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ABSTRACQT: Differential cross sections for the excitation of the

first four neutron-hole states and the doublet at 2,61 MeV
by 61.2 MeV protons have been measured. The data are
analvzed in terms of both a purely collective model
description and a microscoplc model supplemented by macro-
scople core polarization. 4 "realilstiec" two-body inter-
action 18 used and knock=-on amplitudes are included. Core
polarization is found to be important but represents a
relatively smaller contribution than in most nuclel
previously studied. A parallel analysils of similar data
at lower proton bombarding energiles reveals a surprisingly

strong enevgy dependence of the reaction mechanisms,

TUTNGIT



L. L.~ JCTION

The differential cross sections have been measured for .the
exuitation of the neutron-hole 1;vels at 0.570 MeV, 0.898 MeV,
1.63 MeV, and 2.34 MeV and the doublet at 2.64 MeV using -. .2 MeV
protons from the Oak Ridge Isochronous Cyclotron (ORIC).

Our earlier experiments showed that the more strongly
structured cross sections for proton bombarding energy (Ep) of
61 MeV helped to stringently tes: microscopic models of

l-5). Both spin-flip and core polarization

mechanisms were shown to be important for scattering from BQY at

1’2).

For both Ep=40 MeV and Ep=61 MeV, the excitation of the
+ 9n

inelastic scattering
this energy

first 2%, 4% ana 57 1evels in "2y was dominated by core polar-

ization whose contribution is consistent with measured B(EL)

2'6). In oux experiment on 902r

values £or these 2+ and 5 1levels
at 61 MeV, considerably less core polarization was required for
the calculated cross sections for the 6+ and 8+ levels, and it
appeared that either a more microscopic descripticon of core
polarization was needed or that non~central parts of the intex-
action should be used for the valence contributionsz). Latex
calculations7) which included the spin-orbit part of the effective
interaction for these proton excitations gave a better fit to the
shapes of the measured cross sections.

The IL=3 shape of the differential cross section for

+
excitation of the i%~ single proton state at 1.63 MeV in 20951
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by 61 MeV protons clearly showed the impoxtance of core
polarization in inelastic scatteringB), because of the strong
coupling of the h9/2 proton to the 3" excitation of the zoan
core which had been predicted earliere).

Current microscopic models, with core polarizatidn treated
collectively or microscopically, are discussed in references
%, 4, and 9 and references cited therein. Giant multipole
resonances ha/e been shown to be important at lower proton
energiesloj, particularly for lighter nuclei and especially
for states excited directly by the weak parts of the force.
These effects are not believed to be important for low-lying
natural parity states in medium and large-A nuclei with proton

ll)_

Excited states of nuclei in the mass region near doubly-
208 '

energies much above 30 MeV
magic Pb have been studied extehsively in recent years,
both experimentally and theoretically, because many of these
states are expected to have simple structures involving either
single particles or single holes coupled to this very strongly
excited core. Much of this work is listed in reference 12,
including that on inelastic scattering of protons.

207Pb ground state has (to lowest order) one neutron

208

The

hole in the doubly-closed shell of Pb, and the first four

excited states are predominantly single neutron-hole excitationsl3}.

For inelastic scattering, the ground state spin value of % highly
restricts the possible values of angular momentum transfer L, so
there are only a few 'allowed' amplitudes compared to the very

large number involved in the excitation of the single-proton
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20955 at 1.63 Mevs). Because of the large matrix

208

state in

elements of the 2.614 MeV core state of Pb to this 1.63 MeV

state in 209

Bi, it was also not.possible to study the relative
importance of the valence contributions because core

excitation completely dominates this transition. An additional
reason for studying these neutron-hole transitions in 207py,
with protons was that it appeared unlikely the spin-orbit part
of the proton-neutron interaction would be important, and this
may make it possible to see the effects of the tensor part of
the nucleon-nucleon interaction. A similar experiment with

L4

20.2 MeV protons had been reported™ ), so it would also be

poésible to study the energy dependence of the reaction -

mechanisms. Another experiment with 35 MeV. protons was reported

15,16) :

The experimental procedures are discussed in chapter 2,

later

The collective model analyses and the effects of different optical
model parameter sets are discussed in section 3.1.1 for data from

14,15,16y .+ the lower

this experiment and from the experiments
proton energies of 20.2 MeV and 35 MeV. Our microscopic model
calculations, with collective core polarization, are discussed
in section 3.2 for the data at Ep=20.2 MeV and 61:2 MeV and

are compared with similar calculationsls) for the experiment

with 35 MeV protons.
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2, T EXPLRIMENT

