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Abstract: We question the use of triangle diagrams in the broken phase of the Standard

Model Effective Field Theory (SMEFT) to derive sum-rules on certain dimension-six coeffi-

cients, as recently put forward by Cata, Kilian and Kreher in Ref. [1]. Indeed, the aforemen-

tioned sum-rules are violated at tree level in simple consistent BSM scenarios. The underlying

reason is that gauge-invariant combinations of Goldstone bosons and massive gauge fields are

allowed to couple to matter currents which are not conserved. We show this in a toy model by

computing the relevant triangle diagrams, as well as by working out Wess–Zumino terms in

the bosonic EFT below all fermion masses. The same approach applies also to the Standard

Model and it provides a convenient and unusual way to check that the SM is anomaly free.

We then apply similar techniques to the SMEFT in presence of various dimension-6 operators.

ar
X

iv
:2

0
1
2
.0

7
7
4
0
v
1
  
[h

ep
-p

h
] 

 1
4
 D

ec
 2

0
2
0



Contents

1 Introduction 1

2 Tree-level (counter)examples 3

2.1 Heavy right-handed singlet Majorana fermion 3

2.2 Heavy U(1) gauge field 4

3 Current conservation at one-loop: a toy model 5

3.1 Current (non-)conservation in triangle diagrams 5

3.2 Wess–Zumino terms 8

4 The case of the SMEFT 9

4.1 Gauge and Goldstone couplings 10

4.2 Wess–Zumino terms 10

5 Conclusions 11

A The results of Ref. [1] for the SMEFT from explicit anomaly polynomials 12

B Derivation of the Wess–Zumino terms 13

1 Introduction

Effective field theories (EFTs) have become a very important tool to parametrize Beyond

Standard Model (BSM) physics over the last few years due to the lack of evidence of new

particles close to the electroweak (EW) scale. Hence, the community has started devoting

more efforts to the study of their more formal aspects. One of the best known EFTs is the

Standard Model Effective Field Theory (SMEFT), which is built by adding to the SM higher-

dimensional gauge invariant local operators constructed only with SM fields [2]. Formally, its

Lagrangian density is a series expansion in the parameter 1/Λ, where Λ is taken as the typical

energy scale at which BSM particles lie.

The importance of anomalies in EFTs is well-known, especially in the context of pion

and axion EFTs, where the procedure of anomaly matching is used to constrain the low-

energy phenomenology from the properties of the UV model and vice-versa. Additionally,

any consistent gauge quantum field theory must be free of gauge anomalies (see e.g. Ref. [3]

for a review). Then, the study of anomalies in EFTs is interesting from both a formal and a

phenomenological point of view.
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The SMEFT has the same field content than the SM and hence, it is understood to be

free of gauge anomalies. However, recently, it has been claimed in Ref. [1] that the SMEFT

can develop gauge anomalies at dimension-6 and therefore, they must be cancelled order by

order in the 1/Λ expansion. Such anomaly cancellation conditions take the form of sum rules

on the Wilson Coefficients (WCs) of the EFT. In particular, the authors of Ref. [1] derived

conditions on the WCs of the following operators of the Warsaw basis [2],

OϕψR = icϕψ,ij
Λ2
(ϕ†←→Dµϕ)ψiRγµψjR ,

O(1)
ϕψL
= ic

(1)
ϕψ,ij

Λ2
(ϕ†←→Dµϕ)ψiLγµψjL , O(3)

ϕψL
= ic

(3)
ϕψ,ij

Λ2
(ϕ†←→Da

µϕ)ψiLτaγµψjL ,
(1.1)

where we use the conventions of Ref. [2], ψL,R spans over the SM chiral fields and the solution

to the sum-rules is:

c(3)ϕq = c(3)ϕl , (1.2)

c
(1)
ϕq

yq
= c
(1)
ϕl

yl
= cϕu
yu
= cϕd
yd
= cϕe
ye

, (1.3)

where yψ is the hypercharge of the SM fields and the WCs are traced over generations, c
(3)
ϕq =

∑i c
(3)
ϕq,ii for instance. Furthermore, it is asserted that any anomaly-free UV extension of the SM

that can be matched onto the SMEFT will respect such constraints on the Wilson coefficients

and that their violation would indicate the presence of non-decoupling BSM physics.

