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CLUSTER OF EXCELLENCE

QUANTUM UNIVERSE

Based on arXiv: 2412.01759

https://arxiv.org/pdf/2412.01759
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Outline of this talk

EFT paradigms: Bottom-up and Top-down approach

Top-down approach: Mapping linear SM extensions to the SMEFT at 
one-loop => sensitivity to new physics at Tera-Z factory at FCC-ee 
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Wilson coefficients
Encapsulate effect of new physics

Cut-off energy scale

Non-renormalizable operators

Made up of gauge-invariant
combination of SM fields 

• Possible EFT deformation: The Standard Model Effective Field Theory (SMEFT)

• Effective Field Theories (EFTs):

#Assumptions: SM fields only, SM gauge symmetries are linear-realised, defined in unbroken phase

EFT Paradigms: Bottom-up approach

Without knowledge of UV-complete theory, any QFT is just an EFT

Use effective operators to parametrise new physics at higher energy scale 

• Main goals:
Compare with physical observables: Higgs measurments, Electroweak precision tests, …

Once deviation with SM => BSM theory
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Matching
(calculate Wilson coefficients, 


to do for each theory)

RGEs running (resum large logs, done once for all)

Mapping (calculate observables, done once for all)

EW precision tests
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EFT Paradigms: Top-down Approach
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Matching
(calculate Wilson coefficients, 


to do for each theory)

RGEs running (resum large logs, done once for all)

Mapping (calculate observables, done once for all)

EW precision tests
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EFT Paradigms: Top-down Approach
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Back to 2014-2020, one-loop matching is mainly carried out by

Functional matching method 

A. Drozd, J. Ellis, J. Quevillon, T. You [1512.03003]

B. Henning, X. Lu, H. Murayama [1412.1837]

Universal One-Loop Effective Action (UOLEA) results

S.A.R. Ellis, J. Quevillon, P.N.H. Vuong, T. You, Z. Zhang [2006.16260]

S. A. R. Ellis, J. Quevillon, T. You, Z. Zhang [1706.07765]

CoDeX (UOLEA results) 
Das Bakshi, Chakrabortty, Patra [1808.04403]

https://arxiv.org/abs/1512.03003
https://arxiv.org/abs/1412.1837
https://arxiv.org/abs/2006.16260
https://arxiv.org/abs/1706.07765
https://arxiv.org/abs/1808.04403
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Matching
(calculate Wilson coefficients, 


to do for each theory)

RGEs running (resum large logs, done once for all)

Mapping (calculate observables, done once for all)

EW precision tests
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EFT Paradigms: Top-down Approach
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(new physics effects are encoded inside    )ci
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Back to 2014-2020, one-loop matching is mainly carried out by

Functional matching method 

A. Drozd, J. Ellis, J. Quevillon, T. You [1512.03003]

B. Henning, X. Lu, H. Murayama [1412.1837]

Universal One-Loop Effective Action (UOLEA) results

S.A.R. Ellis, J. Quevillon, P.N.H. Vuong, T. You, Z. Zhang [2006.16260]

S. A. R. Ellis, J. Quevillon, T. You, Z. Zhang [1706.07765]

However, 

NO realistic automation 
tools for Loop Matching!

CoDeX (UOLEA results) 
Das Bakshi, Chakrabortty, Patra [1808.04403]

https://arxiv.org/abs/1512.03003
https://arxiv.org/abs/1412.1837
https://arxiv.org/abs/2006.16260
https://arxiv.org/abs/1706.07765
https://arxiv.org/abs/1808.04403
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EFT Paradigms: Top-down Approach
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MatchMakerEFT (Feynman diagram) 

Matchete (functional method) 

CoDeX (UOLEA results) 

• Tools for One-loop Matching & Running

Fitmaker 

SMEFiT 

Flavio 

Smelli 

• Tools for Mapping
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Ellis, Madigan, Mimasu, Sanz, You [2012.02779]

Giani, Magni, Rojo [2302.06660]

D.M. Straub [1810.08132]

P. Stangl [2012.12211]

Carmona, Lazopoulos, Olgoso, Santiago [2112.10787]

Fuentes-Martín, Konig, Pagès, Thomsen, Wilsch [2212.04510]

Das Bakshi, Chakrabortty, Patra [1808.04403]

One-loop Matching is fully automatised just 3 years ago!

https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/2302.06660
https://arxiv.org/abs/1810.08132
https://arxiv.org/abs/2012.12211
https://arxiv.org/abs/2112.10787
https://arxiv.org/abs/2212.04510
https://arxiv.org/abs/1808.04403
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Linear Standard Model extensions

32 exotic multiplets (considering scalars and fermions only)

Since we will consider loop effects, vector fields extensions are ignored at the moment

• Scalar extensions:

• Fermion extensions:

• Granada dictionary: de Blas, Criado, Pérez-Victoria, Santiago [1711.10391]

https://arxiv.org/abs/1711.10391
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9
Matching RGEs running

