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My Research:

My principal area of research is the experimental and theoretical understanding of nuclei away from
stability. My research interests are interdisciplinary.

(I) Experimental and Theoretical: Proton-induced reactions on Se isotopes:

Management of long-lived nuclear waste is an important aspect for any sustainable nuclear energy
programme. Several strategies are being explored for
the transmutation of the long-lived fission products
such as "’Se. Neutrons, protons and photons are being
considered as suitable probes for this program.
Neutrons are not suitable for the transmutation of Se
isotopes. It turns out that p-induced reactions in
particular and low energy protons (about 20 MeV) are
suitable for converting "Se to short-lived "’Br while
transmuting the other Se isotopes to either stable or
short-lived Br isotopes.

While (p,n) data exist for stable Se isotopes over a
limited energy range, there are no data for the radioactive "’Se. Hence, the cross sections of the (p,n)
reactions on '&""7*8082Qe yusing natural Se targets using stacked-foil activation technique have been
measured. Se deposited on Al targets have been irradiated with proton beam of energies from threshold to
18.5 MeV using 14 UD BARC-TIFR Pelletron accelerator facility at Mumbai. Since the half-lives of the
isotopes are relatively long, radioactivity of the activation products was determined via off-line gamma-
counting method using high resolution HPGe detectors. The target thickness was measured using PARAS
accelerator at JUAC, New Delhi and FOTIA accelerator, Mumbai. The excitation function for the
76’77’78’80’82Se(p,n) obtained experimentally has been compared with statistical model codes Empire and Talys.
With suitable adjustment of optical model and level density parameters, there is good agreement between
experiment and calculated excitation function. Details are given in M. Hemalatha et. al., Proc. DAE-BRNS
Symp. on Nucl. Phys. 61, 588 (2016).

Team: M. Hemalatha, N. Maladkar, A. Patel, S. Kailas, S. G. Wahid, D. Negi, S.K. Tandel, BARC and
IUAC collaborators

(IT) Correlation between nuclear charge radii with reaction cross sections:

Investigation of the correlation between nuclear charge radii with reaction cross sections and utilizing this
correlation in predicting the reactions cross sections are being carried out. Smaller charge radii compared to
neighboring isotopes are signature of magic numbers which arise due to the right number of protons or
neutrons. While on the other extreme we have halo nuclei which have abnormally large radius. Observing
the nuclear charge radii in isotopic chains, new shell gaps seems to appear or traditional shell gaps are found
to vanish. These features give insights in to the nuclear interactions.
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(IV) Theoretical Elastic scattering of halo nuclei:

Elastic scattering of light halo nuclei from a variety of heavier systems provides rich insights for
understanding of both nuclear reactions and structure. Recently, there have been a number of
experimental and theoretical investigations focused on this aspect. One of the interesting aspects is to
understand the effect of halo structure on elastic scattering cross sections at near-Coulomb barrier
energies in reactions induced by neutron halo nuclei and weakly bound radioactive beams. Nuclei such as
B¢, He and ''Li, in contrast to stable nuclei, have distinct features such as extended neutron density
distribution and a compact core. The unusual features of halo nuclei largely affect the interaction with
light and heavy targets at low bombarding energies and have created tremendous interest in the study of
nuclear reactions. Elastic scattering is sensitive to the nature of the surface of nuclei and hence it is
effective in studying halo nuclei. In halo nuclei, the effects of dipole polarizability are important and it
affects the elastic scattering cross section at low energies for heavy targets. [ am investigating the elastic
scattering cross sections of halo projectiles on different targets at near-Coulomb barrier energies using
double folding optical model. Details are given in M. Hemalatha, European Physical Journal, 66, 03036
(2014) and M. Hemalatha, Pramana 82, 789 (2014).

Team: M. Hemalatha

(IV) Experimental: Laser Spectroscopy of stable nuclei and nuclei away from stability:

Development of a high-sensitive fluorescence cell and measurement of atomic isotope shift (IS) and
hyperfine structure (Hfs) of stable and radioactive isotopes using laser spectroscopic methods is being
carried out. This experimental set up would be the first of its kind in India for laser based nuclear physics
investigations and was built at Laser Spectroscopy for Nuclear Physics Laboratory. This research work
was carried out mainly with the funding received under the Young Scientist Research Award (YSRA-
2012). Presently, the design and fabrication of the fluorescence cell and development of laboratory for
the laser spectroscopic set-up is in progress. The studies proposed here will have a considerable impact
in the understanding of ground-state properties of nuclei away from stability using laser spectroscopic
techniques. This work is interdisciplinary and involves nuclear physics, atomic spectroscopy, lasers,
accelerators and reactors. Techniques that have high sensitivity and resolution would be required in the
near future as new nuclei are being produced in increasing numbers at accelerated radioactive ion beam
facilities. The development of fluorescence cell that enables on-line measurement of short-lived nuclei
produced in small amounts at accelerators using laser spectroscopy is an important step. The highly
accurate measurements of isotope shifts which are sensitive to small changes in the mean-square charge
radii will provide considerable insight into these issues. Details are in M. Hemalatha et. al., Nucl. Inst.
Meth. A572, 971 (2007)

Team: M. Hemalatha
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