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We present the first experimental determination on the spectroscopic amplitudes (SAs) for the α-cluster 
in the 11B ground state via the 7Li(6Li, d)11B reaction using a high-precision magnetic spectrograph. This 
is believed to have a strong effect on the studies of α-induced reactions which are crucial in nuclear 
astrophysics. It is found that the previous SAs of 11B from shell model calculations cause overestimations 
of up to 23% for the 12C(α, γ )16O S E2(300) factor and up to 34% for the 13C(α, n)16O S(190) factor 
with respect to the results from the present experimentally determined SAs. Due to the importance of 
these two reactions, for example the uncertainty in the 12C(α, γ )16O cross section at Ec.m. = 300 keV is 
required to be better than 10% by stellar modeling, the new S-factors could result in a potential influence 
on the astrophysical network calculations.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

A nuclear cluster can be defined as a spatially located subsys-
tem which consists of the strongly correlated nucleons. The clus-
tering in nuclei is one of the most fundamental aspects in nuclear 
structure and has been investigated since the early days in the his-
tory of nuclear physics [1]. The research of the cluster structure 
in light nuclei is also an interesting topic [2]. It could generate 
a crucial impact on the synthesis of elements in stars via cluster 
states like the triple-α cluster state (so-called Hoyle state) at 7.65 
MeV in 12C [3,4]. A cluster is characterized by its intrinsic bind-
ing stronger than the external binding. Therefore, it is possible to 
consider the cluster as a single unit, and to describe its behavior 
without reference to its internal structure. The most likely cluster 
is, due to its spin and isospin symmetry and hence its high bind-
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ing energy, the α-particle which can propagate within a nucleus 
relatively unperturbed for a significant time [5]. Such a cluster can 
be knocked out of the nucleus by an energetic projectile, or it can 
be also picked up in a cluster-transfer reaction. These cluster reac-
tions provide important information on the single-particle and on 
the multi-particle character of nuclear states, and thus have been 
widely used as powerful nuclear spectroscopic tools [6].

The α-transfer reactions, being most likely to take place by 
cluster transfer, not only can be utilized to investigate nuclear 
structure (e.g., α-decay widths [7]) and nuclear reaction mecha-
nisms [6], but also are of particular interest for the study of as-
trophysical α-particle induced reactions [8] which are one kind of 
the most important reactions in nuclear astrophysics, since helium 
is the second most abundant element in the observable universe 
after hydrogen. Because the measurements of the α-particle in-
duced reactions at the low-energy range are greatly hindered by 
the Coulomb barrier, indirect techniques (e.g., α-transfer reactions) 
are extremely valuable. In particular, these techniques can be used 
to deduce the level parameters (i.e., energies, spectroscopic factors 
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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(SFs) or asymptotic normalization coefficients (ANC), lifetimes) that 
can then be used in R-matrix or other reaction model’s analysis 
[9].

To date the α-transfer reactions induced by light nuclei, e.g. 
(6Li, d) [10–12], (7Li, t) [13,14] and (11B, 7Li) [15,16], have been 
extensively utilized to determine the above level parameters which 
were used to obtain stellar rates of the α-particle induced reac-
tions including the (α, γ ), (α, n) and (α, p) in stars. To obtain the 
above level parameters by interpreting these α-cluster transfer re-
actions, the spectroscopic amplitudes (SAs) or the SFs or the ANCs 
for the α-cluster in the ground states of these light nuclei (6Li, 7Li
and 11B) must be fixed. So far the spectroscopic information has 
been reasonably well determined experimentally for the ground 
states in 6Li [17,18] and 7Li [19,20], respectively. As for the SAs for 
the α-cluster in the 11B ground state, there are two components 
denoted by quantum numbers N L j = 3S0 and 2D2, respectively, 
where N is the number of radial nodes that include the origin but 
not the infinity and L and j are the orbital and total angular mo-
menta, respectively. The SAs of these two components are found to 
be −0.509 and 0.629, respectively, from a shell model calculation 
[21], and −0.638 and −0.422, respectively, from the translation-
ally invariant shell model [22]. However, at present these SAs still 
remain unknown experimentally. Therefore, experimental determi-
nation of these SAs for the 11B ground state is highly desirable.

In this letter, we report the first experimental measurement of 
the SAs and the ANCs of the α-cluster in the 11B ground state 
by using a high-precision Q3D magnetic spectrograph, and evalu-
ation of the impact of new values in comparison with two shell 
model calculations, by taking the two most important reactions, 
the 12C(α, γ )16O and 13C(α, n)16O reactions, for example.

