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TeraZ

Production of 1012 Z bosons at CEPC or FCC-ee

↪→ High-precision measurement of EWPOs

↪→ Deviations from the SM parametrized by SMEFT

EWPO =

{
ΓW , Γeν,µν,τνW , ΓhadW , σhad, ΓZ ,A

e,µ,τ
FB ,

As,c,b
FB ,Ae,µ,τ ,As,c,b,Re,µ,τ ,Rs,c,b, α

}
.
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SMEFT and EWPOs

• There are ∼ 3000 dimension-6 operators in the SMEFT

• Ignoring flavor, there are ∼ 100 of them.

• Only 10 contribute to EWPOs at tree level.

• Including RGE, there are 31 operators with contributions to EWPOs.

To be compared with 26 EWPOs.
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Blind directions

Some combinations of operators have vanishing or negligible contributions to EWPOs.

↪→ Even within the set of 31 operators that contribute to them individually.
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Are blind directions generated in realistic UV completions?
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Tree-level UV completions

de Blas, JCC, Perez-Victoria, Santiago [1711.10391]:

Any UV model
tree−level−−−−−−→ dimension-6 SMEFT

MatchingDB [gitlab.com/jccriado/matchingdb]:
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Classification of BSM particles

Scalars:

↪→ Similar tables for fermions and vectors.

5



UV models with EWP effects

Study contributions to EWPOs from single-particle extensions:

Allwicher, McCullough, Renner [2408.03992]

Gargalionis, Quevillon, Hoa Vuong, You [2412.01759]

Maura, Stefanek, You [2412.14241]

↪→ Strong constraints on most models

6



Potential blind directions in UV models

However:

• Some particles do generate a single unconstrained operator.

• SM extensions with two particles or more can generate operators that individually

would have sizable effects in EWPOs, but combined go along a blind direction.
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Finding some blind directions in the SMEFT

• Consider the set of all 4-fermion operators in the Warsaw basis.

• Exclude flavor-violating ones: c
(1)
quqd , c

(8)
quqd , cledq, c

(1)
lequ and c

(3)
lequ.

• Include third-generation fermions only (since we assume NP couples to those).

• Compute observables at tree-level + RGE from 1 TeV

The following operators do not contribute (or do so negligibly) to EWPOs:

cdd , c
(8)
qu , c

(8)
qd , c

(8)
ud , cle , cll , ced , cld .
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Finding some blind directions in the SMEFT

Allowing for 2 non-vanishing coefficients at a time:

 ΓZ

Ab

Re,µ,τ

 ∼

−0.0009 0.0008

−0.004 0.004

−0.01 0.009

(c(1)ud

c
(1)
qd

)
−→ c

(1)
ud ∼ c

(1)
qd

(
Aτ

Rτ

)
∼

(
−0.01 0.01

−0.19 0.20

)(
ceu

cqe

)
−→ ceu ∼ cqe(

Aτ

Rτ

)
∼

(
0.01 −0.01

−0.24 0.23

)(
c
(1)
lq

clu

)
−→ c

(1)
lq ∼ clu


become more robust when

ceu ∼ cqe ∼ ±c
(1)
lq ∼ ±clu
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SM extensions that generate simple blind directions

(assuming a single coupling to the SM for each new particle)
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Example 1

• ω1 ∼ (3, 1)−1/3 (a scalar leptoquark)

• Q1 ∼ (3, 1)1/6 (a vector leptoquark)

LUV = gud
ω1

ϵABCω
A†
1 d̄B

R uc CR

+ ydqQ1
ϵABCQAµ†

1 d̄B
R γµiσ2q

c C
L + h.c.

↪→ May arise in GUTs and models for flavor anomalies

Blind direction:
|yduω1

|
Mω1

≃
√
2
|gdq

Q1
|

MQ1 (using current constraints)

11



Example 2

• φ ∼ (1, 2)1/2 (a second Higgs doublet)

• B1 ∼ (1, 1)1 (a W ′)

LUV = ydφφ
†d̄RqL + gdu

B1
B†
1µd̄RγµuR + h.c.

↪→ May arise in left-right SUSY models

Blind direction:
|ydφ |
Mφ

≃
√
2
|gdu

B1
|

MB1

(using current constraints)
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Example 3

5 leptoquarks:

• Scalars: ω1 ∼ (3, 1)−1/3 and Π7 ∼ (3, 2)7/6 ,

• Vectors: U2 ∼ (3, 1)2/3, Q5 ∼ (3, 2)−5/6 and

X ∼ (3, 3)2/3

↪→ May arise in GUTs

Blind direction:

|y euω1
|

Mω1

∼
√
2
|g eq

Q5
|

MQ5

∼
|y luΠ7

|
MΠ7

∼ 2
|g lq

U2
|

MU2

∼ |gX |
MX

.

(using current constraints)
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Summary

• SMEFT parameter space ≫ # of EWPOs =⇒ blind directions

• EWPOs are sensitive to many single-particle extensions

• However, other single-particle extensions only generate operators with negligible

contributions to EWPO

• Additionally, multi-particle extensions may generate combinations of operators

along blind directions

• Measurements at higher energies and different kinematic regimes are required to

resolve these degeneracies
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