The 61.2 MeV proton beam was obtained From tha Oak Ridge
Isochronous Cyclotron (ORIC) and the scattered protons ﬂeteéted
at the focal plane of the broad-range spectrographl7) in Ilford [
5.2 em X 25.4 cm nuclear-track plates, which had 50 um thick
G5 emulsions and extra plasticlizer. A 0.18 cm thick aluminium
absorber was placed in front of the emulsions to stop heavy
particles with the same magnetic rigidity, and also reduce the '
energy of the elastically scattered protons by about 4 Mev
because the protons approach the focal plane at an angle of
37.5 degrees to the emulsion. A thin sheet of mylar, 25.4 um
in thickness, was placed between the aluminium absorber and the
emulsions to prevent pressure and scratchin% which when developed
would obscure the relatively faint proton tracks. JFreshly made
'Brussels amidol' developer, a stop bath with acetic acid,’

18

and sodium thiosulphete fixer solution were used™ ). The target,

of 207Pb and rolled to 6.5 mg/cm2 thickness,

enriched to 92.4%
was self~supported and purchased from the Isotope Sales Division
of the Oak Ridge National Laboratory. The overall resolution
ranged from 40 XeV at small angles to about 55 KeV at 100 degrees.
- The data were accumulated in two separate beam runs. The
relative normalizations of all the data were determined by
making short exposures at different times during each run at a
number Ji sclected angles to observe the protons elastical%y

207

scattered from Pl» with the same solid angle, effective

target thickness and Faraday cup calibration as in the inelastic

REPRODUCIBILITY OF THI
ORIGINAL PAGE I8 POOR

P B
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3 Ml

scattering exposures of cach run. From these 'elastic
calibrations', absolute values of the inelastic cross sections

were determined by assuming the plastic cross sections for '

207 208

Pb to be the same as those measured earlier for Ph at

19

the same energy™"). Overall 94 plates were taken with the

spectrograph acceptance angle (in the scattering plane) of 3.0°,
41 plates with this angle at 1.0°, and 17 plates at 0.5°. With
this angle at 3.0° counting tracks in a strip 2 cm length at *he
focal plane corresponds to a solid angle of 0.230 msxr. At

angles near those at whivn proton peaks for elastic scattering

12 16 207

from T7C and Pb peaks,

0 contaminants overlapped inclastic
the smaller acceptance angles of 1.0° and 0.5° were used and

the focal plane position shifted to narrow these contaminant

207

peaks and allow a better determination of the Pb cross

sections. This *“echnique has been discussed previouslyl).

The measured differential cross scciions for the

20

excitation of the first few 7Pb levels and the doublet at

2.64 MeV are shown in table 1. The errors shown include those
due to counting statistics, an estimate of the error made in the

background subtraction and an estimate of the scattexr in the

track counting.

3. ANALYSES OF THE EXPERIMENTAL RESULTS

3.1 Collective (Weak-Coupling) Model Analysis

Of the six states reported from the present experiment,

20,21

only the unresolved dcublet ) at 2,64 MeV excitation is well
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described by the weak coupling model. Although the first few
excited states are believed to result from largely single
neutron-~holce excitations, for completeness collective model '
calculations were made for all of the transitions to the first
six exeited states. The observaed transitions are described

208pb core with

entirely by the excitation of phonons in the
the single neutron-hole (BD—i/zf in the ground state coupling to
these phonons to form a douklet of states. Both the real and
imaginary parts of the optical potential were deformed in our
calculations and Coulomb excitation was included for quadrupole
and octupole transitions. Our definition of the deformation
paramebor B;, does pot included statistical factors, and should

208p), if the weak

equal that extracted for a 0+L transition in
coupling model is styrictly valid, Our values of By, are obtained
from the other common definition by multiplying by the statistical

factor [(2J1+l)(2L+l)/(2Jf+1)]%-

3.1.1 BEST FIT AND ENERGY DEPENDENT OPTICAL PARAMETERS

Because of previous discussions of ambiguities in normali-
zation of collective model calculations (for example in references
16 and 22), we made two e<its of collective model calculations
for the measured cross secticns at Ep=20.2 and 35 MeV (refer-
ences 14, 15) and 6L.2 MeV in the present experiment. The first
set of calculations were made with 'best fit' optical model
parameters, the 'first sct' of reference 14 for Ep=20.2 MeV, those

from reference 23 for Ep=35 MeV, and those from reference 19 for
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Epnﬁl.z Mev. The values of By, we obtained using those 'best
fit' paramcters are listed as BFOM in column 5 of table 2 from
an gverall fit to the measured cross sections at all angles,
not to the first prominent maxima in the angular distributions.
In column 6 of table 2 BE"sGl is the percentage difference of
the value of BL we deduced at each lower energy from the value
at 61 MeV, -

The values of BL shown in column 7 of table 2 were deduced
from a second set of collective model calceulations for Ep=20.2 MeVv.
35 MeV, and 61.2 MeV, with the enexgy dependent parameters for
2OBPb of reference 24 which were derived from those of reference
25. The walues of f; in column 7 of table 2 labelled by HSOM
(Halbert-Satchler optical model} were obtained from an overall
£it to the measurcd cross sections at all angles, not to the
first prominent maxima in the angular distributions. The
percentage differences of these values of B; from the values
for 61 MeV are shown in column B,

 Column 9 of table 2 compares the value of f, deduced at
each proton energy with the HSOM parameters with the corresponding
value of By, in column 5 decduced at the same energy but with the
BFOM parameters, expressing the differences as peréentages.

