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'EXCITATION OF SINGLE NEUTRON HOLE STATES IN Pbel!
BY INELASTIC PROTON SCATTERING AT 20.2 MeV*

C. Glashausser, B. G. Harvey, D. L. Hendrie,
J. Mghoney, E. A. McClatchie, and J. Saudinost
Lawrence Radiation Laboratory

University of California
Berkeley, California

ABSTRACT
Différential'cross'sections for the excitation of the 0.570, O.89h,v 
1.635, 2.33, and 2.7MVMEV states in ppe 07 hace‘been measuredﬁin inelas-
tic'bfoton ccattering at 26.2 MeV. Aﬁalysis vié the microscopic model
indicates that core poiarizaﬁion is important in'aescribing fhese pre-

sumed single particle transitions.

Differential cross sections for the excitation of single-particle or single-

hole states provide a direct test of the microscopic modell’2 of inelastic pro-

ton scattering. Pew experimental data exist, however, since the cross sections

are génerally much smaller than the cross- sections for the excitation of collec-
tive states. Angular distributions are reported here for five such transitions

in Pb207 at an incident proton energy of 20.2 MeV. The analysis of these data

in terms of the microscopic model indicates that a large part of the observed -

cross section is due to excitation of the Pb208 coré.

*Work supported by the U.ZSLIAtomic Energy Commission.

tbPresent address: SPNME, CEN - Saclay, France.
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The first five states in Pb°C!, at 0.0, 0.570, 0.89%, 1.633, and 2.33 MeV,

~are considered to be single 5pl/2, 2f5/2, 3p5/2, }115/2, acd 2f7/2 neutrcn holes,

respectively, in a Pb208 core. - The 9/2 state at 2.74 MeV has been identified as

the- [2g9/2, 29 gs]9/2+ state in (d,p) reactionsu on Pb206

"t

; recent analysis5 of L

reactions whlch proceed via the analog of thls state 1ndlcates aéS% admlxture of

206+ ‘

the [2g9/2,Pb + conflguratlon. Within the probable errors of analysis,

Jo/e ;

the measured spectroscoplc factors for excitation of the hole states in 51ngle—
-nucleon transfer reactlons are approprlate for pure 51ngle-hole conflguratlons.
Further, no definite evidence from such reactions has yet been found to 1nd1cate

that the hole strength is Spllt or that Pb 208 is not a good closed shell.

On the other hand, values7 of B(E2) have been measured for the (2f -

| 5/2)
v'(5pl/2)-l.and (3p5/2 (3Pl/2 trans1t10ns in Pb° 7, an effectlve charge

close to one has been deduced. In addition, whlle the magnetlc moment of the

207

'grouhd state of Pb is close to the Schmidt value, the magnetic moments of the

5/2- state8 in P5207 and the ground.state of B1209-differ considerably from the

' single-particle limits. Values of B(E2) derived from the measured quadrupole
209

moment of Bi ) proton state in Bi

and frcm Coulomb excitation of the (2f 209

7/2

give an effective charge of the extra-core proton of about two or even larger.

Contrary to the evidence from transfer reactions, these date indicate there is

208

considerable polarization of the Pb’ core.
The present inelastic scattering data were taken with the 20.2 MeV proton

beam of thefBerkeley 88" cyclotron; no analog-state resonances have been found ‘ 3

9

R ] '/
at this energy. Two 3-mm Si(Li) detectors were used; an overall resolution of \

of about 30 keV was maintained in‘each. A ratio of peak channel elastic counts

to hearby background of about lOLL was obtained by careful beam preparation and

207

choice of counter collimators. Because of the small Pb cross sections,
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light—element contaminantslo in the target were a major problem; at some angles,

these contributed the largest components of the experimental error. Absolute

cross sections correct to about *5% were obtained by comparing the measured elas-.

tic cross sections with optical model predictions.

~ The resulting differential cross sections are shbﬁn,in Fig. 1, togefher’with
theoretical curves deséribkd below. Five sets of optical parameters we?e obtained
whiéh gave good.fits_to>tﬁe elastic scattering_data; éhey are given in Table I.

The set used in calculating the curves illustrated is the first set listed in the

table. The microscopic-model calculations assumed a direct (D) projectile-target

nucleus interaction of the standard form:

Vig(mys) = (Vg * V050 o)) & (515

 a Yukawa shape with range 1 F was chosen for.g(lrij[); The strength of the po-

tential V,, which allows transfer of spin angular momentum (S) to the target,

was'Set to VO/B. A non-locality range of 0.85 F was 53sumed in the computation

of bound—sfate wave functions; the curves shown do not include non-locality in

thé distorted waves. The depth of the bound-state Woods-Saxon well was adjusted

to give the correct binding energy; the radius was 1.20 A;/B (F) and the diffuse-

‘ness was 0.7 F.- Antisymmetrization of the projectile with the target nucleons was

not included.

Predictionsll of this model are shown by the‘dashed gurVes in Fig. 1. The
vélues_of VO obtaiped by normalizing these curves to givevthe best_fit tb the
experimental data are listed in Table IT. (This is the normalization illustrated
in Fig. 1B.) Note that the strengths are much larger than the free proton-neutron
interaction strength although they are comparable with the values found in other

. s ; . : . 1,12
similar microscopic-model analyses in even-even nuclei,™’
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In computing the (D) cross sections, S=1 contributions were included only

for the minimum orbital (L) and total (J).angular momentum transfer allowed.

