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The quasielastic scattering of the exotic nucleus B on a C target has been studied at an
energy of 320 MeV and compared with that of Be at the same velocity. The quasielastic scattering
of C+ C at 20 MeV/nucleon, also performed as a secondary beam experiment, was used to
check the data reduction method. The results are interpreted in terms of a semimicroscopic double
folding model and coupled-channels calculation. The difference in the total reaction cross section
(8%) between B and Be is consistent with the measured one proton removal cross section and
corresponds to an increase in the interaction radius of 4/0. The existence of a substantial proton
halo in B is not supported by the present data.

PACS number(s): 25.60.+v, 25.70.Bc, 24.10.Eq

I. INTRODUCTION

Recently the nucleus B has received much attention
&om both experimental and theoretical points of view.
Its proton separation energy of only 137 keV and the lo-
cation of its last proton in a p state with respect to the
7Be core suggest that sB is a proton halo candidate [1].
Recent experiments provide contradictory information,
pointing either toward a very large halo or to a vanishing
one. In a recent experiment, Minamisono et al. [2] found
an electric quadrupole moment much larger than a shell
model prediction, which led them to claim the existence
of a proton halo. However, measurements of interaction
cross sections by Tanihata et al. [3] show no spectacu-
lar enhancement when compared to adjacent nuclei. A
(0+ 2) Aced shell model calculation by Nakada and Otsuka
[4] suggests that the quadrupole xnomentum of B can
be explained without reference to a proton halo. Also
the generator coordinate model (GCM) calculation of
Descouvemont and Baye [5] shows no clear indication of
a proton halo, while the resonating group model (RGM)
multiconfiguration-multicluster calculation of Csoto [6]
indicates a proton skin of 0.5 fm. It has been demon-
strated that the behavior of the proton density distribu-
tion in B at large distances may be important for the
high energy component of the solar neutrino flux [1,7].

It should be noted that difFerent experiments may
probe the wave function of the proton interacting with
the Be core at difFerent distances. The angular distribu-
tions of elastic scattering can, in principle, provide infor-
mation on the density distributions and the correspond-
ing optical potentials.

In this paper we present the results of the mea-

surements of Be, B+ C quasielastic scattering at
40 MeV/nucleon. The scattering of x2C+x2C at 20
MeV/nucleon was also measured in order to verify the
method of extracting angular distributions &om the ex-
perimental data.

The paper is organized as follows. The experimental
method and data are presented in Sec. II. Section III re-
ports the results of coupled-channels (CC) calculations,
while Sec. IV deals with a detailed analysis of the reac-
tion cross sections. In Sec. V the interpretation of the
data is presented in semiclassical terms. The conclusions
are summarized in Sec. VI.

II. EXPERIMENTAL METHOD

Secondary beams of B and Be, with a mean energy of
40 MeV/nucleon, were produced by fragxnentation of a 60
MeV/nucleon xsC beam on a 2 mm thick sBe target. The
&agmentation products were subsequently separated us-
ing the doubly-achromatic spectrometer LISE3 [8]. The
purity of the secondary beams was enhanced by the use
of a 1120 p,m thick aluminum wedge located at the first
dispersive plane of LISE3 and by means of a Mien filter
placed at the end of the spectrometer.

The mean intensity of the B beam was 700 pps. The
purity of the sB secondary beaxn was better than 99.2%%uo.

The momentum acceptance of the spectrometer in this
case was limited to 1.1'%%uo. The ~Be secondary beam had
an intensity of 1000 pps, a momentum acceptance of
0.33%%uo, and a purity of 98.4%. Finally, a x2C beam of
2200 pps, of a purity of 99.9'%%uo and a momentum accep-
tance of 0.33'%%uo, was produced with the same xsC primary

0556-2813/95/52(1)/191{8)/$06. 00 52 191 1995 The American Physical Society



192 I. PECINA et al.

beam to test and measure the eKciency of the experimen-
tal setup in a wide range of angles. The diameter of the
beam spot on the secondary target was in all three cases
about 7 mm FWHM (full width at half maximum).

The experimental setup, shown in Fig. 1, was consid-
erably improved compared to an earlier experiment per-
formed with a ~ I i beam [9]. It consisted of two position
sensitive (x, y) parallel-plate avalanche counters (PPAC)
separated by 1 m. The second PPAC was placed 42
mm away from the secondary target which consisted of
18.5 mg/cm2 of carbon. The position resolution of the
PPAC's was 1.5 mm FTHM, which thus provided a mea-
surement of the angle of secondary beam with a resolu-
tion better than 0.15 . Both PPAC's also provided start
signals for time-of-ffight (TOF) measurements with re-
spect to the radio&equency of the cyclotron.

