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FIG. 1: Feymann diagrams for the two loop contributions to the inter- and intra-pocket interactions.
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  the	
  circular	
  pockets)	
  

|l̃| = 1

|l̃| = 1

|l̃| = 1



u 	
  	
  Both	
  are	
  chiral	
  

Result:	
  Dominant	
  pairing	
  symmetry	
  	
  

u 	
  Inter-­‐pocket	
  pairing	
  

u 	
  Intra-­‐pocket	
  pairing	
  
Finite	
  pair-­‐momentum	
  

(Modulated)	
  

Equal-­‐mixture	
  of	
  
singlet	
  and	
  triplet	
  

are	
  the	
  largest	
  aerac$ons!	
  

u Dominant	
  pairing	
  channels:	
  	
  
	
  inter-­‐	
  &	
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1:	
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Dominant	
  topological	
  paired	
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  pair	
  	
  Inter-­‐pocket	
   	
   	
   	
  pair	
  	
  	
  

 intra(~K,~q)=� intra(~K,�~q)

•  Topo:	
  C=2	
   •  Topo:	
  C=±1	
  per	
  pocket	
  

(p/d)-­‐wave	
  	
  

•  Mixture	
  of	
  	
  singlet	
  and	
  
triplet	
  

•  Phase	
  modulated	
  at	
  ±2K	
  

•  Spin-­‐triplet	
  

|l̃| = 1 |l̃| = 1
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  p-­‐wave	
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=>	
  Use	
  cuprate!	
  



Our	
  proposal	
  
u  Lightly	
  hole-­‐doped	
  TMD	
  with	
  cuprate	
  

v  Induce	
  p-­‐wave	
  component?	
  

v  Possible	
  high	
  Tc	
  
Recent	
  exp:	
  High-­‐Tc	
  sc	
  induced	
  by	
  cuprate	
  in	
  

Graphene1,	
  TaS22	
  

1:	
  Bernardo	
  et	
  al,	
  Ncomms	
  (2017)	
  
2:	
  Li	
  et	
  al,	
  arxiv:1703.00867	
  (2017)	
  

=>	
  High-­‐Tc	
  odd-­‐parity	
  pairing?	
  	
  



Our	
  proposal	
  
u  Lightly	
  hole-­‐doped	
  TMD	
  with	
  cuprate	
  

v  Induce	
  p-­‐wave	
  component?	
  

Confirm	
  the	
  guess:	
  do	
  a	
  self-­‐consistent	
  calcula6on	
  



Model:	
  kine$c	
  terms	
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u  Cuprate	
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u  monolayer	
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Mutual	
  laLce	
  straining	
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u  Inter-­‐layer	
  tunneling:	
   onsite,	
  nn,	
  nnn	
  



Mean-­‐field	
  Hamiltonian	
  

:	
  cuprate	
  	
   

:	
  TMD	
  	
  �

u Mean-­‐field	
  Hamiltonian	
  for	
  the	
  bilayer:	
  



Mean-­‐field	
  Hamiltonian	
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  cuprate	
  	
  

� :	
  TMD	
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u Mean-­‐field	
  Hamiltonian	
  for	
  the	
  bilayer:	
  

TMD	
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Pairing	
  

u Mean-­‐field	
  Hamiltonian	
  for	
  the	
  bilayer:	
  

 :	
  cuprate	
  	
  

� :	
  TMD	
  	
  

Cuprate	
  
:	
  nn	
   &	
  	
  nnn	
  pairing	
  

	
  0	
  	
  	
  	
  	
  

	
  	
  	
  0	
  	
  	
  	
  	
  



Calcula$on	
  

u Mean-­‐field	
  Hamiltonian	
  for	
  the	
  bilayer:	
  

 :	
  cuprate	
  	
  

� :	
  TMD	
  	
  

u  Self-­‐consistently	
  solve	
  gap	
  equa$on	
  

Cuprate:	
  

=>	
  Obtain	
  finite	
  TMD	
  pair	
  amplitude	
  from	
  Andreev	
  reflec$on	
  	
  

U < 0



u  The	
  induced	
  pairing	
  amplitude	
  in	
  TMD:	
  

Result	
  

•  Nodal:	
  par$al-­‐wave	
   	
   	
   	
  about	
  K	
  and	
  K’	
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•  Exists	
  finite	
  odd-­‐parity	
  component	
  (ηs~3ηt)	
  

a1	
  

a2	
  

�(

~k) = 2⌘s(cos k1 � cos k2)� 2⌘t(sin k1 + sin k2) ki = k · aiF (k) =

|l̃| = 1



Induced	
  pairing	
  symmetry	
  

u  The	
  induced	
  pairing	
  in	
  TMD:	
  

•  Nema$c:	
  single	
  component	
  

•  Even:	
  d-­‐wave	
   	
  Odd:	
  p-­‐wave	
  

Nema4c	
  (p+d)-­‐wave	
  

Odd-­‐parity	
  Even-­‐parity	
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Summary:	
  Lightly	
  p-­‐doped	
  monolayer	
  TMDs	
  	
  

u 	
  Chiral	
  :	
  Polar	
  Kerr	
  effect	
  

Ø  Two	
  types	
  of	
  intrinsic	
  topological	
  superconduc$vity:	
  

v  Inter:	
  Chiral	
  (p+d)-­‐wave	
  
	
   	
