(4) 0.96(11) 0.0337  0.1436 E04+M1(+E2) 13/2~ 13/2~ 742.1 3539 3-m
388.5 0.7(1)  0.13(3) 0.18(5)R  0.0337  0.1433 M1 9/2— 9/2— 12288 8403 2-m
392.5  0.55(15) 0.038(20) 0.07(3) 0.0329  0.1394 E2+M1 11/2~ 1590.2 1197.6 2-m
393.4 5.1(2) 0.16(3) 0.15(3) 0.0327  0.1386 M1 7/2% 5/2t 633.7 2403 1-
395.9 0.5(2) 0.07(2) 0.14(8)R  0.0322  0.1362 M1 s5/2% s5/2t 687.0 291.0 1-
404.6  0.55(15) 0.017(9) 0.031(18) 0.0306  0.1290 (E2) 11/2— 7/2~ 881.2 4764 2-m
410.6 3.6(2) 0.49(10) 0.135(30) 0.02906  0.1237 M1 11/2+ 9/2%+ 11213 7107 1-m
416.9 0.5(1) 0.02(1) 0.04(2) 0.0286  0.1187 (E2) 19/2— 15/2— 1232.7 8160 3-m
417.1 0.8(2) 0.032(10) 0.04(2) 0.0286  0.1186 (E2) 17/2— 13/2— 11589 742.1 3-m
419.5 0.4(1) 0.016(5) 0.04(2) 0.0282  0.1168 (E2) 972t s/2t 7107 2910 1-m
424.1 1.0(2) 0.032(7) 0.032(9) 0.0275  0.1135 (E2) 7/2t 3/2%t 10150 590.9 1-m
425.0 1.6(4) 0.046(10) 0.029(6) 0.0274  0.1128 (E2) 17/2= 13/2~ 1167.1 7421 3-m
426.1 1.3(1)  0.12(3) 0.09(2) 0.0272  0.1121 M1+E2 7/2— 5/2— 5978 1718 3-
429.6 2.1(4)  0.13(4) 0.061(15) 0.0267  0.1097 M1+E2 9/2— 7/2~ 7554 3259 3-m
429.9 0.6(1) 0.015(7) 0.025(15) 0.0267  0.1095 (E2) 7/2t 3/2t 6337 2034 1-
430.2 4.4(1) 0.12(3) 0.027(7) 0.0266  0.1093 E2 15/2% 11/2% 1399.0 9683 1-m
436.6  1.45(20) 0.10(2) 0.07(2) 0.0257  0.1051 M1+E2 13/2— 13/2~ 13933 956.7 3-m
437.9 0.4(1) 0.09(2) 0.22(7) 0.0256  0.1043 (E0+M1(+E2)) 13/2~ 13/2~ 1187.0 7493 2-m
438.8 10.0(3) 0.23(6) 0.023(5) 0.0255  0.1037 E2 13/2% 9/2%t 11495 7107 1-m
438.9 1.5(1)  0.06(2) 0.043(15) 0.0254  0.1036 E2+M1 5/2% 7/2t 9345 4956 I-m
446.5 2.1(2) 0.11(3) 0.05(1) 0.0245  0.0990 E2+M1 13/2+ 1568.3 1121.8 3-m

PRC 58

and 11/2, mostly depopulate higher-spin levgls.
Figure 7 shows the decay scheitielow 1300 keV for
the level structure of the,,,® d3,® ds, bands in8’Au ob-

tures in thes,,,® d3,® ds;, bands. The scheme of Bourgeois

et al. [18] up to a spin/parity of 7/2, although it is much
less complete, agrees with our work with the exception of

served through thé®Hg® decay. Usinga> aM“h as an two levels. The exceptions are the levels at 496 and 968 keV.

indicator for anEO component, the two transitions with clear Bourgeoiset al.[18] assign a probable spin/parity of 5/20

EO componentg387.7 and 391.9 keand three for which the 496 keV level, while we assign it to be 7/2They

EO is suggeste¢B98.3, 575.8, and 791.0 k¢\¢onnect struc- missed the fact that the 476 keV transition to the *3/2
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TABLE II. (Continued.

E, 187Hgm decay Theory [31] E; E¢
_— oK — — Multipolarity I; Iy Note
(keV) I, (AI)“ I. (AD) E2 M1 (keV)  (keV)
446.9 1.5(1) 0.14(3) 0.09(3) 0.0244 0.0988 M1 5/2t s5/2t 687.0 2403 1-
448.3 4.0(5) 0.24(6) 0.06(3) 0.0242 0.0978 M1+E2 11/2~ 13/2~ 1197.6 7493 2-m
4492  26.0(15) 0.63(15) 0.024(8)  0.0241 0.0973 E2 15/2~ 11/2~ 6734 2239 2-m
450.1 3.5(15) 0.3(2) 0.09(6)  0.0240 0.0972 (M1) 11/2= 674.0 223.9 2-m
455.3  1.55(20) 0.06(4) 0.038(25) 0.0234 0.0941 (E2) 17/2%t 13/2F 16048 11495 1-m
459.4 4.7(2)  0.28(9) 0.06(2) 0.0230 0.0919 E24M1 13/2~ 11/2~ 956.7 496.8 3-m
462.1 11.8(6) 0.59(10) 0.050(9) 0.0227 0.0905 60%E2+M1 15/2~ 13/2~ 816.0 353.9 3-m
467.7 1.0(2) 0.05(1) 0.05(2) 0.0221 0.0876 E2+M1 13/2t 1590.5 1121.8 3-m
470.2 0.9(2) 0.06(2) 0.07(3) 0.0218 0.0864 M1+E2 17/2— 17/2~ 1158.9 6887 3-m
470.3 27.1(5) 0.62(10) 0.023(4) 0.0218 0.0864 E2 9/2t /2t 7107 2403 1-m
472.8 11.3(2) 0.23(5) 0.020(5) 0.0215 0.0852 E2 11/2t 7/2%+ 9683 4956 1-m
475.4 2.0(3) 0.16(5) 0.08(3) 0.0213 0.0839 , M1 11/2— 13/2— 829.3 353.9 3-m
476.0 23.(2) 0.55(9) 0.024(5) 0.0212 0.0837 B2 7/2t 3/2% 4956 195 1-
476.3 3.6(4) 0.08(3) 0.022(9) 0.0212 0.0835 E2 9/2% /2t 7670 291.0 1m
478.0 0.8(1) 0.04(1) 0.05(2) 0.0210 0.0827 E24M1 7/2— 9/2— 597.8 1205 3-
478.1  0.25(10) 0.08(2) 0.24(10) 0.0210 0.0827 EO+M1(+E2) 17/2— 17/2— 1167.1 688.7 3-m
479.6  0.55(10) 0.017(8) 0.03(2) 0.0209 0.0820 (E2) 9/2— 13/2— 12288 7493 2-m
483.7 0.8(2) 0.024(7) 0.03(1) 0.0205 0.0802 E2(+M1) s/2% 3/2% 687.0 2034 1-
486.4  1.75(20) 0.04(1) 0.023(8)  0.0202 0.0790 E2 1172t 7/2% 1121.3 6337 1-m
487.7 1.4(2) 0.06(2) 0.042(16)  0.0201 0.0785 E2+M1 9/2— 11/27 9849 496.8 3-m
494.6 0.7(1) 0.05(1) 0.07(2) 0.0195 0.0757 M1 9/2% 9/2t 12055 7107 l-m
496.5 0.2(1) obscured 0.0194 0.0751 15/2~ 11/2— 993.3 496.8 3-m
499.4 19.6(9) 0.67(10) 0.034(6) 0.0191 0.0738 E2+M1 11/2— 9/2- 6198 1205 3-m
501.9 3.1(2) 0.022(9) 0.007(3) El: 0.0071 E1 13/2% 11/2— 1121.8 619.8 3-m
503.  0.60(15) obscured 0.0188 0.0724 11/2— 7/2— 8293 3259 3-m
513.  0.55(15) 0.016(6) 0.03(2) 0.0180 0.0688 13/2— 9/2— 956.7 443.3 3-m
513.6  0.75(10)  0.03(1) 0.043(18)  0.0180 0.0685 (E24+M1) 13/2— 15/2~ 1187.0 6734 2-m
520.1  0.75(15) 0.04(1) 0.057(14) 0.0175 0.0663 M1 7/2t 7/2t 10150 4956 1-m
524.5 3.5(4) 0.055(15) 0.016(6) 0.0172 0.0650 E2 11/2™ 15/2~ 11976 673.4 2-m
525.4 24.(1) 1.06(30) 0.044(11) 0.0171 0.0646 M1+E2 13/2— 11/2— 7493 2239 2-m
526.7 1.9(2) 0.040(15) 0.021(10)  0.0170 0.0842 (E2) 9/2t /2t 767.0 2403 1-m
527.8 2.2(2) 0.095(20) 0.043(8) 0.0169 0.0638 M1+E2 13/2— 11/2~ 11478 619.8 3-m
537.3 1.1(1) 0.044(20) 0.04(2) 0.0163 0.0609 M1+E2 9/2% 13047 767.0 1-m
537.5 0.8(2) 0.03(1) 0.04(2) 0.0163 0.0609 M1+E2 13/2~ 11/2~ 1418.2 881.2 2-m
542.0 0.8(2) 0.032(10) 0.04(2) 0.0160 0.0596 M1+E2 15/2~ 15/2~ 1357.8 816.0 3-m
544.0 0.6(1) 0.03(2) 0.05(3) 0.0159 0.0590 M1(+E2) 19/2— 17/2~ 1232.7 688.7 3-m
546.7 0.6(1) 0.036(12) 0.06(3) 0.0158 0.0582 (M1) 7/2t s5/2t 1369.7 822.7 1l-m
551.1 0.5(1) 0.02(1) 0.05(3) 0.0151 0.0551 M1 15/2~ 15/2~ 1368.1 8160  3-m
564.8  3.75(20) 0.026(9) 0.007(2) El: 0.0056 E1 17/2%t 15/2~ 1380.8 816.0 3-m
566.9 0.5(1) obscured 0.0145 0.0528 17/2= 13/2— 1316.1 749.3 2-m
569.5 1.2(1)  0.04(1) 0.033(9) 0.0144 0.0524 E2+M1 11/2% 9/2%+ 12808 7107 1-m
571.4 2.8(2) 0.081(15) 0.029(5) 0.0143 0.0519 M1+E2 3/2+ 3/2%t 5909 195 1-
578.8 0.7(2) 0.035(11) 0.050(16)  0.0139 0.0502 M1 13/2— 15/2~ 1393.3 816.0 3-m
582.4 1 3(1) 0.056(8) 0.043(7) 0.0137 0.0494 M1+E2 5/2t s5/2t 8227 2403 1-
583.4 0.4(1) 0.0136 0.0491 9/2— 5/2— 7554 171.8 3-m
584.4 080(15) 0.026(9) 0.033(12) 0.0136 0.0490 M1+E2 15/2~ 14004 8160 3-m
586.7  0.95(30) 0.029(9) 0.03(1) 0.0135 0.0485 M1+E2 7/27 11845 597.8 3-m
591.0 0.8(1) 0.040(15) 0.05(2) 0.0133 0.0476 M1 3/2% 1/2+ 5909 0.0 1-
594.2 1.2(1) 0.019(4) 0.016(3) 0.0132 0.0469 E2(+M1) 9/2%t 13047 710.7 1-m
602.9  2.35(15) 0.068(10) 0.029(5) 0.0128 0.0452 M1+E2 13/2— 13/2~ 956.7 3539 3-m
614.1 1.7(8) 0.05(2) 0.03(2) 0.0123 0.0431 7/2t  3/2t 6337 195 1-
616.4 3.1(3) 0.146(30) 0.047(10)  0.0122 0.0427 M1 9/2— 11/2— 8403 2239 2-m
618.7 0.28(5) 0.014(3) 0.05(2) 0.0121 0.0422 M1 5/2t 372t 8227 2034 1-
621.8 1.7(2) 0.02(1) 0.012(6) 0.0120 0.0417 E2 13/2— 9/2— 7421 1205 3-m
624.9 0.25(8) 0.011(9) 0.04(3) 0.0119 0.0412 M1 15/2~ 13/2~ 1368.1 742.1 3-m

