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ABSTRACT

The excitation energy spectra of the residual nucleus 207T1 have

been investigated up to 14 MeV using the (d,3He) reaction at 108 MeV,
New groups and high lying structures are first observed up to 8.3 MeY,
in addition to the five known low lying levels. Beyond a minimum at
7.13 MeV, weaker structures are observed riding aver an asymetric bump
located around 9 MeV. DWBA analysis of angqular distributions have
allowed 1 attributions and the determination of valence and inner hole
spectroscopic factors. It is found that the valence levels at 1.33 MeY,
1.67 MeV, and 3.47 MeV exhaust respectively about 65%, 60% and 45% of
the 1h11/2, ZdS/Z and 197/2 sum rules. The missing strengths are found
below 8.3 MeV. The 2d5/2 and 1g7/2 holes contribute mainly to some well



concentrated groups, whereas the 1h”/2 strength is distributed more
smoothly. Small contributions of 199/2 and 2o strengths are ten<atively
identified below 7.13 MeV. The highest lying energy regjion up t. 14 MeV
may approximately account for the 199/2 and (1f5/2) total sum—r{]e and
about 70% of the 2p strength. The 199/2 strength gives the largest
contribution to the asymetric bump around 9 MeV. The deduced experimental
strength functions are compared with theoretical calculations.

NUCLEAR REACTION : 2%8pb(d,3He)e = 108 Mev,

measured c(E3 , 2), 207T2 deduced levels and
He
structures, Ex’ 2, CZS ; DWBA analysis ;

valence, inner proton holes.




[ - INTROOUCTION

While neutron pick-up reactions1 have been rather extensively used
to study both valence and more deeply bound neutron hole states, the
experimental status concerning proton hole states is much less satisfying.
This may be related with the rather restricted choice of nuclear reac-
tions induced by light projectiles which populate protons hole states,
that is the (d,”He) reaction and the (t,a) reaction. Moreover, only tri-
tons of maximum incident energies around 20 MeV are availabie up to now.
The recent study of deeply bound proton hole states have concentrated
mainly on Zr and Sm targets, using the (d,3He) reaction at 52 Mevz.

208Pb offers a unique opportunity to inves-

Among the heavy nuclei,
tigate single hole {or particle) states in a doubly closed shell nucleus.
Up to now, most pick-up experiments have only measured the 207T2 excita-
tion energy spectra up to 2 MeV or 4 MeY for the more complete one53'5.
Under these conditions, a significant part of the 1h11/2, 2d5/2 and
especially of the higher-lying 197/2 valence hole strengths were not
observed. Moreover, the spectroscopic factors deduced by the different
authors for the main 11/27 and 7/2% valence frégments are not in good

agreement.

We present in this paper a study of the reaction 208Pb(d,3He)207T.ﬁ
at the incident energy of 108.4 MeV¥. This energy is larger than those
used in all previous experiments and more suitable to enhance the cross-
sections corresponding to the large angular momentum transfers, such as
%2 =5 and particularly & = 4, over a large excitation energy range
(0.-8.MeV). We have investigated the residual 207T£ spectra up to 14 MeV
excitation energy to search for the deep 1g9/2 hole strength, in addition
to the missing 1h11/2, 2d5/2 and 197/2 valence strengths.

Il - EXPERIMENTAL SET-UP AND DATA REDUCTION

The experiment was performed with the 108.4 MeY deuteron beam of
the Qrsay synchrocyclotron, using the achromatic line facility coupled



to the large “Montpellier” spectrometer. The detection system consisted of
two multiwire chambers and two plastic scintiilataors coupled to photo-
multipliers. The two localisation chambers achieved a good determination
of the position and angle of the trajectory at the facal plane. The
plastic scintillators provided energy loss signals thus allowing the clean
separation of 3He particles from the background of protons, deuterons,
tritons and alpha particles. The targets were self-supported foils of
enriched 208Pb (97.8%). The achieved energy resolutions, respectively

150 keV and 250 keV for the low lying lavels and the newly investigated
high ‘excitation energy region, mainly result from the target thicknesses
(5.8 mg/cm2 and 10 mg/cmz). Two settings of the magnetic field were used
to study the 2.5 - 14 MeV energy range. Angular distributions were taken
from 4* to 18° in typically 2° steps (1° for the Tow lying levels).