2. Experiment

The experiment was performed at the HI-13 national tandem 
accelerator laboratory of the China Institute of Atomic Energy 
(CIAE) in Beijing. The experimental setup and procedures were 
similar to those previously reported [15,23–25]. The natural LiF
with a 7Li thickness of 20.2 ± 1.0 μg/cm2 was evaporated and 
deposited on a self-supporting 12C foil as the target. The target 
thickness was determined by using an analytical balance with a 
precision of 1 μg and was verified with the well-known differen-
tial cross sections of the d + 7Li elastic scattering [26,27]. Based 
on the precision of the analytical balance and the error of the cross 
sections of the d + 7Li elastic scattering, an uncertainty of 5.0% 
was assigned for the target thickness.

The 6Li beam with an energy of 24 MeV was delivered and 
utilized to measure the angular distribution of the 7Li(6Li, d)11B
reaction leading to the ground state of 11B and the 6Li + 7Li elas-
tic scattering. The reaction products were focused and separated by 
the Q3D magnetic spectrograph. Six pieces of the two-dimensional 
position sensitive silicon detectors were installed at the focal plane 
of the Q3D. The two-dimensional position information from the 
silicon detectors enabled the products emitted into the acceptable 
solid angle to be completely recorded, and the energy informa-
tion was used to remove the impurities with the same magnetic 
rigidity. As an example, Fig. 1 displays the focal-plane position 
spectrum of deuterium at θlab = 5◦ from the 7Li(6Li, d)11Bg.s. reac-
tion. It is seen that the spectrum is quite clear and the deuterium 
events from the 7Li(6Li, d)11Bg.s. reaction gather together well.

We performed the measurements of the cross section of the 
6Li + 7Li elastic scattering at the energy of 24 MeV to extract the 
optical potential for the entrance channel of the 7Li(6Li, d)11Bg.s.
reaction. The data of differential cross sections and the fitting 
curve are shown in Fig. 2. In Fig. 3, we also display the angular 
distribution of the 7Li(6Li, d)11Bg.s. reaction.
Fig. 1. Focal-plane position spectrum of deuterium at θlab = 5◦ from the 
7Li(6Li, d)11Bg.s. reaction. (a) Two-dimensional spectrum of energy vs. focal-plane 
position. (b) Spectrum gated by the deuterium events in the black window of (a).

Fig. 2. The experimental data and fitting with the single-folding potential of the 
elastic scattering of 6Li + 7Li.

3. Extraction of the spectroscopic amplitudes

The SAs of the 3S0 and 2D2 components in the ground state of 
11B were extracted with finite-range distorted wave Born approxi-
mation (DWBA) calculations. The calculations were made with the 
computer code FRESCO [28]. The differential cross section of the 
7Li(6Li, d)11B reaction is [29]:

dσ

d�
= μiμ f

(2π h̄2)2

k f

ki

1

(2Ii + 1)(2si + 1)

∑
Mi M f σiσ f

|T |2, (1)

where μi and μ f and ki and k f are the reduced masses and the 
asymptotic momenta in the entrance and the exit channels, respec-
tively, Ii and si are the spins of the target and the projectile, and 
Mi , M f , σi , and σ f are the z-components of the target and the 
projectile in the entrance and exit channels. The transition ampli-
tude T reads:
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Fig. 3. Angular distribution of the 7Li(6Li, d)11Bg.s. reaction. The red and blue lines 
represent the normalized DWBA calculations with coupled and uncoupled α +
7Li wave functions. The solid lines are the incoherent sums of the 3S0 and 2D2

components. The dashed line and the dotted line are the cross sections from the 
contribution of the 3S0 and 2D2 components in the 11B ground state, respectively.

T = 〈χ(−)

f (αφ3S0 + βφ2D2)
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i 〉

= T S + T D , (2)
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f φ3S0
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∣∣φdαχ
(+)
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T D = βγ 〈χ(−)

f φ2D2
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∣∣φdαχ
(+)
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where χi and χ f are the distorted waves in the entrance and exit 
channels, φ3S0 , φ2D2 , and φdα are the wave functions of the 3S0

and 2D2 components in the 11B ground state and the 6Li = d + α

system, α, β , and γ are the SAs of the 3S0 and 2D2 components 
in the ground state of 11B and the SA of the α-particle in the 
ground state of 6Li, and α2, β2, and γ 2 are the corresponding 
SFs. V ij are the two-body interactions between particles i and j. 
Since the contributions of the 3S0 and 2D2 components add inco-
herently in DWBA calculations, the differential cross section of the 
7Li(6Li, d)11B reaction can be further written as:

dσ

d�
=γ 2

[
α2

(
dσ

d�

)
3S0

+ β2
(

dσ

d�

)
2D2

]
, (5)

where (dσ/d�)3S0 and (dσ/d�)2D2 are the differential cross sec-
tions of the 3S0 and 2D2 components, respectively.

