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Abstract. In this paper, we establish a one-dimensional periodic dielectric
systems based on one-dimensional maxwell's equations, with abundant
topological phase. Through the analysis of the system of chiral symmetry,
the energy spectrum of the system and topological phase diagram under the
influence of various parameters, particularly is a Hermitian topological
phase diagram. By further numerical calculation of the energy spectrum
and eigenfunction system, found a 0 or a PI energy advantage state borders,
and around the edge with the number of boundary value is consistent,
indicates that the system meet the volume boundary correspondence
principle.
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1 Introduction

With the development of the 21st century, put forward higher demands and challenges
in the information age preparation and performance of electronic device. The main problem
is the electronic equipment heat dissipation. Electronic equipment materials, therefore, the
pursuit of low energy consumption, high density and high transmission speed has become a
research hotspot [1]. In the process of looking for new materials, materials science and
condensed matter physics in the field of integration, make progress together. On the one
hand, the development of condensed matter physics, it can provide a direction to find new
material according to the progress of the theory. The exploration of new materials and
research, on the other hand, provide strong support for understanding, validation, and
enrichment of condensed matter physics theory [2]. In recent years, the introduction of the
concept of "topology" in math to condensed matter physics has made new breakthroughs in
the development of condensed matter physics. At the same time, it also provides a new
direction of development of new materials. Combination of quantum hall effect, found that
people tend to look for topological phenomenon the electronic structure of material, we can
find the electronic materials with novel topological properties and excellent physical
properties in these, and provide the support of the revolutionary new design of the
electronic equipment, that is, find a new topological quantum materials [3]. At present, the
research methods of new topological quantum materials are mainly theoretical calculation
and experimental verification. The electronic structure information of some materials, such
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as energy and structure, is calculated and studied, the theoretical prediction is made, and the
experimental phenomena are explained and analyzed in order to deeply understand and
analyze the topological characteristics of materials. In the study of quantum materials, an
important discovery is the quantum effect, that is, under a certain magnetic field, The
electrons will move clockwise or counterclockwise along the direction of the sample, and
will not be affected by unclean or unstable scattering during the movement, so the long-
term resistance in the sample is 0. However, the problem in this phenomenon is that a
strong magnetic field is needed in the process of realization [4]. With further research and
exploration, the two-dimensional topological insulating layer with time reversal symmetry
has been integrated into quantum wells and quantum wells, so as to realize the lossless
transmission of electronic signals without the influence of impurities [5]. Then, in the
principle calculation of the researchers, Zhong Fang studied bi2se3 group materials. Due to
the excellent topological characteristics of power band [6]. During the experiment, the
discovery of human deformity by Qikun Xue and others provided a new research hotspot
for the research of topological materials [7]. In addition, as a new prediction material, the
surface state of semi-metallic materials has also attracted extensive research [8]. In the
process of material search and research, many new polar materials have been successfully
predicted and found, including topographic semi metals. Their geopolitical, accordion and
other characteristics depend on people's continuous exploration and discovery of more new
materials and characteristics [9].

Therefore, based on the above background, the main purpose of this paper is to explore
the physical phenomena and physical properties of one-dimensional periodic dielectric
system through theoretical calculation, so as to provide a new idea for the research and
exploration of topological quantum materials.

2 One dimensional periodic dielectric system

The A one-dimensional Schrodinger equation in the form of Maxwell's equations only
considers one dimension on the propagation of electromagnetic field in the x
direction, 0yE, = —ikpH,,d,H, = —ikeE,. Can construct a one-dimensional periodic
system on the x direction:

heoy = =2k +e)00 L <x < (L+3)L, b—e =0
e M)
hyoy = i2k(t — & — 200y, (1 +2) L <x < L+ DL jty + £, = 0

where 1 € Z, andk € [-m, ) , 0, 0,is the Pauli operator, p is the relative permeability,

€ is the relative permittivity and is the dissipation parameter.

Compared with the common solid lattice, the lattice of electromagnetic medium system
has its own strong advantages in the study of problems. Since the lattice of electromagnetic
medium system is artificially adjusted by the method of external electromagnetic field, we
can realize the lattice parameters that are difficult to realize in solid lattice by adjusting the
conditions of electromagnetic field, such as electric field strength and magnetic field
strength, so that the lattice constant can be adjusted and the particle interaction strength can
be variable, The effect of continuous variation of lattice potential well depth.



ITM Web of Conferences 47, 03033 (2022) https://doi.org/10.1051/itmconf/20224703033
CCCAR2022

Fig. 1.Schematic diagram of one-dimensional electromagnetic field periodic system model. It is
arranged periodically along the X direction. In the first half of the cycle, the placement meets the
requirements p — & = 0 electromagnetic medium; In the second half of the cycle, the placement
meets p+ €= 0 electromagnetic medium. Light travels in a medium.

