
arXiv:1403.2747	  

Silas	  Hoffman	  
Journal	  club	  
18.3.14	  



Obligatory	  Majorana	  IntroducDon	  
Marojanas	  are	  there	  own	  anDparDcle:	  

The image cannot be displayed. Your computer may not have enough memory to open the 
image, or the image may have been corrupted. Restart your computer, and then open the file 
again. If the red x still appears, you may have to delete the image and then insert it again.

Formally	  equivalent	  to	  one-‐half	  an	  electron,	  e.g.:	  

Unpaired	  Majoranas	  can	  be	  realized	  at	  the	  ends	  of	  1D	  topological	  
superconductors:	  
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Because	  Maroranas	  at	  the	  ends	  are	  unconnected	  to	  the	  bulk,	  the	  
groundstate	  is	  doubly	  degenerate,	  corresponding	  to	  the	  occupaDon	  
or	  absence	  of	  an	  ‘electron’	  formed	  from	  
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Majorana	  Signature:	  UnconvenDonal	  
Josephson	  RelaDon	  

When	  the	  ends	  of	  a	  two	  1D	  topological	  insulators	  are	  close	  
(smaller	  than	  the	  coherence	  length	  of	  the	  superconductor),	  the	  
Majoranas	  can	  interact	  (and	  transfer	  supercurrent)	  

-‐	  There	  is	  4π	  periodicity	  and	  the	  sign	  of	  the	  current	  is	  determined	  by	  
the	  occupaDon	  of	  the	  electron	  at	  the	  interface	  (parity)	  
-‐	  Parity	  switching	  processes	  (e.g.	  quasiparDcle	  poisoning)	  restore	  to	  
2π	  
Is	  there	  a	  signature	  of	  Marojanas	  even	  in	  the	  presence	  of	  parity	  
switching?	  
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Setup	  

W ⌧ ⇠, L � ⇠

Majorana’s	  on	  the	  le]/
right	  side	  of	  the	  
sample	  overlap	  
	  
Two	  1D	  topological	  
Josephson	  juncDons	  

p = (pL, pR)



Josephson	  JuncDon	  Model	  
Using	  the	  RCSJ	  model:	  

supercurrent	  
normal	  

�

thermal	  noise	  

This	  is	  the	  equaDon	  of	  
moDon	  for	  a	  parDcle	  in	  a	  
‘Dlted	  washboard’	  potenDal	  
with	  relaxaDon	  on	  the	  
Dmescale	  	  

When	  T=0,	  the	  criDcal	  
current	  is	  the	  value	  of	  I	  for	  
which	  no	  minimum	  exist	  



Fokker-‐Planck	  Analysis	  and	  Voltage	  
The	  distribuDon	  funcDon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  is	  determined	  by	  
generalized	  Focker-‐Planck	  equaDon	  

Parity-‐conserving	  thermal	  
fluctuaDons	  in	  juncDon	  held	  at	  
temperature	  T	  	  

Josephson	  juncDon	  connected	  to	  
electronic	  bath	  at	  temperature	  Tb,	  
allowing	  for	  parity-‐switching	  on	  
Dme	  scale	  	  ⌧

From	  the	  ac	  Josephson	  effect:	  

Cri8cal	  current	  is	  the	  maximum	  current	  for	  which	  V	  is	  zero	  



No	  parity	  switching	  
(pL = pR) (pL 6= pR)



Parity	  Switching,	  Tb<<Δ	  
Phase	  will	  always	  fall	  to	  
parity	  independent	  
minimum	  
This	  is,	  roughly,	  the	  
minimum	  voltage	  
between	  the	  odd	  and	  
even	  parity	  sectors	  

At	  T=Tb=0,	  the	  
maximum	  current	  
minimum	  of	  the	  
potenDal	  admits	  a	  
soluDon:	  



Parity	  Switching,	  Tb>>Δ	  
The	  parity	  can	  fluctuate,	  independent	  of	  iniDal	  and	  final	  
energy,	  on	  Dme	  scale	  
Two	  criDcal	  currents	  become	  important:	  
	  

⌧

If	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  all	  pariDes	  have	  minimum	  energies,	  but	  the	  phase	  
may	  sDll	  fluctuate	  even	  for	  T=0	  
I < Ic1

Ic1 = min

p
Ip,c, Ic2 = max

p
Ip,c



Parity	  Switching,	  Tb>>Δ,	  I<Ic1	  

⌧ = 5⌧R

RelaxaDon	  Dme	  due	  to	  
parity	  flip	  

If	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  then	  the	  mean	  
phase	  change	  is	  zero	  
(telegraph	  noise)	  

As	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  and	  
there	  is	  a	  net	  diffusion	  of	  
phase,	  smearing	  the	  
criDcal	  current	  line	  

I ⇠ Ip,c

⌧ � ⌧rel

⌧ ⌧ ⌧rel



Parity	  Switching,	  Tb>>Δ,	  Ic1<I<Ic2	  

⌧ = 5⌧R

In	  the	  two	  sectors	  with	  
minima	  which	  contribute	  no	  
average	  current	  if	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
while	  the	  criDcal	  current	  line	  
is	  smeared	  when	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

In	  the	  sectors	  with	  no	  
minima,	  the	  phase	  slides	  
down	  the	  potenDal,	  so	  there	  
will	  always	  be	  a	  voltage	  

⌧ � ⌧rel

I ⇠ Ic2



Parity	  Switching,	  Tb>>Δ,	  Ic2<I	  

⌧ = 5⌧R

There	  are	  no	  more	  
minimums,	  and	  the	  phase	  
slides	  down	  the	  potenDal,	  
averaging	  the	  velocity	  of	  the	  
individual	  potenDals	  



Conclusions	  

•  If	  there	  is	  quasiparDcle	  poisoning,	  the	  most	  
dramaDc	  results	  occur	  when	  the	  temperature	  
is	  large	  
–  (Near)	  zero	  criDcal	  current	  at	  f=0	  
– Emergence	  of	  mulDple	  criDcal	  currents	  


