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Nanoscale solid-state qguantum 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) QIP¢




Spin blockade in peapod devices
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Outstanding problemsin using spin states
 |n peapods:.

— how can you measure single spins?




Ce@Cg, endohedral fullerenesin nanotubes
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901-909 (2005)

el RC







Aberration corrected HRTEM of SWNT
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J.H. Warner et al, ACS Nano 3, 1557-1563 (2009) QIP:




Aberration corrected HRTEM of SWNT

Dofeat ©.. Determine

- . chiral angle

.n\"l.-ch -

Atomic structural model (23, 15)

J.H. Warner et al, ACS Nano 3, 1557-1563 (2009) QIP:




Outstanding problemsin using spin states
 |n peapods:.

— how can you measure single spins?
— what will be the EDMR mechanisms?




Modelling charge transfer in Sc@Cg,, @SWNT
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L. Ge et al., Phys. Rev. B 77, 235416 (2008)




Outstanding problemsin using spin states
 |n peapods:.

— how can you measure single spins?
— what will be the EDMR mechanisms?
— can you use RKKY for controlled coupling?
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Relaxation time, T; (s)

Spin relaxation and decoherence times of *N@C,,
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Bang-bang control
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Bang-bang control

JJ.L. Morton et al., Nature Physics 2, 40-43 (2006) _ TRE




Bang-bang control
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1P in 28Si

Recovered echo intensity (a.u.)
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/2,y tO create coherence

A) Tiee to flip nuclear spin
Tty 1O flip electron spin
Outer coherences rapidly decay

Wait several 7,

Tty L0 flip electron spin

e 1O flip nuclear spin
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Original inner coherence of

electron spin is now restored




3500 Stored and recovered signal

Initial echo
3000 q

2500

no
o
o
o

Recovered echo

1000

Intensity (au)

500 T T

-500 | I I I ! ! !
0 10 20 0 1 2 0 10 20

Time (us) Time (Ms) Time (us)

e Phasecycled m.w. +/— x and r.f. 0/90
— Evidence that information is stored and retrieved from nuclear spin

« Two-way transfer fiddlity /2 = 0.44

— Known limitations to fidelity are entirely instrumental —
QIR
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Quantum sensing
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* Already demonstrated in optics

« Spin entanglement fully deterministic
« Enhancement by VN in sensitivity to field
* New generation of sensors




Entanglement enhanced field sensing
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Entanglement enhanced field sensing
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Outstanding problemsin using spin states
 |n peapods:.

— how can you measure single spins?
— what will be the EDMR mechanisms?
— can you use RKKY for controlled coupling?

 |n 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) QIP:




Storage in collective spin states

JOURNAL OF APPLIED PHYEBICS ¥FOLUME 34, WUMBER 11 NOVEMBHER, 1955

Spin Echo Serial Storage Memory

A. G Avoessow, K. L. Garwin, E. L. Hags* J. W. Hogron, G, L. Teeexe f axo B, M. Warkes
Wation Sedemlific Compuding Laborafory, Columbia Cmfrernily, Now Fork, New Fork
[Recefved Taly 26, 1955)

By utilizing the method of pulsed nedesr magnetic resonasss, fadio-frequency energy in the form of
pulsss can be stored serially in & semple of suckear apdne &nd recalled at am arbiteary lter time within the
memory or relmxstios tlme of the apin sample. Weak pulses of radio-frequency energy condition the naclear
sprins to start precessing in phase. After they become completely out of phase, & strong recolleciion pulse
brings about & phase reversal of precession and produces & serles of spin echos in & g cormmpotding
i direct or reverse order of input pulses, The eche amplitudes in such a serées are given as a Mnction of the
namber and strength of the input pulses and the cemditions for maxisum siorage capacity in a spin -
semble are determined. The maximam specific storkge capacity in liguids is expressed in terma of the thermal
nodse of the detecting lppn-ﬂtnl, thi effect of seli-difusion of the molecules, and the relazation times, The
origin of undesired spin echoes arising from the ineeaction of input pulses is discussed, and meass for
eliminating these echoss by frequency and sagnetic feld lﬁﬂ-:.ih!tﬂhﬂﬂdjm-ﬂmdlppﬁbﬂ Exteraive
wse iy made of o magnetic field modulation technbque 1o destrey undesired schoes, and to permit sovel types
of recall of sefially stored growps of pulses. Wheress Fernbach and Proctor [J. Appd. Phya, 26, 170 (1955)1
have demosstrated multiple pulse stormge under conditions which reproduce the npot pulse sbape, the
preséit inreatigation B concemed with the storage of 8 maximum nomber of pulses whise shape i@ ideslly
determnined by the nuclear spin band width. In practice, the order of 1000 of pulses can be sored and re-
called by this method in a proton semple several oo i volume within a memory time of 10 to S millseconds,
Large epecific storage m.;:l-l-m'l:lzl expected for existing long relanution tire ligulds are not realized because
of excessive self.di




Storage in collective spin states
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Storage in collective spin states
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Storage in collective spin states

Same order readout Inverse order readout
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Crosstalk between nominally orthogonal modes
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Storage in collective spin states
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Outstanding problemsin using spin states
 |n peapods:.

— how can you measure single spins?
— what will be the EDMR mechanisms?
— can you use RKKY for controlled coupling?

 |n entanglement enhanced sensing:
— can you achieve a pure state?

 |n collective spin states:
— how could you avoid using refocusing pulses?
— can you avoid the Josephson junction bottleneck?
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