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SINGLE-PARTICLE PROTON ADMIXTURES IN

A Y
CORE-EXCITED STATES OF 297Bi
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Departmentkéflphysiés
Rutgers University, New Bruﬁswick;'ﬁéw:JerSey 08903
. and . |
b. L. HENDRIE and E; A..McCLATCHIE+
Lawrgnce Rédiation Laboratory

'University of California, Berkeley, California 94720

ABSTRACT
) Aﬁ least 18 stafes-hp to 3;5 MeV of excitation
have ﬁeen observed in the 2°°Pb(3He,d)2°7Bi feaction.
at 35 MéV. The expefiﬁental spectrum and spectroScopic
- factors are in fair agreemeht with the'predictibné of ~
thevweak-coubliné model up't0~an.ex¢itation enefgy of

2.5 MeV.
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The initiai successvof'shell-medel ealcuiatiens in'then
region of 2°°Pb makes this a fertile reglon for more detalled
study. Even a S1mp1e weak- coup11ng model appears to work well
for nuclei one nucleon removed from 2°°Pb 1, zlalthough attempts
. to apply thls model to 2°5Tg (one proton hole in a 2°%Pb core)
rhave not y1e1ded good results However, the 1ntroduct10n of
core states of more than one phonon via an 1ntermed1ate coup11ng
model> have ‘given good agreement w1th tran51t1on rates and
Spectroscop1c factors for low 1y1ng states - 1n 2°5T2 In the
present 1nvest1gat10n, we have studled the single- part1c1e
structure of states in 2°7Bi with the 206py (IYe, d)2°731 reaction.
The results are compared with the predlctlons of both weak-
coupling ‘and intermediate-coupling models in wh1ch a proton
perticle'is‘coupled to 2°%pb core states.

The experiment was performed at the_Berkeley 88"-cyclotron
with a 35 MeV *He bean, energy—analyzed to 0.05%. The,experi—'
mental arrangenents have'been described previoﬁsin4 In the
present experlment the detector telescopes consisted’ of a 0.25
mm phosPhorous diffused AE counter and a 4 mm Si (Li) E counter.
The,total'energy resolution of 40 keV 1nc1uded a lerge contri-
bution from target thickness. The targets were 300 ug/cm?
self-supporting foils of 2°fPb and 208pyp of'isotopic”enriehment
97.2% and 99.5% respectively. The é°°Pb data and 2°%Pb data
were taken alternately during the run. ThisAprocedure provided
energy calibrations, relative cross- -section normallzatlons, and

1dent1f1cat1on of angular-momentum transfers without recourse

~
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fo calculations such as DWBA prédictions.
.The‘expitation energies listed in Table I are good to *15
keV and agree well with the high resolution data of AlfordS at

Rochester. He observed‘states up to 3.13 MeV of excitatibh'at

a lab angle of 50°; of those states, only a'2.93—MeV doublet

with a 5p11tt1ng of 15 keV was not. resolved in the present work.

Although many states up to 2. 4 MeV of eXC1tat10n have prev1ously
been 1dgnt1f1ed6'in 207B; by observation of gamma decays, the
States.ab¢v§'1.14 MeV of excitation Héve‘beeh obgervedvoﬂiy in
the (3He,ﬂ) reaétion.7v Spins haﬁe preVioﬁSly”beéﬁ assigned6 to
the states at 0.0 (9/2 ), 0.75 (7/27), 0.89 (9/27), 0.99 (7/27),
and 1. 14 MeV (5/2° ). | | |

Angular d15tr1but1ons for the strongly excited states in
2°7B1 are shown in F1g 1. The_sol1d lines drawn through these
data afevexperimental étfve%‘ﬂrawh through thevdata for . the
apprppfiéte state in the 2°°Pbt3He,d)2°’Bi }eactiOn. The spins

of the 2°°Bi states have been previously identified. Spectro-.

scopic factbrs (Table I) have been obtained simply by taking

the ratio of the 2°7Bi cross section to the 2°?Bi cross section

for states'of the same orbital angular momentum. . Thus, the

. 29%Bi spectrosopic factors have been assumed to be 1.0.