The scattered particles were detected by an assembly
of three silicon strip detectors (El, E2, E3) with thick-
nesses of 150 pm, 500 pm, and 4500 pm, respectively.
The E1 detector consisted of 32 circular strips of width
0.77 mm with a central hole of 15 mm diameter for the
passage of the unscattered beam. The external diameter
of the detector was 68 mm. The E2 detector comprised
32 radial strips with the same inner and. outer diameters.
The E3 detector was composed of four radial sectors and
served as a stopping detector. The first two detectors also
provided information on the energy loss which, in com-
bination with the residual energy provided by the third
detector, was used for particle identification. The over-
all energy resolution (4%) was not, however, sufficient to
fully distinguish between elastic and inelastic scattering,
hence the reference to quasielastic scattering. In order to
increase the range of measured angles, the assembly of
El, E2, and E3 detectors was placed during the experi-
ment at two diferent distances with respect to the target:
133 mm and 328 mm. The two settings had a wide an-
gular overlap so that the extracted angular distributions
could be compared with each other.

Downstream of the above assembly (see Fig. 1), a tele-

scope consisting of 11 silicon detectors was used to mon-
itor the secondary beam intensity and to measure the
excitation function of the B~"Be + p breakup on sili-
con. The results of this measurement will be presented
in detail in a forthcoming publication. The measurement
of energy losses in diferent detectors of the telescope al-
lowed us to separate and count also the Be nuclei com-
ing Rom the breakup of 8 on a carbon target at 40
MeV/nucleon, giving a direct estimation of a breakup
cross section.

Control measurements without the secondary target
were performed in order to determine the contribution
of background events coming &om beam scattering on
materials other than the target. The contribution was
found to be less than 2%. A minimum deffection of 2' in
the center-of-mass (c.m. ) system (larger than the angular
resolution by more than 30) was imposed in order to
eliminate most of primary beam particles.

Extensive Monte Carlo simulations were performed in
order to evaluate precisely the eKciency of the setup.
The trajectories of the secondary beam particles, de-
fined in the experiment on an event-by-event basis by
the PPAC's, were used as input for the efBciency simu-
lations. The trajectories of the particles after scattering
on the target were then generated and efBciency was ob-
tained as a function of the scattering angle, taking into
account the geometry and all inactive areas in the detec-
tors. It was verified that the eKciency depends only on
geometrical structure of the system and not on the an-
gular distribution used to generate the scattering angles.
The calculated efBciency was then used for the determi-
nation of the experimental angular distributions. The
finite spatial resolution of the PPAC's and of the strip
detectors, as well as the multiple scattering and angu-
lar straggling in the target, were taken into account to
obtain the final angular resolution for each angle.

The obtained data are shown in Fig. 2. A compari-
son of C scattering data with the previously reported
pure elastic scattering data measured by Bohlen et al.

E1 (si)
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K2 (Si)
3? strips

E3 Si(Li)
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Target FIG. 1. Schematic diagram
of the experimental setup.
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FIG. 2. Quasieiastic scattering data obtained in the
present work. The vertical error bars are statistical only, the
horizontal ones were estimated by Monte Carlo simulation.
The dots connected by a solid line indicate the C+ C elas-
tic scattering data measured by Bohlen et al [10]. .

[10] shows good agreement, thus confirming the data re-
duction technique used in the present study. It may be
noted that in the present experiment it was possible to
measure elastic scattering down to 2' (c.m. ).

III. QUASIELASTIC SCATTERING

A. Optical potentials and density calculations

The double folding model associated with the effective
interaction of Jeukenne, Lejeune, and Mahaux (JLM)
[11]was chosen to construct the necessary elastic optical
potentials and the form factors for inelastic scattering. In
Ref. [11],a complex density, and energy dependent inter-
action was derived in such a way that the entire nucleon-
nucleon potential can be obtained with the Hartree term
only. The density dependence is treated in the local den-
sity approximation. The results for volume integrals and
mean radii of the predicted optical potentials are greatly
improved by introducing a 6nite range smearing func-
tion. The imaginary part has a correct behavior near the
Fermi surface and includes effective mass correction.

