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Levels in ' 'Bi were studied using the "Bi (p,t)' 'Bi reaction at 18.4 MeV. The target isomeric state
employed in the reaction was the 9, 271 keV, 3)& 10 year second-excited state of "Bi. The measured
angular distributions for the positive parity (mh9/2v ) particle-hole multiplets were well described by
distorted-waves calculations using the shell model wave functions of Kuo. However, the data for the
negative parity {mh9/2 v i]3/2) levels were poorly reproduced by' these calculations, and evidence was found
for the presence of two-particle two-hole admixtures in the 9, 10, and 11 members of this multiplet. In
addition, a number of previously unobserved levels were identified in ' 'Bi, and several of these were
populated in the reaction with considerably enhanced cross sections. The excitation energies and differential
cross sections for the latter group of levels were found to be characteristic of two-particle two-hole states in

Bi consisting of mh9/2 vg9/2 particles coupled to the 0~+ and 2~+ excitations of ' Pb.

NUCLEAR REACTIONS gi (P, t) l3i, E= 18.4 MeV; measured 0(e). Bi de-
duced levels, J, ~. Radioactive, enriched target. DNBA analysis, tested shell

model wave functions.

I. INTRODUCTION

The proton-particle neutron-hole multiplets ob-
served' ' in 'Bi have been a rich source of in-
formation concerning residual interactions and
the effects of model space truncation in the nu-
clear shell model. ' ' The predominantly one-par-
ticle one-hole nature of the low-lying states in
this nucleus is well documented, ' "and has been
accurately reproduced in several theoretical stud-
ies. ' ' At higher excitation energies, where the
influence of core excitations might become sig-
nificant, little is known experimentally to either
motivate or guide the theoretical study of these
more complicated configurations.

In the present paper we exploit the properties of
the "oB~(p, t)mo'Bi reaction to search for core-ex-
cited structures in ' 'Bi. The radioactive "Bi
target (v, &2=3&10' yr) has several unusual advant-
ages for this purpose, with its uniquely high spin
(J =9 } and essentially pure (vh, &„vg,&,) structure.
The 9 target spin leads to the population of high
spin levels in Bj which wouM be otherwise in-
accessible to the (p, t) reaction, while the target
structure enables the direct population of both one-
particle one-hole and two-particle two-hole con-
figurations. Both types of structure were observed
in ' 'Bi in the present study. For the former, dis-
torted-waves calculations were compared with the
measured yieMs to provide a test of the associated
wave functions. For the latter, the relationships

between measured '"Pb(p, t)'"Pb and
"'Bi (p, t}'"Bicross sections implied by the weak
coupling model were examined to determine the
extent to which these two-particle two-hole struc-
tures are based on simple core excitations.

II. EXPERIMENTAL PROCEDURES AND RESULTS

Differential cross sections for the '"Bi (p, t)'08Bi
reaction were measured in 'l.5' steps, using 1S.4
MeV protons from the Yale MP tandem Van de
Graaff and the multiangle magnetic spectrograph. "
The '"Bi was deposited on a 2 mmx3 mm spot
on a 60 gg/cm' carbon foil, which in turn was
mounted on an aluminum frame. The" Bi tar-
get material was produced by exposing normal
monoisotopic metallic ' Bi to the neutron flux of
the Savannah River Laboratory of the Atomic En-
ergy Commission. After the 5 d '"Bi ground state
activity decayed away, the long lived 2"Bi was
separated in a first pass at the Oak Ridge calutron,
producing 2.5%'"Bi in'"Bi. The second isotope
separation of 33 p, g of '"Bi™in 1.39 mg of total Bi
was carried out with the Florida State University
isotope separator. This separation, which has
been described elsewhere, "yielded an isotopic
purity of &99% '"Bi .

