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The elastic and inelastic scattering of 7Be from !2C have been measured at an incident energy of 35
MeV. The inelastic scattering leading to the 4.439 MeV excited state of 12C has been measured for the
first time. The experimental data cover an angular range of 6., = 15°-120°. Optical model analyses were
carried out with Woods-Saxon and double-folding potential using the density dependent M3Y (DDM3Y)
effective interaction. The microscopic analysis of the elastic data indicates breakup channel coupling
effect. A coupled-channel analysis of the inelastic scattering, based on collective form factors, shows that
mutual excitation of both 7Be and '2C is significantly smaller than the single excitation of 12C. The larger
deformation length obtained from the DWBA analysis could be explained by including the excitation of
7Be in a coupled-channel analysis. The breakup cross section of 7Be is estimated to be less than 10% of
the reaction cross section. The intrinsic deformation length obtained for the '2C* (4.439 MeV) state is
82 = 1.37 fm. The total reaction cross section deduced from the analysis agrees very well with Wong'’s
calculations for similar weakly bound light nuclei on '2C target.
© 2022 The Author(s). 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 breakup threshold of 1.59 MeV. It is radioactive with a half-life
of 53.22 days [8]. One can thus expect similar large breakup cross-
sections in case of 7Be. However, previous elastic scattering studies
with 7Be seem to indicate weak breakup couplings at low energy
(< 10 MeV/u) and the breakup threshold anomaly does not apply

for reactions with 7Be [2]. The 7Be nucleus behaves more like SLi

The elastic scattering of light stable and unstable nuclei at low
energies (near or above the Coulomb barrier) is an important tool
to study the change in properties of nuclei as we move towards the
drip lines [1,2]. The breakup and transfer reaction channels involv-

ing such nuclei significantly impact the elastic scattering. This is
even more evident, when there is low binding and cluster structure
of such nuclei. The loosely bound stable Lithium isotopes ®Li and
7Li have cluster structures and are well known for their breakup
channels [3-6]. Their breakup thresholds are 1.474 and 2.467 MeV
respectively [7]. The 7Be nucleus has a similar cluster structure and
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in contrast to “Li. In addition, for reactions with a light target like
12¢, contribution of nuclear breakup is expected to be more impor-
tant than Coulomb breakup. The work of Amro et al. [9] involving
7Be + 12C at 34 MeV shows that the 7Be-induced a-transfer reac-
tions are more predominant as compared to breakup. Low breakup
cross section was also indicated for a “Be + °3Ni measurement
at 21.5 MeV [10]. Since large breakup yield is absent, such re-
actions can be used as important tools to study high-excitation
a-clustering states in the residual nuclei in the context of helium-
burning process in nuclear astrophysics [9]. The starting point of
such a study is the availability of a reliable set of Optical Model
Potential (OMP) parameters. In the 7Be + 12C work [9], the authors
recognized the uncertainty in the OMP due to the limited scatter-
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ing data and therefore they planned further experiments to extract
a dedicated set of reliable parameters.

The present work includes the measurement of the elastic scat-
tering angular distribution of 7Be + 12C at 35 MeV over a large
angular range. The OMP deduced from the data would be very use-
ful for the analysis of existing and future low energy experiments
involving both 7Be and ®Be. The limitations of the earlier trans-
fer reaction analysis [9] were mainly due to the unavailability of
such elastic scattering data. In addition, the inelastic scattering to
the 4.439 MeV excited state of '2C is measured for the first time
and analyzed in the distorted-wave Born approximation (DWBA)
and coupled-channel (CC) formalisms. Both phenomenological and
microscopic analysis in a double-folding model have been carried
out and the effects of breakup and other channels on the elastic
scattering are also studied.

The organization of the paper is as follows. In Sec. 2, the ex-
perimental details are described. The results part in Sec. 3 includes
the phenomenological and microscopic analysis of the elastic and
inelastic data in DWBA and CC formalism. The framework for the
microscopic analysis using a DDM3Y interaction is also described.
At the end, the total reaction cross section is deduced. In Sec. 4,
conclusions and outlook of the present work are discussed.