The period of one-dimensional medium is Hamiltonian
H = hyo, + hyo, 2)

If the system has chiral symmetry[10], the wave function { can be written as Y =
Yg + Py, and satisfy the following transformation THT = A~H, with |1|?> = 1,T? = 1.
The Hamiltonian quantity is substituted into the above formula

T(hyo, + hyoy )T = 27 (ho, + hyo,) = hyd"'o, + hya 1o, 3)
It is required thatTo,T = A" lo,, To, T = A‘lay.Since the anti commutation relation
between Pauli matrices 0,0, + 0,0, = 0,040, + 0,0, = 0 gets THT = —H, it shows that
the system has chiral symmetry.
3 Topological phase of system
In form, the effective Hamiltonian function can be expressed as

Hy(K) = hgx(K)ox + hay(k)oy (a=12) 4)

hex (K)o, and hgy(k)oy are the components of the effective Hamiltonian.
The expression of wave function is

_ hax (k) = ihgy (k)
W1 = Frgw Es(k) ] ®
(1/)5 | = \/—E © [hax (k) — ihay(k) Es(K)] (6)
The energy eigenvalue is
Es(k) = Sh(k),§ = &, (7

where h(k) = \/h?, (k) + h?4y (k) = \[haxhax + Rayhay E*s(K) = h? . (k) + 1?4y (k).
we can also get

(xx(k) O( (k) . hO( (k)

where ¢,(k) can be either a real number or a complex number.
The expressions of the Hamiltonian parameters of the system are

sinhy cosh

hyx () = E(k) — 7", hiy (K) = E(k)

sinhy

©

sinE’
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in hy hysinh
hay(K) = E(Q) T2 hyy (k) = B(k) — 2=, (10)
cosE = coshy coshy. (11)

Equation 11 is the dispersion relation of the system, as shown in the figure[11].

Dispersion relations

quasienergy F

wavenwmber k

Fig. 2. (Color online)Dispersion relation of one-dimensional quantum walk. The continuous line
shows a typical gap phase, where hy, = +m/4,h, = —ke. The two gapless dispersion relations are
h, =0 (slash) and + 1 (point). In both cases, the gap at E =0 and + T is closed.

Figure 2 shows the dispersion relationship between the general value of hy, and the
special values of hy =0 and hy, = . Note that for the general rotation angle hy, the
dispersion relationship has a gap around E = 0 and E = m. For the special value, when
the system energy is E = 0, the system has no energy gap, so the system is in the edge state.

According to the chiral symmetry of its Hamiltonian, a pair of topological winding
numbers [12] can be introduced.

VTt = $ dxi (nﬁé" % ¢§‘> (a=12) (12)

Through numerical calculation, we can get

>, l=2q a=0,+1,+2-
vi =13 (13)
2

,1=2+1, f=0,%1,%2--

Equation (13) represents the winding number increased by H; system after [ length
period. Whether [ is even or odd, the expression of winding number increased by H;
system is the same.

>, l=2a, a=0,+1,42-
(14)

Vio =
Y- i=2p+1, p=0,41,42-

Equation (14) represents the winding number increased by H, system after [ length
period. Whether [ is even or odd , the expression of winding number increased by H,
system has a negative sign difference. Therefore, there are two kinds of edge states in the

https://doi.org/10.1051/itmconf/20224703033



ITM Web of Conferences 47, 03033 (2022) https://doi.org/10.1051/itmconf/20224703033
CCCAR2022

system. When [ is an even number, it belongs to the first kind of edge state E, = 2Sm,
represented by E; = 0; When [ is odd, it belongs to the second kind of edge state E, =
2St + m, represented by E, = 1. When there is no gap in the system, that is, when E = 0
or T, the topological phase transition occurs. When the imaginary phase does not exist, it
belongs to Hermite system, then the system satisfies the following formula

€ 2n 2a
§__T'l_{26+1' (15)
It shows that % as long as there is topological phase transition in the range of rational

number, that is, the existence of imaginary number term does not affect the existence of
topological phase.

Fig. 3.Topological phase diagram in Hermite system. Let [ = 1, when n = 1,2,3, the relationship
between dielectric constant a and dissipation parameter B is shown in the figure.

When the imaginary number phase exists, it belongs to the case of non Hermite system.
The self consistent equation of phase diagram is
_k = £ 2 (& _ -
exp ( yna) sec (Yna) + [sec (y ‘ITO() 1, l=2a. (16)
na . . .
We make the module of 7 equal to 1, and due to the construction of one-dimensional

system u— €= 0and p+¢€ =0, so these two equations need to be satisfied at the same
time. So when p and &€ Only when these three conditions are met can there be topological
phase [13-16]. The topological phase diagram is shown in the figure.
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Fig. 4. Topological phase diagram in the case of non Hermite system. Dielectric constant € And
permeability p The relationship is shown by the black solid line, and the images of p—¢& =10 and
pu+ € =0 are shown by the red dotted line u and & Only when the conditions of intersection are
met can the topological phase be generated.

Bulk-boundary correspondence [17,18] is a topological characteristics of the material,
this is a one-to-one correspondence between express topology status system and the number
of peripheral countries. System, we studied the existence of the laps of the condition that
accords with a condition of the edge of the zero state, this suggests that there is a
corresponding relationship between them. Within the system is a topology of mediocre
stage and external system is a topology of mediocre stage.System topological phase
transition occurs at the border, lead to the existence of zero energy or energy bound state in
the phase interface, and the value of the winding is in line with the matching the number of
peripheral countries have the same probability distribution, indicates the boundary of the
territory's energy 0 and protection by the topological characteristics of the system, the chiral
non Hermitian symmetrical one-dimensional electromagnetic medium system meet the bulk
- a boundary correspondence principle.

4 Conclusions

The energy spectrum of the system and the number of turns calculation theory. The results
showed that the upper and lower band gap energy band can be 0 to close or open the energy
and the energy change of PI under the adjustable parameters. System through phase change
topology, the topological mediocre and topology of mediocrity. Each topology stage by a
couple of laps, meet the volume boundary correspondence principle. There is a topological
phase topological edge protection of the state of the phase interface. By changing the
parameters, the topological phase will appear in the value system of the circle, which
enriched the topological phase diagram of the system.

The Graduate Program of Scientific Research Foundation of Yunnan Education Department (Grant
No0.2021Y708).
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