Starting &om JI.M effective interaction, the heavy ion
optical potential U(R) can be constructed in the double
folding model in the following way:

In the following, the quasielastic data obtained in this
work are interpreted in terms of the distorted-wave Born
approximation (DWBA) and coupled-channels (CC) ap-
proximations. Due to the restricted angular range and
the considerable mixing of inelastic scattering, a direct
6t to the data is difBcult. We have therefore performed a
comparison with a semimicroscopic prediction for elastic
and inelastic cross sections.

In the above formulas, R, rq, r2 are the usual double fold-
ing variables and pq 2 are the one-body densities. The
functional form of the real and imaginary parts of the
effective interaction are taken &om [ll] and evaluated
at E = E) b/Ap, d. O. nly the isoscalar components have
been retained. For consistency, the Coulomb component
of the optical model has been calculated in the double
folding model. Coulomb corrections arising &om nonlo-
cality and energy dependence of the effective interaction
were neglected because they are only important near the
Coulomb barrier.

In extrapolating to heavy ions, the main difBculty
arises &om the ambiguity in the de6nition of density p
in the overlap region. Since the JI M interaction is not
de6ned for densities larger than the equilibrium density
of nuclear matter, we have chosen the approximation

which underestimates the density for strong overlaps but
does not give rise to unphysical situations, as does the
usual approximation: p(ri, r2) = pi(ri) + p2(r2). The
bare folding optical potential contains only two param-
eters: the normalization constants Nv and N~ for the
real and imaginary parts, respectively. This normaliza-
tion is necessary in order to compensate for the underes-
timation of the density in the overlap region and for high
order effects in the optical potential.

The diagonal part of the one-body densities for Be
and B in the r space have been obtained in a multi-
configurational shell-model (SM) calculation. The occu-
pation probabilities were obtained by diagonalization of
the Warburton-Brown interaction [12] in the first four
major shells using the oXBABH code [13]. The spurious
center-of-mass motion was removed by the usual method
[14], by adding the center-of-mass Hamiltonian to the
interaction. The 6rst four major shells provide a com-
pletely nonspurious shell-model basis when 2' con6g-
urations are included. The residual interaction used in
the shell-model procedure does not 6x the single particle
wave functions (SPWF). We have chosen the Hartree-
Fock (HF) SPWF as a basis, which seems to be more ad-
equate to describe the nuclear surface. The Skyrme III
force (SkIII) [15] and the occupation probabilities from
the SM calculation were used as inputs to the HF calcu-
lation. For consistencey, the C one-body density was
obtained in a standard HF SkIII calculation.

As can be seen &om Table I, the SM calculations pre-
dict comparable proton skins for Be and B nuclei, the
skin being de6ned by the difference between root mean
square (RMS) radii of the proton and neutron distribu-
tions. Table I includes for comparison the RMS radii for
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Density

TABLE I. RMS radii for proton (p), neutron (n), and matter (m) density distributions obtained
with the shell model (SM) and a standard Hartree-Fock calculation (SkIII). The values obtained
by Tanihata et al. [3] froin interaction cross sections are also included (HO).

( 2)1/2 2 )1/2 ( 2)1/2 ( 2)1/2

Be

8B

12+

(fm)
2.337
2.148

2.36+0.02
2.400
2.317

2.45+0.05
2.423

(fm)
2.108
1.972

2.25+0.02
2.068
2.010

2.27+0.04
2.398

(fm)
2.242
2.075

2.31+0.02
2.281
2.207

2.38+0.04
2.410

(fm)
0.229
0.176

0.11+0.03
0.332
0.307

0.18+0.06
0.020

SM
SkIII
HO
SM

SkIII
HO

SkIII

HF densities calculated with the SkIII effective interac-
tion. These are systematically smaller than the corre-
sponding SM values, although the proton skin is com-
parable. This highlights the importance of configuration
mixing and refIects the uncertainty in the Skyrme-type
parametrization, which is adjusted to properties of nu-
clei near the stability line. The RMS radii of proton dis-
tributions predicted by the present SM calculations are
nearly identical with the corresponding values extracted
by Tanihata et al. [3] from interaction cross sections, us-
ing harmonic oscillator (HO) wave functions, while the
RMS radii for the neutron distributions are smaller by

0.15 fm. Consequently, the SM proton skin is two
times larger than the HO value. Other microscopic cal-
culations [4—6] predict even larger proton skins. There-
fore, the existence of a proton skin in proton rich nuclei is
quite natural, provided the wave functions have the cor-
rect asymptotic behavior [4,5]. These very disuse densi-
ties may induce an increase of refraction efFects in elastic
scattering for both nuclei. However, we expect that the
larger absorption for B (due to the smaller threshold for
breakup) will produce an additional damping of the sB
elastic cross section.

