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Chiral Majorana Fermion modes

@Kane
B2 e ~
T-SC
v k Examples
T k’ « Spinless p,+ip, superconductor (n=1)
Yop™Y 2 ., o e Chiral triplet p wave superconductor
7 (eg Sr,RuQ,) (n=2)
7’
ClassDind =2 :
Read Green model : # - Z(;‘—m- p)c;c, +(A(k)c, e, +cc.) Ak)=A, (k, +ik}_)

Lattice BdG model : H,..(k)=0. (2: [cos k, +cosk, ] -1 )+ A(a,sin k. +o,sink, )- dk)o
d,
dk)

) d: Chern number 0
d, o
dx

I

luj<4t : Weak pairing phase : d. P—
topological superconductor d, )

lu/>4t : Strong pairing phase
trivial superconductor




Chiral Majorana Fermion modes
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3 k’ « Spinless p,+ip, superconductor (n=1) TI
Yop™Y 2 , ’  Chiral triplet p wave superconductor
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ClassDind =2 ‘
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Lattice BdG model : Hgy (k) =0, (2: [cosk, +cosk, ] -u )+ A(a,sin k, +o,sink, )- d(k)o
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lu|>4t : Strong pairing phase y d Ch ber 0
iy 2 z erm number
trivial superconductor d, ‘*
dx
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luj<4t : Weak pairing phase d. P
topological superconductor d, )




/ 2 — Interferometers

Two prototypes

electrons
or holes

Majorana
fermions

Mach-Zehnder

Fu & Kane, PRL, 2009
Akhmerov, Nilsson & Beenakker, PRL, 2009

/( opological Insulator Surface "1 - \
M.

Sk Sy A tf e[ 7]

A 4

Fabry-Perot

Law, Lee & Ng, PRL, 2009




/ 2 — Interferometers

contact with

Two prototypes normal part

electrons Majorana
or holes fermions

Mach-Zehnder Fabry-Perot

Fu & Kane, PRL, 2009 Law, Lee & Ng, PRL, 2009
Akhmerov, Nilsson & Beenakker, PRL, 2009




Motivation

Novel type of particles:

Neutral Majorana modes
Formulation of the scattering problem in a Majorana basis

Theory in which charge and current are not diagonal operators

Charge and current are a manfestation of interference




Scattering theory — the building block

Normal Lead
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Scattering theory — the building block

N modes 1
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Scattering theory — the building block

N modes 1
(—)\—\ f((E) - (,3(1': Apn) <+ 1

1

flE) =1-f(-E) = gmmmy
Hs

-

Electron Modes — =
=
Hole Modes — —
——

TSC

Normal Lead

SEUERN +1)|




PHS & scattering matrix electron-hole basis
P =0
 PHS on electron/hole states
" Group velocity
P(alk,E;e)) =a*| —k,—E;h) |is unchanged!
Sas(E) = Sis(=E) (o, =e,h;e =h,h =)
e Simplest example (2-by-2 matrix; £ = 0)

Sz(b* ;) b*a +a"b =0
& 2ab=2a"b" =0

el¥b 0 ‘ - 0 ei¥a
=55 = ( 0 e—ivb> or S = (e_wa 0 )




PHS & scattering matrix electron-hole basis
P=ok
PHS on electron/hole states
" Group velocity
rp(a“?: E; e)) = @ | —ole a5 h’) is unchanged!
Sap(E) = Siz(—FE) (a,f=e,h;e=h,h=ce)
e Simplest example (2-by-2 matrix; £ = 0)

Sz(b* ;) b*a +a"b =0
s 2ab=2a"b" =0

s 0 ‘ - 0 ei¥a
o (40 w 5= (2 %)

Only |total normal reflection or total Andreev reflection| is allowed!

