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The elastic scattering of a secondary "'Li beam (29 MeV/n) on a 2Si target
has been measured for the first time. To compensate for the low intensity of the
secondary beam, an efficient detecting system permitting to obtain reliable expe-
rimental data has been used. An attempt has been made to reproduce the data in
a phenomenological analysis and with coupled-channel calculations with a
double folding optical potentials, with energy and density dependent effective
interaction and realistic densities. An unusually large value of the surface dif-
fuseness parameter for the real part is required in the phenomenological optical
potential for description of the experimental data. In coupled-channel calcula-
tions with the folding optical potential a better description is achieved if a neut-
ron halo of ''Li is taken into account.

The investigation has been performed at the Laboratory of Nuclear
Reactions, JINR and GANIL.

Ynpyroe paccesHHe BTOPUYHOIO myuka | |Li
npu 29 MaB/nykn0H Ha xpemHuu-28

O®.A.I'apees u np.

Bnepsnie M3MEPEHO YNPYyroe PaccesHue BTOPMUHONO Nyuka Hyg
(29 MaB/Hyx10H) HAZ MHIIEHH K3 2831, JLast KOMIIEHCALMM HH3KO addexTnn-
HOCTH BTOPHYHOIO fIyUKa MCNOAL30BaNACk XPPeKTUBHAS JETEKTHPYIOMIAs CH-
cTeMa, NO3BOJIMBINAS NOJAYUMTh JOCTOBEPHBIE 3KCIEPHMEHTANbHBIE AAHHbIE.
Cnenana nonmTka BOCHPOMIBECTH AAHHBIE ¢ (PEHOMEHONOTMYECKMM ONTHYE-
CKHM NOTEHUMAAOM H C MCTIONBIOBAHMEM NOTCHIHANA ABOMHOM CBEPTKH C yue-
TOM CBA3AHHBIX KAHAJNOB C JHEPreTMUECKOM H IUIOTHOCTHOM 3aBMCHMOCTSMM
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3 DEKTUBHOTO B3AMMORENCTBUS M PEATIMCTHUECK MMM IIOTHOCTIMU. s onum-
CaHHs IKCNEPUMEHTANBLHBIX JAHHBIX PEHOMEHONOTHUECKHM TPEBYeTCs BBOAUTD
HeoGbIUHO GONbIIOE 3HAUEHME NAPAMETPa NOBEPXHOCTHOI AMddY3HOCTH pe-
a/IbHOM YacTH NoTeHumana. B pacuerax ¢ MCNONL3OBaAHMEM CBSA3AHHBIX KAHA-
JIOB C MOTEHLIWANOM ABOMHON CBEPTKM JIyullCE COracHMe AOCTHFAETCS, €C/M
6patb B yuer HeitTponnoe rano B ' 'Li.

Pa6ora sbinonHeHa s Jlabopatopum anepunix peakuwit OUSIU u TAHWJL.

1. Introduction

In recent experiments at GANIL {1 ], the existing "1 interaction Cross
section data [2,21,23 ] have been complemented by a measurement of the
Coulomb dissociation cross section and the neutron angular distribution at
an energy of 30 MeV/n. These new data together with measurements of
transverse and parallel momentum of oLi produced in "Li induced reactions
[3,4 1 have provided further support for the neutron halo hypothesis. Never-
theless, although they give information about the extent of the neutron clo-
ud and the degree of correlation between the two extra-core neutrons, these
experiments are unable to provide detailed information about the proton
and neutron distributions in 'Li. Such information can, in principle, be ob-
tained from measurements of the elastic-scattering angular distributions. In
this way, it should be possible to test various theoretical descriptions of .
The aim of the present experiment was to advance the idea of a «non-
destructive» study of ! 1L, by measuring its elastic scattering from a 28Si tar-
get and to compare it to the elastic scattering of the stable nucleus L.

