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We analyse how zero modes of a quantum field, whenever they arise, have significant impact on the phe-
nomenology of light-matter interactions. Since a zero mode has no physical ground state, several studies in
the literature opt to ignore the zero mode and argue that it has negligible impact on the physics. We show
that (1) ignoring such modes directly leads to causality violation, in the sense that two atomic detectors can
signal faster than light, and (2) how much two detectors can extract entanglement from the quantum vacuum
depends strongly on the choice of the zero mode state. Finally, the zero mode provides an explicit example
of how the usual wisdom that “quantum field in a large cavity is the same as in free space”does not hold in
presence of a particle detector.
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