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Top in the SM & Beyond

Special in the SM: 

heaviest;  Yukawa𝒪(1)

Hints for BSM: to solve fundamental puzzles

Hierarchy problem & top partners Portal to darkness 

[Y. Zhang]

5%
27%

68%
Dark Energy
Dark Matter
Ordinary Matter

Universe: mostly dark

https://arxiv.org/pdf/1212.2730
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Current Status

[ATLAS Collaboration]

: precisely measured at the LHCtt̄V

[CMS Collaboration]

In the EFT framework 

Well constrained 

Any complementarity? 

https://arxiv.org/pdf/2312.04450
https://arxiv.org/pdf/2107.13896
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EIC and its Potential

e− (10 GeV)

p (270 GeV)

At Brookhaven National Lab

s ∼ 100 GeV

To consider ep collision firstly

Not only nuclear structure

Chance for indirect BSM search, 
like top couplings via loops

DIS Process

Tree-level

SM

Top loops

SMEFT operators

Polarized?

Up to 100 or 
1000 /fb
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Top Couplings Within SMEFT

Top-related SMEFT operators

𝒪(±)
HQ = 𝒪(1)

Hq
± 𝒪(3)

Hq

: irrelevant;

tightly constrained via  at the LEP

𝒪(+)
HQ

bb̄Z

Via SSB

𝒪tZ 𝒪tγ&

[S. Schael et. al.]

Different Lorentz structures

To deviate from the SM, w new 
couplings

Model-independent

Related to  &  respectivelytt̄Z tt̄γ

https://arxiv.org/abs/hep-ex/0509008
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DIS

Feynman diagrams

Pe = 70 % , 0, − 70 %

BSM contribution

Up to interference

Electron polarization:

Λ = 1 TeV Two relevant aspects:

Loop diagrams

Shifts due to renormalization
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Star-Scheme

Renormalization shifts EW inputs

Formulated with star-scheme [Y. Liu, C. Zhang et. al.]

 as inputs(α, m2
Z, s2

W)

Being shifted, s.t. xsection affected

Always keep linear terms of WCs

Given input , xsection: λi σ = σ0 +
∂σ
∂λi

⋅ δλi + …

https://arxiv.org/pdf/2205.05655
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Results

Xsections

BSM rather small, compared to the SM predictions 

Polarization matters.

Pe = − 70 % Pe = 0 Pe = 70 %
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Observables

Xsections
Assuming statistical uncert only 

Luminosity

Only inclusive xsections for fitting

Polarized Asymmetry score
Uncert propagated from xsections

Half luminosity 


for eachPe = ± 70 %

[R. Boughezal et. al.]

https://arxiv.org/pdf/2204.07557


10

Projections at the EIC
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Different orientations: complementarity!

 comparable with , 

but worse than 

AFB Pe = 0
Pe = − 70 %

Worse than the LEP

68% C.L.
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High Luminosity
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When 1000 /fb, competitive with the LEP

Reaching  along one given 

direction, while the other being free
𝒪(0.1)

68% C.L.
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Summary

Top couplings indirectly constrained at the 

EIC

Huge potential of the EIC: to complement 
others

Proton beam polarization?

Other possible observables at the EIC?

Polarization, to be crucial
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Back-Up
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Higher Central Energy
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Higher energy further improves performance 

at the EIC

68% C.L.
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Renormalization 

Finite Log

Hardly fully captured by RGE

Renormalization scale dependence

 at the EIC|Q2 | ∼ 20 GeV