The excitation of the 3 state was calculated using the
DWBA and vibrational model, with a deformation length
83 taken &om Ref. [17]. The inelastic scattering and fi-
nite angular resolution account well for the filling of the
minima. The satisfactory agreement obtained with the

C+ C data provides confidence in the interpretation
of the data.

C. Be and B scattering

The same type of calculation has been performed
for Be and B quasielastic scattering. In these cases
the normalization constants N~ and N~ were obtained
by fitting the pure elastic scattering of I.i+ C at 26
MeV/nucleon, 35 MeV/nucleon, and 53 MeV/nucleon
[18-20]. All spurious solutions were eliininated by re-
taining only the smooth energy dependence of the nor-
malization constants. Fits, as good as in the C+ C
case, were obtained in the full angular range, including
the so-called rainbow region, which shows that our in-
teraction has a correct behavior well inside the strong
absorption radius. The interpolated values for an energy
of 40 MeV/nucleon are Nv = 0.65 and Niv = 0.80. The

B. ~~C scattering

For the C+ C case, the interaction was fixed by
fitting the original data of Bohlen et a/. in a standard
CC calculation. The C nucleus was treated as a rigid
rotor and couplings involving both excitation and de-
excitation between ground state (0+) and first excited
state (2+, 4.44 MeV) were used. The B(E2 g) value was
taken from the compilation of Raman et al. [16] and the
same deformation length was used for all components of
the optical potential. With the normalization constants
N~ ——0.56 and N~ ——0.84 the agreement with the data
of Bohlen et al. is good, especially in the difFractive region
(Fig. 3). The above results demonstrate that our fold-
ing potentials can be safely used to describe both elastic
and inelastic scattering and should diminish any ambi-
guities in the interpretation of Be and B quasielastic
scattering.

The above calculation is also compared with our exper-
imental data on C+ C quasielastic scattering (Fig. 4).
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FIG. 3. CC calculation of (a) elastic and (b) inelastic (2+)
scattering (solid lines) compared with the experimental data
of Bohlen et al. [10] (points).
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FIG. 4. CC calculation of the elastic (thin solid line) and
the inelastic (2+) (dashed line) scattering. The contribution
of the (3 ) state of C is calculated in DWBA (dotted line).
The incoherent sum of elastic and both inelastic channels
(thick solid line) is compared with experimental data (points).
The experimental angular resolution was taken into account
in the calculations.

0.1 /
/

'I .
/

~ w g ~

1 W ~

0.01 I I I I I I I I I I I I ~

large reduction of the real part arises mainly from the
underestimation of the density effects by the approxima-
tion (I). By taking the normalization constants from
Li+~ C scattering, a large part of the repulsive dynam-

ical polarization potential (DPP) arising from the strong
coupling to the breakup channel is already included in
our potentials. This fact explains the increased value
of the renormalization of the real part with respect to
the C+ C case, where the breakup effects are of less
importance. As can be seen from Fig. 5(a) the agree-
ment with the quasielastic data is good for Be—both
the magnitude and the oscillations are correctly repro-
duced. . The excitation of the 2+ state in 2C accounts to
a large extent for the filling of first deep minimum at 6.5
and the contribution becomes comparable with the elas-
tic scattering at angles larger than 10 . The excitation of
the 3 state', although much smaller in amplitude, gives
a non-negligible contribution at large angles. We have
also verified that the first excited state in Be gives a
negligibly small contribution to the angular distribution.

The same type of CC calculation was performed for
B quasielastic scattering and compared with the data in

Fig. 5(b). The agreement with the data is worse than
in the Be case. The structures shown by the data are
less pronounced. The filling of the minima cannot be en-
tirely explained by inelastic contribution from the target
excitation. One might suspect an additional contribu-
ti.on from projectile excitation. In order to check this
hypothesis, a separate CC calculation has been under-
taken to evaluate the contribution of a quasibound (I+,
0.77 MeV) level placed just above the ~Be+@ threshold.
The reduced transition probability was taken from the
GCM estimation of Descouvemont and Baye [5]. The
inelastic cross section was added incoherently to the re-
sults of the preceding calculation. . As can be seen in Fig.
6, projectile excitation does not significantly change the
results.

