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yields asymptotic cross sections which satisfy
Pomeron factorization well.
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The study of high-spin states in 189'191'193Al:l revealed that the 441/, proton-hole rotation-
aligned bands are terminated by isomeric 4§ states most probably of (7rh“/2'3)27,‘3- con-
figuration. The relatively low excitation energies of these isomers can be understood
qualitatively if the concept of blocking as used in the rotation-alignment model is modi-
fied by taking into account a reduction of the proton pairing gap energy in these odd-mass

Au nuclei.

Recent in-beam y-spectroscopy and radioac-
tive decay studies of the odd-mass Au iostopes
18719501176 revealed many interesting features.
A remarkable result of these studies is the ex-
istence of bands originating from the #,,,, proton-
hole state in 18%18% 1911951954y (Refs. 1-6) as well
as from the i, proton state in 8% ' %1Ay (Refs.
2-4). The bands originating from the 4 ,,,, pro-
ton-hole state in °%19%195Ay have been interpret-
ed by Tjém et al.! as rotation-aligned bands with-
in the framework of the rotation-alignment (RAL)
model” in which the odd nucleon is coupled to a
symmetric rotating core. Calculations® using an
axially asymmetric rotating core yielded a better
agreement with the experimental results for
these bands. The,,,, and 2, bands observed in
1871890 (Refs. 2 and 3) have been similarly inter-
preted. In order to understand the existence of
the iy, and k,,,, rotation-aligned bands in these
Au nuclei, it has been assumed, in the frame-
work of the RAL model, that they have a prolate
shape in the i, state and an oblate shape in the
I, state.* From calculations® in the framework
of the triaxial-rotor-plus—particle model, this
shape coexistence was attributed to different

asymmetry parameters y. In case of '*°Au, y
=(37+2)" for the k,,,, band and y = (23+ 2)° for the
hy, band.” These values are essentially the asym-
metry parameters of '’Hg and '*®Pt which are
considered as the core nuclei of '*®Au in the two
respective states.®

Although the low spin states of the #,,,, bands
in %19 Ay can be well understood also in the
framework of the particle-vibration coupling
model,'® the RAL model has been applied more
commonly to explain high-spin yrast states.
Therefore, this latter model has been applied
in the present work to interpret the bands ob-
served in 8% 191,193y

Prior to our study, the k,,,, proton-hole rota-
tion-aligned bands were definitely established up
to £ in M 1% 19L1985Ay (Refs. 1-3) and up to 42°
in ' Au (Ref. 1). It was the aim of the present
study to reinvestigate '® L 198Ay in order to ex-
tend the & ,,,, bands to higher spin states for the
following reason. In the Hg core nuclei %192 19Hg
10* iosmers have been observed' which are con-
sidered to have a (nk,,,,”%),,+ two-proton-hole
configuration. The upper portion of the ground-
state bands (gsb) in '**'%*Hg (Ref. 11) built on top
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of these 10* states may be interpreted as i,,,,
two-proton-hole rotation-aligned bands.'? This
interpretation derives support from the fact that
the gsb in '**'**Hg and the i ,,, neutron rotation-
aligned bands in '+ %*Hg have a very similar lev-
el structure,!' which means that the occupation
(blocking) of a 7,,,, neutron state in the odd-mass
Hg nuclei does not affect the behavior of the core
nuc'~i. However, the blocking of the completely
aligned k ,,, proton state in the odd-mass Au nu-
clei mey give rise to a level structure different
from that of the core nuclei. In analogy to the
blocking effect observed in the region of the de-
formed nuclei,” it may be expected that the aligned
hyy,, three-proton-hole states in the odd-mass

Au nuclei are shifted upwards in excitation ener-
gy with respect to that of the 10" states in the
corresponding even-mass Hg core nuclei.

In the present study of '® ' 19Au  iomeric ,,,,
three-proton-hole states of spin and parity %~
have been found to lie lower in excitation energy
than the 10* (as well as 8*) states of the Hg core
nuclei. This is an unexpected and new result and
an interpretation will be presented in this Letter.

The states of the gold isotopes %L 193Ay were
populated using (a,4n) and (o, 6n) reactions. The
isotopically enriched *'Ir (89%) and '*Ir (98%)
targets of metallic powder glued on a Mylar back-
ing were bombarded with 51- or 77-MeV «-parti-
cle beams from the Julich isochronous cyclotron
JULIC. The resulting y radiation was studied by

783.1

means of standard in-beam y spectroscopy. The
level schemes of %1919 Ay resulting from these
experiments are shown in Fig. 1. The high-spin
parts of the level schemes of "!93Au could be
considerably extended with respect to the results
obtained by Tjdm efal.® For '**Au the placement
of the levels obtained by Deleplanque ef al.? could
be confirmed in the present work except for the
location of the 125.6- and 1038.8-keV lines. How-
ever, for some states in '®Au different spin-par-
ity assignments have been derived using the re-
sults of the present y-ray angular distribution
measurements and considering the systematics
revealed from this study of '*»19%19Ay, Detailed
discussions concerning these new states will be
presented elsewhere.

In 8% 1941984y jgomeric states with half-lives
of T,,,=11, 6, and <3 ns, respectively, were
found. These isomers de-excite by stretched
quadrupole transitions into the 3~ states as de-
duced from the present y-ray angular distribu-
tion measurements. It is highly unprobable that
these transitions are of M2 multipolarity since
their transition probabilities for 8% 9L 195Ay are
about one, two, and three orders of magnitude
larger, respectively, than the Weisskopf esti-
mates for M2 transitions which have been calcu-
lated using the formula given in the Nuclear Data
Tables. These y rays in '*» 4 19Ay are consid-
ered, therefore, as E2 transitions so that the iso-
mers have been assigned as &~ states. The iso-
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merism of the &~ states in '**!9%1%Au may be
understood if these states originate from the
coupling of a h,;,, proton hole either to the 8*
states or to the 10" isomers in the core nuclei
190,192, 194o  which are considered'! to have pre-
dominantly the (Th,,,.” %)+ and (/2,5 %) 0+ config-
urations, respectively. Therefore these ¥~ iso-
mers may have fully aligned (7/,,,5” )5/~ three-
proton-hole configurations.

