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ABSTRACT

The study of the °*Pb(d, t)?°"Pb reaction at Eq=200 MeV
has been extended up to typically E;=40 MeV in 2°’Pb us-
ing a polarized beam with both vector and tensor compo-
nents. Two step pick-up reactions involving low multipolar-
ity collective transitions have been evaluated for the first time
via systematic coupled channel calculations, allowing a new
approach of the background determination. The (d, t) ob-
servables corresponding to the overlapping 1h;, /2> 19772 and
1gg/2 inner hole responses have been analyzed up to E,=25
MeV via a least square fit procedure. Necessary input val-
ues were deduced for hole states of interest from finite range
distorted wave calculations (DWBA). The optical parame-
ters and the range function were those successfully used in a
previous survey of valence state observables. The highest j
transitions are enhanced in the reaction and analyzing powers
exhibit strongly characteristic features for j_= ¢-1/2 versus
j+= €+1/2 states. We have calculated for the first time the
separation energy dependence of nfj transition observables
taking into account the form factor modifications induced by
the hole coupling with surface vibrations. The calculations
have been performed in the framework of the quasi-particle
phonon model (QPM). This analysis (QPMFF) predicts large
variation of differential cross sections with excitation energy
of the hole fragments, while angular distribution shapes re-
main quite stable. The strength distributions resulting of the
QPMFF analysis and of a standard analysis using DWBA
observables calculated at the centroid energies are system-
atically compared. As a general rule, the QPMFF analysis
increases the strength concentration toward lower excitation
energy. The corresponding 1hi;/;, 1g7/; and the tentative
1go/2 strength distributions are compared and discussed with
the available theoretical calculations. In particular, the nar-
rower spreading widths deduced via the QPMFF analysis are
quite well predicted by the calculation of spectral functions in
a modified mean field. The 14;3,2 and 1hg/, valence strength
distributions are revisited along this new approach and found
in fair agreement with the fragmentation predicted by the
QPM model, which is not the case of inner hole strength dis-
tributions.

I. INTRODUCTION

Experimental investigations and theoretical studies of
neutron hole response functions at high excitation energy
have been performed in a rather large number of nuclei
[1,2]. Several experiments have focussed on the doubly
magic 2°°Pb nucleus, which is a test case for different
theoretical approaches [3-9]. Most experimental stud-
ies have been performed with unpolarized beams, using
the (*He,a) reaction at several incident energies [10-13].
These experiments have given evidence for a large frag-
mentation of valence hole strengths, and for a concentra-
tion of the 1h,;/, inner strength in a structure around
E;~8.5 MeV.

More recent results published by our group [14] have
been obtained via the (J, t) reaction at E;=200 MeV
using a polarized deuteron beam with both vector and
tensor components [14]. This reaction combines the ad-
vantage of a strong selectivity for the population of high
£ hole states with new possibilities of identification of
J—= £-1/2 versus jy= £+1/2 states given by character-
istic features of both vector and tensor analyzing powers
at the above incident energy [15,16]. These properties
proved especially useful to achieve an unambigeous iden-
tification of the 1i3/, and 1hg,, high lying groups. They
allowed us to study the 1hy,/, response function up to
E;=14.5 MeV and to give a first reliable evidence for a
concentration of the 1g;/, strength around E, =11 MeV.

It seemed to us interesting to extend the investigation
of inner hole states over a larger range of excitation ener-
gies than in [14], also using the (d, t) reaction at E4=200
MeV. The new investigation of the 208Pb(d, t) reaction
has been performed up to E;~40 MeV and at selected
angles to complement the previous data. The present
paper reports on the 1h;,,s, 1g7/2 and 1gg/2 strength
distributions up to E;=25 MeV, and revisits the liya/g
and lhg/, valence strengths.

We emphasize the following point, of major impor-
tance, which motivates the new approach used in the
data analyses. Results of DWBA calculations, here finite




range calculations, are well known to depend sensitively
on the hole form factors. It has already be pointed out in
Ref. [14] that the well depth procedure generally used in
the calculation of form factors was questionable for hole
fragments spread over large excitation energy range. The
form factors were instead calculated in a core potential
of constant depth complemented by an empirical surface
peaked potential adjusted to reproduce the binding ener-
gies. A systematic investigation of the separation energy
dependence of hole form factors in 2°7Pb has recently
been performed in the framework of the quasiparticle
phonon model. These calculations, which include ex-
plicitly the hole coupling with surface vibrations mainly
responsible for the hole fragmentation, point to a quite
significant increase of form factor radii [17]. This new
approach is used in the present work to calculate form
factors, allowing an analysis of the data consistent with
current assumptions on the fragmentation process. It
supersedes the empirical attempt of Ref. [14]. Valence
and inner hole responses deduced via this new analysis
are systematically compared with those deduced assum-
ing no dependence of DWBA observables with excitation
energy for transitions of the same nfj.

It is well known that determinations of single hole re-
sponse functions at high excitation energy are hampered
by uncertainties on the contributions of multi-step reac-
tions to the experimental spectra. We present in this
paper an evaluation of two step pick-up contributions
performed via coupled channel calculations, allowing a
new approach of the background estimation.

The paper is organized as follows. The experimental
procedure and the raw data are presented in Sec. II. The
evaluation of two step pick-up observables is described
in Sec. III. The excitation energy dependence of DWBA
observables calculated for each hole state is discussed in
Sec. IV. Sec. V presents the data analysis in the contin-
uum region. Fragmentation and spreading deduced for
valence and inner hole states are compared in Sec. VI
with theoretical calculations. Sec. VII summarizes the
results and conclusions.

II. EXPERIMENTAL PROCEDURE AND
OVERALL FEATURES OF THE DATA

The experiment was performed with the polarized
deuteron beam available at the Laboratoire National Sat-
urne (LNS). Deuterons polarized in four different states
called 5, 6, 7 and 8 {18] which are linear combinations
of vector and tensor polarization states, were accelerated
sequentially in successive bursts. The outgoing parti-
cles labeled with the corresponding deuteron polarized
state were analyzed by the high resolution spectrometer
SPES1 working in the dispersion matching mode. The
vector and tensor polarization parameters, periodically
measured with the low-energy D(d, p)3H polarimeter [18]
reached 92% and 90.5% of the corresponding maximum

values. They were found very stable within 2% and 1%
respectively. The polarimeter absolute calibration may
account for 5% systematic errors on the deduced analyz-
ing powers.
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FIG. 1. Excitation energy spectra of the residual nucleus
207 Pp compressed in 200 keV energy bins. The solid and
dashed lines are estimated contributions of the background
referred to as backl and back2 respectively (see Sec. VC2).
The dotted-dashed line is the contribution of hole transitions
deeper than 1gg/.