2. Experiment

The experiment was carried out at the CERN HIE-ISOLDE [11]
radioactive ion beam facility, utilizing the Scattering Experiments
Chamber (SEC) [12] at the XT03 beamline. The experiment took
place at the end of the running period of CERN. A uranium car-
bide target [13] was irradiated with 0.37uA of 1.4 GeV protons
from the PS-booster offline for 3 days. The activated target was
then mounted on the GPS target station and heated up during the
present experiment. The 7Be was extracted using the RILIS [14]
laser ion-source, and accelerated using the HIE-ISOLDE post accel-
erator. The stable beam contaminants produced, when the residual
gas in the REX-EBIS charge breeder is ionized [15], are mainly
14N4+ and less abundant 2!Ne®t, having the same A/q as 7Be?*t
for which the machine was set up. A stripping foil and a dipole
before the experimental station was used to clean the beam by
further stripping to 7Be**, making possible to separate the differ-
ent components and uniquely select the 7Be beam. The potential
isobaric contaminant coming from the target is “Li. Any ’Li that
could have made it into the charge breeder and been accelerated
as ’Li** was fully stripped in the foil and could not have passed
the dipole. The 35 MeV 7Be beam of resolution ~ 168 keV and in-
tensity ~ 5 x 10° pps was incident on a 15 um thick CD, target.
We also used a CH target of thickness 15 ym and a 203Pb target
of thickness 1 mg/cm? for background measurements and normal-
ization respectively.

The charged particles emitted from the reaction were detected
by a set of 5 double-sided 16 x 16 Micron W1 silicon strip detectors
(DSSD) of thickness 60 um (AE) each, backed by MSX25 unseg-
mented silicon pad detectors of thickness 1500 pm (E). These de-
tectors were placed in a pentagon geometry covering 6 = 40° — 80°
in lab for charged particle detection. The forward angles from 8°
— 25° were covered by a 24 rings x 32 sectors, Micron S3 an-
nular detector of thickness 1000 pm. The back angles from 127°
— 165° were covered by two Micron BB7 32x32 DSSDs of thick-
ness 60 ym and 140 pum, backed by MSX40 unsegmented silicon
pad detectors of thickness 1500 pm. The experimental setup inside
the SEC is shown in Fig. 1. The measurements were made at angu-
lar intervals of about 1° in S3 range and 2° in the pentagon DSSD
range.

The energy calibration of the detectors was done using a
148Gq—239py—241Am—244Cm mixed « source. The dynamic range
in the forward detector S3 was much higher. Thus, for calibration
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Fig. 1. The experimental setup inside the Scattering Experiments Chamber at the
XT03 beamline [12].

at higher energies, we used the elastic peaks from the Rutherford
scattering of 7Be and '>C beams at 5 MeV/u and 5.15 MeV/u re-
spectively on a 298Pb target. The grazing angle of 7Be + 2%8Pb at 35
MeV is around 100°. Thus, the experimental data in one of the for-
ward rings of the annular detector were normalized to Rutherford
cross sections with 298Pb, and that ring was used as a monitor de-
tector. We took very short consecutive runs of “Be on 2°Pb and
CD, targets where the fluctuation in beam intensity was within
10%. In addition to the statistical uncertainty in the yields, the
present data include 10% error due to beam intensity and 10% er-
ror due to target thickness.