In this note, we show that the conditions in Eqs. (1.2)-(1.3) are not necessarily fulfilled by

anomaly-free extensions of the SM and that they arise from an incomplete computation of the

gauge anomalies in the EFT. We start in Section 2 by studying two anomaly-free UV models

for the BSM sector that can be matched onto the SMEFT. The first of them violates the

aforementioned sum-rules and constitutes a counterexample. On the other hand, the second

model fulfils the conditions and we clarify the reason behind this. In Section 3, we study

current conservation at the quantum level in a toy model with dimension-6 interactions. We

identify the equivalent of Eqs. (1.2)-(1.3) and show that such conditions are not needed for the

conservation of the appropriate Noether current in triangle diagrams, either in the unbroken

or broken phases. The role of Goldstone bosons (GBs) in the latter case is emphasized. We

compute in a second step the Wess–Zumino (WZ) terms which appear in a low-energy bosonic

EFT of GBs and gauge fields, and, consistently, we do not find any dimension-6 contribution

to these terms. We apply the same logic to the SMEFT in Section 4 and we find that the

conditions in Eqs. (1.2)-(1.3) are not necessary for the consistency of the theory. Finally, in

Section 5 we summarize our arguments and findings. We review in Appendix A how to obtain

the results of Ref. [1] from anomaly polynomials, while Appendix B presents some details

about the derivation of WZ terms in the SMEFT.
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2 Tree-level (counter)examples

In this section, we review the explicit tree-level matching between two UV models and the

SMEFT in order to, first, give a counterexample to the results in Ref. [1] and, second, show

how certain models could misleadingly support those results. We will use the conventions

and results contained in Ref. [4] that gives the complete tree-level matching of general BSM

models onto dimension-6 SMEFT.

2.1 Heavy right-handed singlet Majorana fermion

We start by considering a model that extends the SM with a heavy neutral lepton, i.e., a SM

singlet Majorana fermion N with a Majorana mass MN . This is a simplified version of the

see-saw type-I mechanism used to give a mass to the neutrinos and can be generalized without

modifying our conclusions. The full UV Lagrangian of this model is the SM Lagrangian plus

the usual kinetic and mass terms for N and the following interaction terms:

LInt
BSM = − (λN)i N̄ ϕ̃†ℓL,i, (2.1)

where i = 1, 2, 3, and we neglect higher-dimensional interaction terms which would not

change our results and might obscure the discussion [4].

The heavy singlet fermion can be integrated out to match onto the SMEFT. This generates

three classes of higher-dimensional operators with dimension not bigger than 6: the Weinberg

operator O5 and the dimension-6 operators O(1)
ϕl

and O(3)
ϕl

[4]. More specifically, the WCs of

these three operators read [4]:

1

Λ2
(c5)ij =

(λN)j (λN)i
2MN

, (2.2)

1

Λ2
(c(1)
ϕℓ
)
ij
=(λN)

∗
i (λN)j

4M2

N

, (2.3)

1

Λ2
(c(3)
ϕℓ
)
ij
= − (λN)

∗
i (λN)j

4M2

N

. (2.4)

On the other hand, it is clear that no operator involving quarks can be generated and hence

c
(3)
ϕq = c(1)ϕq = cϕu = cϕd = 0.

Therefore, this model violates both constraints in Eqs. (1.2)-(1.3). At the same time, the

UV renormalizable model that this EFT comes from is anomaly free because it is just the

SM plus a singlet Majorana fermion, which has no anomaly. Furthermore, this is a vector-

like extension of the SM and hence there cannot be non-decoupling BSM effects. Indeed,

the additional fermion can be explicitly decoupled by sending MN → ∞. In conclusion, the

model here presented constitutes a clear counterexample to the claims made in Ref. [1]. Other

counterexamples can be built using vector-like fermions [4].
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2.2 Heavy U(1) gauge field

Now, we briefly review a model that has been used as a cross-check in Ref. [1]. Let us add to

the SM a massive gauge boson Bµ that comes from a U(1) gauge group that commutes with

the rest of the SM gauge group. We denote its mass MB and are agnostic about its ultimate

origin. We suppose that this new gauge field couples to all the fermion and scalar fields of the

SM in a flavour-universal manner and then its interaction terms are [4]:

LInt
BSM = − gB qBℓ Bµ ℓ̄iLγµℓiL − gB qBq Bµ q̄iLγµqiL (2.5)

− gB q
B
e Bµ ēiRγµeiR − gB qBu BµūiRγµuiR − gB qBd Bµ d̄iRγµdiR (2.6)

− (gB qBϕ Bµϕ†iDµϕ + h.c.). (2.7)

The conclusions of this section are independent of the flavour-universality assumption, which

we make for simplicity.

