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 What I was going to talk about
 This paper;

‐ The Idea in a nutshell
‐ Linear Optics Implementation

 Schlafen





 Motivation:  The huge number of gates is the 
most serious obstacle to scalability of 
quantum computers. 

 Multi‐level info. carriers can significantly 
reduce this number.  
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Qubit imp. of Toffoli
12n – 11 gates , n‐1  ancillas
OR ~ n2 gates, no ancilla

Multi level‐bit imp. of Toffoli
2n – 1 gates
one bit with (n+1) levels







 Any multi‐level system with the ability to 
coherently swap info. between the levels.

 Trapped ions
 Linear optics



Expansion of the 
Hilbert space of 

the target photon
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 Complete state tomography not practical
 Only look at states with interesting outputs





 Indistinguishable photons ‐ Two‐qubit gates need perfect 
relative non‐classical interference visibility. (Vr)

 Dependent & independent photon interference

 Higher order emission from PDC.



 Stepping outside the qubit Hilbert space has 
practical advantages.

 Other possible simplifications?
 Next : explore small scale quantum 

algorithms, generate new states, test error 
correcting codes. 


