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 in the EFT expansion1/Λ2
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Outline

• Review: CP-Violation in the Standard Model and the Standard Model 
Effective Field Theory

• CPV in the SMEFT: no way out of collectivity

• Counting CP-odd flavor-invariants at order 1/Λ2

• Collectivity and suppression in the SMEFT



CP-Violation in the Standard Model

In the Electroweak sector, CP violation is encoded in the CKM matrix

Taken from: Matthew D. Schwartz, “Quantum Field Theory and the Standard Model” 4



CP-Violation in the Standard Model

In the Electroweak sector, CP violation is encoded in the CKM matrix

Taken from: Matthew D. Schwartz, “Quantum Field Theory and the Standard Model” 4



CP-Violation in the Standard Model

In the Electroweak sector, CP violation is encoded in the CKM matrix

Taken from: Matthew D. Schwartz, “Quantum Field Theory and the Standard Model”

Under CP:

4



CP-Violation in the Standard Model

In the Electroweak sector, CP violation is encoded in the CKM matrix

Taken from: Matthew D. Schwartz, “Quantum Field Theory and the Standard Model”

Under CP:

so a complex CKM matrix breaks CP 

4



5

CP-Violation must thus have a flavor-independent meaning. In the SM, this is provided by the Jarlskog 
Invariant 
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CP-Violation in the Standard Model

CP in the Standard Model is conserved iff J4 = 0
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Deviations from the dimension-4 SM are parametrized via higher dimensional, gauge invariant 
operators, built with SM field
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We will focus on operators of dimension 6 in the Warsaw basis (B. Grzadkowski et al. arXiv:1008.4884)

The Standard Model is generally intended as the renormalizable part of a larger description, that 
includes the effects from heavy resonances that cannot be produced on-shell (assuming no new light 
degrees of freedom). 
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As we know from the SM, the presence of phases alone does not necessary imply CPV. 

Take a SMEFT with just one generation and only turn on the modified Yukawa  operator𝒪uH
<latexit sha1_base64="6NOgVxxHHTYae5RxpKUuHtwgFUY="></latexit>
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After EWSB this operator produces a correction to the electron EDM via a Barr-Zee type diagram
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CP violation in the SMEFT

One could argue that this phase can be removed redefining 

, but it will pop up again in the mass 

term , so actually

<latexit sha1_base64="Q49rxOzP6s0PRj/5GmvvwYfCtjw="></latexit>

uR ! e�i arg(CHu)uR

<latexit sha1_base64="RqSrm+PMye/jLcdzLlhVVI1vZsg="></latexit>

L � �mūLuR



7

As we know from the SM, the presence of phases alone does not necessary imply CPV. 

Take a SMEFT with just one generation and only turn on the modified Yukawa  operator𝒪uH
<latexit sha1_base64="6NOgVxxHHTYae5RxpKUuHtwgFUY="></latexit>

L = LSM +
CuH

⇤2
|H|2Q̄LuRH̃

After EWSB this operator produces a correction to the electron EDM via a Barr-Zee type diagram

𝒪Hu

CP violation in the SMEFT

One could argue that this phase can be removed redefining 

, but it will pop up again in the mass 

term , so actually

<latexit sha1_base64="Q49rxOzP6s0PRj/5GmvvwYfCtjw="></latexit>

uR ! e�i arg(CHu)uR

<latexit sha1_base64="RqSrm+PMye/jLcdzLlhVVI1vZsg="></latexit>

L � �mūLuR
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Which phases are physical for 3 flavors? When does the SMEFT break CP?
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Which phases are physical for 3 flavors? When does the SMEFT break CP?
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CP violation in the SMEFT

What are the order parameters of CP-Violation in the SMEFT?
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Working at  reduces the number of CP-violating parameters. Let us start from the up-basis𝒪(1/Λ2)

In the lepton sector, this choice breaks the  of the free Lagrangian down to the  described by the 
transformation 

U(3)L × U(3)e U(1)3

<latexit sha1_base64="9u1LYVzDVa8d+Sa2aSSIr0zopYk="></latexit>

(L, e) ! diag(ei�1 , ei�2 , ei�3)(L, e)

At dimension 6, operators containing leptons are charged under this symmetry, e.g. 
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Off-diagonal coefficients are charged under such , so at  no invariant containing them can be builtU(1)3 𝒪(1/Λ2)
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Yu = diag(yu, yc, yt) Yd = VCKMdiag(yd, ys, yb) Ye = diag(ye, yµ, y⌧ )

CP-odd observables at  𝒪(1/Λ2)

This has to be a symmetry of all observables.
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How suppressed are the SMEFT invariants?
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This depends on the assumption we make on 
the flavor structure of the dimension-six 
operator coefficient. 
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• CPV in the SMEFT inherits the collective nature of CPV in the SM

• Additional CP breaking contained in the coefficients of fermionic higher dimensional operators can 
be consistently captured by CP-odd linear flavor-invariants

• Not all new phases contained in the operator coefficients break CP at order . Using 
invariants straightforwardly provides the correct counting

𝒪(1/Λ2)

• The invariants can be used to check the suppression of CPV coming from SMEFT operators

Summary
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Thank you