level at 19.5 keV is part of a tripléhot doublet and that an  taminated by a relatively strontf’Pt transition at 471.4 keV
interfering 478 keV transition has aB0 component. The theK-conversion electrons of which are part of the multiplet
other level improperly assigned, at 968 keV, has spin/parityat 473 —Bf:m keV for 473 Au K-conversion electrons.
11/2" according to our datéand, consequently, is shown as Levels and depopulating transitions above 995 keV can be
such in Fig. 10, whereas Bourgeoist al. [18] assign 7/2.  found in Ref.[25].

A possible reason for their error could be that they missed Figure 8 shows the decay scherfielow 1300 keV for

the fact that the 472.8 keV depopulating transition is conthe level structure of then;;, bands in 8’Au observed
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TABLE II. (Continued.

Ey 187Hg™ decay Theory {31} E; E;
—_ ayx @ ——— Multipolarity I; Iy Note
(keV) Iy (AD* I (AI) E2 M1 (keV)  (keV)
625.0 12.6(4) 0.08(2) 0.006(2) El:  0.0045 E1 13/2%t 11/2— 1121.8 496.8 3-m
625.4 275(20) 0.036(10) 0.013(4) 0.0118  0.0411 B2 11/2t 7/2t 1121.3 4956 1-m
629.6 1(3) 0.030(4) 0.027(5) 0.0117  0.0404 M1+E2 11/2~ 11/2~ 12494 619.8 3-m
634.9 04(1) 0.0115  0.0397 9/2— 9/2— 7554 1205 3-m
639.4  8.55(35) 0.22(3) 0.026(3) 0.0113  0.0388 E2+M1 15/2~ 13/2~ 993.3 353.9 3-m
642.7  1.95(15) 0.04(2)  0.02(1) 0.0112  0.0383 M1+E2 [17/27] 15/2~ 1316.1 6734 2-m
643.5 0.6(1) 0.021(13) 0.035(20) 0.0112  0.0382 M1(+E2) 5/2t 5/2t 9345 2910 l-m
646.3 2.0(2) 0.03(1) 0.014(5) 0.0111  0.0377 (E2) 1172+ 7/2% 1280.8 6337 1-m
650.9 2.3(2) 0.046(9) 0.020(5) 0.0109  0.0371 E2+M1 13/2~ 11/2~ 1147.8 496.8 3-m
651.2 0.5(1) 0.020(6) 0.040(16) 0.0109  0.0370 M1 13/2~ 13/2~ 13933 742.1 3-m
653.2  1.75(20) 0.019(5) 0.011(4) 0.0108  0.0367 E2 11/2t 7/2t 11488 4956 1-m
653.9 0.8(2) 0.017(5) 0.021(7) 0.0108  0.0366 M1+E2 9/2%t 14209 767.0 1-m
657.3 7.0(5) 0.48(7) 0.069(11) 0.0107  0.0361 EO+M1(+E2) 11/2— 11/2— 881.2 2239 2-m
659.1 0.65(1) 0.008(3) 0.013(8) 0.0106  0.0359 E2(+M1) 7/2% 9/2%t 1369.7 7107 1-m
659.2  0.75(15) 0.029(9) 0.038(13) 0.0106  0.0359 M1 11/2— 11/2— 1156.1 496.8 3-m
659.4 2.4(3) 0.07(2) 0.030(9) 0.0106  0.0358 M1+E2 9/2— 7/2— 9849 3259 3-m
667.8 0.9(1) 0.036(10)  0.04(2) 0.0104  0.0347 M1 s/2t 3/2t 6870 195 1-
669.1 3.0(3) 0.03(1) 0.010(6) 0.0103  0.0345 Ez2 11/2%t 7/2% 11646 4956 1-m
669.2  1.05(15) 0.042(19)  0.04(2) 0.0103  0.0345 M1 13/2= 13/27 14182 749.3 2-m
678.9 1.4(3) 0.046(7) 0.033(6) 0.0100  0.0333 M1 7/27 12767 597.8 3-m
683.5 1.3(2) 0.033(6) 0.025(5) 0.0099  0.0327 M1+E2 9/2= 1126.5 443.3 3-m
686.7 0.5(1) obscured 0.0098  0.0323 5/2% 1/2%t  687.0 0.0 1-
692.1 0.3(1) 0.003(2)  0.01(1) El:  0.0037 (E1) 17/2% 17/2— 1380.8 689.7 3-m
693.8 1.8(2) 0.04(1) 0.022(6) 0.0096  0.0315 M1+E2 5/2+t 5/2t 9345 2403 1-m
709.2 1.9(3) 0.04(2) 0.021(11) 0.0092  0.0297 (E2+M1) 11/2— 9/2— 829.3 1205 3-m
709.9 3.6(3) 0.04(1) 0.012(4) 0.0092  0.0297 E2+(M1) 9/2% 7/2% 12055 4956 1-m
710.3 1.2(1) 0.020(4) ©0.017(3) 0.0091  0.0296 M1+E2 9/2% 14209 710.7 1-m
712.7  1.45(15) 0.033(8) 0.023(7) ©0.0091  0.0294 M1+E2 11/2— 9/2~ 1156.1 4433 3-m
721.7  0.50(15) 0.006(4) 0.012(9) 0.0089  0.0284 (E2) 11/2= 7/2~ 11976 4764 2-m
732.1 0.7(1) 0.008(4) 0.011(6) 0.0086  0.0274 (E2) 19/2— 15/2— 1405.2 673.4 2-m
736.3 0.5(1) 0.013(5) 0.026(9) 0.0085  0.0270 M1 7/2t  7/2% 1369.7 633.7 1-m
745.1 1.0(1) 0.018(8) 0.018(9) 0.0083  0.0262 E2+M1 13/2= 15/2~ 1418.2 6734 2-m
747.5  1.55(15) 0.012(3) 0.008(2) 0.0083  0.0260 E2 (11/27) 15/2~ 14206 6734 2-m
751.9 0.6(1) 0.010(4) 0.017(8) ©0.0082  0.0256 Mi+E2 9/2— 7/27 12288 4764 2-m
753.1 0.7(2) 0.018(4) 0.026(7) 0.0081  0.0255 M1 11/2~ 11/2~ 12494 496.8 3-m
761.1 0.6(1) 0.002(1) 0.003(2) El:  0.0031 (E1) 11/2~ 1590.5 829.3 3-m
768.0  3.95(20) 0.012(4) 0.0031(7) El:  0.0030 E1 13/2%t 13/2— 1121.8 353.9 3-m
773.3 0.7(1) 0.021(5)  0.03(1) 0.0077  0.0238 M1 13/2= 11/2= 1393.3 619.8 3-m
778.8 1.1(1) 0.010(3) 0.009(4) 0.0076  0.0234 (E2) 7/2% 3/2% 1369.7 5909 1-m
785.3  0.65(15) 0.005(2) 0.008(3) 0.0075  0.0229 E2 11/2t  7/2t 12808 4956 1-m
785.5 0.3(1) too weak El:  0.0029 13/2% 11/2— 14055 619.8 3-m
791.3 0.5(1) 0.011(5) 0.022(12) 0.0074  0.0225 M1 13/2~ 15409 749.3 2-m
795.0 0.8(1) 0.015(3) 0.019(5) 0.0073  0.0221 (M1) 13/2— 13/2— 1147.8 353.9 3-m
805.5  0.95(20) 0.008(3) 0.008(3) 0.007t  0.0215 (E2) 17/2— 13/2~ 11589 3539 3-m
805.7  0.65(15) 0.011(3) 0.017(7) 0.0071  0.0215 Mi1+E2 11/2— 9/2~ 12494 443.3 3-m
813.3 0.7(1) 0.004(2) 0.006(4) 0.0070  0.0210 E2 9/27 5/27 9849 171.8 3-m
829.9 2.3(2) 0.028(5) 0.012(2) 0.0067  0.0199 M1+E2 9/2= 950.5 120.5 3-m
830.1 0.80(15) 0.006(3) 0.007(4) 0.0067  0.0199 (E2) 11/2— 7/2~ 1156.1 325.9 3-m
836.2 3.6(2) 0.024(5) 0.0067(10) 0.0066  0.0195 E2 13/2— 9/2— 956.7 120.5 3-m
840.5  0.75(15) 0.011(3) 0.015(5) 0.0066  0.0193 E2+M1 13/2~ 1590.2 749.3 2-m
860.7 1.7(2) 0.017(4) 0.010(2) 0.0063  0.0182 E2 15/2~ 11/2~ 1357.8 496.8 3-m
864.4 1.2(1) 0.014(3) 0.012(4) 0.0062  0.0180 E2+M1  9/2— 9/2— 9849 120.5 3-m
867.5  0.45(15) 0.009(3) 0.020(7) 0.0062  0.0178 M1 15/2~ 15409 6734 2-m
873.6 1.0(2) 0.020(5) 0.020(6) 0.0061  0.0175 M1 9/2— 9/2— 13171 443.3 3-m
895.8  1.65(20) 0.011(3) 0.0066(20) 0.0058  0.0164 E2(+M1) 11/2~ 13/2~ 12494 353.9 3-m

