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and the gauge field EOM are given as
⇥
D↵,G↵�

⇤A
= g3jA� ,

⇥
D↵,W↵�

⇤I
= g2jI� , D↵B↵� = g1j� . (5.12)

Note that
⇥
D↵, F↵�

⇤
is the covariant derivative in the adjoint representation in the notation above. Hermitian derivative

notation is introduced as

H† i
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�H = iH†⌧ I (D�H)� i(D�H)†⌧ IH. (5.13)

Using this notation, the gauge currents are
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We use the notation  = {u, d, q, e, l} to sum over all SM fermions, and V = {B,W ,G} to sum over the SM gauge fields.
Note that these EOM have corrections due to L

(5) +L
(6) + · · · in the SMEFT, that must be included for a consistent matching

to higher orders in the non-perturbative expansion. Such corrections are also L
(n) basis dependent.

5.2. The standard model effective field theory

The SMEFT is a consistent EFT generalization of the SM constructed out of a series of SUc(3) ⇥ SUL(2) ⇥ UY(1) invariant
higher dimensional operators, built out of SM fields and including an H field as defined in Eq. (5.7). The idea of the SMEFT
is that extensions to the SM are assumed to involve massive particles heavier than the measured vev, which sets the scale
(up to coupling suppression) of the SM states. In addition, it is assumed that any non-perturbative matching effects are
characterized by a scale parametrically separated from the EW scale and the observed Higgs-like boson is embedded in the
SUL(2) Higgs doublet.

The SMEFT follows from these assumptions and is defined as

LSMEFT = LSM + L
(5)

+ L
(6)

+ L
(7)

+ · · · , L
(d)

=

ndX

i=1

C (d)
i

⇤d�4Q
(d)
i for d > 4. (5.15)

The operators Q (d)
i are suppressed by d�4 powers of the cutoff scale⇤, and the C (d)

i are theWilson coefficients. The number
of non-redundant operators in L

(5), L(6), L(7) and L
(8) is known [94,155,156,222–226]. Furthermore, the general algorithm

to determine operator bases at higher orders developed in Refs. [225–228] makes the SMEFT defined to all orders in the
expansion in local operators. Note that when transitioning to the SMEFT, symmetry arguments leading to a neglect of dual
field strength terms in LSM should be reformulated, as such terms multiplied by (H†H) appear in L6. The dual field strength
terms should not be casually neglected.

In the SMEFT SUL(2)⇥ UY(1)! U(1)em is Higgsed as in the SM. The minimum of the Higgs potential is now determined
including the effect of the operator QH ⌘

�
H†H

�3, which modifies the scalar doublet potential to the form [95]
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yielding the new minimum
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on expanding the exact solution (� �
p
�2 � 3CH�v2)/(3CH ) to first order in CH . This expansion assumes a mass gap to the

scale(s) of new physics (referred to schematically as ⇤) which leads to the expansion parameter ⇠ CH v̄2
T/⇤

2 < 1. The
dependence on ⇤ was suppressed in the previous equations. We absorb the cut off scale into the Wilson coefficients as a
notational choice unless otherwise noted.

The SMEFT is an enormously powerful consistent field theory to use to characterize the lowenergy limit of physics beyond
the SM. Even if a full model extension of the SM becomes experimentally supported in the future, the SMEFT can still be a
useful and appropriate tool to use to interface with large swaths of experimental data below the characteristic scale(s)⇤ of a
new physics sector. It cannot be emphasized too strongly that the systematic development of this framework is expected to
have an important return on investment of the time expended on it. The payoff in terms of improved scientific conclusions
being enabled from the ever growing data set of measurements of SM states below the scale ⇤ is clear. This payoff can be
starkly contrasted to the return on time invested when developing the predictions of a particular model, or even a set of
models, if the many assumptions of the model are not experimentally validated. Considering the current global data set of
particle physics, adopting the IR assumptions that define the SMEFT seems to be a very reasonable compromise between
utility and generality of the theoretical framework assumed to accommodate the certain fact that the SM is an incomplete


