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Progra m: A quantum computer is  a devi ce  for comp utat ion that  makes dire ct  use  of  
dist inct ively qua ntum mech ani cal  phe nomena,  su ch as  superposi t ion an d 

entangleme nt,  to  perform operat ions on data.  The logical  unit  of  a qua ntum 
computer is  the  qubit ,  and,  as  in a clas sical  compute r,   complex algori thms ca n 

be bui l t  from simpler s ingle-qubit  an d two-qubit  operat ions.  
 

In this  series  of  lectures,  I  wil l  give  an overview of how nonline ar opt ics  an d 
semicond uctor n anostr uctu res  ca n be applied to  quantum info rmation 

processin g.  Both theoret ical  and exper imental  aspects  wil l  be  discusse d.  In 
part icul ar,  I  wil l  focus on the opt ical  control  of  e lectron-hole  pai rs  (exci tons)  

and spins  in semi con ductor qu antum d ots.  
 
 



Semicon ductor qu antum dots  are  a rt i fi cial  na nostru ctures  with electroni c an d  
opt ical  propert ies  very s imilar to  those  of atoms.  Like atoms,  optical  control  can 
be used to  manipulate  the  quantum sta tes  but ,  unlike an atom,  the  dot  is  easy to  

locate  and to  integrate  in a semicon du ctor device.  
 

Recent ly,  the  opt ical  control  of  exci ton s (photo-exci ted electron hole  pairs)  and 
bi -exci tons in a s ingle  qua ntum dot  have been experime ntally demonstr ated.  I  

wil l  show how these  basic manipulat io ns ca n be organize d to  run basi c two-qubit  
quantum algo ri thms.  Also,  each dot  ca n be prepare d with an excess  co nd uct ion 

electron.  In this  case,   cohere nt  opt ical  techniques  ca n be used to  control  the  spin 
state  of  the  s ingle  e lectron.  I  wil l  show how an effe ct ive  spin coupli ng between  

electrons on two neighboring dots  can be induce d an d cont rolled opt ically.  
Applicat ions to  the  control  of  spin enta nglement  a nd to  the  realizat ion of 

quantum gates  in a n arr ay of dots  wil l  be  discussed.  
 

In many qua ntum comp uting ar chitect ures  indivi dual  qubits  nee d to  be  placed 
close  enough –na nometers  ap art -  to  ensure  an e ffe ct ive  two-qubit  operat ion.  This  

is  technologically ch allengi ng,  especia l ly in the  case  of semicond uctor-b ased 
implementat ions with quantum dots.   One way to  overcome these  l imitat ions 

involves  the  use  of Cavity Qua ntum El ectrody namics,  i .e .  the  physics  of  confi ned 
photons interact ing with matter.  I  wil l  show how cavity QED ef fects  ca n be us ed 

to  couple  qubits  at  large separat ion in a semicond uctor-b ased qua ntum 
computer.  The key role  in the  two-qubit  operat ion is  played by special  s tates,  

cal led cavity polari tons,  with a half-m atter and hal f- l ight  cha racte r.  
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