3. Results

The elastic peak from 7Be + !2C scattering is distinctly visi-
ble in each ring of the forward annular detector. Fig. 2(a) shows
the energy spectrum at 6 = 12°, delineating the prominent elastic
peak. The elastic 7Be scattered from deuterons in the CD, target is
also seen as a small broad peak in the spectrum. In the pentagon
DSSDs, the scattered “Be deposits all its energy in the AE detec-
tors of the telescopes. Fig. 2(b) is the energy spectrum at 6 = 45°
showing the 7Be elastic peak as well as the inelastic scattering to
the 4.439 MeV state of '2C. The ground state peak is separated
from the 27 inelastic peak as seen in Fig. 2(b). However, the bound
excited state of 7Be at Ey = 0.429 MeV (1/2~) could not be sepa-
rated from the ground state. Thus the present data correspond to
quasi-elastic scattering of 7Be + '2C at 35 MeV. In this context, it
may be noted that the inelastic scattering to the 0.429 MeV state
of 7Be is expected to be negligible in comparison to the 7Be + 12C
elastic scattering [1,16]. In the forward angles 8° — 25°, due to
several overlapping channels and non-availability of particle iden-
tification, inelastic scattering cross sections to the 4.439 MeV state
of 12C could not be extracted. At the back angles 127° — 165°, the
elastic and inelastic data could not be separated due to small dif-
ferences in energies as well as overlap with the (d,p) data. Hence,
these data are not included in the present work.

The angular distribution of 7Be + '2C elastic scattering at 35
MeV is shown in Fig. 3. For comparison, the data of Amro et al. [9]
at 34 MeV is also plotted in the figure. If we compare our data
of much better energy and angular resolution, with Amro’s data
at the forward angles, we observe that the elastic data at ~ 18°
agree with our data within error bars but for the other two angles,
it is somewhat lower in value. At around 72°, Amro’s data gives a
higher value of cross section than our data. This discrepancy can
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Fig. 2. Energy spectrum for elastic and inelastic scattering of 7Be + '2C at 35 MeV.
Panel (a) shows elastic 7Be scattered from '2C and d in one of the rings of S3, at
6 = 12°. Panel (b) shows elastic as well as inelastic peak corresponding to 4.439
MeV state of '2C in one pentagon DSSD, at § = 45°. The bound excited state of 7Be
at Ex =0.429 MeV (1/27) could not be separated from the ground state, implying
the data to be quasi-elastic.

be attributed to uncertainties in data normalization arising from
the large beam energy spread (~ 1 MeV) and, more importantly
to the angular divergence at target position (~ 6°) in [9]. Their
limited angular range of scattering data resulted in difficulty to
extract reliable OMP for subsequent study of the transfer reactions.
Analysis of the - and n-transfer reactions from the 2C and d
in the CD, target from the present experiment will be presented
elsewhere.

Optical model analyses of the data were carried out with the
code FRESCO [17]. First, the data were analyzed using volume
type Woods-Saxon potentials and Coulomb potential due to uni-
formly charged spheres (rc = 1.25 fm). The potential parameters
are given in Table 1. The starting point of the phenomenological
analysis was the OMP parameters from ’Li + 2C elastic scatter-
ing at 34 MeV [18]. The dotted curve in Fig. 3 corresponds to the
phenomenological fit to the present data. The phenomenological fit
agrees satisfactorily with the data in the whole angular range, ex-
cept around 75° and angles greater than 100°. The fit also agrees
with the data of Amro et al. [9] at 18° and 45° and explains over-
all the nature of their data except at 72°. It is to be noted that
their data point at 72° also did not agree with their optical model
calculations [9].

To study the data further and have an estimate of the breakup
effects on the elastic scattering, we carried out a microscopic anal-
ysis of the data. Here, the two-body potential V(r) is generated
in a double folding model using densities of the 7Be and 2C
along with the density dependent M3Y (DDM3Y) effective inter-
action [24,25]. The densities of 7Be and '2C used in the present
work are obtained from variational Monte Carlo calculations us-
ing the Argonne v18 two-nucleon and Urbana X three-nucleon
potentials (AV18+UX) [19]. Earlier, the DDM3Y effective interac-
tion has been successfully used to describe nuclear matter [20],
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Fig. 3. Elastic scattering angular distribution of 7Be + '2C at E = 35 MeV. The micro-
scopic (phenomenological) fits to the data are given by the dashed (dotted) curves.
The coupled-channel calculations are given by the solid curve. The data of Amro et
al. [9] are also shown for comparison. The bound excited state of 7Be at 0.429 MeV
could not be separated from the ground state, implying the data to be quasi-elastic.

