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Complete angular distributions including both forward and backward
angles are reported for the *C(11B,°B)15C reaction at Ej,,(11B)=45 MeV
for the ground and excited states of B and '5C. The experimental data
were analyzed within the coupled reaction channels method that included
the ''B+14C elastic scattering channel as well as channels for one- and two-
step transfers of nucleons in the coupling scheme. The necessary ''B-+C
optical potential parameters were obtained from previous work, while those
for 1°B+'2C were deduced from fitting the CRC reaction calculations to
the 4C(!'B,1°B)!°C reaction data. Needed spectroscopic amplitudes of
transferred nucleons and clusters were calculated within the translational-
invariant shell model. The data are well described by neutron transfers,
while contributions from two-step transfers were found to be negligible.
Recently published global optical potentials for the elastic scattering of the
810,118 jsotopes were tested as part of the analysis and found to satisfac-
torily describe this reaction data if the surface imaginary potentials were
omitted for both the entrance and the exit channels, and the parameters
for volume real and imaginary potentials were slightly modified.
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1. Introduction

The investigation of properties of short-lived neutron-rich nuclei, such
as 15C, can be performed either in direct experiments with >C produced
as secondary ion beams, or *C produced as a product in an exit reaction
channel. Since production of radioactive C ion beams is still a difficult
task [1], only a limited number of direct experiments have been performed
to date with secondary '°C ion beams. Recent examples are two-neutron
removal cross sections [2] from 1%16C to verify the odd-even staggering of
two neutron removal cross sections in the carbon isotopes and the study of
the excited states of 1*B via the 1°C(d,>He)*B reaction performed in inverse
kinematics [3].

The spectroscopy of 15C states was probed in the 12C(12C,°C)!*C reaction
[4], resulting in several new excited states of 1°C being observed. In [5], the
BeAe,150)12C and d(1C, p)'5C reactions were used to extract asymptotic
normalization coefficients and spectroscopic factors for the 1*C+n —15C sys-
tem to give information for further estimation of the 4C(n,~)'C reaction
rates in the stellar environment. In other studies [6, 7], the (d, p) reactions
at different energies were employed to extract the asymptotic normalization
coefficients and spectroscopic factors for the ground and first excited states
of 15C, while the neutron halo properties of '°C were investigated in a re-
cent work [8], where results of various calculations were compared with the
available experimental data. The 13C(*#0,60)!5C reaction at E = 84 MeV
was used |9, 10] to explore a microscopic description of two-neutron transfers
populating the ground and excited states of °C.

The purpose of the present work is to deduce the parameters of an optical
model (OM) potential from the final-state interaction of the '“B+1°C nuclei
produced in the C(1B,1"B)!°C reaction at Ej.,(1B) = 45 MeV, as well
as to investigate the differences (isotopic effects) of OM potentials deduced
for the 1'B+13C [11] and 1°B+!2C [12] interacting systems. Another goal
is to investigate whether sequential transfer of a proton and/or a deuteron
can compete with direct transfer of a neutron in this reaction, since large
values of spectroscopic amplitudes are generated in the framework of the
translational-invariant shell model for 14C — 3B 4 p, 12C — B + p and
12C - 19B 4 d vertices in the diagram for p + d transfer in this reaction.
Finally, the obtained experimental data for the 4C(11B,°B)!5C reaction at
El(1'B) = 45 MeV allow the testing of recently published global OM po-
tentials for #1911 B projectiles [13], through their use as parameters needed
to carry out the coupled reaction channels (CRC) calculations for this reac-
tion.
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The paper is organized as follows. Section 2 contains a brief description
of the experimental method, Section 3 — the procedure for the CRC calcula-
tions, tables with the deduced optical potential parameters for the entrance
MC411B and exit C+19B channels, the spectroscopic amplitudes of the
transferred nucleons and clusters, and the results of the reaction analysis.
The last section provides the summary of this work.

