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Abstract

The spectroscopy of ''C has been investigated by the resonant scattering of '"B-+p with the
thick target inverse kinematic method. The p(1°B,p)!’B reaction was measured at 6, = 180°,
170°, 160°, 150° and 140° using a 35.93 MeV OB beam. Resonances in ''C between the excitation
energy of 9.6 and 11.8 MeV are observed. The excitation functions are compared with previous
data using thin target, direct kinematics measurements. A multichannel R-matrix calculation,
under the kinematics assumption of resonant elastic scattering, is performed and the resonant
parameters such as the resonant energy E,, the spin-parity J™, and the proton-decay partial width

I'), are extracted.

PACS numbers:



I. INTRODUCTION

Gaining insight into the structure of light radioactive nuclei, far from the valley of stabil-
ity, has been the motivation of many experimental and theoretical studies in nuclear research
[1, 2]. Such studies have established various new and unforeseen phenomena, such as halo
structure [1], soft-excitation modes [3, 4], and rare S-delayed particle decays [5, 6], through
the extensive studies of low lying states (below the particle threshold) with well-defined
energies, spins and parities. However, still there are many open questions in near-threshold
systems, in particular for light nuclei. For instance, the mirror nuclei !C and B have a
well-known level structure up to an excitation energy of 9.0 MeV, but there are discrepan-
cies and uncertainties about the existence of resonances and their spin-parity assignment
above the proton threshold. Recently, a resonance at 11.42 MeV (200 keV above the 1°Be+p
threshold) in 'B has been associated with a possible -delayed proton emission decay of
"Be with implications for dark matter production [7, 8]. The mirror nuclei have a corre-
spondence between the level spins and parities due to their similar nucleon number and the
charge independence of the nuclear force, and therefore the existence of a level in 1B must
have a corresponding partner in *!C. There are experiments suggesting the possibility of *1C
having a resonance around the region of 11.0 MeV excitation energy, but this hypothesis
has not been confirmed yet.

The resonance structure in 'C has important implications for the following three reac-
tions:

(1) "Be(a,y) for astrophysics in the hot pp-chain of Sun [9, 10],

(2) B(p,a)"Be as the contamination of the candidate of aneutronic fusion reaction
UB(p,2a)He [11] and

(3) 19B(p,y) as a competing reaction for the B(p,a)"Be channel.

Therefore, experimental data of resonance states in 1*C above the °B+p threshold offers
an excellent method to study the properties of the above reaction channels. Previous ex-
periments, performed in forward kinematics, using a proton beam on enriched '°B targets,
are reported in Ref. [12] where the most backward angle measured is at ., = 170°. A
systematic analysis of these data using the R-matrix formalism [13, 14] was recently per-
formed by Wiescher et al. [11], which shows two dominated resonances at the E, = 10.08

(7/27) and 10.68 (9/27) MeV in " C. However, the level density of ''C, above the proton



threshold (E£,=8.6894 MeV), starts to increase rapidly and the levels are described by large
particle widths, on the order of hundreds of keVs. This has made the determination of the
level scheme for this nucleus quite challenging and the level properties above E, = 11.0
MeV are particularly uncertain. Additional data, obtained with a different experimental
technique such as inverse kinematics would help to improve the spectroscopic information
on this nucleus. The resonances may be more pronounced at 6., = 180°, in the inverse
kinematic frame of reference, which are not feasible in a forward kinematics approach. The
Thick Target in Inverse Kinematics (TTIK) technique [15, 16] allows to extract the excita-
tion function spectra in a wide energy range at backward angles (including 6., = 180°) in a
single measurement. In this work, we used the TTIK method for the measurement of '°B on
protons excitation function to investigate the resonances in *!C above the *B+4-p threshold.

The article is organized as follows. The experimental details are described in Sec. II,
the data analysis method and results are discussed in Sec. III and finally, summary and

conclusion are presented in the last section.