through the 18’Hg? decay. The strongest transition in the structure and thég,® f4, band structure.
figure[103.4keV, 11/27—9/2" with T.,»,=48(2) ns[21]] Figure 9 shows the decay scheitielow 1300 keV for
connects the bandheads of tig,, andhg,® f -, structures.  the level structure of thlg,® f, bands in'8’Au observed
A few transitions withE 1 multipolarity which connect levels through the®Hg? decay. Two transitions witEEO compo-
in the hy1,, band with levels in thes;;,® ds;»® dsj, Structure  nents (284.5 and 270.9 keV, 5/2—5/2° and 1/2°'
are also shown. There are no experimentally observed cross»1/2", respectively connect the hg,®f;, and (gp
feeding transitions oE2 or M1 multipolarity between this @f;,)’ structures. The 101.0 keV transitidwith an E3
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TABLE II. (Continued.

Ey 187Hg™ decay Theory [31] E; E;
_ aypy @ —— Multipolarity  I; I; Note
(keV) I, (AD* I (A]) E2 M1 (keV) (keV)
896.2 0.65(15) 0.014(4) 0.021(6) 0.0058 0.0164 M1 13/2— 11/2~ 1393.3 496.8 3-m
908.5 1.0(1) obscured El:  0.0022 13/2+ 11/2~ 14055 4968 3-m
914.0 0.8(2) 0.006(2) 0.008(4) 0.0056  0.0156 (E2) 9/2+ 5/2% 12055 291.0 1-m
951.0  0.65(15) 0.007(2) 0.011(4) 0.0052  0.0141 M1+E2 7/2= 12767 3259 3-m
962.9  1.05(20) 0.006(2) 0.005(2) 0.0051  0.0137 E2 9/2- 13/2~ 1317.1 353.9 3-m
963.2 355(30) 0.025(6) 0.007(2) 0.0051 0.0137 E2+M1 13/2— 11/2~ 1187.0 223.9 2-m
969.7 045(15) 0.0015(7)  0.003(2) El:  0.0020 (E1) 11/2~ 15905 619.8 3-m
973.9 () 0.018(4) 0.010(2) 0.0050 0.0132 Mi+E2 11/2~ 11/27 1197.6 2239 2-m
1004.2  0.70(15) 0.008(2) 0.011(4) 0.0047  0.0123 M1 15/2— 13/2~ 1357.8 353.9 3-m
1014.2 065(15) 0.005(2) 0.008(3) 0.0046 0.0120 Mi1+E2 15/2_ 13/27 1368.1 353.9 3-m
1023.8  0.45(15) 0.0013(6) 0.003(2) 0.0045  0.0117 (B2) 15/2— 11/2— 19054 881.2 2-m
1027.3 0.3(1) too weak 13/2— 9/2— 1147.8 120.5 3-m
1044.1  1.05(15) 0.006(2) 0.0057(20) 0.0043  0.0111 E2+M1 13/2— 13980 353.9 3-m
1051.4  0.95(15) 0.003(2) 0.003(2) El:  0.0017 (E1) 13/2+ 13/2— 14055 353.9 3-m
1056.1 0.6(2) 0.0012(6) 0.002(1) E1:  0.0017 (E1) 11/2% 11/2— 1280.8 223.9 1-m
1058.0 0.5(1) 0.008(3) 0.016(4) 0.0042 0.0108 M1 15/2— 13/2~ 1807.6 749.3 2-m
1066.6 2.7(2) 0.015(3) 0.0056(12) 0.0042  0.0106 E2+M1 15/2— 13/2— 18159 749.3 2-m
1092.5  0.95(15) 0.007(2) 0.007(2) 0.0040  0.0099 Mi+E2 9/2~ 11/2~ 1317.1 223.9 3m
1134.0 0.50(15) 0‘007(4) 0.015(10) 0.0037 0.0091 M1 15/2~ 15/2— 1807.6 673.4 2-m
1142.5 0.8(2) 0.004(2) 0.005(3) 0.0037 00089 (E2+M1) 15/2~ 15/2~ 18159 673.4 2-m
1156.9 0.9(2) 0.007(2) 0.008(2) 0.0036  0.0086 M1 9/2= 12767 1205 3-m
1181.2 1.55(15) 0.005(2) 0.003(1) 0.0034 0.0082 E2 17/2— 13/2~ 1930.4 749.3 2-m
1181.4 1.8(2) 0.003(2) 0.0017(11) El:  0.0014 (B1) 13/2% 11/2— 14055 223.9 3-m
1196.6 2.5(2) 0.012(2) 0.005(1) 0.0034  0.0079 E2+M1 9/2= 9/2= 1317.1 1205 3-m
1232.3 0.5(1) 0.004(2) 0.008(6) 0.0032  0.0074 (M1) 15/2= 15/2= 19054 6734 2-m
1236.6  1.00(15) 0.0018(9) 0.0018(8) El:  0.0013 (E1) 13/2~ 1590.5 353.9 3-m
1257.0  0.65(15) 0.004(2) 0.006(3) 0.0031  0.0070 (M1+E2) 17/2~ 15/2~ 19304 673.4 2-m
1365.8 2.1(3) 00025(8) 0.0012(4) El: 0.0011 E1 11/2— 1590.5 223.9 3-m
1583.8 2.0(2) 0.004(1) 0.0019(5) 0.0020  0.0039 E2 15/2- 11/2~ 1807.6 223.9 2-m
1592.0 0.4(2) 0.0020 0.0038 15/2= 11/2— 1815.9 223.9 2-m
1681.5 1.35(20) 15/2= 11/2— 19054 2239 2-m

