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Alpha scattering from Be at E = 65 MeV is described in the coupled channel framework with phenom-
enological as well as folded potentials. The multipole components of the deformed density of Be are derived
from Nilsson model wave functions. Reasonably good agreements are obtained for the angular distributions of
3/2 (g.s.) and 5/2 (2.43 MeV) states of the ground state band with folded potentials. The deformation pre-
dicted by the model corroborates with that derived from the phenomenological analysis with potentials of
different geometries.

PACS number(s): 25.55.Ci, 21.10.Ky, 24.10.Eg, 27.20.+n

I. INTRODUCTION

Among the p-shell nuclei Be with its location near the
middle of the shell is expected to have a large deformation
[1].Several investigations of the structure of this extremely
deformed nucleus have been made with different probes like
electron scattering [2—4], pion scattering [5], and proton and
alpha scattering [6—12]. The estimate of the equilibrium
quadrupole deformation of Be from these studies ranges
from 0.52 to 1.3. Notwithstanding the different isospin selec-
tivity of these probes and the large relative difference in the
number of neutrons and protons in the p shell of Be, the
spectrum of values of quadrupole deformation of the nucleus
is uncomfortably broad.

We attempted to probe this aspect with inelastic scattering
of n particles from Be. The angular distribution of inelastic
scattering of "isoscalar" n particles gives a measure of the
mass deformation of the target nucleus. The deformation re-
quired to generate the effective transition potentials, the off-
diagonal component of the n-nucleus potential matrix de-
scribing the scattering, is actually related to the deformation
of the target nucleus. For deformed Be with ground state
spin 3/2, the optical potential is itself a deformed one. The
diagonal terms of the matrix representing such a potential are
responsible for the elastic scattering and other self-coupling
or "reorientation" effects. The previous two studies of a
scattering from Be, in the framework of a strong coupling
approximation, predicted the quadrupole deformation param-
eter as 0.52 [11] and 0.9 [12], respectively. However, the
resulting optical potentials have distinctly different geometri-
cal parameters. In this context, we present a study of inelastic
scattering of 65 MeV n particles from rotational states of the
ground state band (It = 3/2 ) of Be with a phenomenologi-
cal as well as semimicroscopic folding model potential.

We assumed Be to be a symmetric rotor and performed

an explicit coupled channel (CC) calculation with the mem-
bers of the ground state band only. Unlike as in Ref. [12],
where a "fictitious" 0+~2+ system was constructed from
the data of 3/2 and 5/2 states for the analysis to take into
account the quadrupole scattering effect in the elastic angular
distribution, we worked with proper spins of the states. Con-
sidering quadrupole coupling between the states and reorien-
tation coupling of same multipolarity for each state we found
that the quadrupole scattering effect automatically gets in-
cluded and the model is a better representation of Be. The
quadrupole deformation obtained in the phenomenological
description with this coupling scheme shows a distinct pref-
erence for lower values even with largely different geometri-
cal parameters of the phenomenological Woods-Saxon po-
tentials. On the other hand, in the folding model approach
the interaction potential is generated by folding the density-
dependent M3Y interaction with the deformed density distri-
bution of Be. Thus the radial falloff of the potential is fixed
by the range of the effective n-n interaction and the radial
extent of the target projectile densities. The deformation of
the target nucleus enters into the description through its den-
sity. We calculated the monopole and quadrupole compo-
nents of the density from the Nilsson model wave functions.
That the deformation can be used as an adjustable parameter
in this model and the success of the model in describing the
electron scattering form factors [2,3] prompted us to use the
model in the analysis of the n scattering data also. We com-
pared the resulting densities with those obtained from elec-
tron and proton scattering predictions. The deformation used
in the folding model calculation is discussed in relation to
that obtained from the phenomenological calculation.

The folding model analysis is performed also from an
altogether different standpoint. In the description of n scat-
tering from various nuclei, the model was found to be quite
successful [13,14]. It also gave a good account of the scat-
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malization was found to differ by less than 8% from unity
and it is well within the range of error in the data.

