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What are topological insulators? 

They are insulators which have some 
property to which an integer can be assigned 
which depends only on global properties and 
cannot be destroyed by impurities or 
disorder - topological protection

At boundaries between different topological 
phases, can have gapless edge or surface 
states



Standard picture for topological insulators   - 
gapped d-dimensional bulk and  gapless d-1 
dimensional edge states

Simplest example is the Su-Schrieffer- Heeger 
model in one dimension (d=1)

Two distinct phases, one of which has edge 
states (d-1=1-1=0 dimensional modes) and 
one of which does not (non-topological phase)

Edge states 
• Distinguish edge and bulk states by their localised/delocalised 

behaviour in the thermodynamic limit 
• Fully dimerised limits: Intercell hopping vanishes, intracell 

hopping set to 1 or vice versa 
 
 
 
 

• The bulk has flat bands here, A set of energy eigenstates 
restricted to one dimer each. 

• Consist of even and odd superpositions of the two sites 
forming a dimer 
 

Seminar "Topological Insulators"                       
Robin Kopp 13 



Quantum Hall effect and quantum spin Hall 
effect in two dimensions (d=2) with (d-1 =1) 
dimensional edge states



Topological insulators in three dimensions 
(d=3) with 3-1 = 2 dimensional gapless 
surface states



Higher order topological insulators

d- dimensional gapped bulk with (d-n) dimensional gapless  
edges  -        order topological insulator

Examples - two dimensional lattices with zero dimensional 
gapless corner states - edge states gapped
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FIG. 1. Multipole moments, associated multipole pumping pro-
cesses, and derived topological insulators. (a), (d), (e) Dipole,
quadrupole, and octupole insulators, respectively. Dots of different
colors represent corner-localized charges of opposite charge. When
protected by symmetries, charges are quantized to either 0 or ±e/2.
(b), (e), (h) Charge, dipole, and quadrupole pumping, respectively.
Pumping over nontrivial closed cycles pumps quanta of charge,
dipole, and quadrupole. (c), (f) Insulators with same topology as
pumping processes: Chern insulator with chiral edge-localized modes
(c), and Chern insulator with hinge-localized modes (f).

This hierarchical mathematical structure positions the
concept of charge polarization at the basis of the field
of topological insulators and related phenomena. Fermionic
SPTs with time-reversal, charge-conjugation, and/or chiral
symmetries [19] in all spatial dimensions were categorized
in a periodic classification table of topological insulators
and superconductors [15,20,21]. Following this classification,
many different groups have begun classifying SPTs pro-
tected by reflection [22–26], inversion [17,18,27,28], rotation
[29–33], nonsymmorphic symmetries [34–36], and more
[37–46].

The mathematical topological invariants that characterize
these phases are tied to quantized physical observables. For
example, in one-dimensional (1D) insulators in the presence of
inversion symmetry, the polarization in Eq. (1.1) is quantized
to either 0 or e/2 and is in exact correspondence with
the Berry phase topological invariant [8,15,17,18]. Recently,
we showed the existence of quantized quadrupole and octupole
moments, as well as quantized dipole currents, in crystalline
insulators [47]. The primary goal of this paper is to thoroughly
develop the theory of quantized electromagnetic observables
in topological crystalline insulators. In addition to the work
presented in Ref. [47], in this paper we discuss in more detail
the observables of multipole moments and their relations,
both in the classical continuum theory and in the quantum

mechanical crystalline theory and also discuss the extension
of the theory of polarization to account for nonquantized higher
multipole moments. To carry this out, we systematically extend
the theory of charge polarization in crystalline insulators by
taking a different route than the extension suggested by the
hierarchical mathematical structure evident in Eqs. (1.1)–(1.3),
which deals primarily with polarizations. Our topological
structure is also of hierarchical nature, but subtly involves the
calculation of Berry phases of reduced sectors within the sub-
space of occupied energy bands. To find the relevant subspace,
we resolve the energy bands into spatially separated “Wannier
bands” through a Wilson-loop calculation or, equivalently, a
diagonalization of a ground-state projected position operator.
We call this structure “nested Wilson loops.” It goes one
step beyond the previous developments in the understanding
of topological insulator systems in terms of Berry phases
[48–52]. At its core, this nested Wilson loop structure reflects
the fact that even gapped edges of topological phases can
signal a nontrivial bulk-boundary correspondence when the
gapped edge Hamiltonian is topological itself and inherits such
nontrivial topology from the bulk.

This topological structure reveals that, in addition to
bulk dipole moments, crystalline insulators can realize bulk
quadrupole and octupole moments, as initially shown in
Ref. [47] [Figs. 1(d) and 1(g)]. In addition, this structure
reveals other phenomena, detailed in this paper. When we
allow for the adiabatic deformation and evolution of Hamilto-
nians having nonzero quadrupole and octupole moments, we
find new types of quantized electronic transport and currents,
extending what is already known in the case of the adiabatic
charge pumping [Fig. 1(b)] [11]. In particular, the new types of
adiabatic electronic currents are localized not in the bulk, but
on edges or hinges of the material. They essentially amount to
pumping a dipole or quadrupole across the bulk of the material,
respectively [Figs. 1(e) and 1(h)]. If the adiabatic process forms
a closed cycle, the transport is quantized, i.e., the amount of
dipole or quadrupole being pumped is quantized. The first
Chern number characterizes the 1D adiabatic pumping pro-
cess; this process can be connected to a Chern insulator phase
in one spatial dimension higher. The dipole pumping process in
the two-dimensional (2D) quadrupole system correspondingly
predicts the existence of an associated three-dimensional
(3D) “hinge Chern insulator” having the same topological
structure as a family of 2D quadrupole Hamiltonians forming
an adiabatic evolution through a “nontrivial” cycle (i.e., a cycle
that connects a quantized topological quadrupole insulator
with a trivial insulator, while maintaining the energy gap
open). This insulator has four hinge-localized modes which
are chiral and disperse in opposite directions at adjacent
hinges, as shown schematically in Fig. 1(f). In principle, the
quadrupole pumping of the 3D octupole system would predict
a four-dimensional (4D) topological phase, though we will not
discuss it any further here.

Our focus throughout this paper is on tight-binding
lattice models. A summary of the organization of this
paper is detailed in the next subsection. The paper is
self-contained, starting with a pedagogical description of
the modern theory of polarization. Readers already famil-
iar with the modern theory of electronic polarization, and
the connection between Berry phase, Wannier functions,
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Three dimensional lattices with hinge states

Here surfaces are gapped, only states 
localised on the hinges are gapless
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FIG. 1. Multipole moments, associated multipole pumping pro-
cesses, and derived topological insulators. (a), (d), (e) Dipole,
quadrupole, and octupole insulators, respectively. Dots of different
colors represent corner-localized charges of opposite charge. When
protected by symmetries, charges are quantized to either 0 or ±e/2.
(b), (e), (h) Charge, dipole, and quadrupole pumping, respectively.
Pumping over nontrivial closed cycles pumps quanta of charge,
dipole, and quadrupole. (c), (f) Insulators with same topology as
pumping processes: Chern insulator with chiral edge-localized modes
(c), and Chern insulator with hinge-localized modes (f).

This hierarchical mathematical structure positions the
concept of charge polarization at the basis of the field
of topological insulators and related phenomena. Fermionic
SPTs with time-reversal, charge-conjugation, and/or chiral
symmetries [19] in all spatial dimensions were categorized
in a periodic classification table of topological insulators
and superconductors [15,20,21]. Following this classification,
many different groups have begun classifying SPTs pro-
tected by reflection [22–26], inversion [17,18,27,28], rotation
[29–33], nonsymmorphic symmetries [34–36], and more
[37–46].

The mathematical topological invariants that characterize
these phases are tied to quantized physical observables. For
example, in one-dimensional (1D) insulators in the presence of
inversion symmetry, the polarization in Eq. (1.1) is quantized
to either 0 or e/2 and is in exact correspondence with
the Berry phase topological invariant [8,15,17,18]. Recently,
we showed the existence of quantized quadrupole and octupole
moments, as well as quantized dipole currents, in crystalline
insulators [47]. The primary goal of this paper is to thoroughly
develop the theory of quantized electromagnetic observables
in topological crystalline insulators. In addition to the work
presented in Ref. [47], in this paper we discuss in more detail
the observables of multipole moments and their relations,
both in the classical continuum theory and in the quantum

mechanical crystalline theory and also discuss the extension
of the theory of polarization to account for nonquantized higher
multipole moments. To carry this out, we systematically extend
the theory of charge polarization in crystalline insulators by
taking a different route than the extension suggested by the
hierarchical mathematical structure evident in Eqs. (1.1)–(1.3),
which deals primarily with polarizations. Our topological
structure is also of hierarchical nature, but subtly involves the
calculation of Berry phases of reduced sectors within the sub-
space of occupied energy bands. To find the relevant subspace,
we resolve the energy bands into spatially separated “Wannier
bands” through a Wilson-loop calculation or, equivalently, a
diagonalization of a ground-state projected position operator.
We call this structure “nested Wilson loops.” It goes one
step beyond the previous developments in the understanding
of topological insulator systems in terms of Berry phases
[48–52]. At its core, this nested Wilson loop structure reflects
the fact that even gapped edges of topological phases can
signal a nontrivial bulk-boundary correspondence when the
gapped edge Hamiltonian is topological itself and inherits such
nontrivial topology from the bulk.

This topological structure reveals that, in addition to
bulk dipole moments, crystalline insulators can realize bulk
quadrupole and octupole moments, as initially shown in
Ref. [47] [Figs. 1(d) and 1(g)]. In addition, this structure
reveals other phenomena, detailed in this paper. When we
allow for the adiabatic deformation and evolution of Hamilto-
nians having nonzero quadrupole and octupole moments, we
find new types of quantized electronic transport and currents,
extending what is already known in the case of the adiabatic
charge pumping [Fig. 1(b)] [11]. In particular, the new types of
adiabatic electronic currents are localized not in the bulk, but
on edges or hinges of the material. They essentially amount to
pumping a dipole or quadrupole across the bulk of the material,
respectively [Figs. 1(e) and 1(h)]. If the adiabatic process forms
a closed cycle, the transport is quantized, i.e., the amount of
dipole or quadrupole being pumped is quantized. The first
Chern number characterizes the 1D adiabatic pumping pro-
cess; this process can be connected to a Chern insulator phase
in one spatial dimension higher. The dipole pumping process in
the two-dimensional (2D) quadrupole system correspondingly
predicts the existence of an associated three-dimensional
(3D) “hinge Chern insulator” having the same topological
structure as a family of 2D quadrupole Hamiltonians forming
an adiabatic evolution through a “nontrivial” cycle (i.e., a cycle
that connects a quantized topological quadrupole insulator
with a trivial insulator, while maintaining the energy gap
open). This insulator has four hinge-localized modes which
are chiral and disperse in opposite directions at adjacent
hinges, as shown schematically in Fig. 1(f). In principle, the
quadrupole pumping of the 3D octupole system would predict
a four-dimensional (4D) topological phase, though we will not
discuss it any further here.

Our focus throughout this paper is on tight-binding
lattice models. A summary of the organization of this
paper is detailed in the next subsection. The paper is
self-contained, starting with a pedagogical description of
the modern theory of polarization. Readers already famil-
iar with the modern theory of electronic polarization, and
the connection between Berry phase, Wannier functions,
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So even if band structure of  material appears 
to be  topologically trivial at first order, it can 
still have non-trivial topology

In a certain sense, the bulk is gapped, and 
edges are also gapped, but are themselves 
topological, so that they have edge states - 
2nd order topology

Needs crystalline symmetries in the bulk to 
exist



Recent claim that Bismuth is a higher order 
topological insulator

Not surface of the crystal, but the hinges of 
the crystal host topologically protected 
conducting states

Schindler et al, Nat. Phys., 2018
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Higher order topological 
superconductors

Generalise to Majorana modes at corners of 
two dimensional topological superconductors   
and chiral hinge Majorana modes at edges of 
three dimensional topological 
superconductors

Start with a toy model - Hamiltonian in terms 
of Majoranas similar to Kitaev model written 
in terms of Majoranas



`Usual’ topological 
superconductors 



Brief introduction to `usual’ topological 
superconductors and Majorana modes 

Simplest case is to study a toy model proposed by Kitaev

Here      is the chemical potential,    is hopping and      is 
the pairing term

Can rewrite model as follows 

µ
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t
<latexit sha1_base64="Ok5Eh1JijaSqBscYRPAgT1KKEno=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GW9BLx4TMA9IljA76U1GZ2eXmVkhLPkCLx4U8eonefNvnGwiqGhBQ1HVTXdXkAiuDSEfTmFhcWl5pbhaWlvf2Nwqb++0dJwqBk0Wi1h1AqpBcAlNw42ATqKARoGAdnB3NfXb96A0j+WNGSfgR3QoecgZNVZqmH65QtxT4l2cEUxckiMnVe/Yw95cqaA56v3ye28QszQCaZigWnc9khg/o8pwJmBS6qUaEsru6BC6lkoagfaz/NAJPrDKAIexsiUNztXvExmNtB5Hge2MqBnp395U/Mvrpias+hmXSWpAstmiMBXYxHj6NR5wBcyIsSWUKW5vxWxEFWXGZlOyIXx9iv8nrSPXI67XOKnULudxFNEe2keHyEPnqIauUR01EUOAHtATenZunUfnxXmdtRac+cwu+gHn7RMRsY0a</latexit><latexit sha1_base64="Ok5Eh1JijaSqBscYRPAgT1KKEno=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GW9BLx4TMA9IljA76U1GZ2eXmVkhLPkCLx4U8eonefNvnGwiqGhBQ1HVTXdXkAiuDSEfTmFhcWl5pbhaWlvf2Nwqb++0dJwqBk0Wi1h1AqpBcAlNw42ATqKARoGAdnB3NfXb96A0j+WNGSfgR3QoecgZNVZqmH65QtxT4l2cEUxckiMnVe/Yw95cqaA56v3ye28QszQCaZigWnc9khg/o8pwJmBS6qUaEsru6BC6lkoagfaz/NAJPrDKAIexsiUNztXvExmNtB5Hge2MqBnp395U/Mvrpias+hmXSWpAstmiMBXYxHj6NR5wBcyIsSWUKW5vxWxEFWXGZlOyIXx9iv8nrSPXI67XOKnULudxFNEe2keHyEPnqIauUR01EUOAHtATenZunUfnxXmdtRac+cwu+gHn7RMRsY0a</latexit><latexit sha1_base64="Ok5Eh1JijaSqBscYRPAgT1KKEno=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GW9BLx4TMA9IljA76U1GZ2eXmVkhLPkCLx4U8eonefNvnGwiqGhBQ1HVTXdXkAiuDSEfTmFhcWl5pbhaWlvf2Nwqb++0dJwqBk0Wi1h1AqpBcAlNw42ATqKARoGAdnB3NfXb96A0j+WNGSfgR3QoecgZNVZqmH65QtxT4l2cEUxckiMnVe/Yw95cqaA56v3ye28QszQCaZigWnc9khg/o8pwJmBS6qUaEsru6BC6lkoagfaz/NAJPrDKAIexsiUNztXvExmNtB5Hge2MqBnp395U/Mvrpias+hmXSWpAstmiMBXYxHj6NR5wBcyIsSWUKW5vxWxEFWXGZlOyIXx9iv8nrSPXI67XOKnULudxFNEe2keHyEPnqIauUR01EUOAHtATenZunUfnxXmdtRac+cwu+gHn7RMRsY0a</latexit><latexit sha1_base64="Ok5Eh1JijaSqBscYRPAgT1KKEno=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GW9BLx4TMA9IljA76U1GZ2eXmVkhLPkCLx4U8eonefNvnGwiqGhBQ1HVTXdXkAiuDSEfTmFhcWl5pbhaWlvf2Nwqb++0dJwqBk0Wi1h1AqpBcAlNw42ATqKARoGAdnB3NfXb96A0j+WNGSfgR3QoecgZNVZqmH65QtxT4l2cEUxckiMnVe/Yw95cqaA56v3ye28QszQCaZigWnc9khg/o8pwJmBS6qUaEsru6BC6lkoagfaz/NAJPrDKAIexsiUNztXvExmNtB5Hge2MqBnp395U/Mvrpias+hmXSWpAstmiMBXYxHj6NR5wBcyIsSWUKW5vxWxEFWXGZlOyIXx9iv8nrSPXI67XOKnULudxFNEe2keHyEPnqIauUR01EUOAHtATenZunUfnxXmdtRac+cwu+gHn7RMRsY0a</latexit>

�
<latexit sha1_base64="97dOzv5+8w+yRKB1VsFXLfl4+t0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+Kz7oq6cFnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35hOK6jogQuHc+7l3nvCRHBjEfrw5uYXFpeWCyvF1bX1jc3S1nbDqFRTVqdKKN0KiWGCS1a33ArWSjQjcShYMxxeTvzmPdOGK3lrRwkLYtKXPOKUWCc1OldMWNItlZF/gvD5KYLIRzlyUsFHGOKZUgYz1Lql905P0TRm0lJBjGljlNggI9pyKti42EkNSwgdkj5rOypJzEyQ5deO4b5TejBS2pW0MFe/T2QkNmYUh64zJnZgfnsT8S+vndqoEmRcJqllkk4XRamAVsHJ67DHNaNWjBwhVHN3K6QDogm1LqCiC+HrU/g/aRz6GPn45rhcvZjFUQC7YA8cAAzOQBVcgxqoAwruwAN4As+e8h69F+912jrnzWZ2wA94b5+SBY8e</latexit><latexit sha1_base64="97dOzv5+8w+yRKB1VsFXLfl4+t0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+Kz7oq6cFnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35hOK6jogQuHc+7l3nvCRHBjEfrw5uYXFpeWCyvF1bX1jc3S1nbDqFRTVqdKKN0KiWGCS1a33ArWSjQjcShYMxxeTvzmPdOGK3lrRwkLYtKXPOKUWCc1OldMWNItlZF/gvD5KYLIRzlyUsFHGOKZUgYz1Lql905P0TRm0lJBjGljlNggI9pyKti42EkNSwgdkj5rOypJzEyQ5deO4b5TejBS2pW0MFe/T2QkNmYUh64zJnZgfnsT8S+vndqoEmRcJqllkk4XRamAVsHJ67DHNaNWjBwhVHN3K6QDogm1LqCiC+HrU/g/aRz6GPn45rhcvZjFUQC7YA8cAAzOQBVcgxqoAwruwAN4As+e8h69F+912jrnzWZ2wA94b5+SBY8e</latexit><latexit sha1_base64="97dOzv5+8w+yRKB1VsFXLfl4+t0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+Kz7oq6cFnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35hOK6jogQuHc+7l3nvCRHBjEfrw5uYXFpeWCyvF1bX1jc3S1nbDqFRTVqdKKN0KiWGCS1a33ArWSjQjcShYMxxeTvzmPdOGK3lrRwkLYtKXPOKUWCc1OldMWNItlZF/gvD5KYLIRzlyUsFHGOKZUgYz1Lql905P0TRm0lJBjGljlNggI9pyKti42EkNSwgdkj5rOypJzEyQ5deO4b5TejBS2pW0MFe/T2QkNmYUh64zJnZgfnsT8S+vndqoEmRcJqllkk4XRamAVsHJ67DHNaNWjBwhVHN3K6QDogm1LqCiC+HrU/g/aRz6GPn45rhcvZjFUQC7YA8cAAzOQBVcgxqoAwruwAN4As+e8h69F+912jrnzWZ2wA94b5+SBY8e</latexit><latexit sha1_base64="97dOzv5+8w+yRKB1VsFXLfl4+t0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+Kz7oq6cFnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35hOK6jogQuHc+7l3nvCRHBjEfrw5uYXFpeWCyvF1bX1jc3S1nbDqFRTVqdKKN0KiWGCS1a33ArWSjQjcShYMxxeTvzmPdOGK3lrRwkLYtKXPOKUWCc1OldMWNItlZF/gvD5KYLIRzlyUsFHGOKZUgYz1Lql905P0TRm0lJBjGljlNggI9pyKti42EkNSwgdkj5rOypJzEyQ5deO4b5TejBS2pW0MFe/T2QkNmYUh64zJnZgfnsT8S+vndqoEmRcJqllkk4XRamAVsHJ67DHNaNWjBwhVHN3K6QDogm1LqCiC+HrU/g/aRz6GPn45rhcvZjFUQC7YA8cAAzOQBVcgxqoAwruwAN4As+e8h69F+912jrnzWZ2wA94b5+SBY8e</latexit>

cx =
1

2
(�A,x + i�B,x)

c†x =
1

2
(�A,x � i�B,x)

<latexit sha1_base64="+2sfkFWe/olN9nNNl0A/u+RxcvI="></latexit><latexit sha1_base64="+2sfkFWe/olN9nNNl0A/u+RxcvI="></latexit><latexit sha1_base64="+2sfkFWe/olN9nNNl0A/u+RxcvI="></latexit><latexit sha1_base64="+2sfkFWe/olN9nNNl0A/u+RxcvI="></latexit>

H = �µ

NX

x=1

c
†
xcx � 1

2

NX

x=1

(tc†xcx+1 +�cxcx+1 + h.c.)
<latexit sha1_base64="uxXy9QSOs6FpSCyrHNdgPJTAZYk="></latexit><latexit sha1_base64="uxXy9QSOs6FpSCyrHNdgPJTAZYk="></latexit><latexit sha1_base64="uxXy9QSOs6FpSCyrHNdgPJTAZYk="></latexit><latexit sha1_base64="uxXy9QSOs6FpSCyrHNdgPJTAZYk="></latexit>



Here         and        are Majorana modes

They anti-commute like fermions, and are 
hermitian                  and satisfy                            
whereas the fermion operators satisfy 

Pairs of Majoranas form normal fermions

�A,x
<latexit sha1_base64="Oi0yWxph4LfrcSUNbvLKJMwf3Bk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHjs+6qblxWsA/oDCWTZtrQJDMkGbEM/Q03LhRx68+4829MpxVU9MCFwzn3cu89YcKZNgh9OIW5+YXFpeJyaWV1bX2jvLnV1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXk381h1VmsXy1owSGgjclyxiBBsr+X4fC4G72cXB/bhbriD3BHnnpwgiF+XISdU78qA3Uypghnq3/O73YpIKKg3hWOuOhxITZFgZRjgdl/xU0wSTIe7TjqUSC6qDLL95DPes0oNRrGxJA3P1+0SGhdYjEdpOgc1A//Ym4l9eJzVRNciYTFJDJZkuilIOTQwnAcAeU5QYPrIEE8XsrZAMsMLE2JhKNoSvT+H/pHnoesj1bo4rtctZHEWwA3bBPvDAGaiBa1AHDUBAAh7AE3h2UufReXFep60FZzazDX7AefsEDOWRrw==</latexit><latexit sha1_base64="Oi0yWxph4LfrcSUNbvLKJMwf3Bk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHjs+6qblxWsA/oDCWTZtrQJDMkGbEM/Q03LhRx68+4829MpxVU9MCFwzn3cu89YcKZNgh9OIW5+YXFpeJyaWV1bX2jvLnV1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXk381h1VmsXy1owSGgjclyxiBBsr+X4fC4G72cXB/bhbriD3BHnnpwgiF+XISdU78qA3Uypghnq3/O73YpIKKg3hWOuOhxITZFgZRjgdl/xU0wSTIe7TjqUSC6qDLL95DPes0oNRrGxJA3P1+0SGhdYjEdpOgc1A//Ym4l9eJzVRNciYTFJDJZkuilIOTQwnAcAeU5QYPrIEE8XsrZAMsMLE2JhKNoSvT+H/pHnoesj1bo4rtctZHEWwA3bBPvDAGaiBa1AHDUBAAh7AE3h2UufReXFep60FZzazDX7AefsEDOWRrw==</latexit><latexit sha1_base64="Oi0yWxph4LfrcSUNbvLKJMwf3Bk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHjs+6qblxWsA/oDCWTZtrQJDMkGbEM/Q03LhRx68+4829MpxVU9MCFwzn3cu89YcKZNgh9OIW5+YXFpeJyaWV1bX2jvLnV1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXk381h1VmsXy1owSGgjclyxiBBsr+X4fC4G72cXB/bhbriD3BHnnpwgiF+XISdU78qA3Uypghnq3/O73YpIKKg3hWOuOhxITZFgZRjgdl/xU0wSTIe7TjqUSC6qDLL95DPes0oNRrGxJA3P1+0SGhdYjEdpOgc1A//Ym4l9eJzVRNciYTFJDJZkuilIOTQwnAcAeU5QYPrIEE8XsrZAMsMLE2JhKNoSvT+H/pHnoesj1bo4rtctZHEWwA3bBPvDAGaiBa1AHDUBAAh7AE3h2UufReXFep60FZzazDX7AefsEDOWRrw==</latexit><latexit sha1_base64="Oi0yWxph4LfrcSUNbvLKJMwf3Bk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHjs+6qblxWsA/oDCWTZtrQJDMkGbEM/Q03LhRx68+4829MpxVU9MCFwzn3cu89YcKZNgh9OIW5+YXFpeJyaWV1bX2jvLnV1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXk381h1VmsXy1owSGgjclyxiBBsr+X4fC4G72cXB/bhbriD3BHnnpwgiF+XISdU78qA3Uypghnq3/O73YpIKKg3hWOuOhxITZFgZRjgdl/xU0wSTIe7TjqUSC6qDLL95DPes0oNRrGxJA3P1+0SGhdYjEdpOgc1A//Ym4l9eJzVRNciYTFJDJZkuilIOTQwnAcAeU5QYPrIEE8XsrZAMsMLE2JhKNoSvT+H/pHnoesj1bo4rtctZHEWwA3bBPvDAGaiBa1AHDUBAAh7AE3h2UufReXFep60FZzazDX7AefsEDOWRrw==</latexit>

