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Lawrence Berkeley Laboratory
University of California ,
Berkeley, California 94720

March 1974
Abstract
_ The 191,193,195, nuclei have been studied by means of the
(a,knY) and (Li,xnY) reactions. A decoupled band built on the h orbital

11/2

has been identified in all three nuclei. Also a consideréble number of lower-

and intermediate;spin levels based on this_orbital have’beoo observed and compared
with the expectations from a simple rotation-aligned ooupiipg scheme. TIsomeric
states were also observed in these three gold nuclei, haQing an energy of about -
2 MeV and probaole.spin 21/2+. This state is most likely Aue to a ooupliné of
.the aligned h hole Qith the 5 states observed in rhe nearby even Pt, Hg,

11/2

and Pb nuclei. The nature of these 5 states is discuSsod.'

TWork performed under the auspices of the U. S. Atomic Energy Commission.
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190,19208(Li,an), ELi-= 5O' 57, 58 MeV;
. . /

Ir(o,xny) Ea = 26, 29, 42 MeV; measured relative gamma

‘Nuclear Reactions

191,193

intensities, coincidences, angular anisotropies; deduced levels, J, T.

Enriched targets; Ge(Li) detectors.

o
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l. Introduction v

A number of experimental studies have established the existence of
decoupled bands in nuclei; these bands have been rather_unambiguously identified
in the neutron-deficient La and rare-earth nuclei, in thé Hg region, and probably also in
the Sc, Se, and Pd regionsl). In this paper we will répbft on results.from a

191,193,135, nuclei.

study of the
. - -2
In the Au nuclei a low-lying 11/2 state is known ), which at first
might be thought to be the Q = 11/2- Nilsson state, indicating a prolate

deformation for these nuclei. Recent results show, however, that the nuclei in

s ' , : 3-6 . A .
this mass region are oblate ), and if this is the case also for the Au nuclei,

the { = 1/2 Nilsson orbital is closest to the Fermi surfacé and, within the
context of the stroné—coupling model, cannot explain the existence of the known
low-1lying 11/2- sfétes. However, the model of a particle coupled toba rapidly-
rotating non-spherical core 1.6 ) is consistent wiﬁh thé'li/Z- aséignment and‘with
the observed bénd_built on this state. The aim of the.présent study wés to test
insofar és possiblé the adéquacy of such a rotation—aligngd:model for the negative-

parity levels of this nucleus.
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‘2. Experimental Method

191,193,195
Au

14

Several reactions have been used to populate states in
i.e., Ir(o,xnyY)Au with 26, 29, and 42 MeV 0 beams and Oe(?Li,an)Au with 50 and
' 58.MeV 7Li beams;Q The targetsbwere mounted on thin Al baékings and were enriched
in lglIr, 193Ir, ;9005 and l9205. The Berkeley 88" eycietron p:ovided the alpha
-and 7Li beams. The gamma-ray spectra were detected with one or two 8 cm3 planar
and one 30 cm3 coaxial Ge(Li) detectors. The singlee gemma-ray spectra were
recorded both in-beam and off-beam, which make it possible to distinguish between
prompt transitions and ones which are delayed by S 3 nsec; The angular
anisotropies were measured with the detectors at 30° and 90° for the a reactions,
and at 45° and §0°>for the Li reactions. Gamma¥gamma cbiﬁcidence measurements

were performed with both detectors at 90° relative to the beam direction. The

4-dimensional coincidence system used in this work is described in ref. '). The

177m 52m

. c e . 1
relative efficiency of the counters was measured with Lu and Eu sources.
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3. Experimental Results

Examples of the singles gamma-ray spectra are illustrated in figs. 1-3.

The gémﬁa—ray energies, the relative intensities normalized‘to 100 for the
15/2~ > 11/2— transitions, the angular anisotropies, and thé_tfansition assignmments
m#de previously ahd from this work 4re listed in Tables 1-3.

| A characteristic feature of the spectra, above én energy of 300 kevV,
is that very few strong transitions are observed. In the enérgy region around
400 keV all spectra show one étrong gamma line, and a fél;tively strong
line is also observed in the 700 keV energy region.

Figure 4 shows typical coincidence spectra, for

191,193,195

Au nuclei, with the gate set on the ™ 400 kev gémma transition.
In these spectra the contribution from the background has been subtracted. 'The

level schemes shown in fig. 5 are all consistent with the measured coincidence

spectra.