This model is not automatically anomaly-free and, in particular there can be mixed

anomalies between the new gauge group and the SM one. The equations that must be satisfied

by the charges under B are:

⟨BBB⟩ ∶ 0 = 6qBq y2q + 2qBℓ y2ℓ − qBe y2e − 3qBu y2u − 3qBd y2d, (2.8)

⟨BWW ⟩ ∶ 0 = 6qBq + 2qBℓ , (2.9)

⟨BGG⟩ ∶ 0 = 2qBq − qBu − qBd , (2.10)

⟨BRR⟩ ∶ 0 = 6qBq + 2qBℓ − qBe − 3qBu − 3qBd , (2.11)

where R refers to the Ricci tensor which appears in the gravitational anomaly.

After integrating out the massive gauge boson Bµ, we obtain an EFT Lagrangian with

several dimension-6 operators [4], but not O(3)
ϕℓ

nor O(3)ϕq . Then, Eq. (1.2) will be satisfied

trivially. On the other hand, the operators involved in Eq. (1.3) are generated with the

following non-zero WCs:

1

Λ2
(c(1)
ϕl
)
ij
= − g2B q

B
ϕ q
B
ℓ

M2

B
δij (2.12)

1

Λ2
(c(1)ϕq )

ij
= − g2B q

B
ϕ q
B
q

M2

B
δij (2.13)

1

Λ2
(cϕe)ij = − g2B

qBϕ q
B
e

M2

B
δij (2.14)

1

Λ2
(cϕd)ij = − g2B

qBϕ q
B
d

M2

B
δij (2.15)

1

Λ2
(cϕu)ij = − g2B

qBϕ q
B
u

M2

B
δij , (2.16)

and then, up to an overall common factor, there is a one-to-one correspondence between

the fermion charges and the 5 non-vanishing WCs. In consequence, we can rewrite the UV
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anomaly conditions in Eqs. (2.8)-(2.11) in terms of the WCs as follows:

0 =6c(1)ϕq y2q + 2c(1)ϕl y2ℓ − cϕey2e − 3cϕuy2u − 3cϕdy2d, (2.17)

0 =6c(1)ϕq + 2c(1)ϕl , (2.18)

0 =2c(1)ϕq − cϕu − cϕd, (2.19)

0 =6c(1)ϕq + 2c(1)ϕl − cϕe − 3cϕu − 3cϕd. (2.20)

These are the equations found in Table 1 of Ref. [1] for the special case c
(3)
ϕq = c(3)ϕl = 0 and their

only solution is Eq. (1.3). Hence, the UV anomaly cancellation condition of the model is the

reason behind the fulfilment of these conditions on the WCs. Notice that this model belongs

to the Universal Theories class because the BSM sector couples to the SM only through the

scalar and fermion vector currents already present in the SM [5]. It is known that those

theories, when matched onto the SMEFT, always accidentally obey Eqs. (1.2)-(1.3) [5, 6].

3 Current conservation at one-loop: a toy model

We now explain why the sum-rules in Eqs. (1.2)-(1.3) are not connected to current conservation

in the quantum theory, contrary to the approach advocated in Ref. [1]. As we will show, the

GB couplings arising from scalar fields such as the Higgs field are crucial for the analysis.

Let us consider the following toy model of two LH and two RH Weyl fermions, arranged

in two Dirac fermions ψk=1,2, a complex scalar ϕ and a gauge field Aµ of field strength FA,

L = − 1

4g2A
F 2

A,µν+∣∂ϕ∣2−V (∣ϕ∣)+iψk /Dψk+icL,k
Λ2
(ϕ†←→∂ µϕ)ψk,Lγµψk,L+icR,k

Λ2
(ϕ†←→∂ µϕ)ψk,Rγµψk,R ,

(3.1)

where Dµψk = (∂µ + iqAk Aµ)ψk contains a vector-like coupling to A. Summation over repeated

indices is implicit. Note that ϕ is uncharged under the gauge symmetry U(1)A of A and

fermions are massless. We do not include bare mass terms for the fermions, although they are

allowed by the gauge symmetry, since we want to study which chiral symmetries of Eq. (3.1)

can be consistently gauged. For simplicity, we also postpone the inclusion of Yukawa couplings

to Section 3.2.