III. ANALYSIS
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FIG. 1. The spectrum of 65 MeV n scattering from Be at

8),b=42 .

tering of heavier projectiles [15,16]. But for the scattering of
loosely bound light nuclei like Li and Be from heavier
targets, the model overestimated the interaction potential by
a large amount of 40—50% [15,16].Again, recent studies of

He scattering from Li [17]showed that consistently good
agreement with the data of a large range of incident energies
can be obtained with the values of the renormalization factor
close to unity. Like Li, the breakup threshold (1.67 MeV) of

Be also lies just above the ground state. It will be of interest
to see the outcome of the application of the model to de-
scribe the n scattering from Be.

II. EXPERIMENT

The experiment was performed with an unanalyzed beam
from the Variable Energy Cyclotron Centre (VECC), Cal-
cutta. The beam energy was 65.0 MeV. The self-supported

Be target was prepared at the VECC target laboratory from
a 99%%uo pure thin foil of beryllium. The target thickness was
1.85 mg/cm . Energy loss in the target for 65 MeV n particle
is approximately 186 keV. The average beam current during
the experiment was maintained at 60 nA. Two Si(Li) detec-
tors of active thickness 2 mm each were used. The detectors
were mounted at distances 28.332 cm and 25.792 cm with
effective solid angles of 0.243 sr and 0.293 sr, respectively.
Particle identifiers were not set up as the other competing
channels like (n,p), (a,d), (u, t), and (u, He) have high
negative g values. The overall energy resolution of the de-
tectors was tested with the ' C target. With beam resolution
being nearly 200 keV the energy resolutions were found to
be 290 keV (Dl) and 400 keV (D2), respectively. Data were
collected from 0&,b=20 to 0&,b=108 in steps of 2'. A typi-
cal spectrum at 0&,b= 42 is shown in Fig. 1.The error in the
data is in the range of 20—25 %. To have data for a wider
angular range, the forward angle data from Ref. [11]were
used and normalized to our data at 0, =28.84 . The nor-

The spectrum of Be exhibits simple rotational picture
[18]with strongest excitations belonging to the ground state
band of K=3/2 . The ground state being a 3/2 state, the
other members of the band are identified as 5/2 at 2.43
MeV and 7/2 at 6.76 MeV [18]. (Recently it has been
shown by Glickman et al. [4] and Dixit et al. [9] that the
7/2 state of the band lies at 6.38 MeV with a new state of
spin 9/2+ at 6.76 MeV. However, we still worked with the
energy assignment of 6.76 MeV to the 7/2 state according
to Ref. [18] in our calculation. ) The strong coupling model
for Be has been tested for electron scattering [2] and other
hadronic probes [6,11,12,19,20] and found to improve the
scattering predictions. The shell model [4,21] and cluster
model [22] also predict a simple rotational picture for Be.
In our coupled channel analysis we followed a scheme where
the first three negative parity states of the ground state band
were coupled explicitly. As the quadrupole moment of Be is
large the "reorientation" contributions, which are propor-
tional to the quadrupole moment, were included in the cou-
pling scheme. In the CC description, the reorientation term
takes into account the effect of quadrupole scattering on the
elastic angular distribution. Only the L= 2 reorientation con-
tributions were considered. The corresponding radial form
factors were assumed to have the same shape as the 3/2
5/2 L=2 transition potential. However, the magnitudes
were fixed from the corresponding nuclear reduced matrix
elements. Coulomb excitation was also included in the cal-
culation. Coupling to the higher excited band (K= 1/2 )
with 1/2 bandhead at 2.78 MeV was not considered as the
matrix element of the Coriolis term producing the band mix-
ing is sufficiently weak in this case.

We attempted a simultaneous fit to the angular distribu-
tions of the scattering from the ground state 3/2 and the
excited 5/2 (2.43 MeV) state, a pure quadrupole state [4].
This ensured a consistent check on the multipole components
of the deformed potential and the quadrupole deformation
parameter during different searches to obtain an optimal fit.
The same prescription was followed in both phenomenologi-
cal and folding model analyses. The calculations were done
using the code Ecisss [23].