The trajectory positions and angles at the focal plane
were measured with the first three localization chambers
of the polarimeter "POMME?” [19], instead of the stan-
dard detection previously used in [14]. Energy loss and
time of flight measured with the "POMME?” trigger al-
lowed a selection of the tritons of interest among a back-
ground of scattered deuterons scattered at 3° and at the
highest excitation energies. The 2°°Pb enriched (99%)
target was 39 mg/cm? thick, and the energy resolution
achieved for the tritons was 200 keV. The horizontal and
vertical angular acceptances were set respectively at 2°
and 4° and achieved partly with software cuts.

The measurements were performed at selected angles
and field settings in order to complement up to 15° and
E;~31 MeV the data obtained in the previous experi-
ment in the region of inner hole states. The background
behavior was further studied at field settings centered
around E; =35 MeV at 3° and 9° and around E, =43




MeV at 6°, 9°, 12° and 15°.

Two beam monitors, described in {15,16] were used.
The ratio of the two monitor informations was found sta-
ble within less than 10% (generally 5%). An uncertainty
of 10% on cross sections at each angle (or the statistical
errors if larger) has been conservatively adopted. The ab-
solute calibrations, performed by the Carbon activation
method used at the LNS [20], may induce a systematic
error of typically ~ 15% on absolute cross sections. We
have renormalized by a factor 1.2 the data of our previous
experiment [14] for consistency, as already done in [16]
for the valence level results. The renormalized data have
been combined with those of the present experiment to
get the 297Pb residual spectra discussed in the following.

Excitation energy spectra taken at 9° and 3°, com-
pressed in 200 keV energy bins are presented in Fig. 1.
1C and '°0 impurity peaks have been subtracted out
with the help of CH2 and mylar target measurements.
The main feature of these spectra beyond the valence
region is the structure around E,=8.2 MeV attributed
to the 1h;,/, strength [1,14]. No indication for a bump
which could be attributed to the 1g7,5 or 1gg /2 strength
in 27Pb is observed. The highest part the spectra are
dominated by multi-step reactions, as discussed later on.

III. THE TWO STEP (d:t) REACTION AT
Es=200 MEV

A. configurations and general method

vspace-0.2 cm A realistic calculation of two step pick-
up spectra based on a complete description of all possible
inelastic and neutron pick-up transitions is out of range.
One may however anticipate that low multipolarity col-
lective transitions would play a major role in building two
step (d, t) spectra at forward angles and not too large ex-
citation energies. This assumption is strongly suggested
by the well known features of 2°8Pb inelastic spectra in-
duced by medium energy particles. In particular the first
2* and 3~ collective levels and the giant quadrupole res-
onance are strongly excited.

TABLE I. Characteristics of dipole, quadrupole and oc-
tupole excitations used in coupled channel calculations

E. Jél Width Ref.
MeV MeV

GDR 13.7 0.187 4. [21,22]
2t 4.086 0.051 - [22]
GQR 10.7 0.084 2.6 (23]
3- 2.61 0.116 - [22]
LEOR* 6.1 0.065 4.7-7.5 [24]
HEOR® 19.5 0.067 7.0 [21)

*The concentration of 3~ discrete levels around 6.1 MeV is
referred to as LEOR in the text.
bestimations

We have investigated the two step (J, t) contributions
involving quadrupole, octupole and or coulomb excited
dipole transitions, and all valence or inner hole pick-
up transitions. Such two step reactions populate mul-
tiplets of states belonging to numerous one quasihole-
one phonon ( |1gh®1lph >) configurations. The follow-
ing procedure was adopted to obtain the corresponding
two step cross sections and analyzing powers as function
of excitation energy. Coupled channel calculations were
first performed, neglecting both the hole and phonon
spreading. Summed cross sections over all states of each
multiplet and the corresponding averaged analyzing pow-
ers were then calculated. Estimated spreading of the dif-
ferent configurations were taken into account at the final
stage of the calculations, as explained in Sec. ITIC.

The excitation energies and 3 values of the phonon ex-
citations used in coupled channel calculations are sum-
marized in Table III. The well known energies of the first
levels in 207Pb have been used for pick-up transitions in
the valence shell. For inner hole transitions, Hartree-
Fock energies calculated with the Skyrme III force [25]
have been shifted down by 2 MeV taking into account
the predictions of Ref. [7]. It should be notice that in-
terferences between one step and two step amplitudes,
or two step amplitudes built on different configurations
are not taken into account in the present coupled chan-
nel calculations. This approximation is well justified for
cross sections summed over a significant energy interval,
and more questionable for analyzing powers.

B. Coupled channel calculations

We have performed systematic calculations of two step
cross sections and analyzing powers taking into account
coherently the two amplitudes involving inelastic transi-
tions in the deuteron and triton channels, as shown in
Fig. 2.
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FIG. 2. Two step pick-up amplitudes .

The two step pick-up observables have been calculated
within the zero range approximation (hereafter ZR) using
the coupled channel code CCZR [26] with the deuteron
and triton potential parameters D200ZR and T200ZR
given in Ref. [15]. Such calculations will be referred to as




CCZR. ZR DWBA calculations of the one step (d, t) re-
action performed with these potentials have been shown
[15] to describe rather well valence level cross sections
(using a normalization factor N=1.7 instead of the stan-
dard value N=3.3), and to a lesser extent vector ana-
lyzing powers. The strongly negative tensor analyzing
powers measured at small angles for the 9/2~ level (with
Jj-= £-1/2) are not at all reproduced, which is not sur-
prising as this effect has been shown in {15,16] to result
from S-D interference terms induced by the range func-
tion.
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FIG. 3. Angular distributions of one step and two step
pick-up observables involving 1i;3/; (left) and 1hg,, (right)
pick-up transitions. Solid lines: one step pick-up transi-
tions to the 1.63 MeV and 3.42 MeV first valence levels.
ZR DWBA cross sections are normalized to the experimen-
tal data. Dashed lines: two step pick-up populating con-
figurations involving the 2% transition at E,;=4.086 MeV.
Dotted lines: two step pick-up populating configurations in-
volving the giant quadrupole resonance. Dashed-dotted lines:
two step pick-up transitions involving the 3~ transition at
E:z=2.61 MeV.

It seems to us interesting to compare CCZR cross sec-
tions summed over all levels of a given multiplet and

averaged analyzing powers, with ZR DWBA observables
calculated for the hole transition involved in the multi-
plet configuration . Examples of such comparisons are
given in Fig. 3 for important configurations. Two step
cross sections are found rather small, with angular dis-
tribution slopes less steep than for direct pick-up, as ex-
pected. On the other hand, the calculated two step and
one step analyzing powers exhibit fairly similar features.
The same qualitative conclusion also applies for other
configurations.

