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Form factor of fragmented neutron hole states in 2°7 Pb are
studied via microscopic calculations in the limiting case of
incoherent contributions of hole coupling with two hole one
particle states. The calculations were performed using the
inhomogeneous equation method with a Serber-exponential
nucleon nucleon effective force. Large fluctuations of form
factor radii deduced for individual levels are observed. The
role of the level configurations and of the nucleon nucleon
force parameters are discussed in details in the case of g7/,
inner hole fragments. The underlying dependences of form
factor radii on separation energy deduced for the different va-
lence and inner hole states are found much smaller than pre-
dicted in the framework of the quasiparticle-phonon model
(QPM). This difference is qualitatively related to larger con-
tributions of transition densities at smaller radii, compared
with the strong surface localization of collective transitions
involved in QPM calculations. The consequences on pick-up
cross section analyses and spectroscopic factors of the rather
small form factor radius dependences deduced in the present
calculations are evaluated in the case of the (J, t) reaction on

208 pp at E4=200 MeV.

I. INTRODUCTION

Most results on the fragmentation of hole states rely
on the analysis of pick-up reactions performed with unpo-
larized and also polarized beams. Fragment form factors
entering such analyses are generally derived using the
simple well depth procedure, which only provides a cor-
rect description of the fragment wave function tails, but
not of their internal parts. It has long been recognized
that such an approximation may induce significant errors
on the extraction of spectroscopic factors for fragments
located several MeV away from the pure state.

The complexity of form factor theories developed as a
more general approach of nuclear structure calculations
[1], has prevented their use for practical purposes, except
in very few cases. For example, a few particle-vibration
coupling states in odd nuclei around 2°® Pb have been
calculated by Hamamoto [2] by solving a set of coupled
differential equations. The admixed single-particle wave
function of each of such fragments is bound at the correct
energy. Formally, the coupling strength being known,
these wave functions are solutions of inhomogeneous dif-
ferential equations obtained from the Schrodinger equa-
tion. Austern [3] has proposed to skip the solution of the
coupled equations and concentrate on the prediction of
the sole shape of the inhomogeneous term via a structure

calculation. The right hand side of such equation (here-
after the source term) would not change much by using
pure single-particle radial functions in its calculation, in-
stead of radial functions resulting of coupled equations.

We had used the inhomogeneous equation method in
Ref. [4] to address the question of form factors in the
framework of the quasiparticle-phonon model (hereafter
QPM) [5]. Hole states in the doubly magic nucleus 2°® Pb
were discussed for practical examples. The large fluc-
tuations of form factor radii deduced for the fragments
of each nf; hole state were found to be superimposed
over a smooth and quite significant increase with sep-
aration energy. This important feature was taken into
account in the analysis of neutron hole fragmentation in
208 pp [6] and 16:120Gn [7], studied via the (J: t) reaction
at E4q=200 MeV.

The strong separation energy dependence of hole form
factors predicted with the QPM model is induced by the
surface localization of the collective interaction, assumed
to be of Woods-Saxon derivative shape. A further step
would be to take into account the excited level transition
densities.

A more fundamental microscopic approach, starting
with an effective nucleon-nucleon interaction, would need
in principle a correct description of the core states in term
of superpositions of one particle-one hole configurations
( and higher order configurations) together with inclusion
of the Pauli principle constraints.

It seemed to us interesting to investigate the separa-
tion energy dependence of hole form factors in the case of
a description of the underlying core excited states drasti-
cally opposite to the collective approach. In the present
paper, we describe the core states as sets of pure particle-
hole states of different spins and parities. Neutron hole
form factors and form factor radii in 2°7Pb are calcu-
lated within this very schematic assumption, for a large
set of hole fragments resulting of the hole coupling with
pure two hole-one particle states induced by an effective
nucleon-nucleon interaction. .

The general formalism used in the present form factor
calculations is described in Sect. II. The method, the as-
sumptions adopted in the calculation of hole form factors
in 297 Pb and the results are presented in Sect. III. Source
terms and form factor radii are discussed in details in the
case of g7/» levels. Spectroscopic factor analysis in the
(d, t) reaction at 200 MeV, taking into account form fac-
tors obtained either in the present calculations or in the
frame-work of the QPM model is discussed in Sect. IV.
Summary and conclusions are given in Sect. V.



II. GENERAL FORMALISM OF FORM FACTOR the core, Hy, is that of the hole and H;,; expresses the

MICROSCOPIC CALCULATIONS interaction between the odd particle (hole) and the core.

