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Carrier, Red sideband, Blue sideband
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Ion-Motion Coupling: Schrödinger Cat state

Applying both red-sideband and blue-sideband transitions
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Classical Motional and Quantum Phase

Quantum State Evolution
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Forced Harmonic Osicllator

Harmonic Oscillator

Classical

Quantum Mechanical
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Forced Harmonic Osicllator and Geometric Phase
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Spin-Dependent Force

AC Stark Shift Spin-Dependent Force
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Spin-Dependent Force and Effective Ising Interaction



Spin-Dependent Force and Effective Ising Interaction

   iexp



Effective Ising Interaction

Near CM mode
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Addition of Blue and Red Sideband Transition

Applying red- and blue-sideband transitions for an Ion
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Ising Spin Interaction and Vibrational Normal Modes
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Ising Spin Interaction and Vibrational Normal Modes

 

 

 

 

 

 

 

  















0exp

0exp

exp

0exp

0exp

exp

0exp

0exp

i

i

i

i

i

i

i

i





(1,-2,1)ZZ

      
           133221

2321

22

2

zzzzzz

zzzJH











Time Evolution of the Operation

Applying red- and blue-sideband transitions with some detuning
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Time Evolution of the Operation
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Time Evolution of the Operation – Two Qubit Case
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Time Evolution of the Operation – Two Qubit Case
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Time Evolution of the Operation – Two Qubit Case
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Two Qubit Gate- Experiments
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Two Qubit Gate – Fidelity 
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Two Qubit Gate – Fidelity 



Time Evolution of the Operation – N Qubit Case
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Time Evolution of the Operation – N Qubit Case

T. Monz et al., PRL 106, 130506 (2011).



Challenges of Trapped Ion System

The Main problem to scale up the system

More ions: difficult to isolate single mode of motion

eg) 4-ion axial mode spectrum
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quantum
memory

“refrigerator” ions 
suppress motional 

decoherence

few mm

D. Kielpinski, et al. Nature 417, 709 (2002)

segmented
ion trap
electrodes

Proposal: Quantum CCD

Experiments Toward

Quantum CCD 
Appl. Phys. B 78, 639 (2004)

APL 88, 034101 (2006) 

Nature Phys. 2, 36 (2006)

PRL 96, 253003 (2006)

PRL 102, 153002 (2009)

Nature 459, 683 (2009)

Science 325, 1227 (2009)

Nature Phys. 6, 13 (2010)

…



How to Scale up
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L.–M. Duan et al., EPL 86, 60004 (2009)  



Proposal: Quantum Network

Experiments Toward

Quantum Network 
Nature 428, 153 (2004)

PRL 93, 090410 (2004)

Nature Physics 3, 538 (2007)

Nature 449, 68 (2007)

PRL 100, 150404 (2008)

Science 323, 486 (2009)

Nature 464, 45 (2010)…

L.-M. Duan, et al., Quant. Inf. Comp. 4, 165 (2004).



Conclusion and Outlook

To realize a well-controlled, large-scale quantum system 

(Quantum computer/simulator) with trapped ions

E. Knill, Nature 463, 441 (2010).


