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1st Conclusion
Quantum Control =
Teaching spins new tricks

... even in the presence of distraction
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Liquid state NMR is an
excellent system for small
quantum registers.

NMR Quantum Computing

e.g. Simulation
of Quantum Phase Transition

X. Peng, J. Du, and D. Suter, Phys. Rev. A 71, 012307 (2005).
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NMR Quantum Computing
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Liquids NMR

Main problem: couplings are weak (~10 Hz)

Liquids are simple, easy to handle

Liquid Crystal NMR

Stronger couplings
in liquid crystals : ~ 1 kHz



Liquids NMRDipolar Coupled System
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How do we
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Liquids NMRGate Operations
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Classical

Gradient estimation

d=1

...
d=2 d=3

requires ≥ d+1 function evaluations in d dimensions

Quantum gradient estimation

S. P. Jordan,
Phys. Rev. Lett. 95, 050501 (2005).
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Robustness
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Shor algorithm

Scalability and Decoherence

Main source : coupling to environment

Decoherence



Decoherence
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of many qubits

How fast will a “useful” quantum register
loose information ? ?



Scaling of Decoherence

Needed for
factorization

More Data



Wide Quantum Registers

Model quantum register with 1000's of nuclear spin qubits
Thermal equilibrium: independent spins

pumping time

Use dipole-dipole couplings to correlate spins

Quantum control
Multiple pulses
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Can We Reduce Decoherence ?

Bath

Goal:

long-lived coherence

Idea:
modulate coupling with bath
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Decoupling Quantum Registers
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Magneto-Optics
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CW (exp.)

Pulsed excitation
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Range covered by
single 2D experiment
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Composite Laser Pulses
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