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TABLE II. Comparison of the two 2% states of Ku-
mar and Baranger with experimental results. Values
of B(E2;2%"—2*") were derived from B(E2;0"—2%), us-
ing the branching ratios of Ref. 4.

2, " 2" Expt.
184W
B(E230%—2%) 0.085 0.135 0.138
B(E2;2%—2%) 0.176 0.007 0.050
g(2*) 0.736 - 1.097 0.1
186W
B(E2;0%—2%) 0.154 0.083 0.139
B(E2;2%—2%) 0.302 0.002 0.064
g(2%) 1.053 - 1,735 1.3

which implies that its average deformation is
small. This is in contrast with **W where the
2% state is well deformed. Two-neutron-trans-
fer reactions have previously provided evidence
of the coexistence of nearly spherical and de-
formed nuclear states in regions of the periodic
table where a rapid shape transition occurs. Ex-
cited states of such small deformation have not
previously been found in permanently deformed
nuclei.

The calculations of Kumar and Baranger fit the
trend of the present data quite well. For the
tungsten isotopes, this calculation predicts a
strong coupling between the g and y bands. In
this model, this is the source of the reduced val-
ue of ¢(2%’). This strong coupling is also support-

ed by the large B(E2) values connecting the g and
y bands in *W.

tWork supported by the U. S. National Science Founda-
tion.

1. Y. Lee, J. X. Saladin, C. Baktash, J. E. Holden,
and J. O’Brien, Phys. Rev. Lett. 33, 383 (1974).

Y. Gotz, H. C. Pauli, K. Alder, and K. Junker, Nucl,
Phys. A192, 1 (1972).

3C. Baktash, J. X. Saladin, J.O’Brien, I. Y. Lee,
and J. E, Holden, Phys. Rev. C 10, 2265 (1974).

‘W, T. Milner, F. K. McGowan, R. L. Robinson,

P. H. Stelson, and R. O. Sayer, Nucl, Phys, A177, 1
(1971).

L. C. Northcliffe and R. F. Schilling, Nucl. Data,
Sect. A 7, 233 (1970).

8J. F. Ziegler and W, K. Chu, At. Nucl. Data 13, 463
(1974).

"M. W. Guidry, P. A. Butler, P, Colombani, I. Y.
Lee, D. Ward, R. M. Diamond, F. S, Stephens, E, Eich-
ler, N. R. Johnson, and R. Sturm, Nucl. Phys. A266,
228 (1976).

8F. Rosel, J. X. Saladin, and K. Alder, Comput. Phys.
Commun. 8, 35 (1974).

3. X. Saladin, J. E. Glenn, and R. J. Pryor, Phys.
Rev. 186, 1241 (1969).

Vg, T, Baker, A. Scott, T. H. Kruse, W. Hartwig,

E. Ventura, and W, Savin, Nucl. Phys. A266, 337
(19786).

K, Kumar and M. Baranger, Nucl, Phys. A122, 273
(1968).

2p, K, McGowan, W. T. Milner, R. O. Sayer, R. L.
Robinson, and P. H. Stelson, Bull. Am. Phys. Soc, 14,
1204 (1969). ’

High-Spin States in '33[r and '3Ir Nuclei: Is the Breaking of a Few Pairs of Nucleons
Responsible for the Backbending Effect in the Osmium Region?*

S. André, J, Genevey-Rivier, and J. Treherne
Institut des Sciences Nucléaives, 38044 Gvenoble, France

and

J. Jastrzebski, R. Kaczarowski, and J. Wukasiak
Department of Physics, Institute for Nucleayr Reseavch, 05-400 Swievk, Poland

(Received 1 November 1976)

High-spin levels of the rotation-aligned bands built on the %4/, subshell in 831y and ®%1r
have been populated by («, 6ny) and (a, 4ny) reactions. In ®3[r a rapid increase in the ap-
parent moment of inertia has been observed at high spins. The implication of this result
for the interpretation of backbending phenomena in even nuclei in this mass region is

discussed.