Under these conditions, a reasonable assumption is
that the corrections needed to better reproduce one step
analyzing powers starting with ZR DWBA predictions,
would also improve two step analyzing powers deduced
of CCZR calculations for configurations built on the same
pick-up transitions. Such additive corrections have been
determined using the valence level data. The quite simi-
lar shapes of the observable angular distributions calcu-
lated for transitions with different ¢ values but with the
same number of nodes and the same spin and angular
momentum coupling [15,16] allow using these corrections
for configurations involving inner hole states. Extrapo-
lating the conclusions concerning the one step reaction
corrected for the new calibration and valence level anal-
ysis, a normalization factor of N=1.85 was adopted in
CCZR calculations.

C. Two step excitation energy spectra

Each [1¢gh®1ph > configuration generates a number of
levels spread over a range of excitation energies in the
residual nucleus. The spreading of most configurations
has been described by Lorentzian-type distributions. The
adopted low energy side and high energy side widths of
these distributions have been chosen to take qualitatively
into account estimated widths of hole strength distribu-
tions together with known or estimated widths for the
excitation involved in the configuration (see table III).
For the configurations involving a valence hole coupled
to the low energy 2% and 3~ excitations, we have consid-
ered separately the groups of levels associated with the
quasihole levels, and the groups associated with residual
valence strengths in higher lying fragments. The distri-
butions in excitation energy of both kind of groups have
been smoothed out with simple trapezoidal shapes.

The predicted two step (d, t) spectrum at 9° summed
over quadrupole, octupole and coulomb excited dipole
contributions is shown in Fig. 4 together with separated
2%, 37 and 1~ contributions. The procedure used to get
such spectra involves rather large uncertainties, so that
detailed features predicted in the valence region are not
significant.

A first remark bears on the cross sections predicted
around E;=6 MeV. The present results point to the con-
clusion that the background of indirect pick-up does not
drop to zero at such excitation energy, as assumed pre-




viously [14]. In the region of interest for the analysis of
the first inner hole states, the main contributions come
from the valence® LEOR configurations, and to a smaller
degree from the valence® QGR configurations (see Ta-
ble III). Beyond ~ 25 MeV, the two step spectra built
for each multipolarity decrease as function of excitation
energy.
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FIG. 4. Components of background backl at 9°. Thick
solid line: calculated two step spectrum backla. Dotted line:
contribution of the GDR to backla. Dashed line: contribu-
tion of quadrupole transitions to backla. Dashed-dotted line:
contribution of octupole transitions to backla. Thin solid
line: semi-empirical component backlb (see Sec. V C).

IV. EXCITATION ENERGY DEPENDENCE OF
(d,t) OBSERVABLES

A special point of interest for DWBA analyses is
the dependence of form factors on separation energy of
strength fragments belonging to a given hole state. The
well depth procedure generally used for analyzing low ly-
ing levels is not well suited for describing fragments sev-
eral MeV away from the quasihole energy, as discussed
in [14]. Instead, it has been suggested that the coupling
with surface vibrations, if responsible for the fragmenta-
tion process, would better be taken into account through
a modification of the effective potential well radius. More
precisely, it has been pointed out by Austern [27], that
the coupling with surface vibrations induces a surface
peaked source term in the inhomogeneous equation de-
scribing admixed wave functions. It has also been noticed
that modifications of form factor shapes only depend on
the source term shape, and that such shape could be ap-
proached via a structure calculation without solving a
complex set of coupled equations.

Along these lines, form factors of neutron and proton
hole states in the valence and inner shell of 2°Pb have

recently been studied within the quasiparticle-phonon
model [17]. The important conclusion is that the over-
all behavior of the calculated form factors as function of
separation energy, can be described using a mean source
term localized about 4.5 % inside of the well radius. This
source term can be parameterized with a first derivative
Woods-Saxon shape. A quite significant increase of form
factor radii with separation energy of fragments of a same
high j hole strength results of such calculations {17).
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FIG. 5. Angular distribution of (d, t) observables as func-
tion of excitation energy. DWBA cross sections are normal-
ized to experimental values at small angles . Solid lines: quasi-
bole levels. Dashed lines: E; = 4.7 and 7.2 MeV respectively
for 1iy3/2 and 1hg;, fragments. Dotted lines: E; = 8.5 and
9.2 MeV respectively for 1¢1a72 and lhg,, fragments.

The parameters of the Woods-Saxon well used in
the QPM calculations differ from the parameters of
the Woods-Saxon well adopted for the calculation of
hole form factors in our previous analyses of the
208Pb(d, ¢)297Pb reaction [14-16]. In order to allow a
direct comparison of the results, a new mean source
term was calculated with these latter parameters. The
source term was fitted with a first derivative Woods-
Saxon shape of radius r=1.165A'/3 and surface thickness
a=0.54 (compared with r=1.22A/3 and a=0.7 for the
binding Woods-Saxon potential). The normalized form
factors obtained for each hole state at several excitation
energies were then used in finite range DWBA calcula-
tions.

The behavior of the observables calculated under these
conditions (hereafter QPMFF analysis) at three excita-
tion energies spanning the 14,3/, and 1hg/; hole frag-
ments is shown in Fig. 5. The angular distribution shapes
of o, Ay and Ay, are found nearly insensitive to excita-




tion energy, within several MeV. However absolute values
of cross sections per picked neutron increase with exci-
tation energy. Similar observations are made in the case
of inner hole states. As a result, for a same experimen-
tal cross section, the spectroscopic factors of fragments
below the reference energy (chosen near the expected
strength distribution centroid) are larger than the value
calculated with the form factor corresponding to this lat-
ter energy, and smaller beyond.

Systematic DWBA calculations have been performed
for the different hole states of interest in order to deter-
mine the ratio Rg25(Ex ) of spectroscopic factors deduced
via the above QPMFF analysis to those obtained via a
standard analysis relying on DWBA observables calcu-
lated near the centroid energy. In each case, we have
considered the range of excitation energies giving stable
angular distribution shapes as the one of interest for the
fragmentation. Acceptable ranges of excitation energies
are typically 2-3 MeV below the centroid energies and
several MeV beyond. The largest variations of Rczg with
Ex are obtained for inner hole states, especially the 1g; /2
state, as shown in Fig. 6.
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FIG. 6. Ratio Rc2s(Ex) of QPMFF and standard spec-
troscopic factors for the 1k, /2, 1972 and 1gg/; inner hole
states.

An empirical approach was previously adopted in
Ref. [14] in an attempt to take into account the depen-
dence of DWBA observables on excitation energy. In
spite of a similar trend than established by the present
results, the modifications of spectroscopic factors were
quite significantly underestimated.