The internal motion of the core is described as a

The Hamiltonian of the system of A-1 nucleons is sep- particle-hole excitation (hereafter p-h excitation), the
arated into three parts, as given by Eq. 1 hole being coupled to the two hole-one particle state
(hereafter 2h1p state) via a central nucleon-nucleon inter-

H=H4s+ Hy + H;nz (1) action. Under those conditions, the total wave function

is given by Eq. 2.
where H 4 is the Hamiltonian for the internal motion of

M 1 . M . M
v, >= ;{Rzljl (r) i Ve, X213, @5, F, + Reys, (r) i 4{[Ye x, 27,2, 3, } (2)

where Ry j, (r)/r is the form factor of the hole coupled to the core ground state with spin zero and Re,j, (r)/r is
the form factor of the hole coupled to the excited particle-hole state with the wave function @, . The total angular
momentum of the considered hole fragment and the total angular momentum of the p-h excitation are J and J,
respectively . We are interested in the form factor of the hole with no excitation of the core.

The corresponding radial wave functions Ry ;, (r) are solutions of two coupled equations. In the case of the fragment
with the smallest amplitude, the radial function is well approximated by solving the inhomogeneous equation 3.
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Here Ry, (r)/r, the exact radial function solution of Eq. 2 is approximated by the normalized solution of the
Schrodinger equation 5 multiplied by the amplitude x5 determined by a diagonalization procedure.
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The coupling matrix element is expressed in Eq. 6.
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A. form factor calculation in the case of phonon
excitation

As it is well known, the coherent contributions of many
p-h states is responsible for collective excitations of the
core. The calculations of hole form factors performed
with the QPM model take into account many multipole
and spin-multipole excitations of the core [4,6].

If the coupling with one phonon state only is consid-
ered, the wave function of the excited core in Eq. 2 is
described as a phonon of multipolarity £, . Correspond-
ingly, the coupling matrix element entering in the source
term expression is given by Eq. 7.
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It has been found in Ref. [4] that the inhomogeneous
equation method predicts correct form factor shapes not
only for fragments with small amplitudes but also for
those with large amplitudes.

III. FORM FACTORS OF NEUTRON HOLE
LEVELS IN 2°"pPB

A. Method and assumptions

In all the present calculations, the pure hole radial
wave functions and separation energies were deduced us-
ing the Woods-Saxon potential previously used in QPM
calculations [4,11].

The Serber-Exponential nucleon-nucleon interaction
given in Ref. [8] was chosen for practical calculations of
transition densities.

e d—-0, 0, s 3+o0, 0, 1+ P,
V= V(r) 1 + V(r) 1 2
Here P,, is the Majorana operator. The singlet and

triplet potentials are given in Eq. 8
13) ., 1(3) ) .
V(r)=—"V, exp(=*®pr) 8)

with 1V, = 108 MeV
3V, = 193 MeV

ly= 1.409 fm~—1!
3= 1.506 fm™!

Systematic calculations were performed assuming that
the hole is coupled successively to each of the many 2hlp
states which can be built taking into account all possible
nn~! and pp~?! particle-hole states up to a chosen max-
imum energy, with the coupled neutron hole spanning
all possible sub shells. The separation energy and the
spectroscopic strength of the two fragments in each inde-
pendent calculation were deduced via a diagonalization
procedure. Spectroscopic strength distribution resulting
of the many independent calculations renormalized with
the number of fragments are, as expected, much nar-
rower than the more realistic QPM strength distribution
of Ref. [11].

The computer code FFMIC [10] calculates in sequence
the level source terms and form factors resulting of the
coupling with each considered 2hlp state, using Eqgs 4
and 3 respectively. The fragment with the smallest am-
plitude was selected in each case.

The form factor shapes, independently of the ampli-
tudes, play a most important role in the determination
of spectroscopic factors from transfer reaction cross sec-
tions. The deduced form factor radii together with the
separation energies give a representative description of
the fragment form factor shapes and were used in the
discussion.

The
ted using a quadratic function of separation energy
Rrr=Rp + an (Esep'Eh) + by (Esep 'Eh,)Z-

Here E;¢p and Ej are the absolute values of the frag-
ment and pure hole separation energies. Rpp and Ry, are
the fragment and pure hole form factor radii. ay and by
are the deduced parameters describing the radius linear
and quadratic dependences respectively.