radioactivity [21], proton scattering [22] as well as resonances in
unstable [24] and unbound nuclei [23].
The double-folded potential between two nuclei is given by

V(R) = f 1) P2 r) VS, pr. p2. EXPridPrs (1)

where p;, i = 1,2, is the nucleon point-density distribution for
the projectile and the target, R is the separation between them,
s=R —rq—ry, and v is the density- and energy-dependent effec-
tive nucleon-nucleon interaction. Assuming that the density and
the radial dependence of v can be separated, one can write [25]

v(s, p1, p2, E) =t™¥ (s, E)g(p1, p2, E) (2)

The density-independent part t3Y (s, E) contains the M3Y interac-
tion and the zero-range pseudo potential,

e—4s e—2.5s
tM3Y (s, E) =7999—— — 2134 + Joo(E)8(s) 3)
4s 2.5s
with
Joo(E) = —276(1 — 0.005E/A) (4)
The density-dependent part g(p1, p2, E) is as follows,
g(o1, 2, E) = C(1 = b(E)p; )1 = b(E)p3") (5)

Here C has been taken as 1.0. The other constant of the interaction
b when used in single folding model description, is determined by
nuclear matter calculations [20] as 1.624 fm?2. This constant has
also been used in scattering [22] and bound state studies [23,24].

In the present microscopic analysis, both the real (V) and vol-
ume imaginary (W) parts of the folded nuclear potentials are as-
sumed to have the same shape, i.e. Viicro(r) = V +iW = (Ng
+ iNy)V(R) where, Ngr and Nj are the renormalization factors for
real and imaginary parts respectively, obtained by fitting the elas-
tic scattering data. The microscopic fit using FRESCO is shown by
the dashed curve in Fig. 3. A satisfactory fit is obtained for an Ny
value of 0.68 and an N; value of 0.30 (Table 2). The Ny value of
less than unity suggests coupling of the breakup channel to elas-
tic scattering [26,27]. The Nj value is attributed to the absorption
of flux due to inelastic excitation, breakup or other reaction chan-
nels. The microscopic fit shows a more diffractive elastic angular
distribution than observed, particularly at ~ 35°. However, it pro-
vides a better description of the data at larger angles compared
to the phenomenological fit. The microscopic calculation also ex-
plains the nature of the data of Amro et al. [9] better than the
phenomenological calculation.
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Table 1

Physics Letters B 833 (2022) 137294

Optical model potential parameters for elastic scattering of ’Be + '2C at E = 35 MeV, rc = 1.25 fm;
1 1

Ry =rx(A] +AD).

E Vy Tr ar Wy Ti ai Xezl/N
(MeV) (MeV) (fm) (fm) (MeV) (fm) (fm)
35 142.96 0.702 0.617 9.95 1.041 1.079 2.6

Table 2

Renormalization factors (Ng, N;) of DDM3Y folded potential for 7Be + '2C scattering at E = 35 MeV. Excited state
energy (Ey), angular momentum transfer (I), deformation length (8;), deformation parameter (8;) and x2/N from

best fits to the elastic and inelastic scattering data. §; = SR, where R =1.2 x 12%.

Nucleus  Calculation E Ex Ng N; I 5 B2 x2/N XZa/N
(MeV) (MeV) (fm)

12¢ DWBA 35 4.439 068 030 2 1.83 067 93 45

12c cc 35 4.439 1.00 0.20 2 137 0.49 8.0 48

o 12C(7Be,7Be)12C*4.439
E =35 MeV

« Present work
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Fig. 4. Inelastic scattering angular distribution of 7Be + '2C to the 4.439 MeV (2%)
state at E = 35 MeV. The DWBA calculations using microscopic potentials are given
by the dashed curve and include the sum of single and mutual excitations. The CC
calculations are given by the dash-dot (dash-dot-dotted) curves for single (mutual)
excitations respectively. The sum of the two contributions is shown by the solid
curve.

