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ABSTRACT

The role of multi-step processes in the reactions
116Sn(d,t), 20*Pb(d,t) and 116Sn(d,3 He), previously stud-
ied at Ed=200 MeV at forward angles and for relatively low
energy transfers, has been investigated. We have performed
for the first time multi-step calculations taking into account
systematically collective excitations in the second and higher
order step inelastic transitions. A calculation code based on
the Feshbach, Kerman and Koonin model has been modified
to handle explicitly these collective excitations, most impor-
tant in the forward angle domain. One step double differential
pick-up cross sections were built from finite range distorted
wave results spread in energy using known or estimated hole
state characteristics. It is shown that two-step cross sections
calculated using the above method compare rather well with
those deduced via coupled channel calculations for the same
collective excitations. The multi-step calculations performed
up to 6 steps reproduce reasonably well the 1155ra, 207Pb and
113 In experimental spectra measured up to Ez~ 40 MeV and
15°. The relative contributions of steps of increasing order
to pick-up cross sections at .Ed =200 MeV and 150 MeV are
discussed.

I. INTRODUCTION

The angular and energy dependence of the continuum
part of ejectile spectra observed in reactions induced by
light projectiles at medium energies have been the sub-
ject of many experiments [1,2]. These experiments have
fo cussed on large angular and energy ranges of the ejec-
tile, generally excluding the smallest angles and the high-
est ejectile energies. The observed smooth dependence of
angular distributions on ejectile energy and angle which
characterizes such inclusive spectra is attributed to the
role of pre-equilibrium or multistep direct reactions.

Several models have been developed for describing mul-
tistep direct reactions, hereafter MSD, mainly for nucleon
induced reactions [3-5]. It has been shown, in particular,
that (p,pr) reactions [6] at medium energy are rather well
described in the frame work of the Feshbach, Kerman and
Koonin model [3], hereafter FKK.

First step cross sections are found to dominate inelastic
proton spectra over significant angular and energy range.
The situation appears quite different for ejectile spec-
tra produced in medium energy pickup reactions, even
at forward angles, as shown by experimental results ob-
tained more recently on the (d, t) and (d, 3He) reactions

at Ed=200 MeV on medium and heavy targets [7,8]. It
seems to us interesting to investigate the role of multi-
step pickup with the help of MSD calculations and to
compare the predictions with the available experimental
data. We focus in the present paper on the (d, t) reac-
tion at Ed=200 MeV on 116SVi and 208F6 targets. An
additional comparison is performed in the case of the
116Sn(d,3He) reaction.

Experimental (d,t) or (d,3He) cross sections decrease
rapidly with angle. We emphasize the following point
which motivates a new approach of inelastic step calcu-
lation in the frame work of the FFK model. DWBA
inelastic cross sections for each multipolarity L are gen-
erally written as products of state densities and averaged
squared matrix elements. This is not justified in the for-
ward angle region where dominant contributions of col-
lective excitations are expected. A calculation code based
on the FKK model , previously developed by A. J. Kon-
ing [9], has been modified to handle explicitly collective
excitations, using their known or estimated characteris-
tics. This latter approach has been checked in the case
of two-step cross sections resulting of dipole, quadrupole
and octupole excitations by comparison with coupled
channel calculations (hereafter CC) performed with the
code CCZR [10].

The paper is organized as follows. The main character-
istics of the experiments are briefly summarized in Sec.
II. The methods adopted to perform the multi-step trans-
fer and the coupled channel calculations are described in
Sec. III. The results are compared with the available
experimental data and discussed in Sec. IV. Sec. V sum-
marizes the results and conclusions.

II. EXPERIMENTAL PROCEDURE AND
OVERALL FEATURES OF THE DATA

The experiments were performed with the polarized
deuteron beam available at the Laboratoire National Sat-
urne (LNS). Experimental procedures have already been
described in detail elsewhere [11,12]. The outgoing par-
ticles were analyzed by the high resolution spectrometer
SPESl working in the dispersion matching mode. The
horizontal and vertical angular acceptances were set re-
spectively at 2° and 4° and achieved partly with software
cuts.

