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Mo>va>on	  	  

	  	  Novel	  	  type	  of	  par>cles:	  	  	  	  

	  Neutral	  Majorana	  modes	  

Formula>on	  of	  the	  scaDering	  problem	  in	  a	  Majorana	  basis	  	  

Theory	  in	  which	  charge	  and	  current	  are	  not	  diagonal	  operators	  

Charge	  and	  current	  are	  a	  manfesta>on	  of	  interference	  
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• PHS	  on	  electron/hole	  states

• Simplest	  example	  (2-‐by-‐2	  matrix;	  E =	  0)

PHS	  &	  scaIering	  matrix	  	  electron-‐hole	  basis

Group	  velocity
is	  unchanged!
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• PHS	  on	  Majorana	  states
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TMTSFSM N=1
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TMTSFSM

• Euler	  decomposi>on

N=1

physically	  
relevant	  SM

U(1)	  gauge	  
transforma>on
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• Physics	  w/	  reduced	  SM
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• Physics	  w/	  reduced	  SM

N=1

TMTSF

n
m

How	  about	  N>1	  ?
later…

Current	  is	  determined	  only	  by	  reflecVon	  part	  of	  S	  matrix
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N	  =	  1
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N	  =	  1

TMTSF

• Current	  in	  terms	  of	  Majorana	  fermions

incoming outgoing

current	  is	  given	  by	  the	  interference	  of	  (a	  pair	  of)	  
Majorana	  fermions

(even	  though	  each	  individual	  of	  them	  does	  not	  carry	  charge)
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N	  =	  1
• Interferometer-‐case	  0	  	  
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N	  =	  1-‐doublet

Upper	  panel:	  

Lower	  panel:	  

(analog	  of	  two-‐coupled	  MBS)
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N=1
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ϕ
L

m
R

1
2

1
2

ϕu

ϕl

15



N=1
• Build	  up	  interferometers	  –	  case	  1

ϕ
L

m
R

1
2

1
2

ϕu

ϕl

Lea	  (Right)	  contact	  contributes	  no	  current	  to	  Right	  (Lea)	  lead

15



N=1
• Build	  up	  interferometers	  –	  case	  1

ϕ
L

m
R

1
2

1
2

ϕu

ϕl

Lea	  (Right)	  contact	  contributes	  no	  current	  to	  Right	  (Lea)	  lead

Absence	  of	  phase	  coherence	  on	  the	  average:	  

15



N=1
• Cross-‐correlator	  (zero-‐frequency	  noise	  power)
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N=1	  “normal”	  Fabry-‐Perot	  interferometry	  
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• Physics	  w/	  reduced	  SM

N>1

[B.	  Béri,	  Phys.	  Rev.	  B	  79,	  245315	  (2009)]
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K terminals * Nk modes

n1
m

ϕ
nK

nK-1

20



K terminals * Nk modes

21



K terminals * Nk modes
interference	  
of	  MF	  pairs

21



K terminals * Nk modes
interference	  
of	  MF	  pairs

exchange	  
contribu>on

21



K terminals * Nk modes
interference	  
of	  MF	  pairs

In	  many-‐mode	  case,	  
resonance	  at	  r1	  will	  be	  

washed	  out exchange	  
contribu>on

21



K terminals * Nk modes
interference	  
of	  MF	  pairs

In	  many-‐mode	  case,	  
resonance	  at	  r1	  will	  be	  

washed	  out exchange	  
contribu>on

Noise	  keeps	  track	  of	  
MF	  feature

21



Z_2-‐Mach-‐Zehnder	  Interferometer

ϕ ϕ
choosing	  proper	  

MF	  basisL LR R

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

odd	  and	  even	  number	  of	  Majoranas,	  thermal	  noise	  only
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Z_2	  –	  Two	  –par>cle	  interferometer

choosing	  proper	  
MF	  basis
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Exchange	  interference	  of	  two	  pairs	  of	  Majorana	  fermions.
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