Relative spectroscopic strengths of the fragments lo-
cated within separation energy sections were taken into
account to obtain mean source terms and mean form
factors as function of the section separation energy cen-
troids. The distributions of the section form factor radii
were fitted as for the individual levels, allowing the de-
termination of the linear and quadratic dependence pa-
rameters ag and bg respectively.

distributions of form factor radii were fit-

B. Form factors and source terms of g7/, hole
fragments

Particle-hole excitations up to E;=15 MeV were taken
into account in the performed calculations, the resulting
fragments spanning a separation energy range from ~13
MeV up to ~30 MeV. The form factor shapes of the frag-
ments exhausting the largest strength in each calculation
involving one specific 2hlp configuration are nearly iden-
tical to the pure hole form factor shape. Only the form
factors of the complementary fragments are discussed in
the following. The overlap of such normalized form fac-
tors with the pure hole form factor was systematically
calculated and all fragments with < 90% overlap were



rejected. Their number amounts typically for 40% of the
total but for few % only of the summed strength.

1. Dependence of source terms and form factors on the
configurations

In the present schematic calculation, it is expected that
the source terms, which involve the product of three hole
or particle radial wave functions, would exhibit a large
variety of radial shapes. This is shown in Fig. 1 for three
levels resulting of the coupling with different 2hlp con-
figurations located at similar separation energies.
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FIG. 1. Form factor and source term for three fragments
g7/2 at similar separation energy resulting of the coupling to
different types of configurations. The solid and dashed curves
are calculated with standard interaction range parameters
and with two times smaller parameters respectively.The dot-
ted curves are the pure 1g7/, hole form factor. a) Configura-
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tion (2dj,,3py,, )1hg,, b) Configuration (‘3)(15/2 1113/2)1113/2
¢) Configuration (2f7"/;14sf/2)3pf/;l.

It is striking that while the source term shape changes
significantly or even strongly from one configuration to
the other, this is not the case for the form factor. This
may be related to the qualitative observation that all the
three source terms become rather small at large radii (see
Fig. 1), as discussed later omn.

Form factor radii of the fragments built with nn~! and
pp~! particle-hole excitations are compared in Fig. 2.
The two distributions exhibit large fluctuations from level
to level superimposed over a smooth increase with the
separation energy reasonably described by a quadratic
function. As shown in Table I, the fitting parameters ay
and by describing the relatively small radius linear and
quadratic dependences on separation energy, and the full
width at half-maximum of the radius distributions, are
slightly larger in the case of nn~! than for pp~! excita-

tions. This is also the case for the section parameters
and widths.
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FIG. 2. Form factor radii of g;/> levels (dots) and 0.8 MeV
wide groups of levels (squares) as function of separation en-
ergy absolute values. Large crosses: pure hole characteristics.
Full lines and dashed lines :

dius distributions respectively. Upper figure: levels built with
1

fits to the level and section ra-

nn ! particle-hole configurations. Lower figure: with pp~
configurations.

2. Strength dependence of the fragment form factor radi

The radius distribution corresponding to all accepted
fragments is shown in Fig. 3a, together with the corre-
sponding fits. The strength of such levels resulting of the
hole coupling with pure 2hlp configurations drops very
rapidly on both side of the pure hole separation energy.
Radius distributions obtained by selecting only the lev-
els with maximum strength or the levels with minimum
strength in 0.8 MeV wide adjacent sections are shown in
Fig. 3b. The fitting parameters and distribution widths
are compared in Table I. Tt is found that the distributions
do not depend much on the strength selection, but for
the smaller width observed for the levels with the larger
strengths. It is thus expected, as shown in Fig. 2, Fig. 3a
and Table I, that the section radius distributions exhibit
similar behaviors and similar fitting parameters as the
level distributions. The weighted average performed to



get the mean form factors obviously reduces the distri-
bution widths.
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FIG. 3. Comparison of radius distributions for different
conditions on the level strengths. Large crosses, full and
dashed lines as in Fig. 2. a) Level form factor radii (dots) and
0.4 MeV section mean radii (squares) without strength selec-
tion. b) dots: radius distribution for the levels exhausting the
maximum strength in each 0.75 MeV section. Squares: radius
distribution for the levels exhausting the minimum strength
in each 0.75 MeV section (see text).

Among all fragments, those with >1% strength are
found within ~ &£ 1 MeV around the pure hole separation
energy. Fig. 4 presents the distributions of form factor
radii in the above separation energy range obtained for
the fragments with >1% strength (group 1) and <1%
strength (group 2). The fitting parameters and widths
are given in Table I. The radius distribution widths of
the level and sections are much smaller for both groups
(especially for group 1) than observed for all fragments in
the total separation energy range. The linear dependence
parameters of the group 1 and group 2 level radii drop
to ~20% and ~30% respectively of the value deduced for
all fragments in the full separation energy range.