8 12
Q (deg)

20

The calculation presented in Fig. 6 shows a discrep-
ancy in the magnitude of cross section at angles cor-
responding to diffraction minima. Tests with different
optical potentials, e.g. , a double folding potential with
the standard MSY effective interaction as well as a sim-
ple Woods-Saxon one [29], resulted in even more pro-
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FIG. 6. CC estimation of the contribution of the excited
state (1+) in B (dotted line). The dashed line represents the
result of the preceding calculation [Fig. 5(b)j. The solid line
is the incoherent sum of all channels.

FIG. 5. CC calculation of elastic (thin solid line) and in-
elastic (2+) (dashed line) scattering. The contribution of the
(3 ) state in C is calculated in DWBA (dotted line). The
incoherent sum of elastic and both inelastic channels (thick
solid line) is compared with experimental data (points). The
experimental angular resolution was taken into account in the
calculations.
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nounced minima comparing to the experimental data.
These facts suggest that the data for the loosely bound
nucleus B cannot be satisfactorily described by optical
model axnplitudes. Similar discrepancies were found for
elastic scattering of another loosely bound nucleus Li
on silicon [9] and carbon [21], where the cross section at
small angles is underestimated by the optical model.

IV. H.EACTION CROSS SECTION

~ „=~„(sB)—~„('Be) (2)

is also valid for the proton breakup of B. We further
checked this hypothesis by calculating the individual
cross sections appearing in (2), using the optical limit
of the Glauber theory:

Further information can be obtained &om reaction
cross sections (see Table II). We compare our results
denoted by JLM with the phenomenological formula of
Kox [22] using the isospin component suggested by Za-
har et al. [23]. The individual radii were calculated in
two ways. In the first, we have used the liquid drop
model parametrization, also used by Shen et al. [24] in
a similar calculation. In a subsequent calculation, the
mean square radii &om the present SM calculations were
used for "Be and B together with the SkIII value for

C. The JLM folding model predicts an increase in the
reaction cross section of 78 mb for B. An experimen-
tal estimation of breakup on the C target, extracted
&om the independent measurement using the silicon tele-
scope, gives o. „=80 + 15 mb. This value is consis-
tent with the result of a Glauber-type calculation us-
ing the two-body wave functions of Riisager and Jensen
[1] and compares well with the breakup cross section
(o „) of 60 + 5 mb obtained by Corre [25] for the re-
action B+ SSi~ Be+p+ Si at the same energy. This
suggests an approximate factorization of the proton-core
wave function and shows that a Glauber-type relation,

oR = 2' bdb[1 —T(b)],
0

where the transparency function T(b) is given by [28]

T(b) = e x('&,

S,g ——Sp+ B (3)

where B is the Coulomb barrier and Sp ——0.137 MeV.
For B, the Coulomb barrier contributes about 2 MeV
to the effective separation energy. Consequently the
Coulomb barrier is largely responsible for the confining
of the last bound proton and thus inhibiting the devel-
opment of a distribution of large radial extent.

X ) e p f db1db2pl (h 1) p2p(b2)
n, P=p, n,

x f(b+ bi —b2),

and where oNg are the effective NN (nucleon-nucleon)
total cross sections and pi%2~ qp~

are the density pro-
files obtained by projecting the individual densities onto
the impact parameter plane. As suggested by Bertsch
et al, . [28], the smearing function f is taken as a nor-
malized Gaussian with a range of 0.9 fm. The above
formula does not include corrections for Fermi motion,
Pauli blocking, and deQection of the trajectories in the
nuclear field. However, there is an approximate cancella-
tion between these effects and the above formula predicts
relative ecross sections with good accuracy. The results
are given in Table II in which the experimental interac-
tion cross section obtained by Tanihata et al. [3] at 790
MeV/nucleon is included for completeness. The differ-
ence in the reaction cross section (about 8%) corresponds
to an increase of the interaction radius of 4%, compatible
with an Ai~s dependence. Tanihata et al. [3] found a 3%
increase at 790 MeV/nucleon. The existence, therefore,
of a substantial proton halo in B is not supported by
the present data.

The rather small increase of the interaction radius
found here could be understood in terms of an effective
separation energy [26],

JLM
Koxb
Kox

Glauber
Glauber

Expt. '

Reaction cross section (mb)
7B +12C SB+12C

1026 1104
1037 1186
1062 1179
1034 1111
1080 1130

738+9 784+14

JLM folding model and SM densities.
Kox formula as modified by Zahar et aL [23].
The same as b but using SM radii from Table I.
Glauber formula and SkIII densities.
Glauber formula and SM densities.
Reference [3].