II. EXPERIMENTAL DETAILS

The reaction channels of the °B+p system have been studied with the low-energy Ra-
dioactive Ion Beams in Brazil (RIBRAS) facility [17, 18], installed at the 8-UD Pelletron
Tandem of the University of Sao Paulo. The measurements were performed using the TTIK
method [15, 16] to obtain excitation functions for 1 C at backward angles in the center of
mass system. In this method, the target is thick enough to stop the beam particles but
allows the light, p and «, particles to be detected. In the present case, the beam lost en-
ergy from E.,, = 0 MeV to 3.3 MeV while penetrating the target. A pure B beam was
obtained from the Pelletron accelerator at an energy of E,,,= 38.4 MeV. To avoid the de-
terioration of the plastic foil due to relatively high intensity of the primary beam, an 27Al
foil (4.6 mg/cm?) was mounted at the production target of the RIBRAS system to scatter
the incident beam. The scattered °B particles were then refocused by a superconducting
solenoid of the RIBRAS system into the plastic target in the scattering chamber (after the
solenoid). In this way, only scattered particles from 3° to 6° were accepted. Thus the
beam-production target acts as an intensity degrader, producing an elastically scattered °B

beam at Ej,, = 37.2 MeV with an intensity of 107 pps. Another important advantage of
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FIG. 1: (Color online) A schematic view of the experimental setup.

the present technique is to have a beam intensity readout by using a Faraday Cup (FC)
right at the entrance of the solenoid to collect the most forward scattered particles (0° to
3°) and the unreacted beam. A schematic view of the experimental setup is shown in Fig.
1. The target holder in the scattering chamber consisted of three targets: a *“"Au foil 1.25
mg/cm? thick, a natural carbon foil 15 mg/cm? thick and a polyethylene plastic foil [CHs],,
100 pm thick. A thin *TAu foil (1.58 mg/cm?) was placed in front of the plastic target to
measured “B back scattering events. However, due to experimental set-up constraints, they
could not be measured. The beam energy hitting the entrance surface of the plastic target
(after the thin 197Au foil) was 35.93 MeV. The measurement with 197 Au target was used for
calibration purposes. Elastic scattering on this target at 20° was measured between runs
during the whole experiment. This data, along with the integrated charge of the primary
beam (collected at Faraday Cup), was utilized to normalize the intensity of the scattered
beam and it was quite constant during the measurement (about 107 pps). Measurements
with the natural carbon target were also performed to subtract the contribution from the
reactions of the 1B beam with the carbon present in the polyethylene foil.

The scattered particles from the reaction target were detected with AE-E silicon tele-
scopes placed at laboratory angles of 6j,,= 0°, 5°, 10°, 15° and 20° with respect to the beam
axis. These telescopes, comprised of silicon surface barrier detectors of 50 pm and 1000 pum
thickness, respectively, covered a geometric solid angle of 8.70 msr. The detectors in the
telescopes were calibrated using a-source measurements. The energy resolution of the °B
beam (from ®7Au run) was approximately 410 keV, which corresponds to a proton energy
resolution of 41 keV. The great advantage of the method is the good energy resolution,
which does not depend strongly on the energy resolution of the incident beam. We have

used the Lise++ code [19] for the energy loss correction of the proton. The higher edge of
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FIG. 2: (Color online) Two-dimensional spectrum (AE vs Ejegiqual) measured at 6, = 0°. The

measured light particles p, d, *He and *He are indicated.

E¢ ., from the spectra was in good agreement with expected measured E. ., energy of the
beam energy at the front surface of the target. The entrance angle of the primary beam in
the solenoid was between 3° to 6° causing an angular divergence of the refocused B beam.
This effect was investigated using a simulation of the RIBRAS system [20] using the Geant4
toolkit [21]. The angular divergence of the refocused °B beam is about 1° (FWHM) at the
target position, and it produces a straggling in the energy of about 100 keV which is already

embedded in the final energy resolution.

III. ANALYSIS AND RESULTS

A. Deduction of excitation functions

The advantage of the present measurement, in comparison with backscattering at forward
kinematic, is the online beam intensity readout. The proportionality of the readout of °B
beam from the Faraday Cup and the scattered '°B beam, refocused on the polyethylene
target, was kept practically constant during the experiment. This allow us to precisely
measured the intensity of the incident beam, hence reducing the error in the extracted

excitation function. The two dimensional particle identification spectrum AE-E, obtained
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FIG. 3: (Color online) Proton spectra excitation function obtained with the plastic target (green)

and '2C target (blue) (background events) at 6., = 10° (a) and 15° (b).

at O, = 0°, is shown in Fig. 2. As illustrated, ‘He (Q = +1.1457), 3He (Q = -0.5332)
particles and p (Q = 0 MeV) coming from '°B+p reaction are well separated. The bands
for deuterons and tritons are also observed, which may be coming from reaction of °B with
12C target as the Q-value for °B(p,d) and °B(p,t) are -6.2125 MeV and -18.5317 MeV,
respectively.