In the similar measurements performed recently at RIKEN for the °Li
and ''Li nuclei on protons [29 ] the elastic cross section for the i was
found about factor of two smaller than for the °Li case. However, results of
another experiment performed recently at NSCL MSU for the system
Upi+ 12¢ [30 | have shown a strong enhancement of the ratio of U/O'R for

Uijas compared with the system "¢ 4+ 12C, The later observation indicates
an enhanced far-side dominance in the angular distribution of the ! 'Li scat-
tering predicted by Satchler et al. [24 ). In the analysis of both the expe-
riments considerable changes in optical potential parameters were neces-
Hy. .
sary to reproduce the "Li data. In the present work the use of a heavier
target should, in principle, enhance the influence of inelastic processes such
as break-up and Coulomb excitation of the projectile on the elastic channel.

2. Experimental Method

Secondary beams of 29 MeV/n "Li (150 pps) and 25.4 MeV/n "Li
(1000 pps) were produced at GANIL in the reaction of a 76 MeV/n 130 pri-
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Fig.1. Experimental set-up; see text for details

mary beam bombarding a 360 mg/cm? Be + 2900 mg/cm? C production tar-
get. The outgoing fragments were separated by means of the LISE3 spec-
trometer [S] and identified by their energy loss and time of flight. The
purity of each of the secondary beams was better than 98%. The energy
width of the secondary beam was defined by the momentum acceptance of
the LISE spectrometer which was set 10 2.3, in the case of 'Liand to 9. 49,
in the case of ''Li. The angular dispersion of the secondary beams was
smaller than 0.5°.

A schematic view of the set-up used in the present experiment is shown
in figure 1.

To compensate for the low intensity of the secondary beams we choose
a detection system with a very high efficiency of registration of scattered
particles. At the same time a big angular and energy spread of the secondary
beams implied measurements of angle and position on a target for each
incoming particle.

The trajectory of each particle was reconstructed by means of two
position- smsmve X-Y s:hcon detectors (AE1, AE2), with thickness of
71 mg/cm and 104 mg/cm respectively, placed at the final focal point of
the spectrometer. The AE2 detector was simultaneously used as an active
secondary target. The position resolution of each of detectors was 1 mm.
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The incident angle of the particles on the secondary target was measured
with the accuracy better than 0.5°. The collimator, 13 mm of diameter
placed in front of the target, was used to limit the size of the beam spot. Two
circular silicon detectors, one with 16 concentric strips (AE3) and other with
8 radial sectors (AE4) were used to determine the position and energy loss
of scattered particles. The detectors had a 69 mm of outside diameter and a
central hole 22 mm of diameter. The distance between the secondary target
and the circular detectors was adjusted to cover cenler~0f—mass diffusion
angles between 5° and 17° for "Li and between 5° and 22° for ''Li. A matrix
of seven BGO crystals [6] (E1-ET7), used to determine the residual energy
of each particle complemented the experimental set-up.

The overall relative energy spread of diffused particles including the
energy width of the secondary beam, the mtnnsnc resolution of the detectors
and the energy straggling was about 79, for "Li and 209, for ''Li ions.

The geometrical efficiency of the system was calculated on the event by
event basis taking into account the trajectory of the incident particle and the
geometry of the strip detectors. The systematic uncertainties in the mea-
sured differential cross section introduced by this procedure are smaller

than 109%,.

3. Results

Angular distributions of elastic scattering of "Li and ''Li measured in
this experiment are shown in figures 2—7. The error bars indicated for the
experimental data correspond to the statistical errors.

The use of the thick target, the angular resolution of A8 = 1.5° and the
lack of separation between elastic and inelastic scattering resulted in a
flattening of the diffractional structure of the spectra.