• T: Tree-lvl generated

• L: One-loop generated

• R: RGEs induced

Full results are published in our GitHub repo

Each entry is clickable and importable in Python with 
lsme package

Further detail see Ref. 2412.01759

See also G. Guedes, P. Olgoso for UV/IR one-loop dictionary [2412.14253]

https://github.com/johngarg/linear-one-loop-dict-ref/tree/main
https://github.com/johngarg/lsme
https://arxiv.org/pdf/2412.01759
https://arxiv.org/abs/2412.14253
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Matching RGEs running
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• All new physics couplings set to 1

• All dimensionful UV parameters set to 1 TeV 

• Only one multiplet studied at a time

Assumptions:
• T: Tree-lvl generated

• L: One-loop generated

• R: RGEs induced

Further detail see Ref. 2412.01759

https://arxiv.org/pdf/2412.01759
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Matching RGEs running
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• T: Tree-lvl generated

• L: One-loop generated

• R: RGEs induced

CP-odd Triple-Gauge operators not generated at one-loop 
(general proof from UOLEA results)

Example: generate  at two-loop

with two exotic fermions

𝒪W̃

Bakshi, Chakrabortty, Englert, Spannowsky, Stylianou [2103.15861]

S.A.R. Ellis, J. Quevillon, P.N.H. Vuong, T. You, Z. Zhang [2006.16260]

https://arxiv.org/abs/2006.16260
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Matching RGEs running
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• T: Tree-lvl generated

• L: One-loop generated

• R: RGEs induced

Example: generate  at one-loop,

with two exotic fermions

𝒪HB̃

Other CP-odd bosonic operators can be generated at one-loop,

Require two fields extensions

Bakshi, Chakrabortty, Englert, Spannowsky, Stylianou [2103.15861]
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Electroweak precision observables (EWPOs)

Matching RGEs running Mapping

EWPOs at the Z-pole: 

10 operators contributing to these EWPOs at leading order in the SMEFT:

<latexit sha1_base64="x0Hr6l3R+RubRCFyIrUdMAfFclI="></latexit>{
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Electroweak precision observables (EWPOs)

Matching RGEs running Mapping

MatchMakerParser package: translate the matching results (Mathematica expressions) 
from MatchMakerEFT into a Python class

UV models matched

 on SMEFT via 

MatchMakerEFT

Projected bounds on 
linear SM extensions 

at one-loop 

EWPOs at the Z-pole: 

10 operators contributing to these EWPOs at leading order in the SMEFT:

<latexit sha1_base64="x0Hr6l3R+RubRCFyIrUdMAfFclI="></latexit>{
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0
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}

Further detail see Ref. 2412.01759

J. Ellis, M. Madigan, K. Mimasu, V. Sanz, T. You [2012.02779]

https://github.com/johngarg/MatchMakerParser
https://arxiv.org/pdf/2412.01759
https://arxiv.org/abs/2012.02779
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Electroweak precision observables (EWPOs)
At tree-level


 Only 16 out of 32 exotic multiplets (scalar & fermion) are constrained by EWPOs

Matching RGEs running Mapping J. Ellis, M. Madigan, K. Mimasu, V. Sanz, T. You [2012.02779]

https://arxiv.org/abs/2012.02779
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At one-loop order

All Linear SM extensions can be probed by Z-pole at FCC-ee

Matching RGEs running Mapping
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Operators contributing to EWPOs 

• T: Tree-lvl generated

• L: One-loop generated

• R: RGEs induced
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Electroweak precision observables (EWPOs)

Matching RGEs running Mapping

EWPOs at the Z-pole: 

<latexit sha1_base64="N1Euw4Ex5aT2VS4FPrcLRvAVzLk="></latexit>{
OHWB , OHD, Oll, O

(3)
Hl

, O(1)
Hl

, OHe, O
(3)
Hq

, O(1)
Hq

, OHu, OHd

}

S and T parameters

Example: which model received stronger 
constrains from finite one-loop matching?
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Tera-Z sensitivity to linear SM extensions
Scalars

Matching RGEs running Mapping

See also Mathew’s plenary talk on Monday

and Lukas’s talk on Tuesday

See also Allwicher, McCullough, Renner [2408.03992]

https://arxiv.org/abs/2408.03992
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Fermions
Tera-Z sensitivity to linear SM extensions

Matching RGEs running Mapping

See also Mathew’s plenary talk on Monday

and Lukas’s talk on Tuesday

See also Allwicher, McCullough, Renner [2408.03992]

https://arxiv.org/abs/2408.03992
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Summary

Computational tools are essential for both EFT bottom-up and top-down approach. 

We use MatchMakerEFT and our MatchMakerParser to present our mapping for the 
linear SM extensions to the SMEFT at one loop => An overview of the relevant 
phenomenology for each model and operator of interest. 

Our results strengthen the case for the potential of a Tera-Z run to constrain a 
wide range of new-physics models. 