In their analysis of their (e,e’p) experiments, Den
Herder et al [12] have assumed that form factor radii
of proton inner hole states spread by their coupling with
other configurations would not change with separation
energy.
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FIG. 4. Form factor radii of g;/> levels (dots) and 0.2 MeV
wide sections (squares). Large crosses, full and dashed lines
as in Fig. 2. a) Levels with individual strengths >0.01. b)
Levels with individual strengths <0.01 (see text).

TABLE I. Characteristics of g7/, form factor radii. ax,
as and and by, bg are the parameters describing the linear
and quadratic dependence of the level radii and the section
mean radii on separation energy absolute value. Fwhmy and
Fwhmgs are the full width at half-maximum of the level and
section radius distributions respectively.

levels an as by bs Fwhmy Fwhmg
fm MeV~? fm MeV 2 fm fm

nn~'  0.041 0.038 -0.003 -0.0023 0.56 0.17
pp~!  0.034 0.034 -0.002 -0.0019 0.45 0.14
all 0.038 0.037 -0.0023 -0.0020 0.51 0.19
a 0.041 -0.0026 0.26

b 0.056 -0.0065 0.66

1°¢ 0.0069 0.0053 -0.0086 -0.0047 0.044 0.026
24 0.012 0.028 -0.010 -0.0047 0.152 0.072

* Selection of the fragment with maximum strength in each
0.8 MeV wide sections

b Selection of the fragment with minimum strength in each
0.8 MeV wide sections

¢ fragments with >0.01 strength in each calculation

4 Fragments spanning the same separation energy range as
group 1, but with <0.01 strength.



6.4
6.2

Rer (fm)

5.8
5.6
5.4

-y R

5.2

el by byl Pes d e by by ey Iy

14 16 18 20 22 24 26 28

Rer (fm)

FIG. 5. Form factor radii of g7/, levels (dots) and 0.4 MeV
wide sections (squares). large crosses, full and dashed lines
as in Fig. 2. a) Results obtained with standard range pa-
rameters. b) Results obtained with two times smaller range
parameters.

The present calculations, show that this assumption is
indeed qualitatively supported in the framework of in-
coherent underlying core excitations, but only over the
small separation energy range where the strength is ex-
pected to be significantly spread.

TABLE II. Variation with the interaction range of the sep-
aration energy absolute value Esgp and form factor radius
RFr for three g7/, levels with different configurations

configuration a) ® b)® c)©

Esgp (MeV) ¢ 16.320 16.198 16.462

Espp (MeV) © 16.298 16.193 16.462
Rrr fm ° 5.695 5.482 5.475
Rrr fm © 5.674 5.489 5.462

. eto o N qpmet s
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with standard interaction parameters
with half values of the standard interaction parameters

3. Dependence on the interaction range parameters

An increase of the singlet and triplet potentials by a
factor of 2 was found to have negligible effect on the
calculated form factor shapes and form factor radii.

Systematic calculations were performed in more details
with two times smaller range parameters than given in
Ref. [8] for comparison with the standard calculations.
The form factor and source term shapes obtained with
the reduced parameters for the configurations discussed
in Sect. IITB 1 are compared with the standard results in
Fig. 1.

For all three configurations, the dependence on the
range parameters of the form factors is obviously much
smaller than the corresponding source term one. The
dependence on the range parameters of the separation
energy and form factor radius is quite negligible in the
three cases, as shown in Table II.

The distributions of level and section form factor radii
obtained with the standard range parameters and the
modified ones are compared in Fig. 5, together with the
corresponding fitting curves. The distribution of the sec-
tion form factor radii changes somewhat less with the in-
teraction range than that of individual levels. The section
linear and quadratic parameters increase only by ~20%,
compared with ~50% for the level fitting parameters, as
shown in Table III.

Mean source terms and mean form factors deduced for
three separation energy groups, using standard or re-
duced range parameters are compared in Fig. 6. The
observed dependence of the mean form factor shapes on
the range parameters is found even smaller than in the
case of individual levels.
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FIG. 6. Mean form factors and mean source terms for three
g7/2 separation energy groups. Solid and dashed curves: with
standard and two times smaller interaction range parameters
respectively. Dotted curves: QPMFF results. Dashed-dotted
curves: pure hole form factor. a) 13.0-14.5 MeV. b) 16.0-17.5
MeV. ¢) 25.0-26.5 MeV.



