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Introduction

The α-cluster transfer reactions have earlier
been used as a potential tool to study the reac-
tions in the helium burning phase of stars [1].
The direct capture reactions with extremely
small cross sections at low energies are difficult
to measure in the laboratory. Hence, an indi-
rect technique to study α−capture reactions
is useful. This involves investigation of α-
cluster transfer reactions to populate the rel-
evant states in the residual nuclei. The tech-
nique has been extensively used on stable nu-
clei to investigate the astrophysical α−capture
reactions. The loosely bound Lithium isotopes
6Li and 7Li [2, 3] are widely studied in this re-
gard due to their α-cluster structure. Amro et
al. [4] carried out similar study on the radioac-
tive mirror counterpart 7Be. However, the
uncertainty in the optical model parameters
(OMP) due to the limited angular distribu-
tion presented a serious problem in the study
of transfer reactions. The study shows that α-
cluster transfer reaction is more probable than
breakup of 7Be. This low breakup yield makes
the 7Be nucleus an excellent candidate for
the study of high-excitation α-cluster states in
the residual nuclei. We studied the α-cluster
transfer reactions of 7Be to populate the states
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of 16O that dominantly contribute to the al-
pha capture reaction 12C(α, γ)16O in helium-
burning process in nuclear astrophysics.

FIG. 1: Energy (E) vs angle (θ) spectrum of 3He
from 12C(7Be,3He)16O∗ at E(7Be) = 5 MeV/A.

Experimental Results
We carried out an experiment with a 5 MeV/A
7Be beam incident on the CD2 and CH2 tar-
gets at the HIE-ISOLDE facility of CERN.
The detector setup consists of an array of
∆E − E telescopes in the angular range of
40◦−80◦, 127◦−165◦ and an annular E detec-
tor covering 8◦ − 25◦. A detailed description
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can be found in [5–7].

FIG. 2: Energy (E) vs angle (θ) spectrum of 4He
from 12C(7Be,4He)15O∗ at E(7Be) = 5 MeV/A.

We detected the 3He nuclei corresponding to
the reaction 12C(7Be,3He)16O∗. The plot of
energy vs angles of 3He give clear indication
of the transfer channels to different excited
states of 16O (Fig. 1). The separation of
other closely spaced higher excited states of
16O is in progress. In addition to α transfer,
we observed significant 3He transfer channels,
12C(7Be,4He)15O∗ to the ground state and
5.18 MeV excited state of 15O (Fig. 2).
The detailed study of 3He and α transfer
from these reactions, in comparison with the
breakup of 7Be into α and 3He is in progress.

Discussion
We report the transfer reaction studies from
7Be + 12C at 5 MeV/A. Both the 3He and α-

particle transfer reaction channels have been
observed in the angular range 40◦ − 165◦.
The α-particle transfer populates states of 16O
upto ∼20 MeV. Work on resolving the higher
excited states is being carried out. The 3He
transfer populates the ground and 5.18 MeV
excited state of 15O. The dominant excited
states, namely 6.13 (2+) and 6.93 (1−) MeV,
contributing to the α− capture reaction on
12C in the helium-burning cycle has been iden-
tified. At present, we are working on the an-
gular distributions of the reactions.

Acknowledgments

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, Govt. of India under
grant no. ISRO/RES/2/378/15−16.

References
[1] Y. P. Shen et al., Progress in Particle and

Nuclear Physics 119 (2021) 103857.
[2] S. Adhikari et al., Phys. Rev. C 89, 044618

(2014)
[3] N. Oulebsir et al., Phys. Rev. C 85, 035804

(2012)
[4] H. Amro et al., Eur. Phys. J. Special Top-

ics 150, 1-4 (2007).
[5] Sk M. Ali, K. Kundalia and D. Gupta for

the IS554 collaboration, ISOLDE Newslet-
ter 45 (2021).

[6] Sk M. Ali, et al., Proceedings of the DAE
Symp. on Nucl. Phys. 64, 570 (2019).

[7] K. Kundalia, et al., Proceedings of the
DAE Symp. on Nucl. Phys. 64, 582 (2019).

Proceedings of the DAE Symp. on Nucl. Phys. 65 (2021) 489

Available online at www.sympnp.org/proceedings