Phenomenological: In the phenomenological model the
motion of the incident n particle is coupled to the intrinsic
rotational motion of the quadrupole deformed Be nucleus
through the deformed potential

V(r, 8) = Vo(1+e") '+iWO(1+e ) '+ Vc,

where x=[(r I/. )I/a] and R=RO[1+P2„—Y2O(t9)] and x' is
the corresponding quantity for the imaginary part of the po-
tential. V& denotes the Coulomb potential. The elastic and
inelastic scatterings to the members of the ground state band
are generated, in the framework of symmetric rotational
model, by the multipole components of the nonspherical po-
tential V(r, 8):
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VL(r ) = V(r, I/) YL0( //) d A.

The above relation with E'00 gives the monopole potential for
the ground state angular distribution. We used the quadrupole
component Vz(r ) as the inelastic forni factor instead of
using that of the derivative of V(r, I/) as followed in Ref.
[12].The optical potential parameters and P's were varied to
obtain adequate fits to elastic and inelastic cross sections
simultaneously. The "isoscalar" deformation parameter thus
obtained was related to the electromagnetic deformation pa-
rameter through the "scaling" relation [12,24] of equating
the two deformation lengths, i.e., PzR = Pz,R, (= Bz fol-2

lowing the notation 8~, indicating the deformation length
corresponding to Lth multipole transition between the states
denoted by i and j). The radii R and R, are the effective
"mean" radii of the nuclear potential and the charge distri-
bution and are related to the respective root-mean-square ra-
dii [25].The resulting charge deformation parameter Pz, was
used to determine the intrinsic quadrupole moment Qzp. As-
suming a prolate hard-edged shape, the quadrupole moment
is expressed as [26,12]

wave functions. The nucleons, in this model, move in a de-
formed field. We assumed a quadrupole deformed harmonic
oscillator potential as the mean field where the deformation
parameter was used as an adjustable quantity [27]. The
nucleus Be has four particles in the Nilsson orbit 1

(0= 1/2+ ), four in orbit 2 (A = 1/2 —), and last odd neutron
in orbit 3 (0=3/2 —) for positive deformation. With this
distribution of particles in the Nilsson orbitals, the expres-
sion for densities become

PL "(rz) =
I:1;][Jf] '(J,«OI Jf&)(XKIPLIXK) (6)

In deriving this result we used the convention of Brink and
Satchler for reduced matrix elements [28]. The notation [J]
indicates $2J+ 1. pI is the I.th component of the density
operator. The intrinsic wave function yz is of determinantal
form with Nilsson single particle wave function y~, A; are

the projections of single particle j; s on the symmetry axis,
and K=X;0;. Expanding y~, in the harmonic oscillator

basis, the intrinsic matrix element can be written as

3Z 2Qzp= R,a. 1—
5zr

4g
—2/3

4m

&XKIPLIXK)pl X X X ~+iA~~ I A~NI(r')~pf'I'(r')
i NLA N&I&P

j
rr=P2, 1+

5(
zc 1+

647r '/
k

5

4 13, (3)
x(I AI1'„I/A) .

and subsequently the reduced transition probability

B(E2,I,~I2) = e Qzp(I, 2KOIIzK).16~ (4)

Folding model: In this semimicroscopic model the inter-
action potentials are generated by folding an effective
nucleon-nucleon interaction with the respective nuclear den-
sities. Essential features of the model are presented in detail
in Refs. [13—15]. The standard M3Y interaction [15]with a
multiplicative factor to simulate the density dependence and
a pseudopotential term to incorporate the single nucleon ex-
change was chosen to represent the effective nucleon-
nucleon interaction,

—4re
UNN= k 7999 4r

—2.5r
—2134 (1 —ypp' ) —2628(r).