Det(S) = +1 Det(S) =-1




PHS & scattering matrix electron-hole basis
P=ok
PHS on electron/hole states
" Group velocity
rp(a“?: E; e)) = @ | —ole a5 h’) is unchanged!
Sap(E) = Siz(—FE) (a,f=e,h;e=h,h=ce)
e Simplest example (2-by-2 matrix; £ = 0)

Sz(b* ;) b*a +a"b =0
s 2ab=2a"b" =0

s 0 ‘ - 0 ei¥a
o (40 w 5= (2 %)

Only |total normal reflection or total Andreev reflection| is allowed!
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PHS & scattering matrix Majorana basis

P=ok
* PHS on Majorana states |E:m) = %(c"ﬂE:e) + e '?|E; h))
P(a|E;m)) = P [%(ME; ¢) + e7| E; h))]
= \a/é(e_"ﬂ — E;h) +¢¥| — E;e))
=a’| — E;m)
Snzl?nQ(E) o S;:um.g(_E)

* Simple example (2-by-2 matrix; £ = 0)
g _ (c-.os @, —sin a,ob) o g (cos ©a SN, )

SIN Y,  COS Py sin Y, — COS Y,

Det(S) = +1 Det(S) =-1
total normal reflection total Andreev reflection




PHS & scattering matrix Majorana basis

[P == UI/C]
* PHS on Majorana states |E;m) = %(e'ﬂE:e) + e7%|E; b))
Pla|E;m)) = P[%(c"ﬂE; e) + e"""’”|E; lz.))]
- \(l/jz_(e‘i‘ol — E;h)+¢¥|— E;¢))
= a’| — E;m) E—0
Smyma(E) = 82 (=E) D it s

* Simple example (2-by-2 matrix; £ = 0)
g _ (c:os @, —sin Q;Db> o g <cos ©a SN, )

SIN Y,  COS Yy sin Y, — COS Y,

Det(S) = +1 Det(S) =-1
total normal reflection total Andreev reflection




Changing basis

electron-hole basis Majorana basis

=== -
—— -
= % S '_‘ @
. | ;
’)21~-I(E):'__)(.L‘u'(E)-*-‘-'lh(E))
2§ E :—'l— ',‘,.'E "'.",',VE- S S
/) (4B w(E) = Z5e(B) = ¥a(B) /) o \ [ O(E)
Lg‘)(E Lg—) E) i=1.....N) I};Y)(E) ,’(l )
(+) (-) (+) (-)
v Y E Ny (E m
1h s .S(E) 1h ( ) > > )., ( ) . S”(E) ]
¥ (\’(‘) E Y (\*c)(E) ’7‘3.:.') (E) ’7-3.—\') (E)




Changing basis

electron-hole basis Majorana basis

'_‘ @
, |
Mi-1(E) = ﬁ“" (E) + vin(E))
, 1,'1‘? = —l' ',‘,~.‘E — Ysh E)) P

A‘.“)(E) \ ( ,-."( )(E) \ il E) \/E(L (F) — Yu(F)) ( fv(Y)(E) \ ( ."( )(E)
V1. (E) V1. (E) E=L. )] i (E) m (E)
WE) | _ oy | @ |3 > nE) | _g.m| %@

: = o(E, : ; = oM :

(+) i) N +) £
UnNe (E) UNe (E) N o e 1 ( 1 1 ) Mon-1(E) Man-1(E)

- (= U= Uo, Up = —= . x gy 2 =)
‘#'..(\'h)(E) / K U.('\’h)(E) / @ SRS 1= \ ’I'lz.\')(E) / \ ’I&.\"(E)




Changing basis

Viajorana basis

—5 _—

electron-hole basis

')2r~-l(E)':L_)(L'u-(E)'*"-':h(E))
g . , , .
)¢ =) "Zl(E):'_.'(,l«'i--(E)—‘-'ih(E)) () o
(E) (7 )(E) ) VBT, T E) | [ 1NE)
. (E) 1. (E) E=haal] e m (E)
L'g;)(E) e b'(E) L'(”—‘)(E) > ,)3*)(E) N S”(E) ,)E_l(E)
(')' v(—,; N (+)- IZ—).
Une (E) Uy, (E) B e (1 1 ) ox -1 (E) Mon-1(E)
.‘. v.— ' 11: ("0. (‘“:__. : ) c--‘_.‘- g!
WS (E) ) \ v (E) @ s\i —i J\ oR(E) ) \ v (E)

SEUQRN +1) = (o )owlou) S, EO2N +1)]
(E =0)
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{59 N=1 S,€00)
e Euler decomposition

o ol B B Ro(6) 0O k9
‘“—(o Ro(a))( 0 +1 0 Ro(B)

cos§ —siné > (£ =a,pB,0)

siné cosé

+1

P s
e am)
Iy

/\::

10




{59 N=1 S,€00)
e Euler decomposition

T 1 0 Ry(0) O 1 0
=0 o ) (0 1) (0 nito)

