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* WP2 Addressing, manipulating and measuring on single sites
D5 Addressing single sites in optical lattices, M2.2

* WP3 Two-qubit gates and compatible stable qubits

D6 Assessment of experimental feasibility for existing qubit encodings and quantum
gate schemes, M3.2, M3.5
D7 Novel two-qubit gate schemes, M3.7

* WP4 Generation and characterization of multi-particle

entangled states

D8 Experimental generation of multi-particle entanglement in optical lattices,
M4.1, M4.2, M4.3, M4.7
D9 Measures and measurement procedures for multi-particle entanglement, M4. |

* WP5 Strategies for minimizing decoherence

D1 | Experimental realization of optical lattices with minimized decoherence
M5.1, M5.3, M5.4, M5.5, M5.6
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Patterned loading of the short lattice
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Robust multi-particle entanglement via spin changing collisions

A. Widera et al.,
Phys. Rev. Lett., 95,190405, (2005)
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Spin Changing Collisions in an Optical Lattice
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A. Widera et al., PRL 95, 190405 (2005)
Spinor dynamics without lattices:
Hamburg, GeorgiaTech, Berkley
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How can we detect the Bell pairs? (2)
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When uniting bosonic
spin singlet states,
one particle has to occupy
the excited band!
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Quantum Spin Systems in Optical Lattices
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In strongly correlated
electron system spin-spin
interactions exist.
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Superexchange Coupling in Quantum Dots

J.R. Petta et al., Science 309, 2180 (2005)

Coherent Manipulation of Coupled
Electron Spins in Semiconductor Quantum
Dots
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Local control of spin states & t=ts Measure
interactions between spin states.




Quantum Magnetism

Second order hopping processes form the basis of superexchange interactions! (see

e.g. A. Auerbach, Interacting Electrons and Quantum Magnetism) i
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Ultracold atoms allow tuning of Spin-Hamiltonians S

L.M. Duan et al., PRL 91, 090402 (2003) :
E. Altman et al., NJP 5, |13 (2003), A B. Kuklov et al. PRL 90, 100401 (2003) GUTERKERG,.
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Superexchange induced flopping
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Measured Frequencies
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Controlling Superexchange Interactions
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Pushbutton
simultaneous
creation of
thousands of
entangled Bell
pairs in a single

experiment.

Connection of
entanglement possible
via e.g. superexchange

interactions.







From Spin Squeezing to Schrodinger Cats
- Nonlinear Quantum Spin Dynamics -

A What happens if you tune
interactions in larger ensembles?
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A. Sgrensen et al., Nature 409, 63 (2001),

L. You, PRA (2002), GURHIES
A. Micheli et al. PRA 67, 013607 (2003)




Tune interactions
and wait
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* WP2 Addressing, manipulating and measuring on single sites
D5 Addressing single sites in optical lattices, M2.2

* WP3 Two-qubit gates and compatible stable qubits

D6 Assessment of experimental feasibility for existing qubit encodings and quantum
gate schemes, M3.2, M3.5
D7 Novel two-qubit gate schemes, M3.7

* WP4 Generation and characterization of multi-particle

entangled states

D8 Experimental generation of multi-particle entanglement in optical lattices,
M4.1, M4.2, M4.3, M4.7
D9 Measures and measurement procedures for multi-particle entanglement, M4. |

* WP5 Strategies for minimizing decoherence

D1 | Experimental realization of optical lattices with minimized decoherence
M5.1, M5.3, M5.4, M5.5, M5.6




Summary & Outlook é’é‘%

Creation and loading of atoms in optical superlattices

Single Qubit State Manipulation

Massively Parallel Creation of Bell Pairs

Characterization of Bell Pairs

Measurement of Coherence Time of Single Qubits and Bell Pairs

Controllable Superexchange Spin-Spin Interaction

Novel Multiparticle Entanglement Schemes for Generation of Robust MP Entangled
Quantum States

Multiparticle Entanglement via Spin-Squeezing in 1D Quantum Systems
Investigation of Dynamical Effects in Mode-Squeezed | D Luttinger Liquids

How defect free can we create array of Bell pairs?

Can we observe dynamical effects of quantum spin systems an compare to advancec
numerical methods?

How longlived can multiparticle states be with zero magnetization?

Can we create/engineer topologically ordered quantum states and use them for
topological quantum computation?
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