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Probing Top-quark Operators with Precision
Electroweak Measurements

Yiming Liu

Institue of High Energy Physics, Chinese Academy of Sciences

LHC TOP WG meeting 2022/6/15
Based on 2205.05655 with Yuhao Wang, Cen Zhang, Lei Zhang,

Jiayin Gu
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Motivation

1, At LEP1/2, low-energy precision measurements, and ee collider in the
future, we can use loops to open up more possibilities. Loop factor
suppression will be compensated for by the precision.
2, Our study is one of the many first steps towards a more complete
loop-level SMEFT global analysis.
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Theoretical framework

[Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010]
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Theoretical framework

Q(3)
φQ = i

(
ϕ†τ IDµϕ

)(
Q̄γµτ IQ

)
Q(1)

φQ = i
(
ϕ†Dµϕ

) (
Q̄γµQ

)
Qφt = i

(
ϕ†Dµϕ

)
(̄tγµt)

Qφb = i
(
ϕ†Dµϕ

) (
b̄γµb

)
Qφtb = i

(
ϕ̃†Dµϕ

)
(̄tγµb)

QtW =
(

q̄σµντ It
)
ϕ̃WI

µν

QbW =
(

q̄σµντ Ib
)
ϕWI

µν

QtB = (q̄σµνt) ϕ̃Bµν

QbB = (q̄σµνb)ϕBµν

[Cen Zhang, Nicolas Greiner, Scott Willenbrock, 2012]
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Theoretical framework

Impose a U(2)u
⊗

U(2)d
⊗

U(2)q
⊗

U(3)l
⊗

U(3)e flavor symmetry

Q(+)
φQ ≡ Q(1)

φQ + Q(3)
φQ,

Q(+)
lQ ≡ Q(1)

lQ + Q(3)
lQ ,

Q(−)
φQ ≡ Q(1)

φQ − Q(3)
φQ,

Q(−)
lQ ≡ Q(1)

lQ − Q(3)
lQ ,
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Theoretical framework

[J Erler and A Freitas. Electroweak model and constraints on new

physics.] [D Geiregat, Gaston Wilquet, U Binder, H Burkard, U

Dore, W Flegel, H Grote, T Mouthuy, H Øverås, J Panman, et al.

First observation of neutrino trident production.]

[Aielet Efrati, Adam Falkowski, and Yotam Soreq. Electroweak

constraints on flavorful effective theories.]

[Morad Aaboud, Georges Aad, Brad Abbott, Jalal Abdallah, O

Abdinov, Baptiste Abeloos, Syed Haider Abidi, OS AbouZeid, Nadine

L Abraham, Halina Abramowicz, et al. Measurement of the W-boson

mass in pp collisions at √s = 7GeV with the ATLAS detector.]

[Electroweak Measurements in Electron–Positron Collisions at

W-Boson-Pair Energies at LEP.]

[A Combination of Preliminary Electroweak Measurements and

Constraints on the Standard Model.]

[Measurement of the cross-section and forward-backward charge

asymmetry for the b and c-quark in e+e− annihilation with

inclusive muons at √s = 58GeV]
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Theoretical framework

1, The first class involves the third generation quarks

Q(1)
φQ,Q

(3)
φQ,Qφt,Qφb,Qφφ,QtW,QtB,QbW,QbB

2, The second class have tree-level contribution to
e+e− → f̄f(f ̸= t), e+e− → W+W−.

Q(1)
φQ,Q

(3)
φQ,Qφu,Qφd,Q(1)

φl ,Q
(3)
φl ,Qφe,Q

′

ll,QφD,QφWB,OW

3, The third class are 4-fermion operators that directly contribute to
the e+e− → f̄f(f ̸= t) and several low energy scattering processes at
tree level.

Qqe,Qeu,Qed,Q(1)
lq ,Q(3)

lq ,Qlu,Qld,Oll,Qee,Qle

4，The fourth class are 4-fermion operators that directly contribute
to the e+e− → bb̄ at tree level.

Q(1)
lQ ,Q(3)

lQ ,Qlb,QeQ,Qeb

8 / 24
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Theoretical framework

1, For observable without Zbb couplings, the nine operators modify the
self-energies of W, Z, γ at loop-level, and therefore affect all
measurements indirectly.