Model parameters required in these calculations include the op-
tical model potentials (OMPs) of the entrance- and exit-channels, 
the core-core (d + 7Li) interaction, and the real binding potentials 
for the (6Li = α + d) and the (11B = α + 7Li) systems. The entrance 
channel OMP was obtained by folding the nucleon density distribu-
tions of 6Li and 7Li with the systematic nucleon-nucleus potential 
of the JLMB model [30] as those done in Refs. [31,32]. The density 
distributions of 6Li and 7Li were obtained with the independent-
particle model [33]. A systematic analysis of the differential cross 
sections of 6Li and 7Li elastic scattering from 6Li, 7Li, 9Be, and 
10B targets at incident energies ranging from 7 MeV to 44 MeV 
was made. All the data sets are listed in Table 1. Optimal renor-
malization factors, Nr and Ni , for the real and imaginary parts of 
the folding potentials, respectively, were determined by globally 
fitting all datasets with the standard minimum χ2 method. The re-
sults are Nr = 0.694 ± 0.023 and Ni = 0.967 ± 0.025. These Nr and 
Ni values account reasonably well for the elastic scattering of 6Li
from 7Li at 24 MeV. A comparison between the results of optical 
model calculations and the experimental data is shown in Fig. 2. 
For the exit-channel OMP corresponding to the d + 11B system, we 
Table 1
The 36 sets of experimental elastic scattering data and their references included in 
the determination of the optical potential for 6Li + 7Li system.

System References E lab (MeV)
6Li + 6Li Potthast (1997) [35] 10, 15, 20, 25, 30, 35, 40
6Li + 7Li Potthast (1998) [36] 10, 15, 20, 25, 30, 35, 40

Momotyuk (2006) [37] 42
Su (2010) [38] 44
Present 24

6Li + 9Be Muskat (1995) [39] 7, 10, 12
7Li + 7Li Bachmann (1993) [40] 8-17

Momotyuk (2006) [37] 42
Parkar (2009) [41] 20, 25

7Li + 9Be Verma (2010) [42] 24, 30
7Li + 10B Etchegoyen (1988) [43] 39

adopted the recent systematic deuteron potential by Zhang et al. 
[34], which was specifically obtained for deuteron scattering from 
the 1p-shell nuclei. The transfer cross sections were calculated 
with a full complex remnant term in the transition amplitude. The 
core-core potential (for the d + 7Li system) was also taken from 
Zhang et al. [34].

The real α-d potential in the ground state of 6Li is of typical 
Woods-Saxon form. The radius and diffuseness parameters, R0 and 
a, were adjusted so that the corresponding root-mean-square (rms) 
radius of the α-cluster wave function, 

√〈r2〉, satisfied the following 
relation which was also applied in Guo et al. (2012) [15],〈
r2

com

〉
= mα

mcom

〈
r2
α

〉
+ mc

mLi

〈
r2

c

〉
+ mcmα

m2
com

〈
r2

〉
, (6)

where 〈r2
c 〉, 〈r2

α〉, and 〈r2
com〉 are the mean-square radii of the core, 

the α particle, and the composite nucleus, respectively. The depth 
of this potential was determined with the usual separation energy 
prescription. For the ground state of 6Li, in which the wave func-
tion of the α cluster has only one component, 

√
〈r2

c 〉, 
√〈r2

α〉, and √〈r2
com〉 were taken to be 1.95 fm, 1.47 fm and 2.46 fm, respec-

tively [44]. They correspond to 
√〈r2〉 = 3.879 fm, which is satisfied 

when R0 = 2.7 fm and a = 0.4 fm. The ground state of 11B is rela-
tively more complicated. The radial wave functions of its 3S0 and 
2D2 components were obtained through the coupled-channel cal-
culations, which was developed by Ni and Ren (2011) [45] (also 
see Delion et al. (2018) [46] for a review), with a deformed Woods-
Saxon potential assuming a quadrupole deformation of the core 
nucleus 7Li:

V (r, θ) = V 0

1 + exp[(r − R(θ))/a] . (7)

Here R(θ) = R0 + δ2(
7Li)Y20(θ) and δ2(

7Li) is the quadrupole de-
formation length of 7Li which was taken to be 2.0 fm from Cook 
et al. (1987) [47]. The rms radii of the coupled 3S0 and 2D2 wave 
functions satisfy Eq. (6) with the rms radii of the core and the 
composite nuclei, 7Li and 11B, being 2.384 fm [44] and 2.605 fm 
[48], respectively. The resulting values of R0 and a are 3.15 fm 
and 0.6 fm, respectively. In order to see the coupling effects, com-
parisons are made with calculations with the 3S0 and 2D2 wave 
functions obtained from uncoupled equations. We require the rms 
radii of the uncoupled 3S0 and 2D2 wave functions to satisfy the 
same relation in Eq. (6) as well, which is supported by the param-
eters R0 = 3.43 fm and a = 0.60 fm.

Results of the DWBA calculations with both coupled and uncou-
pled 3S0 and 2D2 wave functions for the 7Li(6Li, d)11B reaction are 
shown in Fig. 3. Both cross sections from the individual contribu-
tions of the 3S0 and 2D2 components and their incoherent sums 
are presented. The differences in the angular distributions with the 
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Table 2
List of the uncertainties in the SAs for the 11B ground states.

Uncertainty source Relative error

2D2 3S0

Entrance channel potential 2.1% 1.5%
Exit channel potential 5.1% 8.3%
(α + d) binding potential 8.9% 3.5%
(α + 7Li) binding potential 5.2% 3.4%
ANC for α + d → 6Li 4.7% 4.7%
Target thickness 5.0% 5.0%
Statistics 2.6% 2.8%
Total 13.8% 12.2%

coupled and uncoupled 3S0 and 2D2 wave functions should be at-
tributed to the slight differences in the radial shapes of their wave 
functions. It’s seen that calculations with both coupled and uncou-
pled 3S0 and 2D2 wave functions account for the experimental 
data reasonably well. The good agreement between our calculated 
and measured angular distributions gives strong evidence of the 
direct nature of the 7Li(6Li, d)11Bg.s. reaction at this energy.

To obtain the SAs and the ANCs of the α-cluster for the ground 
state of 11B, the SA or the ANC of the α-cluster in the ground 
state of 6Li needs to be fixed. We adopt the ANC for 6Li re-
ported in Refs. [17,18], which has (C

6Li
αd)2 = 5.3 ± 0.5 fm−1. The 

SF for 6Li was then deduced with the relation C2 = Sαb2 where 
b is the single-particle ANC [49]. Under these conditions, we are 
able to determine the SAs and ANCs for the 3S0 and 2D2 compo-
nents in the ground state of 11B by normalizing the DWBA cross 
section to the experimental one. Even being solutions of the cou-
pled equations, the coupled 3S0 and 2D2 wave function may still 
be too simple to represent the real nature of 11B. With such a 
consideration, we extracted the SAs of the 3S0 and 2D2 compo-
nents for both the coupled and uncoupled cases by requiring the 
incoherent sum of the 3S0 and 2D2 cross sections to best repro-
duce the experimental ones. The uncertainties in these SAs are 
listed in Table 2. The resulting SAs for the 3S0 and 2D2 compo-
nents are 0.64 ± 0.09 and 0.74 ± 0.09, respectively for the uncou-
pled case. Their corresponding ANC values are (1.29 ± 0.18) × 104

fm−1 and (4.02 ± 0.49) × 103 fm−1, respectively. For the coupled 
case, the SAs are 0.66 ± 0.09 and 0.73 ± 0.09, and the ANCs are 
(1.38 ± 0.19) × 104 fm−1 and (3.97 ± 0.48) × 103 fm−1, respec-
tively. It is seen that the differences in the SAs obtained with 
the coupled and uncoupled calculations of the 3S0 and 2D2 wave 
functions differ by less than 4%. This indicates that the coupled 
wave function can be rather well approximated by the uncoupled 
ones in DWBA calculations when both wave functions subject to 
the same constraints from the rms radii of the composite nucleus 
and its constituent clusters according to Eq. (6). This would be very 
useful for analysis of the other α-cluster transfer reactions.

