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Claim: Out of all ®"F™D¥, only ®", ®"D? and ®"F? matter for the bilinear terms after
the EOM reduction (actually, field redefinitions - see J. C. Criado, M. Perez-Victoria, arXiv:1811.09413).

Examples: Before the reduction, e.g., (DM@)T(D“@)FIZ)F“”" does not matter but, e.g., (®7®)(®TD*D"D,D,®) may matter.
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5. Skip ®"FF (total derivative after ® — v).
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The sum of all the ®"D? and ®"F? terms can be written as:

Lhg = 3(Du®); hi;[®] (D*®); — 1 F3, [arXiv:1803.08001]
arAlv: .

The bilinear terms are selected by setting
hij[®] — hijlv] = h;;  and  g°[®] — g*[v] = g

Then L, = 1(D,®)" h(D'®) — iAZVg A" 4 (interactions) with A7 = 0,A] — 0, Aj.

The “unwanted” tree-level mixing:

Lo, = —1 (3“AZ> [LpThTa”U} (identification of the would-be Goldstone and physical scalars).

Now, we can specify the R; gauge-fixing term as:

Lor = —2% Geggb with ge = 8“AZ — i&(g~1)a? [cpTthv}.

The kinetic terms are rendered canonical via: @i = (h2)jp;), AZ = (g2)* A,
which brings the bilinear terms to the familiar form:
Cinmass = — 1AL A 4 LAT(MTM)A" + 1(8,8)7(9") — (0"A,)7 (8" A,) — §¢7(MMT),

with Mjb = [h: (2T*)v]; (g—2)ab (real matrix).

a’b[(I)] Fow (position-dependent metric in the field space).



Ciinmass = —3 AL, AP + LAT(MTM)A* 4 31(8,8)T (8"@) — 5¢(9"A,)T(8VA,) — 56T (MM™)&.

Singular Value Decomposition: M =UTXV, 3i; = 0 when 7 # j, U, V — orthogonal matrices.

=  MMT=UT(SSTU and MTM =VT(STE)V.
Mass eigenstates:  ¢; = U;;@;, W = VabAZ.

Diagonal mass matrices: mé =337 = { D ] m}, = XTY = { D 0 ]

The bilinear terms in the mass eigenbasis take the standard form:

Linmass = =g WL W + W ImE W + 1(8,8)" (8¢) — 5¢(8"W,)" (8" W) — 50" m3o.
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Mass eigenstates: n = Vg%N, n = Vg%N.
The ghost bilinear terms in the mass eigenbasis take the standard form:

Lrp = 7T0n + €7'min + (interactions).
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® The essential starting point was the operator basis reduction via EOM.
It allowed us to express all the bosonic bilinears as stemming
from operators with at most first (covariant) derivatives of ®, and
no derivatives of F'.

® Once this is done, all such bilinear terms can be resummed into the
propagators.

® Specifying the gauge-fixing and ghost terms, as well as the BRST variations
proceeds along the same lines as in a renormalizable theory with non-canonical
kinetic terms.

® Standard relations between the masses of gauge bosons, would-be
Goldstone bosons and ghosts remain valid. However, their interactions

are affected by the presence of higher-dimensional operators.



