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Topological insulators are materials where wave propagations are permitted only on their surfaces. There have
been many studies on the topological physics, topological phases, and topological insulators [1]. Most of them
exploit the peculiar topology of bands in a band structure or a dispersion relation, for instance, the Dirac [2] and
Weyl points [3] and nodal lines [4]. For the recent three years, many progresses have been made on the nodal line
crystals using acoustic systems [5] and photonic crystals [6]. However, most of them focus on topological phases
themselves rather than their surface states.

In this work, we simulate surface states related with photonic nodal lines in the momentum space. First, we prepare
an anisotropic photonic crystal structure called “dielectric double diamond” proposed in Ref. [6]. Our photonic
structure consists of X satisfying f(x) > f, where:

where X = [X1,X5,X3] = (2n/a)(x — ya/2) is a normalized local coordinate defined with the lattice
constant a. Here, the coefficient y describes the translation of one diamond from the other along the [1, 1, 1]-
direction and A; describes the deformation in three different directions.

Then, we apply a structural deformation by changing y to obtain the topological phase transitions of nodal lines.
The phase transition is analyzed using the Euler class, an integer topological invariant [5]:

Xnn(D) = | f,, Ew™dk,dky — §,, ak) - dK|, )

where Eu™™ (k) = (Viuy'| X |Vyiug) is the Euler form and a(k) = (uy'|Vyug) is the Euler connection. We also
calculate their Zak phases from the following Wilson loop:

Wyq(C) = P exp [i f (utque i) - k] 3)

Finally, we show the surface states of our photonic crystals numerically calculated using COMSOL. The array
consists of 16 cells of the double diamond structures, and the finite array is terminated by the perfectly electric
conductors. We believe this study will provide a new insight on topologically protected modes in multigap systems
and widen the scope of topological physics to electromagnetic waves in three-dimensional photonic crystals.
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