The triton trajectory positions and angles at the fo-
cal plane were measured with the first three localization
chambers of the polarimeterTOMME" [13]. Energy loss



and time of flight measured with the "POMME" trigger The measurements were performed from 3° (4° in
allowed a selection of the tritons of interest among a back- (d,3He) experiment) up to 15° at several field settings
ground of scattered deuterons scattered at 3° and at the on 1165n and 208P6 targets. The more completed re-
highest excitation energies. Multi wire chambers working suits were obtained in the case of the reaction n6Sn(d, t).
in the self quenching mode were used at the focal plane Equivalent 115SVi spectra were obtained up to Ea;~46
in the (d,3He) experiment. MeV. The 115/n spectra were obtained up to Ez~36

MeV.

III. DESCRIPTION OF MSD AND COUPLED CHANNEL CALCULATIONS

A. multi-step calculations

The different statistical assumptions underlying the MSD models enable the continuum cross section to be expressed
as an incoherent sum of one-step and multi-step cross sections. The assumption (leading-particle statistics) chosen in
the FKK multi-step model [3] , allows an expression of the second and higher step cross sections in a compact and
recursive form, requiring only first order DWBA cross sections as input [9]. In general, the n-step direct cross section
reads

m f f
J dfln-1 J

where d2^1' refers to a first order DWBA cross section, and m is the particle mass in a.m.u.
Most MSD calculations bear on the description of inelastic scattering. In the present pick-up reactions at medium

energy, finite range DWBA calculations must be performed followed by spreading procedures to get one step triton
or 3He cross sections. In order to take full advantage of the simple structure of the FKK formula, it is convenient to
assume that the pickup transition occurs at the first step of the reaction and inelastic transitions at the second and
higher order steps, so that one-step pick-up cross-sections at only Ed=200 MeV, calculated independently, could be
used as input in the multi-step code adapted from Ref. [9]. The modified version involves, as the standard one, an
adjustable parameter Cfc multiplying the cross sections given by Eq. (1).

The continuum one-step inelastic cross section to be used in Eq. (1) is generally written as the product of the state
density and a squared matrix element averaged over particle-hole states. Decomposition into different transferred
angular momenta L then yields a weighted sum of first order DWBA cross sections (averaged for each L-value):

WBA

(2)
dft

where En_i,ftn_i and E, ft are the intermediate and outgoing energy and angle. The function R(L) represents the
spin distribution of the residual states in the continuum and (JPth is the particle-hole state density, see [9] for the exact
definitions.

In the present calculations, one step inelastic cross sections are described starting with excitation energy distribu-
tions of the different collective strengths p\(En-i — E), built as discussed later on in Sect. Ill A 2:

WBA

(3)

The reaction code [9] was adapted accordingly. Input DWBA cross sections are computed as usually using the code
derived from ECIS [14], for each possible inelastic transition characterized by its incident energy, excitation energy
and multipolarity L . The macroscopic form factor is taken as the product of the triton optical potential derivative
and of a dynamical deformation parameter (3DWBA arbitrary chosen as 0.02 for all calculations at this stage.



1. One step triton spectra

Cross sections of one-step pickup at E<i=200 MeV were
calculated for each valence and inner shell from finite
range distorted wave calculations (DWBA), using the
code DWUCK5 [15]. The optical parameters and the
range function were those successfully used in a previous
survey of valence state observables [12]. As suggested by
the results given in Ref. [16], inner neutron state separa-
tion energies were chosen 2 MeV smaller than predicted
by Hartree-Fock calculations performed with the Skyrme
III force [17].

The cross sections deduced at each angle were then
spread in excitation energy taking into account quali-
tatively known or expected features of the valence and
inner hole strengths. Valence state fragmentation among
the first levels and higher lying levels were qualitatively
taken into account using simple trapezoidal distribu-
tions. A more realistic simulation is achieved for 115Sn
than for 207Pb spectra which exhibit rather large valence
strength in several groups up to Ex = 7 MeV [8,18].
The inner strength spreadings were described using ei-
ther Gaussian-type energy distributions, calculated as in-
dicated in [16] with parameters Too =26 and A=550, or
asymmetric Lorentzian shapes. The description of the
l</9/2 inner hole spreading in 115iSn was adapted to qual-
itatively reproduce the known strong concentration of
that strength around Ex= 5.3 MeV [19,20]. One step
excitation energy spectra were built by 0.2 MeV steps.