The "renormalization" factor X was fixed from the fit to
the elastic angular distribution data. The parameter y gives a
measure of the density dependence of the interaction and
was chosen to be 0.4 at this energy. To construct the imagi-
nary component of the optical potential, we assumed that
the normalization factor was complex, i.e., X =X~+ ikl.
The quantities (kR, kl) were varied to get a proper fit to the
data.

The densities are important ingredients as the structure
information is included in the model through these
quantities. For the projectile n particle, we worked
with a parametrized Gaussian shape for its density [15].The
densities for Be were calculated from the Nilsson model

Q(0 —2
4m "

5 g
XII,.r ' ~20( ri) XII.dry (8)

and Qp = X;Qtp'I. With the densities from Eq. (6), the tran-
sition multipole matrix elements for protons and neutrons
were evaluated from the relation

f
ML= p'L(rz)rz drz (j=p, n)

and hence the "isoscalar" transition matrix

ML(IS) =ML+ML. The reduced transition probability is
given by

(2I, +1)
a(F2,II~I2) =

2II+ 1
(10)

i denotes summation over all occupied proton and neutron
orbitals, respectively. u~&(r;) are the radial wave functions of
the harmonic oscillator basis states. We used an oscillator
parameter b0=1.664 fm as used in the shell model calcula-
tion for Be [4]. The a coefficients were determined by di-
agonalizing the Hamiltonian with only quadrupole deforma-
tion using the code RpMAIN [29]. The calculation also
included the N and N~2 mixing of the major oscillator
shells and used the values of the parameters for the spin-orbit
and high-spin correction terms (Ir, p, ) from Ref. [2]. The
intrinsic single particle quadrupole moment was determined
from y~ 's as

I
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TABLE I. Optical potential parameters.

OM
Vo

(MeV)
ao

(fm) (fm)

S'o

(MeV)
ar

(fm) (fm)

Jv/4A

(MeV fm )

JK/4A
(MeV fm )

rrms

(fm)

Set 1 174.2 1.491 0.587 17.55 1.491 0.587

p2„= pp; =0.52

-858.80 -86.52 3.36(Re)
3.36(Im)

Set 2 145.31 1.446 0.597 69.60 0.932 0.597 -666.35 -120.00 3.31(Re)
2.74(Im)

p2„=0.573, p2;=0.604

IV. RESULTS AND DISCUSSION

Phenomenological: As described earlier, a deformed po-
tential was used in the coupled channel formalism to gener-
ate the 3/2 and 5/2 angular distributions. We started our

10

10

M

10

(a) z/2 (g.s.)

O O10

10

10

10

40
I I

80 120

8, («g)
160

FIG. 2. Fits to the angular distributions of (a) elastic and (b)
inelastic scattering of n+ Be at 65 MeV. The dotted curve repre-
sents a phenomenological CC calculation where only 5/2 is
coupled to the 3/2 ground state with potential set 2. The dashed
curve represents the same calculation with potential set 1. The solid
curve in the figures indicates the CC calculation for
3/2 + 5/2 +-+7/2 coupling with potential set 2.

analysis with the optical model (OM) parameters of Ref. [11]
(set A65', Table I). Angular distributions obtained with these
parameters are shown in Fig. 2 (dashed curve). The param-
eters are given as set 1 in Table I of this presentation. With
3/2 +-+5/2 coupling including the self-couplings and Cou-
lomb excitation, the potential reproduced the data quite well
in the forward angles. However, in the angular region beyond