The anomalies exhibited by the nuclear moment
of inertia of many deformed nuclei at high rota-
tional velocities has been described by two com-
peting microscopic models: the Coriolis anti-

pairing’? and the rotational alignment model,®
Although the possibility that both effects contrib-
ute to the backbending phenomena cannot be ex-
cluded,? it seems now that the decisive contribu-
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tion is due to the Coriolis decoupling of one pair
of nucleons (the rotation alignment). This de-
coupling is expected for the lowest 2 orbitals or-
iginating from spherical subshells of high angular
momentum j,

Investigations of rotational bands in the neigh-
boring odd-A nuclei, where the corresponding
orbitals are blocked, have shown that the back-
bending of even nuclei in the rare-earth region is
due to the decoupling of an ¢ ,,, neutron pair®® or
to the decoupling of an %, proton pair.™ The
situation is not so clear in the transitional os-
mium region, In ®20s the backbending effect has
been attributed to the decoupling of an ¢,,,, neu-
tron pair although the Fermi surface is located in
the vicinity of =%, or to the alignment of an %,
proton pair.>® The results of Neskakis et al'*
seem to confirm the latter hypothesis: The ¢,
mixed-positive-parity band in *'Os shows back-
bending but not the &,,, decoupled band in '*'Re,
However it was noted by these authors and by
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Bernthal et al.,'? for the ®°W nucleus, that more
than one effect should perhaps be considered in
order to explain the backbending in this region.

The rotation-aligned band built on the #,,, sub-
shell has been previously identified at a rather
low excitation energy in odd-proton **®*Ir iso-
topes.® Bearing in mind the importance of the
behavior of this band for the understanding of the
backbending phenomenon in even Os and Pt nu-
clei, we have carried out an in-beam y-spectro-
scopic study'* of the *3Ir and ®5Ir isotopes.

The experiments were performed with an a-
particle beam from the Grenoble variable-energy
cyclotron, by means of the reactions ®*°Re(q,
6ny)®Ir, 'Re(a, 4ny)®%Ir, and ®*"Re(a, bny)*°Ir,
The projectile energies used were 72 and 80 MeV
for an («, 6r) reaction and ranged from 41 to 56
MeV for the (@, 4n) reaction, Figure 1 shows the
partial level schemes established on the basis of
the excitation functions, angular distribution of
the y rays, and y-y time-coincidence spectra.
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FIG. 1. Partial level schemes for 83Ir and ®5r,
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The *°Ir nucleus.—The spin of the ground state
has been established™ as 2 and interpreted as the
lowest member of the rotational band built on the
$7(541) Nilsson state, Recently the low-spin lev-
els have been studied by the radioactive decay of
185pt, 1% In our study, the assignment of y transi-
tions to ®Ir was made on the basis of the excita-
tion functions in the (a, 4n) reaction. Negative-
parity levels with energies up to 3.5 MeV and
spins up to & were observed (cf. Fig. 1), They
can be interpreted as a part of the system of ro-
tational levels built on the deformed orbitals or-
iginating from the #,,, and f,,, spherical subshells,
strongly coupled by the Coriolis interaction,!”

The **Ir nucleus.—The system of the rotational
levels connected by the stretched E2 transitions
observed in ®%Ir is interpreted as the decoupled
rotational band built on the $7(541) proton state,
as in the 857 1®]r jsotopes. According to the Nils-
son scheme, the following single-particle states
are expected for Z =77: £7%(402), 27(514), and
37(541). Comparison of the rotational bands built
on these states can be found, e.g., in Ref, 11-
(*®'Re); and one can easily see that only the band
built on the 37(541) state is similar to that ob-
served in ®%Ir,

This interpretation can be further supported by
the striking regularity of the dependence of [E(I
+2) =E(D]/|[E(I-j +2) =E(I~j)] versus the mass
number A for the %,,, bands in the odd-A Ir iso-
topes (Fig. 2) where the values in the denomina-
tor are taken for the even Os core. Therefore,
one can expect that the lowest level of this band
has the spin and parity value of £~ as in the *¥"[r
and ®Ir isotopes.