-~
M

These S=1 contributions are substantial for all states except the 5/2- state,
but S=1 contributions for largef values of I and J are notvsignificant. The 4t/
valﬁes of ?o (D) ip Table II are subject to some ﬁncertginty.due to the poor
quality of the fits. Uhéertainties arisé>also from amﬁiguities in the parameters
of tﬁe opticél and bound-stéte pétenfiéls and in ége range of the force. However,
further calculationsvwere performed with the four other bptical ﬁotenfials; the
range of thé force was varied Betweeﬁ 0.7 and 1.h F ahd the radius of the boundé
state‘well_was varied between 1.1 and 1.35 A;/E (F). These calculations indicate
fhat no reasonable change in fheée parameteré ﬁili:réduce Vé (D) by more than
about 30%.. | | |

. These strengths might be lowered significantiy if the knockout-éxchange
13

amplitudes were included. Recent calculations by Atkinson and Madsen indicafe

that thé exchénge_and direct ampiitudes are closely in phase, tﬁat the relative

cross éection is affected mgstly at largé angles, and that the ratio of total

cross sections o(exchénge)/o(direct) increases raepidly wiﬁh L. 'Assﬁming a Sér-

ber exchange mixture .for a force of QUkawa shape, they have calculated this ratio

fof the [klg9/2f2]o+ - B1g9/2)2]2+ proton transitions in 7r 0. Their results.
I

. can give a rough‘guide13 to the exchange contributions to the Pbeo transitions.

They indicate that the values of VO might all be reduced to about 100 MeV, which

Lo

~

is about twice as large as the'free nucléon—nucleon scattering strength.

| The fact that the values_génerally found for V0 are so large has led Love
énd Satchieflu to develop a way of treating core polarization effects. 1In their
phenomenological model, which does not include exchange contributions, the effects

of collective correlations neglected in the nuclear wave functions are included
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by coherently adding to the direct form factor a core polarization form factor

(CP). The strength of the CP term is proportional to the value of B(EL). In

transitions_for which B(EL) has been previously determined, e;g. the (3pl/2)'l_

(3p3/2)-lfand (3p1/2 (2f5/2 1 transitions in Fb 07, including the CP term
does not‘add a freevparameter to the calculatlon. For other tran31t10ns B(EL)
can be determlned from the inelastic scattering data prov1ded V is fixed.
n

Calculatlons of this type for transitions with known B(EE) are shown by the
solid curves in Flg. 1A. The quality of the f;ts to the shapes of the experi-
mehtél distributions are generally improved,.although‘it is inﬁeresting that the
pure CP fitst(the dotted curves) are better. The magnitudes_df the cfoss sec-
tions predicted by the microscopié model for these first two transitions'are now
in réasonabie agreement with the data. The value of VO is 60 MeV, ﬁhich is close
té the'frée nucleon-nucleon interaction. Note that the cross section predicted
with fhe CP-term alone is almost everywheré largér than the cross section pre-
dicted with.the D ferm alone. The faét that the CP term alone is npt suffici-
ent, however, indicateé.fhat.the B(EL) which woﬁld'be_derived from a.purely

collective-model analysis of these data (without exchange confributions) would

not be consistent with the B(EL) derived from électromagnetic data.

With V_ fixed at 60 MeV, (D+CP) calculations for the higher states (the
solid curves of Fig; 1B) determine B(EL) for these transitions; from B(EL),
values of the effective chzarge.ll’L were deduced. The radial matfix elements
(f,rLfﬂ needéd to dehermine e pp WeETE evaluated with the same Woods-Saxon wave

functions used in the scattering calculations. These values of (rL) (cf. Table II)
are up to three times larger than those used in defining Weisskdpf units.ls
For all these higher transitions the CP contribution is substantially larger than

the D contribution, but the relative importance of the two terms could change



if exchange were included.

shown in Table II.
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calculated without exchange are
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Table I. Parameters of the optical potential used in the present calculation.

v

1.33

0.75

6.3

A r a W r : a_ r

o "o o D S I . 80 S0 SO
(MeV) (F) (F) (V)  (F)  (F) (V) (F)  (F)
5062 1.25 0.65.  9.69 1.25  0.76 6.38 1.5 0.65
57 .24 1,18 o.7hkl 838 1.38  0.73 6.31 . 1.2 0.60
52.14 _' 1.25 © 0.65 = 8.62 1.29 - 0.76 6.38 1.25  0.65
57.52.  1.20 0.70  11.27  1.25 0.70  6.37 1.10  0.70
62.71 1.2 0.75  9.28 L2 0.75




Table TI. Strength Parameteré._ The values VO(D) were derived without core polarization. -The parameters

VO(D+CP), <rLY, and e . were used in the core polarization calculations. The parameter RC is 1.2 AT B(F).'

eff
State L S g - v (D) | VO(D+C?) <rL>7§;I_“"“’f e er
5/2 - 2 0 - 160 MeV  GoMev 0.62 © 1l.0e
2 1 2
3/2 - 2 | 0 2 - 110 | 60 0.71 1.0
| 0 1 1
13/2 + 7 0 T 285 60 A 0.84 _ 0.73
' 5 1 6
/2 - b 0 h 170 6. o7 1.0
2 1 3 |
9/2 + 5 0 5 175 60 . 110 0.75
3 1 b

9LEQT~T40N
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Figure Captions

Fig. 1. (A). Measured cross seqtions and predictions of the>microscopic model.
| The label D refers to the direct or single particle cross séction alone;
the 1abél CP refers to the core pOlarizatidn cross section aléne. The (D+CP)
calculations include the coherent contributions of each. The normalization
;f ali curves assumes the (D+CP) values of Table II. (B). The solid curves

are normalized as in Fig. 1A. The normalizations of the D and CP curves

are adjusted to give the best fit to the data.
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