2. Experimental procedure

Angular distributions for *C(}'B, X) scattering and transfer reactions
were measured simultaneously at an energy Fi.,(11B) = 45 MeV using the
UB beam from the Warsaw University cyclotron U-200P. The same ex-
perimental system described in [14, 15|, with the analysis as carried out
previously for the BC(1B,12C)!2B reaction [16], was used in this work
so will not be repeated here. The obtained typical energy spectra of the
UCIB,OB)5C reaction products 1°B and °C are shown in Fig. 1 (a), (b),
respectively, after subtraction of multi-particle reaction backgrounds and
overlaps from the neighboring sub-loci of ' B and C isotopes. These resid-
ual energy spectra were fitted by symmetric Gaussian functions (code PEAK-
FIT) with the extracted peak areas used to determine the cross sections for
the 1*C(MB,1'B)!5C reaction at 0., (1°B) angles from the '°B spectra and
at O (1°B) = 180° — 0. (*°C) angles from the 'C spectra. The same
procedure as in [16] was used to minimize the contributions from residual
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Fig. 1. Typical energy spectra of °B (a) and '*C (b) from the “C(!'B,°B)!*C
reaction at the energy of Ei,,(11B) = 45 MeV (curves show the Gauss symmetric
fitted forms).
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backgrounds observed in the energy spectra. The area errors of the peaks
were estimated to be about 20%, if the peaks were well resolved and 30-40%
for poorly resolved peaks.

The normalization factor, necessary to obtain the absolute cross section
of the MC(MB,B)!5C reaction, was the same as that used in the previous
work of the elastic and inelastic scattering of !B by 14C [15], measured in
the same experiment. The overall absolute error was estimated to be less
than 20%.

3. Analysis of the reaction data

The MC(H1B,1°B)!C experimental data were analyzed within the CRC
method. The C+1'B elastic scattering, including reorientation of the 'B
[15], as well as transfer reactions as shown by diagrams in Fig. 2, were
included in the channel coupling scheme. Standard Woods-Saxon (WS)
optical potentials were used in entrance and exit channels of the calculations
and their form, given here for completeness, is:

U(r) = —Vo [1 +exp (T ;Rvﬂl —iWs [1 +exp (’“;RW>]1 (1)

|4 w

with the Coulomb potential being that for uniformly charged spheres

Zp Zpe? r2
Vo(r) = %(3_@)’ r< fe (2)
¢ ZpZye? , r> Ro .

Here, the form of the radii is given by
Ri=ni (4 +a®),  i=vwc, (3)

where Ap, At and Zp, Z7 are the mass and charge numbers of 1B, 14C
(entrance channel) and '°C, 9B (exit channel). The parameter r¢ = 1.25 fm
was used in all the calculations.

The wave function of x for a nucleus A = C'+x was calculated by varying
the depth of the WS binding potential to reproduce the binding energy of
nucleus A. The geometry parameters of the cluster binding potentials were
the following: a = 0.65 fm and rq = 1.25AY/3/(C'/3 + £1/3) fm.

The spectroscopic amplitudes S, of clusters x for the nuclear systems
A = C + z, used in the CRC calculations for the transfer reactions were
obtained within the translational-invariant shell model (TISM) [17] using
the computer code DESNA [18, 19] and Boyarkina’s wave function tables for
1p-shell nuclei [20]. The calculated values of the amplitudes S, are listed in
Table I.
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Fig. 2. Diagrams of different 14C(}'B,!°B)!°C reaction mechanisms.
TABLE I
Spectroscopic amplitudes S, of x-clusters in A = C' + = systems.

A C nL; S A c x nLj Sy
10 9Be p 1P3 1.185 | 13C 10 t 1F5. 0.108*
10B6.72 9Be p 1P1/2 —0.3612 1F7/2 0.747