The %~ isomers in %% 19419y lje lower in ex-
citation energy with respect to the 4~ band heads
than the 8" states and the 10" isomers in the
neighboring even-mass Hg core nuclei.!' As
pointed out earlier, a shift to higher excitation
energies of the ¥ isomers was expected from the
blocking of the completely aligned state. The
blocking effect was used to explain the absence of
backbending in certain high-j rotation-aligned
bands of odd-mass deformed nuclei.” Stephens’
explained this observation considering that in the
framework of the RAL model the energy differ-
ence between aligned one- and three-quasiparticle
states is larger than the one between the zero-
and aligned two-quasiparticle states. This con-
clusion is based on the consideration that in an
odd-mass nucleus, in which the completely aligned
state is blocked, (i) less Coriolis energy and
(ii) 27 less angular momentum are gained by
breaking a pair than in an even-mass nucleus.
The reduction of the energy gain by these two ef-
fects was estimated to be about 1 MeV for i ;,,
neutrons assuming’ that in deformed nuclei the
pairing gap energy is approximately the same for
odd-mass and even-mass nuclei. It appears to be
necessary, however, to take into account the dif-
ference of the proton pairing gap energy for block-
ing of proton states in the transitional nuclei con-
sidered here because of the low density of proton
levels in the vicinity of the Z =82 shell closure.
An estimate of this effect using Eq. (25) of Nils-
son and Prior'® indicates that in the odd-mass Au
nuclei the proton pairing gap energy 24, may be
reduced by about 1 MeV in comparison with that
of the even-mass Hg core nuclei which is suffi-
cient at least to cancel the other two effects men-
tioned above. Consequently the rotation-aligned
(7112 *)a7/e- three-proton-hole states are expected
to appear at fairly low excitation energies, in
agreement with the experimental observation for
the ¥ isomers in %11 Au,

From the present study, it can be concluded
that in the discussion of the blocking effect it is
important to take into account the reduction of
the pairing gap energy in odd-mass nuclei rela-
tive to even-mass nuclei in order to understand,
in the framework of the RAL model, the excita-
tion energy of the (nh,,,,"%),,,,- three-proton-hole
states in the transitional nuclei 8% 191193 Ay,

We would like to acknowledge fruitful and stim-
ulating discussions with Professor A. Faessler
and Dr. H. Toki. The technical assistance given
by Mr. H. M. Jager is gratefully appreciated.

!p, 0. Tjgm, M. R. Maier, D. Benson, Jr., F.S.
Stephens, and R. M. Diamond, Nucl. Phys. A231, 397
(1974).

2M. A. Deleplanque, C. Gerschel, N. Perrin, and
V. Berg, Nucl. Phys. A249, 366 (1975); V. Berg,

R. Foucher, and A. Hbglund, Nucl. Phys. A244, 462
(1975).

3M. A. Deleplanque, C. Gerschel, M. Ishihara, N. Per-
rin, V. Berg, C. Bourgeois, M. G. Desthuilliers, J. P.
Husson, P. Kilcher, and J. Letessier, J. Phys. (Paris),
Lett. 36, 1205 (1975).

4Y. Gono, R. M. Lieder, M. Mtiller-Veggian, A. Nes-
kakis, and C. Mayer-Boricke, in Proceedings of the
Inteynational Symposium on Highly Excited States in Nu-
clei, Jilich, Fedeval Republic of Germany, 1975, edit-
ed by A. Faessler, C. Mayer-Boricke, and P. Turek,
(Kernforschungsanlage Jiilich GmbH, Jiilich, Federal
Republic of Germany, 1975), Vol. 1, p. 70.

E. F. Zganjar, J. L. Wood, R. W. Fink, L. L. Ried-
inger, C. R. Bingham, B. D. Kern, J. L. Weil, J. H.
Hamilton, A. V. Ramayya, E. H. Spejewski, R. L. Mle-
kodaj, H. K. Carter, and W. D. Schmidt-Ott, Phys.
Lett. 58B, 159 (1975).

H. Beuscher, P. Jahn, R. M. Lieder, and C. Mayer-
Boricke, Z. Phys. 247, 383 (1971).

F.s. Stephens, Rev. Mod. Phys. 47, 43 (1975).

87, Meyer-ter-Vehn, Nucl. Phys. A249, 111, 141
(1975); H. Toki and A. Faessler, Nucl. Phys. A253,

231 (1975).

%J. L. Wood, R. W. Fink, E. F. Zganjar, and J. Meyer-
ter-Vehn, Phys. Rev. C 14, 682 (1976).

10y Paar, Ch. Vieu, and J. S. Dionisio, to be pub-
lished.

YR M. Lieder, H. Beuscher, W. F. Davidson, A. Nes-
kakis, and C. Mayer-Boricke, Nucl. Phys. A248, 317
(1975). T

2¢. Flaum and D. Cline, University of Rochester Re-
port No. UR-NSRL-103, 1975 (to be published).

3S. G. Nilsson and O. Prior, K. Dan. Vidensk. Selsk.,
Mat.-Fys. Medd. 32, No. 16 (1961).

1125