multipolarity andT,,,=2.3 s[20]) from the 120.5 keV level andhy,,, configurations. The greatest difference between this
connects the 9/2 hgp®fs,, bandhead, with the scheme and that of Bourgea@sal.[18]involves an example
S10® d3p® ds), Structure. Bourgeoist al.[18] did not estab-  of coincident pairs of transitions with nearly the same en-
lish any of the levels shown in Fig. 9 except the bandhead a¢rgy: 448.3/525.4 keV and 449.2/524.5 keV. The relative
120.6 keV with spin parity of 9/2. v-ray intensities of 4.0, 24, 26, and 3.5, respectively, for

A partial scheme for the decay df'Hg™ is presented in these transitions, as well as their closeness in energy, is such
Figs. 10-13. The criteria for its construction are the same athat they appear as single peaks. Consequently, the only way
those for the'®Hg?— 8’Au scheme. In total, we have es- to separate these pairs is with the running gate method. The
tablished excited states up to an energy of 2633 ket?{Au results are presented in Fig. 6 where the running gate analy-
from the ®'Hg™ B decay. Levels above 1931 kel60 of  sis shows that the association of coincident pairs is 524.5/
them and their corresponding depopulating transitiohs9  449.2 between the 1197.6, 673.4, and 223.9 keV levels, and
of them are not shown in Figs. 10—13. These can be foundl48.3/525.4 between the 1197.6, 749.3, and 223.9 keV lev-
in Ref.[25]. Approximately 99% of the total observed decay els. The placement of these four transitions between the
intensity has been assigned. 1197.6 and the 223.9 keV levels is only consistent with a

The proposed level structurgbelow 1605 keY of the  spin/parity of 11/2 for the level at 1197.6 keV, rather than
S1,® dg,® dg bands in'®’Au, observed through th#Hg™  (17/27) as indicated by Bourgeoist al. [18]. These levels
decay, is shown in Fig. 10. Beside the differences alreadgre important since they are involved with the lower portion
mentioned in the®'Hg? decay, this scheme is far more com- of bands observed by in-beam spectroscopy. In the in-beam
plete than that of Bourgeoist al.[18], which reported only data, one study10] had the band entirely wrong, and the
15 levels. Additionally, all the levels at and below spin other study[9] had the band partially correct. Another dif-
19/2" seen in the in-beam study 0] are observed in this ference between these results and fhdecay data of Bour-
work. geoiset al. [18] is the spin/parity of the 881 keV levéive

The proposed level structur@elow 1931 keY of the  have 11/Z; they have 13/2). Not only must the 881 keV
h,1, bands in'®’Au, observed through th&Hg™ decay, is  level be 11/2 from the analysis of the multipolarity of the
presented in Fig. 11. Two transitions wilfD components feeding and depopulating transitions, but the strBGgcom-
(657.3 and 437.9 keV, 1172—11/2" and 13/2'—13/2", ponent in the 657 keV transition demands that it be so. While
respectively connect levels of the bands built on the;,,  a careful analysis of the coincidence data reveaB@tshar-
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FIG. 7. Proposed level structure of thg,® d3,® dsj, bands in*®7Au as a result of thé®Hg? decay. Levels between 0 and 994 keV are
shown. The width of the arrow is proportional to the total intensity of a transition. A solid circle indicates a definite coincidence relation
while the open circle indicates a weaker one. Transition and level energies are given in keV. Numbers above the arrow are transition energy,
total intensity(with the error in last digits in parenthe$eand multipolarity of a transition. Levels closer than 11 keV are drawn to be 11 keV
apart. An additional 50 transitions and 28 levels, up to 2525 keV, can be found ih28gf.

acter] ax=0.06911) vs 0.036 forM 1 (theory)], one can see highly-converted transitions between band #5 and band #1

even in Fig. 1 that one of the transitions at that energy musgbeing M1 with an anomaly in the conversion coefficient.”

have a sizabl&€0 component. A difference with the in-beam Through analysis of the feeding and depopulating transitions

data of Bourgeoit al. [10], for the levels with spin not our work confirms the spin/parity assignments reported in

greater than 19/2, is the spin/parity of the 1316 keV levelthe work of Zganjaet al.[32]. Among interband transitions

which we assigri7/2" rather than 19/2. This assignment there are fiveE0-enhanced transitions, not anomalddd

is in agreement with the in-beam results of Johansstol. ~ transitions as Bourgeoiset al. [18] reported. These

[9l. EO-enhan_ced transitions demand the spin/parity sequence as
Figures 12 and 13 show the decay schefbelow rgported in our scheme, W.hICh actually agrees with the

1591 ke\} for the proposed level structure of they -, higher values of the spin/parity reported in the in-beam data

andi 15, bands in'8’Au observed through th&’Hg™ decay. of Bourgeoiset al. [10].

Three out of five transitions witB0 components observed in Separated schemes 6?72@9 and "*'Hg™ decays reveal
; i 7
the hgp f-y, Structure(322.9, 388.2, and 478.1 keV, 912 quite different parts of thé®’Au structure. The 203.4 keV

) : _ transition is the strongest in th#Hg? (J7=3/2") decay,
—9/27, 13/2 ' ~13/2 , and 17/2'—17/2", respectively \ypjje the 233.4 keV trgnsition is thegstﬁongest in)ﬂ%ﬂg%
are associated with th€Hg d_ecay. These transitions con- (J7=13/2%) decay. The decay of théHg 3/2~ ground
nect levels of the bands built on the,,©f7, and Mg, state reveals 62 mostly low-spin levels ¥Au, connected
®fz)" configurations. Transitions witlEl multipolarity  py 171 transitions. The decay of tHé’Hg 13/2" isomer
(768.0, 625.0, 501.9, 305.4, and 292.1 ke&dnnect thé13,  reveals 148 mostly high-spin levels #i7Au, connected by
bandhead at 1121.8 keV to levels of thg,® f;, structure. 362 transitions. Out of these, 16 levels and 42 transitions are
The nexti 3, band membef17/2" at 1380.8 keV is con-  common to both decays. Different aspects of thu struc-
nected to thehg,®f,, structure throughEl transitions ture, revealed by the separated 3/ 13/2" decays, can be
(692.1, 564.8, and 387.5 keVand to thei,s, bandhead seen in Fig. 3 where a portion of the spectrum from each
through arE2 transition of 259.2 keV. The in-beam work of decay is shown with the same gate. In general, transitions
Bourgeoiset al. [10] gives two possible spin values for the that depopulate low-spin levelsuch as 392 and 579 keV
band which they label #5. This is the structure that corre-are stronger in the upper section of each gate, while transi-
sponds to our excited band built on the 9fgvel. They[10] tions that depopulate high-spin leve{such as 470 and
base their spin/parity assignments on “the character of th&63 ke\) are stronger in the lower section.
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FIG. 8. Proposed level structure of they, bands in'®Au as a
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Data such as that presented here for the decd§‘big™9
to levels in '8’Au can play a unique role in determining the
low-spin structure, especially the parity, of bands observed
by in-beam spectroscopy where only the yrast states receive
appreciable population. We present, in Figs. 14 and 15, the
parts of the structure based ani"}(hg,® 1), 7 thyyp,
and 7 1(s,® dg,® dg)), Which are common to both the
in-beam data and the data obtained here by radioactive decay
of ¥®Hg™9. Our relative transition intensities, as well as
level energies and spin/parity assignments, are drawn in the
form used in the in-beam data, for easier comparison. The
two values for the possible spin assignments for the part of
the structure assigned as band #510] are uniquely de-
fined in ours*(hy,®f,,) decay scheméhe leftmost se-
ries of levels and transitions in Fig. 14The rest of the
structure presented in Fig. 14 shows our analog of the re-
maining parts of the in-beam dalt@,10] for this configura-
tion.