�B,x
<latexit sha1_base64="kDmCYofmAGpWXeB01MNa2F7ZNCM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxWsA/oDCWTpm1oMjMkGbEM/Q03LhRx68+4829MpyOo6IELh3Pu5d57glhwbRD6cAoLi0vLK8XV0tr6xuZWeXunpaNEUdakkYhUJyCaCR6ypuFGsE6sGJGBYO1gfDXz23dMaR6Ft2YSM1+SYcgHnBJjJc8bEilJL60f3U975QpyzxC+PEcQuShDRqr4BEOcKxWQo9Erv3v9iCaShYYKonUXo9j4KVGGU8GmJS/RLCZ0TIasa2lIJNN+mt08hQdW6cNBpGyFBmbq94mUSK0nMrCdkpiR/u3NxL+8bmIGVT/lYZwYFtL5okEioIngLADY54pRIyaWEKq4vRXSEVGEGhtTyYbw9Sn8n7SOXYxcfHNaqdXzOIpgD+yDQ4DBBaiBa9AATUBBDB7AE3h2EufReXFe560FJ5/ZBT/gvH0CDmyRsA==</latexit><latexit sha1_base64="kDmCYofmAGpWXeB01MNa2F7ZNCM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxWsA/oDCWTpm1oMjMkGbEM/Q03LhRx68+4829MpyOo6IELh3Pu5d57glhwbRD6cAoLi0vLK8XV0tr6xuZWeXunpaNEUdakkYhUJyCaCR6ypuFGsE6sGJGBYO1gfDXz23dMaR6Ft2YSM1+SYcgHnBJjJc8bEilJL60f3U975QpyzxC+PEcQuShDRqr4BEOcKxWQo9Erv3v9iCaShYYKonUXo9j4KVGGU8GmJS/RLCZ0TIasa2lIJNN+mt08hQdW6cNBpGyFBmbq94mUSK0nMrCdkpiR/u3NxL+8bmIGVT/lYZwYFtL5okEioIngLADY54pRIyaWEKq4vRXSEVGEGhtTyYbw9Sn8n7SOXYxcfHNaqdXzOIpgD+yDQ4DBBaiBa9AATUBBDB7AE3h2EufReXFe560FJ5/ZBT/gvH0CDmyRsA==</latexit><latexit sha1_base64="kDmCYofmAGpWXeB01MNa2F7ZNCM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxWsA/oDCWTpm1oMjMkGbEM/Q03LhRx68+4829MpyOo6IELh3Pu5d57glhwbRD6cAoLi0vLK8XV0tr6xuZWeXunpaNEUdakkYhUJyCaCR6ypuFGsE6sGJGBYO1gfDXz23dMaR6Ft2YSM1+SYcgHnBJjJc8bEilJL60f3U975QpyzxC+PEcQuShDRqr4BEOcKxWQo9Erv3v9iCaShYYKonUXo9j4KVGGU8GmJS/RLCZ0TIasa2lIJNN+mt08hQdW6cNBpGyFBmbq94mUSK0nMrCdkpiR/u3NxL+8bmIGVT/lYZwYFtL5okEioIngLADY54pRIyaWEKq4vRXSEVGEGhtTyYbw9Sn8n7SOXYxcfHNaqdXzOIpgD+yDQ4DBBaiBa9AATUBBDB7AE3h2EufReXFe560FJ5/ZBT/gvH0CDmyRsA==</latexit><latexit sha1_base64="kDmCYofmAGpWXeB01MNa2F7ZNCM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxWsA/oDCWTpm1oMjMkGbEM/Q03LhRx68+4829MpyOo6IELh3Pu5d57glhwbRD6cAoLi0vLK8XV0tr6xuZWeXunpaNEUdakkYhUJyCaCR6ypuFGsE6sGJGBYO1gfDXz23dMaR6Ft2YSM1+SYcgHnBJjJc8bEilJL60f3U975QpyzxC+PEcQuShDRqr4BEOcKxWQo9Erv3v9iCaShYYKonUXo9j4KVGGU8GmJS/RLCZ0TIasa2lIJNN+mt08hQdW6cNBpGyFBmbq94mUSK0nMrCdkpiR/u3NxL+8bmIGVT/lYZwYFtL5okEioIngLADY54pRIyaWEKq4vRXSEVGEGhtTyYbw9Sn8n7SOXYxcfHNaqdXzOIpgD+yDQ4DBBaiBa9AATUBBDB7AE3h2EufReXFe560FJ5/ZBT/gvH0CDmyRsA==</latexit>

�2
A,x = �2

B,x = 1
<latexit sha1_base64="KRP0JaRvpRcdCUpV6sg+GKhiNV8=">AAACC3icdZDLSgMxFIYz9VbrrerSTWgRXEhJ6q0uhFo3LivYC7S1ZNK0DU1mhiQjlqF7N76KGxeKuPUF3Pk2pu0UVPSHwM93zuHk/G4guDYIfTqJufmFxaXkcmpldW19I725VdV+qCirUF/4qu4SzQT3WMVwI1g9UIxIV7CaO7gY12u3TGnue9dmGLCWJD2PdzklxqJ2OtPsESlJOzrfvxvd5OEZnIFSDHA7nUW5I4RPjxFEOTTRxBTwAYY4JlkQq9xOfzQ7Pg0l8wwVROsGRoFpRUQZTgUbpZqhZgGhA9JjDWs9IpluRZNbRnDXkg7s+so+z8AJ/T4REan1ULq2UxLT179rY/hXrRGabqEVcS8IDfPodFE3FND4cBwM7HDFqBFDawhV3P4V0j5RhBobX8qGMLsU/m+q+RxGOXx1mC2W4jiSYAdkwB7A4AQUwSUogwqg4B48gmfw4jw4T86r8zZtTTjxzDb4Ief9C6lZmYM=</latexit><latexit sha1_base64="KRP0JaRvpRcdCUpV6sg+GKhiNV8=">AAACC3icdZDLSgMxFIYz9VbrrerSTWgRXEhJ6q0uhFo3LivYC7S1ZNK0DU1mhiQjlqF7N76KGxeKuPUF3Pk2pu0UVPSHwM93zuHk/G4guDYIfTqJufmFxaXkcmpldW19I725VdV+qCirUF/4qu4SzQT3WMVwI1g9UIxIV7CaO7gY12u3TGnue9dmGLCWJD2PdzklxqJ2OtPsESlJOzrfvxvd5OEZnIFSDHA7nUW5I4RPjxFEOTTRxBTwAYY4JlkQq9xOfzQ7Pg0l8wwVROsGRoFpRUQZTgUbpZqhZgGhA9JjDWs9IpluRZNbRnDXkg7s+so+z8AJ/T4REan1ULq2UxLT179rY/hXrRGabqEVcS8IDfPodFE3FND4cBwM7HDFqBFDawhV3P4V0j5RhBobX8qGMLsU/m+q+RxGOXx1mC2W4jiSYAdkwB7A4AQUwSUogwqg4B48gmfw4jw4T86r8zZtTTjxzDb4Ief9C6lZmYM=</latexit><latexit sha1_base64="KRP0JaRvpRcdCUpV6sg+GKhiNV8=">AAACC3icdZDLSgMxFIYz9VbrrerSTWgRXEhJ6q0uhFo3LivYC7S1ZNK0DU1mhiQjlqF7N76KGxeKuPUF3Pk2pu0UVPSHwM93zuHk/G4guDYIfTqJufmFxaXkcmpldW19I725VdV+qCirUF/4qu4SzQT3WMVwI1g9UIxIV7CaO7gY12u3TGnue9dmGLCWJD2PdzklxqJ2OtPsESlJOzrfvxvd5OEZnIFSDHA7nUW5I4RPjxFEOTTRxBTwAYY4JlkQq9xOfzQ7Pg0l8wwVROsGRoFpRUQZTgUbpZqhZgGhA9JjDWs9IpluRZNbRnDXkg7s+so+z8AJ/T4REan1ULq2UxLT179rY/hXrRGabqEVcS8IDfPodFE3FND4cBwM7HDFqBFDawhV3P4V0j5RhBobX8qGMLsU/m+q+RxGOXx1mC2W4jiSYAdkwB7A4AQUwSUogwqg4B48gmfw4jw4T86r8zZtTTjxzDb4Ief9C6lZmYM=</latexit><latexit sha1_base64="KRP0JaRvpRcdCUpV6sg+GKhiNV8=">AAACC3icdZDLSgMxFIYz9VbrrerSTWgRXEhJ6q0uhFo3LivYC7S1ZNK0DU1mhiQjlqF7N76KGxeKuPUF3Pk2pu0UVPSHwM93zuHk/G4guDYIfTqJufmFxaXkcmpldW19I725VdV+qCirUF/4qu4SzQT3WMVwI1g9UIxIV7CaO7gY12u3TGnue9dmGLCWJD2PdzklxqJ2OtPsESlJOzrfvxvd5OEZnIFSDHA7nUW5I4RPjxFEOTTRxBTwAYY4JlkQq9xOfzQ7Pg0l8wwVROsGRoFpRUQZTgUbpZqhZgGhA9JjDWs9IpluRZNbRnDXkg7s+so+z8AJ/T4REan1ULq2UxLT179rY/hXrRGabqEVcS8IDfPodFE3FND4cBwM7HDFqBFDawhV3P4V0j5RhBobX8qGMLsU/m+q+RxGOXx1mC2W4jiSYAdkwB7A4AQUwSUogwqg4B48gmfw4jw4T86r8zZtTTjxzDb4Ief9C6lZmYM=</latexit>
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One limit : When           and             

Only bonds between Majoranas at same x

Ground state is unique and ends of the chain 
do not play any special role

µ < 0
<latexit sha1_base64="h7MgOpYNMb9K3sN3YDdoGCV0PDY=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+KzgouiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o3ptIKKHrhwOOde7r0nTAQ3FqEPb25+YXFpubBSXF1b39gsbW03jEo1ZXWqhNKtkBgmuGR1y61grUQzEoeCNcPh1cRv3jNtuJK3dpSwICZ9ySNOiXVSoxOn8AJ1S2XknyB8foog8lGOnFTwEYZ4ppTBDLVu6b3TUzSNmbRUEGPaGCU2yIi2nAo2LnZSwxJCh6TP2o5KEjMTZPm1Y7jvlB6MlHYlLczV7xMZiY0ZxaHrjIkdmN/eRPzLa6c2qgQZl0lqmaTTRVEqoFVw8jrscc2oFSNHCNXc3QrpgGhCrQuo6EL4+hT+TxqHPkY+vjkuVy9ncRTALtgDBwCDM1AF16AG6oCCO/AAnsCzp7xH78V7nbbOebOZHfAD3tsn1gqOog==</latexit><latexit sha1_base64="h7MgOpYNMb9K3sN3YDdoGCV0PDY=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+KzgouiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o3ptIKKHrhwOOde7r0nTAQ3FqEPb25+YXFpubBSXF1b39gsbW03jEo1ZXWqhNKtkBgmuGR1y61grUQzEoeCNcPh1cRv3jNtuJK3dpSwICZ9ySNOiXVSoxOn8AJ1S2XknyB8foog8lGOnFTwEYZ4ppTBDLVu6b3TUzSNmbRUEGPaGCU2yIi2nAo2LnZSwxJCh6TP2o5KEjMTZPm1Y7jvlB6MlHYlLczV7xMZiY0ZxaHrjIkdmN/eRPzLa6c2qgQZl0lqmaTTRVEqoFVw8jrscc2oFSNHCNXc3QrpgGhCrQuo6EL4+hT+TxqHPkY+vjkuVy9ncRTALtgDBwCDM1AF16AG6oCCO/AAnsCzp7xH78V7nbbOebOZHfAD3tsn1gqOog==</latexit><latexit sha1_base64="h7MgOpYNMb9K3sN3YDdoGCV0PDY=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+KzgouiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o3ptIKKHrhwOOde7r0nTAQ3FqEPb25+YXFpubBSXF1b39gsbW03jEo1ZXWqhNKtkBgmuGR1y61grUQzEoeCNcPh1cRv3jNtuJK3dpSwICZ9ySNOiXVSoxOn8AJ1S2XknyB8foog8lGOnFTwEYZ4ppTBDLVu6b3TUzSNmbRUEGPaGCU2yIi2nAo2LnZSwxJCh6TP2o5KEjMTZPm1Y7jvlB6MlHYlLczV7xMZiY0ZxaHrjIkdmN/eRPzLa6c2qgQZl0lqmaTTRVEqoFVw8jrscc2oFSNHCNXc3QrpgGhCrQuo6EL4+hT+TxqHPkY+vjkuVy9ncRTALtgDBwCDM1AF16AG6oCCO/AAnsCzp7xH78V7nbbOebOZHfAD3tsn1gqOog==</latexit><latexit sha1_base64="h7MgOpYNMb9K3sN3YDdoGCV0PDY=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ+KzgouiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o3ptIKKHrhwOOde7r0nTAQ3FqEPb25+YXFpubBSXF1b39gsbW03jEo1ZXWqhNKtkBgmuGR1y61grUQzEoeCNcPh1cRv3jNtuJK3dpSwICZ9ySNOiXVSoxOn8AJ1S2XknyB8foog8lGOnFTwEYZ4ppTBDLVu6b3TUzSNmbRUEGPaGCU2yIi2nAo2LnZSwxJCh6TP2o5KEjMTZPm1Y7jvlB6MlHYlLczV7xMZiY0ZxaHrjIkdmN/eRPzLa6c2qgQZl0lqmaTTRVEqoFVw8jrscc2oFSNHCNXc3QrpgGhCrQuo6EL4+hT+TxqHPkY+vjkuVy9ncRTALtgDBwCDM1AF16AG6oCCO/AAnsCzp7xH78V7nbbOebOZHfAD3tsn1gqOog==</latexit>
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Introduction Kitaev model Non-abelian statistics Hosting and detecting Majorana particles Conclusion and future directions

The two limits LIMIT 1 :

µ < 0, t = � = 0 (Topologically trivial phase)

H = �µ

2

NX

x=1

(1 + i�B,x�A,x)

Here, fermion at single site is broken up into 2 Majoranas
The ground state is unique and the ends of the chain do
not play any major role



Second limit : When                  and 

Here bonds are between Majoranas at 
adjacent sites, but unpaired Majoranas             
and         at the two ends

µ = 0
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The two limits LIMIT 2 :

µ = 0, t = � 6= 0 (Topological phase)

H = �i
t
2

N�1X

x=1

�B,x�A,x+1

Here, bond couples Majorana fermions at different sites

�A,1
<latexit sha1_base64="3g5I5AWyzN4U/ZOH3Xe6kGMZ8j4=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQXMiQ+667qxmUF+4B2KJk004YmM2OSKZSh3+HGhSJu/Rh3/o3pdAQVPXDhcM693HuPHwuuDUIfztz8wuLScmGluLq2vrFZ2tpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNMfXk/95ogpzaPwzoxj5knSD3nAKTFW8mCnT6Qk3fTyEE+6pTJyTxG+OEMQuShDRir4GEOcK2WQo9YtvXd6EU0kCw0VROs2RrHxUqIMp4JNip1Es5jQIemztqUhkUx7aXb0BO5bpQeDSNkKDczU7xMpkVqPpW87JTED/dubin957cQEFS/lYZwYFtLZoiAR0ERwmgDsccWoEWNLCFXc3grpgChCjc2paEP4+hT+TxpHLkYuvj0pV6/yOApgF+yBA4DBOaiCG1ADdUDBPXgAT+DZGTmPzovzOmudc/KZHfADztsn9+2Rkg==</latexit><latexit sha1_base64="3g5I5AWyzN4U/ZOH3Xe6kGMZ8j4=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQXMiQ+667qxmUF+4B2KJk004YmM2OSKZSh3+HGhSJu/Rh3/o3pdAQVPXDhcM693HuPHwuuDUIfztz8wuLScmGluLq2vrFZ2tpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNMfXk/95ogpzaPwzoxj5knSD3nAKTFW8mCnT6Qk3fTyEE+6pTJyTxG+OEMQuShDRir4GEOcK2WQo9YtvXd6EU0kCw0VROs2RrHxUqIMp4JNip1Es5jQIemztqUhkUx7aXb0BO5bpQeDSNkKDczU7xMpkVqPpW87JTED/dubin957cQEFS/lYZwYFtLZoiAR0ERwmgDsccWoEWNLCFXc3grpgChCjc2paEP4+hT+TxpHLkYuvj0pV6/yOApgF+yBA4DBOaiCG1ADdUDBPXgAT+DZGTmPzovzOmudc/KZHfADztsn9+2Rkg==</latexit><latexit sha1_base64="3g5I5AWyzN4U/ZOH3Xe6kGMZ8j4=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQXMiQ+667qxmUF+4B2KJk004YmM2OSKZSh3+HGhSJu/Rh3/o3pdAQVPXDhcM693HuPHwuuDUIfztz8wuLScmGluLq2vrFZ2tpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNMfXk/95ogpzaPwzoxj5knSD3nAKTFW8mCnT6Qk3fTyEE+6pTJyTxG+OEMQuShDRir4GEOcK2WQo9YtvXd6EU0kCw0VROs2RrHxUqIMp4JNip1Es5jQIemztqUhkUx7aXb0BO5bpQeDSNkKDczU7xMpkVqPpW87JTED/dubin957cQEFS/lYZwYFtLZoiAR0ERwmgDsccWoEWNLCFXc3grpgChCjc2paEP4+hT+TxpHLkYuvj0pV6/yOApgF+yBA4DBOaiCG1ADdUDBPXgAT+DZGTmPzovzOmudc/KZHfADztsn9+2Rkg==</latexit><latexit sha1_base64="3g5I5AWyzN4U/ZOH3Xe6kGMZ8j4=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQXMiQ+667qxmUF+4B2KJk004YmM2OSKZSh3+HGhSJu/Rh3/o3pdAQVPXDhcM693HuPHwuuDUIfztz8wuLScmGluLq2vrFZ2tpu6ChRlNVpJCLV8olmgoesbrgRrBUrRqQvWNMfXk/95ogpzaPwzoxj5knSD3nAKTFW8mCnT6Qk3fTyEE+6pTJyTxG+OEMQuShDRir4GEOcK2WQo9YtvXd6EU0kCw0VROs2RrHxUqIMp4JNip1Es5jQIemztqUhkUx7aXb0BO5bpQeDSNkKDczU7xMpkVqPpW87JTED/dubin957cQEFS/lYZwYFtLZoiAR0ERwmgDsccWoEWNLCFXc3grpgChCjc2paEP4+hT+TxpHLkYuvj0pV6/yOApgF+yBA4DBOaiCG1ADdUDBPXgAT+DZGTmPzovzOmudc/KZHfADztsn9+2Rkg==</latexit>

�B,N
<latexit sha1_base64="s8RxdMyHYF/Ri669dmujD1CqdDE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxJBfuAdiiZNNOGJjNjkimUod/hxoUibv0Yd/6N6bSCih64cDjnXu69x48F1wahDye3sLi0vJJfLaytb2xuFbd3GjpKFGV1GolItXyimeAhqxtuBGvFihHpC9b0h1dTvzliSvMovDPjmHmS9EMecEqMlTzY6RMpSTetHt1MusUScs8QvjxHELkoQ0bK+ARDPFdKYI5at/je6UU0kSw0VBCt2xjFxkuJMpwKNil0Es1iQoekz9qWhkQy7aXZ0RN4YJUeDCJlKzQwU79PpERqPZa+7ZTEDPRvbyr+5bUTE5S9lIdxYlhIZ4uCREATwWkCsMcVo0aMLSFUcXsrpAOiCDU2p4IN4etT+D9pHLsYufj2tFSpzuPIgz2wDw4BBhegAq5BDdQBBffgATyBZ2fkPDovzuusNefMZ3bBDzhvnyWUkbA=</latexit><latexit sha1_base64="s8RxdMyHYF/Ri669dmujD1CqdDE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxJBfuAdiiZNNOGJjNjkimUod/hxoUibv0Yd/6N6bSCih64cDjnXu69x48F1wahDye3sLi0vJJfLaytb2xuFbd3GjpKFGV1GolItXyimeAhqxtuBGvFihHpC9b0h1dTvzliSvMovDPjmHmS9EMecEqMlTzY6RMpSTetHt1MusUScs8QvjxHELkoQ0bK+ARDPFdKYI5at/je6UU0kSw0VBCt2xjFxkuJMpwKNil0Es1iQoekz9qWhkQy7aXZ0RN4YJUeDCJlKzQwU79PpERqPZa+7ZTEDPRvbyr+5bUTE5S9lIdxYlhIZ4uCREATwWkCsMcVo0aMLSFUcXsrpAOiCDU2p4IN4etT+D9pHLsYufj2tFSpzuPIgz2wDw4BBhegAq5BDdQBBffgATyBZ2fkPDovzuusNefMZ3bBDzhvnyWUkbA=</latexit><latexit sha1_base64="s8RxdMyHYF/Ri669dmujD1CqdDE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxJBfuAdiiZNNOGJjNjkimUod/hxoUibv0Yd/6N6bSCih64cDjnXu69x48F1wahDye3sLi0vJJfLaytb2xuFbd3GjpKFGV1GolItXyimeAhqxtuBGvFihHpC9b0h1dTvzliSvMovDPjmHmS9EMecEqMlTzY6RMpSTetHt1MusUScs8QvjxHELkoQ0bK+ARDPFdKYI5at/je6UU0kSw0VBCt2xjFxkuJMpwKNil0Es1iQoekz9qWhkQy7aXZ0RN4YJUeDCJlKzQwU79PpERqPZa+7ZTEDPRvbyr+5bUTE5S9lIdxYlhIZ4uCREATwWkCsMcVo0aMLSFUcXsrpAOiCDU2p4IN4etT+D9pHLsYufj2tFSpzuPIgz2wDw4BBhegAq5BDdQBBffgATyBZ2fkPDovzuusNefMZ3bBDzhvnyWUkbA=</latexit><latexit sha1_base64="s8RxdMyHYF/Ri669dmujD1CqdDE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4kCHxWXelblxJBfuAdiiZNNOGJjNjkimUod/hxoUibv0Yd/6N6bSCih64cDjnXu69x48F1wahDye3sLi0vJJfLaytb2xuFbd3GjpKFGV1GolItXyimeAhqxtuBGvFihHpC9b0h1dTvzliSvMovDPjmHmS9EMecEqMlTzY6RMpSTetHt1MusUScs8QvjxHELkoQ0bK+ARDPFdKYI5at/je6UU0kSw0VBCt2xjFxkuJMpwKNil0Es1iQoekz9qWhkQy7aXZ0RN4YJUeDCJlKzQwU79PpERqPZa+7ZTEDPRvbyr+5bUTE5S9lIdxYlhIZ4uCREATwWkCsMcVo0aMLSFUcXsrpAOiCDU2p4IN4etT+D9pHLsYufj2tFSpzuPIgz2wDw4BBhegAq5BDdQBBffgATyBZ2fkPDovzuusNefMZ3bBDzhvnyWUkbA=</latexit>

H = � t

2

NX

x=1

(c†xcx+1 + cxcx+1 + h.c.)