V. DATA ANALYSIS IN THE CONTINUUM
REGION

A. Pick-up and background contributions

The experimental spectra beyond E;=6.3 MeV have
been divided into excitation energy bins. For each bin,

the experimental observables, functions of excitation en-
ergy and angle, can be expressed in the continuum as
linear sums of pick-up contributions from a few inner
sub-shells labeled i, of summed pick-up contributions es-
timated for the deepest shells , and of a physical back-
ground, as indicated in Egs. (1).

o®P = Z C*Siot" + o + o°

i
o TPALTP = Z C’ZS,ﬂf"A;'f + adAz + abA:, (1)
i

o PALTP =" CESioth AR, + 0% A2, + oA,
3

C?S; is the spectroscopic strength (i) of a nlj tran-
sition in the considered energy bin. oi*, A and AL},
are theoretical values calculated for the subshell i with
the code DWUCKS5 [28], using S and D range functions
[29] deduced with the super soft core potential [30] and
optical potential parameters given in [16]. ¢¢, AZ and
Agy correspond to summed contributions evaluated for
the strongly overlapping subshells deeper than 1gg /2- a®,
A? and A% correspond to the background discussed in
Sec. VC.

After subtraction of the background and deep shell
contributions, the spectroscopic factors of 2 or 3 differ-
ent néj transitions contributing to each energy bin are
determined via a least square fit procedure as in [14].

B. Contribution of the deep lying shells

The cross sections and analyzing powers of one step
pick-up from each filled subshells deeper than 1gg /2 have
been calculated at separation energies shifted down by 2
MeV from separation energies predicted by Hartree-Fock
calculations with the Skyrme III force. The results do
not change much with this shift suggested by the results
of [7].

The contribution of each subshell has been spread in
excitation energy assuming a Gaussian-type shape , with
parameters I'o, =25 and A=>550 (see Mahaux [8]). Under
these conditions the widths of inner hole strength distri-
butions range from ~ 4 MeV for the 1h, ;2 subshell up
to 12 MeV for the deepest shells. Significantly narrower
widths would induce evident structures in the residual
spectra in contradiction with the data, while larger ones
do not change significantly the overall results. A typical
summed spectra calculated at 9° for the deep shells is
shown in Fig. 1. Around E;=25 MeV, these deep shell
cross sections are similar to the summed cross sections
shown in Fig 4 for two step reactions involving low mul-
tipolarity transitions.




C. Contribution of the physical background

The determination of hole strength distributions re-
lies on analyses of one step pick-up spectra. All more
complex reactions contribute to the physical background,
which must be subtracted out of the experimental data
in the excitation energy regions of interest, here E.=6.3
up to 25 MeV. The methods used for estimating the
background have been improved on several points com-
pared with those used in Ref. [14] or more generally in
other works [1], introducing more severe constraints. On
the one hand the calculated two step observables (see
Sec. III) have been assumed to dominate the background
at low excitation energy. On the other hand, more in-
formations on the background angular distributions have
been gained from the measurements of three high excita-
tion energy bins.

Two estimations of the background, refered to as back1
and back2, have been performed. In the first approach,
a background component backla limited to the two step
contributions involving low multipolarities is first calcu-
lated. A second component backlb is extrapolated from
the high excitation energy data corrected for one and two
step contributions. The background back] is a sum of the
calculated two-step background backla and of the semi-
empirical background backlb. In the second approach,
the two step results of Sec. III are only used to esti-
mate the semi-empirical background back2 around E,=
5 MeV, allowing the interpolation up to the high exci-
tation energy data corrected for one step contributions
only.

1. Background anguler distribution at high ezcitation
energies

The background observables backlb have been ob-
tained for three high excitation energy slices in 207Pb
by subtracting out the calculated two step contributions
backla together with the one step pick-up contributions
, using Egs. (1). These latter contributions have been
estimated as explained in Sec. VB, with the range of
subshells taken into account extended to also include the
first inner shell and the 1g4 /2 shell. The background ob-
servables back2 have been obtained by subtracting out
only the one step pick-up contributions.

Angular distributions of background cross sections and
analyzing powers are shown in Fig. 7a for backlb and
Fig. 7b for back2. The error bars take into account esti-
mated systematic errors on the subtracted contributions
in addition to statistical errors. The angular distribu-
tions of back1b and back2 observables exhibit rather sim-
ilar features.

The cross section angular distributions have smaller
slopes than direct pick-up ones for each energy slice, with
the lowest excitation energy slice exhibiting the steepest
slope. Vector and tensor analyzing powers exhibit no

significant dependence on excitation energy. Mean val-
ues were adopted in further analyses. Tensor analyzing
powers depend significantly on angles, while vector ana-
lyzing powers remain small.
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FIG. 7. Angular distributions of background observables
for three high excitation energy slices. a) Inner hole and cal-
culated two step contributions subtracted. b) Inner hole con-
tributions subtracted. Filled dots: E,=27 MeV. Filled upper
triangles: E-=35 MeV. Unfilled dots: E.=43 MeV. Solid line:
angular distributions of analyzing powers, averaged over the
three excitation energy slices.

2. Interpolation of the background at intermediate
ezcitation energy

Two step (d, t) contributions involving low multipolar-
ity transitions have been discussed in Sec. IIIC. The
cross sections decrease beyond E;=15 MeV. Other com-
ponents of the background are two step pick-up involving
multipolarities L >3 and especially three step and higher
order pick-up reactions. Two step reactions involving
high multipolarity excitations are expected to contribute
mainly at larger angles than for low multipolarities, while
the contributions of multi-step reactions are expected to
increase with excitation energy.

The cross section spectra of background back2 or
backlb are best estimated at the largest angle of 15°




where the calculated one step and two step reactions
give the smallest relative contribution to the experimen-
tal spectra. Linear dependence on excitation energy are
adopted for cross section spectra at this angle. The back-
ground back?2 is parameterized using a mean cross section
estimated around E;=5 MeV for the two step transitions
discussed in Sec. III C and the cross sections deduced for
the high excitation energy slices. The background backlb
is extrapolated from the high excitation energies to zero
(see Fig. 4).

As indicated in Sec. V C1, the slopes of cross section
angular distributions decrease toward the highest excita-
tion energies. This variation has been extrapolated lin-
early in order to estimate the background shapes below
15°. The background spectra backl and back2 at 9° and
3° are shown in Fig. 1.

VI. RESULTS AND DISCUSSION

The coupling of single particle degree of freedom to
the surface modes has been shown to be responsible of
major features of strength fragmentation and spreading
(1,7,31]. The coupling is generally treated via microscopic
calculations. Its overall effect on the strength spreading
has also been considered in a phenomenological approach
based on dispersion corrections.

