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 State Transfer Through Heisenberg Chains

Time
1 ,n n z n

n n

H J S S B S+= − −∑ ∑i

S. Bose, Quantum Communication Through an Unmodulated Spin Chain, 


Phys. Rev. Lett. 91, 207901 (2003). 
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What we like to happen



What actually happens
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Perfect State Transfer
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A clever Idea, Rotation in Spin Space

▪ Christandl, Datta, Ekert, Sandahl, Physical Review Letters, 2004. 
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Is the Hamiltonian Local?
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Yes, the Hamiltonian is Local
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Perfect State Transfer in long chains

▪ Christandl, Datta, Ekert, Sandahl, Physical Review Letters, 2004. 



Can we use uniform couplings?

▪ Perfect state transfer in small chains
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Swap Swap



1− 1− 1− 1−

Almost uniform couplings 

▪ Pemberton-Ross and Kay, Physical Review Letters, 2011.

XY Hamiltonian



The basic idea
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Karimipour, Sarmadi and Asoudeh, Physical Review (R), 2012.

A simple Twist
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0 0 1 2 3ξ = + + +
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Karimipour, Sarmadi and Asoudeh, Physical Review (R), 2012.

The next Hadamard Matrix



Perfect State Transfer in 2 and 3 dimensional 
lattices 

▪Karimipour, Sarmadi and Asoudeh, Physical Review(R), 2012. 
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A particle is ready for uploading
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If we do nothing the particle stays there.
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By a 0-1 pulse
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By a 0-2 pulse
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By a 0-2 pulse
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Control Planes

1- You can guide multiple particles at the same time,


2- You can avoid imperfections and defects in the lattice.
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Downloading the particle
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Quantum Circuits



Quantum Computing          vs            Classical 
Computing

• Horizontal lines represent  flow of time


• Gates correspond to localized operations 

in time


• A great deal of external control is needed

• Horizontal lines represent  direction in 

space


• Gates correspond to localized operations 

in space


• No external control is needed



Quantum Gates

Time Independent Universal Computing with Spin Chains: 
Quantum Plinko Machine

Kevin Thompson, Can Gokler, Seth Lloyd and Peter 
Shor. 

New Journal of Physics (2016)
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ϕ CNOT ϕ

Universal Set of Gates = {Single Qubit Gate,  CNOT}



Time independent Quantum Circuit
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Time independent Quantum Circuit
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Dispersion-less Gaussian wave-packets
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T. J. Osborne  and N. Linden,  Phys. Rev. A, 2004. 




Dual Encoding

0 L = G ⊗ Ω

1 L = Ω ⊗ G

D. Burgarth and S. Bose, Phys. Rev. A 71, 052315 (2005). 
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The Gate eiθX
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The Gate eiθX
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CZ Gate

long-range interactionsThe drawback is



Time independent quantum circuits with local interactions,

Seifnashri, Kianvash, Nobakht and Karimipour,


Phys. Rev. A 93, 062342 (2016)


Another Simple Twist
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A lesson from gauge theory

Using gauge particles to mediate long-range interactions

 

Time independent quantum circuits with local interactions,

Seifnashri, Kianvash, Nobakht and Karimipour,


Phys. Rev. A 93, 062342 (2016)




The effective interaction
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So we need an ancillary chain with 

1- Doubly degenerate ground state

2- Large gap

3- an inter-chain Hamiltonian whose effective

interaction generates CZ



Photon=Ancillary Rail

 

 



The ancillary rail has two degenerate ground states Ω ψ
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The large gap, allows us to always stay in the ground space 



The local interactions
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Summary

69

     

   

    

 

    
 

  

 

  
 

 

 

 

 

CPHASE
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Thank you for your attention


