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Data for the '"W(p, t)"'W reaction are presented. States corresponding to the coupling of the odd neutron

to collective excitations of the even core are identified and used to test the microscopic structure of these

collective excitations. In particular, the proposed nature of the pairing isomers observed in the neighboring

even nuclei is confirmed. Information concerning the previously observed anomalous population of 2+ states
in this mass region is also presented.

NVCLEAR REACTIONS 3W(p, g), E&
——21 MeV; measured 0(E&,e). W de-

duced levels, I, z, J. Nuclear structure analysis.

I. INTRODUCTION

In this, the second of our papers on W(P, t)
reactions, we present and discuss the results for
the single stable odd W isotope '"W. The spec-
troscopic information obtainable from two-neu-,
tron transfer reactions on odd targets is generally
rather limited. However, in this particular case
we are able to glean a considerable amount of
structural information, particularly from the ef-
fect of the coupling of the odd neutron to collective
excitations of the even core. We are thus able to
test some of the hypotheses presented in the pre-
ceding paper concerning the even targets, ' and in
the case of excited 2' states, shed new light on the
origin of some previously unexplained anomalies.

II. EXPERIMENTAL METHOD

The details of the experimental method are iden-
tical to those presented in Ref. 1. The target con-
sisted of -70 p, gm/cm' of WO, enriched to 90/0 in
'"W deposited on a 20 p.gm/cm' C backing. Other
isotopes present in the target were '"W (3.5%),
'"W (5.6%), and '"W (1.1%). The absolute cross
sections were obtained from the ""W(P,f) experi-
ment as described in Ref. 1.

state at 458 keV would not be completely resolved
from the & state at 450 keV and barely resolved
from the + state at 476 keV. The deep minima
in the angular distribution, however, unambigu-
ously identify this transition as L =0 and not L = 2
or 4, which would be required. for the & and ~~

states, respectively. The maximum contribution
from these other states can be estimated to be 5
pb/sr of the maximum cross section of 280 pb/sr
for this peak.

Besides the L = 0 transition to the J'=
& band-

head of the K'= —,
' band, L =2 transitions to the

and & members of this band are also observed,
being peaks Nos. 7 and 8, respectively.

The above three transitions correspond to the
states formed by the coupling of the odd neutron
to the 0' and 2' members of the ground-state ro-
tational band of the even score. Similarly, strong
transitions corresponding to the gamma-vibra-
tional and excited 0' modes should also be observ-
able. Assuming that the coupling between the
neutron and the gamma-vibrational degree of free-
dom is weak, we would expect to see two tran-
sitions, to —,

' and,'- states, corresponding to the

III. EXPERIMENTAL RESULTS

A spectrum taken at a laboratory angle of 20' is
shown in Fig. 1—note the reduction by a factor of
5 for peaks 3-12. The overall resolution is -20
keV. Peaks identified as belonging to '"W are
numbered and also their measured excitation en-
ergies listed in Table I in comparison with pre-
vious results. "Angular distributions for some
of the stronger peaks are shown in Fig. 2.

The most prominent peak in the spectrum (No. 5)
has a distinct L =0 angular distribution. This
transition presumably leads to the J'= —,

' bandhead
of the band built on the [510]Nilsson orbit, since
the odd neutron of the ' 'W ground state has been
assigned to that single-particle state. 4 Based on
published level schemes, we expect that this —,

'
.

LLI
Z.'
Z.'

I 400X

Z
O
C3

200

W (p, t)' W

Ep=2l MeV

OH= 20'

2I
I

22 '

x '/5

6 6
2P )

18
I

-8.0 -6,0-7, 5 -7.0 -6.5
Q-VALUE (MeV)

FIG. 1. Spectrum of the i83W(p &~isiW reaction at 21
MeV bombarding energy and a laboratory angle of 20'.
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TABLE I. Levels populated in 3W(P, t)f W.
L=O L=2

State
number J~ ~ Present Previous

(ds/d&m~
(pb/sr)
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FIG. 2. Angular distributions for some of the stronger
transitions.

a strong L=2 transition to the 2 state at 365
keV (No. 3).is seen —the Nilsson assignment of
this state being; [512]. The implications of this
observation will be discussed in Sec. IV.

A strong L =0 transition is found at an excitation
energy of 1864 keV (No. 21) and is interpreted as
arising from a state formed by the coupling of the
odd neutron to the excited 0' state in "W at 1516
keV. There is a barely resolved state (No. 22) at
an excitation energy of 1892 keV, but this was eas-
ily separated by standard peak fitting procedures.