= �i
t

2

N�1X

x=1

�B,x�A,x+1

<latexit sha1_base64="PyShRz/j2SqCxRhx4xQiFBibgYo="></latexit><latexit sha1_base64="PyShRz/j2SqCxRhx4xQiFBibgYo="></latexit><latexit sha1_base64="PyShRz/j2SqCxRhx4xQiFBibgYo="></latexit><latexit sha1_base64="PyShRz/j2SqCxRhx4xQiFBibgYo="></latexit>



Can make a non-local fermion from these two 
Majoranas - double degeneracy depending 
on whether or not the state is occupied

Main point - when the model is written in 
terms of Majoranas, very easy to identify the 
end states



Back to higher order 
topological superconductors



 

Each unit cell has 4 Majoranas

Hoppings chosen so that one Majorana is left out at each 
corner -  corner Majorana modes

Pi flux in each plaquette because of change in sign in one 
hopping
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FIG. 1. Lattice representation of 2d second order topolog-
ical superconductor Hamiltonian in a Majorana basis as in
Eq. (1). Each unit cell has four Majorana fermions repre-
sented by black dots as labelled. The tunneling strength ≠2t
is indicated by a solid line, while 2t is represented by a dashed
line. As a result, there is a fi-flux in each plaquette.

conducting tendency. Interestingly, this can be achieved
by the following identification (ø and ¿ denote the two
(pseudo) spin bands):

cø,2m+1,n =(“1
2m+1,n + i“

2
2m+1,n)/

Ô

2,

c¿,2m+1,n =(“3
2m+1,n + i“

4
2m+1,n)/

Ô

2,

cø,2m,n =(“3
2m,n + i“

4
2m,n)/

Ô

2,

c¿,2m,n =(“1
2m,n + i“

2
2m,n)/

Ô

2. (2)

From this combination of Majorana operators the result-
ing four-band BdG Hamiltonian derived from Eq. (1) is
given by H =

´
dk�†

kH(k)�k where �k = (ck, c
†
≠k)T

and

H(k) =t cos kx‡x·z + t cos ky‡y

+ � sin kx‡x·y + � sin ky‡x·x, (3)

where we have allowed for two separate parameters t and
� (for which Eq. (1) has t = �), ‡i’s are Pauli matri-
ces in the (pseudo) spin space, ·j ’s are Pauli matrices
in Nambu space, ‡i·j denotes their Kronecker product,
and we have set the lattice constant a0 = 1. This BdG
Hamiltonian has a particle-hole symmetry C = ·x, such
that CH

T (≠k)C≠1 = ≠H(k).
Before discussing the full TSC2 phase, let us consider

just the normal state, two-band Bloch Hamiltonian with
a chemical potential µ (whose e�ect on the topology we
discuss later):

HN(k) = t cos kx‡x + t cos ky‡y ≠ µ, (4)

which has four gapless Dirac points, when µ = 0, located
at (kx, ky) = (±fi/2, ±fi/2). For finite µ, the system de-
velops Fermi surfaces centered around each of the Dirac

points, and for large values of µ > t the system will un-
dergo a Lifshitz transition eventually leading to vanishing
Fermi surfaces when µ >

Ô
2t, i.e., when Fermi level lies

outside bandwidth. This system has mirror symmetries
Mx = I and My = I satisfying

Mx,yHN(k)M≠1
x,y = HN(m̂x,yk), (5)

where, e.g., m̂x(kx, ky) = (≠kx, ky). We note that these
operators obey [Mx, My] = 0, and thus these mirror
symmetries do not support higher-order topology5. Let
us focus on the range 0 < µ <

Ô
2t, for which there

are closed or open Fermi surfaces centered at (kx, ky) =
(±fi/2, ±fi/2), which we show in Fig. 2. Each of the
Fermi surfaces has a (pseudo)spin texture (see Fig. 2),
and crucially, as far as superconductivity is concerned,
the portions of the FS’s with opposite momenta always
occur with the same (pseudo) spin texture. This means
that, as a weak-coupling instability, only (pseudo) spin
triplet, odd-parity (e.g., p-wave) pairing can occur, which
is exactly what is required by nontrivial second-order
topology according to Eq. (3).

Now let us tune back to µ = 0 so that we only have the
four Dirac points, and consider the addition of the px+ipy

pairing terms in Eq. (3). The superconducting gaps at
the four Dirac points have a circulating phase structure
as one moves from a Dirac point in one quadrant to an-
other, with phases of 0, fi/2, fi, and 3fi/2 respectively as
shown in Fig. 2. These pairing terms break the mirror
symmetries of the normal state, however we can define a
new set of mirror symmetries

Mx = ‡y·y, My = ‡y·x, (6)

such that Mx,yH(k)M≠1
x,y = H(m̂x,yk). Crucially, these

operators satisfy {Mx, My} = 0 and can support gapped
Wilson loop spectra and higher-order topology. Indeed,
if one calculates the nested Wilson loops one finds that
this system is in a non-trivial TSC2 phase analogous to
the quadrupole insulator, but with unpaired MBS on the
corners of the sample instead of complex fermions. In
fact, this is immediately manifest since we constructed
our BdG Hamiltonian from a higher-order TSC2 in the
Majorana basis in Eq. (1). To generate these new, non-
commuting mirror reflections, the superconducting gap
has to transform nontrivially under mirror symmetries
in both directions seperately. Thus, gapped supercon-
ductors with other possible pairing symmetries, such as
s-wave, px-wave, or py-wave, will not generate mirror-
protected second-order topology starting from this nor-
mal state Hamiltonian.

We can add various perturbations to the Hamiltonian
(3). Specifically, we consider four types of terms: H1 =
≠µ·z, H2 = m‡z·z, H3 = bx‡x·z, H4 = by‡y. The
e�ect of H2 is to open gaps in the normal-state Dirac
nodes, and it competes with the superconducting gap.
H3,4 shift the Dirac nodes in a mirror-symmetric fashion
in the kx and ky directions respectively. We find that,
when individually turned on and tuned, the conditions

H = �2it
X

m,n

[�2
m,n�

1
m+1,n + �

4
m,n�

3
m+1,n � �

2
m,n�

4
m,n+1 + �

1
m,n�

3
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Pi flux needed to ensure quantisation of the 
quadrupole moment, which is the essential 
physics of higher order topological insulators 
in two dimensions

Edges are like Kitaev chains with Majoranas 
at the end (but with a common edge 
Majorana at corner, not two with one each 
coming from the x  and y edges)



Here Majorana corner modes by construction

Choice of grouping the Majoranas to make 
two complex fermions decides how 
Hamiltonian splits into normal state band 
and superconducting pairing gaps.

So try to choose groupings that give gapless 
normal bands and pairing terms describing 
intrinsic superconducting tendency



Can check that this Hamiltonian is the same 
as the earlier one - has  corner Majorana 
modes by construction

Can show that the model continues to have 
corner modes even after perturbations are 
added provided particle-hole symmetry and  
some  mirror symmetries are respected

H =

Z
dk  

†
kH(k) k with  k = (ck, c

†
�k)

T and

H(k) = t(cos kx�x⌧z + cos ky1 + sin kx�x⌧y + sin ky�x⌧x)
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Flux periodicity in 
superconductors



Aharonov-Bohm periodicity in 
metal rings

Current through thin metal ring oscillates 
with periodicity  
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 In the particle-on-a-ring (POR) example discussed below, it is seen that A lifts the 
twofold degeneracy of the field-free e ± in!  pairs. In other words, when A ! 0 the energies 
are not the same for ein!  and e!in" . For an observable effect to exist, it is essential that 
the region of nonzero B is inside the red ring shown in Fig. 2. Were the region of nonzero 
B outside the ring, there would be no observable effect, despite the fact that A is nonzero 
on the ring. The reason for this will be 
made clear in subsequent sections. Fol-
lowing this exercise, a succinct way to 
account for A's presence is introduced. 
Namely, in regions where B = 0, to ob-
tain the effect brought about by A, we 
need only calculate a phase by integra-
ting A over a convenient path. 
 These exercises enable the topologi-
cal difference between simply connected 
and non-simply-connected domains to be 
introduced in a transparent manner. It is 
hoped that they enable the AB effect to 
be seen as unambiguous, even intuitive. 
 As mentioned earlier, an important 
application of the results obtained in this 
chapter arises in the area of molecular 
electronic structure and associated nu-
clear dynamics. It is known that conical 
intersections of potential energy surfaces abound in nature and have important conse-
quences: radiationless decay (internal conversion, intersystem crossing), chemical reac-
tion pathways, etc. Something important called geometric phase accrues when a conical 
intersection is approached (sometimes encircled) through motions of the nuclei. For ex-
ample, geometric phase can affect vibrational wave functions profoundly. Without its in-
clusion they are often egregiously in error, even qualitatively.  
 The phase associated with the AB effect is, for all practical purposes, the same as this 
molecular geometric phase. Therefore, as a matter of pedagogy, it makes no sense to ap-
proach conical intersections in electronic structure theory without first taking the time to 
understand the AB effect. In examining both the AB effect and conical intersections, we 
will see that intuition flows both ways, as the latter can provide insight into the former. 
 The chapter ends with a summary that, among other things, puts to rest the paradox: If 
E and B are the true physical fields and ! and A are mere constructs that serve only to 
yield E and B, how can ! and A be responsible for an experimental effect? We will see 
that this line of thought is inconsistent with quantum mechanics. 
 

4. Solution for A ! 0 
 

 Referring to Fig. 2, assume that a magnetic field B = Bẑ  of uniform strength is con-
tained within a cylinder (solenoid) of radius a. A charged particle moves on a ring of 
radius b. Outside the cylinder B = 0, so the total magnetic flux ! is 
 

r = a

r = b
! "

B

ring (C)

solenoid

SC

Figure 2. A particle moves on a circular ring 
of radius b (red). The field B is contained 
within a cylinder (solenoid) of radius a. Its 
uniform strength yields a flux ! = !a2B . 

B = 0,  A ! 0
outside the
solenoid
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For each value of n, the wave function (leaving aside normalization) is 
 

  ! n = ein"  (4.7) 
 

Note that energies for n values that have the same magnitude but differ in sign are not de-
generate, as they are when A = 0. For example, putting n = + 2 and – 2 alternately into 
eqn (4.6) yields 
 

  E+2 = Brot 2 +!/!L( )2   
 

  E!2 = Brot !2 +"/"L( )2  (4.8) 
 

This difference is seen in Fig. 3 for the case !/!L  = 1; clearly E+2 ! E"2  as !" 0 .  
 The canonical and kinetic angular momenta 
differ. The former is obtained by differentia-
ting eqn (4.7), which yields  n! . The latter in-
cludes the vector potential and is given by 

 ! n +!/!L( ) . Clockwise and counterclock-
wise directions have different speeds for a giv-
en value of | n |. An interesting feature can be 
seen with eqns (4.6) and (4.8). Namely, ener-
gies are repeated if !/!L  is an integer. For 
example, with !/!L  = 1, E+2  = 9Brot  = 
E!4 . In the present context this appears as a 
curiosity, but in superconductivity it is impor-
tant. If a large superconducting current flows 
on the ring it will produce a large magnetic field inside the ring. In other words, there 
need be no external source of magnetic field. The resulting flux ! is quantized. This is 
sufficiently interesting (and closely related to the AB effect) that it is presented and 
discussed in Appendix 5: Flux quantization in superconductivity. 
 The vector field A causes the electron wave's phase to change as the wave circulates 
on the ring. To satisfy the boundary condition, this phase change in turn results in higher 
or lower kinetic momentum.  
 The above example illustrates how a phase that has no classical counterpart has a 
significant effect on a quantum mechanical system.  
 

5. Vector potential appears in a phase factor 
 

 Let us now return to the time dependent Schrödinger equation for a particle of charge 
q in a region where A ! 0 and B = 0. 
 

  
 

1
2m

!i!"! (q/c)A( )2#
$%

&
'(
) = i! *)

* t
  (5.1) 

 

! = 0

En

n
0 2!2

Figure 3. Plots of eqn (4.6) for !/!L 
values of 0 and 1 are shown. Variation 
is parabolic. The blue curve (!/!L = 1) 
is simply offset from the black curve. 

! = !L

From En =
~2

2mb2
(n+ �/�0)

2 and I = �@En

@�
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Periodicity in superconducting ring 

But flux periodicity in superconducting rings 
was seen to be 

Naively factor of       due to Cooper pairs 
carrying twice the charge

Not correct, because Cooper pairs not tightly 
bound and not clear whether they traverse 
the ring separately - need better argument

hc/2e
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Two classes of superconducting wave-
functions

Pairing of electrons with momenta k and -k 
leading to condensate with q = 0 for            and 
with momenta k and -k+1 leading to 
condensate with q=1 for 
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FIG. 1: Scheme of the pairing of angular-momentum eigenstates in a one dimensional metal loop for (a) � = 0 and (b)
� = �0/2, as used by Schrie↵er in8 to illustrate the origin of the �0/2 periodicity in superconductors. Paired are always
electrons with equal energies, leading to center-of-mass angular momenta q = 0 in (a) and q = 1 in (b).

by Byers and Yang9, by Onsager10, and by Brenig11 on
the basis of BCS theory. They realized that there are two
distinct classes of superconducting wavefunctions that
are not related by a gauge transformation. An intu-
itive picture illustrating these two types can be found in
Schrie↵er’s book on superconductivity8, using the energy
spectrum of a one-dimensional metal ring. The first class
of superconducting wavefunctions, which London had in
mind in his considerations about flux quantization, is re-
lated to pairing of electrons with angular momenta }k
and �}k, which have equal energies in a metal loop with-
out magnetic flux, as schematically shown in figure 1 (a).
The Cooper pairs in this state have a center-of-mass an-
gular momentum (pair momentum) }q = 0. The pairing
wavefunctions of the superconducting state for all flux
values �, which are integer multiples of �0 and corre-
spond to even pair momenta }q = 2}�/�0, are related
to the wavefunction for � = 0 by a gauge transformation.
For a flux value �0/2, pairing occurs between the electron
states with angular momenta }k and }(�k + 1), which
have equal energies in this case [figure 1 (b)]. This leads
to pairs with momentum }q = }. The corresponding
pairing wavefunction is again related by a gauge trans-
formation to those for flux values � which are half-integer
multiples of �0 and correspond to the odd pair momenta
}q = 2}�/�0.

For the system to be �0/2 periodic, it is required that
the free energies of the two types of pairing states are
equal. Byers and Yang, Onsager as well as Brenig showed
that this is in fact the case in the thermodynamic limit.
The free energy consists then of a series of parabolae
with minima at integer multiples of �0 (corresponding
to even pair momenta) and half integer multiples of �0

(corresponding to odd pair momenta). If the arm of the
ring is wider than the penetration depth �, the flux is
quantized and the groundstate is given by the minimum
closest to the value of the external flux. However, in mi-
croscopic finite systems this degeneracy of the even and

odd q minima is lifted, although their position is fixed
by gauge invariance to multiples of �0/2. The restora-
tion of the �0/2 periodicity in the limit of large rings
was studied only much later12–15. We study the revival
of the �0/2 periodicity in sections IIA and IIB for a one-
dimensional ring at zero temperature and investigate the
e↵ects of many channels and finite temperatures in sec-
tion IIC.

From the flux periodicity of the free energy, the same
flux periodicity can be derived for all other thermody-
namic quantities16. A clear and unambiguous observa-
tion of flux oscillations is possible in the flux dependence
of the critical temperature Tc of small superconducting
cylinders. Such experiments have been performed first by
Little and Parks in 196217–19. They measured the resis-
tance R of the cylinder at a fixed temperature T within
the finite width of the superconducting transition and de-
duced the oscillation period of Tc from the variation of R.
These experiments confirmed the �0/2 periodicity in con-
ventional superconductors very accurately. At this stage
the question of the flux periodicity in superconductors
seemed to be settled and understood. The interest then
shifted to the amplitude of the supercurrent and also the
normal persistent current and their dependence on the
ring size, the temperature, and disorder20–24. However,
the influence of finite system sizes on the flux periodicity
remained unaddressed. Earlier, certain experiments had
already indicated some unexpected complications. E.g.,
Little and Parks pointed out in reference19 that in tanta-
lum cylinders they could not detect any flux oscillations
in R at all. Even more peculiar were the oscillations ob-
served in an indium cylinder where signs of an additional
�0/8 periodicity were clearly visible19. This was surpris-
ing because indium is a perfectly conventional supercon-
ductor otherwise. These results remained unexplained
and drew attention only years later, when flux oscilla-
tions of unconventional superconductors were studied.

In the meantime a new type of flux sensitive systems

� = 0
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But this simple picture not always true

 -wave superconducting rings with diameter 
smaller than coherence length shows  
periodicity

High temperature    -wave superconducting 
rings shows           periodicity

Topological superconducting rings have 
periodicity 
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hc/e
<latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit>

hc/e
<latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit>

hc/e
<latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit><latexit sha1_base64="mYQ6nDlke3iPQizsxiPbc2DAbnU=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaUdQ0QMXDufcy733BDFn2iD04RRWVtfWN4qbpa3tnd298v5BR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gep353XuqNIvknZnF1Bd4LFnICDaZNCFndFiuILeGvMaFB5GLFrCkWkONOoJerlRAjtaw/D4YRSQRVBrCsdZ9D8XGT7EyjHA6Lw0STWNMpnhM+5ZKLKj208Wtc3hilREMI2VLGrhQv0+kWGg9E4HtFNhM9G8vE//y+okJ637KZJwYKslyUZhwaCKYPQ5HTFFi+MwSTBSzt0IywQoTY+Mp2RC+PoX/k07V9ZDr3Z5Xmld5HEVwBI7BKfDAJWiCG9ACbUDABDyAJ/DsCOfReXFel60FJ585BD/gvH0C98yOLw==</latexit>

d
<latexit sha1_base64="8PRlZma/0KxhlRocsUH9bOc0f7s=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPBaHILevGYgHlAsoTZ2d5kzOyDmVkhLPkCLx4U8eonefNvnCQrqGhBQ1HVTXeXlwiuNCEf1srq2vrGZmGruL2zu7dfOjjsqDiVDNosFrHseVSB4BG0NdcCeokEGnoCut7keu5370EqHke3epqAG9JRxAPOqDZSyx+WysSuEqd+4WBikwUMqVRJvUawkytllKM5LL0P/JilIUSaCapU3yGJdjMqNWcCZsVBqiChbEJH0Dc0oiEoN1scOsOnRvFxEEtTkcYL9ftERkOlpqFnOkOqx+q3Nxf/8vqpDmpuxqMk1RCx5aIgFVjHeP419rkEpsXUEMokN7diNqaSMm2yKZoQvj7F/5NOxXaI7bTOy42rPI4COkYn6Aw56BI10A1qojZiCNADekLP1p31aL1Yr8vWFSufOUI/YL19AgpyjRY=</latexit><latexit sha1_base64="8PRlZma/0KxhlRocsUH9bOc0f7s=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPBaHILevGYgHlAsoTZ2d5kzOyDmVkhLPkCLx4U8eonefNvnCQrqGhBQ1HVTXeXlwiuNCEf1srq2vrGZmGruL2zu7dfOjjsqDiVDNosFrHseVSB4BG0NdcCeokEGnoCut7keu5370EqHke3epqAG9JRxAPOqDZSyx+WysSuEqd+4WBikwUMqVRJvUawkytllKM5LL0P/JilIUSaCapU3yGJdjMqNWcCZsVBqiChbEJH0Dc0oiEoN1scOsOnRvFxEEtTkcYL9ftERkOlpqFnOkOqx+q3Nxf/8vqpDmpuxqMk1RCx5aIgFVjHeP419rkEpsXUEMokN7diNqaSMm2yKZoQvj7F/5NOxXaI7bTOy42rPI4COkYn6Aw56BI10A1qojZiCNADekLP1p31aL1Yr8vWFSufOUI/YL19AgpyjRY=</latexit><latexit sha1_base64="8PRlZma/0KxhlRocsUH9bOc0f7s=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPBaHILevGYgHlAsoTZ2d5kzOyDmVkhLPkCLx4U8eonefNvnCQrqGhBQ1HVTXeXlwiuNCEf1srq2vrGZmGruL2zu7dfOjjsqDiVDNosFrHseVSB4BG0NdcCeokEGnoCut7keu5370EqHke3epqAG9JRxAPOqDZSyx+WysSuEqd+4WBikwUMqVRJvUawkytllKM5LL0P/JilIUSaCapU3yGJdjMqNWcCZsVBqiChbEJH0Dc0oiEoN1scOsOnRvFxEEtTkcYL9ftERkOlpqFnOkOqx+q3Nxf/8vqpDmpuxqMk1RCx5aIgFVjHeP419rkEpsXUEMokN7diNqaSMm2yKZoQvj7F/5NOxXaI7bTOy42rPI4COkYn6Aw56BI10A1qojZiCNADekLP1p31aL1Yr8vWFSufOUI/YL19AgpyjRY=</latexit><latexit sha1_base64="8PRlZma/0KxhlRocsUH9bOc0f7s=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPBaHILevGYgHlAsoTZ2d5kzOyDmVkhLPkCLx4U8eonefNvnCQrqGhBQ1HVTXeXlwiuNCEf1srq2vrGZmGruL2zu7dfOjjsqDiVDNosFrHseVSB4BG0NdcCeokEGnoCut7keu5370EqHke3epqAG9JRxAPOqDZSyx+WysSuEqd+4WBikwUMqVRJvUawkytllKM5LL0P/JilIUSaCapU3yGJdjMqNWcCZsVBqiChbEJH0Dc0oiEoN1scOsOnRvFxEEtTkcYL9ftERkOlpqFnOkOqx+q3Nxf/8vqpDmpuxqMk1RCx5aIgFVjHeP419rkEpsXUEMokN7diNqaSMm2yKZoQvj7F/5NOxXaI7bTOy42rPI4COkYn6Aw56BI10A1qojZiCNADekLP1p31aL1Yr8vWFSufOUI/YL19AgpyjRY=</latexit>

Loder et al, 2007
<latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit><latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit><latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit><latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit>

Loder et al, 2007
<latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit><latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit><latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit><latexit sha1_base64="NystD9WlquDO5wTRWFLrGXi4rOA=">AAACAHicdVDJSgNBEO1xN25RDx68NAbBgww945J4E7148KBgYiAJoadTSZr0LHTXCGHIxV/x4kERr36GN//GziKo6IOCx3tVVNULEiUNMvbhTE3PzM7NLyzmlpZXVtfy6xsVE6daQFnEKtbVgBtQMoIySlRQTTTwMFBwG/TOh/7tHWgj4+gG+wk0Qt6JZFsKjlZq5rcu4xZomtUlUkDK1WCf+owVm/kCc9nxoed7lLlHzCv5bExOigfUc9kIBTLBVTP/Xm/FIg0hQqG4MTWPJdjIuEYpFAxy9dRAwkWPd6BmacRDMI1s9MCA7lqlRduxthUhHanfJzIeGtMPA9sZcuya395Q/MurpdguNTIZJSlCJMaL2qmiGNNhGrQlNQhUfUu40NLeSkWXay7QZpazIXx9Sv8nFd/1mOtd+4XTs0kcC2Sb7JA94pEiOSUX5IqUiSAD8kCeyLNz7zw6L87ruHXKmcxskh9w3j4BfqSVCA==</latexit>