Microscopic calculations in the framework of the QPM
model [5] have allowed systematic comparisons with ex-
perimental results bearing on valence and first inner hole
states in a number of nuclei [1]. The model contains an
averaged field described by a Woods-Saxon well, com-
plemented by pairing interactions and separable multi-
pole and spin-multipole forces. For consistency, the ra-
dial shape of the corresponding long range interaction is
taken as the first derivative of the central well. The most
complete QPM calculations of neutron hole fragmenta-
tion in 2°7Pb performed by Vdovin [9] allow a systematic
comparison with the present results on valence states and
inner hole states. |1gh®2ph > model states are taken
into account in addition to |1gh®1ph > states for the
calculations of inner hole states.

Other microscopic calculations in 207Pb, by Bortignon
et al [4] and Nguyen Van Giai [3] use the Skyrme III
force to calculate Hartree-Fock wave functions and en-
ergies. A surface effective interaction of first derivative
Woods-Saxon shape is used in [4]. In [3], the coupling in-
teraction between the hole and the collective excitation
is consistenly derived from the Skyrme III force. Nat-
ural parity collective levels and giant resonances of the
core are considered in both calculations performed in the
space of |1gh®lph > configurations.

The most recent calculations of the 1k, and 1gg/2
spectral functions have been performed by Waroquier
[32] in the formalism previously used for proton deep
hole states [33). The nucleon-nucleon interaction is de-
scribed by the Skyrme force SkE2. These calculations

differ of Ref. [3] by the description of the core excited
states in the space of non interacting particle-hole con-
figurations, instead of RPA correlated solutions. On the
other hand, the iterative method developed to construct
a self-consistent solution of the Dyson equation brings in
naturally many body damping effects [34].

The phenomenological approach of Mahaux [7] uses
dispersion relations to derive a modified mean field of
208Pb at negative energies, starting with neutron optical
potentials at low energy.

The experimental results bearing on the overall 17,5 /2
and 1hg/, valence strength distributions and on the
1hy11 2, 197 /2 and 1gg /9 inner hole response functions are
presented in the following sections and compared with
the theoretical predictions.

A. The valence 14,3/, and lhg;, strengths

0.4
= " li,s2  THIS WORK o)
> @
(‘)] = - ~N
= 0.3 J/ T o
So2f T 3y 9
2 Sl
Lot N2
(/‘) .

O 1 1

b)

FIG. 8. Experimental and theoretical liy3/2 neutron hole
strength distributions. a) Solid line: histogram of the experi-
mental strength deduced with the QPMFF analysis. Dashed
line: with the standard analysis. b) Solid line: results of
Vdovin [9]. Dashed line: results of Nguyen Van Giai (3], us-
ing the same (0.2 MeV) smearing parameter as Vdovin. The
theoretical excitation emergy scales have been shifted to re-
produce the first level position.




A detailed description of the 17,5 /2 and lhg,, groups

identified via the (d, ¢) reaction with 100 keV energy reso-
lution has been discussed in Ref. [14] and compared with
previous data [10-13].

The following discussion bears on the overall strength
distributions deduced via the new analyses of the same
data revised for the monitor calibration. Both analyses
differ from those of Ref. [14] through the choice of the
Super Soft Core range function (adopted for consistency
with the systematic analysis of the (d,¢) reaction [16])
instead of the Paris range function.

The standard analysis has been performed with
DWBA observables calculated at E.=2.2 MeV and
E;=4.2 MeV for the 1i;, /2 and lhg/y strengths respec-
tively (instead of the quasihole energies used in [14]). The
QPMFF strength distributions taking into account the
excitation energy dependence of form factors have been
deduced from the standard ones using the ratio Rezs(Ex)
as explained in Sec. IV.

TABLE II. Integral characteristics of the 1¢13/2 (Top) and
lhg/y (Bottom) strength distributions. E2* and ES are the
quasihole and the centroid excitation energies. Experimental
values within ( ) are derived from the standard analysis.

Quasihole level Total
E¢*  C%5/25 +1 ES  C%8/2j+1
MeV MeV
This work® 1.63 0.79 2.35 0.98
2.2° 0.94®°
(0.73) (2.55) (0.96)
Theory ©
Ref. [9] 0.13 0.91 [1.93] 0.98¢
Ref. [4] -0.27 0.78 1.8 0.82¢
Ref. [7] 0.37 0.71
Ref. [3] -1.32 0.64 [2.3) 0.84¢
This work!  3.42 0.63 4.2 0.88
4.1° 0.83°
(0.44) (4.8) (0.79)
Theory®
Ref. [9] 0.32 0.76 (3.7] 0.968
Ref. [4] -0.58 0.60 3.8 0.84"
Ref. [7] 0.32 0.77
Ref. [3] -1.58 0.43 4.0 0.86¢

*Strength distribution up to E;=7.3 MeV, assuming a smooth
overlap with the 1h,,,, strength from E.=6.3 MeV.

with correction for additional background

¢ Predictions obtained after shifting the energy scales by the
values given in column 2 to match the quasihole level to the
experimental position.

dup to E:=7.3 MeV

“up to E;=6.3 MeV

fStrength distributions up to Ez=11 MeV assuming a smooth
overlap with the 197/, strength from E.=8.6 MeV.

€up to E-=11 MeV

bup to E;=6 MeV

‘up to E;=7.2 MeV

The 14;3/2 and 1hg;5 strength distributions are shown
in Fig. 8 and Fig. 9 respectively, together with theoretical
predictions of Refs. [3,9]. The results are summarized in
Table IV.
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FIG. 9. Experimental and theoretical 1hg;2 neutron hole
strength distributions. a) and b) Same as for Fig. 8.

The valence strengths concentrated in the quasihole
levels are larger with the QPMFF analysis than with the
standard one, while the strengths in the high lying frag-
ments are smaller, as shown in Fig. 8, Fig. 9 and Table IV.

As aresult, the 14,3/2 and 1hg/; strength centroids are
shifted down by ~0.2 MeV and ~0.5 MeV respectively.
The role of the form factor energy dependence is espe-
cially striking in the case of the 1hg /2 strength, leading
to a 45% larger strength in the level at E,=3.42 MeV,
while the fragment summed strength decreases by nearly
50%. It brings the lhg/, strength distribution in fair
agreement with the QPM predictions of Vdovin [9]. The
strength exhausted in the quasihole level is fairly repro-
duced by the calculations of Bortignon [4] and Mahaux 7
and underestimated by the self-consistent calculations of
Nguyen van Giai [3]. The strong fragmentation predicted
by this latter calculations (in spite of a smaller number
of configurations than in [9]) would point to a too large
coupling interaction. The same conclusions apply to the
liyg/ strength, to a lesser extent (see Table IV).