0, = 60 the calculated distributions, with prominent dips
around 80', failed to describe the qualitative nature of the
data. A possible reaction channel, indistinguishable from the
elastic experimentally, that can have appreciable contribution
at large angles is the heavy particle pickup (HPPU). In the
case of u scattering from Be, we calculated the contribution
of the reaction channel Be(n, Be)u and found that it en-
hances the angular distribution beyond 0, = 140 . As our
data extends only up to 0, = 126 we persisted with the
potential scattering description of the large angle data. We
varied the potential parameters with more emphasis on the
geometry of the absorptive part. A detailed y search, with
the same 3/2 ~5/2 coupling and corresponding self-
coupling terms, allowing for some variations in the real and
imaginary depths, resulted in a set of parameters given as set
2 in Table I. Corresponding angular distributions are shown
in Fig. 2 (dotted curves). A comparison of the L=O and 2
components of the two sets of deformed potentials is shown
in Fig. 3. An optical potential, like set 2, with "surface trans-
parent" (i.e., r;) ro) behavior is not unlikely in the case of
a scattering from Be as shown by Hauser et al. [30].
Though this behavior is more common to higher bombarding
energies where refractive scattering dominates at large
angles, what we observe is that, even at 65 MeV, to describe
the large angle data for Be the potential needs to possess
some amount of transparency at the surface. With the same
set of parameters if the 7/2 state is included in the coupling
scheme (with only L=2 coupling) the fit to the elastic data
improves considerably (solid lines) over the whole angular
range. On the other hand, the fit to the 5/2 (2.43 MeV) state
angular distribution, though it becomes worse in the angular
range 35 (6t, &70', shows a much better agreement in
the range beyond 0, = 70 .

In Fig. 4, the effect of "reorientation" contributions on
the cross section data have been shown explicitly. The solid
curves in the figures represent the angular distributions with
the 3/2 ~5/2 ~7/2 coupling and the respective reorien-
tation terms. When the ground state reorientation coupling
(3/2 ~3/2, L=2) was switched off the same potential pa-
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FIG. 3. Real parts of the (a) monopole and (b) quadrupole
potentials. The quadrupole potential shown here corresponds to
3/2 ~5/2 transition. In (b) the curve shown in black boxes
(4) is the quadrupole potential generated by model-independent
transition densities obtained from electron and proton scattering
data.

10

rameters yielded angular distributions given by the short
dashed curves in the figures. The dotted curves in the figures
show the angular distributions without any reorientation cou-
plings. From Figs. 4(a) and 4(b) it is obvious that the ground
state quadrupole reorientation coupling has significantly
greater inhuence than the excited state reorientations on the
angular distributions.

The deformation lengths and the corresponding p defor-
mations are tabulated in Table II. It is to be noted that in the
definition of deformation length (Bz ) we used the mean ra-
dii of the deformed distributions following Ref. [I]. In the
last two columns of Table II the calculated and experimental
intrinsic quadrupole moments are shown. The present CC
calculation with potential set 2 yielded a quadrupole defor-
mation length Bz =2.448 fm for the 3/2 ~5/2 transition.
This value is somewhat greater than the value of 1.97 fm
obtained by Cook and Kemper t31] but matches well with
the value 2.5 fm considering the observed energy depen-
dence of deformation length in the study of Li scattering
from Be by Muskat et al. [32]. Subsequently the charge
deformation parameter P2, is found to be 0.755~ 0.11 using
the charge rms radius value of 2.51 fm t33].The 6z obtained
with potential set 1 is also within 10% of this value and the
resulting charge deformation also lies within the error bar of
the value of 0.755. The calculated intrinsic quadrupole mo-

40
I I

80 120

g, (deg)
160

FIG. 4. Fits show the effect of reorientation coupling in the
angular distributions of (a) elastic and (b) inelastic scattering
of n+ Be at 65 MeV. The solid curve represents the phenomeno-
logical CC calculation including the three channels and with poten-
tial set 2 as in Fig. 3. The dashed curve represents the same calcu-
lation without the ground state reorientation only while the
dotted curve describes the angular distribution with no reorientation
coupling.

ment of 29.68 e fm compares well with the experimental
value of 29.30 e fm [4].

Folding Model: The monopole and quadrupole compo-
nents of the folded potential used in the CC calculation are
constructed from the Nilsson model wave functions. In Figs.
3(a) and 3(b) the curves marked 3 represent the two compo-
nents of the potential. The coefficients a»z generating the
intrinsic wave function in the harmonic oscillator basis to
calculate the density components are given in Table III. The
parameters p, and sc of the Nilsson Hamiltonian are shown in
the table. We worked with a quadrupole deformation 62=
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TABLE II. Deformation parameters. TABLE III. Coefficients of harmonic-oscillator (HO) basis states
for Nilsson wave functions (ri=8.0, 82=0.564, p, =0.0, a=0.08).