To better understand the effects of nonelastic channels, coupled-
channel (CC) calculations were also carried out. In addition to the
ground state of the projectile and target nuclei, some low-lying
excited states of these nuclei were included in the calculations. In
particular, the modelspace included the 7Be(1/2~) bound excited
state at Ex = 0.429 MeV, the narrow 7/2~ low-lying 7Be resonance
at Ex =4.57 MeV and the 2+ state at Ey =4.439 MeV of 12C. It is
worth noting that the inclusion of the inelastic couplings will also
affect the elastic scattering cross section. In x2-fitting, the Nz and
Nj of the bare projectile-target potential were taken as adjustable
parameters to best reproduce the measured elastic scattering data.
This resulted in Ng =1 and N; = 0.2 (Table 2). The reduced value
of N; with respect to that obtained above is consistent with the
explicit inclusion of channels removing flux from the elastic chan-
nel. The dip around 30° is much reduced in CC calculation and is
shown by the solid curve in Fig. 3.

The inelastic scattering angular distribution of 7Be + 12C to
the 4.439 MeV (21) state, measured for the first time, is shown
in Fig. 4. It may be noted that, in this angular range, the in-
elastic cross section is of comparable magnitude to the elastic
cross section. Since the grazing angle is ~ 8°, there is negligi-
ble contribution of Coulomb excitation over the angular range of
the inelastic scattering data. The nucleus-nucleus optical poten-
tials obtained from fitting the elastic scattering data were used
to generate the distorted waves for the analysis of inelastic scat-
tering in DWBA formalism using FRESCO [17]. The experimen-
tal resolution of the present work did not allow the separa-
tion of the 7Begs+'2Cq430 channel from the mutual excitation
7Beg.429+'2C4 439 channel. Thus, to include the 7Beg.49 excitation

in the DWBA analysis, contribution from these two channels were
calculated and added together (sum), given by the dashed curve in
Fig. 4. The collective rotor model is used to obtain the transition
form factors. The deformation length §, is obtained by fitting the
inelastic scattering angular distributions. The microscopic analysis
could explain the inelastic data very well, while the phenomeno-
logical analysis does not produce a satisfactory fit. Table 2 gives the
excited state energy (Ey), angular momentum transfer (I), renor-
malization factors (Ng, N;), deformation length (§,), deformation
parameter (8;), and x2/N for the analyses. From DWBA analysis
using microscopic potentials, the §, obtained is 1.83 fm, as com-
pared to the reported values of ~ 1.4 fm [18,28].

To explain the larger deformation length, we extended the CC
calculations including the excitation of the 7Be nucleus. As men-
tioned earlier, the three included states of 7Be are considered
members of a K =1/27 rotational band. They are coupled together
by deforming the projectile-target microscopic folding potential us-
ing a quadrupole deformation length 8, =2 fm adopted from [29].
Likewise, the ground and first 2F state of '2C are considered mem-
bers of a K = 0 rotational band and coupled together by deforming
the projectile-target potential with a deformation length of §,, ob-
tained from best fit to the present data. Couplings between the
included states were considered to all orders, thus performing a
full coupled-channels calculation. The CC calculations are com-
pared to the inelastic data in Fig. 4. For a meaningful comparison,
the single and mutual excitations have been considered in the cal-
culations and added together (sum), shown by the solid curve. It
becomes apparent from Fig. 4 that the mutual excitation (dash-
dot-dotted curve) is significantly smaller than the single excitation
(dash-dot curve) but its inclusion improves the agreement with the
data. There is slight underestimation, which might be due to the
simplified rotor model assumed for the 7Be and '2C nuclei. From
the best fit to the present data, we get §; = 1.37 fm (Table 2).
A 10% variation of Xi%el/N results in a variation of 0.13 fm in the
value of 8, in agreement to the existing values [18,28]. This results
in a deformation parameter 8, of 0.49 with a variation of 0.05.