The background contribution of protons from the reaction of B with carbon nucleus,
also present in the plastic target, is perfectly removed through separate measurements with
a pure '2C target, using the same B beam and under the same experimental conditions.
The background contribution is found to be an order of magnitude smaller compared to the
protons of interest and the background spectra has a slowly varying energy dependence, as
shown in Fig. 3. The thickness of the 12C target was taken in such a way that the observed
proton spectra span about the same energy range as that obtained with the plastic target.
The background was not measured at 0° and 5° since the "B beam was not completely
stopped inside the carbon foil at these angles. The background at these two angles was
obtained by extrapolation of the measurements at other angles. The integral of background
counts at 10°, 15° and 20° were fitted with a linear function and extrapolated for 0° and 5°.
Then the ratio of the integral value for 0° (and 5°) and that of 10° was multiplied with the
measured background spectra at 10° to estimate the background spectra for 0° (and 5°).

The proton spectra obtained from the p('°B,p)!°B resonant scattering, with energy loss
correction and background subtraction, are shown in Fig. 4. The energy range of the proton

spectra investigated in the present work is E.,, = 1.2 to 3.3 MeV, which corresponds to
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FIG. 4: (Color online) The extracted excitation function for the reaction channel °B(p,p)!°B at

indicated lab angles.

excitation energy of 9.7 to 11.9 MeV in C. The level scheme of 'C in this excitation
energy range is shown in Fig. 5. One should note that above the proton threshold (S,=
8.6987 MeV) the spin assignment for the levels is not well established. Also, as can be seen

in the Fig. 5, the level scheme of 1C is quite complex.

B. Comparison with previous results

Proton spectra data from direct kinematics (backscattering) of proton beam on '°B target
is reported in Chiari et al. [12]. The comparison of the excitation function of the present
inverse kinematics with the direct kinematics data is shown in Fig. 6, where a good agree-
ment, for the most forward angles, is observed up to 2.5 MeV. The resonances in the inverse
kinematic are broader compared to those observed in the direct kinematic data, and they get
broader at the spectra measured in angles far from 6,,,=5° (0},,=170° direct kinematic). In
the laboratory frame and in inverse kinematics, the center of mass angular range gets com-
pressed from 180° into just the forward 90°. The consequence of this is that the cross-section
will be very sensitive to angle of the measurement, and any uncertainty in the detector angle
could cause some difference in the spectra. Also, the solid angle of the detector covers a
much broader angular range in the center of mass frame compared to the lab frame. The

former seems to be not so significant in the present work because the low energy resonance
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FIG. 5: (Color online) Energy level diagram of the ''C nucleus above the proton separation energy
(indicated with the dotted line). The values in black color correspond to the levels reported in the
Ref. [11], in blue are resonances reported in the references tabulated in Table I and in red the new

resonances observed in the present work.

peaks in the present case are coinciding with those observed in Chiari et al. [12], but the
latter can be a possible contribution for the broadening of the resonances.

Also, as can be observed in Fig. 6, there is some discrepancy in the higher energy region
(above 2.5 MeV). To better understand this discrepancy, we first checked the influence of
energy loss, since, in the present method, the derived cross section is very sensitive to the
stopping power. Also, the energy loss correction is an important issue to properly obtain the
proton spectra. We calculated the stopping power and energy loss with the Lise++ platform
[19]. By changing the value of energy loss by & 40% a little influence on the proton spectra
was observed. We also ruled out possible beam contaminants since the refocused scattered
19B is obtained as a clean beam in the elastic scattering spectra measured with '*7Au target.
Additionally, we also estimated the possible inelastic scattering contribution. The inelastic
scattering would occur for E, > 790 keV in direct kinematic. However, as observed in Ref.
[24], the inelastic scattering cross-section, due to the excitation of the 1°B projectile or 2C

target, in the energy range of the present measurement is low (3 to 6 order of magnitudes



TABLE I: Resonance properties for ''C above E,= 11 MeV, available in literature.

E, (MeV) J7 T, (keV) Ref.
11.03 5/27,7/27 - (9]
11.26 7/2% 192 [22]
11.44 3/2%, 7/2% —~ [9]
11.99 7/2+ 467(112) [23]

lower as compared to measured cross-section) and flat. We, thus, can consider that inelastic
scattering would not have any structure and would not make any influence in the energy
spectra of the present work. Although the discrepancy in the normalization between direct
and inverse kinematic data for the energy region above E.,,, = 2.5 MeV is not trivial, there
is a clear indication of a resonance for the proton at energy between E., = 3.0 and 3.5
MeV in our spectra. This resonance is observed in the excitation function for the proton
capture reaction reported in Fig. 6 of Ref. [25], with a higher cross section higher than the
resonance at E.,, = 2.0 MeV.