The measured distributions for 'Li are in the qualitative agreement
with measurements at lower projectile energies |26 ]. It has a shape typical
for scattering of stable nuclei in the Frauenhofer diffraction region — the
ratioa/op . oscillates and decreases with increasing scattering angle. For

the case of ''Li the behaviour of experimental data is rather unusual, the

ratio cr/crR . 1S almost constant in the measured range of angles. The

o/aRulh lies for ''Li higher than the one observed in an analogous distri-

~ bution for the elastic scattering of 8Li [27]and Be [28 1 on 285 at approxi-
mately the same energy of relative motion.
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4. Optical Model Analysis

4. 1. Phenomenological Optical Potential

The analysis of the elastic scattering was carried out in the framework
of the conventional optical model by using the standard Wood—Saxon form:

Uu(r) = VCoul(r) - VfV(r) — iW/W(r),

where f(r)=(1+ expl(r —RV)/aV])—l, Sn=(+ expl(r —RW)/aW])_l,
_ 1/3 — 1/3

R, = ry AT, Ry = rwAr and Voul

uniformiy charged sphere. The potential parameters V, W, r,, ry, 3, and

() is the Coulomb potential of the

were fitted to the experimental data using the standard x Zmethod.
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Fig.2. Comparison of the experimental data with theoretical calculations
for elastic scattering of TLi+*8si at energy E7u = 177.8 MeV; long-

dashed line — elastic scattering with optical potential «A» from table 1;
short-dashed — inelastic cross section; solid — sum of elastic and ine-
lastic cross sections; dotted — elastic cross section with potential from {26}
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The theoretical cross sections have been averaged over the angular
resolution before comparison to the experimental cross sections.

As the inelastic events have not been resolved by our detection system
we have estlmated the inelastic cross section for the excitation of the 2% ,
1.78 MeV state in 28Si and added it incoherently to the elastic one. The esti-
mation of the inelastic cross section was made in the framework of the
DWBA. The inelastic form factor was chosen as a derivative of the optical
potential:

F(r) =ﬂ2 RV—:%_fl + iﬂz RW%

withf, R, =B, R, = 1.21 fm [27).

In figure 2 the results of the calculatlons are compared to the experi-
mental data on the elastic scattering of "Li. In the calculations the geometric
parameters of the optical potential were taken from the global parametri-
zation [26 ], and the potential depths V and W were adjusted to reproduce
the data (see table 1). Theoretical calculations of the elastic scattering are
shown by the long dashed line; inelastic one, by the short dashed line; and
their sum, by the solid line. For comparison the elastic cross section calcu-
lated with parameters from [26 ] is also shown by the dotted line. From the
calculations it follows that the contribution from inelastic processes may be
important at the end of the measured angular range and theoretical calcula-
tions can describe the experimental data with «standard» optical potentials.

Table 1. Parameters of the optical potentials for the system "Li + 28Si

Vo | e | =W o | e, [N o, kYUN

MeV fm fm MeV fm fm fm fm b
A 226.8 | 1.286 | 0.853 | 37.26 | 1.739 { 0.809 | 4.38 | 5.08 | 1820. | 7.0
from [26] | 114.2 | 1.286 | 0.853 | 29.75 | 1.739 | 0.809 | 4.38 | 5.08 | 1700. | 10.4

Table 2. Parameters of the optical potentials for the system !'Li + 23S

-V ry a, -w rw ay, (rf,)”2 r )'/2 o % /N
MeV fm fm MeV fm fm fm fm b
204.48 | 0.585 1.737 8.23 2.18 0.425 6.604 5.36 1445.2 |1 1.84

