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the former process and the k dependence of the
scattering matrix element (for either exciton-ex-
citon or exciton-trap scattering) favors the latter.

Finally, when we pump the exciton-phonon (e-P)
state at E„+107cm ', excitons are not selective-
ly prepared in a narrow band of k since emission
is observed for excitons at k~0 and h-0. 8(n/c) in
&10 ' sec. This shows that the e ps-tate does
not simply decay into two particles, but goes
through intermediate states, probably a band of
e-rn states, and thereby loses phase information.

In conclusion, we have proposed a scheme of
resonant optical pumping and monochromatic flu-
orescence detection to measure the total loss of
phase memory for excitations in solids. It has
been possible to show that in the very narrow
~T, ei exciton band in MnF„ total phase memory
is lost rather slowly. The techniques reported
here may be extended to nonmagnetic crystals
where a phonon would be needed to provide mo-

mentum conservation in two-particle processes.
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The yrast levels have been determined to spin 16 and 18 in 2' ~ ' 6Os and to spin 12
in Os from y-ray excitation functions, anisotropies, and coincidence data from the re-
actions ~ ' ~ ' ~ 6W(e, 4n) and ' 6W(a, 2n). A fork is observed in the 6Os yrast band at
spin 12. Above spin 12 the i versus -u&2 curv-es for ~82'~8~'~860s display "backbending" be-
havior. Such behavior has not been reported for any other nuclei with more than 96 neu-
tl ons.

Dramatic departures from simple rotational
spacing have been reported for the yrast levels
of several even-even deformed rare-earth nu-
clei. ' For most of these nuclei, the yrast levels
below some critical value of angular momentum
can be fitted as members of a ground-state rota-
tional band (grb) with a moment of inertia that in-
creases slowly with rotational frequency. Above
this critical value, however, striking changes
sometimes occur in the moments of inertia 8 and
rotational frequencies ~ computed from the level
spacings. These changes are often referred to as
backbending because of the shape of the curve of

8 versus ~'.
Pairs of particles moving in a rotating deformed

potential experience a Coriolis force which op-
poses the pairing. Two currently popular expla-
nations of backbending are based on the effect of
the Coriolis force on neutron pairs. Calculations
based on the early work of Mottelson and Valatin2

predict a coherent breakdown of pairing between
neutrons at high rotational frequency a Coriolis
antipairing phase transition from a system with
the superfluid moment of inertia of the ground
state to a system with the larger moment of in-
ertia of a more rigid nucleus. Stephens and Si-
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mon, ' on the other hand, have proposed a model
for yrast states above the backbending region in
which only one pair of i»» neutrons is broken
and is at least partially decoupled from the rotat-
ing core. If this decoupled two-quasiparticle
band intersects the grb with little mixing between
the two bands, backbending will occur in the
yrast cascade. The Coriolis interaction respon-
sible for the decoupled band is strongest for nu-
cleons with small angular- momentum projection
on the symmetry axis, and for previously report-
ed cases of backbending in deformed nuclei, the
i»„states near the Fermi surface all have small
projections (0 = —,', —,'). Even-mass Os isotopes
with neutron numbers ranging from 106 through
112 were selected for the present study, because
in these nuclei the corresponding i»» neutron
projections are significs. ntly larger (0 = -,', '-,'),
and the Coriolis matrix elements were expected
to be correspondingly smaller. Qther things be-
ing equal, the transition to the two-quasiparticle
band formed from decoupling i»» neutrons should
therefore occur at higher spins in the Qs isotopes.

Self-supporting foils of separated tungsten iso-
topes ('" '" '"W) were prepared with the heavy-
ion sputtering4 apparatus at the Niels Bohr Insti-
tute, and bombarded with beams of e particles
from the Michigan State University sector-fo-
cused cyclotron. y-ray spectra accompanying
the (o., xn) reactions on these targets have been
analyzed to establish the yrast cascades in

Qs Table I contains a partial list of

TABLE I. Transition energies (in keV) for yrast and
near-yrast cascades in four osmium isotopes.

the transitions observed. %hile many other tran-
sitions are seen in the spectra, this paper will
be confined to a discussion of those listed in Ta-
ble I.' The cascades indicated were established
by the results of three-parameter (E„E„T»)co-
incidence experiments performed using two Ge(Li)
detectors of —I% efficiency. In the '"Os experi-
ment more than 13 million coincidence events
were accumulated, while in each of the other cas-
es more than 5 million events were recorded.