For completeness, the values of f; shown in column 10 for
35 MeV protons, labelled as BGOM, are those fxom reference 16
multiplied by the appropriate statistical factors
[(2Ji+l)(2i+l)/(2Jf+l)]#. The Bechettiwhnd Greenlees optical

model was used in that analysis. The last column of table 2
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gives the percentage differcnces of these BGOM values of BL

from the BFOM values listed in column 5.

3,1.2 THF DOUBLET CENTERED AT 2.64 MeV

207

+ 74k
This doublet (% ,% ) at 2.64 MeV in Pb is described

as an octupole excitation of the coxe. The excitacvion energy

of this doublet is in very good agreement16'25

208

) with the energies

of the underlying 3~ state in
209

Pb and the multiplet of states

seen in Bi. Irigure 1l displays the excellent agreement between

the 'best Fit' colle.tive model calculation with B3=0.103. This
value is almost identical with the final corrected 'best fit!

values of 63=0.101 and 8,=0.103 for the excitation by 61.2 Mev

protons of the corresponding 3~ multiplet at 2.62 MeV in ZOQBi

and the 3 core at 2.615 MeV in 208

209

Pb, respéctively4). All

measured cross sections for Bi in reference 3 should be

increased by an experimental calibration factor of 1.060, which
causes an increase of all values of BL by a factor of 1.03.

Although the shape of this BFOM calculation is an excellent fit

207 209

to these data for muliiplets in Pb and Bi and the 3~ state

in 208Pb, the collective model shape has small but definite

differences from all three measured shapes. A direct comparison

was made between these measured cross sections at 6l.2 MeV by

207

drawing a smooth curve through the data for the Pb doublet

at 2,64 Mev and comparing this 'data curve' with the measuxed

cross sections for the corresponding excitations in 208Ph and

2OgBi. All measured shapes are more alike than like the collective

208

model shape. With a best value of 33=0.103 for this Pb cross
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sectiond), this direct comparison yiclds Bauo.loo + 0,001 for the

207

doublet in Pb at 2.64 MeV and ﬁ3=0.098 £ 0.00) for the

209

multiplet in Bi at 2.62 Mev. .

The collective model caleulation at 61.2 MeV, with Halbert

and Satchler optical parameters for 208

Pb, yields values of
83=0.100, 0.098, and 0.095 from direct comparison with the
measured cross sections for these 'corresponding' excitations
in 207Pb, 208Pb, and 2098i. The fall-off predicted by the
HS8OM collective model calculation is in poorer agreement with
experiment than is the BFOM collective model calculation.

207

This HSOM collective model calculation is shown for Pb as

the dashed curve in fig. 1.

3.1.3 THE STATES AT 0.570 MeVv, 0.898 MeV,. 1.63 MeV, and 2.34 Me%V
Figure 2 shows a comparison between the collective model
calculations and measured cross sections for the first few excited

states in 207

.b for Ep=61.2 MeV, with the ‘'best fit' parameters
{BroM) of reference 19 and the HSOM parameters of reference 24.
The shapes of all these cross sections are well described by
these cdllectiva model calculations, with the BFOM calculations
providing a slightly superior description of the fall-off of

o(0) with 0. 8Similar conclusions heold for analogous calculations
at Ep=35 MeV with the exception that the angular distribution for
the excitation of the 1.63 MeV state (L=7) is rather poorly

described by the collective model.

et
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Our BFOM collective model calculations axn shown in fig. 4
for Ep=20.2 MeV. Both sets (BFOM and HSOM) of optical parameters
give fairly good fits to the shapes of the datal4), but the ‘JISOM

calculations are poorer for the L=7 transition.

-

There is a”"significant difference between the values of
BL in table 2 for these four transitidns for EP520.2, 35, and 61.2 MeV.
With the BFOM parameters, the vadlues of BL for Ep=20.2 MeV are larger
than those for Ep=61.2 MeV by 7%, 24%, 59% and 56% for the L=2
(0.570 MeV), L=2 (0.898 MeV), L=4 {2.34 MeV), and L=7 (1.63 MeV)
transitions, respectively. Toxr EP=35 MeV, the corresponding values
of BL are larger than those at 61.2 MeV by 22%, 14%, 14%, and
26% respectively. The value of Bz from electromagnetic measure-
ments for the L=2 transition to the 0.570 MeV state is the same
as the value for E_=G61.2 MeV, but the eleciromagnetic value for
the L=2 transition to the 0.898B MeV state is 14% smaller than the

2
7).