Although we could not achieve the same energy resolution as the forward kinematics
measurement for angles other than 180° degree, our approach allowed a better normalization
determination. The measurement at 5° in inverse kinematic (compared to the 170° at forward
kinematic) has similar resolution. The resolution is better, and about the same as direct
measurements, for the 0° excitation function. Moreover, the present data was shifted by 30
keV towards the low energy side to match the peak positions of Chiari’s data. This shift may
be due to uncertainty in the energy calibration. On the other hand, the excitation functions
of Chiari et al. [12] has some systematic uncertainty and were normalized to present data

using a factor of 0.92 (obtained from the prominent peaks).

C. R-matrix calculations

To further investigate the resonances in 'C, the measured excitation function in the range
of 1.2 to0 3.3 MeV (E, = 9.9 to 11.7 MeV) has been analyzed with the multichannel R-matrix
code AZURE2 [13]. The level structure of the ™ C nucleus in this energy range (above the

proton threshold) is quite complex, as shown in Fig. 5. The complexity of level structure of
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FIG. 6: (Color online) Excitation functions measured in the present work compared with the
one obtained in direct kinematic reported by Chiari et al. [12]. The corresponding angles are
mentioned in the lab frame and the equivalent lab angles from inverse to forward kinematics are

given inside the square brackets.

1€ nucleus has already been observed in the 1°B(p,7)!'C proton capture reaction [26], where
strong, broad and interfering resonances were observed. The previous direct kinematic data
for 1°B(p,p) by Chiari et al. [12], measured in the energy range of 0.5 to 2.3 MeV, have also
observed strong resonances. The proton spectra obtained from Chiari’s experiment were
recently analyzed with R-Matrix by M. Wiescher et al. [11]. In their analysis, although
two strong and prominent peaks at E, = 10.08 (7/2") and 10.68 MeV (9/2%) dominate
the spectra, some other broad resonance at E, = 10.10 MeV (5/2%) and E, = 9.98 MeV
(7/27) were included in the fitting, giving overall good results. The low energy region of
the spectra (below 1.0 MeV) is dominated by the Coulomb scattering. It is important to
mention that in the analysis of direct kinematics data up to E., = 2.2 MeV in Ref. [11], the
contribution of inelastic scattering (due to the excitation of the first excited state of 1°B at
718 keV) was considered negligible. This assumption is based on the results of the analysis
reported in Ref. [27]. However, another work by Bernstein et al. [24] has shown that the
inelastic cross-section flattens out above 2.5 MeV and is almost constant up to 3.5 MeV.
We have calculated the cross-section for elastic and elastic+inelastic channel, separately, in

the AZURE2 code (without fitting the data set), and the observed cross-sections for the

10
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including all the measured angles. The resonant energy levels considered above 11.0 MeV are:

11.26 MeV, 11.44 MeV, and 11.75 MeV. The corresponding spin-parity combinations for these

three levels are shown with legends.

two cases are nearly identical up to E. . =3.5 MeV. Thus, in the present analysis we have
neglected the contribution from the inelastic scattering.

The simultaneous fitting of the spectra measured at all angles are shown in Fig. 7.
The starting values of energies and spin-parity in the fitting procedure were considered
from the previous R-matrix calculations of direct kinematics data [11]: E, = 9.98 (7/2—),
10.125 (7/2%), 10.15 (5/27), 10.694 MeV (9/27). Since the range of our spectra extends
to somewhat higher energy than the previous data, a few extra resonances above 11.0 MeV
were included: E, = 11.03, 11.26, 11.44 and 11.75 MeV. The resonance at 11.26 MeV was
previously proposed in the literature [22]. This resonance was actually reported in the old
compilation for A= 11 nuclei in Ref. [28]. In the new compilation for ''C [9], the resonances
at E, = 11.03 MeV and 11.44 MeV, with spin-parity J* = 5/27 or 7/2~ and 3/2% or 7/2%,
respectively, are proposed. The energies of these resonances were kept fixed during the fitting
process. The resonance at 11.75 MeV has been included based on the spectrum measured

at 0., = 180°.
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FIG. 9: (Color online) Role of three proposed resonances in the best fit: the results shown are

obtained by excluding one at a time as indicated with the legends.