Elastic scattering yields of protons from the
".'Bi target were monitored throughout the ex-
periment using a silicon surface barrier detector
mounted in the scattering chamber. These yields
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were compared at periodic intervals with proton
elastic scattering from a ~Bi target whose thick-

nesss

was known accurately from previous mea-
surements. In this way an effective, average
thickness of 5.40 pg/cm' was determined for the
2"Bi'" target during the '"Bi™(p,t)'0'Bi exposure.

Ilford K-5 emulsions, 50 gm in thickness, were
used to record the tracks of the tritons at the focal
plane of the magnet. To compensate for the thin-
ness of the target, the plates were exposed for
84000 p, C of collected charge. The developed
plates were scanned in —.'. mm steps. Absolute
cross sections were determined using the effec-
tive target thickness, integrated beam charge, and

the known properties of the magnetic spectrograph.
These cross sections are- accurate to within 257(;.
The energy resolution in the triton spectra varied
from 10 to 15 keV, being typically 12 keV, FWHM.

A spectrum measured at 27.5 is plotted in terms
of reaction Q value in Fig. 1. The excitation en-
ergies of levels observed in the present work are
listed in Tables I and II. (For several of these ex-
citation energies, no peaks are evident in the fig-
ure; however, the corresponding levels were ob-
served in at least four other spectra, at widely
spaced angles. ) Although the experiment was sen-
sitive to cross sections as small as 1 iLb/sr, com-
plete angular distributions could be extracted only
for levels populated with cross sections in excess
of 5 lab/sr. The angular distribution data are
plotted in Figs. 2-5.

For purposes of comparison, the positions of the
members of the one-particle one-hole multiplets
are indicated at the top of Fig. 1. Most of these

could be identified in at least several spectra, and,
in addition, a number of previously unobserved
states were identified in the present study.

IIl. DISTORTED VfAVES CALCULATIONS

Distorted waves Born approximation (DWBA) cal-
culations were carried out using the two-nucleon
transfer version of the code DKUCK The optical
model parameters for the proton channel were
taken from the work of Percy, " and those for the
triton channel from Flynn et g)." The parameters
are listed in Table III. The predicted DWBA cross
section (expressed in tLb/sr) is given by Baer
et g/. " in terms of the D%UCKoutput as

-=&Do &9 ~7&IO g (21+1) '(d&/d&)DwucK.

%e found lt necessary to include all allowed I
transfers =8 in the calculations. The constant,
&,', is commonly taken as an overall normaliza-
tion factor, and has been determined empirically
in studies involving somewhat lighter nuclei to be
pproximately 22."" In the present st dy a ome-

what larger value, g),'=27.5, was required for a
good overall fit to the data. The muliiplicative fac-
tor, e, should be equal to 1 if the reaehon mech-
anism and nuclear wave functions are properly de-
scribed.

The DWUCKform factor" for the two-nucleon
transfer consists of the coherent superposition of
two-neutron configurations,
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TABLE I. One-particle one-hole states observed in the present study.
r

Neutron-hole
conf iguration

Excitation
energy ' (pure conf iguration) (Kuo wave functions)

3P&/2 0.0
0.063

5+
4+

1.0
1.0

1.2
1.5

2f5/2 0.511
0.603
0.632
0.652
0.927

3', 5'}'
7+

1.0

1.0

1.5

1,0

0.889
0.961
1.097

5+

4+
6+

1.0
1.9
1.1

1.0
1.0
1.1

1.576
1.664
1.721
1.792
2.436

10
8
6, 7
9

11

4. p

(5.0)
7.6

4.0

(5.0)
7.6

2.346
2.667 1.0 1.0

Exc itation energies from Ref. 4.
Unresolved in some spectra. The combined yieMs were analyzed.

4,'MeV+keU)
(2Jg+ 1)

L, transfer J (2J~+1)(2J;+1)

2.137
2.165
2,413
2.473
2.560
2.850
3.099
3.162
3.261
3.310
3.340
3.420
3.462
3.530
3.572
3.640
3.761
3,777
3.861
3.916
4.023
4.097
4.147
4.249

7
7
5

5
7

+10
8+ 1P
%.7

10

7
5
7

+10

+10
+10
+10

J
9

0.08
0.82

0.09
0.26

0.19

0.08
0.03
0.12

' Unresolved doublet.