Liu,Cole,Sau, 2019
<latexit sha1_base64="tw2y93aVWmYfglmD5Hr6P3jlaao=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgogzJ+Gi7K7px4aKifUA7lEyatqGZB0lGLEN/xY0LRdz6I+78G9OHoKIHAodzzuXeHD8WXGmEPqzM0vLK6lp2PbexubW9Y+/mGypKJGV1GolItnyimOAhq2uuBWvFkpHAF6zpjy6mfvOOScWj8FaPY+YFZBDyPqdEG6lr5694UjQxVrwhSRG6CFe6dgE56OwEuxgi5xThsovmpFI6hthBMxTAArWu/d7pRTQJWKipIEq1MYq1lxKpORVskuskisWEjsiAtQ0NScCUl85un8BDo/RgP5LmhRrO1O8TKQmUGge+SQZED9Vvbyr+5bUT3S97KQ/jRLOQzhf1EwF1BKdFwB6XjGoxNoRQyc2tkA6JJFSbunKmhK+fwv9Jw3UwcvC1W6ieL+rIgn1wAI4ABiVQBZegBuqAgnvwAJ7AszWxHq0X63UezViLmT3wA9bbJ5wQkto=</latexit><latexit sha1_base64="tw2y93aVWmYfglmD5Hr6P3jlaao=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgogzJ+Gi7K7px4aKifUA7lEyatqGZB0lGLEN/xY0LRdz6I+78G9OHoKIHAodzzuXeHD8WXGmEPqzM0vLK6lp2PbexubW9Y+/mGypKJGV1GolItnyimOAhq2uuBWvFkpHAF6zpjy6mfvOOScWj8FaPY+YFZBDyPqdEG6lr5694UjQxVrwhSRG6CFe6dgE56OwEuxgi5xThsovmpFI6hthBMxTAArWu/d7pRTQJWKipIEq1MYq1lxKpORVskuskisWEjsiAtQ0NScCUl85un8BDo/RgP5LmhRrO1O8TKQmUGge+SQZED9Vvbyr+5bUT3S97KQ/jRLOQzhf1EwF1BKdFwB6XjGoxNoRQyc2tkA6JJFSbunKmhK+fwv9Jw3UwcvC1W6ieL+rIgn1wAI4ABiVQBZegBuqAgnvwAJ7AszWxHq0X63UezViLmT3wA9bbJ5wQkto=</latexit><latexit sha1_base64="tw2y93aVWmYfglmD5Hr6P3jlaao=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgogzJ+Gi7K7px4aKifUA7lEyatqGZB0lGLEN/xY0LRdz6I+78G9OHoKIHAodzzuXeHD8WXGmEPqzM0vLK6lp2PbexubW9Y+/mGypKJGV1GolItnyimOAhq2uuBWvFkpHAF6zpjy6mfvOOScWj8FaPY+YFZBDyPqdEG6lr5694UjQxVrwhSRG6CFe6dgE56OwEuxgi5xThsovmpFI6hthBMxTAArWu/d7pRTQJWKipIEq1MYq1lxKpORVskuskisWEjsiAtQ0NScCUl85un8BDo/RgP5LmhRrO1O8TKQmUGge+SQZED9Vvbyr+5bUT3S97KQ/jRLOQzhf1EwF1BKdFwB6XjGoxNoRQyc2tkA6JJFSbunKmhK+fwv9Jw3UwcvC1W6ieL+rIgn1wAI4ABiVQBZegBuqAgnvwAJ7AszWxHq0X63UezViLmT3wA9bbJ5wQkto=</latexit><latexit sha1_base64="tw2y93aVWmYfglmD5Hr6P3jlaao=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgogzJ+Gi7K7px4aKifUA7lEyatqGZB0lGLEN/xY0LRdz6I+78G9OHoKIHAodzzuXeHD8WXGmEPqzM0vLK6lp2PbexubW9Y+/mGypKJGV1GolItnyimOAhq2uuBWvFkpHAF6zpjy6mfvOOScWj8FaPY+YFZBDyPqdEG6lr5694UjQxVrwhSRG6CFe6dgE56OwEuxgi5xThsovmpFI6hthBMxTAArWu/d7pRTQJWKipIEq1MYq1lxKpORVskuskisWEjsiAtQ0NScCUl85un8BDo/RgP5LmhRrO1O8TKQmUGge+SQZED9Vvbyr+5bUT3S97KQ/jRLOQzhf1EwF1BKdFwB6XjGoxNoRQyc2tkA6JJFSbunKmhK+fwv9Jw3UwcvC1W6ieL+rIgn1wAI4ABiVQBZegBuqAgnvwAJ7AszWxHq0X63UezViLmT3wA9bbJ5wQkto=</latexit>



Our work and results



Model and symmetries

We start with a four band model defined by

       denote operators in spin/Nambu space

Particle-hole symmetry                                   
and mirror symmetries                                          
Mirror symmetries anti-commute

�, ⌧
<latexit sha1_base64="29ta6t5nQdYEOBdImhyI3IPEO1Q=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgQZbZYDS5Bb14jGAesLuE2clsMmT2wUyvEEI+w4sHRbz6Nd78GyfJCipa0FBUddPdFaRSaCDkwyqsrK6tbxQ3S1vbO7t75f2Djk4yxXibJTJRvYBqLkXM2yBA8l6qOI0CybvB+Hrud++50iKJ72CScj+iw1iEglEwkutpMYzomQc065crxK4Rp3HhYGKTBQyp1kijTrCTKxWUo9Uvv3uDhGURj4FJqrXrkBT8KVUgmOSzkpdpnlI2pkPuGhrTiGt/ujh5hk+MMsBhokzFgBfq94kpjbSeRIHpjCiM9G9vLv7luRmEdX8q4jQDHrPlojCTGBI8/x8PhOIM5MQQypQwt2I2oooyMCmVTAhfn+L/SadqO8R2bs8rzas8jiI6QsfoFDnoEjXRDWqhNmIoQQ/oCT1bYD1aL9brsrVg5TOH6Aest09pRZFV</latexit><latexit sha1_base64="29ta6t5nQdYEOBdImhyI3IPEO1Q=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgQZbZYDS5Bb14jGAesLuE2clsMmT2wUyvEEI+w4sHRbz6Nd78GyfJCipa0FBUddPdFaRSaCDkwyqsrK6tbxQ3S1vbO7t75f2Djk4yxXibJTJRvYBqLkXM2yBA8l6qOI0CybvB+Hrud++50iKJ72CScj+iw1iEglEwkutpMYzomQc065crxK4Rp3HhYGKTBQyp1kijTrCTKxWUo9Uvv3uDhGURj4FJqrXrkBT8KVUgmOSzkpdpnlI2pkPuGhrTiGt/ujh5hk+MMsBhokzFgBfq94kpjbSeRIHpjCiM9G9vLv7luRmEdX8q4jQDHrPlojCTGBI8/x8PhOIM5MQQypQwt2I2oooyMCmVTAhfn+L/SadqO8R2bs8rzas8jiI6QsfoFDnoEjXRDWqhNmIoQQ/oCT1bYD1aL9brsrVg5TOH6Aest09pRZFV</latexit><latexit sha1_base64="29ta6t5nQdYEOBdImhyI3IPEO1Q=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgQZbZYDS5Bb14jGAesLuE2clsMmT2wUyvEEI+w4sHRbz6Nd78GyfJCipa0FBUddPdFaRSaCDkwyqsrK6tbxQ3S1vbO7t75f2Djk4yxXibJTJRvYBqLkXM2yBA8l6qOI0CybvB+Hrud++50iKJ72CScj+iw1iEglEwkutpMYzomQc065crxK4Rp3HhYGKTBQyp1kijTrCTKxWUo9Uvv3uDhGURj4FJqrXrkBT8KVUgmOSzkpdpnlI2pkPuGhrTiGt/ujh5hk+MMsBhokzFgBfq94kpjbSeRIHpjCiM9G9vLv7luRmEdX8q4jQDHrPlojCTGBI8/x8PhOIM5MQQypQwt2I2oooyMCmVTAhfn+L/SadqO8R2bs8rzas8jiI6QsfoFDnoEjXRDWqhNmIoQQ/oCT1bYD1aL9brsrVg5TOH6Aest09pRZFV</latexit><latexit sha1_base64="29ta6t5nQdYEOBdImhyI3IPEO1Q=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgQZbZYDS5Bb14jGAesLuE2clsMmT2wUyvEEI+w4sHRbz6Nd78GyfJCipa0FBUddPdFaRSaCDkwyqsrK6tbxQ3S1vbO7t75f2Djk4yxXibJTJRvYBqLkXM2yBA8l6qOI0CybvB+Hrud++50iKJ72CScj+iw1iEglEwkutpMYzomQc065crxK4Rp3HhYGKTBQyp1kijTrCTKxWUo9Uvv3uDhGURj4FJqrXrkBT8KVUgmOSzkpdpnlI2pkPuGhrTiGt/ujh5hk+MMsBhokzFgBfq94kpjbSeRIHpjCiM9G9vLv7luRmEdX8q4jQDHrPlojCTGBI8/x8PhOIM5MQQypQwt2I2oooyMCmVTAhfn+L/SadqO8R2bs8rzas8jiI6QsfoFDnoEjXRDWqhNmIoQQ/oCT1bYD1aL9brsrVg5TOH6Aest09pRZFV</latexit>

H(k) = (bx + � cos(kx))⌧z�x + � cos(ky)1⌧�y

+� sin(kx)⌧y�x +� sin(ky)⌧x�x,
<latexit sha1_base64="yBJrFRWH4TaPwt30JAMBCOvY1MU="></latexit><latexit sha1_base64="yBJrFRWH4TaPwt30JAMBCOvY1MU="></latexit><latexit sha1_base64="yBJrFRWH4TaPwt30JAMBCOvY1MU="></latexit><latexit sha1_base64="yBJrFRWH4TaPwt30JAMBCOvY1MU="></latexit>

⌧xH
T (�k)⌧�1

x = �H(k)
<latexit sha1_base64="tIsZ0zWAERonQvd6YWfDDby/JI4="></latexit><latexit sha1_base64="tIsZ0zWAERonQvd6YWfDDby/JI4="></latexit><latexit sha1_base64="tIsZ0zWAERonQvd6YWfDDby/JI4="></latexit><latexit sha1_base64="tIsZ0zWAERonQvd6YWfDDby/JI4="></latexit>

Mx,yH(k)M�1
x,y = H(m̂x,yk)

<latexit sha1_base64="bLhGVdOVu3H8bNKc6WnbmOWa2gQ="></latexit><latexit sha1_base64="bLhGVdOVu3H8bNKc6WnbmOWa2gQ="></latexit><latexit sha1_base64="bLhGVdOVu3H8bNKc6WnbmOWa2gQ="></latexit><latexit sha1_base64="bLhGVdOVu3H8bNKc6WnbmOWa2gQ="></latexit>

{Mx,My} = 0
<latexit sha1_base64="CW05NRi6yvIUNl3QNv498BNE2ho=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4kJIpVtuFUHTjRqhgH9AZhkyatqGZzJBkxDJ06cZfceNCEbd+gjv/xvShqOiBC4dz7uXee4KYM6URerdmZufmFxYzS9nlldW1dXtjs66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNoH828hvXVCoWiSs9iKkX4q5gHUawNpJv77gpTF2CObwY+jcHX3QA3SE8gci3cyhfRE75yIEoj8YwpFBE5RKCzlTJgSmqvv3mtiOShFRowrFSLQfF2kux1IxwOsy6iaIxJn3cpS1DBQ6p8tLxI0O4Z5Q27ETSlNBwrH6fSHGo1CAMTGeIdU/99kbiX14r0Z2SlzIRJ5oKMlnUSTjUERylAttMUqL5wBBMJDO3QtLDEhNtssuaED4/hf+TeiHvoLxzeZirnE7jyIBtsAv2gQOOQQWcgyqoAQJuwT14BE/WnfVgPVsvk9YZazqzBX7Aev0AmXmYaQ==</latexit><latexit sha1_base64="CW05NRi6yvIUNl3QNv498BNE2ho=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4kJIpVtuFUHTjRqhgH9AZhkyatqGZzJBkxDJ06cZfceNCEbd+gjv/xvShqOiBC4dz7uXee4KYM6URerdmZufmFxYzS9nlldW1dXtjs66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNoH828hvXVCoWiSs9iKkX4q5gHUawNpJv77gpTF2CObwY+jcHX3QA3SE8gci3cyhfRE75yIEoj8YwpFBE5RKCzlTJgSmqvv3mtiOShFRowrFSLQfF2kux1IxwOsy6iaIxJn3cpS1DBQ6p8tLxI0O4Z5Q27ETSlNBwrH6fSHGo1CAMTGeIdU/99kbiX14r0Z2SlzIRJ5oKMlnUSTjUERylAttMUqL5wBBMJDO3QtLDEhNtssuaED4/hf+TeiHvoLxzeZirnE7jyIBtsAv2gQOOQQWcgyqoAQJuwT14BE/WnfVgPVsvk9YZazqzBX7Aev0AmXmYaQ==</latexit><latexit sha1_base64="CW05NRi6yvIUNl3QNv498BNE2ho=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4kJIpVtuFUHTjRqhgH9AZhkyatqGZzJBkxDJ06cZfceNCEbd+gjv/xvShqOiBC4dz7uXee4KYM6URerdmZufmFxYzS9nlldW1dXtjs66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNoH828hvXVCoWiSs9iKkX4q5gHUawNpJv77gpTF2CObwY+jcHX3QA3SE8gci3cyhfRE75yIEoj8YwpFBE5RKCzlTJgSmqvv3mtiOShFRowrFSLQfF2kux1IxwOsy6iaIxJn3cpS1DBQ6p8tLxI0O4Z5Q27ETSlNBwrH6fSHGo1CAMTGeIdU/99kbiX14r0Z2SlzIRJ5oKMlnUSTjUERylAttMUqL5wBBMJDO3QtLDEhNtssuaED4/hf+TeiHvoLxzeZirnE7jyIBtsAv2gQOOQQWcgyqoAQJuwT14BE/WnfVgPVsvk9YZazqzBX7Aev0AmXmYaQ==</latexit><latexit sha1_base64="CW05NRi6yvIUNl3QNv498BNE2ho=">AAACCHicdVDLSgMxFM34rPU16tKFwSK4kJIpVtuFUHTjRqhgH9AZhkyatqGZzJBkxDJ06cZfceNCEbd+gjv/xvShqOiBC4dz7uXee4KYM6URerdmZufmFxYzS9nlldW1dXtjs66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNoH828hvXVCoWiSs9iKkX4q5gHUawNpJv77gpTF2CObwY+jcHX3QA3SE8gci3cyhfRE75yIEoj8YwpFBE5RKCzlTJgSmqvv3mtiOShFRowrFSLQfF2kux1IxwOsy6iaIxJn3cpS1DBQ6p8tLxI0O4Z5Q27ETSlNBwrH6fSHGo1CAMTGeIdU/99kbiX14r0Z2SlzIRJ5oKMlnUSTjUERylAttMUqL5wBBMJDO3QtLDEhNtssuaED4/hf+TeiHvoLxzeZirnE7jyIBtsAv2gQOOQQWcgyqoAQJuwT14BE/WnfVgPVsvk9YZazqzBX7Aev0AmXmYaQ==</latexit>



For            and                 , this reduces to the 
earlier model.  In fact, can be shown to be 
topological for 

Normal state of this model,             
corresponds to 2 dimensional  Dirac metal 
with 4 mirror symmetric Dirac nodes

  Can then include pairing          

bx = 0
<latexit sha1_base64="ChjYem0LkVROgnSQdqYbVZF+CKQ=">AAAB7nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansQil48VrAf0C4lm2bb0Gx2SbJiKf0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0gE1wbjD2dpeWV1bT23kd/c2t7ZLeztN3WcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjK5mfuuOKc1jeWvGCfMjMpA85JQYK7VQ0LtHF7hXKGK3jL3qmYewi+ewpFTG1QpGXqYUIUO9V3jv9mOaRkwaKojWHQ8nxp8QZTgVbJrvppolhI7IgHUslSRi2p/Mz52iY6v0URgrW9Kgufp9YkIircdRYDsjYob6tzcT//I6qQkr/oTLJDVM0sWiMBXIxGj2O+pzxagRY0sIVdzeiuiQKEKNTShvQ/j6FP1PmiXXw653c1qsXWZx5OAQjuAEPDiHGlxDHRpAYQQP8ATPTuI8Oi/O66J1yclmDuAHnLdPNyiO1A==</latexit><latexit sha1_base64="ChjYem0LkVROgnSQdqYbVZF+CKQ=">AAAB7nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansQil48VrAf0C4lm2bb0Gx2SbJiKf0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0gE1wbjD2dpeWV1bT23kd/c2t7ZLeztN3WcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjK5mfuuOKc1jeWvGCfMjMpA85JQYK7VQ0LtHF7hXKGK3jL3qmYewi+ewpFTG1QpGXqYUIUO9V3jv9mOaRkwaKojWHQ8nxp8QZTgVbJrvppolhI7IgHUslSRi2p/Mz52iY6v0URgrW9Kgufp9YkIircdRYDsjYob6tzcT//I6qQkr/oTLJDVM0sWiMBXIxGj2O+pzxagRY0sIVdzeiuiQKEKNTShvQ/j6FP1PmiXXw653c1qsXWZx5OAQjuAEPDiHGlxDHRpAYQQP8ATPTuI8Oi/O66J1yclmDuAHnLdPNyiO1A==</latexit><latexit sha1_base64="ChjYem0LkVROgnSQdqYbVZF+CKQ=">AAAB7nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansQil48VrAf0C4lm2bb0Gx2SbJiKf0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0gE1wbjD2dpeWV1bT23kd/c2t7ZLeztN3WcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjK5mfuuOKc1jeWvGCfMjMpA85JQYK7VQ0LtHF7hXKGK3jL3qmYewi+ewpFTG1QpGXqYUIUO9V3jv9mOaRkwaKojWHQ8nxp8QZTgVbJrvppolhI7IgHUslSRi2p/Mz52iY6v0URgrW9Kgufp9YkIircdRYDsjYob6tzcT//I6qQkr/oTLJDVM0sWiMBXIxGj2O+pzxagRY0sIVdzeiuiQKEKNTShvQ/j6FP1PmiXXw653c1qsXWZx5OAQjuAEPDiHGlxDHRpAYQQP8ATPTuI8Oi/O66J1yclmDuAHnLdPNyiO1A==</latexit><latexit sha1_base64="ChjYem0LkVROgnSQdqYbVZF+CKQ=">AAAB7nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansQil48VrAf0C4lm2bb0Gx2SbJiKf0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0gE1wbjD2dpeWV1bT23kd/c2t7ZLeztN3WcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjK5mfuuOKc1jeWvGCfMjMpA85JQYK7VQ0LtHF7hXKGK3jL3qmYewi+ewpFTG1QpGXqYUIUO9V3jv9mOaRkwaKojWHQ8nxp8QZTgVbJrvppolhI7IgHUslSRi2p/Mz52iY6v0URgrW9Kgufp9YkIircdRYDsjYob6tzcT//I6qQkr/oTLJDVM0sWiMBXIxGj2O+pzxagRY0sIVdzeiuiQKEKNTShvQ/j6FP1PmiXXw653c1qsXWZx5OAQjuAEPDiHGlxDHRpAYQQP8ATPTuI8Oi/O66J1yclmDuAHnLdPNyiO1A==</latexit>

� = � = t
<latexit sha1_base64="uz5qGo/bXpSc2VzihtATIHwe3hI=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq5IpVtuFUNSFywr2AW0pmTTThmYeJHeEOhR/xY0LRdz6H+78G9N2BBU9EDiccy735riRFBoI+bAyC4tLyyvZ1dza+sbmlr2909BhrBivs1CGquVSzaUIeB0ESN6KFKe+K3nTHV1M/eYtV1qEwQ2MI9716SAQnmAUjNSz93BHmnSf4jPcueQSDIGenSeFEnEqJw4mBTKDIcUSqZQJdlIlj1LUevZ7px+y2OcBMEm1bjskgm5CFQgm+STXiTWPKBvRAW8bGlCf624yu36CD43Sx16ozAsAz9TvEwn1tR77rkn6FIb6tzcV//LaMXjlbiKCKAYesPkiL5YYQjytAveF4gzk2BDKlDC3YjakijIwheVMCV8/xf+TRrHgkIJzfZyvnqd1ZNE+OkBHyEGnqIquUA3VEUN36AE9oWfr3nq0XqzXeTRjpTO76Aest0+qZ5QS</latexit><latexit sha1_base64="uz5qGo/bXpSc2VzihtATIHwe3hI=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq5IpVtuFUNSFywr2AW0pmTTThmYeJHeEOhR/xY0LRdz6H+78G9N2BBU9EDiccy735riRFBoI+bAyC4tLyyvZ1dza+sbmlr2909BhrBivs1CGquVSzaUIeB0ESN6KFKe+K3nTHV1M/eYtV1qEwQ2MI9716SAQnmAUjNSz93BHmnSf4jPcueQSDIGenSeFEnEqJw4mBTKDIcUSqZQJdlIlj1LUevZ7px+y2OcBMEm1bjskgm5CFQgm+STXiTWPKBvRAW8bGlCf624yu36CD43Sx16ozAsAz9TvEwn1tR77rkn6FIb6tzcV//LaMXjlbiKCKAYesPkiL5YYQjytAveF4gzk2BDKlDC3YjakijIwheVMCV8/xf+TRrHgkIJzfZyvnqd1ZNE+OkBHyEGnqIquUA3VEUN36AE9oWfr3nq0XqzXeTRjpTO76Aest0+qZ5QS</latexit><latexit sha1_base64="uz5qGo/bXpSc2VzihtATIHwe3hI=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq5IpVtuFUNSFywr2AW0pmTTThmYeJHeEOhR/xY0LRdz6H+78G9N2BBU9EDiccy735riRFBoI+bAyC4tLyyvZ1dza+sbmlr2909BhrBivs1CGquVSzaUIeB0ESN6KFKe+K3nTHV1M/eYtV1qEwQ2MI9716SAQnmAUjNSz93BHmnSf4jPcueQSDIGenSeFEnEqJw4mBTKDIcUSqZQJdlIlj1LUevZ7px+y2OcBMEm1bjskgm5CFQgm+STXiTWPKBvRAW8bGlCf624yu36CD43Sx16ozAsAz9TvEwn1tR77rkn6FIb6tzcV//LaMXjlbiKCKAYesPkiL5YYQjytAveF4gzk2BDKlDC3YjakijIwheVMCV8/xf+TRrHgkIJzfZyvnqd1ZNE+OkBHyEGnqIquUA3VEUN36AE9oWfr3nq0XqzXeTRjpTO76Aest0+qZ5QS</latexit><latexit sha1_base64="uz5qGo/bXpSc2VzihtATIHwe3hI=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq5IpVtuFUNSFywr2AW0pmTTThmYeJHeEOhR/xY0LRdz6H+78G9N2BBU9EDiccy735riRFBoI+bAyC4tLyyvZ1dza+sbmlr2909BhrBivs1CGquVSzaUIeB0ESN6KFKe+K3nTHV1M/eYtV1qEwQ2MI9716SAQnmAUjNSz93BHmnSf4jPcueQSDIGenSeFEnEqJw4mBTKDIcUSqZQJdlIlj1LUevZ7px+y2OcBMEm1bjskgm5CFQgm+STXiTWPKBvRAW8bGlCf624yu36CD43Sx16ozAsAz9TvEwn1tR77rkn6FIb6tzcV//LaMXjlbiKCKAYesPkiL5YYQjytAveF4gzk2BDKlDC3YjakijIwheVMCV8/xf+TRrHgkIJzfZyvnqd1ZNE+OkBHyEGnqIquUA3VEUN36AE9oWfr3nq0XqzXeTRjpTO76Aest0+qZ5QS</latexit>