A Mylar target was also studied to allow the comparison with the

contaminant peaks of the 207

T2 spectra.

A typical experimental spectrum obtained at 8° is presented on
fig. 1. The first low lying levels 172%, 372%, 11727, 5/2+ are all rather
strongly excited, especially the 11/2° level, which was not the case in
the previous experiments at smaller incident energies. But the reaction
is not a strongly selective as for example the (3He, a) reaction at
101 MeV~, and the 2 = 0 and moreover & = 2 transfers are quite well
observed.

The fragment of the 197/2 subshell already observed at 3.47 Mev,
dominates the next part of the spectrum which extends up to a minimum
at 7.3 MeV. In this region, rather strong groups point at 4.0 Mev,

4.55 MeV, 4.95 MeV and 5.8 MeV and smaller ones at 2.74 MeV, 6.2 MeV,
6.8 MeV. Beyond the minimum at 7.13 MeVY which is located in the region
of the proton and neutron emission thresholds, the spectrum axhibits a
large asymetric bump with its flat maximum around 9 MeV. Weak structures
riding on it are identified at 7.4 MeV, 7.75 MeV and 8.05 MeV ; beyond
8.3 MeV, the cross-section decreases smoothly up to the highest measured
energy.
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The contaminant 160 and 1ZC at the surface of the target, give splitted

peaks which have bgen subtracted, using the result of the mylar target.

The rapidly increasing density of levels with excitation energy in
207T2 combines with the experimental energy resolution to merge the many
individual peaks into groups or structures, far below the neutron and
proton thresholds. In order to extract the cross section data, the spectra
were thus separated into energy slices, as shown on fig. 1. In addition,
in order to characterize the groups between 3.5 and 8.3 MeV more easily,
the corresponding slices were divided into a "structure" part and an
underlying part changing more smoothly with excitation energy. This was
achieved in a systematic way at each angle by using straight lines joi-
ning the points at B0% of the cross section measured at the lower minima

(see fig. 1).

ITT - ANGULAR OISTRIBUTIONS AND DWBA ANALYSIS

+

The angular distributions of the well known 172%, 372%, 11727, s5/2%
and 7/2+ Tevels respectively at 0.0, 0.35, 1.33, 1.67 and 3.47 MeV are
presented in fig. 2. The results were analysed in the framework of the
usual zero range distorted wave Born approximation, without any radial
cut-off.

We tried different optical potentials available in the literature
in the proper energy range. For the entrance channel, the best fits are
obtained with the deuteron potentia17 deduced by Fitting elastic scatte-
ring data at 108 MeV with a potential of the type proposed by Daenicka.
The calculated shapes are found to depend much more on the 3He exit
channel. In particular, we point out that the usual 3He potential with
a pure volume imaginary term9, which reproduces very well elastic
scattering angular distributions and successfullv describes inelastic
scattering data10 and (3He, a) pick-up data at 101 Mevﬁ, fails completely
in the present case (see fig. 2- set C). Pure surface imeginary potentials



have also been used in the analysis of 3He elastic scattering data9’1’.

The parameter set A (table !) corresponding to such a choice could reaso-
nably reproduce the angular distribution shapes, as shown on fig. 2. The
deduced spectroscopic factors (see table 2) are however very small com-
pared to the sum rules, even for the first 2d3/2 first level, which is
well known as a nearly pure shell model state. More interesting is parame-
ter set B that we have built up as a "break-up type" potential by adding
a proton potential12 and a deuteron potential” corresponding respectively
to 35 MeV and 75 MeV incident energy. Such a procedure has already been
successfully used to describe neutron pick-up reactions with high energy
complex particles in the exit channel’ . The "break-up” potential set B,
involving both volume and surface absorption, reproduces fairly well
elastic scattering results and gives the best fits to the present (d,3He)
angular distributions, as shown in fig. 2. Moreover, it reproduces well
the expected strong concentration of the d3/z strength in the 0.35 MeV
Tevel,

The spectroscopic factors deduced in the present work have been
obtained using a sténdard form factor (table 1) and the usual expression
CZS = %%%% aexp/céif They are compared in table 2 with previous results.
With the choice of parameter set B, all measurements of the v:l3/2 and d5/2
spectroscopic factors are in reasonable agreement, the first d3/2 level
exhausting nearly the full strength, whereas the d5/2 Tevel contributes
for about 60% of the corresponding sum rule only. The situation is more
conflicting as concerns the h11/2 and /2 levels. We find respectively
65% and 45% of the corresponding total proton hole strengths only.

