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The nontrivial ground state topology in the coexistence phase of chkalve
superconductivity and 120-degree magnetic order on a triangular lattice

V. V. Val'kov, A. O. Zlotnikov, M. S. Shustin
Kirensky Institute of Physics, Federal Research Center KSC SB RAS, Krasnoyarsk, 660036 Russia

Abstract

The Z, topological invariant is defined in the chirddwave superconductor having a triangular lattice in the presence of the 120-
degree magnetic ordering. Analyzing theinvariant, we determine the conditions of implementing topological phases in the model

with regard to superconducting pairings between the nearest and next nearest neighbors. It is often supposed in such a system tha
the pairing parameter between the nearest neighbors should be equal to zero due to the intersite Coulomb interaction. We show that
taking into account even weak pairings in the first coordination sphere leads to the disappearance of the gapless excitations of the
bulk spectrum in the wide region of the parameter space. Thus, topological invariants can be defined in this region. In solving the
problem of open edges it is shown that the zero energy modes are realized basically in the topologically nontrivial phases. Such zero
modes are topologically protected Majorana modes. A connection betwegpithariant and the integer topological invariant of

the ground state of the 2D lattice is established in the presence of the electron-hole symmetry and noncollinear magnetic ordering.
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1. Introduction For the topological classification of the systems with many
degrees of freedom as well as in the systems with strong elec-

Recently, much attention has been paid to topological sutron correlations the topological invariaks expressed in terms

perconductors supporting Majorana zero modes. In pioneeringf the Green functions was derived [12, 13]. Using this invari-

works [1, 2], such quasiparticles were predicted inh@ave  ant the quantum topological phase transitions were studied in

and dfective p-wave superconductors. However, this'type of|iquid helium3He-B [14], semiconducting nanowires [15], and

superconductivity is still rather exotic for real materials. Forquantum Hall systems. It should be noticed that Kaetopo-

the systems witls-wave pairing several mechanisms have beenggical invariant is introduced for the gapped ground state in

proposed for the formation of the Majorana zero modes. Ongne systems with 2 1-dimensions [13].

of the mechanisms is characterized by the proximity-induced The non-zero values df; indicate the non-trivial topology

triplet py +ipy pairings on the surface layer of a topological in- 54 the possibility of the edge state formation. For 1D systems
sulator in thes-wave superconductgtopological insulator hy- with the particle-hole symmetry the well-know invariant

brid structures [3]. Anothermechanism is connected with theyjaiorana number) was proposed [2]. This invariant expressed
combined influence of strong spin-orbit interaction, proxXimity-; - +arms of the Pfian of the Bogoliubov Hamiltonian in the

induced superconductivity, and magnetic field [4, 5, 6]. In thiSy;4i5rana representation allows one to study the conditions

case the Majorana zero modes arise when the external (or exjnnorting the Majorana zero modes in the systems with the
change) magnetic field is greater than some critical field. - o556 ik excitation spectrum. Later, the connection between
_ At present,'a new mechanism of the formation of the Ma-\ ‘547, numbers was established for the noncentrosymmetric
jorana edge states in topological spin-singlet superconductoty, e conductors with the broken time-reversal symmetry [15].

due to the presence of the long-range magnetic order is oftefne main result is that the Majorana zero modes is expected to
considered [7, 8, 9, 10]. The symmetry of the superconduct;

) . K ; s ) appear in the states with the oblig invariant.
ing state is considered to be chidjt_y. + idyy supporting the On a trianaular lattice th ran f the Maiorana zer
non-trivial topology and edge states [11]. It should be noted a tnangular fatlice the appearance of the viajorana z€ero

that the time-reversal symmetry is broken in such a state. It igwodes was demonstrated in Ref._ [.8] for the coexistence p_hase
widely believed that the chiral-wave superconductivity may of dxz‘yzt_+ |dxé,-vv_ave s_FJhperconductl\élty ?nd no_n_-colllr;e?r strlpteh
be realized in materials with a triangular lattice (for example,magne Ic orgering. The superconducting pairings between the

. nearest neighbors were assumed to be suppressed by the in-
Na.C 8 dh  latt h 10)). . . : Lo .
&Co0, [8]) and hexagonal lattice (graphene [10]) tersite Coulomb interaction. Therefore, the pairing interaction

between the next nearest neighbors was considered.
Email addressvvv@iph.krasn.ru (V. V. Valkov) Recently, by solving self-consistent integral equations for the
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