Ro(€) = ( cosé —siné
ol§) =

siné cosé

()
10 ) || _( Ro(6) O
0 Ro(—a) s BT 0 1

( <+
T2

) =050




59 N=1 5, €00)
Euler decomposition

g ol 4D Re® 0 \[1 O
LM—(O RO(O'))( 0 +1>(0 RO(,.B))

Ro(€) = ( PORC “iHmc ) (€ = a,B,0)

sin§ cos

~A(+) ,,’,( )
2@ | = [ Hol@) O ()
~,z+) - 0 +1 !z_)
T2 T

10




{59 N=1 S,€00)
e Euler decomposition

a _(1 0 )(Ro(()) 0 )(1 y )
M=\ 0 Rite) 0 +1 0 Ro(B) physically

Ro(£) = ( cos{ —sing ) =G, B0) relevant Su

siné cosé

() e
U(1) gauge ;,m _ ( Ro(6) 0 ) ,;,H
transformation ~(4) 0 +1 20

Tl

i) _ (e + o)
iy Sa(pe — emiag)
Gy L (el + ey

10




N=1
* Physics w/ reduced Su

Ry(6) O
3;\1=< 100() il) r2 = +1

Current is determined only by reflection part of S matrix

€59

11




N=1
* Physics w/ reduced Su

i =%
S = | ¢ 1 , ro=+1
"o

Current is determined only by reflection part of S matrix
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Current is determined only by reflection part of S matrix
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N=1
* Physics w/ reduced Su

(A E —11
SmM= |t | ™ . ro=+1
i o r2

How about N>1?
later...

Current is determined only by reflection part of S matrix

11




N=1
* Physics w/ reduced Su

™ E —t.]
SM= |t | , rTo=++1
o T2

| T
c ¢ 9O 1
Y T 72
e Current
In == Inm + Inn

€

[nm = —_/ dE Sj;mo.zsnmfm(E) =
h. E>0

e

]'nn —= _/ dE TI‘[(O': R S,tnazsnn)EI(E)] F (E) — <
h JE>o !

]
S'nm . L'()
S = Ul

e

~ 7 [ B 1= Re(rira(E) - (B

Current is determined only by reflection part of S matrix

11




N=1
* Physics w/ reduced Su

™ i —l.]
SM= |46 | ™ , o =++1
! = T
i o “
| "1

¢ ¢ O
T 72
* Current

In = Innl _*_ Inn

| T / dE 51,0 Sumfom(E) = 0
h' E>0

Ay / dE Tr[(0; — St 0, Sm) Fa(E)]
E>0

=, 1B Rera)i1.(B) -

Current is determined onIy by reflection part of S matrix

t
S = Up
S = Ul

11




N=1

* Current in terms of Majorana fermions

"

In = %/Em dE [1 — Re(rirs)][fe(E) — fu(E)]

12




N=1

Current in terms of Majorana fermions

r

=~ /E i (0 @etrirl.(B) - fu(B)

incoming outgoing

12




N=1

e Current in terms of Majorana fermions

g

e

L=% 4B (- @eCrir 1. (B) ~ 1u(B)

incoming outgoing
1
) = —(rilm) + iral)) = 5 [(ry + r2)[6) + (1 = 72)ln)]
1 1 ’ ”
I(E) = |§(7’1 il — |§(7’1 —13)|* = Re(r{ry)

12




N=1

Current in terms of Majorana fermions

e

L=% 4B (- @eCrir 1. (B) ~ 1u(B)

incoming outgoing

Majorana fermions
(even though each individual of them does not carry charge)

[ current is given by the interference of (a pair of)

12




N=1

Interferometer-case O HE) = EL/hw,, + 7 +n,m

m
n 7T Berry phase
’ 7.:1 # of
}D ¢ Sm = - vortices
r2 r2
rn = w
1 —re@
e
L=7 [ dE Q- Re(r2l[f(E) - fulE)
h Je>o
B = 0, (b — (nv + 1)7T, ro — +1
ny even =—=r1 =1, =G =0, normal reflection
e . 2
ny odd =71 = —1, ==G = 2e“/h, perfect Andreev reflection

13




N=1- doublet

m M
M M,

N 4
r — e'¥
1 — ret¥’

Pext — @ T+ arg

o =FEL/hvy+ 7+ ¢
o' =EL [hupyr + 7+ ¢

dljdv

Upper panel:

L=L,7 ¢=¢,=7T

(analog of two-coupled MBS)

dljdv

Lower panel:

L=L',¢=¢ -

-

| =03

0.6
= 1.0

14




N=1

* Build up interferometers — case 1

/

Pl
I =1+ I1R
lip=0

e
I, = —

: / dE [1 = Re(F},r12)][fie(E) — fin(E)]
vt JE>0

L tLr
= N L2 0
LRI TR1
0 T R2
- rpy — rrie'?
Ll — :
1 =rprpe
f rR1 — rp1€'®
"R1 = >
1 —rpirpe*®
: Liatm
trp = —e'” =
1 —rpTR€%
y Ll
tpy = —e'®™

1 —reirpe®

15




N=1

* Build up interferometers — case 1

m
L ¢u R SM
LD I
1
ot
Ip =1Ip + I1R
[LRZO
C -
=% / dE [L — Re(%yrr2)][fre(E) — fin(E)
E>0

rL1 LLR
=y e L2 0
LRI | TR
o TR
s TL— rrie'?
L= -
1 — rpirrie’®
- YR —TL1€"*
il — .
1 —rparpe®
. b1t
tIJ!l —_ _CIO[ IJl Il =
l —rp TR
: Ll
tpy = —e'™

1 —reirpe®

[ Left (Right) contact contributes no current to Right (Left) lead ]

15




N=1

* Build up interferometers — case 1

m TL1 LLR
L ¢u R S‘” — ----—--———‘,—‘—If?—:%—-i ________ (_)___ |

1 _L I . rLy — rrie’®
A B Sta id
¢[ L 1 —rpirpie
I, =1p, + I o= rue”
LT 1= rprpie®
lip=0
. Lot
& o — __idy L1tR1
Igg = Z/ dE [1 — Re(F},712)][fre(E) — fun(E)] %R = =€ e
E>0 )
b — —gitu tLitp
Absence of phase coherence on the average: el 1 =rprpe?

[ Left (Right) contact contributes no current to Right (Left) lead J

15




N=1

» Cross-correlator (zero-frequency noise power)

m
S v R R G
A
Pun(t =) = S(ATLOATR(E) + Alp(t)ATL(0)
Ppp(w =0) = Ppr(w =0)
82
/_ dE Tr [F(E)AL[l — F(E)|AR]
v JE>0
9‘2
= dE [2Re(rpstLrrRotrL/4)]
L JE>0
 [fLe(E) = fLn(E)][fre(E) — frn(E))

~

L1 tLR
g r'L2 ! 0
\[ =3 - A ittty |
trr | TR
ok TR2
s _ T = TRie”
L= -
1 —rpirri1€*%?
= TR1 — "‘l.l"i'i)
Rl = -
1 — rpirpie®
: Liatp
trp = —e'?™ 3
1 —rpTR€%
y Lt
tri, = —€'* :
1 —rprme*

16




N=1

e Cross-correlator (zero-frequency noise power)
m :

L ¢“ R L1 LLR
- L2 5 0
Sy =1 .
B el Gt
2 2 ) ' R2
1 1 E
A .
— : rL1 — rrie'®
- Vil = :
2 S T 5 e 1l —rpirpie®
PLp(t—t) = ‘é(AIl,(t)AIR(t ) + AIp(t')AIL(Y)) )
=0 R
Ppp(w = 0) = Ppp(w = 0) R e
2
e
23l dE Tr [F(F)AL[L — F(FE)|AR] tp = —ei tatry
Tilt J 520 4 1 —rpTR1€%
2 r
e 6 ¢ 2 * .' ; Ll
= dF [ZRP(I 1ot LRY R'ztRL/‘l)] s ’ |
h Jezo 1 =riirme?
[fLe(E) = fLr(E))[fre(E) — frR(E)]
. )

16



N=1 “norma

IH

P,JR(w =) PRI( 0)
e?
~ < [ 4B {[itme i1 ~ f1) + ltwrl? o1 = fi)]

+ (Ire*Itre* 7 + IrrlltLelf)
+ [2Re(r}tLrritre) frfr] }

Fabry-Perot interferometry

rr tLR
S = 7
tpr, TR
) rp — rre‘®
= 2
1 —rrrpe*®
i rp — rie'
”I‘R — -
1 — ryrre®
X L1
tLp = —e'# Ladi —
1 —ryrpe@
LTRE
tpr = —e'% ‘LiR