It is worthwhile to notice that no contribution of two




step pick-up reactions has been subtracted out, except for
the 14,3/, level at E;=4.2 MeV, as explained in Ref. [14].
Subtracting out the summed two step cross sections be-
tween E;=4.5 and 7.5 MeV could possibly lead to ~ 20%
reduction of the 13,3/, and 1hg /2 Strengths given in Ta-
ble IV. Such correction would improve the agreement
with the QPM model achieved with the QPMFF analy-
sis. The estimated shifts of the strength centroids remain
within error limits.

B. The 1hiy/3, 1g7/2 and 1gg,2 inner hole strengths
1. Pick-up transitions E. = 6.5-25.5 MeV

The pick-up transitions have been analyzed after sub-
traction of the background back1 or back?2 and of contri-
butions of hole states deeper than 1gg /2 (see Sec. V).
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FIG. 10. Typical angular distributions of cross sections and
analyzing powers for excitation energy slices between E.=6.3
and 25.5 MeV. The contributions backl are subtracted (see
Sec. VC). The mean excitation energy of each slice is in-
dicated on the figure. Solid lines: best fit angular distribu-
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tions. Dotted lines: fits obtained with two transitions only
(such as by 4, g; /2) where they do not correspond to the best
fit. Dashed lines: angular distributions of pure J+ transitions.
Dashed-dotted lines: angular distributions of pure j.. transi-
tions.




The energy bin widths increase from ~0.5 MeV around
E;=6.5 MeV to 2.5 MeV at high excitation ener-
gies. Background corrections are typically 10% around
E;=10 MeV and reach ~70% beyond E,=20 MeV even
at the smallest angle. This induces large errors on the
pick-up data at the highest excitation energies. Typical
angular distributions of the three observables obtained
subtracting backl are shown in Fig. 15. The angular
distributions are rather similar for the different energy
bins. Vector analyzing powers are systematically nega-
tive, as expected for dominant contributions of the 1h;, /2
or 1gg/, strengths. Negative values of tensor analyzing
powers at 3° are related to 1hg/, and 1g; /2 contributions.
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FIG. 11. Dependence of inner hole strength distributions
(QPMFF) on the background choice (see Sec. VI). Solid lines:
backl subtracted. Dashed lines: back?2 subtracted.

The standard analysis has
been performed with DWBA observables calculated at
E;=9.7 MeV, E,=11.7 MeV and E,=17 MeV for the
1h11/2, 19772, 1go2 hole state respectively. As already

noticed, the (d, t) reaction at E;= 200 MeV allows a very
clear identification of j_= ¢-1/2 versus j; = £+1/2 states
with quantum number n = 1, but not of orbital ¢ values.
Systematic fitting attempts were performed for each en-
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ergy bin choosing 2 or 3 n¢j transitions depending of the
energy range. In each attempt, one j,= £+1/2 tran-
sition 1¢13/2, 1hyy/2 or 1gg o, one j_= £-1/2 transition
lhg/y or 1g7/, and possibly the group of low ¢ 2d and
3s transitions were considered. The calculated angular
distributions corresponding to the best fits or fits with
two transitions only are compared in Fig. 15 with the
experimental results. The fits below E; =12 MeV are im-
proved when the low £ transitions exhausting about 70%
of the sum rule are included. Fits of comparable quality
are achieved if the background back?2 is subtracted out
of the data, instead of backl. The QPMFF strength dis-
tributions are derived from the standard ones using the
ratio Ro2g(Ex) shown in Fig 6.

The standard strength distributions and the QPMFF
ones have been built for the 1hy;/,, 1g;/, states and
tentatively for the 1gg/, state using the best fit results.
Smooth overlaps of the 1i13/2 and 1hy, /5 strengths, lhg/s
and 1lg7/2 strengths, 1h;,; and 1gg/o strengths (see
Sec. IV) have been assumed.

The sensitivity of strength distributions to the back-
ground choice backl or back?2 is illustrated in Fig. 11.
The differences are generally within errors bars. The
largest effects are observed for the 1g; /2 strength which
is mostly concentrated in the excitation energy region
where the shapes of backl and back?2 differ significantly.

The 1hy) /3, 197 /2 and 1gg/, experimental and theoret-
ical strength distributions are shown in Fig. 12, 13 and
14 respectively. The main characteristics of the inner
hole response functions are the quasihole and the cen-
troid excitation energies, the summed strengths and the
spreading widths. Experimental values deduced with the
QPMFF and standard analyses are compared in Table V
with the theoretical predictions of Refs. [9,3,7,32].

2. The lhn/g strength

The strength distribution deduced with the standard
analysis is rather flat around E,=9 MeV. The maximum
noticed in Ref. [14] is here smoothed by the subtraction
of previously neglected two step pick-up contributions.
The QPMFF strength distribution is narrower, with the
rather pronounced peak at E,= 8.2 MeV. For both anal-
yses, the strength summed up to E;=18.5 MeV achieves
~95% of the sum rule. It would decrease by ~7% if
subtracting back2 instead of backl from the data. The
experimental summed strengths compare fairly well with
the theoretical predictions, taking into account the dif-
ferent strength distribution shapes.

The strength histograms have been fitted with
Gaussian-type curves, along the line adopted for proton
deep hole states [7,35] in order to determine the quasi-
hole energies and the spreading widths. As shown in
Table V, the quasihole and the centroid excitation ener-
gies deduced in the QPMFF analysis are shifted down by
1 MeV and ~ 0.9 MeV from those deduced in the stan-




dard analysis. As a result, the agreement of the quasi-
hole energy with the prediction of the QPM model is
improved. Apart from the shift of the quasihole energy,
the most striking effect of the form factor energy depen-
dence bears on the strength distribution shape described
by a strongly reduced spreading width (see Fig. 12).
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FIG. 12. Experimental and theoretical 1k, /2 Tneutron
hole strength. a) Solid lines: histogram of the experimen-
tal strength and Gaussian-type fit deduced resulting of the
QPMFF analysis. Dashed lines: histogram of experimental
data and fit obtained with the standard analysis. b) Solid line:
QPM calculation with |1gh®1ph > and |1gh®2ph > compo-
nents [9]. Dotted line: fit of these results with a Lorentzian
shape. Dashed line: modified mean field calculations [7]. c)
Solid line: QPM calculation with |1gh®1ph > components
[9]. Dashed line: calculation of Nguyen Van Giai [3], using
the same (0.5 MeV) smearing parameter as Vdovin [9]. His-
togram: calculation of Waroquier [32].