With HSOM parameters the trends are cssentially the same, .

value fox Ep=61.2 Mav

the values of BL at Ep=20'2 MeV and 35 MeV are all larger than
for Ep=61.2 MeV. The electromagnetic values for 82 for the
transition to the first excited state at 0.570 MeV is close to
the ISOM value, but the HSOM value is lawvger than %he electro-
magnetic value for the L=2 transition to the 0.8U8 MeV state.
Column 9 of table 2 reveals that the differences in the
values of BL with BFOM and HSOM parametecxrs at the same proton
energy are quite small, especially for the L=2 transitions to the

first btwo excited states.
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For either optical model parameter set, the energy dependence
of 82 for the first two transitions is relatively small and

irregular but there is a smooth and strong decrease in BL for

>

the I=4 and i=7 transitions as Ep increases from 20 MeV to

61l MeV. Such an energy dependence of collective values of BL
is not without parallel. Previous (p,p') data for BQY showed
a decrease in BL for excitation ©of the low-lying states as

the proton energy increased from 25 to 61 MeVl

89

)» The ground

state of ¥ has a 2p35 proton-hole ground state configuration

207 89

and a low-lying spectrum roughly similar to Pbh. For Y,

82 decreases by 124 for the excitation of the 5 proton-hole
state compared to a decrease of 73 for the excitation of the 2

2
207

neutron-hole state in Pb for a similar increase in bombarding

—

energy. The 82 for the excitation of the % proton-hole state
in 89y decreases by 20% compared to a decrease of 19% for the

excitation of the 3 neutron-hole state in 207

2
9+

of BS for the excitation of the 5 state in

compared to a decrecase of 19% in 84 and 37 for these excitations

in 207Pb at 2.34 MeV and 1.63 MeV.

Pb. The value

89Y decreased by 25%

The electromagnetic value527) of 82 are deduced from the

weak-coupling model by assuming rc=l.2 fm and B(E2+)/eé = 71 fm4

and 61 fm4 for the first and second excited states of 207py, respectively

Although these 62 are in close agreement with the values of 62

for EP=61.2 MeV, there is sufficient uncertainty in r_ to render the

comparison somewhat inconclusive. Moreover, only protons -
contribute to y~decay and the neutron and proton deformations may

be different.

i
!

it

T e gy
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3.2, SHELL MODEL ANALYSIS INCLUDING CORE POLARIZATION
In the shell 1odel description of inelastic scattering
userd here (semi-microscopic), the zero-order ground state of

207 2085 mhe

Pb is taken to be a single BP% neutron hole in
first four execited states are then reached by £illing this
vacancy from lower~lying neutron-particle states (single-hole
excitations). This approximate‘description i1s consistent with
single~nucleon transfer data13) which indicate that the levels

207

at 0.570, 0.898, 1.63, and ",..34 MeV in Pb correspond to the

2f5/2, 3p3/2, 1113/2, and 1f7/2 neutron-hole states. To next

208Pb core and

ordexr the neutron hole interacts with the
polarizes it by inducing both neutron and proton particle-~hole
states. It has been shown in ref. 15 that the inclusion of

these lp-2h admixtures in a completely miékoscopic calculation
enhances the cross sections predicted by the single-hole model

by roughly a factor of 4, in reasonable agreement with the data

for each of the first four excited states at Ep=35 MeV.

In this paper, those components of the wave function outside
the single-hole space are represented by the collective model
which has proven quite successful in describing the cross sections
for the low-lying states of the core system. Cons;quently, the
transition amplitude is composed of a valence and a core polar-
ization part. The valence part is that associated with excitations
within the zero-order shell model (single-hole excitations) and

the core polarization term arises from the participation of the

core. The strength of the core participation (AL=yL<k>) as
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defined in referencez) can in principle be dedauced by knowing
the effective charge (eeff) for the corresponding transition28
However, since only the quadrupole effective charges are kndwn
for the transitions considered, A, is treated as an adjustable
parameter to be compared with those AL which are deduced from

other experiments. If the core excitations are isoscalar, AL

is related to the effective chafge as described in ref. 2.

29,30 28

)

The formalism for calculating the valence ) and core
contributions to inelastic scattering have been given elsewhere
so that only the details peculiar to the calculaticons made here
are given. Since the valence amplitudes arise from protons

scattering from neutrons, the L-8 force, which is strongestBl

)

between like nucleons, was not included, The central part of

the interaction is given by:

2

e—0.37r12

v (1,2) = -v

where VSE=30‘8 MeV and VTE=41.8 MeV. This interaction has
roughly the same omall momentum components as the truncated
Hamada Johnston interaction used in ref.zg). For protons
scattering from neutrons, this potential is more than an order
of magnitude stronger for a spin-transfer (S) of zero than

for S=1. Where indicated a tensor force given by:

Vp (1,2) = -V glxy,) 815 Ty°T,

B 0 CEOY S U D S S

).,
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was included where 8§ is given in ref. 30, g(r) is the

12
regularized OPEP form given by equations (23 and 39) of ref. 30
and V=-3.94 MevV. . '

It is well knownSz) that magnetic moments and magnetic
transitions are quenched relative to thelr single particle
values when the cffects of core polarization are included. This
fact, together with the weak S=I part of the central p-n inter-
action suggests that the S=l amplitudes arising from the central
part of the force be neglected and this is done throughout.
Although these amplitudes interfere with those arising from the
muca stronger tensor force, the latter are also found to be
relatively less important than might be expected, and the net
effect of including the S=1 central force terms is negligible.