In the case of 'Li the situation is different. The calculations based on
the usual nuclear potentials cannot give a reasonable description of the
expenmental data. As an example, on figure 3 the elastic cross section of
Ny (dotted line) calculated with the optical potential from global paramet-
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rization [26] is shown. It is very difficult to give more definite limits for
changing the optical potential paramteters based only on the experimental
data within a relatively narrow angular range. Therefore, only one example
of possible potentials is given in table 2 and the calculated elastic cross sec-
tion is shown by the long-dashed line in figure 3. The contribution from ine-
lastic scattering, calculated analogously to the "Li case, is shown by the
short-dashed line; and total cross section, by the solid line. The root mean
square (rms) radius of the real potential is in our case about 6 fm, and in the
strong absorption region the potential has a refractive character. The relati-
vely large value of surface diffuseness of the real part obtained for this po-
tential can reflect the extended density distribution of My Further impor-
tant information about the scattering nature may be obtained from a near-
side and a far-side decomposition of the elastic cross section {31). The
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Fig.3. Comparison of the experimental data with theoretical calculations

for elastic scattering of ''Li+?%Si at energy E”u =319 MeV. Long-

dashed line — clastic scattering with optical potential from table 2;
short-dashed — inelastic cross section; solid — sum of elastic and ine-

lastic cross sections; dotted — elastic cross section with potential from [26])
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decomposition for 'Li elastic scattering is shown in Fig.4 where the long-
dashed and short-dashed lines give the near-side and far-side contributi-
ons, respectively. The crossover point of the near-side and far-side compo-
nents is close to 6 ~ 2° and the region of diffraction oscillations occupies the
angle range up to ~ 8°. At larger angles the far-side component dominates in
the elastic cross section. In the case of 'Li scattering the crossover point is
near 8° and the region of difraction oscillation spreads up to nearly 20°. The-
reby, the smoothness of o/ og in the "L case at angles larger than 6 = 10°

may be connected with a more strong manifestation of nuclear refractive
properties in halo nuclei. The elastic cross section for the potential given in
table 2 shows the picture of the rainbow scattering [32]. Of course, it does
not mean that the rainbow scattering is revealed in ''Lj scattering. The
appearance of this effect will depend on transparency of nuclear potentials.
To give more definite answers, it is necessary to have the experimental data
for ''Li scattering in a wider angle interval covered by the exponential fall-
off of the elastic cross sections and diffraction oscillations at small angles.
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Fig.4. The near-side and far-side decomposition of the elastic scattering
""Li+*si at energy E, 1, = 319 MeV.Solid line, long-dashed and short-

dashed are elastic cross section, near-side and far-side contributions,
respectively
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The contribution of soft modes in ! ' Li {33 ] to the elastic cross section is also
possible and requires further investigations.

4.2. Double Folding Potential

Simplified coupled channel (CC) calculations were done using the code
ECIS [7]). The 28Si was treated as a rigid rotor and couplmgs involving both
excxtatlon and de-excitation between ground state (0%) and first excited
state (2") were used. The B(E2 1) value was taken from the compilation [8 )
and a deformation length of = 1.15 fm was used, which gave satisfactory
results in a similar CC calculation for ®Li + 28Si at 210 MeV 91

The bare CC optical potential (the real part) was calculated in the semi-
microscopic double folding model [10 } using the density and energy depen-
dent effective interaction (DDM3Y) from [11,12 ]. The geometry of the ima-
ginary part of the optical potential was taken to be the same as for the real part:

opt(r) (N +iN) DDM3Y(’)'

No attempt has been done to fit the normalization constants N w N, but

rather they have been fixed by some physical requirements or by analogy
with similar systems. The antisymmetrization effects and the density de-
pendence of the effective interaction in the calculation of the folding poten-
tial were treated similarly as in reference [12 ]. The necessary nuclear den-
sities were constructed by standard Hartree-Fock (H.F.) calculation using
Skyrme II (SkID) parametrization of the effective interaction [13 ). Spherical
symmetry and occupation numbers determined by single particle energies
were assumed. The nuclear matter rms radii of the resulted densities (r,)

and the rms radii of the corresponding DDM3Y potentials (r,) are given in

table 3. Also the corresponding values for the «halo» density of Bertsch et al.
[14] are indicated. The rms radii of the halo density of Bertsch et al. agree
with the effective rms matter radius of 3.12 + 0.16 fm extracted by Tanihata
et al. [15] from the measured interaction cross section at high energy.
Therefore it is interesting to check this density in the elastic scattering of
i atlower energy.

