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We use the Foldy-Wouthuysen representation [1] to construct Lorentz-invariant interac-
tions of heavy fields, following the so-called bottom-up approach [2], when one builds the
interactions starting from non-relativistic heavy particle fields, as opposed to the top-bottom
approach [3], when one starts with the relativistic Hamiltonian (Lagrangian) and then dis-
entangles the heavy particle and antiparticle fields in order to integrate the latter out. We
show that the couplings obtained in the bottom-up approach feature a straightforward 1/m
(where m is the mass of the heavy particle) expansion, which ensures Lorentz invariance
order by order in effective field theories.

We illustrate possible applications on the examples of pion-nucleon and pion-nucleon-
delta couplings in chiral effective field theory. In the case of the πN∆ coupling, we show
that one of the terms usually considered to be a part of chiral index-1 πN∆ vertex is in
fact redundant. We discuss the implications of this fact. For instance, we show that this
redundant term should be dropped if one wants to use low energy constants fitted from πN
scattering in calculations of NN → NNπ reactions.

We also argue that this approach can be useful in many other instances, e.g., in con-
structing Lorentz-invariant polilinear interactions such as NNNN [4], NNN∆, etc., contact
terms — a problem that is not so easily addressed in the top-bottom approach, where the
fact that the interactions are bilinear in the fields is essential.

[1] L. L. Foldy and S. A. Wouthuysen, Phys. Rev. 78 (1950) 29; L. L. Foldy, Phys. Rev. 102
(1956) 568.
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