Recent evidcnce33) has suggested that it is important to
include an imaginary term in the interaction inducing the

transition. Since how to do this is poorly understood, the

entire imaginary coupling (valence and core) was taken from

the collective model prescription discussed in sect. 3.1 and
normalized by the appropriate BL. Since previous calculations
have provenls) rather insensitive to the details of the radial
wave functions, all orbitals in the present calculétion were
calculated assuming a binding energy of 7 MeV in a Woods-Saxon
well having roﬂl.z fm, a=0.7 fm and a spin-orbit force 25 times
the Thomas term.

The BFOM parameters of reference 19 were used in all of

the microscopic model calculations discussed below foxr the proton
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encrqgy Ep=61.2 MeV. To study the energy dependence of the excitation
mechanism, similar calculations were made for the corresponding
data at Ep=20.2 MeV, using the first set of optical parametexs

of xef., 1l4. Resulis of similar calculations at Epﬂﬂs MeV were

obtained from ref. 15.

3.2.1 HE 0.570 Mev STATE (I" = 2. )
The valence amplitude for this transition arises from

the excitetion of a hole from the Bpl/2 level to the 2f5/2

level. This transition is dominated by IL8J=202. PFigure 3a
shows a comparison between the experimental and theoretical
cross sections for Ep=61.2 MeV, The shape of the valence term
(V) alone is seen to be in poorer ayreement with the data than
is the corz (C) term alone. Despite the cpﬁparable contributions
from the V and C terms (A2=0.020), thefcompletc cross section is
in good agreement with the data. An analogous comparison for
the excitation of this level at Ep=20.2 MeV is shown in fig. 4a.
At this lower energy A2=0.033. Although the valence term alone
makes a relatively smallex contribution at the lower enexgy,
the fit to the data is considerably worsec.

Table 3 shows a comparison of the effective neutron charges

&) deduced from the (p,p') experiments at 20.2, 35 and 6l.2 MeV

cff
along with that deduced from the experimental B(E2). The
effective charge obtainced from the 61 MeV data for this transition
is much smallexr than that from the othexr experimental data.

One measure of the strength of the two-body interactioh and

its dependence on energy is given by the strength and energy

variation of the volume integral (per nucleon) of the real part

T i
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of the empirical optical potential ). We show in parenthesos

in table 3 the values of A, and Corg which arce exbtracted when we
4 -

I
scale the volume integral of the {wo-body interaction (including

Qxchange34)) to mutch that of th; empirical optical potential

at cach proton honbarding encrgy, These nunbers are approximate
since the caleculations were not astually repeated, Instead use
was made of the fact that the core and valence amplitudes
(exciuding the imaginary coupling) are almost completely irn

phagse, For Epw35 MeVv thoe values of AL and e, shown in paren-

E
theses are results of microscopic core polarization calculations
from ref, 15.

3.2.2 TUE 0.898 Mov sTATE (17 - D)

This transition corresponds to the expitation of a neutron
hole from the 3pl/2 to the 3p3/2 level. This transition is
mediated predominantly by LSI=202. IMigure 3b shows a comparison
hetween the experimental and theoretical cross sections at
Ep=61.2 MeV. A similar comparison is shown for Epz20.2 MeV in
fig. 4b. At Eprl.z MoV the valence term alone is in poor
agreement with the data. When supplemented by the core polar-
ization term (A2ﬂ0.020), satisfactory agreoement with experimnent
is obtained. At Ep:20.2 Mev (fig. 4b) the valence plus core
{A2=0.030) terms yield a much less salisfactorily-shaped cross
section, particularly around Gcm=80°. This relatively poor
description of the cross section can be traced to the form-
factor for this transition. In particular, the valence forﬁm
factor pcaﬁs well inside the nuclear surface and looks completely

unlike the collective model form-factor known to describe the

ol
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shape of this cross secction quite well. At both of these

enexgies the V term is larger than the C term, V being relatively

5

more important at 61 MeV than at, 20 MeV., Like the % state,
the effective charge of 0.55 extracted from the 61 MeV data is
much less than that obtained from the other experiments at

20 MeV and 35 MeV.

When the central valence interaction is normalized to the

empirical optical model volume integral 25), at 61.2 MeV
A2=0.027 and eeff=0.?4.

i1 13+
3.2.3 THE l.63 MeV STATE (J = =5 )