Z, γ
t, b

t̄, b̄

Z, γ W
t

b

W

9 / 24
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Theoretical framework
Example

Q(−)
φQ = Q(1)

φQ − Q(3)
φQ

= −
(
φ†i

↔
D

I
µ φ

)
(q̄3τ

Iγµq3) +
(
φ†i

↔
Dµ φ

)
(q̄3γ

µq3)

= −
(
φ†i

↔
D

1

µ φ

)
(q̄3τ

1γµq3)−
(
φ†i

↔
D

2

µ φ

)
(q̄3τ

2γµq3)

−
(
φ†i

↔
D

3

µ φ

)
(q̄3τ

3γµq3) +
(
φ†i

↔
Dµ φ

)
(q̄3γ

µq3)

=
−igv2√

2
W+
µ (b̄γµt) + igv2√

2
W−
µ (̄tγµb) + igZµ

cos θW
v2t̄γµt + ......

Q(−)
φQ

Z
t

t̄

Z

10 / 24
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Theoretical framework

2, For observable with Zbb couplings, Q(3)
φQ，Q(1)

φQ，Qφb，QbW，QbB
modify the Z → bb̄ measurements at tree-level.

Q(3)
φQ = i

(
ϕ†τ IDµϕ

)(
Q̄γµτ IQ

)
Q(1)

φQ = i
(
ϕ†Dµϕ

) (
Q̄γµQ

)
Qφb = i

(
ϕ†Dµϕ

) (
b̄γµb

)
QbW =

(
q̄σµντ Ib

)
ϕWI

µν

QbB = (q̄σµνb)ϕBµν

Z

b

b

11 / 24
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Theoretical framework

3, For observable with Zbb couplings, Q(3)
φQ，Q(1)

φQ，Qφt，QtW，QtB not
only modify the self-energies of W, Z, γ at loop-level, but also modify the
Zbb̄ vertex at loop-level.

Q(3)
φQ = i

(
ϕ†τ IDµϕ

)(
Q̄γµτ IQ

)
Q(1)

φQ = i
(
ϕ†Dµϕ

) (
Q̄γµQ

)
Qφt = i

(
ϕ†Dµϕ

)
(̄tγµt)

Qφtb = i
(
ϕ̃†Dµϕ

)
(̄tγµb)

QtW =
(

q̄σµντ It
)
ϕ̃WI

µν

QtB = (q̄σµνt) ϕ̃Bµν

Z
W+

t

t

b

b

Qφt

Q(−)
φQ

12 / 24
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Theoretical framework
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Theoretical framework

To better understand the impacts of the 3rd-generation-quark
operators, we trade cφD

Λ2 QφD and cφWB
Λ2 QφWB in the Warsaw basis for

cDφB
Λ2 iDµφ†DνφBµν and cDφW

Λ2 iDµφ†σaφWa
µν：

QDφB ≡ iDµϕ†DvϕBµv

= −g′
4

QφB +
g′
2

∑
ψ

YψQ(1)
φψ +

g′
4

Qφ□ + g′QφD − g
4

QφWB

QDφW ≡ iDµϕ†σaDvϕWaµv

=
g
4

∑
F

Q(3)
φF +

g
4

(
3Qφ□ + 8λϕQφ − 4µ2

ϕ

(
ϕ†ϕ

)2)
+

+
g
2

(
ye

ij (Qeφ)ij + yd
ij (Qdφ)ij + yu

ij (Quφ)ij + h.c.
)

− g′
4

QφWB − g
4

QφW,
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Results

[ Ethier J J, Magni G, Maltoni F, et al. Combined SMEFT interpretation of Higgs, diboson, and top quark data from the LHC]

[Alioli S, Cirigliano V, Dekens W, et al. Right-handed charged currents in the era of the Large Hadron Collider [J/OL].]

[Maltoni F, Vryonidou E, Zhang C. Higgs production in association with a top-antitop pair in the Standard Model Effective Field Theory

at NLO in QCD [J/OL].]

[Buckley A, Englert C, Ferrando J, et al. Constraining top quark effective theory in the LHC Run II era [J/OL].]

[Vryonidou E, Zhang C. Dimension-six electroweak top-loop effects in Higgs production and decay]
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Results

tBc lec eec
(3)

 lϕc
(3)

 qϕc Wc BϕDc WϕDc  lϕc  eϕc  qϕc  uϕc llc' llc tWc  bϕc bBc bWc
(+)

 Qϕc
(+)

lQc lbc eQc ebc
)−(
 Qϕc  tϕc  dϕc

(1)

lqc
(3)

lqc luc ldc eqc euc edc
3−10

2−10

1−10

1

10

210

310 Tree Only
b Loop considered
t&b Loop considered
Individual Bound
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Results