OM Pq

R' 8q R, Q2o

(fm) (fm) (fm) P2, (e fm )

Set 1 0.52 4.32 2.246 3.24 0.69 26.64

Q2O(expt)"

(e fm)

29.30

0= 1/2+
e= 1.662

NlAX

0= 1/2

2.203
NlAX

0 =3/2-
2.872
NlAX

Set 2 0.573 4.27

'R= V'5/3(r )" [11].
"Reference [4], Table V.

0.755 29.684

0.09—

pp (r)

0.06—

N i)s.

... (e,e')

2 (2.43 MeV)

0.03 (a)

0.09—

0.06—

N i)s.

." (p p')

0.564 and oscillator parameter b0=1.664 fm that yielded a
proton distribution showing reasonably good agreement with
the electron scattering form factor data [4] except at large
momentum transfer values. For the neutron densities, how-
ever, we used the same deformation and bo. This is not a
particularly good approximation as it assumes that the neu-
trons are equally tightly bound in Be as the protons, though
the chosen value of 62 is close to the deformation which
gives the minimum energy configuration for the neutrons in
Be. In spite of this limitation, the model predicted reason-

ably good shape for the components of the mass density. In
Fig. 5 we have compared the proton and neutron quadrupole
densities with those obtained from electron and proton in-
elastic scattering experiments [4,9]. The resulting transition
potentials are shown in Fig. 3(b). Clearly the model-
dependent transition potential is not much different from the

220+
200+
221—
000+

0.20645
0.05305
0.01826
0.97685

330+
310+
331—
311—
110+
111—

0.25096
0.19288
0.04957
0.00861
0.93755
0.13522

331+
311+
332—
111+

0.22475
—0.00645

0.02379
0.97411

model-independent one and for the latter calculation we
used, consistently, the model-dependent transition potential.
In Table IV the relevant quantities obtained from Nilsson
model calculation are compared with the shell model calcu-
lations and the experimentally measured values. The transi-
tion matrices, from the model calculation, are multiplied
with effective charges suitable for p-shell nuclei [4,34]. The
6 deformation value used in the calculation yields a spectro-
scopic quadrupole moment which is much less than the ex-
perimental value. A possible increment in the deformation
affects the rms radius of the distribution that is otherwise
very well reproduced. A deformation 62= 0.564 corresponds
to p2= 0.66 [35].

As in the phenomenological case, quadrupole form factors
for the self-coupling terms are of same shape as the transition
potential differing only in magnitude through the geometrical
factors. The angular distributions for the 3/2 and 5/2
states predicted by the folded potentials with the same set of
couplings are given in Figs. 6(a) and 6(b). The renormaliza-
tion factors necessary to fit the data are found to be
X.&=1.0 and X~=0.25. For the potentials folded with densi-
ties from experiments, the factors are Xz =0.98 and
XI=0.26. We note that in both the cases the values of X~ are
close to unity unlike the scattering of Be as projectile from
different heavier mass targets [15,16]. As in the case of

' He scattering from Li at several energies [17], any large
reduction of strength is not required in this case also. This is
true for the folding with model-independent densities from
experiment as well.

With the folded monopole and quadrupole components of
the optical potential, the CC calculation predicted an elastic
angular distribution which is rather Oat in nature beyond

0.03

2 (2 43 MeV) TABLE IV. The matrix elements.

Nilsson model Shell model' Experiment'

0.0
0 40

I

8.0

FIG. 5. The quadrupole transition densities for 3/2 —+5/2 tran-
sition from Nilsson model calculation (solid lines). Experimental
proton density in (a) and neutron density in (b) are from Ref. [4]
and Ref. [9], respectively.