TABLE II. Levels observed in addition to the one-par-
ticle one-hole states listed in Table I. The transition
strengths listed in the last column represent observed
fragments of the corresponding unfragmented core-ex-
cited strength, as discussed in the text.

where B(j,j„J)is the spectroscopic amplitude de-
fined by YoshHia, '

in terms of the transfer operator,

Ag g' = 2 (1irni2amal JM)a~, P~~
m &(m2)

The wave functions describing the initial and
final nuclear states must be specified before the
spectroscopic amplitude can be calculated. The"Bi target state consists of an essentially pure
pure"" proton-neutron configuration,

with m(j )=m(lk9(2), v(j, )=u(2g9(2), andy)=9.
In the '"Bi residual nucleus the configuration

mixing of the one-particle one-hole multiplets at
low excitation energies is predicted' ' to be slight,
but of a magnitude which nonetheless can lead to
significant effects in the two nucleon transfer
cross sections. These small a/mixtures are
therefore retained in the description of the proton-
particle neutron-hole residual states:

I &(&-2)&y)=2 sp. }~(i)~ '(i2)&y) ~

@ah

With these wave functions the spectroscopic ampli-
tudes can be reduced to
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TABLE ELI. Optical model parameters used in the D%BA calculations.

(Me V) (fm)
a

(fm) (MeV)
4$"D

(MeV) (fm)
ai

{fm)
'c

(fm)

p"
t b.

54.5
166.7

c

1.25
1.16
1.25

0.650
0.752
0.650

0.0
10.0

71.2
0.0

1.25
1.498

0.470
0.817

1.25
1.25
1.25

From Hef. 13.
From Ref. 14.' Adjusted to give each orbit a binding energy of -0.5(8~„+8„),where 82„ is the two-neutron

separation energy and E„ is the excitation energy in the residual nucleus.

fl (
~ ~ .~) ( 1)j+j~+g+J.+1

~f .1 .12

x[(2g+1)(2g~+1)j'"~„„ph

( 1)SI2+j2+g

x [(2g+1)(2g,+1)]'"a„~p& 9 g 9

We have assumed a direct, one-step reaction, with
the 1h, &, proton merely a spectator in the trans-
fer process. An additional phase factor, (-1)"i'"2,
is required in the above expression to convert con-
ventional shell model radial bound state wave func-
tions (positive near v=0) to the DWUcK convention
(positive near r=~) Here. , n, and yg, denote the
number of nodes (excluding the origin but including
r=~} in the shell model radial wave functions.

The results of the DWBA calculations using the
mixed configuration wave functions of Kuo' for
2 'Bi are shown as the solid curves in Figs. 2 and
3. For comparison, calculations carried out as-
suming pure configura'tions are also plotted (dash-
ed lines}.

A different procedure was used to calculate angu-
lar distributions corresponding to several strongly
populated levels above 2.4 MeV excitation in ~"Bi.
As discussed below in detail, these states closely
resemble '"Pb core excitations (g,}weakly cou-
pled to the (mh, &„vg,&~) target configuration. Thus,
we calculated the corresponding ~'OBi"(p, t)'O'Bi
transitions in terms of the weak coupling expres-
sion,

in which the core-excited wave functions were tak-
en to be those of the ground and first-excited states
of '~pb calculated by Ma. and True. ' Since the
above expression relates the observed cross sec-
tions in '"Bi to those corresponding to population
of the underlying core-excitations, the overall
normalization for (da/dA}(g, ) was chosen in a

