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ABSTRACT
Based on Symanzik's approach, we propose a model of the
interaction of a spinor with a material plane. We investigate
the scattering of Dirac particles on the plane and the properties of states localized in its vicinity. The model can
and application to a wide class of phenomena occurring
during the interaction of quantum-electrodynamics fields
with two-dimensional materials.

PROBLEM STATEMENT
To describe the interaction of a quantum field with a material object (defect),
Symanzik proposed to use the action functional of the form

1948 Casimir showed that as the result of uctuations of the
quantum vacuum, attraction occurs between two ideally
conducting plates of a planar uncharged capacitor [1].

Here,

- identity 4x4 matrix,

γ 3 , γ 5 = iγ 0γ 1γ 2γ 3 are Dirac matrices.
is described by

SV is the action of the original quantum field system and Sdef is the

Γ is a subspace of dimension

′

in a

D

It is a version of the Euler-Lagrange equations for action, obtained by taking the
functional derivative of the action with respect to
. Taking the derivative
with respect to
yields a second equation:
dimensional space [2].

The basic principles of QED-gauge invariance, locality, and renormalizability—impose strong constraints on the possible form of the defect action S def .
Interaction of the electromagnetic field Aµ ( x ) with a two-dimensional surface
without charges and currents of a shape determined by the equation Φ ( x ) = 0
, is described by the Chern-Simons functional:

Analysis of possible singularities of spinor
in the point
the following: for
the field
satisfies Dirac equation

and for

Character distances: 10-1000 nm. Both classical and quantum properties of the system turn out to be essential.

This expression is the most general form of a gauge-invariant action that is supported on a defect surface, is invariant under reparameterization, and does not
contain negative-dimension parameters [3].

The investigation that we present here is based on Symanzik's approach, in which the interaction of quantized fields
with a spatial inhomogeneity is modeled by an additional
action functional (defect action), supported in the spatial
domain where this inhomogeneity-a macroscopic object-is
located [2] .

A fermionic contribution to the defect action in the most general form is written as

In view of the recent progress in the physics of two-dimensional matter, special attention is given to quantum field
models with two-dimensional spatial inhomogeneities. In
quantum electrodynamics (QED), the interaction of photons
with a two-dimensional defect is entirely determined
by the requirements of locality, gauge invariance, and
renormalizability and is described by a Chern-Simons action
functional with one dimensionless constant characterizing
the properties of the material [3]. The Casimir force depends
on that constant and thus become nonuniversal and for a
planar capacitor can be not only attractive but also repulsive.

with

The motion of a spinor particle in the field of the defect
the Dirac equation

where
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where Γ j are the 16 basis Dirac matrices and α j are dimensionless coupling
constants. The full action of the model, which satisfies the locality, gauge invariance, and renormalizability requirements, has the form written as

By virtue of the renormalizability requirement, the coupling of fields is described by the standard term ie A in the QED action.
As the defect, we consider the material plane
the action of our model,

x 3 = 0 . Then in the Dirac part of

the interaction of the spinor field with the plane is described by the matrix
. Because
and
have the dimension of mass,
the matrix
is dimensionless. By the symmetry of the system, it must be
invariant under transformations in the subgroup of the Poincare group not
changing the
coordinate. In the most general case, the matrix can be
represented as

leads to

following relations hold

where

The localized in the area
states are obtained if
and κ
is imaginary. This state is possible
only if the
, where

The coefficient
can be positive, negative or equal to
zero for the appropriate values of the parameters .
E.g.
if
, ς2 =1 ,
, and
if
,
,
. If
,
,
,
then
, and
, if
,
,
.
The case
is not realized.
The dispersion law
describes free particles with
the effective mass
in the (2 + 1)- dimensional
space-time with two spatial coordinates and one temporal
coordinate if
. If
or
, then the corresponding particles are massless. The motion of such particles explains numerous effects in graphene.
, then
states with
occur, and the corresponding
current, which is parallel to the defect plane, cannot be
equal to zero. Such states are similar to perfect conductivity
or maybe to superconductivity states.

We have constructed a model of the interaction of a fermion field with a material plane in the framework of Symanzik's approach. The action functional of the model includes
the standard spinor Dirac action and an additional contribution from the defect, supported in the part of space that it
occupies. The action contains three parameters characterizing the properties of the material of the plane.
In the model, we calculated the characteristics of a Dirac
particle scattering on the defect plane and also studied the
properties of states localized near the defect plane.
The model and the results obtained using it can be used to
theoretically describe processes of the interaction of electrons, positrons, and neutrons with two-dimensional materials (graphene, thin films, sputter, sharp boundaries of a
solid body). Simple modifications of the model allow taking
the effects of the action of external electromagnetic fields
into account.
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