3.1. THE'lgSAu NUCLEUS

o 195
The 195Au nucleus has previously been studied2'8) from the decay of 9 Hg
195m - ' S8, L .
and of Hg. The level scheme proposed by J. Frana et al. ) is in

good agreement with that given in fig. 5.

As seen from fig. 1 the 388 keV and 718 keV transitions have relatively high
intensity. The coincidence measuremehts show that they a:e.ihvcoincidence with -
each other and their angular anisotropies are in agreementlﬁi£hkstretched E2
assignments. The 388 keV gamma line hés also been obserQed earlier2'8 ) and

assigned as the 15/2_ -+ 11/2— transition. The evidence is therefore strong for
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a'l9/2_ - 15/2— aséignment for the 718.5 keV transition. These two transitions
éré the only‘ones'observed in the decoupled band built on the 11/2 state.

The delayed gamma-gamma coincidence spectra show that the 19/2  state is
fed from an isomeric staﬁe, at an excitation energy of 1813 kev, by a 388 kev
‘transition which is not resolved from the 15/2° - ‘11727 ohé, ‘The lifetime of
the isamer is found to be 8*2 ns. The 167 keVv transitionvand éart of tﬁe 207 kev
one (see fig. 4) precede this delay,.but are not in coincidence with each'other.
The level scheme above 1813 keV is not yet vefy clear.

As pointed out above, the favored band (I = j; j +. 2, j + 4, ...) is
strongly populated, buﬁ transitions in the unfavored band (I =3+1, j+ 3,

j + 5, ...) are alsb.observed, where j is 11/2 in this casé._vThe transitions

of the type I + 1 > I can be mixed M1 + E2 fransitions. in':otational nuclei it

is well known that the sign of the mixing ratio, 6 = <leals + 1>/<zlmills + 1>, for
such‘a transition is the same as the sign of (gK —-qR)/QO, where I ié the single-
particle gyromagnetic‘moment. Nakais) has shown that for high—spin states the

sign of (gK - gR) is ﬁhe same as that of (gj - gR) and is knbwn.from systematics, so that
the sign of Qo is determined from the sign of §. For the Ir+ 1 > I transitions

theISign of § is usually the same as the sign of A2, whéfé A, is a coefficient

in the general expression for the angular distribution of a gamma ray:

W) =1+nA1 Pz(cose) + A

) P4(cosﬁ) + ce. . : (1)

4

The 7/2“, 9/2-, and l3/2f states have previously been assigned to the
energy levels 526, 894, and 879 keV, respectively. The obsérVed transition energies
and coincidence data are in agreement with the level scheme’giVen in ref. 8),

but the A2 coefficients for the I + 1 *+ I transitions (369 and 561 keV) are
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opposite to the rule given above. The A2 coefficients, calculated under the
assumption that A4 = 0, for the 369, 561, and 576 keV transitions are all positive.
For the rotation-aligned coupling scheme one can show that the above rule is

reversed for the I + 1 + I transitions, so that the sign of A_ should be opposite

2

to that of (gj - gR)/Qo for all transitions from the unfavored band to the
decoupled band. Thus, for these odd-proton nuclei (gi - QR) is positive and Qo
in this region is likely to be negative, so that positive Aégvalues are expected.

Therefore, it happens that the A, coefficients have the same‘sign and are of the

2
same order as for a stretchéd E2 transition. This makes theif unambiguous
identification difficﬁlt in these gold nuclei, but the resﬁlts are consistent
wiﬁh'the previous spin assignments in all cases. |

'The 660 keV transition is in ;oincidence with the 15/2° - 11/2_ transition.
The angular anisotropy is similar to fhe 9/2- - 7/2— and 13/2_,+ 11/2_. Since
no decaf to any lower spin states could be observed, it is probable that_the 660 kev
line depopulates a 17/2  state at an excitation energy of 1366-kev. This is

195mHg

consistent with the absence of population to this state in_thé decay of
(I =_13/2). Also, the fact that we see appreciable population to the 1405 keV state makes
its spin most likely to be the highest of the previously possible choices (15/2).
The tranéitiohs between the positive-parity states upro the 819 k;V
‘level have all been observeds) in the decay of 195mHg. Thé 557 keVv transition
was tentatively placed in.the previous level scheme, and iéﬂcéﬁfirmed in these
measurements. From.the coincidence data and the angular aniéotropy, the 557 kev
gamma line is assigﬁed as»the 9/2+ -+ 5/2+ transition. The 672'keV transition‘is

in coincidence with the 557 keV transition and defines a leVel at 1490 keV, whose