companion calculation to reproduce the L,=O

ground state, and I.=2 first-excited state, yields
measured for the 2OBPb(p, t)'O'Pb reaction by Erb
and Bhatia." The comparison of the DWBA cal-
culations, thus normalized, with the present data
determines the individual factors, V&, and hence
the extent to which the '~pb core strengths are
concentrated in the corresponding levels of Bi.
It should be noted in this context that the DWBA
calculations serve merely as a convenient means
of accounting for (small) kinematic and Q-value
differences between the corresponding 20 Pb-
(P, f)'06Pb and '"Bi (P, t)"'Bi reactions; by
normalizing the DWBA results to the yields mea-
sured in the former reaction we have effectively
removed the dependence of the factors, &z, on the
detailed assumptions of the DW'BA reaction model.
The calculated angular distributions, renormal-
ized by the && factors listed in Table II, are com-
pared with the relevant data in Figs. 4 and 5.

lV. DISCUSSION

A. Positive-parity (nh9~2, v-~) multiplets

Satisfactory agreement was found between the
predicted and measured cross sections correspond-
ing to the population of the positive-parity
(mh, &„v ') multiplets. A few multiplet members
were predicted in the DWBA calculations to be too
weakly populated for observation with the thin tar-
get used in the present work [notably including the
entire (mh, &„v 'h9&, ) multiplet] and indeed these
were not seen in the present work. Nine transi-
tions, representing each of the other four
v '(p, &„f,~„p,&„f,&,) positive-parity multiplets,
were sufficiently intense that the corresponding
angular distributions could be extracted from the
data. These angular distributions are plotted in
Fig. 2 with DWBA predictions (e =1}using both
pure-configuration wave functions and the mixed
configuration results of Kuo. ' Where the differ-
ences between the two calculations are too sma, ll
to be visible, only the forrher results are shown.

As the comparison in Fig. 2 illustrates, the Kuo



20 T%P PARTICI, E TWP HPLE CPNFIgURATIPNS IÃ 208@i A+0

10 I I O.O MeV — IO 0.889 MeV

0.927 MeV

0.065 MeV

[g hgy v py ]4+

[Tthgy v fg/ ] 2

ll

IO——
/-I

Q IO

b
I

ll

II II
IIr ~ Wgg ~

0.5l I MeV

[h'hgy v ~ fy ] 8

lo

j
60
40 —tt t

20

I.097 MeV

[7I'hgy v ps' ]8

IO
8
6

0.652 + 0.652 MeV

Vlhg v

+ — 20

IO
8
6

2.67 MeV

[vrhgg&v
~ f yy&]8'

25 50 75 IOO l25 ISO I 75
I

25 50 75 IOO l25 l50 l75

FIG. 2. Angular distributions measured in the 2t Bi~(p, t)20gBi reaction for members of the positive parity (~hg~&, v ~}

multiplets. DWBA calculations using pure configuration (broken lines) and Kuo, mixed configuration (solid lines), wave
functions are also plotted. Aside from an overall normalization, the predicted DWBA cross section magnitudes have
not been rescaled to fit the data {i.e., & = 1 for all calculations).

calculations lead to an improved description of the
(mhg~„v 'p, &,

)4' data, but at the expense of some-
what poorer fits to the measured (mhg&„v 'p, &g)4'

and (m &„hgfv, +)6' angular distributions. Even
though the Kuo wave functions exhibit a relatively
small degree of configuration mixing —amounting
in the most extreme case to less than 14% in the
squared amplitudes —the small admixtures result
in sizable changes in the predicted cross sections.
The present data thus provide the opportunity for
a detailed and sensitive investigation of the shell

model wave functions. A more sophisticated mod-
el of the reaction process may be required for this
purpose, however, in view of the likely contribu-
tions of more complicated nondirect reaction mech-
anj. sms, '22 and an investjgatjon of thjs nature falls
outside the scope of the present work. For the
present, we cite the general agreement between
calculated and measured yields for the (mhg&„v ')
positive-parity multiplets primarily in order to
calibrate the gross discrepancies discussed in the
next section.
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FIG. 4. Argular distributions measured in the
Bi~(p, g) Bi reaction correspondjHg to enhanced L= 0

transitions. DWBA calculations based on the weak-cou-
pling model are also plotted, using the normalization
factors given in Table II. The broken-line curve for the
2.473 MeV data shows the angular distribution corre-
sponding to the unfragmented Pb(p, ]) 6Pb(0~+) core-ex-
cited transition, as discussed in the text.