All the previous proposed resonances for *C above E, = 11.0 MeV in the literature are
listed in Table I. We have tried considering all these states in the R-matrix fitting procedure.
For all the spectra measured at different angles, the number of dependent variables are large
and it is very difficult to get a conclusive result. To minimize the number of fit parameters we
fixed the energies of the all resonances to values mentioned above, however, the partial widths
were allowed to vary. The experimental resolution of 41 keV (in c.m. frame) and channel

radius of 4.4 fm were considered in the AZURE2 code. The results of such calculations

12



can be seen in Fig. 7. After trying different possible assignments for the two resonances
at E, = 11.26 and 11.44 MeV, the best fit gave 7/2% and 1/2% or 3/2", respectively, as
indicated in Fig. 7. The addition of the resonance at E, = 11.03 MeV does not show any
significant effect on the resonance structure, hence it was ignored. The states with E, below
9.0 MeV were tested and showed negligible influence onto the present energy range spectra.
They were not considered in the final results shown in Fig. 7. A resonance at 11.75 MeV
(fixed value) was considered to better reproduce the high energy part of the spectra. For
a consistent analysis, the spectra measured at 6., = 160°, 170° and 180° were truncated
at the proton center of mass energy of 3.1 MeV. The spectra measured at 140° and 150°
were truncated at lower proton energy (2.5 MeV) due to the larger energy loss as the target
gets thicker. This truncation produced different ranges in the spectra shown in Fig. 7 as a
function of excitation energy of 'C. Since the spectrum at 6, = 180° was measured up to
the energy of 11.8 MeV, an indication of a resonance at E, =11.75 MeV can be observed.
After trying different assignments, the spin-parity 5/2% for this resonance gave a reasonable
fit for all spectra. From our analysis, any negative parity for the three new resonances above
11.0 MeV (11.26, 11.44 and 11.75 MeV) are completely ruled out.

By taking a closer look at the spectra shown in Fig. 7, one can see that the results for
the strong resonance at 10.68 MeV are different in the spectra measured at different angles.
The overall calculation underestimated the 180° data, reasonably fitted the 170° and 160°
data, and overestimated the remaining angles, 150° and 140°. This might give an indication
that the height of the resonance peaks, which are in turn related to the broadening of the
peaks, is dependent upon the detector angle in center of mass. In fact, the present data
is measured in inverse kinematics and the AZURE2 code only treats data in the direct
kinematics. We have, thus, converted the inverse kinematics data to the center of mass
system, and then convert to direct kinematics energies, considering the energy axis in terms
of excitation energy of 11C. We have to consider that there is a broadening of the peaks due to
the angular opening of the detector. This broadening effect should be much less pronounced
for zero degree (0., = 180° in the center of mass frame) measurement as compared to the
other angles measurements, since it covers the plus and minus direction.

Since we expected a better resolution for the measurement performed at (6., = 180°,
we performed an independent analysis for the spectrum measured at this angle. For this

analysis, we extended the energy range of this spectrum as compared to the one in the

13



simultaneous analysis shown in Fig. 7. In this case, we are dealing with a single data
set and the dependent parameters are reduced. We, hence, considered the energy values
and partial widths (for resonances above 11.0 MeV) as variable parameters and different
spin-parity combinations are tried for the full range spectrum. A test for E, = 11.26 MeV
resonance indicated the negative parity assignment should be ruled out and J™ = 7/2% gave
the best result. The calculation also shows that 1/2% spin parity for the resonance around
11.44 MeV (initial value) is not able to explain the higher energy part. However good fits
are obtained with 5/2% or 3/2*. In fact, the resonance structures obtained with 5/2% (or
3/2%) and 5/27 (or 3/27) are similar with almost the same value of best fitted E,. The
best fit to the spectra having minimum chi-square, shown with the solid red line in Fig. 8,
is obtained by adding the state at E,= 11.75 MeV (considered as variable) with spin parity
as 5/2" and with 3/2% spin parity for 11.44 MeV state.