20− 15− 10− 5− 0 5 10 15 20

ed
c

euc

eqc

ld
c

lu
 c110

(3)
lq c110

(1)
lqc

 dϕ c110

 tϕ c2−10

)−(
 Qϕ c2−10

eb
 c1−10

eQc

lb
c

(+)
lQc

(+)
 Qϕc

bW
 c1−10

bB
 c1−10

 bϕ c1−10

tW c1−10

ll
 c210

ll
 c'210

 uϕ c110

 qϕ c110

 eϕc
 lϕ c110

WϕD c1−10

BϕD c1−10

Wc

(3)
 qϕc

(3)
 lϕc

ee c210

le
 c210

tB c1−10
110×3.48)±:(3.02tBc

-210×3.57)±:(3.61lec

-210×1.84)±:(-0.816eec

1.97±:-0.422(3)
 lϕc

1.96±:-0.468(3)
 qϕc

4.49±:-4.48Wc

110×1.67)±:(-1.19BϕDc

110×1.97)±:(2.31WϕDc

-110×6.73)±:(-2.63 lϕc

1.35±:-0.565 eϕc

-110×2.76)±:(0.849 qϕc

-110×9.12)±:(4.87 uϕc

-210×9.43)±:(-6.95llc'

-210×9.28)±:(10.1llc

110×2.72)±:(0.42tWc

110×1.36)±:(-1.15 bϕc

110×1.84)±:(1.15bBc

110×3.24)±:(1.7bWc

5.53±:-6.07(+)
 Qϕc

5.48±:-4.68(+)
lQc

5.92±:-1.19lbc

4.77±:-1.51eQc

110×1.18)±:(1.1ebc

210×2.74)±:(0.307(-)
 Qϕc

210×1.88)±:(0.0377 tϕc

-110×9.89)±:(-6.9 dϕc

1.24±:2.56(1)
lqc

-110×4.38)±:(8.44(3)
lqc

-110×8.3)±:(-12.6luc

2.41±:-5.22ldc

1.59±:2.78eqc

1.14±:-2.44euc

2.1±:-4.11edc

Marginalized bound at 1σ

10− 5− 0 5 10

ed
 c210

eu c210

eq c210

ld
 c210

lu
 c210

(3)
lq c210

(1)
lq c210

 dϕ c210

 tϕ c110

)−(
 Qϕ c110

eb
 c110

eQ c110

lb
 c110

(+)
lQ c210

(+)
 Qϕ c210

bW
 c110

bB
 c110

 bϕ c110

tW c110

ll
 c210

ll
 c'310

 uϕ c210

 qϕ c210

 eϕ c310

 lϕ c310

WϕDc

BϕDc
W c110

(3)
 qϕ c310

(3)
 lϕ c310

ee c210

le
 c210

tB c110
-110×1.84)±:(-1.29tBc

-210×1.64)±:(-0.154lec

-210×1.21)±:(-1.23eec

-310×3.28)±:(-3.64(3)
 lϕc

-310×7.63)±:(2.48(3)
 qϕc

-110×3.72)±:(4.09Wc

1.94±:-0.195BϕDc

1.13±:0.817WϕDc

-310×4.21)±:(1.4 lϕc

-310×5.4)±:(-1.77 eϕc

-210×1.39)±:(-1.47 qϕc

-210×2.14)±:(-1.08 uϕc

-310×5.11)±:(3.49llc'

-210×1.14)±:(0.366llc

-110×2.19)±:(-3.04tWc

-110×1.05)±:(-1.74 bϕc

-110×2.27)±:(2.53bBc

-110×1.27)±:(1.04bWc

-210×2)±:(1.69(+)
 Qϕc

-210×4.22)±:(-4.77(+)
lQc

-110×2.26)±:(0.0737lbc

-110×1.14)±:(0.354eQc

-110×1.03)±:(-1.02ebc

-110×1.43)±:(-0.426(-)
 Qϕc

-110×1.17)±:(0.111 tϕc

-210×2.8)±:(-3.81 dϕc

-210×1.42)±:(1.43(1)
lqc

-210×1.77)±:(2.85(3)
lqc

-210×2.56)±:(1.69luc

-210×2.99)±:(4.25ldc

-210×1.41)±:(-1.94eqc

-210×2.3)±:(-3.9euc

-210×2.87)±:(-2.16edc

Individual bound at 1σ
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Results(tree level)

0.002 0.068 -0.15 -0.24 0.015 0.065 -0.026 -0.085 -0.17 -0.18 -0.086 -0.065 0.029 -0.023 -0.1 -0.0086 0.031 0.08 -0.064 -0.037 -0.12 -0.24 -0.97 -0.93 0.63 0.88 -0.82 0.94 1

0.00087 0.057 -0.14 -0.074 0.0068 0.017 -0.0092 -0.077 -0.16 -0.078 -0.065 -0.058 0.028 -0.033 -0.1 -0.02 0.039 0.095 -0.049 -0.037 -0.13 -0.072 -0.97 -0.89 0.53 0.81 -0.94 1 0.94

