
Trapping and Coupling
• Pb sphere of radius R (~µm),

mass M (~1014 amu), cooled below TC

• Trapped in a linear magnetostatic field,
created by anti-Helmholtz coils

• Sphere expels magnetic field,
effective magnetic moment

• Magnetic flux at pickup coil
depends on sphere’s position
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Qubit-Sphere Hamiltonian
Hamiltonian for three-junction flux qubit
with linear coupling to the sphere:

Coupling GHz-MHz is achieved by driving the qubit:

RWA (coupling < qubit resonance),
diagonalization, interaction frame,
RWA (coupling < trapping):
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Quantum Magnetomechanics with Levitating Superconductors

We show that by magnetically trapping a superconducting microsphere close to a quantum circuit, it is experimentally feasible to perform ground state cooling and to prepare 
quantum superpositions of the center-of-mass motion of the microsphere. Due to the absence of clamping losses and time dependent electromagnetic fields, the mechanical motion 
of micrometer-sized metallic spheres in the Meissner state is predicted to be extremely well isolated from the environment. Hence, we propose to combine the technology of 
magnetic microtraps and superconducting qubits to bring relatively large objects to the quantum regime. 

Abstract

Ground State Cooling

Quantum Magnetomechanics

Optical Levitation reduces dissipation (Romero-Isart 10)

• Unclamped, optically levitated nanosphere
• Large spatial superpositions possible

Upper limit on the object size:
• Photon scattering: Position localization
• Photon absorption: Black body radiation

Replace lasers with 
magnetic fields
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Spin dependent shift:

Spatial Superposition States

Cooling
Master equation with qubit decay / excitation and dephasing 
in the interaction frame:

Adiabatic Elimination for small coupling:
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Separation after one step:

Sources of Decoherence
• Damping

• Air friction

• Hysteresis in the coils

• Decoherence

• Trap frequency fluctuations

• Trap center fluctuations

• Advantages

• Black body radiation negligible (small temperature)

• No light scattering

• No clamping losses
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Protocol

• Start in qubit state 
• Evolve for
• Collapse at t*, Revival after 2 t*

t∗ = π/ωt

Exp. Parameters

• Sphere: 2 µm radius, Pb
• Temperature: 0.1 K
• AHC: 50 µm diameter, 10 A, 16 µm2 cross section
• Pickup coil: 28 µm radius, 20 µm distance
• Trap frequency: ωt = 2π 28 kHz
• Coupling g0 = 2π 1.3 kHz
• Qubit frequency ωs = 2π 10 GHz, decay rate
Γ0 = 2π 16 kHz
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Squeezing in x

a) Start in ground state
b) Open trap adiabatically
c) Short closing of the trap yields imaginary phase
d) Open trap, wave function contracts
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ω ∼ 0
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