The parameter values obtained from the best fit are quoted in Table II. The resonance
with initial energy of 11.44 MeV changed to 11.589 MeV and the resonance at 11.75 changed
to 11.691 MeV. The importance of the presence of these resonances were tested and the
result is shown in Fig. 9. The lower resonances reported in Wiescher’s paper [11] showed a
significant influence on the spectrum considered here, their role is checked considering one at
a time. While performing the calculations, we observed that an improved results is obtained
if we replace the the resonance at 10.15 MeV (5/2%), mentioned in Wiescher‘s paper [11],
by 10.503 MeV (5/2%). The excitation energy of the isobaric analog states in "B can be

calculated from the resonance energy, E , , as
Ex = Ec.m. + Sn - AEC? (1)

where S,, = 11.45 MeV is the neutron separation energy and AEq is the Coulomb displace-
ment energy that is assumed to be 2.2 MeV. This is consistent with the reduction in the
Coulomb energy difference observed in ''C and !B due to the strong cluster configuration
of the high energy states [23]. Fig. 10 shows a diagram of the mirror states obtained in this
study. The proposed states are consistent with the values reported in other works [29], in
particular with the "Li(,p) and "Be(a, p) experiments of Yamaguchi et al. [9, 30]. They
reported a 5/27 state in ''B at 11.063 MeV that is consistent with the analog state in *C
at 10.503 MeV (5/2%) proposed in the present work.

We have tested the consistency of the results by performing R-matrix calculation con-

14
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FIG. 10: The observed resonant states in !C and together with those obtained with eq. (1) for
the mirror analog to !B states. For each state, E, in MeV and J™ are mentioned. The states
reported in literature [29] for the !B are shown with red dotted lines and corresponding resonant

parameters are mentioned in red.

sidering the final results obtained for the 6., = 180° spectrum to the other spectra. The
results by fixing the spins and leaving the energy and width to vary, indicate that the spin

assignment is consistent but there is a small variation in the energy within 100 keV.

IV. SUMMARY AND CONCLUSION

The energy region between E., =1.2 MeV and 3.3 MeV, corresponding to the excitation
energy of E; = 9.6 and 11.8 MeV in *C, above the °B+p threshold, has been scrutinized
with single incident energy using the method of thick target in inverse kinematics. From
the R-matrix analysis considering all spectra measured, the previous resonances at E, =
9.98 (7/2—), 10.125 (7/2%), 10.15 (5/27), 10.694 MeV (9/2T), were considered plus the
three new resonances above the 11.0 MeV: E, = 11.26 (7/2%), 11.44 (3/2* or 7/2*) and
11.75 (5/27) MeV. Considering the R-matrix analysis only for the spectrum measured at
O..m. = 180° the values for the three new proposed resonances are slightly different, namely,
E,=11.26 (7/27%), 11.589(3/2%) and 11.691 (5/2%) MeV. From our result, a lower resonance
previously reported at E,= 10.15 MeV (5/2%) seemed to have an excitation energy of E,=
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TABLE II: Proposed resonance properties for ''C obtained from the best fit.

E, (MeV) J (s, 1) T, (keV)
10.503 5/2+ (5/2, 0) 275.1
(5/2, 2) 350.5
(7/2, 2) 7.6
11.26 7/2+ (5/2, 2) 347.9
(7/2, 0) 20.5
(7/2, 2) 711.9
11.589 3/2% (5/2, 2) 0.6
(7/2, 2) 301.1
11.691 5/2+ (5/2, 0) 64.1
(5/2, 2) 105.7
(7/2, 2) 180.2

10.503 MeV. This proposed value of E, nicely follows the trend for the structure of mirror
nucleus 1B.

The presence of a resonance at 11.42 MeV in !B has been used to explain the branching
ratio observed in the S-delayed proton emission of ''Be [31]. From our results, the cor-
responding mirror analog of this resonance in 'C, considering the Coulomb displacement,
would be at about 11.00 MeV. However, as already mentioned, the addition of the resonance
at B, = 11.03 MeV in the R-matrix calculation does not show any significant improvement
in the fit, hence it was ignored.

Moreover, the present work reveals that while doing such inverse kinematic measurements,
the angular coverage should be as small as possible to reduce the broadening of peaks in the
resonance structure. In fact, the present study requires the inclusion of the solid angle of
the detector in the experimental effects in AZURE2 program to extract the precise results
from the data. This is particularly important while doing the R-matrix calculations for the
data measured in inverse kinematics.

From the present work, we conclude the validation of the data measured with TTIK
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technique with respect to the direct kinematics data. This method will be further useful
to investigate the complex resonance structure of other exotic nuclei such as ''B through a

10Be+p resonant elastic scattering measurement, which is our planned future work.
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