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Introduction: Penning traps

• Dynamical trapping of charged particles

• Constant magnetic field + quadrupole electric 
potential
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Introduction: Penning traps
• One-electron experiments

• Highest precision in   factor and g α
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Introduction: Penning traps

• Experiments for g factor measurements:

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

• Quantized energy levels
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Motivation

• Frequency hierarchy              Clean system
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Motivation

• Frequency hierarchy              Clean system

ωc � ωz � ωm
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Motivation

• Frequency hierarchy              Clean system

ωc � ωz � ωm

Good for quantum coherence
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Our proposal

• A method of entangling two electrons in a

Penning trap (as a proof of principle experiment)

• Long term goal:     Quantum simulators/metrology                                                                                            
�B
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Two-electron system

• Dynamical equilibrium positions

• Normal modes

•  cm mode        Two-qubit gate

• Decoherence

martes 8 de junio de 2010



Two-electron system
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Two-electron system

• Interaction Hamiltonian: 

H =
�
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Two-electron system

• Interaction Hamiltonian:
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Two-electron gate

−zi�ρi · �σi zcm = z0 cos[(ωa +∆)t]

D

rf
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Two-electron gate

• Axial driving + cm,c 

−zi�ρi · �σi zcm = z0 cos[(ωa +∆)t]

D

rf

ωa = ωs − ωcm,c
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Two-electron gate

• Rotating-wave approximation retains 
anomaly transition terms

H
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Applications

• When             adiabatically eliminate cm,c

H
gate
I = �Ω

�

i=1,2

(σ+
i acm,ce

−i∆t + σ−
i a

†
cm,ce

i∆t)

∆ � Ω

martes 8 de junio de 2010



Applications

• When             adiabatically eliminate cm,c

H
gate
I = �Ω
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Two qubit gate (quantum computing)
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Applications

• Tests of quantum mechanics with entangled 
elementary particles:  

• Possibility of quantum metrology protocols

• Possibility of two-qubit gates

e−, e+

g,α
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Conclusions

• 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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