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Nature is full of examples pairings of small but massive compact objects (of linear size R) interacting with and
controlling the motions of their neighbours over within a much larger surrounding domain (of size a ≫ R).
For such systems familiar arguments (such as the multipole expansion) show that only a few features of the
compact object are relevant to understanding motions in their larger environment.
Effective field theories are the natural language for exploiting this kind of simplicity, though these are often
only formulated in a second-quantized language in which all species of particles are represented by their
respective quantum field. We explore how to formulate such effective theories using instead a first-quantized
language for the heavy compact object, reserving the second-quantized language for the lighter particles with
which it interacts. In this situation all information about the source enters observables through the boundary
conditions that it implies for fields at the origin; boundary conditions that are completely determined by the
source’s effective action. Relating these boundary conditions to the source action takes the guesswork out of
small-R boundary conditions, and shows in particular why linear boundary conditions are so generic at low
energies. Besides this they showhow to handle singular potentials (like V (r) ∝ rˆpwith p ≤ −2) unambiguously,
despite the generic absence in these cases [7] of smooth solutions at the origin. Our formalism has various
applications, for instance corrections to Coulomb bound energy levels.
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