One may notice that taking the d3/2 level as a reference, the relative
values deduced with the parameter set A would even give somewhat smaller
percentages of the sum rules. [t should be recalled that angular distri-
bution shapes and relative spectroscopic factors do not much depend on
the form factor radius (whereas with a 1% smaller radius, absolute values
become about 10% larger). The h11/2 and 97/2 Tevel spectroscopic factors
respectively increases and decreases by 10% and 14% if the spin orbit
parameter A is taken as 15 instead of 25. This last standard valde has
also been adopted in the analysis of subcoulomb transfer reaction {t,u)

in order to determine orbit radii in 207T113.



Summerizing the results and discussion, we conclude that significant
parts of the d5/2, h11/2, g7/2 strengths are missing in the well known
low lying levels and have to be searched for in a larger excitation

energy range.

As indicated previously, this region is characterized by many groups
or structures ; the upper part (structures) and the underlying part of
each-energy slice have been analysed separately.

The angular distributions of the groups presented on fig. 3(a), 3(b)
may reasonably be described by the significant contributions of two 2
transfers at most. As the first 2d3/2 level already exhausts nearly all
the corresponding strength, all 2 = 2 fragments have been attributed to
the 2d5/2 strength. The ¢ = 4 fragments up to 5.4 MeV have been attribu-
ted to the 197/2 strength, as discussed later on.

Four groups exhibit pure (structure M at 8.05 MeV) or nearly pure
% =4 (+ & = 2) angular distributions (groups B at 3.05 MeV, D at 4.0 MeV
and H at 5.8 MeV). Two other groups are also identified 2 =4 + 2 = 2,
with larger relative amounts of d5/2 strength (30% for the group F at
4.95 MeV, which is the most excited in this structure region). One notices
that small percentages of the & = 2 strength are rather easily identified
over the dominant 9772 strength, due to their comparatively larger cross
sections, especially at small angles (4°-6°).

The 2d5/2 strength is found to be the main component of the three
structures E at 4.55 MeV, and J and X at 6.8 and 7.38 MeV. None of the
structure exhibits pure or nearly puire # = 5 angular distribution. The
largest strength concentration is found in structure £ {with about 2%
of the sum rule 1imit). The weak structure L angular distribution exhibits
rapidly increasing cross sections at forward angles, with the maximum
beyond 4° that are characteristic of 2 = 1 (in addition to the dominant
2 = 4 contribution). Since DWBA predictions are rather similar for P12
and P3/2 hole, mean 2p strength percentages are determined. The weak

wl



G and [ structure angular distributions can not be explained with the
main contributions of two 1 components only.

The angular distributions of the underlying part of the different
energy slices have common features, as shown on fig. 4(a). The behaviour
at small angles cannot be reproduced without contributions of both
2 =1 and & = 2 transfers, whereas at larger angles it implies contribu-
tions of larger 2, mainly 1h11/2 {or 1g9/2 in the case of slices K-L-M
around 8 MeV).

The results concerning absolute hole strengths are summerized in
table III. The spectroscopic factors corresponding to the "structure”
and underlying parts of each energy slice have been extracted, and
then summed up. These factors are generally small (one to few percent
of the corresponding strengths) with the exception on thase of the
slices D and F which respectively exhaust 13% and 17% of the 1g7/2
strength. Uncertainties in the experimental angular distribution
decompositions are larger for the spectrum underlying parts than for
the structures, especially if four different 2 values contribute
significantly. It should however be noticed that large errors (303 to
50%) eventually associated with the smallest component strengths in each
slice, do not give large effects on the summed spectroscopic strengths
reported in table 3.

The behaviour of the 197/2, 2d5/2, 1h”/2 strength distributions
is quite different, most of the 197/2 and 2d5/2 strengths being concen-
trated in the "structure” part of the spectra, while the ThH/2 strength
is mostly distributed smoothly in the underlying part of the spectra,
as shown in table III.

The valence hole strengths are found mainly concentrated up to the
minimum at 7.13 MeV excitation energy. With the assumption that all
2 = 4 fragments above 5.5 MeV are 199/2, the percentages of the sum
rules achieved for the valence 1h11/2, 2d5/2 and 1g7/2 proton hole
states up to 7.13 MeV reach nearly 90%.