To our knowledge, no data on the excited levels
in ¥%[r were available prior to our study. The
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FIG. 2. Systematics of the ratio of the energies of
the E2 transitions in the 3 (541) rotational band to the
corresponding E2 transitions in the even osmium core.

decay of this isotope to ¥**0s was investigated re-
cently' and spin £ with the Nilsson quantum num-
bers % *(402) was proposed for the ground state.
However, the strong direct feeding of the well-
established £~ state belonging to the K =% band in
830s suggests a low-Kvalue (4 or 3) and spin be-
tween £ and 4} for the ground state of the parent
isotope. These facts are in agreement with the
assumption that the £~ state of the $7(541) rota-
tional band observed in the present work is the
ground state of the ®*°Ir nucleus.

Comparison between values of the inertial pa-
rameter #2/2J, simply deduced from the energy
difference E,,, —E,,,, shows that **Ir appears to
be the most deformed iridium isotope. For %r
this parameter is comparable to the one observed
in ¥7Ir,

The backbending behaviorvs.—The plots of 2J/
7% vs B%w? for the rotational bands observed in
183y and ®Ir (this work), in ¥21%40g (Ref. 11),
and #4%pt (Refs. 19, 20) are shown in Fig, 3.
To obtain the rotational frequency w and the mo-
ment of inertia J, the following formulas were
used'®:

2J 41+ 6
r2 E(I+2)-E)’

For the decoupled bands in the Ir isotopes the
angular momentum I was replaced by I-j, where
j is the angular momentum of the subshell. This
approach, suggested by the rotational alignment
model, is a good approximation even if the de-

Bt =P+ 31+3) (2
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FIG. 3. Moment of inertia as a function of the square
of the rotational angular velocity for '83:1851p 182.184gg
and 184-186py
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coupling is not complete.

The clearly seen upbending of the ground-state
band in ®*%Ir is—as far as we know—the first case
of this effect observed for the rotational band
built on a $7(541) proton orbital. Thus, the back-
bending of the core is not hindered by the blocking
of the © = member of the &,,, proton subshell,
which suggests that the backbending in 20s is
not due to the k,,, protons only.

The similarity of the backbending behaviors, on
the one hand between '®*20s and '®*3Ir, on the other
hand between '#¢Os and ®5Ir, is very striking, In
¥2Qg, the critical angular momentum is I=10,
the same as the critical value of I—-j for *°Ir,
with similar rotational frequencies (#%w?=0.072
and 0.078, respectively). In contrast, in '®4Os the
critical angular momentum is 7=14 at #%w?=0.13,
and the g, band in *Ir does not show any back-
bending up to [ —j=14 and #*°w?=0.15 (our attempts
to find the 4~ -3I" transition were unsuccessful).
The difference in behavior of ®3Ir and ®Ir sup-
ports the assumption that more than one orbital
should be considered in order to explain the back-
bending effect in the osmium region, One can ex-
pect that the greatest contribution arises from the
states whose rotational bands show this effect at
the highest values of the rotational frequency.

The states which do not contribute, such as
37(521), p,/, and £7(514), f,,, in *'Os, and £(402),
ds,, and £°(514), h,,,, in '*'Re (see Ref. 9), have
critical #%w? values (0.05, 0,08, 0.07, and 0.075,
respectively) of the same order as the ground-
state band in '*20s (0.072). On the contrary, high
critical values are observed for the orbitals aris-
ing from (k,,,), [#*w?=0.15 in *°Ir, 20,12 in
®1Re] and (i,,,,), (B*w?=0.15 in '*°0s). There-
fore, it seems justified to assume (1) that none

of the orbitals near the Fermi energy contributes
uniquely to the backbending in the osmium re-
gion; (2) that the major contributions arise from
the (k,,,), and probably from the (,,,,), subshells;
and (3) that the contribution of these different
subshells strongly depends on the deformation
and/or on their location relative to the Fermi
level,

The hypothesis of a simultaneous breaking of a
few nucleon pairs needs, of course, further ver-
ification, The observation, or not, of the back-
bending in the (ky,,), +(7,5/,), band in the odd-odd
84y nucleus could be a good test of this hypoth-
esis.
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