1P, —0.323 13C OBs ., ¢ 2Py —0.655%
0B, “Be p 1P 0.994* 2P3 /5 0.231
0B85 5 “Be p 1P —0.663% 13C OBy, t 2Py —0.120
1Py, 0.741 | 13C B5 5 t 2P,  —0.069
10B: .y “Be p 1Py 0.838 2P3,5  —0.196
1B 9Be d 251 —0.6072 | 13C 0B: ., t 2P3/5  —0.694%
1D, —0.109* 1F5/9 0.404
1Ds3 0.610* | 13C g d 25 —0.263
1B 103 n 1Py, —1.347° 1D;  —0.162
1B OB n 1P, —0.268 1D, —0.485*
1Py, 0.240° | MC ''B t 2P, —0.368
1B OBr., n 1Py, —0.494 1 12 d 1D, —1.010
llB 10B§.15 n ]-P1/2 —0.571 14C 13B P ].P3/2 1.6952
1Py,  —0.638" | 1C B¢ n 1Py —1.094°
B B n 1Py —0.805* | 15C 123 t 3812 —0.160°
12B 10B 2TI, 1D2 —0.152 2D3/2 0.057
12p OBs -, 2n 25 —0.746 | 15°C 138 d 2P —0.144
1Dy —0.046 1F, —0.338*
128 VB ,. 2n 1Dy  —0.380 | *°Cf., °B d 2P 0.343
128 OB: .y 2n 1Dy 0.060* 2P, 0.279*
128 1B n 1Py, —0.142 1F3 0.100
1P, —0.127% 150 4 n 251, —0.882
2¢ 0B d 1Ds 1.780 | 5Cy ., MC n 1Dz, —0.882
12¢ OBy ., d 1D 1.165 | 16N 4o d 2P, 0.380
12¢ VBs .. d 25 —1.386 | !N 150C p 1P 0.500
12¢ VBt d 1Dy 1.504 | 1SN By, p 1Py 0.238*
12¢ g p 1P, —1.706* 1P3,5 —0.318
C

& Spresco = (—1)/eti=lag, =g, .



114 S.Yu. MEZHEVYCH ET AL.

The calculations were performed with the code FRESCO [21]. For the
entrance 'B+1C channel, the WS potential parameters were taken from
[15], in which the elastic and inelastic scattering of these nuclei was investi-
gated. The parameters of the WS potential for the 1°B-+15C interaction were
deduced from fitting the calculated cross sections to the 4C(11B,1'B)C ex-
perimental data and they are listed in Table II.

TABLE II

Parameters of WS optical potentials.

T+P Eon Vo Ty ay Ws W aw Ref.
[MeV]  [MeV] [fm] [fm] [MeV] [fm] [fm]

HCc4+1B 252 266.6 0.750 0.740 7.5 1.345 0.740 [15]

BCH10B 14.96 1740 0.791 0.780 9.0 0.970 0.650 This work

BC+10B 10.2-26  66.85 1.094 0.609 10.0 1.200 0.700 [11]

12C41°B 2253 100.0 1.150 0.428 15.0 1.300 0.248 [12]

Comparing with the °B+!2C OM potential obtained at slightly higher
energy [12], the real part of *C potential is much more diffuse at the surface.
Its imaginary part is also more diffuse than the one for 12C. These differences
may be related to the weakly bound structure of 1°C [8].

Angular distributions of the “C(11B,!°B)!C reaction at Ej,,('B) =
45 MeV for the ground states of °C and B are shown in Fig. 3 together
with CRC calculations for different transfer reactions. The cross sections
for the two-step transfers of p + d and d + p (curve (pd) in Fig. 3, coherent
sum) are about 1-2 orders of magnitude lower than the cross sections for
the direct transfer of a neutron (curve (n)) despite the fact that large values
of spectroscopic amplitudes were generated in the framework of TISM for
1o 5 BB4p, 2C - "B+p and 2C — "B+ vertices in the diagram for
proton + deuteron transfer (Fig. 2, see also Table I). Contributions of other
two-step transfer reactions as n + 2n (curve (n®n)), d + 2n (curve (d?n)),
n+t and ¢t +n (curve (nt)), shown in Fig. 3 by the respective curves, were
also found to be negligible. Thus, the reaction is dominated by the single
neutron transfer over the full angular range of the data.

In Fig. 4, we show the comparison of cross sections for one-step neu-
tron transfer in the *C(1'B,'°B)'C reaction, calculated using the OM pa-
rameters obtained in this work for the C-+19B interaction, and previously
obtained parameters for 1°B-+13C [11] and °B+!2C [12] interactions (see
Table IT). The observed differences in the calculated cross sections (so-called
isotopic effects) may be caused by the different structures as well as differ-
ent transfer Q-values of the '2C, 13C and '°C isotopes interacting with 1°B
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Fig.3. Angular distributions of the *C("B,!B)!C reaction at the energy of
Elap(11B) = 45 MeV for the ground states of °B and 1°C. The curves show CRC
cross sections calculated with the WS potentials (Table II) for different transfer
processes.
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Fig.4. Angular distributions of the *C(11B,!B)!C reaction at the energy of
Elap(1'B) = 45 MeV for the ground states of °B and '°C. The curves show CRC
calculations with different OM parameters for the 1"B+15C interaction (Table II).
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nucleus: as '?C is commonly considered to have a negative quadrupole de-
formation, while that of *C is rather positive [14, 22], and 5C is known
to be a stretched nucleus with halo properties summarized recently [8]. As
for the missing calculation with a '9B+14C interaction potential in Fig. 4,
we could not find in the literature the experimental data for 1YB+C elas-
tic scattering or this pair of nuclei produced in an exit reaction channel.
Thus, in order to fill this gap, we plan to analyze the experimental data
for the BC(1B,1"B)!“C reaction measured together with the elastic and in-
elastic scattering at Eyp,('B) = 45 MeV [14], to deduce the OM potential
parameters for the 1°B+14C interaction in the future.