No structure could be clearly identified beyond 8.3 MeV excitation
energy. The g contaminant peak blurred up a small peaking observed at
some angles at 8.65 MeV. Typical angular distributions obtained for some
of the total energy slices are presented in fig. 4(b) together with ten-
tative decompositions into several £ components of the inner shells,

In all the energy region, the behaviour at small angles is characteristic
of rather large 2p contributions, and the maximum or shoulder near 10°
corresponds mainly to contributions of the 199/2 strength. Even large
percentages of the 1f5/2 strength are rather difficult to identify without
ambiguity, due to the small cross section for the same percentage of
strength compared to 1g9/2. Moreover the 1f5/2 maximum would Jjust fi1l

in the minimum of the 2p angular distribution : the resulting decomposi-
tion thus depends critically on the assumed 2p angular distribution shape ;
the calculated DWBA curves cannot in this case be checked against well
known 2p experimental distributions. In fact, the predicted curves exhibit
very deep minima, which seems unrealistic. Any significant fragment of the
2p strength would have induced drastic effects on the complex angular
distributions. It has thus seemed to us reasonable to smooth out the mi-
nima of the 2p curves ; even with this procedure, the deduced 2p

strength between 8.3 MeY and 14 MeY, only amounts to 55% of the sum rules.

At the largest angles, we find it impossible to fit the cross sections,
obtained without any subtraction of a background. This may indicate some
contribution of other processes. The spectroscopic factors summerized
in table [Tl have thus to be considered as upper values.

IV - FRAGMENTATION OF VALENCE AND INNER HOLE STRENGTHS

208

The collective 37 state at 2.63 MeV in Pb, leads to one hole -~ one

phonon configurations in 207T2 which may strangly couple with valence
hole configurations. The (h11/2 837) 5/2% and 7/2° configurations coupled

to the 2d5/2 and 197/2 holes were considered to be the most important by
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Hamamoto14, and were expected to take away significant parts of these
hole strengths into the region of 3 - 5 MeV excitation energy. The pre-
sent experimental results support this conclusion ; the fragmentation
is not only observed for the 2d5/2 and 197/2 hole but also for the
1h”/2 hole, and it is found to be much more important than predicted.
More refined calculations of the spreading of valence and inner proton
hole strengths in 207Tl have recently been developped, using two diffe-
rent approachs15’16.

Soloviev et a1.15 start with a description in term of quasi-particles
in a Wood-Saxon well and introduce the coupling with one and two phonons
of electric and magnetic type. Pham van Thieu et a1416 develop a full
calculation of the spreading cf hole and particle states induced by the
coupling of Hartree-Fock states to the collective excitation of the core ;
the calculation i$ done using the effective force Skyrme III. Small
artificial widths are intrecduced in both cases to build up strength
functions which may describe the many levels with small pieces of the
strength.

Ouir experimental results concerning the valence deminant fragments,
and the centroids and widths of the observed valence and inner hole
strengths are summerized in table IV and compared with relevant theore-
tical values.

The ground state 1/2% and the first 3/2" level at 0.35 MeV are
found to exhaust respectively nearly all the 351/2 and 2d3/2 itrengths,
in agreement with the theoretical expectations of ref. 15 and ref. 15.
Both calculations overestimate the strengths of the 1h”/2 level at
1.33 MeV and that of the 2d5/2 Tevel at 1.67 MeV by about 25% as compared
to our experimental values. The strength given in ref. 16 for the 1g7/2
level at 3.47 MeV agrees with the experimental result, wher=as the value
of ref. 15 is too large. The positions of the dominant fragment of each
valence hole states are reasanably well predicted by the quasi-particle-
phonon calcu’ ition of ref. 15. The separation energies determined in



ref. 16 depend on the calculated Hartree-Fock energies ; in this case,
the level spacing cannot be reproduced in detail.

The hole states nearest to the Fermi surface 351/2, Zd3/2, 1h11/2,
2d5/2, have as a common feature that a large amount of their strength
is concentrated in one level whereas all other corresponding levels
exhaust individually very small pieces of these strengths, at much
higher excitation energies. The furthest valence 197/2 hole is distributed
mainly among three levels or well located groups, up to 5.4 MeY, and
in the underlying part of the spectra.