Q (e fm)
M (e fm)
r„(fm)
M„(e fm )
r„(fm)
M„ /M„
M(IS) (e fm )
B(E2)$(e fm )

'Reference [4].
"Reference [9].

4.33
4.706
3.267
4.658
3.31
0.99
9.364

33.27

4.31
4.61

4.42

0.96
9.03

32.2

5.86
5.54
3.27
6.48
3.68
1.17

12.02
46.0
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10 0.66 is within the range of values obtained from phenomeno-
logical calculation.

(o) ~/2 (S.s-)

10

10

o10

10

10

101

10

b

10

40 80 120

6, (deg)

FIG. 6. Angular distributions of (a) elastic and (b) inelastic with

folded potentials in the CC calculation employing the three channel

coupling and including the respective reorientation terms. The solid
curves are with the densities from Nilsson model calculation and

the dotted curves are with model independent densities determined
from electron and proton scattering experiments (Refs. [4,9]). The
dashed curves in the figures correspond to phenomenological poten-
tial set 2 for comparison. Solid spheres represent the experimental
data.

0, = 40 . A possible reason for this defficiency in the fit to
the elastic data is the falloff of the L=O component of the
potential in the most sensitive radial region for the strongly
absorbing projectile alpha [see Fig. 3(a)]. The limitation is in

the proper determination of the neutron distribution of Be.
The loosely bound nature of the odd neutron should intro-
duce a larger radial extent in the mass distribution as well as
in the folded potential. Unlike the 3/2 state, a reasonably
good fit is obtained for the angular distribution of the scat-
tering from 5/2 excited state. The predicted distribution re-
produced the data relatively better than the phenomenologi-
cal calculation upto 0, =75 . With a sharp fall beyond
0, =80, it underestimates the large angle data. However,
the qualitative nature of the fits indicates that the angular
distributions of the 3/2 and 5/2 states do not allow a larger
value of Pz in the Nilsson model calculation and a value of

V. SUMMARY

The elastic and inelastic scatterings of 65 MeV a particles
from Be have been studied. The measured cross sections of
3/2 and 5/2 states extending over a wider angular range
are analyzed in the coupled channel framework in symmetric
rotor model. The first three members of the ground state
band are coupled with proper spins including the self-
coupling (reorientation) contributions.

In the phenomenological analysis we attempted to ascer-
tain the pz deformation of Be. We performed the calcula-
tions with two different sets of potentials. An attempt to fit
the large angle data leads to the second set (set 2) of potential
parameters. However, the rms radii of these shapes do not
differ by more than 5%. Taking the radius of the equivalent
spherical distribution proportional to the rms radius of the
deformed shape the Pz, value from our best fit parameter set
is 0.755 0.11.This value is still quite low compared to the
results of the electromagnetic probes which predict a value
alound 1.1.

It is observed that while the coupling to 7/2 state im-

proves the fit to the 3/2 state angular distribution consider-
ably, the prediction for 5/2 state becomes worse. Ground
state reorientation has a much more dominating effect than
the excited state reorientations in predicting the angular dis-
tributions for both the states. With proper spins of the states
the reorientation coupling simulates the quadrupole scatter-
ing effect in the elastic angular distribution quite well.

We also analyzed the data with folded potentials in the
same coupling scheme. In a way this has put a more stringent
constraint on the shape of the potentials. The densities were
constructed from Nilsson model calculations for Be using
the deformation as a parameter. The different structure ob-
servables from the calculation compare well with the shell
model calculation but to some extent are smaller than the
experimental values. The model yielded a p2 deformation
value of 0.66. This value is close to the deformations corre-
sponding to the minimum energy configurations of protons
and neutrons in the Nilsson model description of Be and it
lies within the limit of the phenomenologically obtained
value. The agreement of the resulting angular distributions
with the data indicates that, as in the case of scattering of
lighter projectiles from Li, the model can be used to de-
scribe u scattering from loosely bound Be to a good extent
and also it can be employed in the description of different
transfer reactions involving o. and Be.
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