-0.00087 -0.047 0.13 0.081 -0.0069 -0.019 0.0096 0.069 0.14 -0.0067 -0.048 0.051 -0.026 0.045 0.1 0.028 -0.045 -0.11 0.039 0.042 0.15 0.018 0.88 0.88 -0.24 -0.65 1 -0.94 -0.82

-0.00048 0.071 -0.16 0.094 -0.001 -0.031 0.0067 -0.087 -0.17 0.092 0.017 -0.068 0.032 -0.027 -0.1 -0.0061 0.029 0.046 -0.078 -0.04 -0.078 0.14 -0.9 -0.83 0.77 1 -0.65 0.81 0.88

0.00033 0.047 -0.092 -0.046 0.0043 0.012 -0.006 -0.05 -0.097 -0.0015 -0.00083 -0.04 0.017 -0.0053 -0.052 0.01 0.0045 -0.01 -0.054 -0.0061 -0.00033 -0.018 -0.64 -0.39 1 0.77 -0.24 0.53 0.63

-0.0015 -0.066 0.16 0.16 -0.012 -0.042 0.018 0.088 0.18 0.05 -0.018 0.066 -0.032 0.04 0.11 0.021 -0.043 -0.091 0.066 0.052 0.13 0.1 0.92 1 -0.39 -0.83 0.88 -0.89 -0.93

-0.0011 -0.064 0.16 0.11 -0.0089 -0.027 0.013 0.087 0.18 0.059 0.042 0.066 -0.033 0.041 0.12 0.025 -0.046 -0.074 0.068 0.048 0.11 0.085 1 0.92 -0.64 -0.9 0.88 -0.97 -0.97

-0.0064 -0.00083 -0.0023 0.84 -0.041 -0.24 0.082 0.00033 0.032 0.65 0.38 -0.0027 0.0061 -0.023 -0.0034 -0.0034 0.0031 -0.0021 -0.0036 -0.0046 0.0016 1 0.085 0.1 -0.018 0.14 0.018 -0.072 -0.24

0.0012 -0.18 -0.3 -0.09 0.011 0.021 -0.014 -0.17 -0.31 0.015 -0.0021 -0.13 0.19 -0.64 -0.62 -0.72 0.7 -0.99 -0.72 -0.8 1 0.0016 0.11 0.13 -0.0021 -0.079 0.15 -0.13 -0.12

-0.0013 0.12 0.54 0.17 -0.02 -0.044 0.026 0.3 0.55 -0.018 -0.023 0.25 -0.27 0.78 0.85 0.86 -0.86 0.85 0.92 1 -0.8 -0.0046 0.047 0.051 -0.0039 -0.039 0.043 -0.037 -0.037

-0.00082 0.079 0.4 0.12 -0.015 -0.033 0.019 0.23 0.41 -0.016 -0.011 0.18 -0.2 0.56 0.61 0.61 -0.61 0.75 1 0.92 -0.72 -0.0036 0.068 0.066 -0.052 -0.077 0.039 -0.049 -0.064

-0.0013 0.17 0.37 0.11 -0.014 -0.027 0.017 0.21 0.38 -0.017 -0.0019 0.16 -0.22 0.7 0.7 0.78 -0.77 1 0.75 0.85 -0.99 -0.0021 -0.075 -0.091 -0.0085 0.047 -0.11 0.095 0.081

0.0017 -0.14 -0.62 -0.2 0.024 0.052 -0.031 -0.36 -0.65 0.012 0.032 -0.28 0.32 -0.89 -0.99 -1 1 -0.76 -0.61 -0.86 0.7 0.0031 -0.045 -0.043 0.0026 0.028 -0.046 0.039 0.03

-0.0017 0.15 0.6 0.19 -0.023 -0.05 0.03 0.35 0.63 -0.013 -0.033 0.27 -0.31 0.89 0.98 1 -1 0.78 0.61 0.86 -0.72 -0.0034 0.024 0.021 0.012 -0.0051 0.029 -0.02 -0.0082

-0.0017 0.11 0.67 0.21 -0.025 -0.056 0.033 0.38 0.69 -0.014 -0.033 0.31 -0.32 0.88 1 0.98 -0.99 0.7 0.61 0.85 -0.62 -0.0034 0.11 0.11 -0.05 -0.1 0.1 -0.1 -0.1
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Results(tree level+loop level)
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Conclusions

1 The outstanding precision of these measurements (especially at future
lepton colliders) could be sensitive to many important loop contributions
of the new physics.

2 The tree-level contributions of the bottom dipole operators to the
electroweak processes are non-negligible.

3 Our study is one of the many first steps towards a more complete
loop-level SMEFT global analysis, for which many improvements are still
needed.
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Thank you for your attention!
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