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Topological superconductors

Topological superconductors with broken time reversal symmetry
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Gapless surface modes, single Majorana mode per edge

Majorana zero modes A Y. Kitaev.
Physics-Uspekhi,
44:131, 2001

Anyonic statistics, suitable for qguantum computing
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Engineering topological

phases of matter

Topological superconductors are extremely rare in nature

Can we create an artificial
topological superconductor
using conventional materials?

Common Common Topological
material # 1 material #2 = material
C.W.J. Beenakker, Ann. Rev. J. Alicea, Rep. Prog. Phys. 75, 076501 (2012)

Condens. Matter Phys. 4, 113-136 (2013)



Our objective

Build a 2D topological superconductor with
- A conventional (s-wave) 3D superconductor
- A 3D antiferromagnetic insulator

The prize

Bringing a new solid state platform to realize
artificial topological superconductors




The system for TS

In an AF insulator

2d topological
superconductor
at the interface

Antiferromagnetic
insulator




How to do your own

topological superconductor

; Ingredients |
Science 346.6209 (2014)
7 . . Science 354.6319 (2016)
TTM o S-\\ave pal rlng Phys. Rev. Lett. 100, 096407 (2008)
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Objective: realize a spin-less superconductor

A. Y. Kitaev. Physics-Uspekhi, 44:131, 2001



The initial problem

How can we get a topological phase
starting from a trivial insulator?
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We need to create a “spinless” gapless state out of an insulator



Solitonic modes In a massive

Dirac equation

Take a 1d Dirac equation with spatially dependent mass
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Zero energy solution
appears at the interface

- L (1) o= J§ m(N)dx
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HY =0

R. Jackiw and C. Rebbi
Phys. Rev. D 13, 3398 (1976)




Solitonic modes between

Dirac AF and SC

Total Hamiltonian

H = Hyn + Har + Hsc

There will be two zero solutions

Sector #1
Up electron, down hole
0+ —
Sector #2 '
Down electron, up hole | |
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Phys. Rev. X 5, 041042 (2015) <




Dirac lines in the diamond lattice

Tensile strain Compressive strain
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Effective Hamiltonian H — 0 Pz
In each point of the line — O



The full Hamiltonian

Tight binding model in a diamond lattice

H = ﬁkm + ﬁAF + ﬁsc + ﬁsoc

Kinetic energy Hyin = Z{zﬁ) s Lij (’I sCis — D S u(zi)e; ! sCi,s
Antiferromagneticorder H p = Zi_&s, ’m(zz)’r“ zf:rs S CI +Ci.s"
Superconducting order H = A 25 ) 184 (’E + (‘T f

SC T i M)

Intrinsic spin-orbit coupling Hgpo = Z«ij)) iAGSS - (T X ng)(,j‘st’jj:sr

In this geometry

AF




Emergence of interfacial modes,

no spin-orbit coupling

Antiferromagnet Superconductor AFISC heterostructure




Interface states

between AF and SC

Superconducting solitonic excitations
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Effective model for
the Iinterface states

Effective Hamiltonian

H(pr, ¢) = ¥ (”"“5”"‘ ) )\I}
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Every point of the Dirac line creates a zero mode



Adding spin-orbit coupling

Band structure Edge spectral function

Two co-propagating edge modes



An interfacial topological

superconductor

Edge spectral function
|

Interfacial
topological

superconductor

The interface realizes a topological superconductor



Effective model with

spin-orbit coupling

Effective model with spin-orbit coupling

_ gt [ vrpr —1 e’
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Spin-orbit coupling takes the
form of a chiral pairing

Chern number (C = 4

-1 per Dirac line



Phase diagram with

strain and doping

Propagating modes atthe edge Gap EEERTTT "~ ]
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Possible materials, spinels

* Antiferromagnet forming a diamond lattice
Antiferromagnetic spinels

CoAlL O,

" o= 0 o9
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Co atoms form a diamond lattice

Phys. Rev. B 95, 094404 (2017)



Possible materials, Dirac

materials in the AF phase

Dirac lines in the absence of

i - : : Phys. Rev. Lett. 11 201
spin-orbit coupling and magnetism 'S Rev: Lett. 115, 036806 (2015)
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Antiferromagnets whose paramagnetic
state hosts Dirac lines



Take home

Antiferromagnetic insulators can yield a
robust platform to engineer two dimensional
topological superconductors

Thank youl!
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Influence of the Interface

Perfect interface A —t A)
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The topological phase survives in imperfect interfaces



The mathematical structure

of the Interface modes

: f . .
Nambu spinor SOJ{=<CA,,§”,T “BEt CA-EL CB,—Ic||,¢>

m p., A 0 Hi = %01}51901
Hamiltonian hy = (pﬁ"‘ _Sn' ,T?L i) A= A(z)
0 A —p, —m m — m(z)
1
Zero feLrllf(eLrlgisglution wy (2) = % —i o Jo Im(z")—A(2")]dz’

Asymptotic conditions

m(—o0) = mo  m(+o00) =0, A(+00) = Ag A(—o0) = 0

Assuming mg >0 Ag >0



Looking for a minimal lattice

model hosting Dirac equations

Bloch
Hamiltonian

(0 f(k) _( 0 kx+iky>
AR 0 ) T \ke —iky 0

In 2D lattice In a 3D lattice
Honeycomb lattice (graphene) Diamond lattice

k.p Hamiltonian




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

