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Production cross section of neutron-rich isotopes with radioactive and stable beams
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G. G. Adamian and N. V. Antonenko
Joint Institute for Nuclear Research, 141980 Dubna, Russia

Yongseok Oh'
Department of Physics, Kyungpook National University, Daegu 702-701, Korea
and Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk 790-784, Korea
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(Received 28 January 2014; published 26 March 2014)

The production cross section of neutron-rich isotopes of Ca, Zn, Te, Xe, and Pt are predicted in the diffusive
multinucleon transfer reactions with stable and radioactive beams. With these isotopes one can treat the neutron
shell evolution beyond N = 28, 50, 82, and 126. Because of the small cross sections, the production of nuclei
near the neutron drip line requires the optimal choice of reaction partners and bombarding energies.

DOI: 10.1103/PhysRevC.89.034622 PACS number(s): 25.70.Hi, 24.10.—1, 24.60.—k

I. INTRODUCTION While one can reach only specific isotopes in the complete
fusion reactions, the transfer-type reactions can yield a larger
variety of isotopes because of the restrictions in the choice of
the target. Note that the use of the beam of neutron-rich nuclei
in the fragmentation reactions has no advantage compared with
the beam of stable isotopes.

One of the primary issues of nuclear physics is an expansion
of the present limits of the nuclear chart far from the line
of stability. The neutron-rich isotopes located close to the
neutron-drip line have attracted interests during the last few

Aearadec Tn the ctiidy af avatic neniran_rich nuirlet a vvariatu nf




PHYSICAL REVIEW C 94, 024320 (2016)

Nuclear isospin asymmetry in o decay of heavy nuclei

“Eunkyoun :Shinzl’_ﬁk Yeunhwan Lim,? Chang Ho Hyun,3 +and Yongseok Oh!48
epartment of Physics, Kyungpook National University, Daegu 41566, Korea
2Rare Isotope Science Project, Institute for Basic Science, Daejeon 34047, Korea

3Department of Physics Education, Daegu University, Gyeongsan, Gyeongbuk 38453, Korea
*Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk 37673, Korea
(Received 11 November 2015; revised manuscript received 20 June 2016; published 12 August 2016)

The effects of nuclear isospin asymmetry on «-decay lifetimes of heavy nuclei are investigated within various

phenomenological models of the nuclear potential for the « particle. We consider the widely used simple
square-well potential and Woods-Saxon potential and modify them by including an isospin asymmetry term. We
then suggest a model for the potential of the « particle motivated by a microscopic phenomenological approach
of the Skyrme force model, which naturally introduces the isospin-dependent form of the nuclear potential for the
«a particle. The empirical a-decay lifetime formula of Viola and Seaborg [J. Inorg. Nucl. Chem. 28, 741 (1966)] is
also modified to include isospin asymmetry effects. The obtained «-decay half-lives are in good agreement with
the experimental data, and we find that including the nuclear isospin effects somehow improves the theoretical
results for a-decay half-lives. The implications of these results are discussed, and the predictions on the «-decay

lifetimes of superheavy elements are also presented.

DOI: 10.1103/PhysRevC.94.024320

I. INTRODUCTION

The nuclear o decay has been one of the most important
tools to study nuclear forces and nuclear structure [1]. Even
today, its role cannot be overemphasized in the investigation

of nuclear properties and, in particular, in identifying
axmmthacac Af nawvr aAlamanta (Can FAar avarmnla Dafa D 210N

decay through spontaneous fission, 8 decay, nucleon, and
o emissions, so the role of nuclear symmetry energy or the
change in nuclear potential due to nuclear isospin asymmetry
in these decay processes deserves to be studied.

In the standard approach, the w-decay lifetimes are gov-
erned by the effective potential for the nuclear force which
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Analysis of nuclear structure in a converging power expansion scheme
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' 'Department of Physics, Kyungpook National University, Daegu 41566, Korea
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® (Received 13 March 2019; published 18 July 2019)

Background: In the framework of the newly developed generalized energy density functional (EDF) called
KIDS, the nuclear equation of state (EoS) is expressed as an expansion in powers of the Fermi momentum or
the cubic root of the density (p!/?). Although an optimal number of converging terms was obtained in specific
cases of fits to empirical data and pseudodata, the degree of convergence remains to be examined not only for
homogeneous matter but also for finite nuclei. Furthermore, even for homogeneous matter, the convergence
should be investigated with widely adopted various EoS properties at saturation.

Purpose: The first goal is to validate the minimal and optimal number of EoS parameters required for the
description of homogeneous nuclear matter over a wide range of densities relevant for astrophysical applications.
The major goal is to examine the validity of the adopted expansion scheme for an accurate description of finite
nuclei.

Method: We vary the values of the high-order density derivatives of the nuclear EoS, such as the skewness of
the energy of symmetric nuclear matter and the kurtosis of the symmetry energy, at saturation and examine the
relative importance of each term in p!/? expansion for homogeneous matter. For given sets of EoS parameters
determined in this way, we define equivalent Skyrme-type functionals and examine the convergence in the
description of finite nuclei focusing on the masses and charge radii of closed-shell nuclei.




Analyticity of the electromagnetic form factor and the longitudinal charge density in scalar ¢>
model
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The concepts of causality, linearity, time symmetry, unitarity, and crossing symmetry and their relation to
dispersion relations are discussed. Dispersion relations are applied for the analysis of pion form factor in (1+1)

dimensions. [to be modified]

I. INTRODUCTION

The light-front (LF) formulation based on the light-front
quantization has shown remarkable advantages for calcula-
tions in elementary particle physics, nuclear physics, and field
theory. One of the advantages is that it allows a forthright ap-
plication of the impulse and incoherence approximations inti-
mate in nonrelativistic atomic and nuclear physics to relativis-
tic field theory and bound-state problems [1].

As a prototype example of demonstrating the advantage

transform as the measure of the true size of the bound state
without involving relativistic corrections.

Even though the DYW formulation is the most rigorous
and well-established framework to compute the exclusive pro-
cesses, its utility has been limited only to the spacelike re-
gion (¢> = gtq~ — qi < 0) due to the intrinsic kinematic
constraint g7 = 0. While the g™ # 0 frame can be used in
principle to compute the timelike form factors, it is inevitable
to encounter the nonvalence diagram arising from the quark-
antiquark pair creation (the so-called “Z-graph”). The main