' s . . +
properties ‘are consistent with a spin of 13/2 .
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3.2. THE 193Au NUCLEUS L \

The 193Hg decay leading to 193Au has been‘wellistﬁdiedz’g), and an 11/2
state of 290 keVv ﬁas been identified. As was the case.in 195Au the strongest
transitions obéerved are associated with the favored band built on the 11,2~ v .
state. 1In 193Au,- three
transitions, 408, 721, and 755 keV were observed in coiﬁcidence, instead of only
two transitions as with l?SAu.
This lack of population in 195Au may be connected with ﬁﬁe
lower energyvof the isomeric stateras discussed later. The angular anisotropies
are in aQreement with stretched E2 assignments for all three transitions. We
consider these to be transitions in the band built on the 11/2_ state with spins
15/2’, 19/27, and 23/2" as shown in fig. 5. The energy spacings 15/2~ = 11/2  and
19/2— - 15/2- are very similar to those observed in lgsAg.f There is a 205 keV
trénsition in coincidence with all three of these lines, so that it must precede
this cascade. Its intensity in the 58 MeV Li reaction is iarger than that of the
755 keV transition, but;there is élso a contribution to this line from the Coulomb
excitation of l9205. The 2379 keV level
could be the 27/2— member of the.decoupied band, but there_ié not yet much evidence
to support this.

The 19/2- state in 193Au at an excitation energy of 1419 keV is also fed
by a transition of 529 keV from an isomer at an excitation energy of 1948 kev.
The lifetime of-the isomer is 12*2 ns. In this cése there is also observed a
1250 keV gamma line which follows the isomeric delay and. is in coineidence with

the 408 keV line. This must be a transition between the isomer and the 15/2°

state. Preceding this isomer are transitions of energy 133 and 194 keV, which
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are not in coincidence with each éther. This.is qguite similar to 195Au, but
there is not enoﬁgh‘information in either case to construcﬁ a reliable level
scheme above the isomer.

We can make an estimate ofvthe spin and parityipf the 1948 keV isomeric
state as follows. The decay to the 15/2 state rules ogtbspins higher than 21/2
due to the nsec lifetime of the isomer. On the other hand, the absence of strong
decay to the 17/2_ state at 1374 keV makes a 19/2 assignment unlikely. Thus,
. 21/2 seems most consistent for the spin, and positive parity is then indicated,
since the lifetime for decay to the 15/2_ state is shorte;ﬁthan expected fér a M3
transition. The angular distribution of the 529 keV line is consistent with-é
stﬁetched dipoie with somelattenuation due to the 12 nsec lifetime; whereas it Qouid
not be for a I * I ‘dipole. This supports the above assignment.

The unfavored levels (j +.1, j + 3, ...) aré aléO'observed in 193Au.

The spin assignments for 13/2" and 9/2_ are in agreement with ref. 9). The
17/2_ state is placed at an excitation energy of 1374 kev from the coincidence

data and arguments similar to those made for 195Au. Thé'A2 coefficients calculatéd

from the angular anisotropy, under the assumption that A4 = 0, are positive for

. ‘o 195 . .
the mixed M1 + E2 transitions as was the case for Au. The transition energies

for the unfavofed band are very similar in 193Au and lg?Au,'
Previously there was no positive-parity state known in 193Au with

excitation energy higher than 258 keV (5/2+). From the coincidence measurements

. .. 195 + + + 0 ‘
and a comparison with Au, the 7/2 , 9/2 , and 13/2 levels have been placed
at excitation eﬁergies'of 539.3 kev, 809.2 keV, and 1479 keV, respectively. The

+ + + + + + .