IV. DISCUSSION

A. L =0 transitions

~From Hefs. 2, 3, and 4, unless otherwise indicated.
"Calculated assuming - state at 365 keV excitation,

2.
error + 5 keV.

Assignment this work.
~Doublet.

L=2 strength in the even target case. These
should occur at about 1 MeV above the —,

' [510]
state, i.e., at an energy roughly corresponding
to the excitation energy of this mode in the even
nucleus. No such transitions are seen. Instead,

As discussed above, strong L =0 transitions are
observed to states at 454 and 1864 keV. These
correspond to the strong L =0 transitions observed
in the (p, t} reaction on the even core, but with an
extra neutron in Nilsson orbit ~ [510] coupled to
the initial arid final states. This supposition is
strengthened by the near equality of the Q values
for these two transitions and the '"W(p, t}'"W(g.s.)
and '"W(p, t)'"W (1516keV) transitions, respec-
tively. These two states therefore become very
important in our understanding of the underlying
microstructure in the even target cases. Micro-
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apart from the blocking effect, the L=0 shapes
are identical and we expect a similar result for
the L=2 transitions. We see that the summed
strength of the two odd target transitions closely
resembles the even target data and shows a sim-
ilar reduction in strength to the L = 0 case. The
splitting of the summed strength is also of inter-
est. In the adiabatic limit, the cross sections
for the two transitions should follow the rule

~(~)(-' )
o(8)(-' )

at all angles. Experimentally we find that whereas
the ratio of the integrated yields to these two states
closely equals the expected value (182:184
=, 2.15:3), the shapes of the two angular distribu-
tions are quite different, especially at forward
angles. The origin of this discrepancy can be
traced to differences between the multiple step
routes populating the two states. Simply, the
multiple step route involving quadrupole inelastic
excitation and quadrupole pair transfer enters with
different phases for the two final states —resulting
in different angular distribution shapes. A de-
tailed study of this phenomenon would surely prove
rewarding.

Finally, we address the case of the L = 2

strength corresponding to the gamma-vibrational
state in the even nuclei. As mentioned above, no
strength was observed in the excitation region ex-
pected. A very strong transition was, however,
observed to a & state at 365 keV. This state has
been associated with the —,

' [512]Nilsson orbit,
and calculations show that of all the single-particle
orbital combinations with J'K= 2'2 which are
close to the Fermi surface, the coupling to this
orbit with the —,

' [510] orbit has one of the stronger
intrinsic two-nucleon pickup strengths. In fact,
as can be seen in Table II, only for two-particle
corifigurations have any signif icant gamma-vibra-
tional strength —thus casting doubt on the collec-
tive nature of this state as seen in two-particle
transfer. The amount of gamma- vibrational
strength seen in any nucleus will therefore depend

strongly on the position of the Fermi surface rela-
tive to these single-particle orbitals, and it is
therefore perhaps not surprising that anomalies
such as that reported by Casten and Garrett for
the '82W(t, P)'84W reaction occur. What is perhaps
more surprising is that these anomalies are not
more frequent. We therefore understand the pres-
ent result and the trend of gamma-vibrational
strength in the even nuclei as arising from a sen-
sitivity to a few single-particle configurations
which carry most of the relevant two-particle
transfer strength.

TABLE II. J~K= 2+2 pickup strengths.

d )'
42.5

(pb/sr)Configuration

—[510)(33 [512]

(3,-' [512)

—, [521)(3-, [»2]
(3~ [512]

2
[512) 3-,' [503)

(3-,' [514]

,-' [512)(I-,' [505)

- [660]S- [642)

—,
' [6»](3 [6»)
~ [642) (3 7 [624)

—,
' [6») (3-2' [6»]

660

164

10

147

334

15

Calculated using Nilsson wave functions for P2=0.30
and optical model parameters as quoted in Ref. l.

V. SUMMARY AND CONCLUSIONS
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A study of the '"W(P, t)'"W reaction has led to
the identification of transitions to states corres-
ponding to the coupling of the odd neutron to col-
lective excitations of the even core. Specifically
these are L =0 and L =2 transitions corresponding
to the 0' and 2' members of the ground-state ro-
tational band and an L = 0 transition corresponding
to the lowest excited 0' state of the even core.
The former transitions show a blocking effect
while the latter does not, consistent with the as-
sumed microscopic structure of both. The failure
to observe L =2 strength corresponding to the
gamma vibration of the even core is traced to the
dominance of a few single-particle configurations
in the excitation of this mode in two-particle trans-
fer reactions. Some interesting multistep effects
have also been pointed out in the case of the L = 2

transitions corresponding to the 2' excitation of
the core.
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