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Experimental data for elastic and inelastic scattering of ''B ions by
12C nuclei measured recently at the Warsaw Cyclotron were analyzed by
means of the coupled-reaction-channel method. Rotational model for the
low-lying states in !B and '2C was assumed. The deformation lengths for
the 1'B and !?C ground states as well as for the ''B 3/2~ excited state
(E, = 5.02 MeV) were extracted from the analysis. Contrary to the the-
oretical predictions the deformation length of the ''B 3/2~ excited state
was found to be large, close to that of the ground state.

PACS numbers: 24.10.Eq, 24.50.+g, 25.70.Bc, 27.20.4+n

Structure of the low-lying levels of ''B can be explained either by the
rotational model [1] or by a + Li cluster model [2]. The first approach can
be justified by the large spectroscopic quadrupole moment, Qg = +40.65 mb
[3], of the !B ground state. Detailed calculations presented in Ref. [1] have
shown that the ground state of !B and 5/27 excited state at excitation
energy of about 4.45 MeV belong to the K = 3/27 rotational band. The
1/27 first excited state is the head of K = 1/27 rotational band while the
3/27 excited state at E, = 5.02MeV forms another K = 1/27 rotational
band. Deformations of the K = 3/2~ and K = 1/2" rotational bands were
found in those calculations to be almost equal while the deformation of the
second K = 1/2~ band is much smaller and of opposite sign.

Recently, experimental data for elastic and inelastic scattering of ''B
from 2C at Epap = 49 MeV were obtained [4]. This opened a possibility to
study the deformation of ''B in its ground and excited states by means of
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extensive coupled-reaction-channel (CRC) calculations. The calculations
were performed using the computer code FRESCO, version FRXX-v9h [5].
The analyzed data set comprised the four angular distributions of the dif-
ferential cross section for elastic scattering as well as for inelastic scattering
to the 1/2~ and 3/2~ excited states of ''B. Inelastic scattering to the 5/2~
excited state of ''B and to the 2F excited state of '2C could not be distin-
guished experimentally.

In the analysis the optical model potential was taken in the standard
complex form V(r) + iW (r). Its real part was generated by means of the
computer code DFPOT [6] from the densities of the both interacting nuclei
using the double folding method

V(r) = / / pr(r)pa(r)ons (r)drydrs (1)

where p1(r1), p2(r2) are mater densities of ''B and '2C, and wv19(r) is the
nucleon—nucleon interaction, which was taken in the standard M3Y form.
Distributions of the neutrons in ''B and '2C were assumed to be the same
as the distributions of the protons. Charge densities of ''B and '2C nuclei
were calculated according to the modified harmonic-oscillator model 7] with
the parameters ¢ = 1.69, a = 0.811 for ''B and a = 1.635, o = 1.403 for
120, The imaginary part W (r) of the potential was assumed to be of the
Woods—Saxon form.

The analysis was performed in the following way. First, the forward an-
gle elastic scattering data were fitted by optical model calculations with the
four free parameters: N — normalization factor of the real part V(r) and
the three parameters of the imaginary part — W, r,, and a,,. The following
values of the parameters were found: N =1.0, W =7.5 MeV, r, =1.25 fm
and a,, =0.67 fm. Next, couplings to the three lowest excited states of ''B,
i.e. 1/27(E, = 2.12MeV), 5/27 (E, =4.44MeV) and 3/27 (E, =5.02MeV),
were included. All the states of ''B were treated as the rotational states ac-
cording to the predictions of El-Batanoni and Kresnin [1]. The deformation
lengths were varied in the calculations in order to obtain the best possible
fit to the experimental data.

As a next step the coupling to the excited state 21 (FE, = 4.45 MeV) of
12C nucleus was included in the coupling scheme. Here the two states of 12C
were treated as members of K = 0 rotational band. Coupling interactions
were calculated to all orders in the deformations [8].

Finally, the process of one-proton transfer, experimentally indistinguish-
able from the scattering, was added for each transition. Single-proton spec-
troscopic amplitudes for the ucg.s.,exc.s. zllBg.S.ﬁXC.S. + p systems were de-
duced from the fit to the experimental data at backward angles.
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The calculations reproduced well all the four experimental angular distri-
butions. Two examples are shown in Figs. 1 and 2. In Fig. 1 the solid curve
shows results of the full CRC calculations. When the proton transfer was
omitted, the calculations could not reproduce the values of the differential
cross section at backward scattering angles as it is shown by the short-dashed
curve.
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Fig. 1. Channel coupling effects for inelastic scattering of 1B + 12C. See text for
details.

The influence of the target excitation to its first excited state was found in
the course of the calculations to play a very important role. CRC calculations
with the target excitation not included are plotted by the dashed curve in
Fig. 1.

Spectroscopic amplitudes for 12Cg_s_ zllBg_s_@XC,s_ + p found from fitting
the experimental data at backward angles were close to those predicted by
Rudchik et al., [4]. The largest difference was observed for the projection
12Cg.s. :11B§/2_ +D.

The deformation lengths do =1.0 fm for the 11Bg_s_ as well as 09 =—0.9fm
for the 12Cg,s_ were in good agreement with results of the previous analysis
[4]. In order to test the sensitivity of the calculations to the deformation
of 1'B nucleus in the 3/27 (E, = 5.02 MeV) excited state CRC calculations
were performed with the deformation length of this state varied from 0.6 fm
to 1.2 fm. The results are plotted in Fig. 2 by the short-dashed and solid
curves, respectively. The best fit was obtained with do(*'B} ;,) = 0.8 fm.
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Fig. 2. Sensitivity of the CRC calculations to the quadrupole deformation of 3/2~
excited state of ''B.

In summary, the CRC analysis of the experimental data for elastic and
inelastic scattering of ''B by '2C at the laboratory energy of 49 MeV was
performed. It was found that the excitation of the target to its first ex-
cited state has a large influence on the calculated results for the inelastic
scattering. Deformation lengths for the ground states of ''B and '2C ex-
tracted from the calculations agreed well with those from Ref. [4]. Con-
trary to the theoretical predictions [1] the deformation of the B in its
3/27 (E; = 5.02 MeV) excited state was found to be very close to the defor-
mation of the ''B ground state.
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