The largest part of the strength missing in the first 1h“/2 Tevel
is distributed rather smoothly from 3 to about 8 MeV excitation energy.
The centroid and width are found respectively at 6.0 and 2.8 MeV, the
values deduced of ref. 16 being significantly smaller. As shown in table
IV, the experimental centroid of the total (about 95%) strength is located
1.5 MeV above the first fragment instead of 0.33 MeV as predicted.

The fragmentation of the 2:15/2 and 197/2 strengths deduced experi-
mentally are compared in fig. 5. with tie predicticns of ref. 16. Each
experimental energy scale has been shifted to bring the experimental and
calculated main fragments at the same position. The general features of
the experimental results are rather well reproduced.

Both experimental and theoretical 2d5/2 distributions present a
broad (2.3 MeV width) concentration of strength, the centroid of which
is located 3.5 MeV above the first fragment ; the agreement is less
good if one considers the total) strength distribution, as shown in
table [V. Due to the larger relative strength in the first fragment,
‘the calculated centrofd is only shifted 0.7 MeV above this fragment,
as compared to the observed value of about 1.4 MeV.

The ca]culat'ion16 reproduces the 197/2 strength concentration in a
few fraguents. We do not observe so much strength as calculated on the
low energy side of the dominant fragment. The total experimental
spreading width (taken for the strength up to 5.4 MeV excitation energy)



is smaller than the theoretical expectation (see table IV). However, the
calculations strongly suggest that the experimental 2 = 4 strength obser-
ved above 5.4 MeV should indeed be attributed to 199/2 rather than to

97,2

The general features of the 15;7/2 fragmentation calculated in ref. 15,
do not agree with the present results ; the strength is too much concen-
trated in the first level, the residual strength being mainly located
about 1.5 MeV higher.

The experimental results concerning the inner hole states 199/2 (and
2p and moreover 1f5/2) are more qualitative. As shown in table IV, the
199/2 and (1f5/2) strengths observed up to 14 MeV may exhaust the ceorres-
ponding sum rules, whereas some 2p strength seems missing.

The experimental spreading of the 199/2 hole s%gength is compared
in fig. 6, with the predictions of Soloviev et al. ~. The energy scales
are shifted by 1.25 MeV in order to emphazize the common features. In
particular, the calculated strength function exhibits a small concentra-
tion of strength at Tow excitation energy, which may well be identified
with the experimental maximum near 5.8 MeV, followed by the minimum at
about 7 MeV. The three main peaks of the theoretical curve are then lo-
cated in the region of the flat maximum of the experimental strength
distribution. The total strength measured within 5 MeV in this region
compares well with the predictions. However, the experimental curve is
much smoother than the calculated one, and decreases very slowly toward
high excitation energies. We emphazize that any strong concentration of
the 199/2 strength (v 30% within 0.75 MeV, as expected from the calcula-
tion) would have given a pronounced bump in the spectra. The total
strength centro7d is well reproduced by the calculation of Pham et al.Is,
as shown in table IV. However as two phonons components are not inclu-
ded in this calculation, a comparison of the spreading at high excitation
energies would not be relevant.



The present experiment at high incident energy is not the best suited
to study the 2p strength, which is found widely spread from 4 to 14 MeV
(the highest studied excitation energy). The mean 2p strength function
deduced from the calculation of Soloviev et al. ~ is spread over 10 Mey,
but it exhibits two main maxima which have not been identified experimen-
tally. An expected 10% to 15% amount of the 2p strength in an energy slice
of 0.5 MeV, would have given obvious effects on the angular distribution
(unless the 2p DWBA angular distribution has a very different shape than
assumed). In the region of excitation energy up to about 6 MeV, the contri-
bution of the 2d5/2 fragments to the cross sections hinders the determi-
nation of small fragments of the 2p strength.

As previously indicated, the 1f5/2 strength is the most difficult to

identify. Thus, the values given in table 1Y for the centroid and width
are tentative only.

¥ - SUMMARY AND COMCLUSIONS

The present study of the (d,3He) reaction on zoan, performed with

the highest energy projectiles as compared to previous experiments, allows
the observation of new features concerning the valence hole states and
gives first evidence for the Tocation of inner hole states in 207Tl,
especially ng/z. The experimental spectra exhibit a number of new groups
or structures up to 8.3 MeV excitation energy, in addition to the five
well known low lying levels. Beyond 7.13 MeY, the structures are observed
over a smooth asymetric bump, the flat maximum of which is located around
9 MeV.

