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Entanglement of massive, charged objects via a lossy conductive wire
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Bringing ever larger masses into quantum states not only benchmarks the amount of achievable quantum con-
trol and sensitivity of mechanical sensors, but also provides a pathway towards exploring untested physics like
exotic particles or quantum gravity. While Optomechanics experiments like the generation of Schrödinger cat
states [1] and entanglement of picogram drums [2] represent huge achievements in this pursuit, their scalability
in terms of both mass and wave function expansion is limited quite simply by their material connection to the
environment as a source of decoherence. Eliminating or minimizing this connection, with e.g. optically levitated
nanoparticles [3] or milligram torsion pendula [4] should in principle yield higher environmental isolation with
simultaneously higher degree of motional control. Since optically mediated entanglement is predicted to be fun-
damentally challenging for these systems [5], most efforts to generate macroscopic motional entanglement are
focused on utilizing the Coulomb interaction which is relatively short-ranged (∝ 1/r3).
In this work, we propose to use a conductive wire as a mediator of the particle-particle Coulomb interaction. This
has been shown to enhance quantum protocols in the past [6]. Here, we are fully characterizing the effect of the
wire with regards to extended range, tunability of the resulting force and added decoherence. We quantize the
electromagnetic field in the presence of the lossy wire utilizing the formalism of macroscopic quantum electrody-
namics [7]. Decoherence and coupling rates are extracted from a Born-Markov master equation and expressed in
terms of the classical Green’s function. Our treatment uncovers an unconventional coherent squeezing rate in the
modified Hamiltonian, which enhances the entanglement generation and which counterintuitively increases with
the resistance of the wire. We verify the extended range of the interaction using the Green’s function for an in-
finitely extended wire and we determine parameter regimes in which entanglement can be experimentally observed
for levitated nanoparticles, as well as milligram-scale torsion pendula.
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