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•“This program will bring together researchers in 
computer science, mathematics, information theory, and 
theoretical and experimental physics to tackle 
outstanding questions in quantum information science.” 
•“The program will provide many opportunities to 
become familiar with these results and to foster 
collaboration to resolve some of the outstanding 
problems.” 
 
•For acknowledgements of collaborators, see authorship 
of papers referenced on individual slides. 



Nanoscale solid-state quantum computing 

A. Ardavan et al., Phil. Trans. R. Soc. Lond. A 361, 
1473-1485 (2003) 



Spin blockade in peapod devices 

M.R. Buitelaar et al., Phys. Rev. B 77, 245439 (2008) 
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Outstanding problems in using spin states 

• In peapods: 
– how can you measure single spins? 



Ce@C82 endohedral fullerenes in nanotubes 

A.N. Khlobystov et al., Accounts of Chemical Research 38, 
901-909 (2005)  



J.H. Warner et al, ACS Nano (2009, in press) 



Aberration corrected HRTEM of SWNT 

J.H. Warner et al, ACS Nano 3, 1557-1563 (2009) 
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Modelling charge transfer in Sc@C82@SWNT 

L. Ge et al., Phys. Rev. B 77, 235416 (2008) 



Outstanding problems in using spin states 

• In peapods: 
– how can you measure single spins? 
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14N@C60 

S.C. Benjamin et al., J. Phys.: Condens. Matter 18, S867–S883 (2006) 









Spin relaxation and decoherence times of 14N@C60 

• T1, above 150 K, follows Orbach mechanism 
– Additional relaxation mechanisms at lower temperature 

• T2inner increases below 100 K, and is unaffected by the 14N spin 
– Fall in T2outer is due to dephasing as a result of zero field splitting  

J.J.L. Morton et al., Phys. Rev. B 76, 085418 (2007) 
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J.J.L. Morton et al., Nature Physics 2, 40-43 (2006) 



nuclear nuclear 
spinspin  
  
electron electron 
spinspin  

SWAP gate simpler SWAP gate 

Spin memory 

J.J.L. Morton et al., Nature 455, 1085-1088 (2008) 



31P in 28Si 

J.J.L. Morton et al., Nature 455, 1085-1088 (2008) 
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1. π/2MW to create coherence 

2. πRF to flip nuclear spin 

3. πMW to flip electron spin 

4. Outer coherences rapidly decay 

5. Wait several T2e 

6. πMW to flip electron spin 

7. πRF to flip nuclear spin 

8. Original inner coherence of 

electron spin is now restored 
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Stored and recovered signal 

• Phase cycled m.w. +/− x and r.f. 0/90 
– Evidence that information is stored and retrieved from nuclear spin 

• Two-way transfer fidelity f2 = 0.44 
– Known limitations to fidelity are entirely instrumental 



Storage time @ 10 K  

• T2e = 155 μs 
• T2n = 54 ms 

electron spin echoelectron spin echo  nuclear spin echonuclear spin echo  

Richard Brown 

electron spin electron spin echoecho  



Quantum sensing 

• Already demonstrated in optics 
• Spin entanglement fully deterministic 
• Enhancement by √N in sensitivity to field 
• New generation of sensors 
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Entanglement enhanced field sensing 

J.A. Jones et al., Science 324, 1166-1168 (2009) 



Entanglement enhanced field sensing 

S. Simmons et al., arXiv:0907.1372v1  



Outstanding problems in using spin states 

• In peapods: 
– how can you measure single spins? 
– what will be the EDMR mechanisms? 
– can you use RKKY for controlled coupling?  

• In entanglement enhanced sensing: 
– can you achieve a pure state? 



Storage in collective spin states 

J.H. Wesenberg et al., Phys. Rev. Lett. 103, 070502 (2009) 
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Storage in collective spin states 

By Tom Dunne 
American Scientist 2002 

Key properties 
 

 A processor head 
 

 Processor/Memory interface 
 

 A homogenous storage medium 
 

 Means of winding the tape 

Cavity interface 

Electron spin 
ensemble memory 

Superconducting qubit  
processor head 

Magnetic field 
gradients to shift 
memory 

Optimize 4 elements using best 
suited quantum systems and 
immediately get many qubits! 

Dave Schuster 



Storage in collective spin states 
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Crosstalk between nominally orthogonal modes 

H. Wu et al., arXiv:0908.0101  



Storage in collective spin states 

H. Wu et al., arXiv:0908.0101  



Outstanding problems in using spin states 

• In peapods: 
– how can you measure single spins? 
– what will be the EDMR mechanisms? 
– can you use RKKY for controlled coupling?  

• In entanglement enhanced sensing: 
– can you achieve a pure state? 

• In collective spin states: 
– how could you avoid using refocusing pulses? 
– can you avoid the Josephson junction bottleneck? 
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