Angular distributions and CRC calculations for the excited states
0.72 MeV (17) of °B and 0.74 MeV (5/2%) of 15C (unresolved in the ex-
periment), and 1.74 MeV (07) of 1B are shown in Fig. 5 in the upper and
lower panels, respectively. The dashed curves (n — 1°B*) and (n — 15C*)
in the upper panel of Fig. 5 show the cross sections for direct transfers of
neutrons for the excited states 0.72 MeV (1) of B and 0.74 MeV (5/27)
of 15C, and curve Yog — the incoherent sum of two-step transfer reactions
leading to the population of these two states. Note that the transition to the
0.74 MeV (5/2%) of 1°C dominates. The solid curve (n) in the lower panel
of Fig. 5 shows the calculated cross sections for direct transfer of a neutron
in the 4C(1'B,!B)!5C reaction leaving 1°B in the excited 1.74 MeV (07)
state, the curve Yoz shows the coherent sum of two-step processes for this
state.
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Fig.5. Angular distributions of the 14C(11B,19B)!®C reaction for the excited states
0.72 MeV (17) of 19B and 0.74 MeV (5/27%) of *C (unresolved in the experiment)
and 1.74 MeV (07) of B. The curves show CRC cross sections for different pro-
cesses (see the text for details).
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In the upper panel of Fig. 6, angular distributions of the reaction for
transitions to the excited 2.154 MeV (17) state of °B are shown, while that
for the excited 3.587 MeV (2F) state of °B are placed in the lower panel.
Curves (n) and Yyg show contributions of direct neutron transfer and the
coherent sum of the two-step processes, respectively.
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Fig.6. Angular distributions of the “C(*'B,19B)!5C reaction for the excited
2.154 MeV (17) and 3.587 MeV (27) states of 19B. The curves show CRC cross
sections for different processes (see the text for details).

As can be seen from Figs. 5-6, the contributions of two-step processes
are negligible, as direct transfer of a neutron dominates for all of the above
mentioned excited states of 1B in the 1*C(!'B,!°B)!°C reaction.

In Fig. 7, angular distributions for the exited states of 1°C located at en-
ergies above the neutron separation energy (1.218 MeV) are shown. Results
of CRC calculations for transfer to these resonances will be presented in a
separate paper.

The present data leading to the population of the ground states of the
both, projectile and target, allow for the test of recently published global
optical model potentials (OMP) for 8101 B projectiles [13]. The standard
global phenomenological OM potential in Ref. [13] is defined by

V(r, E) = =Vo(r, E) —ilWs(r, E) + Wp(r, E)] + Vo(r) - (4)

The Coulomb interaction V(r) is given by equation (2), the sum of the po-
tentials for the real Vj(r) and imaginary parts for volume absorption Wg(r),
adjusted for a given energy F for the interaction of the pair of nuclei, is
defined by equation (1), while the surface imaginary potential Wp(r), ad-
justed for a given energy E for the interaction of the pair of nuclei, is given
by the expression
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T — RD T — RD 2
Wp(r) =4Wp |exp 1+exp . (5)
ap ap
The radii of these potentials are dependent on the target masses only
Ry =r A%, i=V,W,D,C. (6)

The parameters of the potentials for the *C+1'B and »C+1°B interac-
tions, taken from global systematics [13] and used in our calculations, are
listed in Table III. The parameter rc = 1.556 fm was used for both reaction
channels [13].

