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constraints on 𝑐5	from data

consistency requirements, such as
causality, unitarity, Lorentz invariance



constraints from anomalies

any constraint on 𝑐5	from gauge anomaly cancellation ?  

standard criterion
about ℒ0 : 𝑡𝑟	 𝑡? 𝑡@, 𝑡B = 0

𝑡? fermion 
generators 
of gauge group 
in a Weyl basis 

given an EFT satisfying the standard criterion, 
the question is not IF anomalies cancel, but

HOW they cancel ?



is 𝑀𝑆 prescription sufficient to fully define the renormalization scheme?

a concrete problem

you have been asked to compute 𝑒E𝑒- → 𝑊E𝑊- in the SMEFT 
at 1-loop and 1/Λ. accuracy 

requirements:
- generic gauge
- dimensional regularization



Tools
classical, gauge invariant, action S

𝑆 = I𝑑0𝑥
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	ℒ(𝜓, 𝜑,𝐴) 𝛿P𝑆 = 0

𝜕R𝑗R = 0 𝑗R = −
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gauge invariance of effective, action W
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𝛿P𝑊 ≠ 0

𝛿P𝑊 = 0

Anomaly



𝛿P𝑊 efficiently studied through differential operators 𝐿(𝑥)

for instance: 
abelian theory, 
one charged scalar

𝛿P𝑊 = I𝑑0𝑥	𝛼 𝑥 	𝐿 𝑥 𝑊[
�
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𝜑, 𝐴]

regularization 𝑊	 →		𝑊b
𝐿(𝑥)𝑊b ≠ 0 is the theory anomalous ?

inspect the entire class 𝑊 =𝑊b + ∫𝑑0
�
� 𝑦	𝑃(𝑦)

𝐿 𝑥 	[𝑊b +I𝑑0
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𝑦	𝑃B 𝑦 ] = 0 define 𝑊 =𝑊b +I𝑑0𝑦	𝑃B(𝑦)
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𝐿(𝑥)𝑊 = 0

an anomaly is a non trivial equivalence class {𝐿 𝑥 𝑊}

if	𝑃B 𝑦 exists such that  

𝛿P𝑊 = 0	 ↔ 𝐿(𝑥)𝑊 = 0

𝑃 𝑦 local 
polynomial 
in the bosonic 
fields. 

𝑃B 𝑦 	defined up to a 
gauge invariant contribution



we can regard the class 𝐿 𝑥 𝑊 as the unknown in this equation
the general solution is known from cohomology



{𝐿? 𝑥 𝑊}=

semisimple gauge group: 
the anomaly is a polynomial of dimension 4 in the fields and derivatives

The anomaly does not depend on 𝑐5 in semisimple gauge theories 

abelian theory, one charged scalar       
non-trivial candidate anomalies 𝐿 𝑥 𝑊

these are solutions of 

dependence on 𝑐5 not forbidden by BRST cohomology if
Ggauge is not semisimple



diagrammatic proof uses two 
regularizations
- gauge invariant for diagrams
containing d > 4 operators
- non gauge-invariant for diagrams
containing renormalizable
operators

What happens if we use a unique regulator?

no dependence on ck for
general gauge group G



a miniature SM

𝑸
𝜑 −1
𝑙k −1
𝑙l 0
𝑞k +1
𝑞l 0

tr 𝑄qr
#
= 0

no anomaly
according to usual 
criterion

𝐺s?tsu = 𝑈(1)
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𝑊 𝜑,𝐴 =3
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+ 4-fermion
interactions

compute 𝑊[𝜑, 𝐴]

ℛR = 𝒱R +		𝒜R = 𝑖	𝐶|l 𝜑E𝐷R𝜑
ℒR 	= 𝒱R −𝒜R = −𝑔	𝑄𝐴R + 𝑖	𝐶|k 𝜑E𝐷R𝜑



result in DR      t’Hooft-Veltman 𝛾7

𝜉YZ			𝜉YY terms are trivial

local polynomial
in bosonic fields

tr 𝑄qr
#
= 0 usual condition for anomaly cancellation



C

an 𝒪 ℏ 	counterterm at 𝒪 1/Λ.

- applies to both broken 
and unbroken phase

𝑊B =

𝑊B should be included when evaluating a physical amplitude at 1-loop order
as in 𝑒E𝑒- → 𝑊E𝑊-

regularization-dependent: unphysical by itself
only the combination [diagrams + counterterm] is physical
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𝛽						𝑞

= − s��
;���� 𝑡𝑟 𝐶Yl − 𝐶Yk 𝜖P�R�𝑝R𝑞�+….

- depends on 𝑐5 coefficients



𝑒E𝑒- → 𝑊E𝑊- in SMEFT

can be sensitive to 3rdgeneration 
d=6 operators as

Ward identities of
𝛾𝑊𝑊 vertex require
counterterms such as

𝑀𝑆 prescription insufficient to fully define the renormalization scheme



conclusion

the computation outlined in previous miniature SMEFT 
might allow to determine the whole set of such counterterms.

condition for gauge anomaly cancellation in EFTs

𝑡𝑟	 𝑡? 𝑡@, 𝑡B = 0
no extra conditions on coefficients 𝑐5

consistent amplitudes  evaluated at ≥ 1 loop, 	1/Λ� orders
require (𝑐5 ,regularization)-dependent counterterms



𝑇𝐻𝐴𝑁𝐾		𝑌𝑂𝑈



four-fermion operators

can be rewritten as fermion bilinears
through gauge invariant auxiliary fields

𝐿(𝑥)𝑊b 𝜑, 𝐴 =

=

as before, the 
non-trivial part comes
from 𝐵R? = 𝐴R





−𝑔	𝑄𝐴�

−𝑔	𝑄𝐴�

−𝑔	𝑄𝐴R

𝑊 𝜑,𝐴 =3
�

�

+ +
−𝑔	𝑄𝐴�

−𝑔	𝑄𝐴�

𝑖	𝐶|k 𝜑E𝐷R𝜑

only triangle diagrams with 𝒱R and 𝒜Rinsertions contribute to the anomaly

expand 𝑊 𝜑,𝐴 powers of 𝒱R and 𝒜R

+	….+
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compute 	𝐿 𝑥 𝑊[𝜑, 𝐴]

𝐿(𝑥)𝑊 𝜑, 𝐴 =3
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we can regard the class 𝐿 𝑥 𝑊 as the unknown in this equation
the general solution is known from cohomology

by quantizing 𝜑, 𝐴R gauge invariance is replaced by BRST invariance

𝛿�l^$	𝑊 = 0	 𝛿�l^$. = 0

WZ consistency condition reads

𝛿�l^$ 𝛿�l^$𝑊b = 0



solution of WZ equations



semisimple gauge group: 
the anomaly is a polynomial 
of dimension 4 in the fields
and derivatives

dependence on 𝑐5
only in d > 4 contributions

𝐿(𝑥)

only if there are
at least two abelian
factors in 𝐺s?tsu

The anomaly does not depend on 𝑐5 in semisimple gauge theories 

.	.	.	.	.
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no limits on the dimensionality of the anomaly for abelian factors

abelian theory, one charged scalar       
non-trivial candidate anomalies 𝐿 𝑥 𝑊

these are solutions of 

dependence on 𝑐5 not forbidden by BRST cohomology if
Ggauge is not semisimple