1— @ 5 T‘Rei‘ﬁ’

17




N=1 “norma

IH

n
L du R
¢l equilibrium
P[,R(w =0)= Fri ( 0) (thermal) noise
e? S )
m dFE {[“tRL fo(1— fr) + lterl* fr(1 — fR)ﬂ

Fabry-Perot interferometry

H(rePltacl 2 + IralPltLal2f3)

+ [[QRC("Z tLrrptrL) fLf R]]}

exchange
noise!

partition
noise

L, tLR
S = B
tr TR
. ry — rpe'®
- 3
1 —rirre*
) re — rie®
ER— 3
1 — rprre
- LR
lLR p— _e’#"l io
1 —rprpre
; trt
b= —e'%u Lot S
1 — r;rpe'?

17




Cross-correlator -- comparing Majorana FPl and “Normal” FPI

L e ¢

N=1

R

1

equilibrium
noise

18




N=1

e Cross-correlator -- comparing Majorana FPIl and “Normal” FPI

L I ¢ R

equilibrium
noise

18




N=1

e Cross-correlator -- comparing Majorana FPIl and “Normal” FPI

L e ¢

equilibrium partition
R noise noise

1

18




N=1

Cross-correlator -- comparing Majorana FPl and “Normal” FPI

L e ¢

equilibrium partition
R noise noise

18




N=1

Cross-correlator -- comparing Majorana FPl and “Normal” FPI

n equilibrium partition exchange
L ¢u R noise noise noise
o —— —-—
=l
Pl
m
L Pu R
S > X X
: > ¢ 3 2
1 1

18




N=1

Cross-correlator -- comparing Majorana FPl and “Normal” FPI

n equilibrium partition exchange
¢u R noise noise noise

—— —

Pl
L M ¢ R
o a XK

18




N=1

Cross-correlator -- comparing Majorana FPl and “Normal” FPI

n equilibrium partition exchange
L ¢u R noise noise noise
—
4 4 4
@ *U\ v v v
Pl
m
L Pu R
X X v
= N
P — cross-correlation is given by the

interference of two pairs of
Majorana fermions only

18




N>1

* Physics w/ reduced Su

Ro(61)
/ Ro(62)

y

[B. Béri, Phys. Rev. B 79, 245315 (2009)]

()

Ro(0n)

+1 )

19




N>1

Physics w/ reduced Su
Ry(6,) ,
/ Ro(6,) 0 \
Sy =
() Ro(6)
\ Ry
m
n
— 7
¢ Su
—— S

[B. Béri, Phys. Rev. B 79, 245315 (2009)]

19




N>1
* Physics w/ reduced Su

Ro(6:) |
/ Ry (6) U \
Sy = s
0 Ro(6x)
\ ey
m
n
——

[B. Béri, Phys. Rev. B 79, 245315 (2009)]

19




K terminals * Nt modes

ni
=% N S—
Nk
~(1) R
/1.‘, 1(12) (1K) \ (r‘-"" _®
(1) ; 2
E —"(_:iii_—_R"_ﬂ:"—}_(i)' """ e Gy ek 0
t T : 1
(0 R(z)i i 0 R(k] =
H(K1) ; ;i}{-?j{""""""““‘*‘;:g‘i\'; ---------- \
0 0 R(K)/ k=12,...K

(k)

t

(k)
A\' k

(k)
ENy
rlk,l
n\.‘:
(k)
’A\.k f 1

20




K terminals * Nkt modes

I, = Iy (Ir; = 01f j # k)
Nj.

:% /;320 dE (Nk - ; Re[(r,(k))*'r,(f;)l]) [fre(E) — fin(E)]

ij(w = 0) = ij(w = 0)

62

cor i 3 'QRe(rg")*t“J’)rgj’"‘tU’*)/4)]

h Ji>o
[ fre(E) = fxn(E))[fie(E) — fin(E)]

21




K terminals * Nkt modes

interference
of MF pairs

:%/20 dE (Nk ZR@[(rgk))*r,(i)lﬂ) [fre(E) — frn(E)]

Prj(w = 0) = Pj(w = 0)

62

—— [ dE [2Re(r{""t")r{" 40P /1))

h Ji>o
[ fre(E) = fxn(E))[fie(E) — fin(E)]

