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CP-Violation in the Standard Model 
CP-Violation must have a flavor-independent meaning. In the SM, this is provided by the 
Jarlskog Invariant 
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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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A = A(4) +A(6) + . . . ) |A(4)|2 + 2Re
⇣
A(4)A(6)⇤

⌘

Conserves CP iff J4 = 0

Conserves CP iff  & ???=0J4 = 0

More precisely, what are the order parameters of CP-Violation in the SMEFT?

CP-Violation in the SMEFT
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Given a SMEFT dimension-6 operator containing fermions, we can build a set of CP-odd 
flavor invariants by giving it spurionic transformation properties.

For example turn on only

CP-odd invariants
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Given a SMEFT dimension-6 operator containing fermions, we can build a set of CP-odd 
flavor invariants by giving it spurionic transformation properties.

For example turn on only

CP is conserved iff  J4 = LuH
i = 0 i = 1,…,9

CP-odd invariants
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In the Standard Model, the smallness of the phenomenological parameters from all three 
generations conspire to produce a non-zero but small . Using the Wolfenstein 
parametrization

J4

CPV in the SM: a collective effect
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with  λ ≈ 0.2 , ai = 𝒪(1)
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CPV in the SMEFT: flavor assumptions
The SMEFT invariants are not as suppressed as . Different flavor models affect the 
different number of new CP-violating observables

J4
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18 new parameters

Flavor degenerate assumption:
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CPV in the SMEFT: MFV
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CPV in the SMEFT: MFV
In Minimal Flavor Violation, the flavor structure is dictated by the Yukawa matrices
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CPV in the SMEFT: MFV
In Minimal Flavor Violation, the flavor structure is dictated by the Yukawa matrices
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3 new parameters at this order
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CPV in the SMEFT: U(2)5
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CPV in the SMEFT: U(2)5
We can assume a   flavor symmetry broken 
by the spurions

U(2)5 = U(2)L ⊗ U(2)Q ⊗ U(2)e ⊗ U(2)u ⊗ U(2)d

whose vevs can be related to the SM Yukawa and CKM matrix entries. Up to :𝒪(VΔ)
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8 new parameters



| Emanuele Gendy Abd El Sayed25 January 2022 9

CPV in the SMEFT
The number of independent CP-violating parameters in  at fixed order in the  
expansion changes depending on the flavor assumption

CuH λ
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More generically, fixing the flavor 
symmetry allows us to count the 
number of independent CPV parameters 
that can appear in observables
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For example, zooming on  U(2)5

To be compared with 
(arxix:1802.07237)
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For example, zooming on  U(2)5

To be compared with 
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Thank you!