The QPMFF spreading width remains much too large
compared with the calculation of Vdovin [9] including
|1gh®2ph > in the model space (see Table V and
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Fig 12b). The fair agreement achieved with the valence
results by the QPM calculations (see Sec. VIA) let think
that the coupling built from schematic forces used in the
model, even if somewhat too small, cannot explain the
above discrepancy. Additional technical limitations are
involved in QPM calculations of inner states, such as the
too small number of |1gh®1ph > model states imposed
by the number of |[1gh®2ph > states to be taken into
account and additional cuts of small coupling matrix el-
ements. These limitations may be partly responsible of
the too small predicted spreading. The missing contribu-
tions together with those of higher order configurations
are clearly not correctly simulated by the smearing pa-
rameter set to 0.5 MeV.

The spreading width of the QPMFF strength distribu-
tion is well predicted by the calculations of Mahaux [7]
based on dispersion corrections to the mean field. The
asymmetric shape of the experimental strength distribu-
tion is however not well described by the Lorentzian-type
shape given in [7].

As shown in Fig. 12c, the strength distributions calcu-
lated by Vdovin [9] and Nguyen van Giai [3] with only

{1gh®1ph > components exhibit two rather pronounced
peaks in contradiction with the data. Additional damp-
ing is clearly needed, as expected for calculations neglect-
ing any coupling of the hole with higher order configu-
rations. Less than 10% strengths are predicted at lower
excitation energy. High lying configurations are not in-
cluded in the calculation of Ref. [3]. The theoretical en-
ergy scales of Ref. [9] and Ref. [3] must be shifted by 1.4
MeV and -1.4 MeV respectively for matching the first
peak energy to the experimental bump position. The
second peak would partly be account for by the coupling
of the hole with the |2d;,,®3] > configuration.

The strength distribution given by Waroquier [32] is
characterized by two pronounced peaks shown in Fig. 12¢
and a tail extending smoothly beyond E;=23 MeV up to
E;~75 MeV. The first peak is nearly predicted at the
same position than in Ref. [3] which calculations use the
force Skyrme SIII instead of SkE2. The effect of includ-
ing RPA correlations may shift the second peak toward
lower excitation energy. It would probably not solve the
problem of insufficient damping.

3. The 197, strength

The strength calculated in Refs. [9,7] are distributed
in slightly asymmetric peaks. The smoothing parameter
used in Ref. [9] to simulate damping effect in the strength
distribution is set at 1 MeV.
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FIG. 13. Experimental and theoretical 1g7,2 neutron hole
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strength. a) and b): same as Fig. 12.

TABLE III. Integral characteristics of
(bottom) strength distributions. ET"
are the quasihole excitation energy,
values within parentheses are derive

Ex (MeV)

Up to E;=14.5 MeV, the results obtained with the
standard analysis compare rather well with those ob-
tained in Ref. [14] without empirical form factor correc-
tions. The strength distribution then decreases slowly
toward high excitation energies. The experimental his-
togram corresponding to the QPMFF analysis exhibits
a pronounced peak of asymmetric shape. The summed
strength up to E;=20.5 MeV is significantly larger in
the standard than in the QPMFF analysis where it is
found to achieve ~86% of the sum rule (78% if subtract-
ing back2). These latter values compare fairly well with
the theoretical predictions within experimental errors.

The quasihole energies and spreading widths deduced
via the Gaussian-type fits for the two strength distribu-
tions differ quite significantly (see table V). The quasi-
hole and centroid energies are shifted down by 1.6 MeV
in the QPMFF analysis, in better agreement with the
QPM predictions.

As for the 1h;,/, strength, a strong reduction of the
spreading width is induced by the form factor energy
dependence taken into account in the QPMFF analysis.
The spreading width remains however much larger than
predicted in the QPM model, while it is reproduce within
10% by the mean field calculation (see Table V). The
overall shape is however much more asymmetric than
predicted and does not exhibit wings at low and very
high excitation energies.

the 1h,,/; (top), 1g+/2 (intermediate ) and 1go/2

and ET** are the excitation energy limits. EZ*, ES and I}
the centroid energy and the spreading width. Experimental

d from the standard analysis.

Epin ) O Egh » ES C*5/25 +1 rye
MeV MeV MeV MeV MeV
This work® 6.3 18.5 10.0 0.94 3.8
9.2) (10.9) (0.95) (5.2)
Theory
Ref. [9) 6.3 17. 8.95 0.82 1.9
Ref. [7) 6.3 18.5 10.2 0.70 3.66
Ref. [3] 6.3 15.5 [9-6,11.7) 11.1 0.65 [3.7]
Ref. [32] 6.3 17. [9.2,13.8) 11.3 0.78 [6.5]
This work © 8.6 20.5 12.6 0.86 3.7
10.5 9 12.4 ¢ 0.78 4
(12.5) (14.2) (1.12) (6.2)
Theory
Ref. [9] 8.6 19. 11.75 0.87 2.
Ref. [7) 8.6 20.5 13.15 0.71 3.42
This work® 13.5 25.5 17.7 0.85 5.5
(18.5) (19.6) (1.1) (7.7)
Theory
Ref. [9] 13.5 22.0 15.3 0.63 3.3
Ref. [7] 13.5 25.5 18.2 0.64 5.51
Ref. [32) 13.5 25.5 [14.5,19.5 ] 18.2 0.66 [9.4]

* Experimental quasihole energies and spreading widths correspond to the Gaussian-type fits shown
in Fig. (11), (12) and (13). The theoretical valyes given for Ref. [9) correspond to Lorentzian type
fits. The values within [ ] are the main peak energies and the Gaussian widths derived from the

variances o.

l’Assuming a smooth overlap with the liy3/; strength from E.=6.3 to 7.3 MeV.
“Assuming a smooth overlap with the 1hy,; strength from E,=8.6 to 11.0 MeV

4 With back? instead of backl subtracted (see text)

®Assuming a smooth overlap with the 1hy1/2 strength from E:=13.5 to 18.5 MeV.
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4. The 1992 strength

A significant part of the 1go/2 strength is identified
for the first time in the present experiment, in spite of
large uncertainties especially pbelow E;=15 MeV (due
to the overlap with the lhiiy2 strength) and beyond
B,=20 MeV (due to the background subtraction). The
summed strength deduced in the QPMFF analysis is es-
timated to ~85% of the sum rule. As for the other inner
hole states, it is possible to achieve reasonable Gaussian-
type fits of the strength distributions. The quasihole en-
ergy is strongly reduced (by 2.7 MeV) in the QPMFF
analysis, as well as the spreading width.