21




K terminals * Nkt modes

interference
of MF pairs
= (Ir; = 01f j # k)
Nj.
e e £
- / dE (Nk > Re[(r") r§i’1ﬂ) [fie(E) = fin(E))
JE20 i=1
exchange
ij(w = 0) = ij(w o 0) contribution

B 1 * ’ i, IR
S dE{ 2Re(ry? t*d)pi)" 4GH) /4)]

h Ji>o
(fre(E) = fin(E)][fie(E) — fin(E)]




K terminals * Nkt modes

interference
of MF pairs

=0 (Ir; = 01f j # k)

:%/DO ( { Re[(rM)* MD [fre(E) = fin(E)]

N

In many-mode case,
resonance at r1 will be

washed out exchange
ij(w =0) = ij(w = 0) contribution
2
—— | dB| [2Re(r{""t)r{" 40P /1)
h E>0

(fre(E) = fin(E)][fie(E) = fin(E)]

21




K terminals * Nkt modes

interference
of MF pairs

h =15 (Ir; =0 if 7 # k)

N

In many-mode case,
resonance at r1 will be

hed out exchange
Pij(w = 0) = Bj(w =0)——————— o
2 ~
chestt 00 [QRe( SQUPCIMONTED /4)]
h Ji>o

N re(E) = fin(E)[f5e(E) — fin(E))

Noise keeps track of
MF feature

21




/_ 2-Mach-Zehnder Interferometer

Fu, Kane, PRL 2009; Akhmerov, Nilsson and Beenakker, PRL 2009

L RO LN R

{ -

e = e
1=—/ dE Afr. I =——/ dE R(t1t5) A fr .
L= fissd I R ol . (t1t5) Afr,

V)

Is=—-(Ur+1) = E/ dE [1 -R(t1t5)] Afy,

h JE>0
. . 2 5
P, = - / dE Afy, —__/ D X *
LL h JE>0 L Prp % S0 dE [A0;, + 3(t1t5) Af[,]
Prp = Pp; = e’ dE R(t1t5) ©
LR RL h JE>0 %" 112 L

R(t1t5) = cose , I(t1t5) = siny

Zo =@ = (0, oddand even number of Majoranas, thermal noise only

22



/ 2 —Two —particle interferometer

Striibi, Belzig, Choi and Bruder, Phys. Rev. Lett. 107, 136403 (2011)

3 3
] ¢31 ¢322 choosing proper ] ¢3 ¢322

MF basis
P41 i P42
4

B i/ dE [f(E) - fu(E)] (i=1,2) l=1,=0

h Jeso

62 1 X * *
P34 = Py3 = s dE (—5) R(t31t32ta2t1) Af1 Af2
Py(w=0) = —(1—1/ dE (3 ('UM.')) [f1e(E) = fin(E)][f2e(E) = fon(E))
E>0 o
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3 3
] ¢31 ¢322 choosing proper ] ¢3 ¢322

¢ MF basis ¢

= 4

4

B i/ dE [f(E) - fu(E)] (i=1,2) l=1,=0
h E>0
e’ Lyl oh ok

P3qa = P4z =+ e dE (-7) R(ta1t32tazta1) Af1 Af2

£ 1 , sy ey 4
Py(w=0) = —(1—1/ dE (3 ('Uso) [f1e(E) = fin(E)][f2e(E) = fon(E))

E>0 =

QR(\((:ilff':n @32+ P42 941) //’,1)

23



Summary

24




Summary

r . . . : . )
Scattering problem in Majorana basis leads to a decompostion of
the s-matrix with a minimal number of parameters directly

related to the current and noise

24




Summary

~ . . : : . ™
Scattering problem in Majorana basis leads to a decompostion of

-

the s-matrix with a minimal number of parameters directly
related to the current and noise

-

The current is determined by the interference of (a pair of)
Majorana fermions.

24




Summary

~ . : : : . )
Scattering problem in Majorana basis leads to a decompostion of
the s-matrix with a minimal number of parameters directly
related to the current and noise

\ y,
4 )
The current is determined by the interference of (a pair of)
Majorana fermions.

\_ Y,
4 )

Exchange interference of two pairs of Majorana fermions.
Exchange is sensitive to transmission even in geometries where
current is only determined by the reflection matrix.

\_ /
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