User guide of TopologicalSupercon for version 1

Seishiro Ono': *
Y Department of Applied Physics, University of Tokyo, Tokyo 113-8656, Japan

TopologicalSupercon is a subroutine, which can quickly diagnose possible topological and nodal supercon-
ductivity based on symmetry-indicator method for any material. Users can use this subroutine just by uploading
a particularly formatted result of first-principles calculations. In this document, we explain how to prepare the
input file and how to run the program.

Generating inputs
1. Formatting results of first-principles calculations

The input file must contain symmetry operations and characters of irreducible representations for each band in a particular
format. Although one can make it by oneself, three external programs (vasp2trace [1], irvsp [2], and geirreps [3]) can automati-
cally generate it. To use our subroutine for superconductors, there are two additional things to do.One is to add the Fermi energy
to the first line of the input produced by the above external programs. The other is to compute the characters of the hole-bands
below the Fermi energy and include them in the input. In other words, one should take into account the partially filled bands in
the computations for superconductors. A sample input of the subroutine for superconductors is shown in Appendix A 1.

2. Precautions on convention

When one generates an input, one should pay attention to the convention. In first-principles calculations, one must follow the
following settings [5]:

(1) For space groups No. 3—15 (Monoclinic space groups), the rotation axis and the direction perpendicular to the mirror plane
are set to the +y-axis.

(i1) For space groups No. 75-139 (Tetragonal space groups), the four-fold rotation axis is set to the +z-axis.
(iii) For space groups No. 143-194 (Trigonal and Hexagonal space groups), the three-fold or the six-fold rotation axes are set
to the +z-axis.

(iv) For any space group, the spin-quantization axis is set to the +z-axis.
(v) The primitive lattice vectors (a, b, ¢) are chosen in the same way as Table L.

Running the program

Here, we explain how to use our subroutine given a correctly formatted input.

3. Uploading the input file

First, one goes to the page TopologicalSupercon (http://toposupercon.t.u-tokyo.ac. jp/tms) and uploads the
input file by clicking the uploader button and selecting the file.

* toposupercon @ gmail.com.


http://toposupercon.t.u-tokyo.ac.jp/tms
mailto:toposupercon@gmail.com.

TABLE 1. Primitive lattice vectors. When one performs first-principles calculations, one needs to choose the primitive lattice vectors in the
same way as the following table. Here, a, b, ¢, and - are independent lattice parameters. In the output of the subroutine, the parameters are set
toa=b=c=1landvy=7/2.

Lattice ‘ (a,b,c) ‘ Lattice ‘ (a,b,c)
a 0 —ccos(y) Tasin(y) —zasin(y) 0 —asm('y) lasin(fy) 0
Monoclinic primitive 0b 0 Monoclinic base-centered g % 0] or 5 0
0 0 ecsin(y) Lacos(y) —zacos(y) c —aco%(w) ——aco%(ﬂ/ c
a 00 % -5 0 3 % 0
Orthorhombic primitive 0b0 Orthorhombic base-centered 5 % 0] or —g 5 0
00 c 0 0 c 0 0 c
Orthorhombic body-centered % —g 3 5 —3 —g Orthorhombic face-centered 0 % 3 ]or|0 —% —%
fs o) \bg f £50) \s 5 0
a 00 —T T 2
Tetragonal primitive 0a0 Tetragonal body-centered 5 —5 3
00 c s 5 ¢
5 —35 0 a —5 0
Rhombohedral 55 35 A Hexagonal 0 @a 0
s E 00 e
a 00 05 5
Cubic primitive 0 a0 Cubic face-centered 5 0 5
00 a 5 5 0
-5 5 5 0 0 ¢ c 0 0
Cubic body-centered 5 -5 5 A type lattices 5 —5 0Jor [0 § —5
a o _a B v 0 0 B
2 2 2 22 22
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FIG. 1. A screenshot of TopologicalSupercon. One chooses the conditions and pushes the button ‘compute.’

4. Select options

Second, one chooses the following three options as shown in Fig. 1: (i) whether the calculation is performed for the normal
conducting phase or for the superconducting phase (for the latter case, one should further specify either C2 = +1 or C? = —
for the particle-hole symmetry C), (ii) whether the time reversal symmetry (TRS) is assumed or not, (iii) whether the spin-orbit
coupling is taken into account or not. When one chooses ‘normal phase,” one immediately obtains the results. On the other hand,
if one chooses ‘SC (C? = +1)’ or ‘SC (C? = —1)’, our subroutine performs calculations for all possible pairings belonging to
one-dimensional irreducible representations of point groups. To see the result for each pairing, one should select one by clicking
the button (see Fig. 2). One can also find the he definition of symbols of one-dimensional irreducible representations of point
groups by clicking the link ‘irrep of PG, as shown in Fig. 2.

5.  Results

Here we explain the meaning of the results of our subroutine. There are four possible cases: Case I, symmetry-enforced nodal
superconductors; Case II, symmetry-diagnosable topological gapped or nodal superconductors; Case III, topologically trivial or
not symmetry-diagnosable topological superconductors; Case IV, the case where no BLs can be defined at any high-symmetry
momenta. For Case I (symmetry-enforced nodal superconductors), we show the position and symbols ([P], [L], and [S]) of
nodes, as listed in Appendix A 2. Here, [P], [L], and [S] denote the shape of nodes such as point, line, and surface nodes. Also,
other symbols (A) and (B) represent origins of the nodes (see Ref. [6] for more details). For Case II, one can find an entry of
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FIG. 2. A screenshot of TopologicalSupercon. One chooses the pairing and pushes the button ‘show.’

symmetry indicators in a particular basis set. As shown in Appendix A 3, we also provide the bases used in the computations.
The band labels are arranged in order of the irreducible representations included in ‘irrep of SG.’

If you have any problem using this program and/or any question or suggestion, please contact Seishiro Ono at address:
toposupercon @ gmail.com.
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Appendix A: Example of input and output
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2. Output: Case I
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(are)

located on the following line (s
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{{1/2, 0, -1/2}, {0, 0, 0}}[L(A)]
{{0, 0, 0}, {0, 0, -1/2}}[L(A)]
{{0, 0, 0}, {0, 1/2, 0}}[L(B)]

The vector nSC is
nsCc = {{o, 1, o, 1}, {o, o, 0, O}, {1, O, 1, O}, {0}, {O}, {O}, {1, 1, 1, 1}, {O}}.

3. Output: Case 11

This material is Case II, whose entry of symmetry indicators is {1, 1, 2, 0} in {2, 4, 4, 8}.
The vector nSC is

nsC = {{-3, 3, -3, 3}, {0, O, O, O}, {-1, 1, -1, 1}, {O}, {O}, {O}, {2, -2, 2, -2}, {O0}},

and the basis vectors are

{1, -1, 1, -1}, {0, o0, O, O}, {O, O, O, O}, {O}, {O}, {O}, {O, O, O, O}, {O}}

{{o, o, o, o}, {0, o0, 0, O}, {1, -1, 1, -1}, {0}, {0}, {O}, {O, O, O, O}, {O}}

{{o, o, o, o}, {0, o, o, 0}, {0, 0, 0, O}, {0}, {O}, {O}, {1, -1, 1, -1}, {0}}

{{o, o, o, o}, {1, -1, 1, -1}, {0, 0, 0, O}, {0}, {0}, {O}, (O, O, O, O}, {O}}

0
0
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