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SM EFFECTIVE FIELD THEORY
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— SMEFT ANALYSIS —

Motivation I: lack of new light physics ⟹ Λ ≫ mW

Motivation II: model-independent analysis
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ℒSMEFT = ℒSM +
1
Λ ∑

a

C(5)
a Q(5)

a +
1

Λ2 ∑
a

C(6)
a Q(6)

a + 𝒪 ( 1
Λ3 )

Add higher dimensional operators

 only 1: Weinberg operator

 59 operators

 just a lot

Q(5)
a

Q(6)
a

Q(n≥7)
a

— warning! Wilson coefficients are scale dependent  —C ≡ C(μ)

— neutrino masses—

— leading order for cLFV (some of them) —

— we neglect them—

[Buchmuller&Wyler’86, Grzadkowski et al’ 10]
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4-lepton operators Dipole operators

Q`` (L̄�µL)(L̄�µL) QeW (L̄�µ⌫E)⌧ I�W I
µ⌫

Qee (Ē�µE)(Ē�µE) QeB (L̄�µ⌫E)�Bµ⌫

Q`e (L̄�µL)(Ē�µE)

Lepton-Higgs operators

Q(1)
'` i(�† $

Dµ �)(L̄�µL) Q(3)
'` i(�†⌧ I

$
Dµ �)(L̄⌧ I�µL)

Q'e i(�† $
Dµ �)(Ē�µE) Qe'3 (L̄E�)(�

†
�)

2-lepton 2-quark operators

Q(1)
`q (L̄�µL)(Q̄�µQ) Q`u (L̄�µL)(Ū�µU)

Q(3)
`q (L̄�µ⌧ IL)(Q̄�µ⌧ IQ) Qeu (Ē�µE)(Ū�µU)

Qeq (Ē�µE)(Q̄�µQ) Q`edq (L̄aE)(D̄Qa
)

Q`d (L̄�µL)(D̄�µD) Q(1)
`equ (L̄aE)✏ab(Q̄bU)

Qed (Ē�µE)(D̄�µD) Q(3)
`equ (L̄a�µ⌫E)✏ab(Q̄b�µ⌫U)

<latexit sha1_base64="F7uPxPqoiOiZJqZVG8pz+6YXUm4="></latexit>
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LFVZD IN SMEFT
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BR (Z → ℓiℓj) =
mZ

12πΓZ { gVRδij + δgij
VR

2
+ gVLδij + δgij

VL

2
+

m2
Z

2 ( δgij
TR

2
+ δgij

TL

2)},

  ,                          

  ,     

gVR =
esw

cw
δgij

VR = −
ev2

2swcwΛ2
Cij

φe

gVL =
e

swcw (−
1
2

+ s2
w) δgij

VL = −
ev2

2swcwΛ2 (C(1) ij
φℓ + C(3) ij

φℓ )
δgij

TR = δgji *
TL = −

v

2Λ2 (swCij
eB + cwCij

eW) ≡ Cij
eZ

Following Brignole&Rossi [hep-ph/0404211], Crivellin et al. [1312.0634]

Tree-level: 3 incoherent contributions from the 5 operators
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Z
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Z
f

f

Z
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OUR ANALYSIS
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— Single WC at  µ=MZ  —

—  Single WC at  µ= Λ  —

— Several WC at  µ= Λ —
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HOPE AT FUTURE LEPTON COLLIDERS
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— Single WC at  µ=MZ  —

Dipole

Higgs-lepton

Z → μe Z → τℓ

—  Single WC at  µ= Λ  —
— Several WC at  µ= Λ —
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Probing effective operators at µ=Λ

NP scale probed by current experiments

Accesible at future experiments
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HOPE AT FUTURE LEPTON COLLIDERS

17

— Single WC at  µ=MZ  —

Dipole

Higgs-lepton

Z → μe Z → τℓ

—  Single WC at  µ= Λ  —

— Several WC at  µ= Λ —
—  TeraZ ≥ Belle II   —



Xabier Marcano The 2021 International Workshop on CEPC — November 11th 2021

BEYOND THE SINGLE OPERATOR

18

�� (� ��� ) = ��-��

�� (� ��� ) = ��-��

�� (� ��� ) = ��-��

�� (� ��� ) = ��-��

-10-8-10-7-10-6-10-5-10-4-10-3

10-8

10-7

10-6

10-5

10-4

10-3

���
����

�
��(�
)�
�

� � ���
�� (� � �)

10-8 10-7 10-6 10-5 10-4 10-3

10-8

10-7

10-6

10-5

10-4

10-3

���
����

�
��(�
)�
�

Λ = 1 TeV

Probing two effective operators at µ=Λ
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Probing two effective operators at µ=Λ

Allowed by current experiments

Allowed if future experiments find nothing
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Huge amount of fine tuning to avoid all low-energy constraints

Λ = 1 TeV

Probing two effective operators at µ=Λ
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BEYOND THE SINGLE OPERATOR
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Potential 2D flat directions constrained by other observables

More cases in arXiv: 2107.10273 !!!

Λ = 1 TeV

Probing two effective operators at µ=Λ
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Potential 2D flat directions constrained by other observables

More cases in arXiv: 2107.10273 !!!

Λ = 1 TeV

Probing two effective operators at µ=Λ
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HOPE AT FUTURE LEPTON COLLIDERS
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— Single WC at  µ=MZ  —

—  Single WC at  µ= Λ  —

Dipole

Higgs-lepton

Z → μe Z → τℓ

— Several WC at  µ= Λ —
avoiding extreme fine tuning

 still allowedBR(Z → τℓ) ≃ 10−7
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TeraZ factory optimal place to boost LFV Z decay searches

These sensitivities compete with indirect low-energy observables 

From our SMEFT analysis:

SUMMARY

21

Dipole

Higgs-lepton

Z → μe Z → τℓ

— improve current limits by 3-4 orders of magnitude —

—  TeraZ ≥ Belle II   —
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These sensitivities compete with indirect low-energy observables 

From our SMEFT analysis:

SUMMARY
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Dipole

Higgs-lepton

Z → μe Z → τℓ

— improve current limits by 3-4 orders of magnitude —

—  TeraZ ≥ Belle II   —

Don’t give up with Z → µe !!!   

— the X marks the spot —
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Thank you!
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BACK UP
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LOW-ENERGY CLFV
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Refs in arXiv: 2107.10273
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SMEFT RGE
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Full one-loop SMEFT RGE in Jenkins et al. [1308.2627, 1310.4838, 1312.2014] 

Most relevant for the LFVZD



Xabier Marcano The 2021 International Workshop on CEPC — November 11th 2021

OTHER OPERATORS
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Λ = 1 TeV

Probing two effective operators at µ=Λ
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OTHER OPERATORS
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Λ = 1 TeV

Probing two effective operators at µ=Λ
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OTHER OPERATORS
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Λ = 1 TeV

Probing two effective operators at µ=Λ
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