|bx| < �
<latexit sha1_base64="0j5o39JLCdtYs3kdbO4w9PplpkE=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWSK1RZcFN24rGAf0A5DJpNpQzMPkkyxTPsnblwo4tY/ceffmLYjqOiBwOGce7g3x0s4kwqhD6Owsrq2vlHcLG1t7+zumfsHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRtdzvzOmQrI4ulOThDohHkQsYAQrLbmmCaeeez+Fl7DPdcrHrllGVhXZ9XMbIgstoEmliuo1BO1cKYMcTdd87/sxSUMaKcKxlD0bJcrJsFCMcDor9VNJE0xGeEB7mkY4pNLJFpfP4IlWfBjEQr9IwYX6PZHhUMpJ6OnJEKuh/O3Nxb+8XqqCmpOxKEkVjchyUZByqGI4rwH6TFCi+EQTTATTt0IyxAITpcsq6RK+fgr/J+2KZSPLvj0rN67yOorgCByDU2CDC9AAN6AJWoCAMXgAT+DZyIxH48V4XY4WjDxzCH7AePsEos+TAw==</latexit><latexit sha1_base64="0j5o39JLCdtYs3kdbO4w9PplpkE=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWSK1RZcFN24rGAf0A5DJpNpQzMPkkyxTPsnblwo4tY/ceffmLYjqOiBwOGce7g3x0s4kwqhD6Owsrq2vlHcLG1t7+zumfsHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRtdzvzOmQrI4ulOThDohHkQsYAQrLbmmCaeeez+Fl7DPdcrHrllGVhXZ9XMbIgstoEmliuo1BO1cKYMcTdd87/sxSUMaKcKxlD0bJcrJsFCMcDor9VNJE0xGeEB7mkY4pNLJFpfP4IlWfBjEQr9IwYX6PZHhUMpJ6OnJEKuh/O3Nxb+8XqqCmpOxKEkVjchyUZByqGI4rwH6TFCi+EQTTATTt0IyxAITpcsq6RK+fgr/J+2KZSPLvj0rN67yOorgCByDU2CDC9AAN6AJWoCAMXgAT+DZyIxH48V4XY4WjDxzCH7AePsEos+TAw==</latexit><latexit sha1_base64="0j5o39JLCdtYs3kdbO4w9PplpkE=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWSK1RZcFN24rGAf0A5DJpNpQzMPkkyxTPsnblwo4tY/ceffmLYjqOiBwOGce7g3x0s4kwqhD6Owsrq2vlHcLG1t7+zumfsHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRtdzvzOmQrI4ulOThDohHkQsYAQrLbmmCaeeez+Fl7DPdcrHrllGVhXZ9XMbIgstoEmliuo1BO1cKYMcTdd87/sxSUMaKcKxlD0bJcrJsFCMcDor9VNJE0xGeEB7mkY4pNLJFpfP4IlWfBjEQr9IwYX6PZHhUMpJ6OnJEKuh/O3Nxb+8XqqCmpOxKEkVjchyUZByqGI4rwH6TFCi+EQTTATTt0IyxAITpcsq6RK+fgr/J+2KZSPLvj0rN67yOorgCByDU2CDC9AAN6AJWoCAMXgAT+DZyIxH48V4XY4WjDxzCH7AePsEos+TAw==</latexit><latexit sha1_base64="0j5o39JLCdtYs3kdbO4w9PplpkE=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWSK1RZcFN24rGAf0A5DJpNpQzMPkkyxTPsnblwo4tY/ceffmLYjqOiBwOGce7g3x0s4kwqhD6Owsrq2vlHcLG1t7+zumfsHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRtdzvzOmQrI4ulOThDohHkQsYAQrLbmmCaeeez+Fl7DPdcrHrllGVhXZ9XMbIgstoEmliuo1BO1cKYMcTdd87/sxSUMaKcKxlD0bJcrJsFCMcDor9VNJE0xGeEB7mkY4pNLJFpfP4IlWfBjEQr9IwYX6PZHhUMpJ6OnJEKuh/O3Nxb+8XqqCmpOxKEkVjchyUZByqGI4rwH6TFCi+EQTTATTt0IyxAITpcsq6RK+fgr/J+2KZSPLvj0rN67yOorgCByDU2CDC9AAN6AJWoCAMXgAT+DZyIxH48V4XY4WjDxzCH7AePsEos+TAw==</latexit>

� = 0
<latexit sha1_base64="KhN2gk4NDlq0NIVyt0UPfry9OZA=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GQ9CUA8eIxgT2CxhdjKbDJl9MNMrhCWf4cWDIl79Gm/+jZPNCipa0FBUddPd5SdSaCDkwyrNzS8sLpWXKyura+sb1c2tOx2nivEWi2WsOj7VXIqIt0CA5J1EcRr6krf90eXUb99zpUUc3cI44V5IB5EIBKNgJLd7xSVQfI4x6VVrxD4mztkJwcQmOXJSdw4d7BRKDRVo9qrv3X7M0pBHwCTV2nVIAl5GFQgm+aTSTTVPKBvRAXcNjWjItZflJ0/wnlH6OIiVqQhwrn6fyGio9Tj0TWdIYah/e1PxL89NIah7mYiSFHjEZouCVGKI8fR/3BeKM5BjQyhTwtyK2ZAqysCkVDEhfH2K/yd3B7ZDbOfmqNa4KOIoox20i/aRg05RA12jJmohhmL0gJ7QswXWo/Vivc5aS1Yxs41+wHr7BI6GkB0=</latexit><latexit sha1_base64="KhN2gk4NDlq0NIVyt0UPfry9OZA=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GQ9CUA8eIxgT2CxhdjKbDJl9MNMrhCWf4cWDIl79Gm/+jZPNCipa0FBUddPd5SdSaCDkwyrNzS8sLpWXKyura+sb1c2tOx2nivEWi2WsOj7VXIqIt0CA5J1EcRr6krf90eXUb99zpUUc3cI44V5IB5EIBKNgJLd7xSVQfI4x6VVrxD4mztkJwcQmOXJSdw4d7BRKDRVo9qrv3X7M0pBHwCTV2nVIAl5GFQgm+aTSTTVPKBvRAXcNjWjItZflJ0/wnlH6OIiVqQhwrn6fyGio9Tj0TWdIYah/e1PxL89NIah7mYiSFHjEZouCVGKI8fR/3BeKM5BjQyhTwtyK2ZAqysCkVDEhfH2K/yd3B7ZDbOfmqNa4KOIoox20i/aRg05RA12jJmohhmL0gJ7QswXWo/Vivc5aS1Yxs41+wHr7BI6GkB0=</latexit><latexit sha1_base64="KhN2gk4NDlq0NIVyt0UPfry9OZA=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GQ9CUA8eIxgT2CxhdjKbDJl9MNMrhCWf4cWDIl79Gm/+jZPNCipa0FBUddPd5SdSaCDkwyrNzS8sLpWXKyura+sb1c2tOx2nivEWi2WsOj7VXIqIt0CA5J1EcRr6krf90eXUb99zpUUc3cI44V5IB5EIBKNgJLd7xSVQfI4x6VVrxD4mztkJwcQmOXJSdw4d7BRKDRVo9qrv3X7M0pBHwCTV2nVIAl5GFQgm+aTSTTVPKBvRAXcNjWjItZflJ0/wnlH6OIiVqQhwrn6fyGio9Tj0TWdIYah/e1PxL89NIah7mYiSFHjEZouCVGKI8fR/3BeKM5BjQyhTwtyK2ZAqysCkVDEhfH2K/yd3B7ZDbOfmqNa4KOIoox20i/aRg05RA12jJmohhmL0gJ7QswXWo/Vivc5aS1Yxs41+wHr7BI6GkB0=</latexit><latexit sha1_base64="KhN2gk4NDlq0NIVyt0UPfry9OZA=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgaZn1GQ9CUA8eIxgT2CxhdjKbDJl9MNMrhCWf4cWDIl79Gm/+jZPNCipa0FBUddPd5SdSaCDkwyrNzS8sLpWXKyura+sb1c2tOx2nivEWi2WsOj7VXIqIt0CA5J1EcRr6krf90eXUb99zpUUc3cI44V5IB5EIBKNgJLd7xSVQfI4x6VVrxD4mztkJwcQmOXJSdw4d7BRKDRVo9qrv3X7M0pBHwCTV2nVIAl5GFQgm+aTSTTVPKBvRAXcNjWjItZflJ0/wnlH6OIiVqQhwrn6fyGio9Tj0TWdIYah/e1PxL89NIah7mYiSFHjEZouCVGKI8fR/3BeKM5BjQyhTwtyK2ZAqysCkVDEhfH2K/yd3B7ZDbOfmqNa4KOIoox20i/aRg05RA12jJmohhmL0gJ7QswXWo/Vivc5aS1Yxs41+wHr7BI6GkB0=</latexit>



Non-commuting mirror symmetries which 
are needed to generate higher order topology, 
only possible for              superconductors 
since superconducting gap has to transform 
non-trivially in both directions. 

Will not work for  other possible pairings 
such as s, d, px, py

<latexit sha1_base64="w932hhuI+6CP/G0HiqkANbFybgA=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwUcKkWG13RTcuK9gHpKFMJpN26CQTZiZiCf0MNy4UcevXuPNvnLYRVPTAhcM593LvPX7CmdIIfViFldW19Y3iZmlre2d3r7x/0FUilYR2iOBC9n2sKGcx7WimOe0nkuLI57TnT67mfu+OSsVEfKunCfUiPIpZyAjWRnJVNagmw3tT02G5guw6cprnDkQ2WsCQWh01Gwg6uVIBOdrD8vsgECSNaKwJx0q5Dkq0l2GpGeF0VhqkiiaYTPCIuobGOKLKyxYnz+CJUQIYCmkq1nChfp/IcKTUNPJNZ4T1WP325uJfnpvqsOFlLE5STWOyXBSmHGoB5//DgElKNJ8agolk5lZIxlhiok1KJRPC16fwf9Kt2Q6ynZuzSusyj6MIjsAxOAUOuAAtcA3aoAMIEOABPIFnS1uP1ov1umwtWPnMIfgB6+0T5aKRAA==</latexit><latexit sha1_base64="w932hhuI+6CP/G0HiqkANbFybgA=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwUcKkWG13RTcuK9gHpKFMJpN26CQTZiZiCf0MNy4UcevXuPNvnLYRVPTAhcM593LvPX7CmdIIfViFldW19Y3iZmlre2d3r7x/0FUilYR2iOBC9n2sKGcx7WimOe0nkuLI57TnT67mfu+OSsVEfKunCfUiPIpZyAjWRnJVNagmw3tT02G5guw6cprnDkQ2WsCQWh01Gwg6uVIBOdrD8vsgECSNaKwJx0q5Dkq0l2GpGeF0VhqkiiaYTPCIuobGOKLKyxYnz+CJUQIYCmkq1nChfp/IcKTUNPJNZ4T1WP325uJfnpvqsOFlLE5STWOyXBSmHGoB5//DgElKNJ8agolk5lZIxlhiok1KJRPC16fwf9Kt2Q6ynZuzSusyj6MIjsAxOAUOuAAtcA3aoAMIEOABPIFnS1uP1ov1umwtWPnMIfgB6+0T5aKRAA==</latexit><latexit sha1_base64="w932hhuI+6CP/G0HiqkANbFybgA=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwUcKkWG13RTcuK9gHpKFMJpN26CQTZiZiCf0MNy4UcevXuPNvnLYRVPTAhcM593LvPX7CmdIIfViFldW19Y3iZmlre2d3r7x/0FUilYR2iOBC9n2sKGcx7WimOe0nkuLI57TnT67mfu+OSsVEfKunCfUiPIpZyAjWRnJVNagmw3tT02G5guw6cprnDkQ2WsCQWh01Gwg6uVIBOdrD8vsgECSNaKwJx0q5Dkq0l2GpGeF0VhqkiiaYTPCIuobGOKLKyxYnz+CJUQIYCmkq1nChfp/IcKTUNPJNZ4T1WP325uJfnpvqsOFlLE5STWOyXBSmHGoB5//DgElKNJ8agolk5lZIxlhiok1KJRPC16fwf9Kt2Q6ynZuzSusyj6MIjsAxOAUOuAAtcA3aoAMIEOABPIFnS1uP1ov1umwtWPnMIfgB6+0T5aKRAA==</latexit><latexit sha1_base64="w932hhuI+6CP/G0HiqkANbFybgA=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwUcKkWG13RTcuK9gHpKFMJpN26CQTZiZiCf0MNy4UcevXuPNvnLYRVPTAhcM593LvPX7CmdIIfViFldW19Y3iZmlre2d3r7x/0FUilYR2iOBC9n2sKGcx7WimOe0nkuLI57TnT67mfu+OSsVEfKunCfUiPIpZyAjWRnJVNagmw3tT02G5guw6cprnDkQ2WsCQWh01Gwg6uVIBOdrD8vsgECSNaKwJx0q5Dkq0l2GpGeF0VhqkiiaYTPCIuobGOKLKyxYnz+CJUQIYCmkq1nChfp/IcKTUNPJNZ4T1WP325uJfnpvqsOFlLE5STWOyXBSmHGoB5//DgElKNJ8agolk5lZIxlhiok1KJRPC16fwf9Kt2Q6ynZuzSusyj6MIjsAxOAUOuAAtcA3aoAMIEOABPIFnS1uP1ov1umwtWPnMIfgB6+0T5aKRAA==</latexit>

px + ipy
<latexit sha1_base64="GqBG+ViLmcy0BC8GNKWb6TiyJjM=">AAAB73icdVDLSsNAFJ3UV62vqks3g0UQhDApVttd0Y3LCvYBbQiT6aQdOpnEmYkYQn/CjQtF3Po77vwbp20EFT1w4XDOvdx7jx9zpjRCH1ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy5nfveOSsUicaPTmLohHgkWMIK1kXqxd3/CYi/1yhVk15DTOHMgstEchlRrqFFH0MmVCsjR8srvg2FEkpAKTThWqu+gWLsZlpoRTqelQaJojMkEj2jfUIFDqtxsfu8UHhllCINImhIaztXvExkOlUpD33SGWI/Vb28m/uX1Ex3U3YyJONFUkMWiIOFQR3D2PBwySYnmqSGYSGZuhWSMJSbaRFQyIXx9Cv8nnartINu5Pq00L/I4iuAAHIJj4IBz0ARXoAXagAAOHsATeLZurUfrxXpdtBasfGYf/ID19glBZ5Ab</latexit><latexit sha1_base64="GqBG+ViLmcy0BC8GNKWb6TiyJjM=">AAAB73icdVDLSsNAFJ3UV62vqks3g0UQhDApVttd0Y3LCvYBbQiT6aQdOpnEmYkYQn/CjQtF3Po77vwbp20EFT1w4XDOvdx7jx9zpjRCH1ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy5nfveOSsUicaPTmLohHgkWMIK1kXqxd3/CYi/1yhVk15DTOHMgstEchlRrqFFH0MmVCsjR8srvg2FEkpAKTThWqu+gWLsZlpoRTqelQaJojMkEj2jfUIFDqtxsfu8UHhllCINImhIaztXvExkOlUpD33SGWI/Vb28m/uX1Ex3U3YyJONFUkMWiIOFQR3D2PBwySYnmqSGYSGZuhWSMJSbaRFQyIXx9Cv8nnartINu5Pq00L/I4iuAAHIJj4IBz0ARXoAXagAAOHsATeLZurUfrxXpdtBasfGYf/ID19glBZ5Ab</latexit><latexit sha1_base64="GqBG+ViLmcy0BC8GNKWb6TiyJjM=">AAAB73icdVDLSsNAFJ3UV62vqks3g0UQhDApVttd0Y3LCvYBbQiT6aQdOpnEmYkYQn/CjQtF3Po77vwbp20EFT1w4XDOvdx7jx9zpjRCH1ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy5nfveOSsUicaPTmLohHgkWMIK1kXqxd3/CYi/1yhVk15DTOHMgstEchlRrqFFH0MmVCsjR8srvg2FEkpAKTThWqu+gWLsZlpoRTqelQaJojMkEj2jfUIFDqtxsfu8UHhllCINImhIaztXvExkOlUpD33SGWI/Vb28m/uX1Ex3U3YyJONFUkMWiIOFQR3D2PBwySYnmqSGYSGZuhWSMJSbaRFQyIXx9Cv8nnartINu5Pq00L/I4iuAAHIJj4IBz0ARXoAXagAAOHsATeLZurUfrxXpdtBasfGYf/ID19glBZ5Ab</latexit><latexit sha1_base64="GqBG+ViLmcy0BC8GNKWb6TiyJjM=">AAAB73icdVDLSsNAFJ3UV62vqks3g0UQhDApVttd0Y3LCvYBbQiT6aQdOpnEmYkYQn/CjQtF3Po77vwbp20EFT1w4XDOvdx7jx9zpjRCH1ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy5nfveOSsUicaPTmLohHgkWMIK1kXqxd3/CYi/1yhVk15DTOHMgstEchlRrqFFH0MmVCsjR8srvg2FEkpAKTThWqu+gWLsZlpoRTqelQaJojMkEj2jfUIFDqtxsfu8UHhllCINImhIaztXvExkOlUpD33SGWI/Vb28m/uX1Ex3U3YyJONFUkMWiIOFQR3D2PBwySYnmqSGYSGZuhWSMJSbaRFQyIXx9Cv8nnartINu5Pq00L/I4iuAAHIJj4IBz0ARXoAXagAAOHsATeLZurUfrxXpdtBasfGYf/ID19glBZ5Ab</latexit>



Spectrum

For                      second order topological 
superconductor   with four corner states

bx/� < 1
<latexit sha1_base64="ei+rTtifc56Tvb0oBa5pjm+eH+s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GpNitQUXRTcuK9gHtGPJZDJtaOZBklHL0P9w40IRt/6LO//GtB1BRQ8EDuecy705biy40gh9WLmFxaXllfxqYW19Y3OruL3TUlEiKWvSSESy4xLFBA9ZU3MtWCeWjASuYG13dDH127dMKh6F13ocMycgg5D7nBJtpBu3f3/UEybuEXiG+8USsisI104wRDaawZByBdWqCOJMKYEMjX7xvedFNAlYqKkgSnUxirWTEqk5FWxS6CWKxYSOyIB1DQ1JwJSTzq6ewAOjeNCPpHmhhjP1+0RKAqXGgWuSAdFD9dubin953UT7VSflYZxoFtL5Ij8RUEdwWgH0uGRUi7EhhEpuboV0SCSh2hRVMCV8/RT+T1plGyMbXx2X6udZHXmwB/bBIcDgFNTBJWiAJqBAggfwBJ6tO+vRerFe59Gclc3sgh+w3j4BkqiR5g==</latexit><latexit sha1_base64="ei+rTtifc56Tvb0oBa5pjm+eH+s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GpNitQUXRTcuK9gHtGPJZDJtaOZBklHL0P9w40IRt/6LO//GtB1BRQ8EDuecy705biy40gh9WLmFxaXllfxqYW19Y3OruL3TUlEiKWvSSESy4xLFBA9ZU3MtWCeWjASuYG13dDH127dMKh6F13ocMycgg5D7nBJtpBu3f3/UEybuEXiG+8USsisI104wRDaawZByBdWqCOJMKYEMjX7xvedFNAlYqKkgSnUxirWTEqk5FWxS6CWKxYSOyIB1DQ1JwJSTzq6ewAOjeNCPpHmhhjP1+0RKAqXGgWuSAdFD9dubin953UT7VSflYZxoFtL5Ij8RUEdwWgH0uGRUi7EhhEpuboV0SCSh2hRVMCV8/RT+T1plGyMbXx2X6udZHXmwB/bBIcDgFNTBJWiAJqBAggfwBJ6tO+vRerFe59Gclc3sgh+w3j4BkqiR5g==</latexit><latexit sha1_base64="ei+rTtifc56Tvb0oBa5pjm+eH+s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GpNitQUXRTcuK9gHtGPJZDJtaOZBklHL0P9w40IRt/6LO//GtB1BRQ8EDuecy705biy40gh9WLmFxaXllfxqYW19Y3OruL3TUlEiKWvSSESy4xLFBA9ZU3MtWCeWjASuYG13dDH127dMKh6F13ocMycgg5D7nBJtpBu3f3/UEybuEXiG+8USsisI104wRDaawZByBdWqCOJMKYEMjX7xvedFNAlYqKkgSnUxirWTEqk5FWxS6CWKxYSOyIB1DQ1JwJSTzq6ewAOjeNCPpHmhhjP1+0RKAqXGgWuSAdFD9dubin953UT7VSflYZxoFtL5Ij8RUEdwWgH0uGRUi7EhhEpuboV0SCSh2hRVMCV8/RT+T1plGyMbXx2X6udZHXmwB/bBIcDgFNTBJWiAJqBAggfwBJ6tO+vRerFe59Gclc3sgh+w3j4BkqiR5g==</latexit><latexit sha1_base64="ei+rTtifc56Tvb0oBa5pjm+eH+s=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GpNitQUXRTcuK9gHtGPJZDJtaOZBklHL0P9w40IRt/6LO//GtB1BRQ8EDuecy705biy40gh9WLmFxaXllfxqYW19Y3OruL3TUlEiKWvSSESy4xLFBA9ZU3MtWCeWjASuYG13dDH127dMKh6F13ocMycgg5D7nBJtpBu3f3/UEybuEXiG+8USsisI104wRDaawZByBdWqCOJMKYEMjX7xvedFNAlYqKkgSnUxirWTEqk5FWxS6CWKxYSOyIB1DQ1JwJSTzq6ewAOjeNCPpHmhhjP1+0RKAqXGgWuSAdFD9dubin953UT7VSflYZxoFtL5Ij8RUEdwWgH0uGRUi7EhhEpuboV0SCSh2hRVMCV8/RT+T1plGyMbXx2X6udZHXmwB/bBIcDgFNTBJWiAJqBAggfwBJ6tO+vRerFe59Gclc3sgh+w3j4BkqiR5g==</latexit>

TSC2
<latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit><latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit><latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit><latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit>

-3

-2

-1

 0

 1

 2

 3

-2 -1.5 -1 -0.5  0  0.5  1  1.5  2

E b
dg

/λ

bx/λ



Vortex at the origin 

Introduce solenoid at origin of 2D sample, so 
that any closed loop encircling the origin 
encloses a flux            