13/2 -»9/2, 9/2 > 5/2 , and 7/2 = 3/2 transitions all have an angular

anisotropy which is in general agreement with a stretched E2 assignment. The

7/2+ > 5/2+ transition has a negative A2 value which is reasonable for a mixed

M1l + E2 transition.
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3.3. THE lglAu NUCLEUS

No attempt was made td construct a camplete levél scheme for this nucleus.
The transitions of 420 kev, 725 keV, and 775 keV are in coincidence with each
other, and the angular anisotropies are in agreement with stretched E2 assignments.
Comparison with the 193Au and 195Au level schemes strongly suggests that these
gamma rays are from the favorgd bahd built on the 11/2# state. The out-of-beam
spectra show that the 579;3 keV gamma ray arises from an isomeric state with a
half life of 10*2 ns. | |

The 191Au nucleus has also been studied from the:decay of lngg, ref. 10).
In -this work the.15/2_ > 11/2- transition was observed, as.well as.transifions
between the levels with spins 7/2, 9/27, and 13/2", These transitions are also
observed in our singles spectra but we have not made thé relevant coincidence

195,193

measurements. From the analogy with Au, these assignments are probably

correct. In the decay worklo) a level at 540 keV is also observed which has

193Au and 195Au no analogous

tentatively been assigned as 11/2- or 13/2°. 1In
energy level has been observed in the present, nor in ahy previous, work. We
do not observe this state in 191Au, but a weak population cannot be excluded.

Since such a level is not expected at this energy on the basis of the rotation-

aligned scheme, it would be important to establish its existence or non-existence.
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4. Discussion

In the 191,193,195

Au nuclei the favored bands are wéll established.
Figure 6 shows‘fhé_bands in comparison with the correséoﬁding bands in doubly-
even Pt and Hg nﬁclei. As seen from the figure, the 11/2_ > 15/2f energy spacings
are very close to the 0+ -> 2+ energy spacing in the Hg isotopes, whereas the
Of > 2+ energy spacihg in the Pt isotopes are somew£at smaller. For the higher'
spins, the agreemeht between the energy SPacings is also ﬁqch better for Au and Hg
than for Au and Pt. In the Pt iéotopes, thevnumberbof émpty levels available to
the proton pairs is two ratper than one, as it is for Hg aﬁd Au. . This‘might-be
the reason for the greater similarity of the energy spacinés in Au and Hg;

Apart from the decoupled band levels having spins 7/2_, 9/2_, 13/2-; and
17/2—, are observed at excitation energies which do not aiffer more thén 20 keVv

for 1?3au and 1%°au. From the study of the decay of lglﬂg: 7/2°, 9/2°, and 13/2°

levels are also observed in lglAu at about the same excitétibn energy as in the
other Au nuclei. Since these three Au nuclei are so similé?, a camparison between
the observed and calculated energy levels is only made for one case and this is
shown for 195Au in fig. 7.

The calculation, similar to those previously made, is based on a particle-
plus-rotor model, using a perfect (rigid) rotor Hamiltoniéﬁlfor thé core. Thus,
it does not include the possibility of asymmetric shapes; éﬁépe changes, vibrations,
or large individual 2-gp components. All of these effeéts might be expeéted to
occur in the Au region, so that the calculations in fig. 7 should only be
considered as a fifst approximation. The calculation has no parameters. The
ﬁ2/2€¥ and B values were derived from the average 2+ energy in l94Pt and 196Hg
according to expressions given in ref. 1). This is about.the same resulf éne

' +
would get by basing these quantities on an average h2/2%’ value from the 2 and

4+ states in 196Hg.
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Even with this relatively crude calculation the agreement between the
expérimental reéults aﬁd the calculation is rathér convincing. The decoupled-
band members (11/2, 15/2, and l9/2ivref1ect the core ehergies, and would be
improved by using core spacings more realistic than-ﬁhqse of the rigid
rotor, as can‘be seen in fig. 6. The 7/2 and 3/2 states are approximate members
of this band, bgt since I < j in these cases, they are ﬁore accurately given as
K = 7/2 and 3/2 states (ref; l)), whére K is the projection of I on j. This
is the first timé.such low-séin states have been seen associated with a decoupled
| band, and their qualitative agreement with the calcplatién-suggests that the.
rotation-aligned coﬁpling schemevmay apply to low-spin,.asvwell as high-spin,
states. The 13/2 and 17/2 states are members of the o = j -1 = 9/2 band
(sometimes called the unfavored band), and the fact that this band lies
considerably lower than calculated can be caused by non;axial shapes. Such
shapes are likely to be important in the gold region as indicated by the low-
lying second 2+'states in the even-even Pt and Hg nuclei. _The 9/2 state is an
approximate member of this bahd, but is more accurately répresented by ak = 7/2
wave function. Thevsecond 11/2 and 15/2 states would belong to the a = 7/2 band,
and the second‘13/2.state to the o = 5/2 band. Figure 7 shows all the experimental
negative-parity states below 1.25 MeV, and all the calculated ones below 2.3 MeV.
The significant features of the comparison seem to us to:be a) the agreement in
energy of the decouplea band and of the 6 or 8 lowest-énéigy states, and b) the
occurrence, in general, of the correct states in the energy region shéwn.
Calculations inclgaing shape asymmetry have been madell),fand seem to provide a
major improvement over the comparison in fig. 7.