The upper part of Fig. 15 shows the band structure built
upon the ™ h;;,, configuration and the lower part of the
figure shows the band structure built upon the (s,
®dj,®ds,) configuration, which are common to our results
and those of the in-beam dd@,10]. Our v~ th,,, structure
differs on a few points with the in-beam d4t0], in that the
strong 449.2 and 525.4 keV transitions and the weaker 448.3
and 524.5 keV transitions have been properly assigned in

result of the ®Hg? decay. Levels between 0 and 1260 keV are his work as a result of the running gate analysis. The

shown. An additional three transitions and three levels, up toTr
2179 keV, can be found in Ref25]. See caption to Fig. 7 for
detalils.
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shows that the low-spin part of the in-beam ddt@] for this
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[4] of '®°Au summarizes these systematic patterns and prossay, 187ay, and 18%u isotopes. The levels are drawn so that the
vides an extensive base for comparison with the present reirst 3/2" level in each nucleus is at the same position.
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TABLE Ill. List of experimental and calculated relativeray -1 h
intensities for a few low-lying levels in th& ,® d,,® ds;», bands of m 11/2
187Au. An asterisk indicates experiment only,,, a dagger indi-
cates to see the text in reference to weak transitions. 19/2" 1397 19/27 1405 19,2 1412
17/2° 1316 . -7,7
. — T 1%/2 1368
Relative I, 5/2° 1233 - 5/2 1238 52" 1254
(17/27) 1209 11787 1198 1284 C /e 1189
13/2 1187 -
iti ; 327 1072 g p- 1056 -
Position E~ (keV) |PTRM calc.| experiment SR S s 1059
15/27 1029
11/2° 881
e 9/2” 862
3/23‘:—>1/2zfr 203.4 100 100 o2 v e B
3/25 —+3/2] 183.7 4 1.4(6)t e r B T9.-tTime i3
/2 eey.c  WEUR)ET 5 882
s5/2¥1/2F7 | 2403 100 100 ez est /E e
5/21—-)3/22: 220.8 361 72(7) /e 90 g w6 g 1o
5/27 —3/2] 36.9* <1 e
5/2{%1/21 291.0 3 2.3(8)t ) i )
5/21_)3/2# 271.5 100 100 11/2 ge0  11/2 2R 11/R 247
5/2gr--+3/2ar 88 1
5/27 —+5/2] 50.7* <1 1855011 187 p 11 18954
7/2t 3/27F 476.0 100 100 FIG. 18. Systematics of ther %(h,y, states in the!S°Au,
7/25-_)3/21]— 292.2 <1 4(1)t 187aAu, and *8%Au isotopes. The levels are drawn so that the first
3|. ?|. 11/2" level in each nucleus is at the same position.
7/2145/2# 255.2 1 28(3)
7/2f—5/23 205 1 _ _
value. The experimental states have been grouped into four
7/2F >3/2F 614.1 6 21(10) distinct structu_res, thes,,® d3®ddsn, the hyqpp, the hgp
/2032 | 4209 12 13(2) ® 17,2, and thei, bands. . .
. 2_?‘_ 5 2’1 393.4 100 100 In the present version of the PTRM, the core is restricted
/27 =5/ : to a fixed shape and all energies are computed relative to the
7/2 5/2 342.6 7 11 2) : P
/ 3‘_’ / 3 ' ( BCS vacuum state at that deformation. Consequenthen
7/2; =7/2 138.5 <1 3(1) calculations are made for different core shapes, no mixing is
included between the coexisting shapes, and the energy dif-
g p ay
9/21—*5/21 470.3 100 100 ference between coexisting states is not calculated.
9/23r—>5/23r 419.5 <1 1.5(4)
3;;#:;%# 2175,37‘3 <11 2.2(4) A. Positive-parity 7 1(sy,®ds,®ds),) structure

1 2 . . .. .

A prominent feature of the low-lying positive-parity states
9/2% 5/27F 5926.7 <1 45(7) in 185-19y is the occurrence of two rotational bands built

3 ! on 1/2" and 3/2 bandheads. These two bands are remark-
9/2F —5/2 476.3 88 86(14) @

3 3 ably similar throughout the sequencé®'®Aau, but are
9/27 57/2 271.6 100 100 i s T
9/21_”/2-1;- 133.7 4 17(7) clearly more compressed if°Au and ®7Au than in 18%Au,
9/2?;._)9/23. 56 <1 as shown in Fig. 16. PTRM calculations f&f’Au are com-

2 1 pared with the experimental data in Fig. 17. The calculated

energy levels to the left of the dotted line are obtained for a
deformation of 8,=0.15 andy=45°, and the agreement
[35]. For each set of calculations discussed below, e with the two main rotational bands is satisfactory. Calculated
and 3, deformation parameters are taken from the bandhea@nd experimental relativg-ray intensities are compared in
predictions[35] or the even-even neighbo34]. The triaxi-  Table Ill, and again the agreement is satisfactory. The
ality parametery is fitted to the experimental data. The core Measured magnetic moment for the ground state,
2% energy is estimated using Grodzins' rule, but adjusteqt(1/2")=+0.53 uy  [30, and  values  for
slightly to the data. Pairing is treated within the BCSthe B(E2; 3/2) —1/2/)=0.18 e”’b? and B(M1:
method, so that the Fermi energy)(and pairing gap &)  3/27 —1/27)=(4.8x10" %) u\? [22] are also well de-
are derived and not input parameters. The PTRM Hamiltoscribed; the corresponding calculated values -a8254u,,
nian is diagonalized within the space of low-lying one-0.21 €% b%, andB(M1)<10 % u,?, respectively. As noted
quasiparticle states. Magnetic dipole matrix elements are capreviously for *9Au [4], the calculated magnetic moment is
culated with the corg factor (gg) estimated ag/A and the particularly sensitive to the triaxiality. This core shape is
sping factor for the odd protong) taken as 70% of the free essentially the same weakly deformed, slightly triaxial, “ob-
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o1 g Si, o hyy/e _ TABLE IV. Calculate&and experimental relativeray intensi-
AT S ® ties for theh,,,, band of **'Au.
081 MeV A 110 Mev IBBH
0.30 MeV By 0.14 MeV g
La/2 1795 21/271845 21/271820 Relative I,y
1&8 17/271706
g Position Ey (keV) [PTRM calc.| experiment
el e | el EUs
3/2" 1192 B JE— 17/271092
e e Thm | e 2T 9/27 —11/2] 616.4 100 100
T | oy e 9/27 »7/27 363.3 139 67.7(9)
e s g 11/27 »11/27 | 9739 108 45(7)
e e T 11/25=7/27 721.7 92 12.5(4)
/R 265 intruders® /2T 252 intruders 11/22__)15/2]__ 5245 2 87‘5(15)
11/2;-—-)13/21_ 448.3 100 100
) we o 11/25—9/27 357 384
e = 224 keV
PTRM experiment 11/25—+11/27 | 973.9 170 45(7)
* the calculated band head energy is adjusted to the value of 657 keV 11/22__)7/21— 7217 2 12.5(4)
FIG. 19. Theh,;,and (1)’ (denoted as “intruders)’ family 11/25 —+15/27 524.5 1 87.5(15)
of negative-parity states iff’Au (separated by a dotted linéThe 11/25—+13/27 448.3 100 100
left part of the figure shows the results of the PTRM calculation,| 11/25 —=9/27 357 1
while on the right are experimental data. Level energies are given ii
keV relative to the lowest state in the family. The bandhead energ| 9/2; —+11/2 1005 100
for the calculated intruder band is adjusted to be the same as t| 9/2; —7/27 751.9 1 86(20)
experimental bandhead. For the defintions\ofA, and E,+, see 9/2;—»13/21‘ 479.6 <1 79(20)
Fig. 17. Levels depopulated witBO transitions are denoted by a 9/2;—9/27 388.5 <1 100
solid circle. An open diamond denotes a level seen in the experi
mental in-beam datgl0,9] 5/27 =7/27 761.0 100 100(14)
latish” shape that successfully described the positive-parity 5/21__’9/21_ 398 <1
states in8%Au. Furthermore, the experimental electromag-| °/21 =3/21 182 3
netic datalthe relativey-ray intensities, the magnetic mo- _ -
ment, and th&(E2) andB(M1) valued are very similar for | 17/21 =15/21 | 6427 100 100
187 Ay and #%u, and the level of agreement with the cal- | 17/21 —13/2; 566.9 11 25.6(55)
culations is nearly identical in the two cases. This extensive _ _
agreement strongly supports the deformation used for thes 13/23_’11/21_ 1194 50
low-lying states. 13/2;, —+15/2] 745.1 1316 95(17)
However, one interesting disagreement remains: Th{ 13/2; —=+13/27 | 669.2 100 100
compression of these positive-parity bands compared t| 13/2; =9/27 578 27
189\ apparently cannot be explained as a deformation ef| 13/2; —=+11/2; 221 41
fect, and is only modeled in the PTRM calculations by ad-
justing the core 2 energy, but is not explained. One possi-| 15/2; =11/2 | 1592.0 16 14.8(75)
bility is that some mixing with the higher-lying intruder | 15/2;—+15/27 | 1142.5 6 29.6(77)
states compresses these bands, but it is not strong enoughl 15/2; —+13/27 | 1066.6 100 100
destroy the similarities of the electromagnetic properties be| 15/25 —11/25 618 1
tween *¥’Au and #°Au. 15/25 —17/27 500 2
An interesting feature of the experimental electromagneti
data seen in all three isotop&SAu [5,26], 187Au, and 18%Au 17/25—15/27 | 1257.0 5 42(10)
[4] is a series of weak transitions between the,3/&hd 17/25=13/27 1181.3 100 100
3/2 , 5/25 and 1/2 , and 7/Z and 3/Z levels. The experi- | 17/2;—17/2 614 16
mental and PTRMy-ray intensities for these transitions in | 17/25 —+19/27 515 28
187Au are noted in Table . The branching ratios obtained| 17/25 —+13/25 512 4
from the PTRM calculations are in qualitative agreement

