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Regulated perturbation theory for two-dimensional atomic systems

Le Van Hoang

HCMC University of Education

We have developed a novel approach called regulated perturbation theory for solving the Schrodinger
equation of a two-dimensional hydrogen atom in an external field by combining the conventional
perturbation method with several elements of the Feranchuk-Komarov method. This includes the
Levi-Civita transformation, the algebraic calculation technique using the annihilation and cre-
ation operators, and the introduction of a free parameter to optimize the convergence rate of the
perturbation series. The application is demonstrated for excitons in monolayer transition-metal
dichalcogenides in a magnetic field.
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Dielectric environment and Rydberg excitons in atomically thin semiconduc-
tors

Hoang Ngoc Cam

Institute of Physics, Vietnam Academy of Science and Technology, Dao Tan Str. 10, 11154
Hanoi, Vietnam, Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Re-
search, 141980 Dubna, Moscow Region, Russia

The dielectric environment contributes to electrostatic interaction in atomically thin (2D) semi-
conductors, rendering their excitons environmentally sensitive. Extended Rydberg excitons, com-
patible with modern semiconductor technologies and thus offering prospects for quantum sim-
ulation, quantum optics and quantum sensing, have been observed in a 2D semiconductor up
to n=11. How the environment affects 2D Rydberg excitons is still poorly understood. Here we
exploit a variational approach for modeling 2D Rydberg excitons within an effective mass approx-
imation. We formulate Rydberg exciton binding energies and wave functions in their systematic
relation to the dielectric contrast of the 2D semiconductor and its immediate surroundings.
The model demonstrates the environmental role in determining both the overall picture of the
Rydberg exciton spectrum and individual features of each. Furthermore, it provides a scaling
rule for Rydberg excitons in moderate and high screening media that resembles the behavior of
their conventional 2D counterparts, but is governed by a function of dielectric contrast. Avail-
able experimental observations support our model, which clarifies fundamental Rydberg exciton
physics in 2D semiconductors and can be used for dielectric control of Rydberg exciton features
through dielectric engineering.
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Quantum corrections to cosmological potentials and the origin of the cosmo-
logical constant

D. I. Kazakov

Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna, Russia

We demonstrate how one can calculate the leading quantum corrections to arbitrary scalar
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potentials even in non-renormalizable theories. We derive the generalised RG equation for the
effective potential which takes into account all the leading terms in all orders of perturbation
theory, just like it takes place in renormalizable case. Application of this formalism to the
co-called alpha-attractors in inflationary cosmology leads to increase of the potential at the
minimum which can be interpreted as appearance of the cosmological constant due to quantum
corrections. Choosing the set of parameters dictated by inflation scenario one can get the value
of the cosmological constant satisfying the modern data.
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Holographic Paradigm and Black Hole Thermodynamics

Bum-Hoon Lee

Sogang University, Seoul, Korea

The holography principle says that the quantum field theories in the d-dimensional spacetime can
equivalently be described by the one-dimension higher d+1 dimension classical gravity system
with the negative cosmological space-time (so-called anti-de Sitter (AdS) space). For example,
the coupling constant in the quantum field theory is related to the “size” of the AdS space.
This provides a new paradigm to describe the strongly interacting quantum system, such as
nuclear interaction or strongly correlated system, in terms of a corresponding classical gravity
system. The black hole, a long-time studied object, is known to have thermal properties with the
so-called Hawking temperature. Hence, the finite temperature quantum system will be related
to the gravity theory with the black hole. The crucial step in relying on this new paradigm
is finding the right gravity system. In this presentation, we will explain the underlying key
ideas and concepts of the holographic principle and the black hole thermodynamics with some
examples.
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Effects of a perpendicular electric field, electron-hole coupling, and dopants
on the electronic phase transition in bilayer P6mmm borophene

Le Thi Thu Phuong (1), Nguyen Ngoc Hieu (2), Huynh Vinh Phuc (3), Vo Thi Tuyet Vi (4),
Bui Dinh Hoi (1)

(1) University of Education, Hue University; (2) Duy Tan University; (3) Dong Thap University;
(4) University of Medicine and Pharmacy, Hue University

We investigate the influence of external stimuli, including a perpendicular electric field, electron-
hole coupling between sublayers (excitonic effects), and dopants on the potential electronic phase
transitions in bilayer P6mmm borophene. Our focus is on key electronic properties such as the
band structure and density of states. Our findings reveal that the pristine lattice is metal with
Dirac cones around the Fermi level, where their intersection forms a nodal line. The system
undergoes transitions to a semiconducting state – elimination of nodal line – with a perpendicular
electric field and a semimetallic state – transition from two Dirac cones to a single Dirac cone
– with combined electric field and excitonic effects. Notably, with these, the system retains its
massless Dirac-like bands characteristic at finite energy. However, introducing a dopant still leads
to a metallic phase, but the Dirac-like bands become massive. Considering all these effects, the
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