These gold nuclei illustrate rather clearly that a weak-coupling scheme

is not appropriate. All members that would come from thé’multiplet based on the
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- .1
lowest 2+ core state are seen in 95

au (7727, 526; 15/27, 706; 13727, 879; 9727, 894;
and 11/2-, 1280), and their splitting is considerably larger thanithe core 2+ to :
0+ separation, and comparable with the 4+ to 2+ spacing. Thus, even though the
decoupled band»closely approximates the Hg core energié§; a weak-coupling
explanation of these levelsvcould not be very accurate.

In the odd Hg nuclei a negative-parity band with S§ins 21/2-, 25/2-, and
29/2  has been observedlz). The interpretation which has been given is ﬁhat
these states are bésed mainly on an il3/2 neutron coupled to the negative-parity
5-, 7-, and 9 states, which occur systematically in the doubly-even Pt, Hg, and
Pb nuclei in this region. If the 5 -state configuration‘is primarily such a
two—geutron statg involving an_.ilB/2 neutron with maximum élignment along the
direction of I(a = 13/2), the Pauli exclusion principle would require that the
addition of another i13/2 neutron in the odd-mass case couid have a maximum
projection along I of only 11/2 (0 = 11/2), so that the total spin in the Hg

. nuclei would indeed be 21/2, [(V113/2, vp3/2)5—,'v113/2]21/2-, rather than 23/2,
in agreement with experiment. With the Au isotopes, the>isqmeric levels observed
have tentatively been given the assignment 21/2" which could be based on the

hll/z‘proton coupled to the Si state. Again the configuration of the 5 state is -

probably mainly the two-neutron one [113/2, p3/2]5-, rather than the two-proton

11/2' S17215” o
possible spin of 21/2 is obtained. That is, the conflgurat;on [(V113/2, vp3/2)5f,

one [h which is also possible, because in this case the maximum

+ gives spin 21/2 rather than the value 19/2 which would be

™y1/2Y21/2 _

. — s 3 q ' "n’ —-—
expected o for the three pro#on conflgurathn [(ﬂhll/z, 51/2)5 ’
ﬂh11/2]19/2+' It could be that the composition of the 5 state changes with

neutron or proton number in this region, and the odd-A bands based on it provide

an excellent means'to detect such a change.
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The nature of the band built on the 5 level in the doubly-even nuclei
is interesting. The energy spacings, both the small sépar%tions and the
irreqularities, suggest considerable two-particle character; whereas the B(Ez)
values (~ 30 spu,’like the ground-state band) show some éoilective character.
Collective 5 states might be expected in this almost-fuil shell region from the
] and ([7h

configurations [Vi Ts. .1 much like the collective

Y
13/2" “P3/2 1172 "S1/2
octupole, 3-, states could be expected in the nearly—eﬁptyvshell region from
[V;l3/2' vf7/2] and [“hll/z' md /2]. This should be a genéral feature of these
shells. 1If one further considers that the nucleon—nucleoﬁ-force is attractive
in the singlet-even state for like particles, then one should expect that the
lowest~lying states from the various two-particle configurations should have the
particles in the singlet state, and should also have maximum overlap of the
spatial wave functions. This results in the states of natural parity lying lowest.
‘In the present case, this means the states of odd spin.t One then expects the
following lowest-lying states, in order of increasing energy for each multiplet;
for neutrons; 5, 7 from [113/2, 93/2], 7 from [113/2, P1/2]' 9, 7 , and. 5
from [113/2, f5/2]; for protons; 5 from [h11/2' sl/zll-7 , 5 from [h11/2’ d3/2].
If one considers mixing these states, and also allowing”the core states to couple
with them and admix, then the observed levels seem plausibie. However, a_convincing
calculation has not yet been made.
s N ’ .. 193 . .

In this connection the 1250 keVv E3 transition in- Au is interesting.