TABLE I. Characteristics of collective excitations in 116Sn
(top) and 20SPb (bottom)

GDR
2+

GQR
3~

LEOR
HEORa

4 + b

5~
GDR

2+
GQR

3~
LEORC

HEORa

4+
5~
6+

E ,
MeV
15.8
1.29
13.4
2.27
6.5

23.6
2.5

2.36
13.7

4.086
10.7
2.61
6.1
19.5
4.32
3.12
4.42

0

0.215
0.1

0.115
0.115
0.12
0.1
0.1

0.065
0.185
0.051
0.08
0.115
0.065
0.067
0.05
0.04
0.05

Width
MeV

4.
-

3.8
.

2.7
7.0

-
4.
-

2.6
-
3.
7.0
-
-
-

Ref.

[21,22]
[22]
[21]
[22]
[23]
[21]
[22]
[22]
[21,24]
[24]
[25,24]
[24]
[26]
[21]
[24]
[24]
[24]

Estimations.
bmean values for three neighboring levels.
cThe concentration of 3~ discrete levels around 6.1 MeV in
208 Pb is referred to as LEOR.

The triton double differential cross sections used as in-
put in the MSD calculations were calculated in the labo-
ratory system by 1° and 1 MeV steps up to 50 MeV en-
ergy transfer. Triton cross sections are rapidly decreasing
with angle, becoming negligible beyond 50°.

2. Collective excitations

The general features of experimental inelastic spectra
induced by medium energy particles at forward angles
give evidence for the dominant excitation of low-lying
collective levels and low multipolarity giant resonances.
Large percentages of the dipole, quadrupole and octupole
sum-rules are more or less precisely localized in many
heavy nuclei. Evidence for higher multipolarity giant
resonance is much scarcer. We have assumed that the
qualitative features of collective excitations in the odd
115 Sn or 115/n nuclei and in 207Pb would be the same as
those of the well studied 116Sn and 208P6 nuclei.

The following procedures were used to deduce /3L(BX)
excitation energy distributions describing qualitatively
the collective transition characteristics for each multipo-
larity.

The deformation parameters corresponding to the first
collective levels were slightly spread over excitation en-
ergy in order to avoid the handling of delta functions.
Asymmetric Lorentzian shapes were chosen for describ-
ing the known giant resonances, taking into account
the experimental characteristics given in Table I. The
quadrupole and octupole sum rules were then brought
from ~ 80% to ~ 100% by adding small and widely
spread higher lying components. The main component
of each higher L collective strength distributions up to
L=6 was assumed to be located around Lhw with ~ 60%
of the corresponding sum rule. Weaker components at
lower and higher excitation energies were added in order
to exhaust approximately the sum rule around £^=100
MeV (with the small low lying level or group contribu-
tions). Only one component was considered for L=7 and
L=8 transition strengths.

B. two-step coupled channel calculations

Two step pickup reactions populate multiplets of
states belonging to numerous one quasihole-one phonon

\lqh<2)lph > configurations. The following procedure
was adopted to obtain the two-step triton double differ-
ential cross sections involving quadrupole, octupole and
coulomb excited dipole transitions, and all valence or in-
ner hole pick-up transitions. Coupled channel calcula-
tions were first performed with the code CCZR [10] using
normalization factors deduced for zero range calculations
of one-step pick-up. Inelastic excitations in the deuteron
and triton channels were included coherently in the cal-
culations. Estimated spreadings of the different configu-



rations were taken into account at the final stage of the
calculations. The method has been described in details
in Ref. [8].

The excitation energies, (3 values and widths of the
phonon excitations (see table I), the valence and inner
hole characteristics were the same as used in multi-step
calculations.

We found it necessary to consider separately the
strengths associated with the quasihole levels, and those
associated with the higher lying fragments of configu-
rations involving a valence hole coupled to the low en-
ergy 2+ and 3~ excitations. Simple trapezoidal shapes
w«:re used for such excitation energy distributions. The
spreading of high lying 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 esti-
mated widths of hole strength distributions together with
known or estimated widths for the phonon excitation in-
volved in the configuration.

IV. RESULTS AND DISCUSSION

A. Stability of MSD results and angular
distributions

Most preliminary MSD calculations have been per-
formed for the 116Sn(d, t) reaction. MSD triton spectra
have been transformed to equivalent excitation energy
spectra in 115Sn, in order to facilitate the comparison
with experimental data and coupled channel results. The
main conclusions are as follows.