First, we set            - i.e. we turn off 
superconductivity 

Spectrum shows standard periodicity with 
respect to 

� = 0
<latexit sha1_base64="SGWCr8Iln+SKjiTSIGD2qUPwW9s=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLFarsQirpwWcE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nByS8srq2v59cLG5tb2TnF3r6WjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6c+e17qjSL5K2ZxNQXeChZyAg2VrrrXVFuMDxH/WIJuRXk1U49iFw0hyXlCqpVEfQypQQyNPrF994gIomg0hCOte56KDZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzg+ewiOrDGAYKVvSwLn6fSLFQuuJCGynwGakf3sz8S+vm5iw6qdMxomhkiwWhQmHJoKz7+GAKUoMn1iCiWL2VkhGWGFibEYFG8LXp/B/0iq7HnK9m5NS/SKLIw8OwCE4Bh44A3VwDRqgCQgQ4AE8gWdHOY/Oi/O6aM052cw++AHn7RPu6I/V</latexit><latexit sha1_base64="SGWCr8Iln+SKjiTSIGD2qUPwW9s=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLFarsQirpwWcE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nByS8srq2v59cLG5tb2TnF3r6WjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6c+e17qjSL5K2ZxNQXeChZyAg2VrrrXVFuMDxH/WIJuRXk1U49iFw0hyXlCqpVEfQypQQyNPrF994gIomg0hCOte56KDZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzg+ewiOrDGAYKVvSwLn6fSLFQuuJCGynwGakf3sz8S+vm5iw6qdMxomhkiwWhQmHJoKz7+GAKUoMn1iCiWL2VkhGWGFibEYFG8LXp/B/0iq7HnK9m5NS/SKLIw8OwCE4Bh44A3VwDRqgCQgQ4AE8gWdHOY/Oi/O6aM052cw++AHn7RPu6I/V</latexit><latexit sha1_base64="SGWCr8Iln+SKjiTSIGD2qUPwW9s=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLFarsQirpwWcE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nByS8srq2v59cLG5tb2TnF3r6WjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6c+e17qjSL5K2ZxNQXeChZyAg2VrrrXVFuMDxH/WIJuRXk1U49iFw0hyXlCqpVEfQypQQyNPrF994gIomg0hCOte56KDZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzg+ewiOrDGAYKVvSwLn6fSLFQuuJCGynwGakf3sz8S+vm5iw6qdMxomhkiwWhQmHJoKz7+GAKUoMn1iCiWL2VkhGWGFibEYFG8LXp/B/0iq7HnK9m5NS/SKLIw8OwCE4Bh44A3VwDRqgCQgQ4AE8gWdHOY/Oi/O6aM052cw++AHn7RPu6I/V</latexit><latexit sha1_base64="SGWCr8Iln+SKjiTSIGD2qUPwW9s=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLFarsQirpwWcE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nByS8srq2v59cLG5tb2TnF3r6WjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6c+e17qjSL5K2ZxNQXeChZyAg2VrrrXVFuMDxH/WIJuRXk1U49iFw0hyXlCqpVEfQypQQyNPrF994gIomg0hCOte56KDZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzg+ewiOrDGAYKVvSwLn6fSLFQuuJCGynwGakf3sz8S+vm5iw6qdMxomhkiwWhQmHJoKz7+GAKUoMn1iCiWL2VkhGWGFibEYFG8LXp/B/0iq7HnK9m5NS/SKLIw8OwCE4Bh44A3VwDRqgCQgQ4AE8gWdHOY/Oi/O6aM052cw++AHn7RPu6I/V</latexit>
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<latexit sha1_base64="2Ag8RHPadEJRgB9X4feKH6DMFMo=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT5gOpRMmmlDM8mQZIRS+hluXCji1q9x59+YaUdQ0QMJh3Pu5d57woQzbRD6cAorq2vrG8XN0tb2zu5eef+go2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtOrjO/e0+VZlLcmWlCgxiPBIsYwcZKfj8Zs7PsG6BBuYLcGvIaFx5ELlrAkmoNNeoIerlSATlag/J7fyhJGlNhCMda+x5KTDDDyjDC6bzUTzVNMJngEfUtFTimOpgtVp7DE6sMYSSVfcLAhfq9Y4ZjradxaCtjbMb6t5eJf3l+aqJ6MGMiSQ0VZDkoSjk0Emb3wyFTlBg+tQQTxeyukIyxwsTYlEo2hK9L4f+kU3U95Hq355XmVR5HERyBY3AKPHAJmuAGtEAbECDBA3gCz45xHp0X53VZWnDynkPwA87bJ/0UkQ4=</latexit><latexit sha1_base64="2Ag8RHPadEJRgB9X4feKH6DMFMo=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT5gOpRMmmlDM8mQZIRS+hluXCji1q9x59+YaUdQ0QMJh3Pu5d57woQzbRD6cAorq2vrG8XN0tb2zu5eef+go2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtOrjO/e0+VZlLcmWlCgxiPBIsYwcZKfj8Zs7PsG6BBuYLcGvIaFx5ELlrAkmoNNeoIerlSATlag/J7fyhJGlNhCMda+x5KTDDDyjDC6bzUTzVNMJngEfUtFTimOpgtVp7DE6sMYSSVfcLAhfq9Y4ZjradxaCtjbMb6t5eJf3l+aqJ6MGMiSQ0VZDkoSjk0Emb3wyFTlBg+tQQTxeyukIyxwsTYlEo2hK9L4f+kU3U95Hq355XmVR5HERyBY3AKPHAJmuAGtEAbECDBA3gCz45xHp0X53VZWnDynkPwA87bJ/0UkQ4=</latexit><latexit sha1_base64="2Ag8RHPadEJRgB9X4feKH6DMFMo=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT5gOpRMmmlDM8mQZIRS+hluXCji1q9x59+YaUdQ0QMJh3Pu5d57woQzbRD6cAorq2vrG8XN0tb2zu5eef+go2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtOrjO/e0+VZlLcmWlCgxiPBIsYwcZKfj8Zs7PsG6BBuYLcGvIaFx5ELlrAkmoNNeoIerlSATlag/J7fyhJGlNhCMda+x5KTDDDyjDC6bzUTzVNMJngEfUtFTimOpgtVp7DE6sMYSSVfcLAhfq9Y4ZjradxaCtjbMb6t5eJf3l+aqJ6MGMiSQ0VZDkoSjk0Emb3wyFTlBg+tQQTxeyukIyxwsTYlEo2hK9L4f+kU3U95Hq355XmVR5HERyBY3AKPHAJmuAGtEAbECDBA3gCz45xHp0X53VZWnDynkPwA87bJ/0UkQ4=</latexit><latexit sha1_base64="2Ag8RHPadEJRgB9X4feKH6DMFMo=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjPFarsrunFZwT5gOpRMmmlDM8mQZIRS+hluXCji1q9x59+YaUdQ0QMJh3Pu5d57woQzbRD6cAorq2vrG8XN0tb2zu5eef+go2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtOrjO/e0+VZlLcmWlCgxiPBIsYwcZKfj8Zs7PsG6BBuYLcGvIaFx5ELlrAkmoNNeoIerlSATlag/J7fyhJGlNhCMda+x5KTDDDyjDC6bzUTzVNMJngEfUtFTimOpgtVp7DE6sMYSSVfcLAhfq9Y4ZjradxaCtjbMb6t5eJf3l+aqJ6MGMiSQ0VZDkoSjk0Emb3wyFTlBg+tQQTxeyukIyxwsTYlEo2hK9L4f+kU3U95Hq355XmVR5HERyBY3AKPHAJmuAGtEAbECDBA3gCz45xHp0X53VZWnDynkPwA87bJ/0UkQ4=</latexit>
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<latexit sha1_base64="Y+rDTMlePTf0nsOjGuQ1y5PDK7U=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCq4ttEvJpmkbms0uSVYopb/BiwdFvPqDvPlvzLYrqOiDgcd7M8zMCxPBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nijKfxiJWnZBoJrhkvuFGsE6iGIlCwdrh5Crz2/dMaR7LWzNNWBCRkeRDTomxkt9LxrzUL1ewW8Ne49xD2MULWFKt4UYdIy9XKpCj1S+/9wYxTSMmDRVE666HExPMiDKcCjYv9VLNEkInZMS6lkoSMR3MFsfO0YlVBmgYK1vSoIX6fWJGIq2nUWg7I2LG+reXiX953dQM68GMyyQ1TNLlomEqkIlR9jkacMWoEVNLCFXc3oromChCjc0nC+HrU/Q/uau6Hna9m7NK8zKPowhHcAyn4MEFNOEaWuADBQ4P8ATPjnQenRfnddlacPKZQ/gB5+0Ti7GOgQ==</latexit><latexit sha1_base64="Y+rDTMlePTf0nsOjGuQ1y5PDK7U=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCq4ttEvJpmkbms0uSVYopb/BiwdFvPqDvPlvzLYrqOiDgcd7M8zMCxPBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nijKfxiJWnZBoJrhkvuFGsE6iGIlCwdrh5Crz2/dMaR7LWzNNWBCRkeRDTomxkt9LxrzUL1ewW8Ne49xD2MULWFKt4UYdIy9XKpCj1S+/9wYxTSMmDRVE666HExPMiDKcCjYv9VLNEkInZMS6lkoSMR3MFsfO0YlVBmgYK1vSoIX6fWJGIq2nUWg7I2LG+reXiX953dQM68GMyyQ1TNLlomEqkIlR9jkacMWoEVNLCFXc3oromChCjc0nC+HrU/Q/uau6Hna9m7NK8zKPowhHcAyn4MEFNOEaWuADBQ4P8ATPjnQenRfnddlacPKZQ/gB5+0Ti7GOgQ==</latexit><latexit sha1_base64="Y+rDTMlePTf0nsOjGuQ1y5PDK7U=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCq4ttEvJpmkbms0uSVYopb/BiwdFvPqDvPlvzLYrqOiDgcd7M8zMCxPBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nijKfxiJWnZBoJrhkvuFGsE6iGIlCwdrh5Crz2/dMaR7LWzNNWBCRkeRDTomxkt9LxrzUL1ewW8Ne49xD2MULWFKt4UYdIy9XKpCj1S+/9wYxTSMmDRVE666HExPMiDKcCjYv9VLNEkInZMS6lkoSMR3MFsfO0YlVBmgYK1vSoIX6fWJGIq2nUWg7I2LG+reXiX953dQM68GMyyQ1TNLlomEqkIlR9jkacMWoEVNLCFXc3oromChCjc0nC+HrU/Q/uau6Hna9m7NK8zKPowhHcAyn4MEFNOEaWuADBQ4P8ATPjnQenRfnddlacPKZQ/gB5+0Ti7GOgQ==</latexit><latexit sha1_base64="Y+rDTMlePTf0nsOjGuQ1y5PDK7U=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCq4ttEvJpmkbms0uSVYopb/BiwdFvPqDvPlvzLYrqOiDgcd7M8zMCxPBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nijKfxiJWnZBoJrhkvuFGsE6iGIlCwdrh5Crz2/dMaR7LWzNNWBCRkeRDTomxkt9LxrzUL1ewW8Ne49xD2MULWFKt4UYdIy9XKpCj1S+/9wYxTSMmDRVE666HExPMiDKcCjYv9VLNEkInZMS6lkoSMR3MFsfO0YlVBmgYK1vSoIX6fWJGIq2nUWg7I2LG+reXiX953dQM68GMyyQ1TNLlomEqkIlR9jkacMWoEVNLCFXc3oromChCjc0nC+HrU/Q/uau6Hna9m7NK8zKPowhHcAyn4MEFNOEaWuADBQ4P8ATPjnQenRfnddlacPKZQ/gB5+0Ti7GOgQ==</latexit>
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           , constant       not even qualitatively 
correct in the presence of vortex

Need to find self-consistent      by solving  the 
BdG equations in the presence of the vortex 
self-consistently

Close to                , find two self-consistent 
solutions (reminiscent of two classes of wave-
functions)
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Plot of lowest three self-consistent energy 
eigenvalues for            and 

Besides the zero energy states of the 
Majoranas, there are also two self-consistent 
states close to 
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<latexit sha1_base64="HM1QoeRC4Ys+JbZfc7r2iMVKQ8M=">AAAB83icdVBNSwMxEM3Wr1q/qh69BIvgackWq+2tqAePFewHdJeSTadtaDa7JFmhlP4NLx4U8eqf8ea/MW1XUNEHA4/3ZpiZFyaCa0PIh5NbWV1b38hvFra2d3b3ivsHLR2nikGTxSJWnZBqEFxC03AjoJMooFEooB2Or+Z++x6U5rG8M5MEgogOJR9wRo2VfP8ahKHYl4BJr1giboV4tXMPE5csYEm5QmpVgr1MKaEMjV7x3e/HLI1AGiao1l2PJCaYUmU4EzAr+KmGhLIxHULXUkkj0MF0cfMMn1iljwexsiUNXqjfJ6Y00noShbYzomakf3tz8S+vm5pBNZhymaQGJFsuGqQCmxjPA8B9roAZMbGEMsXtrZiNqKLM2JgKNoSvT/H/pFV2PeJ6t2el+mUWRx4doWN0ijx0geroBjVQEzGUoAf0hJ6d1Hl0XpzXZWvOyWYO0Q84b58H2JEF</latexit><latexit sha1_base64="HM1QoeRC4Ys+JbZfc7r2iMVKQ8M=">AAAB83icdVBNSwMxEM3Wr1q/qh69BIvgackWq+2tqAePFewHdJeSTadtaDa7JFmhlP4NLx4U8eqf8ea/MW1XUNEHA4/3ZpiZFyaCa0PIh5NbWV1b38hvFra2d3b3ivsHLR2nikGTxSJWnZBqEFxC03AjoJMooFEooB2Or+Z++x6U5rG8M5MEgogOJR9wRo2VfP8ahKHYl4BJr1giboV4tXMPE5csYEm5QmpVgr1MKaEMjV7x3e/HLI1AGiao1l2PJCaYUmU4EzAr+KmGhLIxHULXUkkj0MF0cfMMn1iljwexsiUNXqjfJ6Y00noShbYzomakf3tz8S+vm5pBNZhymaQGJFsuGqQCmxjPA8B9roAZMbGEMsXtrZiNqKLM2JgKNoSvT/H/pFV2PeJ6t2el+mUWRx4doWN0ijx0geroBjVQEzGUoAf0hJ6d1Hl0XpzXZWvOyWYO0Q84b58H2JEF</latexit><latexit sha1_base64="HM1QoeRC4Ys+JbZfc7r2iMVKQ8M=">AAAB83icdVBNSwMxEM3Wr1q/qh69BIvgackWq+2tqAePFewHdJeSTadtaDa7JFmhlP4NLx4U8eqf8ea/MW1XUNEHA4/3ZpiZFyaCa0PIh5NbWV1b38hvFra2d3b3ivsHLR2nikGTxSJWnZBqEFxC03AjoJMooFEooB2Or+Z++x6U5rG8M5MEgogOJR9wRo2VfP8ahKHYl4BJr1giboV4tXMPE5csYEm5QmpVgr1MKaEMjV7x3e/HLI1AGiao1l2PJCaYUmU4EzAr+KmGhLIxHULXUkkj0MF0cfMMn1iljwexsiUNXqjfJ6Y00noShbYzomakf3tz8S+vm5pBNZhymaQGJFsuGqQCmxjPA8B9roAZMbGEMsXtrZiNqKLM2JgKNoSvT/H/pFV2PeJ6t2el+mUWRx4doWN0ijx0geroBjVQEzGUoAf0hJ6d1Hl0XpzXZWvOyWYO0Q84b58H2JEF</latexit><latexit sha1_base64="HM1QoeRC4Ys+JbZfc7r2iMVKQ8M=">AAAB83icdVBNSwMxEM3Wr1q/qh69BIvgackWq+2tqAePFewHdJeSTadtaDa7JFmhlP4NLx4U8eqf8ea/MW1XUNEHA4/3ZpiZFyaCa0PIh5NbWV1b38hvFra2d3b3ivsHLR2nikGTxSJWnZBqEFxC03AjoJMooFEooB2Or+Z++x6U5rG8M5MEgogOJR9wRo2VfP8ahKHYl4BJr1giboV4tXMPE5csYEm5QmpVgr1MKaEMjV7x3e/HLI1AGiao1l2PJCaYUmU4EzAr+KmGhLIxHULXUkkj0MF0cfMMn1iljwexsiUNXqjfJ6Y00noShbYzomakf3tz8S+vm5pBNZhymaQGJFsuGqQCmxjPA8B9roAZMbGEMsXtrZiNqKLM2JgKNoSvT/H/pFV2PeJ6t2el+mUWRx4doWN0ijx0geroBjVQEzGUoAf0hJ6d1Hl0XpzXZWvOyWYO0Q84b58H2JEF</latexit>

� = �0/2
<latexit sha1_base64="pJ7J7OzRwXgTuQufCg72mn3jt50=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwNWaK1XYhFN24rGAf0A5DJk3b0ExmSDJCHfolblwo4tZPceffmGlHUNEDl3s4515yc4KYM6UR+rCWlldW19YLG8XNre2dkr2711ZRIgltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMLnK/M4dlYpF4lZPY+qFeCTYkBGsjeTbpX48ZvACZs1HJxXfLiOnitz6mQuRg+YwpFJF9RqCbq6UQY6mb7/3BxFJQio04Vipnoti7aVYakY4nRX7iaIxJhM8oj1DBQ6p8tL54TN4ZJQBHEbSlNBwrn7fSHGo1DQMzGSI9Vj99jLxL6+X6GHNS5mIE00FWTw0TDjUEcxSgAMmKdF8aggmkplbIRljiYk2WRVNCF8/hf+TdsVxkePenJYbl3kcBXAADsExcME5aIBr0AQtQEACHsATeLburUfrxXpdjC5Z+c4++AHr7RMgZJIW</latexit><latexit sha1_base64="pJ7J7OzRwXgTuQufCg72mn3jt50=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwNWaK1XYhFN24rGAf0A5DJk3b0ExmSDJCHfolblwo4tZPceffmGlHUNEDl3s4515yc4KYM6UR+rCWlldW19YLG8XNre2dkr2711ZRIgltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMLnK/M4dlYpF4lZPY+qFeCTYkBGsjeTbpX48ZvACZs1HJxXfLiOnitz6mQuRg+YwpFJF9RqCbq6UQY6mb7/3BxFJQio04Vipnoti7aVYakY4nRX7iaIxJhM8oj1DBQ6p8tL54TN4ZJQBHEbSlNBwrn7fSHGo1DQMzGSI9Vj99jLxL6+X6GHNS5mIE00FWTw0TDjUEcxSgAMmKdF8aggmkplbIRljiYk2WRVNCF8/hf+TdsVxkePenJYbl3kcBXAADsExcME5aIBr0AQtQEACHsATeLburUfrxXpdjC5Z+c4++AHr7RMgZJIW</latexit><latexit sha1_base64="pJ7J7OzRwXgTuQufCg72mn3jt50=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwNWaK1XYhFN24rGAf0A5DJk3b0ExmSDJCHfolblwo4tZPceffmGlHUNEDl3s4515yc4KYM6UR+rCWlldW19YLG8XNre2dkr2711ZRIgltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMLnK/M4dlYpF4lZPY+qFeCTYkBGsjeTbpX48ZvACZs1HJxXfLiOnitz6mQuRg+YwpFJF9RqCbq6UQY6mb7/3BxFJQio04Vipnoti7aVYakY4nRX7iaIxJhM8oj1DBQ6p8tL54TN4ZJQBHEbSlNBwrn7fSHGo1DQMzGSI9Vj99jLxL6+X6GHNS5mIE00FWTw0TDjUEcxSgAMmKdF8aggmkplbIRljiYk2WRVNCF8/hf+TdsVxkePenJYbl3kcBXAADsExcME5aIBr0AQtQEACHsATeLburUfrxXpdjC5Z+c4++AHr7RMgZJIW</latexit><latexit sha1_base64="pJ7J7OzRwXgTuQufCg72mn3jt50=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwNWaK1XYhFN24rGAf0A5DJk3b0ExmSDJCHfolblwo4tZPceffmGlHUNEDl3s4515yc4KYM6UR+rCWlldW19YLG8XNre2dkr2711ZRIgltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMLnK/M4dlYpF4lZPY+qFeCTYkBGsjeTbpX48ZvACZs1HJxXfLiOnitz6mQuRg+YwpFJF9RqCbq6UQY6mb7/3BxFJQio04Vipnoti7aVYakY4nRX7iaIxJhM8oj1DBQ6p8tL54TN4ZJQBHEbSlNBwrn7fSHGo1DQMzGSI9Vj99jLxL6+X6GHNS5mIE00FWTw0TDjUEcxSgAMmKdF8aggmkplbIRljiYk2WRVNCF8/hf+TdsVxkePenJYbl3kcBXAADsExcME5aIBr0AQtQEACHsATeLburUfrxXpdjC5Z+c4++AHr7RMgZJIW</latexit>
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Total energy as function of            for different values of  

Note (almost) degeneracy for 

�/�0
<latexit sha1_base64="k1Hq/mBZsCo3Nj4M2ef/kq0Mrn0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuxkyx2u6KblxWsA9ohyGTZtrQTGZIMoUy9E/cuFDErX/izr8xnY6gogcu93DOveTmBAlnSiP0Ya2srq1vbJa2yts7u3v79sFhR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbhd6dUKhaLez1LqBfhkWAhI1gbybftbJCM2fwc5t1Hc9+uIKeG3MalC5GDchhSraFGHUG3UCqgQMu33wfDmKQRFZpwrFTfRYn2Miw1I5zOy4NU0QSTCR7RvqECR1R5WX75HJ4aZQjDWJoSGubq940MR0rNosBMRliP1W9vIf7l9VMd1r2MiSTVVJDlQ2HKoY7hIgY4ZJISzWeGYCKZuRWSMZaYaBNW2YTw9VP4P+lUHRc57t1FpXldxFECx+AEnAEXXIEmuAUt0AYETMEDeALPVmY9Wi/W63J0xSp2jsAPWG+faACTgQ==</latexit><latexit sha1_base64="k1Hq/mBZsCo3Nj4M2ef/kq0Mrn0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuxkyx2u6KblxWsA9ohyGTZtrQTGZIMoUy9E/cuFDErX/izr8xnY6gogcu93DOveTmBAlnSiP0Ya2srq1vbJa2yts7u3v79sFhR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbhd6dUKhaLez1LqBfhkWAhI1gbybftbJCM2fwc5t1Hc9+uIKeG3MalC5GDchhSraFGHUG3UCqgQMu33wfDmKQRFZpwrFTfRYn2Miw1I5zOy4NU0QSTCR7RvqECR1R5WX75HJ4aZQjDWJoSGubq940MR0rNosBMRliP1W9vIf7l9VMd1r2MiSTVVJDlQ2HKoY7hIgY4ZJISzWeGYCKZuRWSMZaYaBNW2YTw9VP4P+lUHRc57t1FpXldxFECx+AEnAEXXIEmuAUt0AYETMEDeALPVmY9Wi/W63J0xSp2jsAPWG+faACTgQ==</latexit><latexit sha1_base64="k1Hq/mBZsCo3Nj4M2ef/kq0Mrn0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuxkyx2u6KblxWsA9ohyGTZtrQTGZIMoUy9E/cuFDErX/izr8xnY6gogcu93DOveTmBAlnSiP0Ya2srq1vbJa2yts7u3v79sFhR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbhd6dUKhaLez1LqBfhkWAhI1gbybftbJCM2fwc5t1Hc9+uIKeG3MalC5GDchhSraFGHUG3UCqgQMu33wfDmKQRFZpwrFTfRYn2Miw1I5zOy4NU0QSTCR7RvqECR1R5WX75HJ4aZQjDWJoSGubq940MR0rNosBMRliP1W9vIf7l9VMd1r2MiSTVVJDlQ2HKoY7hIgY4ZJISzWeGYCKZuRWSMZaYaBNW2YTw9VP4P+lUHRc57t1FpXldxFECx+AEnAEXXIEmuAUt0AYETMEDeALPVmY9Wi/W63J0xSp2jsAPWG+faACTgQ==</latexit><latexit sha1_base64="k1Hq/mBZsCo3Nj4M2ef/kq0Mrn0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuxkyx2u6KblxWsA9ohyGTZtrQTGZIMoUy9E/cuFDErX/izr8xnY6gogcu93DOveTmBAlnSiP0Ya2srq1vbJa2yts7u3v79sFhR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbhd6dUKhaLez1LqBfhkWAhI1gbybftbJCM2fwc5t1Hc9+uIKeG3MalC5GDchhSraFGHUG3UCqgQMu33wfDmKQRFZpwrFTfRYn2Miw1I5zOy4NU0QSTCR7RvqECR1R5WX75HJ4aZQjDWJoSGubq940MR0rNosBMRliP1W9vIf7l9VMd1r2MiSTVVJDlQ2HKoY7hIgY4ZJISzWeGYCKZuRWSMZaYaBNW2YTw9VP4P+lUHRc57t1FpXldxFECx+AEnAEXXIEmuAUt0AYETMEDeALPVmY9Wi/W63J0xSp2jsAPWG+faACTgQ==</latexit>

bx/� = 0, 0.3, 0.8, 1.5(no superconductivity)
<latexit sha1_base64="+sbnZSDdKXllAcIdXhQBZs15T2U="></latexit><latexit sha1_base64="+sbnZSDdKXllAcIdXhQBZs15T2U="></latexit><latexit sha1_base64="+sbnZSDdKXllAcIdXhQBZs15T2U="></latexit><latexit sha1_base64="+sbnZSDdKXllAcIdXhQBZs15T2U="></latexit>