3.1 Current (non-)conservation in triangle diagrams

Let us start by identifying the Noether currents which are classically conserved. The Noether

current for U(1)A is

JAµ = qAk ψkγµψk . (3.2)

In addition, the theory has global (chiral) symmetries. Let us study the one under which

ϕ→ eiq
B
ϕ ǫBϕ , ψk → eiq

B
k γ5ǫBψk, whose associated Noether current is

JBµ = −iqBϕ (−ϕ†←→∂ µϕ + 2i
cL,k

Λ2
∣ϕ∣2ψk,Lγµψk,L + 2icR,k

Λ2
∣ϕ∣2ψk,Rγµψk,R) + qBk ψkγµγ5ψk . (3.3)
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Using the equations of motion (eoms),

◻ϕ = V ′ (∣ϕ∣) + icL,k
Λ2

∂ϕψk,Lγψk,L + i
cL,k

Λ2
∂ (ϕψk,Lγψk,L) + (L↔ R) ,

/Dψk,L/R + cL/R,k
Λ2

(ϕ†←→∂ µϕ)γµψk,L/R = 0 ,
(3.4)

it is easy to see that the current is conserved, ∂µJBµ = 0 (actually, the parts proportional to qBϕ
and qBk vanish independently, since they correspond to independent symmetries of the action).

Note that these remarks apply both in the broken or unbroken phase, since the eoms do not

change, neither do the expressions of the currents.

Now we ask: when can we gauge the symmetry U(1)B of current JBµ , i.e., when is it

anomaly free? The usual anomaly cancellation at dimension 4 would enforce (we remind that

we sum over repeated indices)

U(1)2A ×U(1)B ∶ (qAk )2 qBk = 0 , U(1)3B ∶ (qBk )3 = 0 , (3.5)

which implies qB
1
= −qB

2
and, if qBk ≠ 0, qA1 = ±qA2 . The other anomalies vanish trivially since

U(1)A is vectorlike and U(1)B axial.

Had we now gauged U(1)B, the Lagrangian would be

L = − 1

4g2A
F 2

A,µν −
1

4g2B
F 2

B,µν + ∣Dϕ∣2 − V (∣ϕ∣) + iψk /Dψk
+ i
cL,k

Λ2
(ϕ†←→Dµϕ)ψk,Lγµψk,L + icR,k

Λ2
(ϕ†←→Dµϕ)ψk,Rγµψk,R

(3.6)

where now Dµψk = (∂µ + iqAk Aµ + iqBk γ5Bµ)ψk, Dµϕ = (∂µ + iqBϕBµ)ϕ. Following the logic of

Ref. [1] reviewed in Appendix A, we would find additional gauge anomalies at dimension 6.

Indeed, we would find in the Lagrangian

L ⊃ −⎛⎝q
B
k + q

B
ϕ

2cL,k∣ϕ∣2
Λ2

⎞
⎠ψk,L /Bψk,L −

⎛
⎝−q

B
k + q

B
ϕ

2cR,k∣ϕ∣2
Λ2

⎞
⎠ψk,R /Bψk,R , (3.7)

and Ref. [1] would demand that the following expression,

J̃Bµ = 2qBϕ (cL,k
Λ2
∣ϕ∣2ψk,Lγµψk,L + cR,k

Λ2
∣ϕ∣2ψk,Rγµψk,R) + qBk ψkγµγ5ψk , (3.8)

which is the "current" associated to the gauge field couplings in Eq. (3.7), is conserved in the

quantum theory, at least in a broken phase where ⟨∣ϕ∣2⟩ = v2

2
≠ 0. This is equivalent to the

constraints
U(1)2A × J̃Bµ ∶ (qAk )2 qBϕ (cL,k − cR,k) = 0 ,

U(1)A ×U(1)B × J̃Bµ ∶ qAk qBk qBϕ (cL,k + cR,k) = 0 ,
U(1)2BJ̃Bµ ∶ (qBk )2 qBϕ (cL,k − cR,k) = 0 .