4. Comparison with QPM calculations

The present g7/, radius distribution is compared in
Fig. 7 with the distribution obtained in the framework
of the QPM model (hereafter QPMFF form factor) fol-
lowing the method of Ref. [4]. The two distributions
are strikingly different, with a much larger increase of
QPMFF radii with separation energy.
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FIG. 7. Comparison of the g;/, radius distributions with
previous QPMFF results. Large crosses, full and dashed lines
as in Fig. 2. a) Present calculation. b) QPMFF predictions.

TABLE III. Characteristics of g7/, form factor radii
as function of the interaction range and comparison with

QPMFF calculations. ay, as, by, bg, Fwhmy and Fwhmg
as in Table(1).

an as by bs Fwhmy Fwhmg

fm MeV™! fm MeV ™2 fm fm
all 0.038 0.037 -0.0023 -0.0020 0.51 0.19
all ® 0.068 0.045 -0.0041 -0.0025 0.47 0.23

QPMFF ® 0.136 0.123 -0.007 -0.0047 0.23 0.066

*Fragment radii calculated with half the standard range pa-
rameters

> For g7/2 groups of levels calculated in the framework of the
QPM model.

The QPMFF radius distributions of both the levels
and sections are characterized by much larger values of
the fitting parameters (see Table III), especially for pa-
rameter a describing the linear dependence with separa-
tion energy. The QPMFF radius distributions widths are
typically 50% of the present calculated widths.

As discussed in Ref. [4], the large dependence of
QPMFF form factor radii on separation energy is related
to the surface localization of the corresponding source
terms, itself governed by the radial shape of phonon
excitation transition densities. The expected very dif-
ferent radial shapes of transition densities obtained for
pure particle-hole excitations compared with the Woods-
Saxon derivative shape entering QPM calculations is il-
lustrated in Fig. 8 for several levels with rather large
relative strengths, sampling different separation energy
ranges. The microscopic transition densities contribute
at much smaller radial values than the QPM transition
densities.
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FIG. 8. Comparison of transition probabilities involved
in a few levels with the largest strengths in different sep-
aration energy ranges, with the transition radial shape of
QPMFF calculations shown as full lines. a) Eszp=14.83,
15.38, 18.57 MeV: dashed, dotted and dashed-dotted lines re-
spectively. b) Esgp=19.11, 21.10, 23.41 MeV: dashed, dotted
and dashed-dotted lines respectively.

The QPMFF mean source terms and mean form factors
deduced for three separation energy sections are shown
in Fig. 6 together with the results obtained in the present
calculations at similar separation energies.

The QPMFF mean source terms do not depend much
of the section chosen. They result not only of many level
contributions, but for each of them of coherent contribu-
tions of many coupling channels. In the present calcu-
lation, the summation of individual level terms weighted
by the corresponding relative strengths lead to section
source terms which detailed shape change with the sec-
tion, the position of the maximum remaining however
~1 to 1.5 fm inside the QPMFF ones. This behavior



is responsible for the observed smaller variation of form
factor radii with separation energy.
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FIG. 9. Form factor radii of 7,3/, and hg/; neutron hole lev-
els (dots) and 0.4 MeV wide sections (squares).Large crosses,
full and dashed lines as in Fig. 2.

C. Form factor radius distributions of valence and
inner hole levels and sections

1132, Ny /o and hyy /3, go 2 form factor radii of the levels
resulting from the hole coupling with independent 2hlp
configurations are shown in Fig. 9 and Fig. 10 respec-
tively. All distributions exhibit large fluctuations from
level to level superimposed over a smooth dependence
with the separation energy reasonably described by a
quadratic function.

TABLE IV. Characteristics of neutron hole form factor
radii. as and bg are the fitting parameters describing the sec-
tion mean radii and Fwhmg the full widths at half-maximum.
asq and bsq are the fitting parameters given for QPMFF cal-
culations.

holes ESEP RFF as asQ bsQ bsQ thms
MeV  fm fm MeV™? fm MeV 2 fm
1132 8.75 6.52 0.054 0.079 -0.007 -0.005 0.35
hg/z 10.83 5.95 0.056 0.137 -0.0045 -0.007  0.29
hiiz 1545 6.23 0.044 0.091 -0.0051 -0.004 0.18
g772 1838 5.66 0.037 0.124 -0.0020 -0.004 0.19
gos» 2140 5.92 0.021 -0.0016 0.15
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The same trend, with smaller fluctuations, is observed
for energy section results.

