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Bosons	  in	  cuprates	  

e.g.,	  Armitage	  et	  al.,	  Rev.	  Mod.	  Phys.	  82,	  2421–2487	  (2010)	  	  
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Experiment	   Theory	  



Sample	  preparaQon	  

Pulsed	  Laser	  DeposiEon	  (PLD)	  
– Nd2-‐xCexCuO4	  and	  La2-‐xSrxCuO4 	  	  

– LSAT	  [(LaAlO3)0.3-‐(Sr2AlTaO6)0.7]	  substrates	  
– Oxygen	  or	  vacuum	  anneal	  

J.	  Huijben	  



Nd2-‐xCexCuO4	  oxygen	  treatment	  



Nd2-‐xCexCuO4	  oxygen	  treatment	  



Nd2-‐xCexCuO4	  oxygen	  treatment	  

n-‐type	  character	  is	  retained	  



Nd2-‐xCexCuO4	  oxygen	  treatment	  



NCCO/LSCO	  mulQlayer	  

•  (La1.91Sr0.09CuO4	  (50nm)/Nd1.9Ce0.1CuO4	  (50nm))x2	  on	  LSAT	  

LSAT	  =	  (LaAlO3)0.3-‐(Sr2AlTaO6)0.7	  
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NCCO/LSCO	  mulQlayer	  

2θ(degrees)	  

AFM	  2x2µm	  	  
roughness	  1.3	  nm,	  6nm	  holes	  



NCCO/LSCO	  mulQlayer	  
Expected	  sheet	  resistance	  	  
from	  individual	  layers	  

NCCO	  Ce:	  0.1	  
on	  LSAT,	  O2	  annealed	  

LSCO	  Sr:	  0.09	  
On	  STO,	  O2	  annealed	  



NCCO/LSCO	  mulQlayer	  

NCCO	  Ce:	  0.1	  
on	  LSAT,	  O2	  annealed	  

LSCO	  Sr:	  0.09	  
On	  STO,	  O2	  annealed	  
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p/n	  contact	  temperature	  dependence	  
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p/n	  contact	  temperature	  dependence	  
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Conclusions	  

Combining	  electron	  and	  hole	  doped	  cuprates	   Interplay	  of	  electrons	  and	  holes	  



Experiment	   Theory	  



Dream:	  Exciton	  condensaQon	  

•  Counterflow	  superfluidity	  



Exciton	  superfluids	  

•  Simple	  descripEon	  with	  GL	  theory	  

•  MagneEc	  field	  induces	  current	  

•  Current	  induces	  magneEc	  field	  

•  DiamagneEsm	  
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UnconvenQonal	  flux	  quanQzaQon	  

LR,	  Zaanen	  &	  Hilgenkamp,	  PRB	  83,	  012504	  (2011)	  
pictures:	  Jeroen	  Huijben	  



Excitons	  in	  doped	  Mo#	  insulators?	  

•  Half-‐filled	  anEferromagneEc	  background	  



Frustrated	  excitons	  



Frustrated	  excitons:	  Theory	  

•  Spin	  background:	  bilayer	  Heisenberg	  

•  Exciton	  hopping:	  

•  Compute	  exciton	  spectrum	  with	  LSW-‐SCBA	  



Frustrated	  single	  exciton:	  Ising	  confinement	  



Frustrated	  single	  exciton:	  YBCO	  results	  

LR,	  Wu,	  Hilgenkamp	  &	  Zaanen,	  EPL	  97,	  27004	  (2012);	  
and	  arXiv:1202.3616.	  



Finite	  exciton	  density	  

‘Dark’ exciton condensate 
BCS-like wavefunction: 



Current	  work:	  AnQferromagneQsm	  +	  Excitons	  

Bonus:	  no	  fermion	  signs!	  

Subtle	  issues:	  
•  Inhomogeneous	  phases	  
•  Exciton-‐exciton	  dipole	  
repulsion	  

•  FrustraEon	  of	  excitons	  
with	  spins	  

•  Canonical	  ensemble	  	  
Mesaros,	  	  et	  	  al.	  	  Science	  	  333,	  	  426	  	  (2011) 