As a test ground for our calculations, the 6Li elastic scattering on 283 at
154 MeV [16 ] was taken. Studies [17—19 | on elastic scattering of light Li
isotopes in a wide range of energy and targets resulted in a strong renor-
malization (up to 50%) of the effective M3Y interaction in order to explain
the data. It was suggested by Sakuragi [19] that this reduction could be
explained by projectile break-up effects. The dynamical polarization poten-
tial (DPP) induced by projectile break-up process has a repulsive surface
contribution to the real optical potential with a strength of about 40%, of the
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Table 3. The matter density rms radii for Li isotopes and 2*Si calculated
with the Hartree-Fock method and the Skyrme Il potential (2)!/2 and the rms radii

of the corresponding DDM3Y folding potentials (r2)! /2

oL "L "Li **si

(22 [fm) 2.24% 2.31¥ 2.68% 3.1a)
2.99"
)"/ tfm) 4.034% 4.083V 4321
4.579"

a)calculated with the standard Hartree-Fock method and the Skyrme 1 potential [13].
b)calculated with the halo density of Bertsch etal.[14].

Table 4. Effective square radius rg and total reaction cross sections o, for Li isotpes on 23

®Li "Li *Li °Li M
E [MeV/n] 25.7 25.4 25.4 29 29
72 [fm?] 1.290V 1.285% 1.2907 1.246" 1.305"
op lmb] 1577” 1672” 1768" 177> 2001"
o [mb] 15219 1583° 2064°
14029
o, [mb] 2947+ 386"

*from Saint-Laurent et al. [21],
Yvalues calculated for the reactions "Li+**Si with the formula of Kox et al. [25} and

parameters from [21],
“calculated with DDM3Y and Ny, = N, = 1.0,

D calculated with DDM3Y and N, = 0.60, N, = 0.18,
e)experimemal value of Villari etal. [23] at 25.5 MeV/n.

folding potential and a negligible imaginary part, with the effect of decre-
asing the far-side tail component of the scattering amplitude at large angles.
Similar reducuon has been found recently in a secondary ‘Be beam scat-
tering on 2C at 140 MeV by Yamagata [20 ]. However, there is no need for
such a reduction in the calculations that wc performed using DDM3Y effec-
tive interaction. The results obtained for ®Li with the normalization N, =

= 1.0, Ny = 0.9 (figure 5) show a reasonable agreement with the data.

In a next step, the same procedure was applied for "Li data measured in
the present experiment. As can be seen in figure 5 the incoherent addtion of
elastic and inelastic scattering results in a rather flat diffractional pattern.
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The calculated reaction cross sections for ®7Li are in good agreement with
the estimated values based on the semiempirical formula of Kox et al. [25]
with the parameters from Saint-Laurent et al [2] ] (see table 4).

In the same spirit, calculations were performed for L elastic scat-
tering data. In contrast to the L case, the experimental 'L cross section
lies above and decreases slower than the corresponding CC prediction if the
CC bare optical potential is calculated with the normalization N, = 1.0,

Ny, = L0 (figure 6). The H.F.—SklI density for 285i and the density of

Bertsch et al [14] (solid line) and H.F.—SkIl (dashed line) for 1 were
used. While the calculated clastic cross section is rather insensitive to the
value of the deformation of the potential over the range of experimental
data, the inelastic one depends strongly on this parameter. For example, the
ratio (o, + cri")/crel doubles at large angles (> 15°) when the deformation

length is chaged from 1.15 1o 1.48 fm. However, in order to bring the calcu-
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Fig.5. Angular distributions and CC calculation of elastic scattering of
light Li isotopes; the bare CC potential is calculated with DDM3Y
effective interaction and H.F.-Skll densitics; normalization constants
are indicated in the figure
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lated elastic plus inelastic cross section to the measured one, unreasonably
large deformation parameters are needed if the normalization is kept con-
stant at N = 1.0, N, = 1.0. The calculated reaction cross section for this

normalization is about 2 barns for both densities.