The excitation of this level procecds primarily by the
excitation of a neutron hole from the 391/2;t° the li13/2
state. The LSJ=707 transfer dominates this transition. Figures
3c and 4c¢ show a comparison between the expefimental and theoreti-
cal cross sections at Ep=61.2 and 20.2 MeV respectively. At
Ep=61.2 MeV the V and C terms together (A7=0.010) provide an
acceptable description of the angular distribution but one
which is inferior to that predicted by the collective model
alone. At Ep=20.2 MeV and with A7=0.030 the fit to the
experimental data is good. This results because of the very
small contribution (<10%) that the valence term alone makes
at the lower encrgy. The value of the effective charge
deduced from the data at 61.2 Mev is found to.be 0.23 which is
a factor of 2 smaller than the value calculated in ref. 15, and

is even smaller when compared to the value deduced from the

(p,p') data at Ep=20.2 MeV.

REPRODUCIBILITY O THR
ORIGINAL PAGE IS POOR
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When the central valence interaction is normalized to the

volume integral of the optical potential from elastie scattering
at 6L.2 Mev,A7=0.012 and eeffmo.?B. '
.-

3.2.4 HE 2.34 MoV STATE (0" = % )

The valence part of this transition corresponds to the
excitation of a 3]‘91/2 ngutron ho}e to the 2f7/2 level., TFor
8=0, (and (—)L = An) an (L8J) transfer of (404) is required for
this transition. Figures 3d and 4d show a comparison between
the experimental and theoretical cross secitions at Ep=61.2
and 20.2 MeV respectively. At 61 MeV the combined V and C
amplitudes provide a reasonable description of the experimental
cross section when A,=0,015. The V plus C fit to the data is,
however, slightly poorer than the collcctiyé model fit alone.
At 20 MeV, a similar result obtains with A,=0.038 except that the
microscopic (V4+C+I) fit to the data is considerably poorer than
the macxroscopic prediction alone. This occurs despite the
relatively smaller contribution of the valence term at the
lower energy. The effective charge deduced at 61 MeV is
substantially smallexr than those € ff found from (p,p') data at
Ep=20 and 35 MeV as well as that calculated in ref: 15 (see
table 3}.

When the central valence interaction is normalized to the

empirical optical potential at 61.2 MeV, A4=0.019 and eeff=0.49.

3.2.5 TENSOR FORCE CONTRIBUTIONS

30)‘

Since these are nearly incoherent with the S=0 amplitudes,

The tensor force only gives rise to S= amplitudes

25)
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the contributions (dircet and exchange) f£rom the tensox

forece have been calculated separately. It has been shown15

)
that the S=1 cross sections arc Pverestimated for this nucleus
by roughly a factor of three for the transitions considered
here when only a single hole transition is consildered.
Consequently, the 5=l valence cross sections were divided by

3 beforae they were added to the *S=0 terms. This roughly
accounts for core polarization of the S=)l type. When included
in this way the S=1 terms make very little difference (no
change in AL) in the full (8=0.5=1) cross sections for any of
the transitions considered at Epnﬁl MeV., Consedquently, the

S=1 terms were not calculated at Ep=20 Ma¥.

3.2.6 ENERGY DEPENDENCE .
As can be scen in table 3, in order for these semi-
microscopiz model calculations to describe the experimental
cross sections at both Epﬁﬁl and 20 MeV, there must be a strong
energy dependrnce of the coure polarization strengths AL (see
column 6 of table 3). This energy dependence of Ay is much
stronger than that for BL when the collective model is used.
This arises from the fact that the valence contributions to the
cross sections fall off much slower with increasing energy Ehan
do the expesimental cross sections. In fact, for the %g
level, the valence contribution to the cross.section increases
by a factor of 2 in going from Ep=20 to EP=61 MeV whercas tpe
experimental cross section decrecases by a factor of 0.64!

Scaling the valence contributions to the empirical enexgy-

dependent optical potential helps but does not resolve this
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difficulty. Consecquently, unless the other single particle

amplitudes arising from a completely microscopic treatment of

the ccre exhibit an cnexgy depcn?ence significantly different
from that of the dominant single-hole amplitude, therc appears
to ke a serious problem in regarding this transition as a
simple one-step process (at least ovexr this entire enexgy
range). The above comment assumes that thexe is no large
in.rinsic encrgy dependence of Vpn' If, on the other hand, the
extreme assumption is made that the A, extracted at Ep=2o MeVv
are correct and enexgy independent then Vbn decreasces dramatically
with increasing encrgy becoming repulsive for the IL=4 and L=7
transitions! 'This is in strong disagreement with the optical
potential., I£ Ap decreases with increasing proton energy at
the same rate as the BL from the collective model, then V

pn
must be considerably weaker than its "realistic" two~body value.

4. DISCUSSION

The presumably simple shell-model staias excited in this
experiment are found to be described in terms of the collective
model with a significant energy dependence of the deformation
parameters. Those 82 deduced from experimental values of B(E2)
are in best agreement with the 62 found at 61 MeVv.