The 2°7Bj spectrum'is considerably'mdre complicated than

the spectrum of 2°%%Bj. Th'e'2f7/2 single particle proton statei

and the |[2°%pp 2t > weak'coupling éonfigurations‘are

Ro/2 _
dominant in the multiplet of four states at about 0.9 MeV. The

single-particle state at 1.62 MeV is hardly shifted from
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o itSﬂPOSitioh in'zogBi} ‘Between 1.7 and 2.6 MeV' the 2°7Bi
" states are weakly exc1ted but there are. no’ 2°9B1 states in

this region. At h1gher exc1tat10ns, the 51ng1e partlcle 2f5/2 .

and 3p3/é.$tétes;in ?°931 appeér $ﬁ11t over many levels in 2°7Bj.
The spin_egsignmente which have been suggeéted‘iﬁ Table 1 for
these states are tentati?e., The discrimination between £ = 1

and & = 3 transfer was Comblicated,b}'the presence ef eerbon_
‘and oxygen contaminants in the crucial forwafd'angie region;
certalnly no distinction could be made between j =2 + 1/2

and j = 2.-.1/2. The 2. 78 MeV state and the 2.93- MeV doublet

all eppear to be populated by L - 3 transfer, but the agreement,
with the 2°°Bi data is oniy fair. If theée'essignmeﬁts are
correct, these three'states exhaﬁst 90% of the expeeted f5/2
strength, and the states at 3.03, 3.13, 3.32, an& 3.45 MeV (a
doublet) are most likely populated by & = 1 transfer. (The
weakest of_theée, the 3.03-MeV state, has a spectreSCOPic

factor of 0.30 if it is an f transfer. 1In addition, the

5/2
2= 1 curve fitsithe angular distributions for the 3.32 and
3.45 MeV states much better than £ = 3.) The densityrof states
above 3.5 MeV is toe large to permit reliable extréction of
cross sections in this region where‘Spi/z strength is expeeted.
"The weak coupling model calculation follows the description
of Mottelsen1 and its successful application by Auerbach and
Stein® to 2°9Bi. The core states included were those most

strongly excited in inelastic scattering on 2°®Pb, viz., the

states at 0.0 (0%), 0.80 (2%), 2.65 (37), 3.77 (57), 4.12 (2"),

-8
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_ 51x lowest lying particle orbits (1h9/2,12f7/2,‘11

- "~“"

- and 4.37 (4+);’Valdes'of B(EL) were taken from Alster.8 vThe

13/2° *f5/20
3p3/2’ and_sPl/Z) were included. Slngle particle energies

were chosen to be equal to those used by Auerbach and Stein.?

The‘radiai integrais were also set at their Value,’40 MeV;

vcalculatlons with’ h1gher values did not qualitatively change

the pred1cted spectrum.

The calculated specttum.and'5§ecfroccopic‘factors are
cdmpafed with the experimental valuee in Fig. 2; The calcula-
tion correctly predicts the appearance‘ef four states around
0.9 MeV; the [?°°Pb 2%, 1n 9/2>'s‘t:ates are observed via the

admlxture of the apprOprlate single partlcle components The

order1ng of the four sp1n5 is not correct, and the strengths

in the two 7/2 states are 1nverted -but these details should

‘be sensitive to the 51ng1e particle energies wh1ch were not

adJusted.. The 13/2 state at 1.6 MeV appears w1th about the
right strength, and the weékrekcitation of_states around 2 MeV
is‘elso dualitafively predicted.vaf higher excitations, how-
ever, the model fails completely. Only cne strong stace of

each spin, 5/2, 3/2, and 1/2, is predicted‘aroun& 3 MeV, where-

as at least seven strong states are experimentally found between

2.75 and 3.5 MeV. Since there are many more possible core
states in 2°®Pb than the ones we have included, this disagree-.
ment is not unexpected. !

Intermediate-coupling calculations for 2°7Bi have recently

been Teported by Bradley.and"Me_der.9 Coie states with up to

i
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three quadrupole phonons were included but_dnly thé h and

9/2
'f7/2 singléépartiCIe states were coupled to them. Thus the

prediéted'spectroscopic factors for only 9/2° and 7/27 states
are shown in Fig. 2. The agreément with the position of the

experimental levels is good for all four states, aﬁd'the

strengths of the two 9/2  transitions are correctly predicted.

However, the stronger 7/2 state is again predicted to be the
lower one, as in the wéak-coupling calculation, but in dis-

agreement with the data.
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Figure Captibns

Fig. 1. Relative ﬁréss-seCtions for stronély.excitgd states
:observéd in the 2°°Pb(,3He{d)2°7Bi reaction at 35
- MeV. The Solid lines are curvesldrawn through_
~the angulai distributions for the 2°°pb(3ne,d)2°93i
'”feactiqn. |
Fig. 2.-__Comparison of the experimental spectroscopic

factors with the predictions of the weak-coupling

and intermediate coupling models. Thevunberturbed"

positions of the various components are shown in

1
i

the "zeroth order" column.
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CROSS SECTION (ARBITRARY UNITS)
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Fig. 2
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the. Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. a

As used in the above, "'person acting on behalf of the Commission”’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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