25 50 . 75 IOO 125 150 175

FIG. 3. Angular distributions measured in the
Bi (p, t) Bi reaction for members of the negative

parity (x&8~2, & i&3&&) multiplet. The one-partlc1e one-
hole DWBA calculations illustrated with the broken lines
were renormalized by the factors indicated. For com-
parative purposes, an L= 0 DWBA calculation is also
plotted with the 1.79& MeV data, as discussed in the
text.

B. The negative-parity (mhg/2 v- i &3~2) multiplet

In contrast to the situation discussed above for
the positive parity multiplets, the data obtained in
the present study for the (mh9~„v 'i»~, ) multiplet
could not be reproduced by DWBA calculations

using the simple shell-model wave functions. An-
gular distributions were extracted from the data
for three members of this multiplet, and these are
plotted in Fig. 3. The comparison of the DWBA
calculations with the data in Fig. 3 reveals several
serious discrepancies.

The predicted cross sections are all much too
small in comparison to the measured yields by
factors ranging from 4.0 to 7.5.. These differences
in magnitude are common to the negative-parity
multiplet members, and are much larger than any
observed for the nine positive-parity levels dis-.
cussed in the previous section, suggesting a sys-
tematic problem not solely a result of deficiencies
in the reaction mechanism description.

In addition, an L,=o component appears in the
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FIG. 5. Angular distributions measured in the Bi™(p,t) Bi reaction for strongly populated levels above 3 MeV ex-
citation. 0%BA calculations based on the weak-coupling model are also plotted where applicable, using the normali-
zation factors given in Table II.

angular distribution corresponding to the popula-
tion of the 9 level. )For purposes of comparison,
we have superimposed on these data a renormal-
ized L,=o angular distribution calculated using the
coherent two-neutron-hole '"Pb(0;) wave function
of Ma and True. The shape of this curve is a com-
pletely unambiguous indication of the 1.=0 angular
momentum transfer, and is essentially indepen-
dent of the details of the transfer form factor. ]
The direct 1,=0 transfer is strictly forbidden for
the (mh, ~„v 'i»~, ) residual state configuration, be-
cause of the (~h~&„vg, &,) target structure. This
observation, and the enhanced cross sections ob-
served for all three transitions plotted in Fig. -3,

suggest the presence of additional, sizable wave
function components in these negative parity
states. There are no other low-lying negative-
parity one-particl'e one-hole multiplets containing

an 5,& proton with which these levels can mix, so
we conclude that two-particle two-hole (i.e., core-
excited) configurations may be present. Additional
evidence for this conclusion may be adduced from
our observation, discussed below, of strongly
populated core-excited states in this general ex-
citation energy region. The possible importance
of two-particle two-hole admixtures was suggested
previously on theoretical grounds by Ma and True, '
but calculations incorporating these additional con-
figurations have not yet been reported.

. C. Two-particle two-hole, core-excited states

The levels at 2.473 and between 3.1 and 3.6 MeV
excitation dominate the spectra measured in the
2"Bi (p, t)2OBBi reaction (Fig. 1). With a few ex-
ceptions, the corresponding angular distributions
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shown in Figs. 4 and 5 are characteristic of either
I.=O or L,=2 transfer, as the comparison with the
D%BA curves in the figures illustrates. This
establishes the negative parity of most of these
states, and also shows that they can not be iden-
tified with the members of the (mh, &„v h, &,} multi-
plet which occur in this excitation energy region.
The measured cross sections are, for the most
part, significantly larger than those associated
with transitions leading to pure one-particle one-
hole configurations and can only be reproduced by
DWBA calculations when contributions from sever-
al configurations are allowed to interfere construc-
tively.