The microscopic description of inelasgtic scattering (with
macroscopic corxe polarization) provides a reasonable descrirtiin
of the shell-model states seen in this experiment. However, a

consistent description of this experiment and a similar one at
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Epwzo.2 teV could only be achicved by allowing the core strengths

(AL) to decrease rapidly with incrcasing cnergy. Whether a
completely microscoplc description of this transition can

describe completely the observed encrgy denendence within the
framework of a one-step reaction mechanism is unknown since such !
a calculation has only been carried out at Ep=35 MeVv. Such a
calculation at the other proton bombarding encrgies could be

very illuminating. For transitions a5 weak as these in 207Pb
the possibility of multiple excitation should be considered.
Inclusion of such terxms might help explain the increase in By,
(ox AL) as the bombarding energy is reduced,

It appecars that whaltever model is uscd to describe these
transitions, it must effectively give risc to a surface peaked
form-factoxr in order to describe the shape.kand perhaps energy
dependence) of the angular distributions. This may necessitate
the use of a density dependent interaction. These conclusions
are to be contrasted with those of Halbext and S\hchler24),who
tind an interaction similar to tune onc used here to be reasonably
adequate (when exchange is included exactly) in explaining the

208p), over a similar range of encrgies when a

excitation of
completely microscopic description is used.

Because of the quendhing of the S=1 contributions fox
these neutron-hole transitions,tthe cffects of the tensor part
of the nucleon-nucleon force were unfortunately negligible for
these neutron-hole transitions. The core polarization
contributions herce were unusual as they were comparable % ith the

valenge contributions, so that the relative importance of these

could bhe studied with more clarity than in experiments exciting
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natural parity states in most othoer nuclei in which core
polarization is generally much laxrger than the valeénce contxi-

butions, .
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FIGURE CAPTILONS

Collective model fit to the experimental data for the
excitation of the doublet at B__=2.6]1 MeV by 61.2 MeV
protons. ex

Comparison between the collective model calculation
and the experimental cross sections for the excitation
of the first four excited stetaes in 207pb by 61.2 MeV
protons.

Comparison of the experimental cross sections for
populating the first four excited states at Ep=61l.2 MeV
with those predicted by the microscopic model” (including
macroscopic core polarization). The valence, core and
imaginary contrxibutions are denoted by V, C and X
respectively. The core contribution includes the
imaginary part; {he valence term does not.

Comparison of the experimental cross sections for
populating the first four excited states at Ep=20.2 MeV
with those predicted by the collective (~-~)} and
microscopic (—————) models. V, C and I are as

defined for fig. 3. :
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TADLE 1
pletorontial Crome Foutluna for Staten in :°1rb Brebted by 61,2 Hev Protons
i ud - . —
b : v y' 3 X
{dogal {0,570 Hov] 10,898 Hav) 11,52 1ov) (2,34 Hov) (2,68 Hov)
v 13,06 3.4050,03010%
14,07 1,3810,03
15,08 ¢3050,0000070  5,8000,52020") 1,280,080
o 16,00 £.27:0,59 1,1610.72 2.05:0.51020"r  1,25:0,06
17,08 3,5110,52 1.1116,05
. 18,09 3.9310.55 3,65£0.40 1.2410,03
20,10 1,520,235 3,0642,47010°%  2,9210.30 1.0710.0%
20,60 ) 2.9050,40
12,11 2,6010,34 7.9640,36710°
H.12 . 2,3540.2% 5.3610,27
26,12 3.0910, 4 i _ 2,7010,22 3.9510,16
5%, 69 2,0210,21 1.3010.1790°  1,6920,17 2,3910,15
20,13 3.5310,72 1,69:0,14 1,350,024 3.0610.16
29,04 2.2910,10 1,0340,10 | 1,2110.10 3,6910, 16 .
30,14 1.9450,13 9.30t0.87x10™7  1.0720,00 9,6410,1%
32.15 %.89:0,74%1072  4,3010,18 .
.15 9.18t),20%00"7  6,1910,90x2072
.16 . 1.00:0,08x10"1
3,17 7.3110,90 5.4510.51
36,17 1.1740.67 3,2310,14
39,18 7,6310,98 *1,1540,00 3.2010.10
" 41,19 £.15:0,79 5.3810,77 ; 1.2710,06
43,19 3.0010.00¢40  p.donn.01
44.20 1,1040,07 4.3910.39 7.0010.42410"2
46,21 . 4,210,711
47.21 835009451077 3,4120.05 2.1640,30 1.5710,03
49,22 5.1610.57 2.66410,50 1, 71t0.008
51,22 3,2510,49 3.53£0.41 ) .
- 52,22 2.4510,54 2.6310.50 3.6448 54 1.0740.03
54,23 3.6010.43 2.6310.37 4.0920. 40 8,88:0,39x20"%
£5.2) 3:.3110.47 3,0640.42
57.244 3.4210,47 ' 3.0340,.40 4.2810.2%
58,24 42010, 44 4.5340,47 2,474042% 3.0010.36 4.7610.31
0,25 3.4910.26 3,490.30 2,1540,30 2,4710.30 5.2840.24
o 2,25 2.0810.24 2.2610.29 3,060, 24 1.5420.24 6.05:0,26
" £5.26 3,6010,34 1.20£0.27 9.512,2%1072 6.8010,31 .
e 60,24 7.813,51072 1.3s0.19¢10™7  4.1610.20
10,27 9,412,5m1077 €.541.6x1077 4,911.5 b, 411, 9e1070 7.9710,15
711.1 8,611.0 5.611,1 49116 2,116 2.0110.10
reaa 16.28 £.011.4 4.0£2.4 $.211.7 €.148.8 2.1510,11
. £0.28 FRTEN 1.510.8 1,710, 5.010.5 2.2210,12
1- #5.20 45804 2.840.9 3.110.9 3.541.0 1.4710,08
3 20,20 5.311,5 1.620.6 0.0810, 6000077+
$5,18 ' 1.711.0 €.54t0.50
100.28 2,310.9 1.210,6 ' £.4010.%0
108,20 3.100.26