A striking feature of the results, as deduced from the DWBA analysis,
is the overlapp of large parts of different valence and inner sub-shell
components in the regions of excitation energy 2.5 - 7.13 MeV and
7.13 - 14 MeY respectively. ThF total 1h11/2, 2d542 and 191/2 strengths
are far from being concentrated in the first 11/2 and 5/2" Tlevels and
in the 7/2" Jevel at 3.47 MeV. We find that a large part of the missing
2d5/2 strength is exhausted by some of the well located groups up to
5.4 MeVY whereas the missing 1h11/2 strength seems to be more widely



spread among very many fragments. The missing 197/2 strength is found
mainly concentrated between 2.5 and 5.4 MeV, especially within two new
groups (at ~ 4.0 and ~ 4.95 MeV). With the assumption that all 2 =4
fragments above 5.4 MeV are 199/2, the 1h11/2, 2d5/2 and 197/2 strengths
measured up to 8.3 MeV acccunt for about 90% of the sum rule typically.

About 10% of the 199/2 strength and 5% of the 2p strengths are tenta-
tively identified below 7.13 MeV excitation energy. These strengths are
found mainly concentrated in the next region between 7.13 MeV and 14 MeV ;
this seems also to be the case of the 1f5/2 strength.

The present experimental results concerning the valence and inner
hole strength distributions, have been compared with two recent theore-
tical predictions. The comparison is encouraging, although these calcula-
tions do not reproduce well, either the spreading of the valence 197/2
strength or that of the higher lying inner hole 199/2 strength, for
example.

Further experiments with other reactions or incident energies would
be useful, especially to better settle the contributions of the different
inner hole states. Improved analysis and better comparison
between experimental and theoretical results wouid also benefit to a more
precise knowledge of widely spread strength distributions. In particular,
consistent predictions of the fragment distribution as a function of
excitation energy and of the corresponding form factor behaviour are
highly desirable.

Further theoretical efforts are also needed to achieve a better under-
standing of the strong fragmentation of the valence and inner holes in
heavy nuclei,
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Fig. 3 :
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FIGURE CAPTIONS

. Typical excitation energy spectrum gbserved in the reaction

2080p(4,%He) 2972 at 108 MeV. The broken line devides each
energy slice into a "structure" part and a residua: part -
Sn, Sp are the neutron and proton separation energies.

Angular distribution of the valence main fragments. The curves
are DWBA predictions using different sets of optical potentials.
Set A-broken line. Set B-continuous line. Set C-usual volume
potentiel9 - dotted lines (see text).

Angular distribution of groups and structures in the 2.5-8.3 MeV
region - The cross sections correspond to the "structure” part of
energy slices labelled in fig. 1. The curves are DWBA calculations
with pure or two admixed 2 contributions.

Anguiar distribution of energy siices labelled in fig. 1. The
curves are DWBA calculations with the contributions of different
9 transferts. a) 2.5-8.3 MeY energy region, after substraction of
the structures {see text and fig. 1). b} total slices of the high
energy region (8.3-14 MeV).

Experimental and calculated fragmentation of 2d5/2 and 197/2
strengths in 207TL. The curves (theory) and histograms (experiment)
give the strength per one MeV energy interval as a function of
the separation energy. The calculation (ref. 16) includes an
artificial width of 0.25 MeY. Each experimental energy scale is
shifted to bring the main fragment at the right theoretical
position.

Experimental and calculated fragmentation of 1g9/2 strength. The
curve and histogram give the strength per one MeV energy interval.
The calculation (ref.15) includes a width of 0.2 MeV. The experi-
mental excitation energy scale is shifted by 1.25 MevV.
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TABLE 1 - OPTICAL PARAMETERS USED IN THE ANALYSTS oF THE “%Bpp (d, ey?®” T2 reaztion at 108 Mev

e) )
Channel VD o L) Hv HS T 33 v{s s a ‘e Ref
(Mev) (fm} (fm) {Mev) (Mev) (fm) (fmn) (Mev) {fn)  (fm) fin
74.77 1.18 0.81 9.33 7.04 1.274 0.914 1.28 a)
b)
set A 127. 1.14 0.83 - 28.5 1.15 0.85 - - - c)
d  80.2 1.17 0.803 5.76 8.474 1.29 0.92 4.90 1.07 0.66 b)
set B =§+ . 1.4
N 54.62 1.146 0.76 3.00 7.82 1.29 0.696 6.04 1.06 0.74 - d)
adjusted 1.25 0.65 - - - - A o= 2§
a) ref. 7
b) ref. 0

c) interpolated set between 71 MeV (ref.11) and 130 MeV (ref.9) 3He potentials including a pure surface imaginary term.
d} ref. 12

e} 4. x Ws is used in DWUCK 4 Code

f) 2. x Vis and 4. x Vs are respectively used for d and p.