The'"'"4 "860s states were populated by the (a,
4n) reaction with 48-MeV n particles. The spin
assignments in these three isotopes are based on
excitation-function and angular-distribution mea-
surements. The relative y-ray yields (at 125'
with respect to the beam direction) were mea-
sured for beam energies of 41, 45, 48, and 50
MeV. At 48 MeV, measurements were also made
with the detector at 90', 135', and 145 . The
transitions for which energies are listed in the
first three columns of Table I display excitation
functions and angular distributions consistent
with their assignments in stretched quadrupole
cascades, although the multipolarities assigned
to the transitions at 528 keV in '"Qs and at 559.5
keV in '"Qs are tentative.

States in '"Os cannot be rea, ched by the (n, 4n)
reaction, but in conjunction with a study of lev-
els in '"Qs, four sets of coincidence data were
accumulated for the reaction "6W(o., 2n)"~Os at
z-particle energies ranging from 26 to 35 MeV.
However, the angular momentum available at the
lower energies was sufficient only to permit the
identification of the 12 grb state, and the spec-
trum was dominated by the (o., 3n) reaction prod-
ucts at the higher energies.

The curves in Fig. 1 result from plotting
Transition is2 Os ts40s is60s f ssOs 2a/n' = ~(I(I+1))/m

2 0

26- 48- 6
10 8
12 10
14 12

16 14
18 16

127.0
278.4
898.8
488.0
5BB
583
498.5

119,8
268.8
890.3
500.7
596.2
675.6
712.7

479.4 528

187.2
296.8
484.8
552.1
647.4
718.1
658.8
776.8
494.8
559.5

155,0
322.9
462.8
574.5
655.1
685.9

This transition feeds the 12+ level in the yrast cas-
cade, and displays an angular distribution and an exci-
tation function consistent with assignment as a stretched
quadrupole transition.

The initial spins assigned to these transitions are
less certain than are the others in the table.

against

I'v' =—(hE/b, ([I(I+1)]'")j'
for ea,ch transition. The values of A(I(Iyl)),
and 6([I(I+1)j 'I') are determined from Table I.
The '"'"Qs curves, included for completeness,
are computed from published results. ' Attention
should first be directed to the point in Fig. 1 con-
nected by a dashed line to the other '"Qs points.
This point is computed from the 776.8-keV tran-
sition feeding the 12+ grb state from a nonyrast
14' state. The experimental level spacing and
excitation function for this transition are precise-
ly those expected for the grb while the same mea-
surements for the yrast 14'-12' transition yield
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FIG. 1. Moment of inertia versus the square of rota-
tional frequency for each yrast transition in even-mass
osmium isotopes. The curve joining the data for each
isotope is labeled with the mass number. The ' ~8 Cs
data are from Bef. 7. The quantities plotted are defined
in the text.

[615]bands of nearby odd-neutron Hf, W, and Os
isotopes. " Thus, i»i, neutrons may still be ef-
fectively decoupled in the even-mass Qs isotopes,
despite the location of the Fermi surface far
from the low-0 levels. Alternatively, Stephens
et al."have recently suggested that decoupling
of fungi, protons, apparent in odd-mass Re data, "
may contribute to the Qs backbending. However,
detailed calculations incorporating these ideas
have yet to be performed.

For the moment, it is not possible to say
whether the backbending reported here results
from a decoupling of i»» neutrons or of h», pro-
tons, or from a more coherent Coriolis antipair-
ing phase transition. With the observation of
backbending in the Qs isotopes it now appears
that the phenomenon occurs near the edges of the
rare-earth deformed region, but perhaps not
near the center.

The authors are indebted to K. Kumar and F. S.
Stephens for valuable discussions.

quantities anomalous for the grb. Thus the yrast
states above spin 12 in '"Qs must be members
of some other band. Furthermore, this band
must be relatively unmixed with the grb, as a
search for the E2 transition from the yrast 16'
state to the grb 14' state was negative. The
B(E2) strength of this unseen line is less than
30/p of that for the branch to the yrast 14' state.
The intrinsic structure of the band composed of
yrast states above spin 12 remains undetermined.

A perfect rotor would be represented in Fig. 1
by a horizontal line. At low spin the heavier Qs
isotopes appear to be the best rotors, but '"""Qs
also display two of the most pronounced examples
of backbending behavior known. At first glance,
this behavior seems at odds with the explanation
offered by Stephens and Simon' for backbending
in other nuclei. However, the location of the
Fermi surface among the i»» neutron states is
not the only factor of importance to a discussion
of backbending. Coriolis matrix elements also
depend on the rotational parameter h'/28. This
parameter is significantly larger for the Qs iso-
topes than for the more deformed rare-earth nu-
clei for which backbending has been reported. In
addition, the large hexadecapole moments found
in the Qs region' lead to a compression of the
low-0 states, thereby enhancing the mixing be-
tween the various i»i, Nilsson orbitals. This
mixing is documented for the —,

'' [624] and '
—,
'+
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