with the experimental values for these cases.

The “oblate”calculations for thes,,,® d3»® dsj, Structure  391.9 kel that decay to the,,»,® ds® dsj, band also indi-
cannot account for the “extra” positive-parity states found cate that this group of states has a different structure. A
experimentally, beginning with the level at 504 kdWe- separate PTRM calculation was made with deformation pa-
noted as “intruders” in the experimental part of Fig.)17 rameters that gave the best description oftthes f,,, bands
The transitions with enhancdeD componentgat 387.7 and (discussed beloyy this deformation is very similar to that
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+1 .
™ li3/2
[ + 1414
2 1350 mmg% 13/2
1289 % 1285 ©0 -
1220 s . S — o/ 15/ {210 BNGF—
- 1260 11/2*.13/2" ey DO o
vl 11/2° 2o Heare
1031 R DN 1058 o
17/2* e 1001 2ob S
B
13/2+ 851 BINNN g 805
oo} . >
766 3; 695 - 780
- m§§ 607 - 8
15/2° =3 el a3 568 - -
17/2” @D . = 499 -
11/2 150 o __r 445
.- &% 376 .. . _go
forte 292 _-'m o™ 387
11/27 ~a§ : 3 5 R 321
13/2_ o 212 . o 33 -
S 205
7/2" 98 -
9/2" o.... o ... 0 .
e=9 keV e=121 keV e=325 keV FIG. 20. Systematics of the
185 187 189 7w 1(i13,) States are drawn in the
Au Au Au top part of the upper figure. Tran-
sitions that conneci,3, to the
+1 h of hg® f,, structure are shown. The
m ( 9/2 7/2) bottom part of the figure is the
_ 17/27 1106 structure of the 7" 1(hg,®f7,)
1167 | .- states in the®®Au, ¥’Au, and
18%Au isotopes.
1/2- 815
816 829 N v/ 771
648 — 11/2° 713
15/2" 616———u|. . 42 | e REVANGLN
1'?/2__544 ——" R — 689=== - .:. 13/2— 646
- | 8=0 598 5/2° 492
11/2~ 489 546 {
s | -
11/2~ 301 322 | e L 9/2" 325
—_— = 443
1/2 280 289 [~ _|__ 35% ?
/2 280 S
13/2° 221 326 y
172 /
9/2” 9| _ - 121
5/2" 0
185 187 189
Au Au Au
expected for the prolate structures 1Pt and '88Hg [34]. B. Negative-parity 7~ th;y, structure

The energy of the calculated intruder bandhead was adjusted - -1 :
to be the same as the experimental bandhead, but the relatiq%zgslgé\evel energies of them “hy, structures in
energies of the other calculated states are correctly shown. uare very similar to each othe_r, as shown n Fig.
The experimental level density and spin assignmentéls' PTRM calculations are compared with the experimental
agree qualitatively with the calculateds,o® ds)® dss;)’ data in .F|g. 19, where calculated states to the_ Ie_ft of the
structure, although one calculated “L/8tate has no experi- dotted line are based on a weakly deformed triaxial shape
mental counterpart and there are only two calculated 3/2 (B2=0.15, y=32°). The triaxiality parametey has been
states, but three experimental 3/2tates. If these intruder fitted to the splitting of the 15/2and 13/2 states, and in the
states are well-deformed structures, then there should exi§gure the 1=11/2+2n states are separated from the
associated rotational bands. Observing those associatedl1/2+(2n+1) states. Overall, there is good agreement
states and their decay properties would help to elucidate thieetween the experimental and calculated energy spectra, and
structure of these intruder levels, although we note that at thevery calculated state up te1 MeV, above the 11/2
low spins seen in this work, mixing is certainly obscuring bandhead, has an experimental counterpart. A comparison of
any clear band pattern. calculated and experimental relatiyeray intensities for the
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+1 186
7 (hg/pef,/0)e Pt
| y=0° | y=20° | experiment | 7=80° |
21/271182
212 112519 /571105 19/27 1112
11/271040
21/2 082 L2104 FIG. 21. Thehgs®fy, struc-
15/27009 ture as a result of the PTRM cal-
15/27842 B culations for three different values
9/2" 785 of ¥ (0°, 20°, and 60°) and the
15/2- 660 15/2°696 experimental levels. The oblate
I L= VR o e e o
11/2°507
most, while the best agreement is
11/2°389 11/27376 achieved for the prolate shape
o u/zess | 3/2” 2903 . 3/2308 ) structure withy=20°.
13/27885 772 ev3 | 1U2233 5 ppps | 12236
/27182 3/2 235 | momemy 1/27154
9/2” 22 5/27 20 = 9/27 0
5/2° 0 9/2° 0 9/2° 0
e=121 keV

hy4/5 Structure is presented in Table IV, and the agreement ishown in the lower portion of the figure. One striking feature
reasonably good although some clear discrepancies exigif these systematics is the much larger number of states
The first “11/2,” listed in the table uses the second calcu- found at low energy int®8Au than in ¥¥%u. Our recent
lated 11/2 state, while the second “1142 listed in the  study of *®9Au [4] showed that the experimental data are
table uses the third calculated 11/8tate. Clearly neither of probably complete to an excitation energy of at least
the calculated 11/2 states describes the experimental pat-~812 keV, and furthermore, there is a one-to-one correspon-
tern of relative y-ray intensities very well, although some dence between thhy,® f, states observed if®Au and
difficulties were also noted for the second and third I1/2 those calculated with the PTRM within 900 keV of the
states in'®*Au [4]. Some discrepancies are also apparent fopandhead. The appearance of these “extra” states along with

tfg(g second calculated 9/2state, but no comparison With the observedQ transitions clearly indicates coexisting sets
189y is available for this state. Overall, the agreement beys he® fj States at low energy iA€7Au.

tween these PTRM calculations and the data is comparable pTr calculations for a variety of triaxialities are com-
to the agreement found itf°Au [4].