Subsequently, one may examine the effect of different choices of ' Li
density, as stated above. For the same normalization, the halo density pro-
duces a potential with a larger radius (table 3) and the oscillations in the
cross section are shifted to smaller angles. As can be seen from figure 6,
especially for the large angles the presence of a neutron halo produces a
quite different oscillation pattern.

The inability of the presented calculation to reproduce the experimental
data leads us to modify the normalization constants. A choice of N, =12.0,

N, = 1.0 gives a reaction cross section of 2 barns, brings the calculated cross

T ——
Iy, 284,
Li(29MeV/n)+ °Si
. L1 F E
< [
s [
-1
o)
~
o)
0.1 1
o Exp data N
with halo Nv=1.0 Nw=LD
------ no halo Nv=10 Nw=L0 \‘\\
0.0] Lt it v o1y lu\:ml,_._._,;_
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Fig.6. Angular distributions and CC calculation of ''Li elastic scattering;
the bare CC double folding potential is calculated with DDM3Y and
H:F.—SkII density for 283i and the halo density of Bertsch et al. [14] for
""Li (solid line) and H.F.~SkII density (dashed line); values of the nor-
malization constants Ny, and N, are indicated in the figure
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section over the data, but is unable to reproduce the most prominent oscil-
lations. In order to reproduce the observed oscillations in the data, a reduc-
tion in the normalization constants seems to be necessary. The results obtai-
ned with N =06, N = 0.18 (without neutron halo) and N = 0.27 (with

halo) are shown in figure 7. Different N_ values were taken in order to
obtain approximately the same value of the reaction cross section. If the N |

value was equal to 0.18, then the «no halo» calculations give an even smaller
reaction cross section, though they come a little closer to the data. While the
general trend is reproduced, the reaction cross section drops to a value of 1.4
barn which is quite puzzling in view of the existing data concerning the
reaction cross section.

The interaction of ''Li is dominated by the break-up process. In a
recent experiment at GANIL [1], the two neutron removal cross section of
'Li on Be (0.47 barn) and Ni (1.3 barn) targets was measured at the same
energy as in the present experiment. From these numbers one could esti-
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Fig.7. The same as fig.6 but for different normalization constants N, and
N, total reaction cross section o, = 1.4 barn in both calculations
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mate the break-up cross section for 28Si to be in the range of 0.9—1.0 barn.
This is practically one half of the reaction cross section predicted by the for-
mula of Kox et al. [25]. Fukuda et al. [22] have found recently that such
empirical formula underpredicts the reaction cross section for halo nuclei by
20—30%,. Therefore, a reasonable value of the reaction cross section for
i+ 28552129 MeV/n could be 2.3—2.5 barns, in relative agreement with
the value measured by Villari et al. [23 ] at 25 MeV/n. The measurement of
oLi transverse [3] and parallel [4] momentum distributions showed that
due to the very diffuse structure of | ]Li, the break-up process is dominant at
large impact parameters, in contrast with a «<normal» nucleus like 'Li. In the
present experiment this is confirmed by the analysis of the energy spectrum
of the diffused !'Li ions. If the scattering of M1 at low impact parameters
(i.e. at diffusion angle larger than about 4°) is accompanied by a break-up of
this nucleus ''Li » Li + 2n, onc should observc in the measured spectum of