TABLE II. Reaction cross sections (see text for details).
Experimental interaction cross sections obtained by Tanihata
et al. [3] at 790 MeV/nucleon are also included.

V. SEMICLASSICAL ANALY SIS

It is interesting to compare the pair of nuclei Be, B
studied in the present paper and the pair C, Li re-
cently analyzed by Hussein and Satchler [27]. On the ba-
sis of semiclassical arguments, they found that for loosely
bound nuclei like Li, the increased extension of the one-
body density (due to the halo) enhances the refractive
power of the real optical potential. The corresponding
enhancement of the elastic cross section is then compen-
sated by the increased absorption due to the halo. Also,
the strong coupling with the breakup channel gives rise to
an additional damping of the elastic cross section through
the long tail of the imaginary part of the induced dynam-
ical polarization potential (DPP). The presumably repul-
sive real part of the DPP gives rise to smaller damping
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We have investigated such effects in the present data.
A farside-nearside decomposition of the elastic cross
seciton is presented in Fig. 7. Beyond the crossover
angle, both cross sections are farside dominated, but the
farside component decreases much faster for B than for
Be at large angles. According to Hussein and Satchler

[27], this effect may be attributed to an increased imagi-
nary part of the complex angular momentum in the case
of SB

Additional information can be obtained &om optical
model absorption profiles [Fig. 8(a)] and the WKB de-
flection functions [Fig. 8(b)]. In both figures, the curves
correspond to the bare JLM folding potential. The bright
side of the deaection function is similar in these two cases,
while the dark component is slightly more difFuse for B.
The rainbow angle HR —30 corresponds to an angular
momentum AR 20h. As can be seen &om the absorp-
tion profiles, the rainbow efFect in the cross section is
removed by the strong absorption corresponding to tra-
jectories with A & AR. Beyond the crossover angle, the
cross section is dominated by the A& branch of the deBec-
tion function. Since A&( Be)( A&(sB) the cross section
for B appears more damped than for Be at these angles.

FIG. 7. Farside (dashed)-nearside (dotted) decomposition
for elastic scattering of (a) Be and (b) B on C. The solid
lines correspond to the one channel elastic scattering. All
curves are calculated with the JLM interaction.

VI. SUMMARY
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FIG. 8. (a) Optical model absorption profiles. The arrows
indicate the conventional strong absorption angular momen-
tum. (b) WEB defiection functions. The solid line corre-
sponds to 8, the dashed one to Be.

The quasielastic scattering of Be and B at 40
MeV/nucleon on C target has been measured. The
experimental method and data reduction techniques
were carefully tested by comparing our 12C+i2C (20
MeV/nucleon) measurement with the existing data of
Bohlen et al [10]. Ext.ensive Monte Carlo simulations
were performed to extract the geometrical efficiency of
the setup and to estimate the experimental uncertainties.
Shell model one-body densities and the efFective interac-
tion of Jeukenne, Lejeune, and Mahaux [ll] were used
to generate the elastic optical potentials and the form
factors for inelastic scattering. Our SM calculation for
the one-body densities predicts a signi6cant proton skin
for both Be and B nuclei. The normalization constants
of the efFective interaction extrapolated &om Li+ C
data at similar energy and coupled-channels (CC) calcu-
lations account well for the quasielastic scattering data
of Be. However, the CC calculation for B does not sat-
isfactorily reproduce the quasielastic scattering data. As
in the case of iiLi it is difficult to reproduce the small
angle cross section with a simple optical model. This fea-
ture refIects probably the loosely bound nature of both
nuclei. Good agreement was obtained, however, between
our measured one proton removal cross section (o „80
mb) and the difference in the total reaction cross section
for B and Be. The experimental one proton removal
cross section. agrees well with a Glauber-type calculation.
These results do not support the existence of a substan-
tial proton halo in B.

A semiclassical analysis revealed a number of similar-
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ities for B with Li resulting &om a combined effect
of the low threshold for breakup and of proton or neu-
tron skin. The stronger Coulomb interaction in B con-
6nes the proton wave function in the nuclear interior and
inhibits the development of a proton halo. The folding
potentials generated by the JLM microscopic efFective in-
teraction (which has a correct mass and energy depen-
dence) are much stronger for sB than for Be in both real
and imaginary parts. The increased re&action is masked
by the stronger absorptive part of the potential and the
resulting B elastic cross section appears much damped
at large angles compared to that for the Be.
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