4. Impact on the astrophysical 12C(α, γ )16O and 13C(α, n)16O
reactions

It is seen that our results of the SAs for the 11B ground state, 
which are (0.64 ± 0.09, 0.74 ± 0.09) and (0.66 ± 0.09, 0.73 ±
0.09), largely differ from the shell model calculations by Kurath 
et al. (1973) [21] (−0.509, 0.629) and Rudchik et al. (2005) [22]
(−0.638, −0.422). This would lead to significant influence on the 
SFs or ANCs for the states of astrophysical relevance obtained 
from the (11B, 7Li) transfer reaction, and then on the cross sec-
tions of the astrophysical reactions. Thus, we reanalyzed the an-
gular distributions of the 12C(11B, 7Li)16O reaction from [50] and 
the 13C(11B, 7Li)17O reaction from [15] and evaluated the impacts 
of our new SFs on the 12C(α, γ )16O and 13C(α, n)16O reactions 
which are the two of the most important reactions in nuclear as-
trophysics. The DWBA angular distributions for each reaction were 
calculated to show the differences among their absolute values and 
were normalized to the experimental data to compare their shapes. 
The results are shown in Fig. 4. The SFs and the ANCs (C2 and C̃2) 
for the 16O 6.917 MeV 2+ state and the 17O 6.356 MeV 1/2+ state 
were also obtained using the 11B SAs from Kurath et al. (1973) 
[21], Rudchik et al. (2005) [22] and the present work by the nor-
malization of the DWBA calculations to the 12C(11B, 7Li)16O and 
13C(11B, 7Li)17O data from Shen et al. [50] and Guo et al. [15]. The 
present SFs or ANCs are in agreement with those from the (6Li, d) 
and (7Li, t) reactions [13,14,51–54].

When comparing the SAs for the 11B ground state from Kurath 
et al. (1973) [21] and the present work, we can see that a sim-
ilar ratio of the 3S0 to 2D2 components was given. This means 
the DWBA angular distributions from these two results will show 
a similar shape, as shown in Fig. 4 (b) and (d). However, the abso-
lute values of the angular distributions with the Kurath’s SAs are 
smaller than those with the present one, as shown in Fig. 4 (a) 
and (c). The Rudchik’s work [22] gives a similar SA for 3S0 com-
ponent in 11B ground state, but gives a much smaller value of the 
2D2 component than the present result. Therefore, the shape of 
the DWBA angular distribution obtained with the Rudchik’s SAs 
is different and the absolute value of the angular distribution is 
smaller than the present one. Thus, the newly deduced SFs and 
ANCs of the 16O 6.917 MeV 2+ state and the 17O 6.356 MeV 1/2+
state were smaller than those obtained with Kurath’s and the Rud-
chik’s SAs. The new SFs and ANCs exhibit significant decreases by 
a factor of up to 1.60 for the 16O 6.917 MeV 2+ state, and a fac-
tor of up to 1.58 for the 17O 6.356 MeV 1/2+ state. The results are 
listed in Table 3.

In order to show the impact of the new SFs or ANCs, we derived 
the astrophysical S E2(300) factor of the 12C(α, γ )16O reaction by 
considering the 16O 6.917 MeV 2+ subthreshold resonance and six 
resonances with the R-matrix method, and extracted the S(190)

factor of the 13C(α, n)16O reaction by considering the 17O 6.356 
MeV 1/2+ subthreshold resonance and eleven resonances with the 
Breit-Wigner formula, by following the same procedures as those 
by Shen et al. [50] and Guo et al. [15]. The comparison is also listed 
in Table 3. Comparing with the present results, the S E2(300) fac-
tor for the 12C(α, γ )16O reaction deduced with shell model results 
shows an overestimate of up to 23% and the S(190) factor for the 
13C(α, n)16O reaction shows an overestimate of up to 34%. Due to 
the importance of these two reactions, for example an uncertainty 
of better than 10% in the 12C(α, γ )16O cross section at Ec.m. =
300 keV is required by stellar modeling [9,55], the new S-factors 
could have a potential influence on the astrophysical network cal-
culations.

5. Summary and conclusion

The α-transfer reactions are of particular interest for the study 
of the astrophysical α-particle induced reactions which are one 
kind of the most important reactions in nuclear astrophysics. In 
addition to (6Li, d) and (7Li, t), the (11B, 7Li) reaction has been ex-
tensively utilized to investigate the α-particle induced reactions 
occurred in stars. However, the SAs for the α-cluster in the ground 
state of 11B, which are required when interpreting α-cluster trans-
fer reactions, still remain unknown experimentally. This largely 
puts application of the (11B, 7Li) reactions in doubt.