120 et

YLi29MeVin)+si
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Fig.8. Experimental spectrum of the total energy of scattered ions for the
29 MeV/n "'Li secondary beam; the curves represents a two-gaussian fit
centered at the mean energies of °Li (dashed line) and ''Li ( solid line)
indicated in the figure by arrows
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total energy (sum of encrgy lossea in all detectors), shown in figure 8, a peak
corresponding to the 29 MeV/nLii |ons A careful mathematical analysns set
an upper limit of the contribution of Li 10 5%, Therefore, the ''Li scat-
tering is influenced by the break-up process only at very small angles, where
the optical model amplitude is dominated by the Coulomb scattering. The
cross section measured in the angular domain covered by the present expe-
rlmc,nl is completely insensitive to the break-up process. The loose structure

"1i is contained in our optical potential through the halo density, which
produces only a small shift in the potential radius. A simple renormalization
of the potential cannot account for the nonlocal dynamic polarization poten-
tial induced by the break-up process. Similar ideas were advanced by Sat-
chler et al. {24 ). They suggested that an appropriate normalization of the
real folding DDM3Y potential might be cqual 10 0.57. With this normaliza-
tion the calculated optical model reaction cross section (1.4 barn) represents
approximatcly the differcnce between the estimated total reaction cross sec-
tion and the estimated break-up cross section.

One should also notice that a very similar total reaction cross section
(1.45 barn, see table 2) was obtained also in the phenomenological optical
model analysis prescnted in section 4.1,

As can be seen in figure 7 sngmflcanl diffecrénces appear by using diffe-
rent density distributions for ''Li. At practically the same normalization of
the effective interaction and at the same total reaction cross section, the halo
density reproduces better the data than the no halo density.

S5.Conclusions

Wc have measured for the first time the angular distribution of the
clastic scattering of a ncutron halo nuclcus on the 28Si target. For this
purposc, a sccondary 'Li beam was used. Despite the rather low intensity,
the high efficiency of the detecting system permitted to obtain reliable expe-
rimental information. The corresponding angular distribution can be reaso-
nably described by using the phenomenological optical potential and the
semimicroscopic double folding model with density and energy dependent
effective interaction and realistic densities. However, in the analysis with
the phcnomenological optical potential the strong modification of the «stan-
dard» parameters scems to be necessary for the description of the experi-
mental data. In the semimicroscopic model a strong renormalization of the
real part of the optical potential seems to the necessary in order to reproduce
the measured angular distributions. At the same time, the important con-
straint of reproducing the extremely large measured total reaction cross sec-
tion could not be satisficd. A reason for this discrepancy could be the insen-
sitivity of our data to the break-up process over the measured angular range.
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For loosely bound i nucleus, with a very long tail of the neutron density
distribution, this process takes place mainly at large impact parameters and
the corresponding cross section represents an important fraction of the total
reaction cross scction. The strong nonlocal dynamical polarization potential
induced by this process cannot be simulated by a simple renormalization of
the DDM3Y effective interaction.

The results of present experiment confirm conclusions drawn by Kolata
et al. [30 ] on the enhanced refracuon and on the importance of a very long
absorption in the elastlc scattering of 'Lion light targets.

The structure of !'Li enters in the folding potential only through pro-
jectile density and the presence of the neutron halo produces relatively small
changes in the potential. Nevertheless it seems that the calculations with the
halo density reproduce better the experimental data.

Most of the difficulties encountered in the interpretation of the present data
come from the lack of separation between elastic and inelastic events which
would have required a much better energy resolution for the detected My,

The results of present experiment proved that a measurement of elastic
scattering of very exotic nuclei although technically difficult can be perfor-
med even at a very low (several hundred particles per second) intensity of a
secondary beam. For a complue explanation of the obtained angular and
energy distrubiton of diffused !'Li ions particular properties of the ''Li nu-
cleus due to a presence of a neutron halo have to be taken into account. In
particular a contribution of soft modes of a giant resonance in M to the
elastic cross section is possible and requires further investigations.

Similar experiments performed with higher angular and energy reso-
lution are necessary to confirm and to study the phenomena of neutron halo
for other light neutron-rich nuclei as ! Be, 4Be and '"B.
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