[{.__w g

Expressed in al/ur In cin.e,

e e el . T amacn e

Errorn quoted Include enuating ntatfatlen, an ontimate of uncertaintles
in the backgrouml cubtractlon and on eatimate of thy repraduciLility of the krack countindg,
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TARLE 2

Caﬂpnriaan oc df[nrntLiun pxrnwvtv:n uhtainod with dlfrorcnt optical made!n

Huclous . L B, oo uman® " ugoM®
(ev) eV By, Pfigy B, Prber  PugPpp By, Ppg~Ppp
L 3 LI N
20,2 0,029 Yo 0.031 +10,% 42,2
207py 0.570 2 35,0 0,033  +22.2 0.035 +25,0 +6.1 0,034 +3.0
61,2 6,027 0.020 +3.7
e ewe2n® 00 000210 435 -
20,2 0.036  424,1 0.035  416.7 —2.7
207p), 0.098 2 35,0 0.033  +13.8 0.036 420.0 +9.1 0,040 +21,2
1.2 0.029 0.030 +3.4
RN L R Y 7 1 e 1 0 NN T0:EX B 125 S
20,2 0.046  +50.G 0,645 458.1 +6.5
207y 2.34 4 35,0 0,013 413.8 0,030 +18.2 18,2 0.036 49,1
o 6.2 0029 v.om 46,9
20,2 0.036  +56.5 0.040  451.9 +11.1
207, 3.63 7 35.0 0.029  +26.1 0.03% 414.8 +6.9 0,028 ~3.4
820023 0.007 127.4 '
35,0 0.116°
207y, 2.64 3 61.2 0.103 0.100
poublot ‘
£1.2 0,100 e i aan
2% 2,614_ s 6,2 eam? o o.0mf i
2094 2.62 3 1.2 0.1007 0.0859 '
Hultiplet €
6.2 0.008"

A bt e b+ R B B o bk S b e M .

Ligept £it' optical madel paraweters from :of::vncoq 14. 23, and 19 respectively.
bﬂalhoxl and Satehlexr cnergy depemnlont paramesters for lb, reficonge 24,
®Aechetti and Greenlees optical podel, reference 23,

dsluchrbmagnctic values, reforence 27,
®sum of ﬁg from reforence 16,

fHensnrcd cross cections <f. measured
Scorrected values, earille. values were Incorrect,

ZOBPh gross rection, nssumes E?Uﬁ s 0.103
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Microsecoplo medel core-coupling

-3N-

TADLE 23

paramoters and effective charges, collective deformatlon parsmeters

r:m\: Ep . “ﬁ neft‘
HeV Hev
20.2 0.033  (0.031)" 1.0 (1,007
0.570 L 35.0 0.030° 0,95 (0.65)¢
61.2 0.920 (0.025)" 0.63  (0.79)P
EM 0.030° 0.95
_ 20.2 0.030 ' {0.030)P 0.82  (0.83)P
0.898 x 35.0 _0.027° 0.74 (0.81%
61.2 0,020 ; (0,021 0.55  (0.70)P
EM : 0,028%. 0,76
‘© 20.2 0.038 (0.038)° 0.9  (0.99)°
2.34 3 r . 35.0 0.023° 0.61  (0.78)%
61.2 0.015 (0.019) " 0.39  (0.49)P
20.2 0.030 t0.030) " 0.69 (0.69)P
1.63 1 15,0 0.019¢ . 0.43  (0.41)°
61.2 . . - 0.000 . t{o.012P 0.23  (0.25)°

Bipest £it' optical model parameters except where stated othorwise, collective coxe polarization
bCent:ul interaction normalizecd by elastic volume integrals fxom exporiments

®Reference 15

d'Microscopic cora' c¢ale lations, reference 15 . .

®Raforence 27
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