In this work, we present the angular distribution of the 
7Li(6Li, d)11Bg.s. reaction measured using a high-precision mag-
netic spectrograph. The SAs of the 3S0- and 2D2-wave components 
of the α cluster in the ground state of 11B were extracted by re-
quiring the summation of the 3S0- and 2D2-wave cross sections to 
best reproduce the experimental data in a DWBA analysis. The 3S0
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Fig. 4. Impact on the DWBA calculation of the 12C(11B, 7Li)16O and 13C(11B, 7Li)17O reactions. (a) and (c) present the DWBA angular distributions, without any normalization, 
of the 12C(11B, 7Li)16O and 13C(11B, 7Li)17O reactions, respectively. (b) and (d) show the normalized DWBA results to the experimental data of the 12C(11B, 7Li)16O reaction 
populating the 6.917 MeV subthreshold state in 16O from Shen et al. (2018) [50] and the 13C(11B, 7Li)17O reaction populating the 6.356 MeV subthreshold state in 17O from 
Guo et al. (2012) [15], respectively. The coupled and uncoupled SAs denote the present SAs for the 11B ground states with coupled and uncoupled α + 7Li wave functions.

Table 3
List of the SFs and the ANCs (C2 and C̃2) for the 16O 6.917 MeV 2+ state and the 17O 6.356 MeV 1/2+ state obtained using the 11B SAs from Kurath et al. (1973) [21], 
Rudchik et al. (2005) [22] and the present work by fitting the 12C(11B, 7Li)16O and 13C(11B, 7Li)17O angular distributions from Shen et al. [50] and Guo et al. [15], respectively. 
"Uncoupled" and "Coupled" denote the present results with the uncoupled and coupled 11B SAs, respectively. The C̃2 represents the square of the Coulomb modified ANC 
which is define as C̃2 = C2/�(L + 1 +η)2. Also the astrophysical S E2(300) factors for the 12C(α, γ )16O reaction and the S(190) factor for the 13C(α, n)16O reaction are listed 
in the table. The columns of the "RTP" show the ratios of the S-factors with respect to the present coupled results.

16O 6.917 MeV 2+ 17O 6.356 MeV 1/2+

SF C2

(1010 fm−1)

S E2(300)

(keV b)
RTP SF C̃2

(fm−1)

S(190)

(106 MeV b)
RTP

Kurath (1973) [21] 0.214 ± 0.054 1.62 ± 0.41 56.0 ± 9.3 1.23 0.38 ± 0.12 4.1 ± 1.1 1.38 ± 0.25 1.34
Rudchik (2005) [22] 0.181 ± 0.044 1.37 ± 0.34 52.7 ± 8.8 1.16 0.37 ± 0.12 3.9 ± 1.1 1.34 ± 0.24 1.30
Uncoupled 0.146 ± 0.038 1.10 ± 0.29 46.2 ± 7.7 1.02 0.252 ± 0.076 2.74 ± 0.77 1.07 ± 0.18 1.04
Coupled 0.133 ± 0.034 1.01 ± 0.25 45.4 ± 7.6 1 0.240 ± 0.076 2.58 ± 0.70 1.03 ± 0.16 1
and 2D2 wave functions are obtained as solutions of both coupled 
and uncoupled equations. It is found that the difference between 
the experimental SAs extracted with the coupled and uncoupled 
wave functions is less than 4% when the same rms radii constraint 
is satisfied. This indicates that the uncoupled wave functions are 
good approximations to the coupled ones and can be used in the 
study of the other α-cluster transfer reactions.

We also studied the impact of the new 11B SAs on two astro-
physical key reactions, 12C(α, γ )16O and 13C(α, n)16O. Our experi-
mental SAs for the 11B ground state yield significant decreases of 
the SFs or the ANCs in the 6.917 MeV 2+ subthreshold state in 
16O (by a factor of up to 1.60) and in the 6.356 MeV 1/2+ sub-
threshold state in 17O (by a factor of up to 1.58) when comparing 
with the ones obtained with the shell model SAs. Consequently, 
our results indicate significant overestimates of up to 23% for the 
astrophysical S E2(300) factor of the 12C(α, γ )16O reaction, and of 
up to 34% for the S(190) factor of the 13C(α, n)16O reaction by the 
shell model results. Due to the importance of these two reactions 
and the precision requirements of the stellar modeling, the new 
S-factors could result in a potential influence on the astrophysical 
network calculations.
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