L E 4o (HBOB)ISC, Eyy(MB) = 45 MeV 3
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F f H + 5¢" — 4.66 MeV (3/27) 3

T gy ]
(; ‘ SIO D 6‘0 ‘ — 9‘0 ‘ I 1;0

Ocm (deg)

Fig.7. Angular distributions of the “C(1'B,!%B)!°C reaction for the excited
3.103 MeV (1/27), 4.22 MeV (5/27) and 4.66 MeV (3/27) states of 15C.

TABLE III

Parameters of the global OM potentials from Ref. [13] — original (a), (c) and
modified (b), (d).

T+P Vo ry ay Wy rw aw Wp D ap Pot.
[MeV]  [fm] [fm] [MeV] [fm] [fm] [MeV] [fm] [fm]
H“C411B 258.14 1.266 0.726 15.84 1.640 0.600 45.52 1.200 0.843 (a)
H“C+11B 258.14 1.566 0.726 13.34 1.940 0.900 (b)
15C+10B 263.02 1.267 0.726 10.10 1.640 0.600 49.03 1.200 0.843 (c)
15C4+10B 263.02 1.317 0.726 10.10 1.640 0.800 (d)
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As mentioned by the authors of [13], their global OM potentials describe
the experimental data for 3'0:11B elastic scattering from heavier targets
(from 27Al to 2°9Bi) much better than from lighter (A < 27) targets. How-
ever, it is an interesting exercise to test this global potential systematics for
the lighter system as studied here. The potential for the ''B-+14C elastic
scattering at E.p,(1'B) = 45 MeV was generated (see Table I1I) and com-
pared to the data as shown by the long-dashed curve (pot. (a)) in Fig. 8.
As expected, the potential scattering cross sections go well below the exper-
imental data for 6., > 55° even with the inclusion of the ground-state re-
orientation of "B which is the main inelastic process affecting the 1 B+C
elastic scattering cross sections [15], as shown by the short-dashed curve
(pot. (a)+reor. 'B). Besides that, diffraction phase disagreement is ob-
served at forward angles between the experimental data and calculations.
In order to improve the fit, we searched for the OM potential parameters
that affected significantly the results of calculations and found that the con-
tribution of the strong absorption by the surface imaginary potential Wp(r)
generates the resulting cross sections that are several orders of magnitude
lower than the experimental data in the middle and backward angle regions.
Thus, omitting the surface part of the global OMP and slightly changing the
parameters of the real and imaginary parts of volume potentials, we could
reach a good agreement with the experimental data as presented in Fig. 8 by
the dot-dashed curve showing the results of calculations for potential scat-
tering with modified global OM parameters (pot. (b)) and the solid curve
showing the coherent sum of this potential scattering and ''B reorientation.
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Fig.8. Angular distributions for *C(!'B,''B)!4C elastic scattering. The curves
show results of calculations with the potential parameters listed in Table III (see
the text and the figure captions for details).
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The short-dashed curve in Fig. 9, which lies below the experimental data,
shows the calculated cross sections for the direct transfer of a neutron in the
OB, B)5C reaction with the original global OM potentials (Table I1T)
used for the entrance (pot. (a)) and exit (pot. (c)) channels. Using the
parameters of the modified OMP for the entrance channel (pot. (b)) but
original parameters [13] for the exit reaction channel (pot. (c¢)) does not
lead to the improvement of the reaction data fit as shown in Fig. 9 by
the long-dashed curve (pot. (b)+(c)). If for the exit reaction channel the
surface imaginary potential is omitted, and the parameters of radius for real
and diffuseness for imaginary volume potentials are slightly increased, the
reasonable agreement with the experimental data is obtained as shown in
Fig. 9 by the solid curve (pot. (b)+(d)).
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Fig.9. Angular distributions of the 14C(}B,!°B)1°C reaction for the ground states
of 1°B and '°C. The curves show CRC cross sections for the transfer of a neutron,
calculated with different OM potentials from Table III (see the text and the figure
captions for details).