The hyy), intruder levels are shown to the right of the
dotted lines in Fig. 19. Note that the two experimental levels
with spins 11/2 and 13/2, haveEO transitions to members
of the weakly deformeth,,/, structure. The calculated levels
use the same triaxial shapg4{=0.21, y=20°) as used for

pared with the two loweshg,,® f-, bands in Fig. 21. The
quadrupole deformatiorB, is the value predicted for the
lowest hg;, bandhead 35] and corresponds closely to the
prolate structures in the even-even neighd@4|. For the
oblate shape ¥=60°), two simple strongly coupled bands

the hg),® f-, bands. The calculated 11/2and 13/2 states are expected, which clearly disagrees with the experimental

are the first two members of a strongly coupled band built orPattern of states. For the prolate shape-0°), a decoupled

the [505]11/2" Nilsson orbital, and the calculated 7/2nd bgnd pattern res_ults. The_: best overall agreement is achieved
15/2" states are rotational bandheads whtl 11/2+2 that ~ With y~20°, which provides a good description of the or-
come low in energy due to the moderate triaxiality. If the dering of the energy levels, the splitting between the two
observed 11/2 and 13/2 states are indeed part of the lowest bands, and the experimenB{lE2,5/2" —9/27) rate
[505/11/2" band, there should be additional band member§1-2612) e* b® [30] compared to the PTRM value of 1.22
above these. Also, the existence of such low-lying7dhd € b?].

triaxiality (or somey softness and within~700 keV of the 9/2 bandhead are shown to the

left of the dashed line in Fig. 22. The calculated states have
been organized into bands of states with roughly similar
structure, and the corresponding experimental states are
_ _ _ shown in the right panel of that figure. Clearly there is a
The systematic pattern of states associated with thgood general agreement between the data and the calcula-
7 (hep®f7) and w115, configurations in*®>*¥7"18Au  tions. The first calculated states that do not have identified
is shown in Fig. 20. In the upper portion of the figure, theexperimental counterparts are the second” 7&hd 3/2
i132 energy levels and the connecting transitions to thestates, which are calculated to lie 412 keV and 504 keV
negative-parity states are shown, all drawn relative to thebove the 9/2 bandhead, respectively. The calculated and
lowest 9/2" state. A more complete listing of the,,®f7>  experimental relative-ray intensities are compared in Table
states in'8’Au and their suggested analog H>®Au is  V, and overall the agreement is quite good. With the excep-

C. Negative-parity 7+1(hg,®f;,) and positive-parity 71,5,
structures
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0.21 B 0.17 +1 +1 .
: ( )
~0.035 B, 0035 ™ (hg 0ty /2 ™ ly3/2
20° ¥y 0°
—3.08 MeV A -3.15 MeV X & X
1.10 MeV 0.60 MeV
c A e 186 186
0.14 MeV Egr  0.18 MeV Pt Pt
19/2*630- | De=1122 ]
21/2*573 2 : 21/271718 - keV - |
15/2% 411" | [21/27578 " | L2164
: : \ 15/271379 : : |
‘17/2%176 " : . :
9/2" w8 - \ | 17/27es9: | 15/271287
_ | — .
21/271128 13/2" 0 . ‘ 19/271112- |
= .. ; 17/271049 _ - - 17/271038 17/271046
19/271105°" - - 17/271014 21/2 082 REEVELY — / :
15/27045 T e | —° | m— 13 /271027 |
13/27958 | ____ 9/2 B84 13/27 836
15/27872 3,5 554
- 3/27701 13/27695 - 15/27696 VoS 11/27708
15/27660 e 2 595 | 7/27 6872 8/27756 4 a6 | 621
17/27°592 — oo, 9727882 B/R 614y o-pgy oee _ /2 8347 13/27821
e o2 11/27564 3/27666 | 17/27568 B 52 612 |' 3/27634
3/27504 P20 972754 1372 500 H/2 A0 1/27425 e
11727389 - 7/2 ant
/ooy /2412 | 5/27332 11/27376 |:5/2‘335 /
1/27242 7:#3 | 972 323* 13/27283 3/2 308 | *672 323
1572 198 ‘ 1/ 154 55=pn5 |
5/27 20 5/2_ 51
9/2 0 | 9/2 0 |
e=121 keV .
PTRM experiment

* the calculated band head energy is adjusted to the value of 323 keV

FIG. 22. The negative-parity statbg,,® f,, and (q,®f;,)’ (separated by dashed lingand thei 15, family of positive-parity states
(boxed in by the dotted lingsn ®7Au. The results of the PTRM calculation are shown on the left and the experimental data on the right.
Level energies are given in keV relative to the bandhead energyiThdandhead is drawn at 1135 ké?TRM) and 1001 keMexpt)
above thehg,® f;, bandhead, but denoted as “0” to show that it is another band. The bandhead energy for the calculated intruder band
(hep® f70)' is adjusted to be the same as the experimental bandhead energy. Levels with depogQlatmgitions are denoted by a solid
circle and those seen in the experimental in-beam [d&ig®] by an open diamond. For the definitions)af A, andE,+ see Fig. 17.

tion of the 3/2 and 13/3 states, the strongest calculated the calculations, and confirms the prolate nature of this band.
y-ray transition is also the strongest observed transition irHowever, it is difficult to draw more detailed conclusions,
each case. Note also that the second experimentals8#te, e.g., whether an axially symmetric shape wigh-0° pro-
shown at 854 keV above the 9/bandhead in Fig. 22, cor- vides a better description of thigs, band, based on the
responds to the third calculated 3/Ztate, shown at 701 present data.
keV. If the second calculated 3/state(shown at 504 key The PTRM calculations provide a good description of the
is instead compared to the observeday decay pattern of |owesthg,® -, bands, but cannot account for the additional
the experimental 3/2 state at 854 keV, the agreement is states observed experimentally beginning with the 9é¥el
somewhat worse; in particular, the 3/2:5/2; transition is at 323 keV and displayed as the last two bands on the ex-
calculated to be about 10 times stronger than is observegerimental panel in Fig. 2o the right of the dashed line
Also, the observed decay pattern of the experimental 3/2 The first important feature of these states, denoted as the
state at 634 keV above the 9/Zandheadshown to the (hg®f;,)’ bands, is that the levels marked with the bullet
right of the dashed line in Fig. 22isagrees considerably showEO transitions to the lowestq,® 7, band, while the
from the expected pattern for the second calculated ;3/2 other states do not. Second, the general pattern of states in
this disagreement supports the placement of this 3tate in  the (hgp®f;,)’ bands is remarkably similar to thig,
the coexisting Ko/® f75)’ system described below. & f4, bands, which implies a prolate or near-prolate,{
The i3, band has also been calculated with the samepf,,)’ structure and not the oblate strongly coupleg,
parameters as for thiey,® f,, states, and these are shown bands based on thHé&05]9/2 Nilsson orbital known in the
inside the dotted lines in Fig. 22. The calculated position ofneighboring Tl isotope$1,36,37, and expected from the
the 13/2 bandhead is 1135 keV above the 9andhead of axial calculationd35]. An oblate fg,®f7;)’ band should
the hg,® f 4, states, and this agrees quite well with the ex-have a much simpler strong-coupling pattésee Fig. 21
perimental position(1001 keV above the 972level). The instead of repeating the decoupleg,® f;, structure seen at
general pattern of states in thg,, band is described well by low energies. Finally, the moment of inertia is considerably
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TABLE V. Calculated and experimental relatiyeray intensities for théag,,® f,, band of XAu.

Relative I, Relative I,

Position E4 (keV) | PTRM calc.|experiment Position E+ (keV) [PTRM calc.|experiment
7/27 —9/2] 205.4 100 100 13/2;—9/27 836.2 54 76.6(54)
7/27=5/27 153.7 29 37.7(45) 13/2;=»13/27 | 6029 52 50(4)

13/2;—11/27 | 459.4 100 100
3/27 —5/27 256.4 1240 88(13) 13/2;—11/27 | 336.7 4 48.9(30)
3/27=1/27 153.3 100 100 13/25 —17/27 268 1
3/27—=7/27 102.3 32 1.1(6) 13/25=9/2; 201 2
_ ~ 13/2; —15/27 | 140.7 <1 3.2(11)
11/27—9/2] 376.3 100 100
11/27=7/27 171.7 1 1.3(37) 9/2; »9/2] 864.4 21 50(8)
11/27=13/27 | 1426 3 5.0(5) 9/2; —5/27 813.3 1 29.2(55)
9/2; =7/27 659.4 100 100
11/2;—9/27 499.4 100 100 9/2; —+11/2] 487.7 13 58(11)
11/27=7/27 294.5 8 3.1(5) 9/27 ~11/25 365 17
11/27—13/27 | 265.9 1 5.6(10)
11/2;-11/27 123 1 15/2; —+13/27 | 639.4 100 100
~ 15/27—+11/27 |  496.5 18 2.3(12)
5/2; =+9/27 612 3 15/25—11/27 | 373.6 71 11(2)
5/2; =+5/21 561 60 15/27+17/2 | 305 1
5/2; —1/27 457.8 100 100
5/2; =7/27 407.8 50 87(20) 13/27—9/27 | 1027.3 4 13(4)
5/2; —=3/2] 304 11 13/2; —13/27 | 795.0 24 34.8(53)
13/2;=11/27 |  650.9 100 100
9/2; =+9/27 634.9 59 19(6) 13/2;7»11/25 | 527.8 223 97(12)
9/2; —5/27 583.4 78 19(6) 13/2; —+15/27 | 331.8 10 24(9)
9/2;—7/27 429.6 100 100 13/2;7 —15/2; 155 8
9/2; —+13/27 401 3
9/25—+11/27 258.7 5 14(5) 17/2;—+13/27 | 805.5 4 94(30)
17/25=17/27 | 470.2 100 100
15/27—=13/2 | 462.1 100 100 17/25=15/27 | 3428 71 78(20)
15/27 =11/27 319.2 27 59.3(35) 17/25—+13/25 202 8
15/27=11/2; | 196.0 <1 5.5(17)
15/27 >17/27 | 1274 1 6.8(17) 19/27=17/27 | 5440 100 100
_ ~ 19/27—>15/27 | 416.9 76 83(22)
5/27 —9/2; 756 <1
5/25 =5/27 705 49
5/25 —1/2] 602 10
5/25—7/27 551.8 100 100(43)
5/25 —=3/2; 449 26
5/25 —=9/25 121 <1
3/25—+5/27 803.5 1 7.3(15)
3/2; =1/27 700.3 100 100
3/25=7/27 649 4
3/25 —=3/2] 547 15
3/25—=5/25 243 1