The shapes assumed for the different hole state dis-
tributions may change significantly the one step triton
spectrum. As expected, reasonable parameter modifi-
cations already change much less two-step cross section
spectra, and less and less higher order MSD spectra. One
also notices that the shapes of two-step and especially
multi-step triton spectra are not significantly modified
when using another optical potential [27] for DWBA in-
elastic scaterring calculations. Main features of the two-
step spectrum shape ( and the CC spectrum shape as
well) mainly depend on the repartition of the collective
strength among the first level and the giant resonance
components (for exemple the first 3- transition and the
low and high octupole resonance) and not so much on de-
tails of the deformation parameter energy distributions.
The dependence is weaker for higher order steps.

The intermediate excitation energy range 1.1-3.7 MeV
in luSn is known to exhibit relatively small one step
pick-up contributions, corresponding to ~ 10% to 15% at
most of the valence strength [19,20], (and~ 2% of the in-
ner strength [20]). The contributions of indirect pick-up,
mainly two-step pick-up populating multiplets built with
the low lying collective levels have been calculated at the
diifferent angles by subtracting out of the experimental

data 15% of the cross sections estimated for the valence
strength. The deduced angular distribution is compared
in Fig. la with two-step MSD calculations including all
low lying excitations given in table I. The cross section at
3° is fairly reproduced, but the angular distribution slope
is much steeper than predicted. This discrepancy would
even increase if a smaller valence strength percentage was
assumed in the intermediate region. A multiplicative cor-
rection depending of angle in degree (ang) as e(~~0-05 xans)
is needed to bring the MSD results in fair agreement with
experiment, as shown in Fig. la. MSD calculations de-
veloped up to 6 steps lead to 15 % larger cross sections
at 15°. MSD (without correction) and CC angular dis-
tributions restricted to quadrupole and octupole excita-
tions are shown in Fig. lb. The CC angular distribution
is somewhat steeper than the uncorrected MSD one, but
not steep enough.

b)

5 1 0 , 1 5 . 0
0cm(deg) 0cm(deg)

FIG. 1. Estimated indirect pick-up cross sections and
two-step calculations in the excitation energy range 1.1-3.7
MeV. la) Solid line: experimental data after subtraction of
estimated one-step cross sections. Broken line: Two-step
MSD prediction summed over all multipolarities . Dotted
line: MSD prediction with angular depending corrections(see
text), lb) Summed two-step cross sections for multipolarities
L=l-3. Solid line: CC calculation. Broken line: MSD calcu-
lation without correction. Dotted line: MSD calculation with
angular depending corrections

Large contributions of higher order processes prevent
a direct testing of MSD two-step angular distributions
at high excitation energy. We have assumed that the



two-step angular distributions are well described by MSD
calculations at sufficiently high excitation energies. An-
gular corrections decreasing lineary with excitation en-
ergy have been used in all further two-step MSD calcu-
lations. The correction factor which is typically 0.45 at
15° reaches 1 around Ex=46 MeV.

The significant valence strength fragmentation over
several MeV in 207 Pb excitation energy spectra prevents
a confident estimation of indirect pick-up contributions
as discussed for Sn.

B. The reaction n6Sn(d,t) at Ed=200 MeV

15 20 25 30 35 40
Ex (MeV)

FIG. 2. Excitation energy spectra in 1155TJ at 3° calcu-
lated for two-step pick-up and different multipolarities.a), b),
c) Solid line: CC results. Broken line: Two-step MSD cal-
culation with gaussian-type excitation energy distributions
of inner hole state one-step triton cross sections. Dotted
line: MSD calculations with Lorentzian-type distributions.
d) MSD calculations for higher multipolarities

115 Sn two-step excitation energy spectra calculated at
3 ° for different multipolarities of inelastic transitions are
presented in Fig. 2.

Two step MSD predictions calculated for multipolar-
ities L=l, 2 and 3 (with parameter c\. =0,51) are com-
pared with the corresponding CC results in Fig. 2a, b,
c respectively. The severely overestimated L=l MSD
cross sections deduced with the standard macroscopic
form factor was reduced by an additionnal factor of 0.095.
The L=l CC cross sections are calculated for the dipole
giant resonance excited in the coulomb field.

a
"0 0.15

0.1

b

0.05

11

I V'.