In an alternative approach, one may treat the reaction in an ex-
tended three-body model, comprising of the two-body projectile
(a+3He) plus the target, similar to that used in the continuum dis-
cretized coupled-channels (CDCC) calculations [30]. In this model,
target excitations are included by means of deformed 3He+!2C
and “He+12C potentials. In this way, the projectile excitation (and
breakup) would be treated within the cluster model whereas target
excitations would be treated in the collective model. These ex-
tended CDCC calculations were initially proposed and implemented
in [31] and have been recently revisited and applied to several sys-
tems [32,33]. The application to the present reaction is ongoing
and the results will be presented elsewhere.
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Fig. 5. The reduced reaction cross sections for the 7Be + 12C system obtained in the
present work along with reduced reaction cross sections of the lithium isotopes on
12C. The solid curve represents Wong’s expression in Eqn. (6).

To investigate further the dynamics of ’Be, we deduced the to-
tal reaction cross section from the elastic scattering analysis. As
suggested by Kolata [34] and Aguilera et al. [35], the reduced to-
tal reaction cross section of light stable and unstable nuclei on 12C
can be compared with that given by Wong [36],

2
€or 27w (Ereq — V
Ored = 0 Inl1 + exp M (6)
2Ereq €0
oad
where the cross section is in fm?, €g = hw()% and Ve =

1 1
A3 +A3
Vo% are denoted as the Wong-model parameters and the

reduced energy is given by

1 1
(Ap+AD)

Z0Z: (7)

Ered = Ecm
These parameters were obtained in [1] by fitting the data for 6He,
6Li, 7Li, "Be, 8Li, ®B, °Be and !'Be. The parameters were found
to be V,eq = 0.64(3) MeV, rg = 1.73(2) fm and €9 = 0.43 MeV.
In particular, the value ro = 1.73(2) fm is significantly larger than
the typical values of 1.4 — 1.5 fm. The reduced total reaction cross
section for 7Li and 7Be + 2C obtained in [1], along with the fitted
curve is plotted in Fig. 5. The calculated 7Be total reaction cross
section at 35 MeV for CC calculations using microscopic potentials
is 1503 mb and the reduced total reaction cross section is 85 mb.
The calculated value agrees very well with Wong'’s calculation on
the existing 7Li and 7Be data. Preliminary CDCC calculations show
that for ’Be, the breakup and inelastic cross section to 7Be bound
excited state are respectively 9.12% and 0.67% of the reaction cross
section. The absorption cross section is 90.2% of the reaction cross
section.

4. Conclusion

The elastic and inelastic scattering of 7Be + 12C at 35 MeV is
studied in the present work. The experimental data as well as the
deduced optical model potential parameters can be useful for stud-
ies on transfer reactions involving “Be and 8Be at these energies,
particularly in relation to nuclear astrophysics. This work also re-
ports the first inelastic scattering measurement of “Be + '2C to
the 4.439 MeV excited state of 12C. To have an estimate of the
influence of other channels like breakup on the elastic scattering,
we also carried out a coupled channel analysis of the data. The
microscopic calculation for the elastic scattering gives better fit,

Physics Letters B 833 (2022) 137294

particularly at larger angles as compared to the phenomenological
fit with Wood-Saxon potentials. The Ny value of less than unity in
the microscopic fit indicates the presence of breakup channel cou-
pling effects. Coupled-channel calculations improve on the fits and
the value of N becomes compatible with 1. For inelastic scatter-
ing, mutual excitation of both 7Be and '2C is significantly smaller
than the single excitation of '2C but its inclusion improves the
agreement of the calculations with the inelastic data. The larger
deformation length obtained from the DWBA analysis could be ex-
plained by including the excitation of 7Be in a coupled-channel
analysis. The breakup cross section of Be is estimated to be less
than 10% of the reaction cross section. The reduced total reaction
cross section from the present work, agrees very well with Wong’s
calculation on existing ®7Li and 7Be scattering data. The present
study is very important to further understand the «-cluster trans-
fer reactions in nuclear astrophysics.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgement

The authors thank the ISOLDE engineers in charge, RILIS team
and Target Group at CERN for their support. D. Gupta acknowl-
edges research funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no.
654002 (ENSAR2) and ISRO, Government of India under grant no.
ISRO/RES/2/378/15-16. O. Tengblad would like to acknowledge the
support by the Spanish Funding Agency (AEI | FEDER, EU) un-
der the project PID2019-104390GB-100. I. Martel would like to
acknowledge the support by the Ministry of Science, Innovation
and Universities of Spain (Grant No. PGC2018-095640-B-100). ].
Cederkall acknowledges grants from the Swedish Research Coun-
cil (VR) under contract numbers VR-2017-00637 and VR-2017-
03986 as well as grants from the Royal Physiographical Soci-
ety. J. Park would like to acknowledge the support by Institute
for Basic Science (IBS-R031-D1). S. Szwec acknowledges support
by the Academy of Finland (Grant No. 307685). AAM.M. is sup-
ported by the I+D+i project PID2020-114687GB-100 funded by
MCIN/AEI/10.13039/501100011033, by the grant Group FQM-160
and by project P20_01247, funded by the Consejeria de Economia,
Conocimiento, Empresas y Universidad, Junta de Andalucia (Spain)
and by “ERDF A way of making Europe”.

References

[1] A. Barioni, et al., Phys. Rev. C 84 (2011) 014603, see references therein.
[2] JJ. Kolata, et al., Eur. Phys. ]J. A 52 (2016) 123.
[3] G. Baur, et al., Nucl. Phys. A 458 (1986) 188-204.
[4] A.C. Shotter, et al., Phys. Rev. Lett. 46 (1981) 12.
[5] D. Gupta, et al., Nucl. Phys. A 646 (1999) 161-174.
[6] D. Gupta, et al., Nucl. Phys. A 683 (2001) 1-4.
[7] AJ. Selove, Nucl. Phys. A 490 (1988) 1-225.
[8] D.R. Tilley, et al., Nucl. Phys. A 708 (2002) 3-163.
[9] H. Amro, et al., Eur. Phys. J. Spec. Top. 150 (2007) 1-4.
[10] M. Mazzocco, et al., Phys. Rev. C 92 (2015) 024615.
[11] https://hie-isolde-project.web.cern.ch/hie-isolde-project/.
[12] https://isolde.cern/sec.
[13] Thierry Stora, private communication, CERN EDMS MEDICIS operation report
2093202 (MED-OP-18-019).
[14] V. Fedosseev, et al., . Phys. G, Nucl. Part. Phys. 44 (2017) 084006, 28 pp.
[15] F. Wenander, et al., Rev. Sci. Instrum. 77 (2006) 03B104.


http://refhub.elsevier.com/S0370-2693(22)00428-2/bibF37DDF6E1521885867DC87ECB5DEDD0As1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibA2759DAE217C91FE60D7814AFBCB1EBAs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib97D1BADA4340BDA5051F586F262088FAs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibACA73212C22F37CC6D29440F335E1C4Bs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibF717F12C487B9004D787CA91F89FDB01s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib7B6355C2419089B5BE3D5A2E37D645B0s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib37E75DEB8CF3CDF16FAE42679EE13901s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib8E5261D8AC1F23430BEAA20ED5F0BEB8s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibB86223BB7778DA2F685178AE8F264118s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib091411E913DCE972658245658E31A5E4s1
https://hie-isolde-project.web.cern.ch/hie-isolde-project/
https://isolde.cern/sec
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibA1EC18F3FE84490B2CAC308C2015BAF4s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib322BC8B0879E315D869FFAB825D19BB0s1

K. Kundalia, D. Gupta, S.M. Ali et al.

[16] L. Pecina, et al., Phys. Rev. C 52 (1995) 191.

[17] L. Thomspon, Comput. Phys. Rep. 7 (1988) 167.

[18] J. Cook, et al., Phys. Rev. C 33 (1986) 915.

[19] R.B. Wiringa, Phys. Rev. C 43 (1991) 1585, https://www.phy.anl.gov/theory/
research/density/.

[20] D.N. Basu, J. Phys. G, Nucl. Part. Phys. 30 (B7) (2004).