smaller for the fg,®f;,)’ band than for thehg®f;,  tween these different core shapes and the energy splitting
band. These observations indicate that the excited structuleetween the two sets of states is not calculated but is simply
associated with the 972 state at 323 keV cannot be ex- set to 323 keV. The agreement between the calculated and
plained in terms of the Coriolis mixing of single-particle experimental energies of thehd,®f,5,)’ bands is rather
orbitals at one deformation minimum. In addition, the low good; note, however, that similar results are obtained with a
energy of this state, 323 keV, cannot be explained in terms a§mall triaxiality (y~18°), and the quadrupole deformation
an adiabatic collective excitatige.g., or y vibration) built 3, is not as firmly established as for the lowes;,® 4>
upon a single shapén the neighboring even-even Pt iso- bands where experiment&R transition rates are available.
topes,y vibrational states appear at650 ke\). In any case, the general pattern of states and the smaller

A separate PTRM calculation performed at a deformatiormoment of inertia clearly establish a prolate or near-prolate
of B8,=0.17,y=0° is shown to the right of the dashed line (hg»®f;,)' structure with a smaller deformation than for
in the PTRM panel of Fig. 22. No mixing is included be- the lowerhg,® f4;, bands.
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Since the PTRM calculations ignore any explicit mixing lg>

between the effective cores, it is not possible at present to [i>=m(hg2)5lg> f— mo E0s—
calculate transitions between thégp® ;) and (g A>=alg>+pli> .
@f,,) configurations. However, a qualitative explanation [B>=ali>—pglg> — WEOSW

can be offered for the observed pattern @ transitions A

between the coexisting states. According to the standard in-
terpretation[38], fast EO transitions(i.e., fast enough to
compete favorably with other available decay modeguire

a mixing between the underlying coexisting configurations.
The effective core$A) and|B) are linear combinations of E
the pure configurationsi) and|g), i.e., |A)=«a|g)+ B|i)
and|B)=«ali)— B|g). The EO transition matrix element be-
tween the effective cores is determined by the mixing and

the difference in charge radi, ENG T
(BIM(EOQ)|A)=aB(il(r?)liy—(gl(r?)cg)], (@D i Boc B Ba ”hg/z”
i i o2 ; 186 187
assuming that the off-diagonal teri(r<).|g) vanishes. If Pt Au

an odd particle in a deformed orbitgl or xg is coupled to
these effective cores, then tB® transition is attenuated by ~ FIG. 23. A schematic illustration of the coupling scheme be-
the overlap of the single-particle wave functions, tween the unpaired proton and the effective cores. The underlying
core configurations contain &°) or 2 (5%) protons in theN=5
®BIM(EO QA)= BIM(EO)|AY. (2 intruder orbitals, and the effective corps ) and|B ) are linear
(Xa@BIM(EO)xa®A)=(xel xa)(BIM(EO)|A). (2 combinations of these. The dotted line indicates the adiabatic po-

. - tential energy surface constructed from the quasiparticle vacuum
. In t:eh PTR'\S. C?I_culs;l]tlolns, the bOddd prfOton rr]nalfm% OCCU- gtate at each deformation, and the solid lines indicate diabatic con-
pies thehy,; orbital In the lowest band of each of the two figurations obtained by removing the interaction between the

Conflguratlons. Co_nsequentlyz the overlap of the S_'ngle'vacuum and two-quasiparticle states involvimg, proton configu-
particle wave functiongxg|x) is large, and the core-driven | 44ions.
EO transition is not attenuated by the presence of the odd
proton. In the first excited band in théd,®f7,,)" configu-  volve noN=5 (hy, andf;.,) protons and hence is labeled as
ration, the odd proton mainly occupies thg;, orbital, but  5° The more deformed structuré Scontains a pair oN=5
the corresponding band in théd,® f7;) configuration has protons coupled to zero angular momentum. The low-spin
significant f, content as well. As a result, there is someshape change is strongly favored by the deformed neutron
mismatch between the single-particle orbitals, and consegap atN=98. A similar situation can be expected around the
quently the overlag xg|x) hinders theEQ transitions be- deformed neutron gap &=108[36,37]. The presence of
tween these states. This scenario is schematically indicatagio cores built on the diabatig)=|5°) and|i)=|5%) con-
in Fig. 23. _ . . _ figurations offers a plausible explanation to the unusual simi-
In the simplest view of partlcle—cqre coupllng models, itis Jarity of the hg)® f, bands in'®Au [17].
natural to try to associate the effective core with the physical
collective states in the neighboring even-even nuclei, and for VI. CONCLUSIONS
theser ™ 1(hg,,® ) states, thed-1 nucleus'®Pt would be
the appropriate reference. Such a simplistic approach ne- By using the experimental instrumentation and techniques
glects changes induced by the presence of the odd particldeveloped at UNISOR to search for and quantify electric
e.g., blocking and polarization effects. Shape coexistence igionopole transitions, it was demonstrated tB@tenhance-
well known in 18Pt where the ground band is identified as ament in transitions between shape coexisting configurations
prolate intruder configuration, and the coexisting normalis a common feature and that it can be used as a signature for
states are oblatgs,34]. The prolate effective core obtained nuclear shape coexistence. With the connection betviken
here for the lower liq,® f,;,) states in'8’Au corresponds transitions and nuclear shape coexistence established, a se-
well to the ground intruder configuration iff%t, but the ries of experiments on'®’Au, by means ofg decay of
less-deformed prolate core necessary to describe ige ( **'Hg™ and *®"Hg?, was initiated. Two things became imme-
of,,)’ states clearly does not correspond to the expectediately apparent: first, the spectra were exceedingly complex
coexisting oblate configuration iff%Pt. (more than 500 transitions if®’Au and hundreds of con-
The strong similarity between the two effective cores istaminating transitions from othek=187 isobars and, sec-
intriguing; in spite of similar deformations, the intrinsic con- ond, theB-decay intensity to the configurations of most in-
figurations of the lowest and the excited band structures haverest is small(e.g., <1.6% of the total EG 3" feeding
to differ structurally. A similar situation is known in the from 8Hg" to the h,,, band. In order to extract the rel-
lighter nuclei around’%Pt [39—-41], where the experimental evantphysics it became obvious that a new level of spectro-
data can be interpreted in terms of a low-spin shape coexisscopic sensitivity and completeness would be required.
ence between different shapes associated Wittb proton  Without doubt, this work representsb@nchmarkin that re-
orbitals intruding from above th&=82 spherical shell clo- gard and is one of the most complete and detailed spectro-
sure. The less-deformed structure is calculdtij43 to in-  scopic analyses of a radioactive decay sequence to date.
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Spectroscopic techniques developed by us over the yeafeund for theh,,,, family of states: the low-lying states are
[32,44] were crucial to accomplish that task. well described with a weakly deformed triaxial shape, and
Nine EO transitions were identified and observed to deex-additional states consistent with a prolate core are identified.
cite both high- and low-spin states that decay to four types o€oexisting prolate structures are identified in thg,®f,
structure identified at low energy if®’Au: positive-parity  family of states, and the underlying prolate core configura-
states based on the mixag,, ds, andds, structure(in-  tions are characterized by different occupations of khe
cluding the ground statewith spins up to 17/2 (at the ex- —g proton intruder orbitals.
citation energy of 1605 kel positive-parity states based on  The new, comprehensive, and detailed experimental data
the iy3;, structure with spins up to 17/2(at the excitation presented here for th7Au nucleus serves as a stimulus for

energy of 1381 keY, negative-parity states based on thethe development of models that explicitly include shape co-
9/2" isomeric statdT,,=2.3 9 at 120.5 keV with spins up existence in the formalism.

to 19/2° (at the excitation energy of 1233 kgVand
negative-parity states based on the I1/Bomeric state
[T1,2=4$(2) ns[21]] at 223.9 keV with spins up to 1972(at ACKNOWLEDGMENTS
the excitation energy of 1405 keV
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