1
ni

15°

^-—

5 10 15 20 25 30 35 40
Ex (MeV)

FIG. 3. Experimental excitation energy spectra in 1155w
and one-step and multistep pick-up contributions. Thick solid
lines: one-step spectra. Broken lines: Sum of one-step and
multistep calculated spectra. Dotted lines : Multistep spec-
tra. Dashed-dotted lines: Two-step spectra. Thin solid line:
Third step spectra

A fair agreement in shape is achieved for each of the
three multipolarities. The largest discrepencies are ob-
served at high excitation energy where MSD cross sec-



tions are about 2 times lower than CC ones. One also
notices that the MSD results calculated with one step tri-
ton double differential cross sections derived with semi-
loirentzian and semi-gaussian strength distributions ( See
Sec III A1) are very similar.

The two-step MSD spectra shown in Fig. 2d for multi-
polarities L> 3 exhibit as expected significant contribu-
tions at low excitation energy ( especially for L=4) and
at high excitation energies ( due to the excitation of high
lying very wide resonances).

The final MSD calculations were performed up to 6
steps using a same value of the parameter Ck as for the
two-step calculations. No angular correction factor was
applied beyond the second step.

Experimental 115Sn excitation energy spectra and cal-
culated indirect pick-up spectra are shown in Fig. 3 to-
gether with the one-step spectra (calculated as explained
in Sec III A1). As shown in the figure, the experimental
histograms at 3° and 15° are rather well reproduced by
the sum of the MSD pick-up spectra and of the first-step
pick-up spectra. Comparable agreement is achieved at
the other angles.

s0.15

5 10 15 20 25 30 35 40
Ex (MeV)

FIG. 4. Excitation energy spectra in 207Pb calculated at 3°
for two step pick-up and quadrupole and octupole excitations.
Solid lines, broken and dotted lines as in Fig. (2a,2b,2c).

The 3° spectrum is dominated up to ~ 20 MeV by the
first-step pick-up contribution. Detailed agreement with
the data could be improved by adjusting slightly the one
step description, without changing significantly the MSD
spectra. For example, the experimental bump observed
around 15 MeV excitation energy would be better repro-
duced assuming a somewhat narrower spreading width of
the I/7/2 hole state. Steps larger than 3 contribute very
weakly to the spectrum, even at the highest excitation
energy, while they play a significant role at 15 °.

C. The reaction 2WPb(d,t) at Ed =200 MeV

MSD calculations have been performed with the same
parameter Cfc as for Sn. The MSD and CC two-step spec-
tra calculated at 3° for quadrupole and octupole excita-
tions separately are found in rather good agreement, as
shown in Fig. 4. The experimental histograms in Fig. 5
are fairly reproduced by the sum of one-step cross sec-
tions and MSD cross sections calculated up to six-step.
At 15°, the experimental spectrum, measured from 6 to
27 MeV and from 38 to 46 MeV excitation energy is not
as well described. The calculated cross sections become
~ 30% too small at the highest excitation energy.

5 10 15 20 25 30 35 40 45
Ex (MeV)

FIG. 5. Experimental excitation energy spectra in 207Pb
and one-step and multistep pick-up contributions. Thick solid
lines, broken lines-, dotted lines, dashed-dotted and thin solid
lines as in Fig. (3)



<D

b

0.08 -

0.06

0.04 -

0.02 r

10 15 20 25 30 35 40
Ex (MeV)

FIG. 6. Experimental excitation energy spectra in 115In
and one-step and multistep pick-up contributions. Thick solid
lines, broken lines, dotted lines, dashed-dotted and thin solid
lines as in Fig. (3)

D. The reaction 116Sn(d,3He) at Ed =200 MeV

MSD calculations have been performed for the
116Sn(d,3He) proton pick-up reaction using the collec-
tive excitation characteristics given in table I for the Sn
target. The one- step 3He spectra were calculated using
the same procedure as for the triton spectra. The frag-
mentation of valence proton hole strength in the 115In
nucleus is much stronger than that of valence neutron
hole states in 115Sn. This induces larger uncertainties
on the 3He spectra.

MSD calculations were first performed with the param-
eter used for the (d, t) reaction. The sum of calculated
one-step cross sections and MSD cross sections calculated
up to six- step pick-up give too large cross-sections espe-
cially at high excitation energies. The data are fairly

reproduced using a parameter C& 10% smaller, as shown
in Fig. 6.

