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Introduction: electrons in Pennin
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Introduction: Penning traps

® Dynamical trapping of charged particles

® Constant magnetic field + quadrupole electric
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Introduction: Penning traps

® One-electron experiments

® Highest precision in g factor and «
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Introduction: Penning traps

® Experiments for g factor measurements:

® Cylindrical traps (Gabrielse lab, 1987-today)
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Experiments for g-factor measurements:

Cylindrical traps (Gabrielse lab, 1987-today)
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Other proposals (Q information): planar traps

Theory: Marzoli, Tombesi, et al., 1999-2010
Initial experiments: Mainz ('06,07), Ulm ('08, 10)
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Experiments for g-factor measurements:

Cylindrical traps (Gabrielse lab, 1987-today)
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Introduction: Penning t

® Quantized energy levels
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Motivation

® Frequency hierarchy €= Clean system

martes 8 de junio de 2010



Motivation

® Frequency hierarchy €= Clean system
We > Wo > W,
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Motivation

® Frequency hierarchy €= Clean system
We > Wo > W,

Good for quantum coherence
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¢ A method of entangling two electrons in a

Penning trap (as a proof of principle experiment

e |ongtermgoal: Quantum simulators/metrology
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Iwo-electron system

® Dynamical equilibrium positions

/. ‘/' ® Normal modes

® c¢m mode *Two-qubit gate

® Decoherence
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Iwo-electron system
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Iwo-electron system

—

ws (i), i +eA(xi)]”
H = 2{70§)+ o + Vg + Via}
i=1,2

Vo) = 3 D22 — (@2 4 42)/2, Vislwi) = ——

i=1,2

47T6()’fl — fz’

® |nteraction Hamiltonian:
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Iwo-electron system
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® |nteraction Hamiltonian:
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Gate term
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Iwo-electron gate
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Iwo-electron gate
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® Axial driving + cm,c
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Iwo-electron gate

® Rotating-wave approximation retains
anomaly transition terms
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Applications

_I_
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® When A > () adiabatically eliminate cm,c
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Applications
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® When A > () adiabatically eliminate cm,c
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Two qubit gate (quantum computing)

martes 8 de junio de 2010



® Tests of quantum mechanics with entangled
elementary particles: ¢ .¢'

® Possibility of quantum metrology protocols
9,

® Possibility of two-qubit gates
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® Penning traps: possibility to perform high-
precision measurements (low decoherence

® Here: how to entangle two electrons

® Many interesting applications: quantum
metrology, two qubit gates, decoherence
analysis
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