S i -

On the left-hand side of Fig. 10, the comparison of the real volume po-
tentials Vo (r) from Table III for 14C+!B interaction — original as generated
from paper [13] and modified in this work are shown by the thin ((a) — V})
and thick ((b) — Vp) solid curves, respectively, the sum of the volume and
surface imaginary potentials from [13] is shown by the thin dashed curve ((a)
— Ws+Wp) and modified imaginary potential is shown by the thick dashed
curve ((b) — Wg). Thus weaker absorption by the modified imaginary po-
tential in the interaction region (4-7 fm) is leading to the increase of the
calculated cross sections for the middle and backward angles (Fig. 8). The
potentials of the same kind for 1°C+!°B interaction are shown in the mid-
dle of Fig. 10, and, the same as for the elastic ''B+C scattering, weaker
absorption by the modified imaginary potential leads to a good agreement
of the calculations with the experimental data (solid curve in Fig. 9). The
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comparison of real and imaginary parts of volume potentials for °C+1°B
interaction, deduced in this paper (Table II) and modified (pot. (d) in Ta-
ble IIT) are shown by the solid and dashed curves, respectively, on the right-
hand side of Fig. 10. Their difference in the interaction region (4-7 fm) is
not large, so the results of calculations for the transfer of a neutron in the
HUC(IB,OB)5C reaction are slightly different (see solid curves in Figs. 3
and 9), but both calculations reproduce the experimental data reasonably
well.
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Fig.10. Radial dependence of OM potentials for 14C+!1B (left-hand side) and

15C+19B (middle) interaction, calculated using parameters from Table III. For

15C 4108 interaction (right-hand side of the figure) the parameters were taken from

Tables II and III (see the text and the figure captions for details).

In summary, the calculations performed for "'B+1C elastic scattering
and one-neutron transfer reaction, 1“C(1'B,1°B)!°C, with the global poten-
tials from [13], can describe the experimental data providing that their imag-
inary parts are strongly reduced at the surface. This indicates that some
coupled channels effects, not included in the analysis, are playing an im-
portant role. Thus, in order to improve the fit to the experimental data of
8,10.11B elastic scattering from some light (A < 27) targets [13], the mecha-
nisms of anomalous large angle scattering (ALAS) must be carefully studied.

4. Summary and conclusions

New experimental data for differential cross sections of the
UCIB,OB)5C reaction at Ei,,(1'B) = 45 MeV were obtained for the
ground states of 1°B and '°C, as well as for the excited 0.72 MeV (1) of
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OB + 0.74 MeV (5/2%) states of C (unresolved in the experiment), the
1.74 MeV (07), 2.154 MeV (17), 3.587 MeV (27) states of B and the
3.103 MeV (1/27), 4.22 MeV (5/27), 4.66 MeV (3/27) states of *C. The
experimental data, excluding those for reactions leading to the °C excited
states above the neutron-binding energy, were analyzed within the coupled
reaction channels method that included the elastic and inelastic scattering
channels of 'B+14C as well as one- and two-step transfers in the coupling
scheme. For the excited states of °C placed above the threshold of neu-
tron emission (S, = 1.218 MeV), CRC calculations will be presented in a
separate paper.

For the entrance reaction channel, a Woods—Saxon potential was used
with the parameters deduced from a previous analysis of the experimental
data for the "B+1C elastic scattering at Ej,(1'B) = 45 MeV [15]. Spec-
troscopic amplitudes for nucleons and clusters, needed for the calculations of
the reaction cross sections, were obtained within the translational-invariant
shell model [17] by means of the computer code DESNA [18|. The spectro-
scopic factors of nucleons and clusters in nuclei are defined by the squares
of these spectroscopic amplitudes.

The present analysis of the experimental data for the 4C(11B, 1B)!5C
reaction found that direct neutron transfer dominates over the whole an-
gular range for transitions to the ground and excited states of 9B, while
contributions of two-step transfers of nucleons and clusters are negligible.

From the analysis, OM potential for the exit channel, "B+C, was
derived. The comparison of this potential with the potential for the system
0B 4+12C [12] has shown that the potential for 1°C is more diffuse at the
surface. Moreover, calculations for the MC(11B,19B)!°Cy reaction with the
use of 10B+1213:15C OM potentials in the exit reaction channel generated
very different results that might be due to different internal structure of
these carbon isotopes.

The experimental data for the "B+14C elastic scattering and for one-
neutron transfer reaction, 14C(11B,10B)15Cgs, could be reproduced by the
OM and CRC calculations using the parameters of the global phenomeno-
logical OM potential for ®10:1'B projectiles proposed in Ref. [13], only when
the surface imaginary terms were omitted, with some slight change of the
other parameters. This suggests that some coupled channels effects, not in-
cluded in the analysis, are playing a role. Thus, an investigation of ALAS
mechanism for processes induced by boron isotopes from various light targets
is of importance.
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