The characteristics of the section form factor radii de-
duced of the present calculations are summarized in Ta-
ble IV for the different hole states. The fitting parame-
ters describing the linear and quadratic dependence are
compared with those previously obtained in Ref. [4]. Pa-
rameter values describing the linear radius increase with
separation energy are reduced to 68%, 40%, 48% and 30%
of the values deduced with the QPMFF calculations for

the i13/2, hg/2, h11/2 and g7 /2 hole sections respectively.

IV. FORM FACTORS AND SPECTROSCOPIC
FACTOR ANALYSIS IN THE (D,T) REACTION
AT 200 MEV

In a first approximation, one may assume that the (d,t)
differential cross section per nucleon of each level within
a given separation energy section depends linearly on the
corresponding form factor radius. Under this condition,
the cross section summed over the individual levels in
a section is well approximated by the cross section cal-
culated with the normalized mean form factor and the
summed spectroscopic factors in the section. This as-
sumption has been successfully checked [4] by comparing
the predicted sum of individual cross sections of QPMFF
levels with the corresponding total section cross section.
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FIG. 11. Ratio Rg25 of model dependent and standard
spectroscopic factors (see text). Full and broken lines: mean
results of present and QPMFF calculations respectively. Full
circle and empty squares indicate the section mean separa-
tion energies and mean radii in the present and the QPMFF
calculations respectively.

DWBA differential cross sections and analyzing pow-
ers of the ZOSPb(d: t)207 reaction at E4=200 MeV were
obtained under those conditions for different hg /2, h11/2
and gy, sections using mean form factors corresponding
to the present calculations. As observed in Ref. [4], the
angular distribution shapes remain rather stable within
few MeV below and several MeV beyond each pure hole
separation energy.

Ratio Rc2 g of spectroscopic factors of interest to stan-
dard spectroscopic factors obtained assuming no depen-
dence of DWBA observables with separation energy were
determined in the corresponding energy ranges. They are
shown in Fig. 11, together with the ratio previously ob-
tained in QPMFF calculations. The correction factors
Rces are found much nearer to 1 in the present calcu-

lations than for QPMFF calculations, as expected from
the weaker dependence of form factor radii.

V. SUMMARY AND DISCUSSION

We have used the inhomogeneous equation method to
calculate form factors of fragmented neutron hole states
in 207 Pp resulting of the hole coupling to incoherent 2h1p
states. Amplitudes of the wave function component with
no excitation of the core and source terms were calculated
using the Serber-exponential nucleon nucleon interaction
of Ref. [§].

The behavior of the section and level form factors
has been studied in detail in the case of the g7/; hole
states. The form factor shapes are found to change much
less than the corresponding source term shapes with the
chosen 2hlp configurations. Form factor radii exhibit
large fluctuations from level to level, superimposed over
a smooth increase with separation energy which is fitted
by a quadratic function. The overall behaviors of radius
distributions obtained for configurations built with nn=!
or pp~! ph excitations differ only slightly and no sig-
nificant role of level amplitudes is found. The level form
factor shapes are nearly insensitive to the chosen interac-
tion strength. The dependence on the interaction range
is significant, but relatively weak with typically 20% in-
crease of linear radius dependence on separation energy
for two times smaller range parameters.

Form factor radius distributions of i13/2, hg/2, h11/2
and gy /s levels exhibit similar characteristics. The pa-
rameters describing the linear radius increase with sep-
aration energy are found always smaller than in pre-
vious QPMFF calculations. Spectroscopic factors ex-
tracted via a DWBA analysis of the (d-: t) reaction at
E4=200 MeV depend sensitively of the assumed form
factor shapes. The present calculations based on the
schematic (and unrealistic assumption) of incoherent p-h
excitation of the core via a nucleon nucleon simple inter-
action lead to ratio of spectroscopic factor to standard
ones much nearer to 1 than found under the assumption
of collective coupling, located at the surface.

Den Herder et al [12] have used form factor radii inde-
pendent on separation energy in their analysis of proton
hole states studied via the (e, ¢'p) reaction. This assump-
tion would be qualitatively supported in the case of inco-
herent excitations over only typically 2 MeV around the
pure hole separation energy. Much larger radius increase
with separation energy are expected if the fragmentation
involves surface vibrations, as described in QPMFF cal-
culations [4]. The correction induced in (e, e'p) analysis
may be however estimated the order of 10 times smaller
than found in the above discussed (d,t) reaction analysis.