bx/� = 0.8
<latexit sha1_base64="rGDEfzwE60Q8wJKRuvcypgcoOS8=">AAAB+3icdVBLSwMxGMzWV62vtR69BIvgac0Wq+1BKHrxWME+oF2WbDbbhmYfJFlpKf0rXjwo4tU/4s1/Y7ZdQUUHApOZb8iX8RLOpELowyisrK6tbxQ3S1vbO7t75n65I+NUENomMY9Fz8OSchbRtmKK014iKA49Trve+Drzu/dUSBZHd2qaUCfEw4gFjGClJdcse+7kdMB1wMfwEiKrXnLNCrJqyG6c2/qOFtCkWkONOoJ2rlRAjpZrvg/8mKQhjRThWMq+jRLlzLBQjHA6Lw1SSRNMxnhI+5pGOKTSmS12n8NjrfgwiIU+kYIL9XtihkMpp6GnJ0OsRvK3l4l/ef1UBXVnxqIkVTQiy4eClEMVw6wI6DNBieJTTTARTO8KyQgLTJSuKyvh66fwf9KpWjay7NuzSvMqr6MIDsEROAE2uABNcANaoA0ImIAH8ASejbnxaLwYr8vRgpFnDsAPGG+fjMmSzw==</latexit><latexit sha1_base64="rGDEfzwE60Q8wJKRuvcypgcoOS8=">AAAB+3icdVBLSwMxGMzWV62vtR69BIvgac0Wq+1BKHrxWME+oF2WbDbbhmYfJFlpKf0rXjwo4tU/4s1/Y7ZdQUUHApOZb8iX8RLOpELowyisrK6tbxQ3S1vbO7t75n65I+NUENomMY9Fz8OSchbRtmKK014iKA49Trve+Drzu/dUSBZHd2qaUCfEw4gFjGClJdcse+7kdMB1wMfwEiKrXnLNCrJqyG6c2/qOFtCkWkONOoJ2rlRAjpZrvg/8mKQhjRThWMq+jRLlzLBQjHA6Lw1SSRNMxnhI+5pGOKTSmS12n8NjrfgwiIU+kYIL9XtihkMpp6GnJ0OsRvK3l4l/ef1UBXVnxqIkVTQiy4eClEMVw6wI6DNBieJTTTARTO8KyQgLTJSuKyvh66fwf9KpWjay7NuzSvMqr6MIDsEROAE2uABNcANaoA0ImIAH8ASejbnxaLwYr8vRgpFnDsAPGG+fjMmSzw==</latexit><latexit sha1_base64="rGDEfzwE60Q8wJKRuvcypgcoOS8=">AAAB+3icdVBLSwMxGMzWV62vtR69BIvgac0Wq+1BKHrxWME+oF2WbDbbhmYfJFlpKf0rXjwo4tU/4s1/Y7ZdQUUHApOZb8iX8RLOpELowyisrK6tbxQ3S1vbO7t75n65I+NUENomMY9Fz8OSchbRtmKK014iKA49Trve+Drzu/dUSBZHd2qaUCfEw4gFjGClJdcse+7kdMB1wMfwEiKrXnLNCrJqyG6c2/qOFtCkWkONOoJ2rlRAjpZrvg/8mKQhjRThWMq+jRLlzLBQjHA6Lw1SSRNMxnhI+5pGOKTSmS12n8NjrfgwiIU+kYIL9XtihkMpp6GnJ0OsRvK3l4l/ef1UBXVnxqIkVTQiy4eClEMVw6wI6DNBieJTTTARTO8KyQgLTJSuKyvh66fwf9KpWjay7NuzSvMqr6MIDsEROAE2uABNcANaoA0ImIAH8ASejbnxaLwYr8vRgpFnDsAPGG+fjMmSzw==</latexit><latexit sha1_base64="rGDEfzwE60Q8wJKRuvcypgcoOS8=">AAAB+3icdVBLSwMxGMzWV62vtR69BIvgac0Wq+1BKHrxWME+oF2WbDbbhmYfJFlpKf0rXjwo4tU/4s1/Y7ZdQUUHApOZb8iX8RLOpELowyisrK6tbxQ3S1vbO7t75n65I+NUENomMY9Fz8OSchbRtmKK014iKA49Trve+Drzu/dUSBZHd2qaUCfEw4gFjGClJdcse+7kdMB1wMfwEiKrXnLNCrJqyG6c2/qOFtCkWkONOoJ2rlRAjpZrvg/8mKQhjRThWMq+jRLlzLBQjHA6Lw1SSRNMxnhI+5pGOKTSmS12n8NjrfgwiIU+kYIL9XtihkMpp6GnJ0OsRvK3l4l/ef1UBXVnxqIkVTQiy4eClEMVw6wI6DNBieJTTTARTO8KyQgLTJSuKyvh66fwf9KpWjay7NuzSvMqr6MIDsEROAE2uABNcANaoA0ImIAH8ASejbnxaLwYr8vRgpFnDsAPGG+fjMmSzw==</latexit>



Also computed total circulating current 
around the vortex for 

Note change in `periodicity’. Strictly periodic 
only in       but roughly periodic in     �0

<latexit sha1_base64="t2AGGlAlsrmWqBL4Tieb4SZ/BsU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCtYW2qVk02wbms0uSVYoS3+EFw+KePX3ePPfmLYrqOiDgcd7M8zMCxLBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsEk6u537lnSvNY3pppwvyIjCQPOSXGSp1+MuYDjAblCnZr2Gucewi7eAFLqjXcqGPk5UoFcrQG5ff+MKZpxKShgmjd83Bi/Iwow6lgs1I/1SwhdEJGrGepJBHTfrY4d4ZOrDJEYaxsSYMW6veJjERaT6PAdkbEjPVvby7+5fVSE9b9jMskNUzS5aIwFcjEaP47GnLFqBFTSwhV3N6K6JgoQo1NqGRD+PoU/U/uqq6HXe/mrNK8zOMowhEcwyl4cAFNuIYWtIHCBB7gCZ6dxHl0XpzXZWvByWcO4Qect0/T1o86</latexit><latexit sha1_base64="t2AGGlAlsrmWqBL4Tieb4SZ/BsU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCtYW2qVk02wbms0uSVYoS3+EFw+KePX3ePPfmLYrqOiDgcd7M8zMCxLBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsEk6u537lnSvNY3pppwvyIjCQPOSXGSp1+MuYDjAblCnZr2Gucewi7eAFLqjXcqGPk5UoFcrQG5ff+MKZpxKShgmjd83Bi/Iwow6lgs1I/1SwhdEJGrGepJBHTfrY4d4ZOrDJEYaxsSYMW6veJjERaT6PAdkbEjPVvby7+5fVSE9b9jMskNUzS5aIwFcjEaP47GnLFqBFTSwhV3N6K6JgoQo1NqGRD+PoU/U/uqq6HXe/mrNK8zOMowhEcwyl4cAFNuIYWtIHCBB7gCZ6dxHl0XpzXZWvByWcO4Qect0/T1o86</latexit><latexit sha1_base64="t2AGGlAlsrmWqBL4Tieb4SZ/BsU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCtYW2qVk02wbms0uSVYoS3+EFw+KePX3ePPfmLYrqOiDgcd7M8zMCxLBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsEk6u537lnSvNY3pppwvyIjCQPOSXGSp1+MuYDjAblCnZr2Gucewi7eAFLqjXcqGPk5UoFcrQG5ff+MKZpxKShgmjd83Bi/Iwow6lgs1I/1SwhdEJGrGepJBHTfrY4d4ZOrDJEYaxsSYMW6veJjERaT6PAdkbEjPVvby7+5fVSE9b9jMskNUzS5aIwFcjEaP47GnLFqBFTSwhV3N6K6JgoQo1NqGRD+PoU/U/uqq6HXe/mrNK8zOMowhEcwyl4cAFNuIYWtIHCBB7gCZ6dxHl0XpzXZWvByWcO4Qect0/T1o86</latexit><latexit sha1_base64="t2AGGlAlsrmWqBL4Tieb4SZ/BsU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCtYW2qVk02wbms0uSVYoS3+EFw+KePX3ePPfmLYrqOiDgcd7M8zMCxLBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsEk6u537lnSvNY3pppwvyIjCQPOSXGSp1+MuYDjAblCnZr2Gucewi7eAFLqjXcqGPk5UoFcrQG5ff+MKZpxKShgmjd83Bi/Iwow6lgs1I/1SwhdEJGrGepJBHTfrY4d4ZOrDJEYaxsSYMW6veJjERaT6PAdkbEjPVvby7+5fVSE9b9jMskNUzS5aIwFcjEaP47GnLFqBFTSwhV3N6K6JgoQo1NqGRD+PoU/U/uqq6HXe/mrNK8zOMowhEcwyl4cAFNuIYWtIHCBB7gCZ6dxHl0XpzXZWvByWcO4Qect0/T1o86</latexit>

�0/2
<latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit><latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit><latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit><latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit>

bx/� = 0.0 and 0.7
<latexit sha1_base64="7h97jQti5ty+4rtTmLklCSvJm7g="></latexit><latexit sha1_base64="7h97jQti5ty+4rtTmLklCSvJm7g="></latexit><latexit sha1_base64="7h97jQti5ty+4rtTmLklCSvJm7g="></latexit><latexit sha1_base64="7h97jQti5ty+4rtTmLklCSvJm7g="></latexit>



Why does periodicity change ?

Self consistent spectrum  in the absence of any vortex

Shows crossover from TSC to normal superconductor



Note that change to normal metal only around 

But topological superconductivity only 
survives till                   because of mixing of the  
zero energy levels with higher energy levels

bx/� ' 1
<latexit sha1_base64="dcxRwf2vc0ZLFj/DQIJ2jL7CihY=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWaK1XZXdOOygn1AZxgyaaYNzTxMMmIdir/ixoUibv0Pd/6NaTuCih4IHM65h3tz/IQzqRD6MObmFxaXlgsrxdW19Y1Nc2u7JeNUENokMY9Fx8eSchbRpmKK004iKA59Ttv+8Hzit2+okCyOrtQooW6I+xELGMFKS56563u3Rw7XgR6GjmQhvYa2Z5aQVUF27cSGyEJTaFKuoFoVQTtXSiBHwzPfnV5M0pBGinAsZddGiXIzLBQjnI6LTippgskQ92lX0wiHVLrZ9PoxPNBKDwax0C9ScKp+T2Q4lHIU+noyxGogf3sT8S+vm6qg6mYsSlJFIzJbFKQcqhhOqoA9JihRfKQJJoLpWyEZYIGJ0oUVdQlfP4X/k1bZspFlXx6X6md5HQWwB/bBIbDBKaiDC9AATUDAHXgAT+DZuDcejRfjdTY6Z+SZHfADxtsnpduUsg==</latexit><latexit sha1_base64="dcxRwf2vc0ZLFj/DQIJ2jL7CihY=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWaK1XZXdOOygn1AZxgyaaYNzTxMMmIdir/ixoUibv0Pd/6NaTuCih4IHM65h3tz/IQzqRD6MObmFxaXlgsrxdW19Y1Nc2u7JeNUENokMY9Fx8eSchbRpmKK004iKA59Ttv+8Hzit2+okCyOrtQooW6I+xELGMFKS56563u3Rw7XgR6GjmQhvYa2Z5aQVUF27cSGyEJTaFKuoFoVQTtXSiBHwzPfnV5M0pBGinAsZddGiXIzLBQjnI6LTippgskQ92lX0wiHVLrZ9PoxPNBKDwax0C9ScKp+T2Q4lHIU+noyxGogf3sT8S+vm6qg6mYsSlJFIzJbFKQcqhhOqoA9JihRfKQJJoLpWyEZYIGJ0oUVdQlfP4X/k1bZspFlXx6X6md5HQWwB/bBIbDBKaiDC9AATUDAHXgAT+DZuDcejRfjdTY6Z+SZHfADxtsnpduUsg==</latexit><latexit sha1_base64="dcxRwf2vc0ZLFj/DQIJ2jL7CihY=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWaK1XZXdOOygn1AZxgyaaYNzTxMMmIdir/ixoUibv0Pd/6NaTuCih4IHM65h3tz/IQzqRD6MObmFxaXlgsrxdW19Y1Nc2u7JeNUENokMY9Fx8eSchbRpmKK004iKA59Ttv+8Hzit2+okCyOrtQooW6I+xELGMFKS56563u3Rw7XgR6GjmQhvYa2Z5aQVUF27cSGyEJTaFKuoFoVQTtXSiBHwzPfnV5M0pBGinAsZddGiXIzLBQjnI6LTippgskQ92lX0wiHVLrZ9PoxPNBKDwax0C9ScKp+T2Q4lHIU+noyxGogf3sT8S+vm6qg6mYsSlJFIzJbFKQcqhhOqoA9JihRfKQJJoLpWyEZYIGJ0oUVdQlfP4X/k1bZspFlXx6X6md5HQWwB/bBIbDBKaiDC9AATUDAHXgAT+DZuDcejRfjdTY6Z+SZHfADxtsnpduUsg==</latexit><latexit sha1_base64="dcxRwf2vc0ZLFj/DQIJ2jL7CihY=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWaK1XZXdOOygn1AZxgyaaYNzTxMMmIdir/ixoUibv0Pd/6NaTuCih4IHM65h3tz/IQzqRD6MObmFxaXlgsrxdW19Y1Nc2u7JeNUENokMY9Fx8eSchbRpmKK004iKA59Ttv+8Hzit2+okCyOrtQooW6I+xELGMFKS56563u3Rw7XgR6GjmQhvYa2Z5aQVUF27cSGyEJTaFKuoFoVQTtXSiBHwzPfnV5M0pBGinAsZddGiXIzLBQjnI6LTippgskQ92lX0wiHVLrZ9PoxPNBKDwax0C9ScKp+T2Q4lHIU+noyxGogf3sT8S+vm6qg6mYsSlJFIzJbFKQcqhhOqoA9JihRfKQJJoLpWyEZYIGJ0oUVdQlfP4X/k1bZspFlXx6X6md5HQWwB/bBIbDBKaiDC9AATUDAHXgAT+DZuDcejRfjdTY6Z+SZHfADxtsnpduUsg==</latexit>

bx/� ' 0.6
<latexit sha1_base64="UqpjgyjRhaeY/xX1Kl+D1yg5Pbc=">AAAB/3icdVBLSwMxGMzWV62vVcGLl2ARPK3ZYmt7K3rxWME+oLss2WzahmYfJlmx1B78K148KOLVv+HNf2ParqCiA4HJzDfky/gJZ1Ih9GHkFhaXllfyq4W19Y3NLXN7pyXjVBDaJDGPRcfHknIW0aZiitNOIigOfU7b/vB86rdvqJAsjq7UKKFuiPsR6zGClZY8c8/3bo8drgMBho5kIb2GyKp4ZhFZZWTXKra+ohk0KZVRrYqgnSlFkKHhme9OEJM0pJEiHEvZtVGi3DEWihFOJwUnlTTBZIj7tKtphEMq3fFs/wk81EoAe7HQJ1Jwpn5PjHEo5Sj09WSI1UD+9qbiX143Vb2qO2ZRkioakflDvZRDFcNpGTBgghLFR5pgIpjeFZIBFpgoXVlBl/D1U/g/aZUsG1n25UmxfpbVkQf74AAcARucgjq4AA3QBATcgQfwBJ6Ne+PReDFe56M5I8vsgh8w3j4BlJiVKQ==</latexit><latexit sha1_base64="UqpjgyjRhaeY/xX1Kl+D1yg5Pbc=">AAAB/3icdVBLSwMxGMzWV62vVcGLl2ARPK3ZYmt7K3rxWME+oLss2WzahmYfJlmx1B78K148KOLVv+HNf2ParqCiA4HJzDfky/gJZ1Ih9GHkFhaXllfyq4W19Y3NLXN7pyXjVBDaJDGPRcfHknIW0aZiitNOIigOfU7b/vB86rdvqJAsjq7UKKFuiPsR6zGClZY8c8/3bo8drgMBho5kIb2GyKp4ZhFZZWTXKra+ohk0KZVRrYqgnSlFkKHhme9OEJM0pJEiHEvZtVGi3DEWihFOJwUnlTTBZIj7tKtphEMq3fFs/wk81EoAe7HQJ1Jwpn5PjHEo5Sj09WSI1UD+9qbiX143Vb2qO2ZRkioakflDvZRDFcNpGTBgghLFR5pgIpjeFZIBFpgoXVlBl/D1U/g/aZUsG1n25UmxfpbVkQf74AAcARucgjq4AA3QBATcgQfwBJ6Ne+PReDFe56M5I8vsgh8w3j4BlJiVKQ==</latexit><latexit sha1_base64="UqpjgyjRhaeY/xX1Kl+D1yg5Pbc=">AAAB/3icdVBLSwMxGMzWV62vVcGLl2ARPK3ZYmt7K3rxWME+oLss2WzahmYfJlmx1B78K148KOLVv+HNf2ParqCiA4HJzDfky/gJZ1Ih9GHkFhaXllfyq4W19Y3NLXN7pyXjVBDaJDGPRcfHknIW0aZiitNOIigOfU7b/vB86rdvqJAsjq7UKKFuiPsR6zGClZY8c8/3bo8drgMBho5kIb2GyKp4ZhFZZWTXKra+ohk0KZVRrYqgnSlFkKHhme9OEJM0pJEiHEvZtVGi3DEWihFOJwUnlTTBZIj7tKtphEMq3fFs/wk81EoAe7HQJ1Jwpn5PjHEo5Sj09WSI1UD+9qbiX143Vb2qO2ZRkioakflDvZRDFcNpGTBgghLFR5pgIpjeFZIBFpgoXVlBl/D1U/g/aZUsG1n25UmxfpbVkQf74AAcARucgjq4AA3QBATcgQfwBJ6Ne+PReDFe56M5I8vsgh8w3j4BlJiVKQ==</latexit><latexit sha1_base64="UqpjgyjRhaeY/xX1Kl+D1yg5Pbc=">AAAB/3icdVBLSwMxGMzWV62vVcGLl2ARPK3ZYmt7K3rxWME+oLss2WzahmYfJlmx1B78K148KOLVv+HNf2ParqCiA4HJzDfky/gJZ1Ih9GHkFhaXllfyq4W19Y3NLXN7pyXjVBDaJDGPRcfHknIW0aZiitNOIigOfU7b/vB86rdvqJAsjq7UKKFuiPsR6zGClZY8c8/3bo8drgMBho5kIb2GyKp4ZhFZZWTXKra+ohk0KZVRrYqgnSlFkKHhme9OEJM0pJEiHEvZtVGi3DEWihFOJwUnlTTBZIj7tKtphEMq3fFs/wk81EoAe7HQJ1Jwpn5PjHEo5Sj09WSI1UD+9qbiX143Vb2qO2ZRkioakflDvZRDFcNpGTBgghLFR5pgIpjeFZIBFpgoXVlBl/D1U/g/aZUsG1n25UmxfpbVkQf74AAcARucgjq4AA3QBATcgQfwBJ6Ne+PReDFe56M5I8vsgh8w3j4BlJiVKQ==</latexit>



So            with       periodicity  transitions to 
normal superconductor with          periodicity 
to normal metal with      periodicity 

Issue that both topological superconductors 
and normal metals have        periodicity 
circumvented by separation via normal 
superconductor  with            periodicity

TSC2
<latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit><latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit><latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit><latexit sha1_base64="7wMCgN6qzsrwzRooVHfqTMoQWW0=">AAAB7HicdVBNTwIxEJ3FL8Qv1KOXRmLiiXSJKNyIXDxiZIEECOmWAg3d7qbtmpANv8GLB43x6g/y5r+xwJqo0ZdM8vLeTGbm+ZHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRS4exosyjoQhVxyeaCS6ZZ7gRrBMpRgJfsLY/rS/89j1TmoeyaWYR6wdkLPmIU2Ks5DXv6oPSIF/AxTJ2q5cuwkW8hCWlMq5WMHJTpQApGoP8e28Y0jhg0lBBtO66ODL9hCjDqWDzXC/WLCJ0Ssasa6kkAdP9ZHnsHJ1ZZYhGobIlDVqq3ycSEmg9C3zbGRAz0b+9hfiX143NqNJPuIxiwyRdLRrFApkQLT5HQ64YNWJmCaGK21sRnRBFqLH55GwIX5+i/0mrVHRx0b29KNSu0ziycAKncA4uXEENbqABHlDg8ABP8OxI59F5cV5XrRknnTmGH3DePgFINo5V</latexit>

�0
<latexit sha1_base64="6VUhQWnvgiW542xD7oC2EGO7bjU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCvYD2qVk02wbm80uSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmBYng2mD84eRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grut++Z0jyWt2aSMD8iQ8lDTomxUquXjHgf94sl7FawVzv3EHbxApaUK7hWxcjLlBJkaPSL771BTNOISUMF0brr4cT4U6IMp4LNCr1Us4TQMRmyrqWSREz708W1M3RilQEKY2VLGrRQv09MSaT1JApsZ0TMSP/25uJfXjc1YdWfcpmkhkm6XBSmApkYzV9HA64YNWJiCaGK21sRHRFFqLEBFWwIX5+i/0mr7HrY9W7OSvXLLI48HMExnIIHF1CHa2hAEyjcwQM8wbMTO4/Oi/O6bM052cwh/IDz9gl8PI8Q</latexit><latexit sha1_base64="6VUhQWnvgiW542xD7oC2EGO7bjU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCvYD2qVk02wbm80uSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmBYng2mD84eRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grut++Z0jyWt2aSMD8iQ8lDTomxUquXjHgf94sl7FawVzv3EHbxApaUK7hWxcjLlBJkaPSL771BTNOISUMF0brr4cT4U6IMp4LNCr1Us4TQMRmyrqWSREz708W1M3RilQEKY2VLGrRQv09MSaT1JApsZ0TMSP/25uJfXjc1YdWfcpmkhkm6XBSmApkYzV9HA64YNWJiCaGK21sRHRFFqLEBFWwIX5+i/0mr7HrY9W7OSvXLLI48HMExnIIHF1CHa2hAEyjcwQM8wbMTO4/Oi/O6bM052cwh/IDz9gl8PI8Q</latexit><latexit sha1_base64="6VUhQWnvgiW542xD7oC2EGO7bjU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCvYD2qVk02wbm80uSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmBYng2mD84eRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grut++Z0jyWt2aSMD8iQ8lDTomxUquXjHgf94sl7FawVzv3EHbxApaUK7hWxcjLlBJkaPSL771BTNOISUMF0brr4cT4U6IMp4LNCr1Us4TQMRmyrqWSREz708W1M3RilQEKY2VLGrRQv09MSaT1JApsZ0TMSP/25uJfXjc1YdWfcpmkhkm6XBSmApkYzV9HA64YNWJiCaGK21sRHRFFqLEBFWwIX5+i/0mr7HrY9W7OSvXLLI48HMExnIIHF1CHa2hAEyjcwQM8wbMTO4/Oi/O6bM052cwh/IDz9gl8PI8Q</latexit><latexit sha1_base64="6VUhQWnvgiW542xD7oC2EGO7bjU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB05ItVttb0YvHCvYD2qVk02wbm80uSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmBYng2mD84eRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grut++Z0jyWt2aSMD8iQ8lDTomxUquXjHgf94sl7FawVzv3EHbxApaUK7hWxcjLlBJkaPSL771BTNOISUMF0brr4cT4U6IMp4LNCr1Us4TQMRmyrqWSREz708W1M3RilQEKY2VLGrRQv09MSaT1JApsZ0TMSP/25uJfXjc1YdWfcpmkhkm6XBSmApkYzV9HA64YNWJiCaGK21sRHRFFqLEBFWwIX5+i/0mr7HrY9W7OSvXLLI48HMExnIIHF1CHa2hAEyjcwQM8wbMTO4/Oi/O6bM052cwh/IDz9gl8PI8Q</latexit>