(3.9)

After imposing Eq. (3.5), if qBϕ , q
A
k , q

B
k ≠ 0 and qA

1
= qA

2
, the solution is cL,1 = cR,2, cL,2 = cR,1,

if instead qBϕ , q
A
k ≠ 0, qBk = 0 or qA

1
= −qA

2
, the only constraint is ∑k cL,k = ∑k cR,k, etc.
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We can easily work out the WZ terms for our toy model. In particular, we gauge the

anomalous symmetry associated to the current JBµ , and we give a mass to the Weyl fermions

by adding to the Lagrangian in Eq. (3.6) the following term

δL = −ykϕψk,Lψk,R + h.c. , (3.15)

where we chose yk real. Gauge invariance forces that 2qBk = qBϕ , and the Noether current in

Eq. (3.3) respects the same anomalous Ward identities as in the case where the fermions were

massless [12, 13].

In the broken phase, we can integrate out the fermions which obtain a mass mk = ykv√
2
. In

the EFT below mk, the anomalous WZ terms associated to triangle diagrams, irrespective of

whether they arise from dimension-4 or dimension-6 vertices, are of two types: axionic terms

of the form 2 θFiF̃j and pure-gauge field terms of the form Ai∧Aj ∧Fk, known as Generalized

Chern-Simons (GCS) terms [14, 15]. For our toy model, they read

LEFT = −CAA
16π2

θ

v
FAF̃A −

CAB

16π2
θ

v
FAF̃B −

CBB

16π2
θ

v
FBF̃B −

EABA

8π2
AµBνF̃

µν
A −

EABB

8π2
AµBνF̃

µν
B ,

(3.16)

and the coefficients are

CAA = (qAk )2 , CAB = 0 , CBB = 2 (qBk )2
3

, EABA = 4 (qAk )2 qBk
3

, EABB = 0 . (3.17)

They are computed from fermion triangle diagrams where the vertices are connected to

Aµ,Bµ, θ via a dimension-4 vertex, or to the gauge-invariant contribution iv(∂θ + vqBϕB) ⊂
ϕ†←→Dϕ via a dimension-6 vertex (see Appendix B for details). A first thing to notice from

Eq. (3.17) is that the usual anomalies are reproduced in the EFT. Indeed,

δLeff = −
ǫA

24π2
2 (qAk )2 qBk FAF̃B − ǫB

24π2
[(qAk )2 qBk FAF̃A + 2 (qBk )3 FBF̃B] , (3.18)

where ǫA/B are the parameters of the gauge transformations under which δAµ = −∂µǫA, δBµ =

−∂µǫB and δθ = vqBϕ ǫB. We see there that the gauge transformations of the bosonic EFT are

zero if and only if the UV anomalies in Eq. (3.5) cancel. The second thing to notice is that

there is no anomalous shift proportional to cL/R, confirming that their values have no impact

on the gauge-invariance of the theory.

4 The case of the SMEFT

We can now follow the same logic and show that triangle diagrams in the broken phase of the

SMEFT do not constrain the WCs entering Eq. (1.1). Note that, since we restrict to triangle

diagrams, we are only sensitive to the linear parts of non-abelian field strengths or to the

linear parts of the gauge transformations of GBs or gauge fields. All formulae below should

be read accordingly, for instance GAµν = ∂µG
A
ν − ∂νG

A
µ for the gluon field strength below.

2We use the definition F̃
µν
j = ǫµνρσ

2
Fρσ,j .
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4.1 Gauge and Goldstone couplings

We introduce the GBs in the Higgs field,

ϕ = ei
πa

v
σa ⎛⎝

0

v√
2

⎞
⎠ . (4.1)

Under a gauge transformation U = ei
σa

2
ǫa+iyϕǫY , they transform at linear order as

δπa =
v

2
ǫa − vδa3yϕǫY . (4.2)

We have, at linear order again,

iϕ†←→Dµϕ = −v
2 (yϕBµ − W

3

µ

2
) + v∂µπ3 , iϕ†←→Da

µϕ = −(v
2

2
W a
µ − v

2δa3yϕBµ + v∂µπ
a) , (4.3)

and one can check that these expressions are gauge-invariant at leading order. We find the

following modifications to LH gauge couplings,

−ψL,i(δij [yψ /B + T a /W a] +
⎡⎢⎢⎢⎢⎣
v2
⎛
⎝yϕ /B −

/W 3

2

⎞
⎠ − v /∂π3

⎤⎥⎥⎥⎥⎦
⎡⎢⎢⎢⎢⎣
c
(1)
ϕψ,ij

Λ2
− 2T 3

c
(3)
ϕψ,ij

Λ2

⎤⎥⎥⎥⎥⎦
+ 2T a=1,2

c
(3)
ϕψ,ij

Λ2
[v2
2
/W a
+ v /∂πa])ψL,j ,

(4.4)

