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Non-Abelian quasiparticles
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* phase may take any values

* new ground state



Characteristics of non-Abelian states

Example: two-dimensional fluid with several vortices
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Majorana fermions in 1D wires
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The Majorana fermions operators:
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Majorana fermions in 1D wires
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Majorana fermions in 1D wires

(9
Semiconducting nanowire with
proximity induced s-wave superconductivity l B l l

t Zy Semiconductini wire
X

The Zeeman splitting VZ

s-wave superconductor

The superconducting pair potential A

The chemical potential ll/

The topological phase sz > Az —I_ /,Lz

h*0.”
r i — ‘/‘dx|:1,lfx7(— > — o —thué- o0,
m

Bz z i
— g”; o )wx+<|A|e%xwx+h-c->}

R. M. Lutchyn, J. D. Sau, and S. Das Sarma, Phys. Rev. Lett. 105, 077001 (2010),
Y. Oreqg, G. Refael, and F. von Oppen, ibid. 105, 177002 (2010).



a " Y2

e e e e e e EE

i _) " 1§

D 6 69 &9 A )~ = = = =

C
e 14}

i V4 " 13

C T T EET T Bl

d

y3->v_<- y5—)_‘_(-
e )

=== = )

2n Majoranas

generate

n ordinary zero-energy fermions

J. Alicea, Y. Oreg, G. Refael, F. von Oppen, M. P. A. Fisher, Nat. Phys. 7, 412 (2011).
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A trijunction between two topological
nanowires is potentially a more com-
plex topological object than the
simple topological nanowire. The
continuous transport of MFs

through such a ftrijunction is
potentially dependent on details

of the junction that may be difficult to
control.

J. Alicea, Y. Oreg, G. Refael, F. von Oppen, M. P. A. Fisher, Nat. Phys. 7, 412 (2011).
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A trijunction between two topological
nanowires is potentially a more com-
plex topological object than the
simple topological nanowire. The
) ) continuous transport of Mfs through

f =0 such a ftrijunction is potentially
dependent on details of the junction
\\ \\ that may be difficult to control.
"

< < g Y, <
9 An alternative scheme to
transport Mfs: the ends of the
nanowires remain fixed, but the
tunneling amplitudes between the
7, y, end MFs are varied.
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J. Alicea, Y. Oreg, G. Refael, F. von Oppen, M. P. A. Fisher, Nat. Phys. 7, 412 (2011).



Tunneling amplitudes

¢l = Y1+ 1y2 n=cle =100

Hiunneling = 1812(X) Y112

é']g(J(f) Is the tunneling matrix element for the MFs

For x > £ matrix element vanishes because of the localization of the MF wave functions

The tunneling of Mfs:

at the ends of different wires at the ends of the same TS segment

gate-controllable tunnel barrier tuning the nanowire close to a TS-NTS



Majorana fermions transport
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Majorana fermions transport
N H = [{pa®)yys + Sl — a(t))y2ys]

“Zeeman potential

OF 7, . 2 yi(t) = UT(l‘)y]-U(t)

@ .......... e U(t) = Te—i Jy Hdr

The Heisenberg equation of motion

yi (1) = i[H"(1),y;(1)]

HP) = Y eaweBa®yp)ye(t)

a,b,c=1,2,3

B(t) = [1 — a(1)[£23(1,0,0) + (1){1,2(0,0,1)




Majorana fermions transport

]}a — zeabc Bb (t)yc (t)

spin-1/ 2 particle in a time-dependent magnetic field B ([)

The initial condition:

(0) = 0

B(0) = £3(1,0,0)
o(t) = o01(0)



Majorana fermions transport

]}a — zeabc Bb (t)yc (t)

spin-1/ 2 particle in a time-dependent magnetic field B ([)

The initial condition: The final state:
a(0) =0 a(t) =1
B(0) = ¢»3(1,0,0) B(t1) = £12(0,0,1)

o(t) = o1(0) y3(t1) = sgn(£12823)y1(0)




Majorana fermions transport

J)a — 2Gazbc Bb (t)yc (t)

spin-1/ 2 particle in a time-dependent magnetic field B (I)

The initial condition: The final state:
x(0) =0 a(t) =1
B(0) = £»3(1,0,0) B(t1) = £12(0,0,1)
o(t) = 01(0) y3(t1) = sgn(&£12423)y1(0)
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Majorana fermions in dimer lattice




Non-Abelian statistics

Vi(tina) = Ay2(0),  Ya(tana) = Ay (0)

A = —1
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Exchange of the MFs at the ends of
different segments

MF 1: A, % B, A= —k = sgn(la,5)X
) C2 CZ
MF 2: B ? C (4):5) A X = Sgn(CAszngczgczAz)




Exchange of the MFs at the ends of
the same segment

A B B
MF12A1—2>C2—2>31—2>A2
(3) 4) (M=(1)

C C A
MEF 2: A2 —2> Cl —2> B2 —2> A1
(2) (5) (6)

A= —X\ = sgn(CAlAz)X

U — ¢ XSEN1)y1y




Summary

Non-Abelian statistics for MFs at the ends of TS nanowire segments can
be realized by introducing time-varying gate controllable tunnelings
between MFs.




Thank you for your attention
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