�0
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�0/2
<latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit><latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit><latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit><latexit sha1_base64="FMGjp+4QZEh4ZRkNavL+Bapybaw=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrPFansrevFYwX5Au5Rsmm1Ds9k1yQql9E948aCIV/+ON/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupr5rXumNI/lrRknzI/IQPKQU2Ks1O4mQ97Dp6VeoYjdMvaq5x7CLp7DklIZVysYeZlShAz1XuG9249pGjFpqCBadzycGH9ClOFUsGm+m2qWEDoiA9axVJKIaX8yv3eKjq3SR2GsbEmD5ur3iQmJtB5Hge2MiBnq395M/MvrpCas+BMuk9QwSReLwlQgE6PZ86jPFaNGjC0hVHF7K6JDogg1NqK8DeHrU/Q/aZZcD7vezVmxdpnFkYNDOIIT8OACanANdWgABQEP8ATPzp3z6Lw4r4vWJSebOYAfcN4+AV20j4U=</latexit>



Tuning the transitions

If we can tune between these phases, then the 
change in periodicity of the circulating 
current can be measured

Need to change parameters in the 
Hamiltonian -  so one possibility, couple to 
light



Floquet Hamiltonian 

Shine elliptically  polarized light 

For high frequencies,                  obtain 
effective static Hamiltonian by expanding in 
powers of 

A(t) = (Ax cos(!t), Ay cos(!t+ ✓), 0), ! = 2⇡/T
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! � �,�
<latexit sha1_base64="1E9C4sObdKHhmIzFHY02k1BaGGc=">AAACAnicdVDLSgMxFM34rPU16krcBIvgQkpGfLS7oi5cVrAqdEq5k96OoZkHSUYoQ3Hjr7hxoYhbv8Kdf2NaK6jogcDhnHu4uSdIpdCGsXdnYnJqema2MFecX1hcWnZXVi90kimODZ7IRF0FoFGKGBtGGIlXqUKIAomXQe946F/eoNIiic9NP8VWBGEsuoKDsVLbXfeTCEOgfhhSX9pcB3b8E5QG2m6JlfeZVz3wKCuzESzZ3WfVCqPeWCmRMept983vJDyLMDZcgtZNj6WmlYMygkscFP1MYwq8ByE2LY0hQt3KRycM6JZVOrSbKPtiQ0fq90QOkdb9KLCTEZhr/dsbin95zcx0K61cxGlmMOafi7qZpCahwz5oRyjkRvYtAa6E/Svl16CAG9ta0ZbwdSn9n1zslj1W9s72SrWjcR0FskE2yTbxyCGpkVNSJw3CyS25J4/kyblzHpxn5+VzdMIZZ9bIDzivH3EhltE=</latexit><latexit sha1_base64="1E9C4sObdKHhmIzFHY02k1BaGGc=">AAACAnicdVDLSgMxFM34rPU16krcBIvgQkpGfLS7oi5cVrAqdEq5k96OoZkHSUYoQ3Hjr7hxoYhbv8Kdf2NaK6jogcDhnHu4uSdIpdCGsXdnYnJqema2MFecX1hcWnZXVi90kimODZ7IRF0FoFGKGBtGGIlXqUKIAomXQe946F/eoNIiic9NP8VWBGEsuoKDsVLbXfeTCEOgfhhSX9pcB3b8E5QG2m6JlfeZVz3wKCuzESzZ3WfVCqPeWCmRMept983vJDyLMDZcgtZNj6WmlYMygkscFP1MYwq8ByE2LY0hQt3KRycM6JZVOrSbKPtiQ0fq90QOkdb9KLCTEZhr/dsbin95zcx0K61cxGlmMOafi7qZpCahwz5oRyjkRvYtAa6E/Svl16CAG9ta0ZbwdSn9n1zslj1W9s72SrWjcR0FskE2yTbxyCGpkVNSJw3CyS25J4/kyblzHpxn5+VzdMIZZ9bIDzivH3EhltE=</latexit><latexit sha1_base64="1E9C4sObdKHhmIzFHY02k1BaGGc=">AAACAnicdVDLSgMxFM34rPU16krcBIvgQkpGfLS7oi5cVrAqdEq5k96OoZkHSUYoQ3Hjr7hxoYhbv8Kdf2NaK6jogcDhnHu4uSdIpdCGsXdnYnJqema2MFecX1hcWnZXVi90kimODZ7IRF0FoFGKGBtGGIlXqUKIAomXQe946F/eoNIiic9NP8VWBGEsuoKDsVLbXfeTCEOgfhhSX9pcB3b8E5QG2m6JlfeZVz3wKCuzESzZ3WfVCqPeWCmRMept983vJDyLMDZcgtZNj6WmlYMygkscFP1MYwq8ByE2LY0hQt3KRycM6JZVOrSbKPtiQ0fq90QOkdb9KLCTEZhr/dsbin95zcx0K61cxGlmMOafi7qZpCahwz5oRyjkRvYtAa6E/Svl16CAG9ta0ZbwdSn9n1zslj1W9s72SrWjcR0FskE2yTbxyCGpkVNSJw3CyS25J4/kyblzHpxn5+VzdMIZZ9bIDzivH3EhltE=</latexit><latexit sha1_base64="1E9C4sObdKHhmIzFHY02k1BaGGc=">AAACAnicdVDLSgMxFM34rPU16krcBIvgQkpGfLS7oi5cVrAqdEq5k96OoZkHSUYoQ3Hjr7hxoYhbv8Kdf2NaK6jogcDhnHu4uSdIpdCGsXdnYnJqema2MFecX1hcWnZXVi90kimODZ7IRF0FoFGKGBtGGIlXqUKIAomXQe946F/eoNIiic9NP8VWBGEsuoKDsVLbXfeTCEOgfhhSX9pcB3b8E5QG2m6JlfeZVz3wKCuzESzZ3WfVCqPeWCmRMept983vJDyLMDZcgtZNj6WmlYMygkscFP1MYwq8ByE2LY0hQt3KRycM6JZVOrSbKPtiQ0fq90QOkdb9KLCTEZhr/dsbin95zcx0K61cxGlmMOafi7qZpCahwz5oRyjkRvYtAa6E/Svl16CAG9ta0ZbwdSn9n1zslj1W9s72SrWjcR0FskE2yTbxyCGpkVNSJw3CyS25J4/kyblzHpxn5+VzdMIZZ9bIDzivH3EhltE=</latexit>

1/!
<latexit sha1_base64="oIwAJmWFcYF5VA3Oy77iadDTR20=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXY1KstruiG5cV7EPaoWTSTBuaTIYkI5TSr3DjQhG3fo47/8a0HUFFD1w4nHMv994TJoIbi9CHt7S8srq2ntvIb25t7+wW9vabRqWasgZVQul2SAwTPGYNy61g7UQzIkPBWuHoaua37pk2XMW3dpywQJJBzCNOiXXSHT7tKskGBPYKReSXEa6eY4h8NIcjpTKqVhDEmVIEGeq9wnu3r2gqWWypIMZ0MEpsMCHacirYNN9NDUsIHZEB6zgaE8lMMJkfPIXHTunDSGlXsYVz9fvEhEhjxjJ0nZLYofntzcS/vE5qo0ow4XGSWhbTxaIoFdAqOPse9rlm1IqxI4Rq7m6FdEg0odZllHchfH0K/yfNko+Rj2/OirXLLI4cOARH4ARgcAFq4BrUQQNQIMEDeALPnvYevRfvddG65GUzB+AHvLdPCM+P5w==</latexit><latexit sha1_base64="oIwAJmWFcYF5VA3Oy77iadDTR20=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXY1KstruiG5cV7EPaoWTSTBuaTIYkI5TSr3DjQhG3fo47/8a0HUFFD1w4nHMv994TJoIbi9CHt7S8srq2ntvIb25t7+wW9vabRqWasgZVQul2SAwTPGYNy61g7UQzIkPBWuHoaua37pk2XMW3dpywQJJBzCNOiXXSHT7tKskGBPYKReSXEa6eY4h8NIcjpTKqVhDEmVIEGeq9wnu3r2gqWWypIMZ0MEpsMCHacirYNN9NDUsIHZEB6zgaE8lMMJkfPIXHTunDSGlXsYVz9fvEhEhjxjJ0nZLYofntzcS/vE5qo0ow4XGSWhbTxaIoFdAqOPse9rlm1IqxI4Rq7m6FdEg0odZllHchfH0K/yfNko+Rj2/OirXLLI4cOARH4ARgcAFq4BrUQQNQIMEDeALPnvYevRfvddG65GUzB+AHvLdPCM+P5w==</latexit><latexit sha1_base64="oIwAJmWFcYF5VA3Oy77iadDTR20=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXY1KstruiG5cV7EPaoWTSTBuaTIYkI5TSr3DjQhG3fo47/8a0HUFFD1w4nHMv994TJoIbi9CHt7S8srq2ntvIb25t7+wW9vabRqWasgZVQul2SAwTPGYNy61g7UQzIkPBWuHoaua37pk2XMW3dpywQJJBzCNOiXXSHT7tKskGBPYKReSXEa6eY4h8NIcjpTKqVhDEmVIEGeq9wnu3r2gqWWypIMZ0MEpsMCHacirYNN9NDUsIHZEB6zgaE8lMMJkfPIXHTunDSGlXsYVz9fvEhEhjxjJ0nZLYofntzcS/vE5qo0ow4XGSWhbTxaIoFdAqOPse9rlm1IqxI4Rq7m6FdEg0odZllHchfH0K/yfNko+Rj2/OirXLLI4cOARH4ARgcAFq4BrUQQNQIMEDeALPnvYevRfvddG65GUzB+AHvLdPCM+P5w==</latexit><latexit sha1_base64="oIwAJmWFcYF5VA3Oy77iadDTR20=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXY1KstruiG5cV7EPaoWTSTBuaTIYkI5TSr3DjQhG3fo47/8a0HUFFD1w4nHMv994TJoIbi9CHt7S8srq2ntvIb25t7+wW9vabRqWasgZVQul2SAwTPGYNy61g7UQzIkPBWuHoaua37pk2XMW3dpywQJJBzCNOiXXSHT7tKskGBPYKReSXEa6eY4h8NIcjpTKqVhDEmVIEGeq9wnu3r2gqWWypIMZ0MEpsMCHacirYNN9NDUsIHZEB6zgaE8lMMJkfPIXHTunDSGlXsYVz9fvEhEhjxjJ0nZLYofntzcS/vE5qo0ow4XGSWhbTxaIoFdAqOPse9rlm1IqxI4Rq7m6FdEg0odZllHchfH0K/yfNko+Rj2/OirXLLI4cOARH4ARgcAFq4BrUQQNQIMEDeALPnvYevRfvddG65GUzB+AHvLdPCM+P5w==</latexit>



Computation  to               shows that       can 
be tuned by applying light

So by shining light, can change periodicity of 
circulating current

O(1/!2)
<latexit sha1_base64="JmTDkypgUbVs0F1FfbwUMg8l2VI=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZgpVttd0Y07K9gHtNOSSTNtaDIzJBmlDP0PNy4Uceu/uPNvTNsRVPTAhcM593LvPV7EmdIIfViZpeWV1bXsem5jc2t7J7+711RhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWN76c+a07KhULg1s9iagr8DBgPiNYG6l3XXROuqGgQ9wrHcN+voDsMnKqZw5ENprDkFIZVSsIOqlSACnq/fx7dxCSWNBAE46V6jgo0m6CpWaE02muGysaYTLGQ9oxNMCCKjeZXz2FR0YZQD+UpgIN5+r3iQQLpSbCM50C65H67c3Ev7xOrP2Km7AgijUNyGKRH3OoQziLAA6YpETziSGYSGZuhWSEJSbaBJUzIXx9Cv8nzZLtINu5OS3ULtI4suAAHIIicMA5qIErUAcNQIAED+AJPFv31qP1Yr0uWjNWOrMPfsB6+wSeXpFJ</latexit><latexit sha1_base64="JmTDkypgUbVs0F1FfbwUMg8l2VI=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZgpVttd0Y07K9gHtNOSSTNtaDIzJBmlDP0PNy4Uceu/uPNvTNsRVPTAhcM593LvPV7EmdIIfViZpeWV1bXsem5jc2t7J7+711RhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWN76c+a07KhULg1s9iagr8DBgPiNYG6l3XXROuqGgQ9wrHcN+voDsMnKqZw5ENprDkFIZVSsIOqlSACnq/fx7dxCSWNBAE46V6jgo0m6CpWaE02muGysaYTLGQ9oxNMCCKjeZXz2FR0YZQD+UpgIN5+r3iQQLpSbCM50C65H67c3Ev7xOrP2Km7AgijUNyGKRH3OoQziLAA6YpETziSGYSGZuhWSEJSbaBJUzIXx9Cv8nzZLtINu5OS3ULtI4suAAHIIicMA5qIErUAcNQIAED+AJPFv31qP1Yr0uWjNWOrMPfsB6+wSeXpFJ</latexit><latexit sha1_base64="JmTDkypgUbVs0F1FfbwUMg8l2VI=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZgpVttd0Y07K9gHtNOSSTNtaDIzJBmlDP0PNy4Uceu/uPNvTNsRVPTAhcM593LvPV7EmdIIfViZpeWV1bXsem5jc2t7J7+711RhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWN76c+a07KhULg1s9iagr8DBgPiNYG6l3XXROuqGgQ9wrHcN+voDsMnKqZw5ENprDkFIZVSsIOqlSACnq/fx7dxCSWNBAE46V6jgo0m6CpWaE02muGysaYTLGQ9oxNMCCKjeZXz2FR0YZQD+UpgIN5+r3iQQLpSbCM50C65H67c3Ev7xOrP2Km7AgijUNyGKRH3OoQziLAA6YpETziSGYSGZuhWSEJSbaBJUzIXx9Cv8nzZLtINu5OS3ULtI4suAAHIIicMA5qIErUAcNQIAED+AJPFv31qP1Yr0uWjNWOrMPfsB6+wSeXpFJ</latexit><latexit sha1_base64="JmTDkypgUbVs0F1FfbwUMg8l2VI=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZgpVttd0Y07K9gHtNOSSTNtaDIzJBmlDP0PNy4Uceu/uPNvTNsRVPTAhcM593LvPV7EmdIIfViZpeWV1bXsem5jc2t7J7+711RhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWN76c+a07KhULg1s9iagr8DBgPiNYG6l3XXROuqGgQ9wrHcN+voDsMnKqZw5ENprDkFIZVSsIOqlSACnq/fx7dxCSWNBAE46V6jgo0m6CpWaE02muGysaYTLGQ9oxNMCCKjeZXz2FR0YZQD+UpgIN5+r3iQQLpSbCM50C65H67c3Ev7xOrP2Km7AgijUNyGKRH3OoQziLAA6YpETziSGYSGZuhWSEJSbaBJUzIXx9Cv8nzZLtINu5OS3ULtI4suAAHIIicMA5qIErUAcNQIAED+AJPFv31qP1Yr0uWjNWOrMPfsB6+wSeXpFJ</latexit>

bx
<latexit sha1_base64="Wlu8o+l5V5Ny9iOtYPR5QeUUZuA=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFY0X5Au5Rsmm1Ds9klyYql9Cd48aCIV3+RN/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupz5rTumNI/lrRknzI/IQPKQU2KsdBP07nuFInbL2KueeQi7eA5LSmVcrWDkZUoRMtR7hfduP6ZpxKShgmjd8XBi/AlRhlPBpvluqllC6IgMWMdSSSKm/cn81Ck6tkofhbGyJQ2aq98nJiTSehwFtjMiZqh/ezPxL6+TmrDiT7hMUsMkXSwKU4FMjGZ/oz5XjBoxtoRQxe2tiA6JItTYdPI2hK9P0f+kWXI97HrXp8XaRRZHDg7hCE7Ag3OowRXUoQEUBvAAT/DsCOfReXFeF61LTjZzAD/gvH0CmEKN/w==</latexit><latexit sha1_base64="Wlu8o+l5V5Ny9iOtYPR5QeUUZuA=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFY0X5Au5Rsmm1Ds9klyYql9Cd48aCIV3+RN/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupz5rTumNI/lrRknzI/IQPKQU2KsdBP07nuFInbL2KueeQi7eA5LSmVcrWDkZUoRMtR7hfduP6ZpxKShgmjd8XBi/AlRhlPBpvluqllC6IgMWMdSSSKm/cn81Ck6tkofhbGyJQ2aq98nJiTSehwFtjMiZqh/ezPxL6+TmrDiT7hMUsMkXSwKU4FMjGZ/oz5XjBoxtoRQxe2tiA6JItTYdPI2hK9P0f+kWXI97HrXp8XaRRZHDg7hCE7Ag3OowRXUoQEUBvAAT/DsCOfReXFeF61LTjZzAD/gvH0CmEKN/w==</latexit><latexit sha1_base64="Wlu8o+l5V5Ny9iOtYPR5QeUUZuA=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFY0X5Au5Rsmm1Ds9klyYql9Cd48aCIV3+RN/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupz5rTumNI/lrRknzI/IQPKQU2KsdBP07nuFInbL2KueeQi7eA5LSmVcrWDkZUoRMtR7hfduP6ZpxKShgmjd8XBi/AlRhlPBpvluqllC6IgMWMdSSSKm/cn81Ck6tkofhbGyJQ2aq98nJiTSehwFtjMiZqh/ezPxL6+TmrDiT7hMUsMkXSwKU4FMjGZ/oz5XjBoxtoRQxe2tiA6JItTYdPI2hK9P0f+kWXI97HrXp8XaRRZHDg7hCE7Ag3OowRXUoQEUBvAAT/DsCOfReXFeF61LTjZzAD/gvH0CmEKN/w==</latexit><latexit sha1_base64="Wlu8o+l5V5Ny9iOtYPR5QeUUZuA=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrLFansrevFY0X5Au5Rsmm1Ds9klyYql9Cd48aCIV3+RN/+NabuCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupz5rTumNI/lrRknzI/IQPKQU2KsdBP07nuFInbL2KueeQi7eA5LSmVcrWDkZUoRMtR7hfduP6ZpxKShgmjd8XBi/AlRhlPBpvluqllC6IgMWMdSSSKm/cn81Ck6tkofhbGyJQ2aq98nJiTSehwFtjMiZqh/ezPxL6+TmrDiT7hMUsMkXSwKU4FMjGZ/oz5XjBoxtoRQxe2tiA6JItTYdPI2hK9P0f+kWXI97HrXp8XaRRZHDg7hCE7Ag3OowRXUoQEUBvAAT/DsCOfReXFeF61LTjZzAD/gvH0CmEKN/w==</latexit>

Ax = Ay = A

� = �
<latexit sha1_base64="r+pK6S6J7HBPQEQUBj8aqvieMtY=">AAACB3icdVBLSwMxGMzWV11fqx4FCRbBU8kWq+2h0KoHjxXsA7plyWazbWj2QZIVS+nNi3/FiwdFvPoXvPlvTB+Cig4EJjPfkHzjJZxJhdCHkVlYXFpeya6aa+sbm1vW9k5TxqkgtEFiHou2hyXlLKINxRSn7URQHHqctrzB+cRv3VAhWRxdq2FCuyHuRSxgBCstudZ+zb2t1NwhrMCa45gO11Ef65tzQbnCrpVD+SKyyyc2RHk0hSaFIiqXELTnSg7MUXetd8ePSRrSSBGOpezYKFHdERaKEU7HppNKmmAywD3a0TTCIZXd0XSPMTzUig+DWOgTKThVvydGOJRyGHp6MsSqL397E/Evr5OqoNQdsShJFY3I7KEg5VDFcFIK9JmgRPGhJpgIpv8KSR8LTJSuztQlfG0K/yfNQt5GefvqOFc9m9eRBXvgABwBG5yCKrgEddAABNyBB/AEno1749F4MV5noxljntkFP2C8fQLtz5dz</latexit><latexit sha1_base64="r+pK6S6J7HBPQEQUBj8aqvieMtY=">AAACB3icdVBLSwMxGMzWV11fqx4FCRbBU8kWq+2h0KoHjxXsA7plyWazbWj2QZIVS+nNi3/FiwdFvPoXvPlvTB+Cig4EJjPfkHzjJZxJhdCHkVlYXFpeya6aa+sbm1vW9k5TxqkgtEFiHou2hyXlLKINxRSn7URQHHqctrzB+cRv3VAhWRxdq2FCuyHuRSxgBCstudZ+zb2t1NwhrMCa45gO11Ef65tzQbnCrpVD+SKyyyc2RHk0hSaFIiqXELTnSg7MUXetd8ePSRrSSBGOpezYKFHdERaKEU7HppNKmmAywD3a0TTCIZXd0XSPMTzUig+DWOgTKThVvydGOJRyGHp6MsSqL397E/Evr5OqoNQdsShJFY3I7KEg5VDFcFIK9JmgRPGhJpgIpv8KSR8LTJSuztQlfG0K/yfNQt5GefvqOFc9m9eRBXvgABwBG5yCKrgEddAABNyBB/AEno1749F4MV5noxljntkFP2C8fQLtz5dz</latexit><latexit sha1_base64="r+pK6S6J7HBPQEQUBj8aqvieMtY=">AAACB3icdVBLSwMxGMzWV11fqx4FCRbBU8kWq+2h0KoHjxXsA7plyWazbWj2QZIVS+nNi3/FiwdFvPoXvPlvTB+Cig4EJjPfkHzjJZxJhdCHkVlYXFpeya6aa+sbm1vW9k5TxqkgtEFiHou2hyXlLKINxRSn7URQHHqctrzB+cRv3VAhWRxdq2FCuyHuRSxgBCstudZ+zb2t1NwhrMCa45gO11Ef65tzQbnCrpVD+SKyyyc2RHk0hSaFIiqXELTnSg7MUXetd8ePSRrSSBGOpezYKFHdERaKEU7HppNKmmAywD3a0TTCIZXd0XSPMTzUig+DWOgTKThVvydGOJRyGHp6MsSqL397E/Evr5OqoNQdsShJFY3I7KEg5VDFcFIK9JmgRPGhJpgIpv8KSR8LTJSuztQlfG0K/yfNQt5GefvqOFc9m9eRBXvgABwBG5yCKrgEddAABNyBB/AEno1749F4MV5noxljntkFP2C8fQLtz5dz</latexit><latexit sha1_base64="r+pK6S6J7HBPQEQUBj8aqvieMtY=">AAACB3icdVBLSwMxGMzWV11fqx4FCRbBU8kWq+2h0KoHjxXsA7plyWazbWj2QZIVS+nNi3/FiwdFvPoXvPlvTB+Cig4EJjPfkHzjJZxJhdCHkVlYXFpeya6aa+sbm1vW9k5TxqkgtEFiHou2hyXlLKINxRSn7URQHHqctrzB+cRv3VAhWRxdq2FCuyHuRSxgBCstudZ+zb2t1NwhrMCa45gO11Ef65tzQbnCrpVD+SKyyyc2RHk0hSaFIiqXELTnSg7MUXetd8ePSRrSSBGOpezYKFHdERaKEU7HppNKmmAywD3a0TTCIZXd0XSPMTzUig+DWOgTKThVvydGOJRyGHp6MsSqL397E/Evr5OqoNQdsShJFY3I7KEg5VDFcFIK9JmgRPGhJpgIpv8KSR8LTJSuztQlfG0K/yfNQt5GefvqOFc9m9eRBXvgABwBG5yCKrgEddAABNyBB/AEno1749F4MV5noxljntkFP2C8fQLtz5dz</latexit>

✓ = ⇡/2
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Conclusion

Studied corner Majorana modes in a model of a higher 
order topological superconductor

Have introduced a vortex at the origin in a higher order 
topological superconductor

Periodicity of energy levels and circulating current 
changes from       to            as the superconductor 
transitions to a normal superconductor

Change in periodicity can be tuned by coupling to light
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Future

2D p+ip superconductors in first order 
topological superconductors - check whether 
self-consistent solutions lead to new results. 

Goal - to move the corner Majoranas for 
braiding. Since there are four Majoranas, it 
should be possible to get non-abelian 
statistics