where T a = τa

2
, and for RH fields the equivalent expression is obtained by replacing T a=1..3 → 0,

c
(1)
ϕψ
→ cϕψ and c

(3)
ϕψ
→ 0. In the Yukawa couplings, we have

L ⊃ −QYuuϕ̃ −QYddϕ −LYeeϕ + h.c. = − 1√
2
((v + iπ3)uL + i(π1 + iπ2)dL)YuuR

−

1√
2
((v − iπ3)dL + i(π1 − iπ2)uL)YddR

−

1√
2
((v − iπ3)eL + i(π1 − iπ2)νL)YeeR + h.c.

(4.5)

4.2 Wess–Zumino terms

We now study the one-loop WZ terms generated by matching between the SMEFT and the

bosonic theory below the mass of all fermions. Since anomalies are independent of fermion

masses, we work in the theory with the field content and operators of the SMEFT, but with

gauge and Yukawa couplings such that it makes sense to integrate out all fermions and remain

with a bosonic EFT. Indeed, the quantum consistency of the theory does not depend on the

precise numerical values of the Yukawas and the gauge couplings, so we are free to study

anomalies in this “deformed” theory. In order to account for the neutrinos in the same way,

we add RH neutrinos νR to give neutrinos a mass:

L ⊃ −LYννRϕ̃ + h.c. = − 1√
2
((v + iπ3)νL + i(π1 + iπ2)eL)YννR + h.c. , (4.6)
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but we do not include any dimension-6 coupling involving those RH neutrinos.

Let us first remind the reader what such a procedure yields for the SM at dimension 4.

In the effective theory obtained from the SM below the mass of all the fermions, focusing on

neutral bosons and GBs (the charged ones are treated identically), one finds the following

couplings (see Appendix B),

LEFT ⊃ −
1

16π2
π3

v
BB̃ (3 [y2u + yQyu − y2d − yQyd] + y2ν + yLyν − y2e − yeyL)

−

1

16π2
π3

v
BW̃ 3 (3(yd + 4yQ + yu)

2
+

ye + 4yL + yν

2
)

−

1

8π2
BµW

3

ν B̃
µν (yν − ye)(ye + yL + yν) + 3(yu − yd)(yd + yQ + yu)

2

−

1

8π2
BµW

3

ν W̃
3,µν 3(yu + yd) + ye + yν

4
,

(4.7)

where as we said we restrict to the linear pieces in the non-abelian field strengths, and we use

the same letter to designate both the SM gauge fields and their field strengths. The variation

of the action reads (using relations such as yu = yQ + yϕ, and similarly for all fermions),

δLEFT = −
ǫY

16π2
[(6y3Q + 2y3L − 3y3u − 3y3d − y3e − y3ν)BB̃ + 3yQ + yL

2
W 3W̃ 3] − ǫ3

16π2
(3yQ + yL)BW̃ 3.

(4.8)

Demanding that those variations vanish, we recover the known U(1)3Y and U(1)Y × SU(2)2L
anomaly cancellation conditions.

Now we can study the WZ terms which arise from inserting one dimension-six vertex in

the triangle diagrams. They are all found to vanish (see Appendix B for details). As for the

toy model in Section 3, the SM fermions do not generate any breakdown of gauge invariance

in the EFT from triangle diagrams, and in particular we do not find any sum-rule to enforce

at dimension-6.

5 Conclusions

In this note, we showed that the constraints on the WCs derived in Ref. [1] do not hold

in the EFTs obtained from a simple, consistent, anomaly-free, and well-known BSM models

at tree-level. It is possible to build less minimal models adding more vector-like fermions

and, as can be seen easily from Ref. [4], they would violate the constraints in a similar way.

Furthermore, we explained why, in another simple model, the constraints are fulfilled just

as a direct consequence of gauge anomaly cancellation in the full UV model. As shown in

our counterexample with RH neutrinos, the EFT can be consistent even while violating those

constraints. We also pointed out that the sum-rules will be fulfilled by any BSM model that

belongs to the class of Universal Theories.