No analogous transition is seen from any 5 state in this region nor from the

(5, i '13/2 012" States in the odd-A Hg nuclei. Neverthelesé, the experhnental

'ev1dence plac1ng the 1250 keV line between the 1948 keV. isomeric state and the

698 keVv 15/2 state is excellent, and the spin and lnterpretatlon of the 1948 keVv
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- the 21/2+ level in 195Au relative to
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isomer seem rather convincing to us. Two facts may be relevant to the solution

of this puzzle. First the B(E1) values are_considerablY~$maller in these gold

nuclei than in the even or odd Hg nuclei, and are somewhat smaller for 193Au than

191 195

for ~ " Au and Au. This would favor E3 competitioh in this particular case.

‘Also in the Au nuclei, the stretched nature of the isomer, 5 -+ 11727 -+ 21/2%,

wiil presumabif.restrict cOnsidérably the proton:contribution to the 5 component,
sinée,the alignéd 11/2 configﬁré£ion:is bioeked by the‘ddd_particle;' Thisrmight
have a éfeatér effect on the various transition probabi}iéies than on the energies.
Tﬁe 1250 keV E3 transition is enhanced ™~ 5 times oﬁer thé'WeiSkopf estimate, é
value which seems somewhat pléuéible in terms'of the prbposed st:uéture‘of ﬁhis
étate, | |
Two 6thér.§omments’Shouidvbfobably be made abqﬁfifﬁése 21/2+ igcmers.v.

Firsﬁ, fhere are low-energy transitions K“‘iSO'keV)'preéééding the isomers, so
that bands of the type seen in theé even and odd'Hgvisotépeé"probably exist. Our
Aata, however, do not allow us to propose a éufficientiy'reliab1e structure.
Sécond, the absenée of any evidence for the'23/2_ decoupled—band member ih 195Au
is very likely connected with preferential decay from.highéspin states into the
21/2+'band rather’than into the decoupled band. The “”iSOJkeV lower energy of
191;193Au could e;éily;be enough to cause
this shift in popu;gtibn.

| Finally, it shéuia 5e pointed out that fﬁere also'appeér to be some simple 
structural effecté in the low4lying'éven-parity statés iﬁvl Au and 195Au."
Héwever,-ﬁhe interfretation of’thése.stateé probably rqui}és consideration of

)

more than one j-shell (sl/2 and d3/2), so that we have not undertaken it here.
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5. Conclusions

The odd-mass gold nuclei‘prOVide an excellent example of the states resulting -

from coupling an-hll/é proton hole to the (oblaté) eveh”gqge states. The
decoupled band is observed up'td séin 23/2, and in addi#ign a.variety of other
states betwéen‘i'= 3/2 and 17/2 are.kndwh. ”Thé.rgsul£; a£eiin Qualitative
vagreemént with,the'expectations based on a‘simp;e, axiéliy—symﬁet;ic'particle-
- plus-rotor modél.k The inclusion of axiél-asymmefry Caﬁ.éoﬂsiderably improve
thié agfeement,.but the present |
caiculaﬁions hé§e>notvincldded'this feature. These géid nuclei probably offer
thé-most detailédvédmpériSOQ yet.available_between'expérimenf and calculations
of this type. |

- Two other k;nds 6f leveléfare seeﬁ in»thése golq nuclei. Isomeric
.statesvwith prbbéﬁle séins.éf 21/2+>a:e séen in all thrég'huclei, and probably
result from the #11/2 g;ot@n hole céqpled with the well-knoyn qore 5" states.
v whiie a_plausib;e.strﬁctu;e_existé for these 5. statés,:a number of qﬁeﬁplained
feétures‘fgmaiﬂf In;addition; there are,systematically Qécgrring bands based '
on the ;ow—lying‘pbsiti§e—parity lévels in these éold ﬁﬁcigi. These states are
very ;ikely baséd on £he 51)2 andvd3/2 orbitals, but thé.gpéroprigte two-shell

calculations are not available for comparison.
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526.3 17.8 0.97
549.8  17.1 1.26
556.8 15.8 1.31
560.7 21.8 1.08

576.1 3.1 1.35
659.5 14.2 0.95
671.7 6 ~1

718.5 36.1 1.28

11/27,13/2 ,15/2° + 13/2°

sy2t, 772" > 32"