E. Angular and incident energy dependence of
one-step and multi-step relative cross sections

The MSD calculations discussed in Sec IV B reproduce
fairly well the 116Sn(d, t) data in the small angular range
spanned by the experiment. The results show that multi-
step contributions are never negligible and generally im-
portant in such a medium energy pick-up reaction. The
ratio of each step cross sections over total cross sections
calculated up to 50° are presented in Fig. 7 for two ex-
citation energies. The 10 MeV excitation region is cho-
sen between the peak attributed to the lgg/2 strength
belonging to the first inner shell and the smoother max-
imum associated with the I/7/2 strength in the second
inner shell. Much deeper hole strengths contribute to
the Ex=25 MeV region.

116Sn(d,t)

Ed=200 MeV
Ex=10MeV

6Sn(d,t)
Ed=150MeV
Ex=10MeV

\ 0 . 8

.^0.6
w

0.4

0.2

0

. 2-6

/

2

4 -

Ed=200 MeV
Ex=25 MeV

I , , , , I . , , . 1 , , . ;

2-6,

Ed=150MeV
Ex=25 MeV

/^- , 2

0 10 20 30 40 50 0 10 20 30 40 50
©lab (d e9) ©lab ( )

FIG. 7. Angular distributions of different step relative
cross sections in the reaction lieSn(d,t) at Ed— 200 MeV
and Ed= 150 MeV

As shown in Fig. 7a, one-step cross sections at Ex=10
MeV remain much larger than the summed higher step



cross sections only up to ~ 15°. At Ex=25 MeV, one
step cross sections are smaller than the summed higher
step cross sections at all angles (see Fig. 7b).

One-step and multi-step calculations have also been
performed at Ed = 150 MeV using the same assumptions
and parameters as at Ed=200 MeV (except for a 10%
larger depth of the triton real potential).

Angular distributions of relative cross sections of one-
step pick-up and indirect pick-up are shown in Fig. 7c
and Fig. 7d for ^ = 1 0 MeV and £^=25 MeV respec-
tively. The relative contribution of multi-step pick-up
is found qualitatively smaller at Ed=l50 MeV than at
Ed=200 MeV if one considers the same angular range.
One-step pick-up cross sections at Ex=10 MeV dominate
indirect ones up to ~ 30° instead of 15°. This effect is
mainly related to the steeper slopes of one-step pick-up
angular distributions at the larger incident energy. At
Ed = 150 MeV incident energy, the two-step and three-
step cross sections are nearly equal around 50° indepen-
dently of excitation energies, while at Ed=200 MeV the
three-step cross sections become larger than the two-step
ones beyond ~ 25°. The relative weights of the different
higher order steps change with incident energy, but the
total indirect pick-up angular distributions are however
rather similar.

One may qualitatively understand the observed trends
as a result of the large momentum tranfers involved in
these medium energy pick-up reactions which leads to
smaller one step cross section at larger incident energy
whereas inelastic scattering cross sections increase with
incident energy.

MeV by the first-step pick-up contribution. Steps larger
than 3 contribute very weakly, even at the highest exci-
tation energy, while they play a significant role already
at 15 °.

Similar MSD calculations performed for £^=150 MeV
incident energy suggest that the relative importance
of multi-step pick-up versus one step pick-up increases
with incident energy, contrary to statements extrapo-
lated from considerations applying to a lower energy
range. One may qualitatively understand the observed
trend as a result of the large momentum tranfers involved
in these medium energy pick-up reactions, compared with
the mean momentum of nucleons in nuclei.

Our present MSD analysis indicates in the same way
that multi-step direct reactions are much more significant
for transfer reactions, relative to continuum one-step di-
rect reactions, than they are in inelastic scattering. Their
importance already shows up at rather small angles and
excitation energies.

The use of microscopic DWBA calculations for the in-
elastic scattering (as in [28]) is probably not suitable for
describing spreaded collective transitions. A possible re-
finement of the present method is the implementation
of the basic transfer and inelastic transitions into the
Tamura-Udagawa-Lenske model.

Further experimental studies of pick-up reactions at
different incident energies, over larger excitation energy
and angular range would be valuable to further check
MSD predictions.
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V. SUMMARY AND CONCLUSIONS
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