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The use of Effective Field Theories (EFTs) in the search for NP is becoming more important
given the lack of clear experimental signs of BSM physics. In particular, the Standard Model EFT
(SMEFT) has become one of the most popular choices. Hence, the interest in revisiting EFTs is
widespread in the community. On the other hand, the importance of chiral anomalies, either in
gauge or global symmetries, cannot be overstated because of their phenomenological and formal
importance. A natural question then arise: can higher-dimensional operators in an EFT generate
gauge anomalies if the renormalizable part of the EFT is anomaly-free? We discuss whether
dimension-6 operators in SMEFT can induce gauge anomalies. We find a negative answer and
stress the importance of including all the relevant contributions in triangle-diagram computations.
We provide arguments based on conserved currents and a more innovative derivation based on the
construction of a bosonic EFT.
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1. Introduction

There is an increasing effort to study the formal aspects of Effective Field Theories. Anomalies
in EFTs is a very rich topic, since it has both phenomenological and formal implications. The use
of anomalies in axion and chiral Effective Field Theories (EFTs) exemplifies the former, while the
impact of gauge anomalies on a gauge quantum field theory justifies the latter [1, 2].

The Standard Model Effective Field Theory (SMEFT) is one of the most popular EFTs in
collider searches for New Physics (NP). It is build upon the Standard Model and it shares its
anomaly-free field content. Hence, it was naively expected that SMEFT would be free of gauge
anomalies. However, the role of new high-dimensional chiral interactions in gauge anomalies was
reassessed recently [3-5]. The set of dimension-6 operators [6],
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are of special interest since they modify the fermion gauge vertices in a chiral fashion. Consequently,
it seems possible that they might break the anomaly cancellation guaranteed at dimension 4 by the
SM hypercharge assignment.

We revise this statement first in an abelian toy model by applying canonical techniques and
show that such operators do not yield new anomaly cancellation conditions. Then, we arrive at the
same conclusions by using bosonic EFT techniques. Finally, we apply the latter techniques to the
more complex case of the SMEFT at dimension 6, focusing on its neutral EW sector.

2. Current arguments in a toy model

Let us a consider a toy model with two left-handed (LH) and two right-handed (RH) Weyl
fermions, arranged in two Dirac fermions ;-1 >, a complex scalar ¢ and a gauge field A, of field
strength F4. Its Lagrangian density is,
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where D ¢k = (0, + iqu,u);bk contains a vector-like coupling to A!. Note that ¢ is uncharged
under the gauge symmetry U(1)4 of A and we consider massless fermions. We do not include
bare mass terms for the fermions since we want to study which chiral symmetries of Eq. (2) can be
consistently gauged. We also postpone the inclusion of Yukawa couplings to Section 3.

This model has a chiral (more precisely axial) global symmetry under which ¢ — e’ a; s ©, YK —
g vsen W, and whose associated Noether current is
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ISummation over repeated indices is implicit.
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This current is conserved at classical level, i.e. 0*J f = 0. Since we would like to gauge it, we ask
when it is anomaly free. The usual anomaly cancellation at dimension 4 would enforce,
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which implies g% = —¢% and, if g% # 0, ¢%* = £¢4". The other anomalies vanish trivially.
Had we now gauged U(1) g, the minimal Lagrangian would be
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where now Dy = (0, + zqkA +iqy BysBu )Wk, Dup = (0, + iqf, B,)e. From now on, we will
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Goldstone boson 6 transforms under U(1)p as §6 = vqgeB, and the radial mode /4 is inert under all

work in the broken phase of the theory, where we parametrize ¢ = with real v. The

symmetries.
Now, the expression of the classically-conserved Noether current can be written as,
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The h-dependent terms cannot contribute to anomalies at one loop, so we focus on the pieces that
depend on the GB 6 only [4].

Let us study the diagrams that enter the computation of 8#(01J5 (x)J;} (y)J/'(2)|0). The first
term in the current above generates the usual anomalies that can be cancelled by imposing Eq. (4).
The following terms, proportional to qg, generate the diagrams depicted in Fig. 1, which include a
GB and fermion propagators and are sensitive to ¢y /g. In the diagram on the left, there appears the
three-point coupling between the GB and the fermions obtained from Eq. (2),
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The two diagrams in Fig. 1 cancel after contracting with —(p + ¢),, and we do not obtain any
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Figure 1: Triangle diagrams proportional to qg (the +... refers to the same diagrams with the orientation of
the fermionic arrows reversed). Solid lines are fermion propagators, the dashed one is a GB propagator and
we indicate which combination of Dirac matrices and momenta enters each vertex.

constraint on ¢z /g from those triangles [4]. Instead, focusing only on the second diagram of Fig. 1,
as proposed in Ref. [3] would yield the constraint (q’]?) 2 qg (cr.k—cRr.k) = 0, but this does not corre-
spond to the full contribution of the Noether current. Consequently, 9*(0|J 5 (x)JA(y)J ;‘ (2)|0) =0

if and only if (q?) 2 qf = 0, and in particular we do not find any condition on ¢y g. The same
result holds in the unbroken phase [4, 7, 8].
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3. Bosonic EFT techniques

If we add to the toy model in Eq. (5) the Yukawa terms § L = —yktpak’Ll//k,R + h.c., with yg
real, the charged chiral fermions acquire a mass in the broken phase. Gauge invariance forces that
qu = qg and the Noether current in Eq. (3) respects the same anomalous Ward identities as in
the massless-fermions case [9, 10]. Now, one can define a bosonic EFT below the fermion mass
where the anomalies of the heavy fields are encoded in Wess-Zumino (WZ) terms [1, 11, 12]. We
are going to show that no such WZ terms proportional to the dimension-6 WCs are generated.

The possible WZ terms for our toy model are,
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The coefficients can be computed from fermion triangle diagrams (see details in App. B of Ref. [4])
and the result is
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Hence, they vanish after imposing the usual anomaly cancellation conditions in Eq. (4) and there is
no dependence on the dimension-6 Wilson coefficients.

The same procedure can be applied to a modified version of the SMEFT in which we add a
right-handed neutrino and modify the gauge and Yukawa coupling values such that it makes sense to
integrate out all the fermions while keeping the gauge fields in the EFT. Despite these modifications,
our results are valid for the most general case of SMEFT.

The Wess-Zumino terms to compute for the neutral electroweak sector of SMEFT are:
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where we have defined Ag , = v* |y, B, — TH) — v, 7 and 73 is the GB to be absorbed by the Z.
The explicit computation of the Wilson coeflicients shows that the conditions on the hypercharges
needed to cancel the anomalies in the SM is enough to make these terms (hence their anomalous
gauge variation) vanish and that the dimension-6 operators do not generate any further anomaly [4].

4. Conclusions

We showed how to compute anomalies in an EFT consistently and stressed the importance
of including the Goldstone bosons in the computation. Rephrasing our discussion in terms of
Wess-Zumino terms allowed us to extend our results to the SMEFT. In that case, we showed that
dimension-6 operators do not generate any new anomaly in the neutral sector of the SMEFT.
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