9/2" » 11/2°

Table 1. .Trahsitions in lgSAu.
Energy 1931r + 26 MeV O Assignment -
kev 90° 30°/90° Previous ' Present
167.0> 6.2 2.15
180.2 5.7 0.87 372 » 172"
200.4 6.8 2.33 5727 » 12"
207.2'® 21,1 1.00 ¢ 7727 » 11727
261.9 178.9 0.87 5,27 » 3,2" |
288.0 4.5 o0.95 572, 772" > 5.2F 7724 > 5/.2%
368.6 5.9 1.06 972" +» 772"
388. 100.0 1.15  11/2” 15727 > 11/2° 15727 » 11727, 21/2" » 15727
439.8  13.2 0.73
442.1 9.3 0.45

(1572 » 13/27)
7727 > 3,27
9727 » 5,2%
13727 + 11/2°

(1772 > 15/27)
T +

(13/2" + 9/27)

19/2‘ + 1572

+ .
aPrecedes 21/2 isomer.

bDoﬁble.




193

™

bIncludes a cantribution.

from 192

Os Coulomb excitation.

Table 2. Transitions in Au.
Energy  12%0s + 58 Mev'Ii O Ir + 26 Mev a Assignment
keV 90° ’ 45° /90° 90° 30°/90° - Previous " Present
- 133.° 14.1  1.37 |
186.6 | 10.9 0.74 (3/2%, 172" > 12
193.5° 30.1  1.08 - |
205.2b 72.8 1.11
218.1 30.7  1.03 772" - 1172
219.9 11.6  1.03 572t » 172"
258.1 38.1  0.97 . 288.7  0.87 52t > 372"
281.5 6.4  1.06 10.4  0.77 772t + 5/2*
382.2 . 44.9 1.66 972" » 772" .
407.8 100.0  1.16 100.0  1.41 15/2" + 11/2” S
528.7 33,9  0.80 22.9 0.94 (21/72% + 19/27)
535.7 14.3 1.19 . (15/2° > 13/2")
539.3 20.1  1.24 7727+ 3,27
551.2 17.2 1.19 a2t » 5,2%
s73.6 34.2 1.43 (11727, 13727 + 11/27) 13727 » 11727
© 600.9 © 10.4  1.04 ~8 ~1.7 C92” 11727
669.8 10.7  1.77 13.5  1.23 | 13724 > 972*
675.7 . | 6.8  1.49 (17/2” + 15/27)
721.2 77.8  1.20 41.3 1.17 19/2° + 15/2°
754.5 32.5 1.27 23/2° » 19/2°
1250.1 ~ 10 (21727 > 15/27) E
' o
%precedes 21/2+visomer. )
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Table 3. Transitions in 'lglAu._

' 190 7 . : )
Energy Os + 57 MeV Li Assignment

keVv 90° 45/90° Previous Present
419.9 100.0 1.15 15/2- > 11/2-
579.3 59.6 0.96 (21727 » 19/27)
725.5 56.4 1.48 1972 » 15/2°
775.2 20.0 1.26 23/2° + 19/2°
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Figure Cagfions

Fig. 1. In-beam gamma-ray spectra of the 193Ir(a,2nY);9§Au reaction taken with

an 8 cm’ planar Ge(Li) detector placed at 30° and 90° to the beam axis.

19

Fig. 2. In- and off-beam gamma-ray spectra of the llr(a,Zny)193Au reaction taken

with an 8 Cm3 planar Ge(Li) detector placed at 90° té the beam axis.

Fig. 3. In-beam gamma-ray spectrum of the 19

0Os(7Li,6ny)191_Au reaction taken with
an 8 cm3 planar Ge(Li) detector placed at 45° to the beam axis.

Fig. 4. Gamma-ray coincidence spectra for 191'193'195Aﬁ with the gates set at 408,

388, and 420 keV.

191 193 95

Fig. 5. The de¢ay schemes for Au, Au, and 1 Au. Thé widths of the arrows

indicate the relative intensities of the transitions féllowingvthe (a,2nY)
reaction for 193Au and 195Au.and the (Li,én) reactiqh for 12au.

Fig. 6. The bands based on the 11/2- state in the odd—mass'Au nuclei compared
to the ground-state bands in the adjacent Hg and Pt ﬁuqiei.

Fig. 7. A comparison of the observed negative-pétity levelé in 195Au with those

calculated from a particle-plus-symmetric-rotor model. The heavy, dashed

lines indicate levels not observed in this work, but taken from ref. ).
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