THIS WORK @)

F1G. 14 Exper'\mental and theoretical 199/2 peutron hole

strength. a) : same as Fig. 12- b) Solid line: QPM calcula-
tion with \1qh®1ph > and \1qh®2ph > components {9l
Dashed line: modified mean field calculations 7. Histogram:
calculation of Waroquier {32}

The QPM calculations, performed with a smoothing
v predict 2 rather strong con-

centration of the strength lgo:itpsn ofa:hilz ;-p :r?m I;/:lem1
e s deduce wl:/ti‘;\?g;:dr tdl?ealg:ist'\on of the maxi-
mum are better accounted for in the.mearl field cal;lcula-
tion 17}- The spreading width as obtamed in e;l\e % Y
analysis i8 in good agreement with the Pr icted value,
in accordance with the 1hi1/2 and 1g7/2 results.

The strength distribution given by Waroquie: 5car;lAC1:}
jations (32 exhibits & main peak around E,=14.5 M€

followed by secondary peaks and a tail extending up t0

z=~1D MeV. In spite of giving too much structures, the
calculation reproduces fairly well the experimental cen-
troid energy. The maximum strength per MeV is some-

what low, nearer to the result deduced from the stan-

dard analysis. The three main groups obtained between

E,~15and 35 MeV at the first step of the iteration proce-
dure are efficiently spread and compressed toward lower
excitation energies at the second iteration [32]. Smaller
changes are induced by additional steps, SO that the final
result does not show enough damping compared with the
experiment.

The experimental strength summed up to E,=25.9
MeV appears somewhat large compared with all theo-
retical predictions, a8 shown in Table V. This effect is
however well within the large experimental errors.

VIIL SUMMARY AND CONCLUSIONS

‘We have studied the highly excited neutron hole states
in 207Pb via the (d, t) reaction at Bg=200 MeV. The new
experimental data up to E.~40 MeV excitation energy
have been combined with the data previously obtained
for the same reaction up to E,~16 and 26 MeV [14]. The
measurement of three observables (difl?erentlal cross sec-
tion, vector and tensor analyzing powers) has led to the
determination of the highest J inner hole strength distri-
butions up to E.=25 MeV.

Special efforts have been made to evaluate the back-
ground of multi-step reactions and to correct for them.
In particular, the contributions of two step pick-up in-
volving low multipolarity collective excitations have been
estimated for the first time via coupled channel calcu-
lations, adopting rather simple approximations. These
contributions present 2 maximum around BE=5 MeV.
In that region it was previously assumed that the back-
ground was negligible- A second but smoother maximum
ig found at E ~15 MeV. The contributions of the other
processes are estimated using the results at the highest

‘We have calculated for the first time the separation en-
ergy dependence of hole state observables correspond'rng
to the form factor modifications induced by the coupling
of the hole with surface vibrations. The shape of the
source term appea_ring in the inhomogeneous equations
has been derived in

istribut lysis
St n distributions deduced with the above analy
.y 4 with those deduced

from the standard analysis that assumes NO dependence

in the 1i and
The valence strengths concentrated in t 13/2
asihole levels are larger with the QPMFF
with the standard one while the strengths
The effect 18
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The new 1h,, /; and 1g;/, strength distributions super-
sede those previously studied up to E;=14.5 MeV only
[14]. Clear evidence for the deeper 1go /2 strength around
E;~16 MeV is given for the first time. The results con-
firm the concentration of ~50% of the 1h,;/, strength
in the bump below E;=10.5 MeV obtained in previous
works [10-14]. The strength distributions deduced up to
E;=18.5 MeV exhaust nearly the sum rule with either
analysis. Major parts of the respective sum rule are also
exhausted by the 1g7/; and 1gg/, strengths (~ 85% with
the QPMFF analysis and 30% more with the standard
one). The results bring quantitative support to previous
indications [10-12] for dominant contributions of the 1g
strength in the excitation region E,=10 to 20 MeV.

The inner state quasihole energies and spreading
widths have been deduced from Gaussian-type fits of the
strength distributions, along the method used for pro-
ton deep hole states [35]. The quasihole energies de-
duced with the QPMFF analysis are quite significantly
shifted downward in comparison with the standard anal-
ysis, while the spreading widths drop to ~70% of their
standard values.

The experimental strength distributions have been
compared with the predictions of different theoretical ap-
proaches. The comparisons refer mainly to the experi-
mental strength distributions deduced with the QPMFF
analysis. This latter choice, derived from the important
role of hole coupling to surface vibrations, may be better
justified for valence states and first inner hole states at
not too high excitation energies.

The calculations of Vdovin [9] within the QPM model
reproduce fairly well the valence 1i,3 s2 and 1hg,, frag-
mentation. A slightly larger coupling strength might im-
prove the achieved qualitative agreement. On the other
hand, the calculations underestimate quite significantly
the experimental spreading in the case of inner hole
states. The two peaks predicted by the |lgh®lph >
calculation of the 1h,, /, strength distribution merge into
one main peak when |1gh®2ph > components are in-
cluded, in agreement with the experiment, but the de-
duced spreading width is twice smaller that observed.
The calculated 1g7/, and (1gg/2) strength distributions
also have much too small widths. Technical limitations
involved in the calculations performed with |1gh®2ph >
components may be partly responsible for such discrep-
ancies. These limitations and the coupling, not taken
into account, to higher order configurations are not cor-
rectly simulated by a smearing parameter independent of
excitation energy.

The calculations of Nguyen van Giai [3] overestimate
significantly the 1hg/, strength fragmentation. The
large strength predicted for a second peak in the 1h;, /2
strength distribution points to a similar conclusion, in
spite of intrinsic limitations of calculations including only

|1gh®1ph > components. The results suggest that the
coupling interaction derived from the Skyrme SIII force
would be too strong.

The agreement of the 1h;;/2, 1g7/2 and even (lgg/2)
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spreading widths with the predictions of Mahaux [7]
for a modified mean field is striking. These theoreti-
cal strength distributions have however Lorentzian-type
shapes, whereas the experimental distributions are much
better described by Gaussian-type curves.

The calculations of Waroquier [32] are performed with
the Skyrme SkE2 force. Many-body damping processes
are included via an iteration procedure. Nevertheless,
the damping is strongly underestimated in the predicted
1Ay, /2 strength distribution and to a lesser extent in the
1go/2 strength distribution. Collective effects neglected
in these calculations would modify especially the 14, /2
strength shape, but it is not expected that they would
account for the insufficient damping. The iteration pro-
cedure used to include the hole coupling to higher order
configurations appears less efficient than previously ob-
served for calculations of proton deep hole states [33],
especially with low ¢ values. It is worthwhile to notice
that the calculated 1g4 /2 strength distribution agrees bet-
ter with the experiment if adopting the standard analy-
sis. This may indicate that the form factor dependence
is overestimated at high excitation energy due to an in-
creasing role of non-collective and/or higher multipolar-
ity transitions not well described as surface vibrations.

One possibility to check the form factor dependence
further would be to compare strength distributions ob-
tained via different reactions chosen to be mainly local-
ized at different radii.
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