   	
  	
  	
  	
  	
  Favored	
  by	
  trigonal	
  warping	
  

v  Intra:	
  Chiral	
  p-­‐wave	
  &	
  Modulated	
  
	
   	
   	
  	
  	
  	
  	
  Favored	
  by	
  ferro	
  substrate	
  

(Nat	
  Comm	
  8,	
  14985)	
  

Ø  Proximity-­‐induced	
  pairing	
  by	
  cuprate:	
  

v  Sizable	
  p-­‐wave	
  component	
  with	
  possibly	
  higher-­‐Tc	
  	
  

v  Nema$c	
  

v  Nodal	
  

(In	
  prepara$on)	
  



Induced	
  pairing	
  symmetry	
  

u  The	
  point	
  group	
  symmetry	
  	
  of	
  the	
  
bilayer	
  Hamiltonian:	
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Induced	
  pairing	
  symmetry	
  

u  The	
  bilayer	
  Hamiltonian	
  has	
  point	
  
group	
  symmetry	
  

u  The	
  ‘nema4c	
  (p+d)-­‐wave’	
  pairing	
  belongs	
  to	
  
nontrivial	
  irrep	
  A1’	
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Result:	
  Pairings	
  in	
  p-­‐doped	
  TMDs	
  

u 	
  Inter-­‐pocket	
  pairing	
  

u 	
  Intra-­‐pocket	
  pairing	
  
Finite	
  pair-­‐momentum	
  

(Modulated)	
  

Equal-­‐mixture	
  of	
  
singlet	
  and	
  triplet	
  

q Two	
  spinless	
  pockets	
  centered	
  at	
  K	
  and	
  K’	
  
	
  	
  	
   	
   	
   	
   	
  	
  +	
  repulsive	
  Hubbard	
  U	
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Experimental	
  Detec$on	
  



q  Inter-­‐pocket	
  pairing	
  	
  	
  

•  Two	
  chiral	
  Majorana	
  edge	
  states	
  

u  Chiral:	
  Polar	
  Kerr	
  effect	
  

u Anisotropy:	
  SQUID	
  interferometry	
  	
  

u  Topological	
  with	
  C=2:	
  	
  

•  Quan$zed	
  thermal	
  Hall	
  conduc$vity	
  

Ic(Φ)	
  is	
  θ-­‐dependent	
  

Intrinsic	
  :	
  inter-­‐pocket	
   	
   	
   	
  pairing	
  	
  l̃ = 1

u  Existence	
  of	
  triplet	
  component:	
  	
  
	
   	
   	
  	
  	
  in-­‐plane	
  field	
  dependence	
  (?)	
  



q  Intra-­‐pocket	
  pairing	
  	
  	
  

u  Phase	
  modula$on	
  

u 	
  Chiral	
  :	
  Polar	
  Kerr	
  effect	
  

M
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3

u  SQUID	
  loop	
  in	
  resis$ve	
  mode:	
  	
  

•  If	
  pairing	
  in	
  TMD	
  were	
  uniform	
  
=>	
  	
  V	
  oscillates	
  in	
  Φ	
  with	
  a	
  period	
  

	
  	
  hc/(2e)	
  	
  

Intrinsic	
  :	
  intra-­‐pocket	
   	
   	
   	
  pairing	
  	
  l̃ = 1



q  Intra-­‐pocket	
  pairing	
  	
  	
  

u  Phase	
  modula$on	
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  Kerr	
  effect	
  

M

0

2π
3
4π
3

u  SQUID	
  loop	
  in	
  resis$ve	
  mode:	
  	
  

•  If	
  TMD	
  has	
  modulated	
  pairing	
  
	
  éé:	
  pair	
  momentum	
  =	
  2K	
  
 êê:	
  pair	
  momentum	
  =	
  -­‐2K	
  
	
  

	
  Match	
  two	
  sides’	
  momenta	
  
=>	
  Two	
  pairs	
  tunnel	
  together	
  

Intrinsic	
  :	
  intra-­‐pocket	
   	
   	
   	
  pairing	
  	
  l̃ = 1



q  Intra-­‐pocket	
  pairing	
  	
  	
  

u  Phase	
  modula$on	
  

u 	
  Chiral	
  :	
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  Kerr	
  effect	
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u  SQUID	
  loop	
  in	
  resis$ve	
  mode:	
  	
  

•  If	
  TMD	
  has	
  modulated	
  pairing	
  
	
  éé:	
  pair	
  momentum	
  =	
  2K	
  
 êê:	
  pair	
  momentum	
  =	
  -­‐2K	
  
	
  

Period	
  becomes	
  hc/(4e)	
  !	
  

Intrinsic	
  :	
  intra-­‐pocket	
   	
   	
   	
  pairing	
  	
  l̃ = 1



Proximity-­‐induced	
  pairing	
  	
  

u  Existence	
  of	
  triplet	
  component:	
  	
  
	
   	
   	
  	
  	
  in-­‐plane	
  field	
  dependence	
  (?)	
  

u Nema$c:	
  angular	
  dependence	
  of	
  the	
  in-­‐plane	
  Hc2	
  
should	
  be	
  two-­‐fold	
  despite	
  trigonal	
  laLce	
  	
  

Yonezawa	
  et	
  al,	
  Nphys	
  (2016)	
  

Cu-­‐doped	
  Bi2Se3	
  