[21] D.N. Basu, P. Roy Chowdhury, C. Samanta, Phys. Rev. C 72 (2005) 051601.

[22] D. Gupta, E. Khan, Y. Blumenfeld, Nucl. Phys. A 773 (2006) 230.

[23] S.K. Dutta, D. Gupta, Swapan K. Saha, Phys. Lett. B 776 (2018) 464, see refer-
ences therein.

[24] S.K. Dutta, D. Gupta, D. Das, Swapan K. Saha, ]. Phys. G, Nucl. Part. Phys. 41
(2014) 095104, see references therein.

[25] D.N. Basu, Phys. Lett. B 566 (2003) 90.

Physics Letters B 833 (2022) 137294

[26] G.R. Satchler, W.G. Love, Phys. Rep. 55 (1979) 183.

[27] Y. Sakuragi, et al., Prog. Theor. Phys. 70 (1983) 1047, Prog. Theor. Phys. 68
(1982) 322.

[28] AE. Zeller, et al., Phys. Rev. C 22 (1980) 1534, see references therein.

[29] G.G. Kiss, et al., Phys. Lett. B 807 (2020) 135606.

[30] K. Hagino, et al, Prog. Part. Nucl. Phys. 125 (2022) 103951, see references
therein.

[31] M. Yahiro, et al., Prog. Theor. Phys. Suppl. 89 (1986) 32.

[32] H.-T. Pierre Chau, Eur. Phys. J. A 51 (2015) 1.

[33] M. Gémez-Ramos, A.M. Moro, Phys. Rev. C 95 (2017) 034609.

[34] ]J. Kolata, E.F. Aguilera, Phys. Rev. C 79 (2009) 027603.

[35] E.E. Aguilera, et al., Phys. Rev. C 83 (2011) 021601.

[36] C.Y. Wong, Phys. Rev. Lett. 31 (1973) 766.


http://refhub.elsevier.com/S0370-2693(22)00428-2/bib06F3AA12EAAC350C9DB3D6131EB41487s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib30D3CAE563751CB0EF7796FDBF1C6EFBs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibD471BFD897C6AA03A5D34F4532051B1Es1
https://www.phy.anl.gov/theory/research/density/
https://www.phy.anl.gov/theory/research/density/
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibC9AAA2EBCDEA5FDC18AC3A3918E4C08Bs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib4453910478247954BEDECAAF3027A9A9s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibD914CF6A52DF9A0FE2C5D3399A8EC991s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib1E8AB65DBFC38DA60A78B9085B83AE7Fs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib1E8AB65DBFC38DA60A78B9085B83AE7Fs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibD1A72CAE6B6FFD485EB631DC6B0C3A36s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibD1A72CAE6B6FFD485EB631DC6B0C3A36s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibE8DEDF50AD7BD4F3A3A70412AEF708D6s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib58B3F3669FAC8573798E0866FDBF82B1s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib6EFA334883DFCB03222F701C890A7BBDs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib6EFA334883DFCB03222F701C890A7BBDs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibF75C5799C9699A60FC9E0FA587B39730s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib00D235AF88DF9AE5466745ACEE7F093As1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib16947BAED36F68DC7CCE8498E0A58190s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib16947BAED36F68DC7CCE8498E0A58190s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibBDC5EFAABD00CD6DD365BA6DF4F1D4DFs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibB851195C6A49961B12BB30B85F96E15Fs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib98DFE16A7F465902DE369CC0FF6C24D3s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bibDF2D1ACFB19261B83F62F08E49B06DDFs1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib755450E647AA4F0887E9DA1A6A9608C2s1
http://refhub.elsevier.com/S0370-2693(22)00428-2/bib7022F16674F53962704977246B7B2C36s1

	Study of elastic and inelastic scattering of 7Be + 12C at 35 MeV
	1 Introduction
	2 Experiment
	3 Results
	4 Conclusion
	Declaration of competing interest
	Data availability
	Acknowledgement
	References