I.= 0 transitions

The 2.473 MeV excitation energy of the 9 state
populated in the very intense $, =0 2"Bi (p, t)'"Bi
transition corresponds very closely to the energy
at which the two-particle two-hole [(mh, &„vg,~,),-
S 'O'Pb(0;. }]excitation would occur in '"Bi. In the
absence of residual interactions among the three
components of the configuration, the excitation
would appear at

I

E„=E(mh gq, )+E(vg„,)+E(v 'g =0)-E('"Big.s.)
=E(' Bi)+B( Pb)+E(' 'Pb)-B('«Bi)

=2.710 MeV.

(For these estimates we have used binding ener-
gies relative to Pb deduced from the mass-ex-
cess compilation of Wapstra and Bos.") To this
value the following empirical estimates for the

-residual interaction energies should be added:

EE(mh~&» v Z=O)=B(' 7Bi)-B('"Bi)—B('«Pb)

=+0.246 MeV,

bE(vg9i» v J=O)=B( Pbg, +,E„=2.728 MeV)

—B(2 spb)- B(2«pb)

=-0.075 MeV,

&E (vh, ~„vg,~,),-=8('"Bi9,E,= 0.271 MeV)

& (20spb) E(209Bi)

= —0.397 MeV.

Thus, the [(~@,~„~g,~,),- I '"Pb(0;)],- excitation is
estimated at 2.484 MeV excitation in Bj, jn
close proximity to the observed 2.473 MeV 9
level.

Unless the above agreement between calculated
and observed S excitation energies is merely for-
tuitous, the small magnitude of the discrepancy
(ll keV) indicates that the weak coupling model
can be used to calculate the corresponding
"'Bi"(p, t)'"Bi cross section. The dashed-line

curve superimposed on the 2.473 MeV data in Fig.
4 was calculated on this assumption, following the
procedure discussed in See. III, and is based on
DWBA calculations which reproduce the observed
20'Pb(p, t)'«Pb ground state yields. The result
closely approximates the measured yields for the
2.473 MeV 9 level and thus provides very strong
evidence for [(mh, q» vg, (,)9 e '"Pb(0')] structure.
Since quantitative agreement between the data and

the calculation may be achieved with a renormal-
ization factor for the latter of 0.82 (Table II and

solid curve in Fig. 4), we conclude that nearly all
the '"Pb(0;) core strength resides in the 2.473
MeV level. A final indication of '"Pb(0;) parent-
age appears if we identify the 2.473 MeV level with
the state observed at 2.477 MeV in the "'Pb-
(n, d)"'Bi measurements of Daehnick et aL'4

Two additional 1,=0 transitions, resulting from
the population of levels at 2.413 and 3.530 MeV
excitation in "Bi, were observed in the present
work, and the corresponding angular distributions
are plotted in Fig. 4. The solid curves were cal-
culated in the weak coupling approximation dis-
cussed above, and were normalized to best fit the
data using the factors listed in Table II. The char-
acteristic I,=O angular distributions show that
these are J'=9 states, and thus the 2.413 MeV
level is distinct from the state observed near this
excitation energy via I.=3 transfer in the
'"Bi(d, t)'"Bi and '"Bi(p, d)'"Bi reactions. [The
latter state is the 6' member of the (mh, &„v 'f, &,)
multiplet 2'] The nature of the 2.413 and 3.530
MeV excitations is unknown, but the former, at
least, probably contains a two-particle two-hole
wave function component in view of its 8'f& share
of the '"Pb(0;) core-excitation strength.

