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Starting from operationally motivated principles, we derive a relational theory of observables in Minkowski
spacetime from which the notion of scalar quantum fields naturally emerges. We expand on quantum refer-
ence frames in spacetime and demonstrate that most properties of quantum fields arise as direct consequences
of constraints on quantum reference frames – that is, quantum fields should be understood as what observers
“see” using an imperfect measurement setup. We show that such quantum fields satisfy the usual axioms of
constructive quantum field theory, including notions of covariance and causality conditions, provided natural
assumptions at the level of the quantum reference frames. We indeed highlight that analogous objects to the
textbook Wightman quantum fields show up in certain classes of quantum reference frames in spacetime.
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