We explained how to consistently compute the gauge anomalies in EFTs and stressed the

importance of including the GBs in the computation. With a very simple toy model, we showed
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that their inclusion is a natural consequence of the proper identification of the classical current

that may be anomalous. In other words, ignoring the GBs in the gauge anomaly computation

equates to asking that a classically non-conserved current be conserved at the quantum level3.

We also rephrased our discussion in terms of WZ terms, and showed that no EFT terms made

out of GBs and gauge fields match the would-be dimension-6 anomalies, both in our toy model

and in the SMEFT.

As a final comment, let us stress that we are not claiming that the complete BRST

cohomology with abelian gauge fields derived in Ref. [16] and referred to in Ref. [1] is not

relevant for EFTs. We did not treat this question systematically, but rather simply claimed

that triangle diagrams arising from the operators in Eq. (1.1) in the broken phase of the

SMEFT do not yield new anomaly cancellation conditions.
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A The results of Ref. [1] for the SMEFT from explicit anomaly polynomials

In Ref. [1], sum-rules were derived on the set of SMEFT operators in Eq. (1.1). The argument

goes as follows: in the broken phase of the theory, fixing the Higgs field to its vev, we obtain

from the SMEFT operators in Eq. (1.1) a modification to the three-points couplings between

gauge fields and fermions. Demanding the conservation of the new fermionic current to which

the gauge field couples yields relations between the dimension-6 SMEFT coefficients.

More precisely, we have, when ϕ = (0, v√
2
) T ,

iϕ†←→Dµϕ = −v
2 (yϕBµ − W

3

µ

2
) , iϕ†←→Da

µϕ = δ
a3yϕBµ −

v2

2
W a
µ , (A.1)

3Let us make a remark about using the unitary gauge: fixing the GBs to zero in a Noether current and in

all eoms breaks the current conservation at the classical level already. This is easily seen in a model where a

fermionic mass is obtained after spontaneous symmetry breaking. Consequently, it is not expected that the

current is conserved in the unitary gauge at the quantum level.
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and the operators in Eq. (1.1) induce the following modifications to gauge vertices,

− ψiδij (yψ /B + T a /W a)ψj
→ −ψi

⎛
⎝
⎡⎢⎢⎢⎢⎢⎣
yψδij + v

2yϕ

⎧⎪⎪⎪⎨⎪⎪⎪⎩
c
(1)
ϕψ,ij

Λ2
− 2T 3

c
(3)
ϕψ,ij

Λ2

⎫⎪⎪⎪⎬⎪⎪⎪⎭
⎤⎥⎥⎥⎥⎥⎦´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

≡TB
ij

/B + T a
⎡⎢⎢⎢⎢⎣
δij + v

2
c
(3)
ϕψ,ij

Λ2

⎤⎥⎥⎥⎥⎦´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
≡TW,a
ij

/W a
−v2

c
(1)
ϕψ,ij

2Λ2´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
≡TW3

ij

/W 3⎞
⎠ψj ,

(A.2)

where T a = τa

2
or 0 for left- and right-handed fermions respectively, and for RH fermions

c
(1)
ϕψ
≡ cϕψ and c

(3)
ϕψ
= 0. We also defined new flavoured "generators" from the gauge field-

fermions couplings. Then, one can compute the anomaly polynomials4 Dijk associated to

those new generators. Organising the result as an expansion in Λ
−2, they vanish at leading

order since they correspond to the ones of the SM. At dimension-6, they read

DBBB
= 3yϕ

v2

Λ2
(6y2Qc(1)ϕQ,ii + 2y2Lc(1)ϕL,ii − 3y2ucϕu,ii − 3y2dcϕd,ii − y2ecϕe,ii) ≡ 3yϕ v

2

Λ2
A

DBGAGB
= yϕδ

AB v2

2Λ2
(2c(1)ϕQ,ii − cϕu,ii − cϕd,ii)

DBWa=1,2W b=1,2

= δab
v2

2Λ2
(3 [2yQc(3)ϕQ,ii + yϕc(1)ϕQ,ii] + 2yLc(3)ϕL,ii + yϕc(1)ϕL,ii)

DBBW 3

= −

v2

2Λ2
(A + 4yϕ [3yQc(3)ϕQ,ii + yLc(3)ϕL,ii])

DBRR
= yϕ

v2

Λ2
(6c(1)ϕQ,ii + 2c(1)ϕL,ii − 3cϕu,ii − 3cϕd,ii − cϕe,ii)

(A.4)

Demanding that all those expressions vanish yields the results of Ref. [1].