Given the close proximity of the 2.413 and 2.473
MeV 9 levels to each other and to the predicted
position of the [(gh, &„vg,&,), 8 «Pb(0;)] core-ex-
cited configuration, it is natural to identify both
levels as fragments of the underlying core excita-
tion. Together, they exhaust 90% of the associated
'"Bi (p, f}'«Bi transition strength (Table II). This
survival of the intrinsic '"Pb(0;} structure in the
presence of two additional valence nucleons under-
scores its remarkable stability, and permits the
very simple weak-coupling interpretation of these
complicated two-particle two-hole exeitations in
208Bi

2. 1.=2 transitions

The successful weak-coupling description of the
&=0 cross sections implies that a quintuplet of
relatively intense L, =2 transitions, 'corresponding,
to the coupling of the 2; ' 'Pb core excitation
(E„=0.803 MeV) with the (wh, &„vg,&,)9 target con-
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figuration, should be observed near 3.3 MeV in
the ' Bi (p, &) 'Bi reaction. Several candidates
appear between 3.1 and 3.7 MeV in the spectrum
of Fig. 1, and of the seven corresponding angular
distributions plotted in Fig. 5, five were found to
be characteristic of 1.=2 transfer. The curves in
the figure were calculated using the weak-coupling
procedure discussed in Sec. GI, and were renor-
malized by the factors in Table II to fit the data.
A level-by-level comparison of the model predic-
tions with the data is impossible in the absence of
spin assignments, but it j.s significant that the com-
bined L, =2 strength measured in the 2"Bi~(p, f)208Bi

reaction represents some I5/g of that anticipated
from the weak-coupling model.

The splitting apart of the multiplet candidates is
qualitatively similar to that observed in data from
the analogous '~Bi(p, t)'0'Bi reaction. " In the
latter case, the members of the [vh8&2 e 2~Pb(2;)]
quintuplet also were found to be spread over an
-excitation energy interval of 0.5 MeV. In addition,
80% of the '"Pb(p, t)'~Pb(2;) core excitation
strength was recovered in the '"Bi quintuplet, in
close similarity 'with the results of the present
work Th.e '~Bi(p, f)'07Bi 1.=2 cross sections—
although suitably enhanced —were not distributed
among the quintuplet according to the (2g&+1)
rule implied by the simple weak-coupling model,
and for this reason we have not attempted in the
present study to make spin y.ssignments on the
basis of cross section magnitudes. A better theo-
retical treatment is needed to reproduce these
yields in detail, but the parallels among the "en-
hanced" 1,=2 transitions observed in the
208pb(p i)208pb 208Bl(p t)207Bl and 210B1~(p $)208B1

reactions clearly demonstrate the survival. of the
2"Pb(2;) core strength in the two-particle two-hole
spectrum of '"Bi.

V. CONCLUSION

The '"Bi (p, f)'"Bi reaction was found to be a
sensitive probe of two-particle two-hole structure
in ' 'Bi. One such state„based on the weak-coup-
ling [(mh, &„vg,&2), 8208Pb(0;)] configuration, was
identified at 2.4'73 MeV in '"Bi. The observed ex-
citation energy of this level, and the corresponding
differential cross sections, were found to imply
that the 2~Pb(0;) core excitation survives essen-
tially intact in '"Bi despite the presence of two
additional nucleons. In addition, several levels
were observed between 3.1 and 3.7 MeV excitation
which w'ere found to have a sizable parentage in
the 20'Pb(2;) core excitation.

The measured cross sections corresponding to
the population of positive parity one-particle one-
hole levels in '"Bi were well described by DWBA
calculations using the shell model w'ave functions
of Kuo. The present data, together with a more
detailed treatment of the reaction process incor-
porating nondirect transfer mechanisms, should
provide a sensitive test of these wave functions.
In addition, the experiment provides the first in-
dications of two-particle tw'o-hole admixtures in
the wave functions of several members of the

(vh8~„v 'i»y2) multiplet, demonstrating the need
for shell model calculations using an enlarged
model space.
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