208,

TABLE 11 - 208pp(a,%e)2r2  at Ed = 108 Mev

EXPERIMENTAL SPECTROSCOPIC FACTORS OF THE VALENCE HOLE MAIN FRAGMENTS

Ex i s present work % other wciks

(MeV) W ot A pot. B ey (na)® (G
0 3 14 - (1.8) 1.9 1.9 1.26
0.35 2d 3/2 2.7 3.8 3.4 4.6 4.35
1.34 1h !.l/2 1.5 7.7 1z2.1 10.7 7.28
1.67 2d 5/2 2.5 3.5 4.2 3.7 3.13
3.47 1g 7/2 1.8 3.5 1.6 3.2 6.43

a) ref. 3 by ref. 4 c) ref. 5




TABLE 111 - SPECTROSCOPIC FACTORS OF VALENCE AND INNER HOLE STATES IN 2071'9.

Valence main fragment
{2.5-7.13 Mev} Structures
{2.5-7.13 Mev] Lower part
[0, -7.13 Mev] tota)
17.13-8.3 Hey] Structures
[7.13-8.3 Mev] lower part

[8.3- 14, Mev] tota?
[7.13-14, Mev) total

[0. —14. Mev] Sum ruie

2

C”S valence holes CZS inner holes
1h 11/ 24 54, 19 7, 1g %, 2p 1 5,
7.7 3.5 3.5 - - -
0.6 1.0 3.1 {4.25%) 0.58 {0.%) {0.1) -
2.1 0.6 0.53 (1.42%) 0.45 (0.%) (0.45) -
10.4 5.1 7.13 (9.13%) 1.03 (0.%) {0.55)
0.17 0.09 - 0.49 {0.07) -
0.48 0.24 - 0.8 (0.2) -
R - - 8.5 (3.3) (6.)
0.65 0.33 - 9.79 (3.57) (6-)
924 914 89 % (115¢%) 108 % (984%) (69 %) (100 %)

a) if all 2=4 fragments between 5.5 and 7.13 Mey are attribuled lg 7/2




Valence holes
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1
9772

Inner holes

1
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2
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207

TABLE IV - FRAGMENTATION OF PROTON VALENCE AND INNER HOLE STRENGHTS IN T2

a) excitation energies correspond to
b} results calculated between 6. and

c) Ref.15
d) Ref.16

1

the difference of the calculated excited siate and

11 Mev excitation energy (see fig. 6) and text.

[ d
This experiment ¥.G. Soloviev ct al. ) Pham van Thieu et al. )
E, . [8EX] c’s EX r ks B r s &) r
(Mev) 2341 {¥ev) {Mev) 20+ (Mev) {Mev) 2041 {Mev) {Mev)
?ESE=3‘02 ESE='I .44
0. (0.90) 0. - 0.95 o. - 0.9 0. -
0.35 0.95 - 0,975 0.43 - 0.95 1.05 ~
1.33 0.64 - - 0.84 1.6 - 0.80 2.08 ~
[0.-8.3] 0.92 2.8 5.8 - - - 0.96 2.41 2.42
1.67 0.58 - - 0.77 1.9 - 0.72 2.05 ~
10.-8.3) 0.91 3.1 5.1 ~ - - 0.91 2.1 3.52
3.47 0.45 - - 0.75 3.7 - 0.50 5.73 ~
{0.-8.3) 0.89 3.9 1.25 - - - 0.95 6.0 z.24
(1.15) (4.4) (2.5)
5.4 -14.) 1.1 10. 5.0 - - - 0.92 10.0 3.15
(0.98)
[7.25-12.25] 0.77 9.75 3.15 0.7} g.0P) 240 - - -
14.0-14.] (0.69)  (10.25) (5.9) - - - . . .
[10-14.) (1.0) (12.25) (2.7) - - - - - -

ground state separation energies (ESE)
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