B Derivation of the Wess–Zumino terms

To derive the WZ terms in the bosonic EFTs encoutered previously, we use the formulae in

Appendix A of Ref. [15]. They can be immediately applied to derive the contribution of the

dimension-4 couplings5, and the dimension-6 contributions can be obtained by applying the

same formulae with an additional "gauge field", corresponding to the suitable combination of

Goldstone bosons and actual gauge fields. In the toy model of Section 2, this is

B̂µ ≡ v(∂µθ + vqϕBµ) , (B.1)

4For arbitrary gauge groups Gi,Gj ,Gk of generators Ti, Tj , Tk, they read

D
ijk ≡ ∑

LHψ

1

2
Tr(T i{T j , T k}) − ∑

RHψ

(same) . (A.3)

5Diagrams which lead to GCS terms are linearly divergent: we fix the ambiguity in momentum shifts

by treating all gauge fields symmetrically when all vertices connect to dimension-4 fermion currents, and by

demanding that the dimension-4 currents are conserved when one of the vertices connects to a dimension-six

term. Such choices are related to counterterms in the EFT, so they do not matter when discussing relevant

anomalies [3].
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with

EA0BB =c
(1)
ϕu (yQ − yu)(yQ + 2yu) + c(1)ϕd (yQ − yd)(yQ + 2yd) − c(1)ϕQ (y2d + ydyQ − 4y2Q + yQyu + y2u)
− c
(3)
ϕQ(yd − yu)(yd + yQ + yu) + 1

3
c(1)ϕe (yL − ye)(yL + 2ye)

−

1

3
c
(1)
ϕL
(y2e + yeyL − 4y2L + yLyν + y2ν) − 1

3
c
(3)
ϕL(ye − yν)(ye + yL + yν)

EA0W 3B =
1

2
c(1)ϕu (yQ − yu) + 1

2
c
(1)
ϕd
(yd − yQ) + c(1)ϕQ (yd − yu) + c(3)ϕQ(yd − 2yQ + yu)

+

1

6
c(1)ϕe (ye − yL) + 1

3
c
(1)
ϕL (ye − yν) + 1

3
c
(3)
ϕL(ye − 2yL + yν)

EA0BW 3 =

1

2
c(1)ϕu (yQ + 2yu) − 1

2
c
(1)
ϕd
(yQ + 2yd) − 1

2
c
(1)
ϕQ (yd − yu) − 1

2
c
(3)
ϕQ(yd + 4yQ + yu)

−

1

6
c(1)ϕe (yL + 2ye) − 1

6
c
(1)
ϕL (ye − yν) − 1

6
c
(3)
ϕL(ye + 4yL + yν)

EBW 3F0
=

3

2
c(1)ϕu yu −

3

2
c
(1)
ϕd
yd −

3

2
c
(1)
ϕQ (yd − yu) − 3

2
c
(3)
ϕQ(yd + yu)

−

1

2
c(1)ϕe ye −

1

2
c
(1)
ϕL (ye − yν) − 1

2
c
(3)
ϕL(ye + yν)

EA0W 3W 3 =

1

12
(3c(1)ϕu + 3c(1)ϕd + 12c(1)ϕQ + c(1)ϕe + 4c(1)ϕL)

(B.7)

We can rearrange those expressions into Goldstone couplings and GCS terms by separating

the terms in A0,µ, and using integration by parts. After this rearrangement, and using only

relations required by the classical gauge invariance of the theory such as yu = yQ + yϕ, all the

EFT terms in Eqs. (B.4) and (B.6) cancel each others up to some total derivative terms.

This result could have been anticipated: the only objects which can be formed using

axionic and GCS terms, and which do not spoil the gauge-invariance of the bosonic EFT,

have the following schematic form [14, 15]:

(∂µθi −Ai,µ)(∂νθj −Aj,µ)F̃µνk , (B.8)

where the gauge transformations of θi are such that ∂µθi − Ai,µ is gauge-invariant (in other

words, θi corresponds to the longitudinal component of Ai). For the expression in Eq. (B.8)

not to vanish, one needs at least two different massive gauge fields due to the antisymmetric

structure of F̃µν
k

. However, there is only one massive gauge field, the Z boson, in the neutral

sector of the SMEFT. Therefore, any non-vanishing WZ term in the bosonic EFT must break

gauge invariance, but we do not find any such term at dimension-6.
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