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Why SM EFT?
Tevong You

Assuming a SM Higgs and decoupled new physics at higher energies, the SM EFT is the next 
phenomenological framework 

Markus Luty PASCOS 2015 slide



SMEXIT:
decoupling new physics
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SMEFT framework
• New physics appear to be decoupled at higher energies

• Given particle content, write down all terms allowed by 
symmetries…

• …Including higher-dimensional operators!

• Generated by new physics at scale 𝜦 ≫ 𝑣

Tevong You (Cambridge)



SMEFT framework
• Unique dim-5 Weinberg operator, violates lepton number, 

predicts neutrino masses

• Modulo flavour structure, there are 59 dim-6 (CP-even) 
operators in a non-redundant basis

• ~19 operators relevant for EWPT, TGC, and Higgs physics

Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)
Gradkowski et al [arXiv:1008.4884]

In SILH basis (Giudice et al. hep-
ph/0703164), adopted from 
Pomarol and Riva (1308.1426)
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Combinations of 
operators 
constrained in 
EWPT more easily 
set to zero in Higgs 
and TGCs
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Operators 
constrained by 
measurements at 
per cent level or 
worse
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SMEFT framework
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Operators benefit 
from per mille 
precision at LEP
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• (Pseudo-)Observables

• Depends on

• Dim-6 operators can modify observables directly 
through Zff couplings contributions or indirectly through 
redefinitions of input observables

Tevong You

LEP EWPT Example 



• Individual (green) and marginalised (red) 95% CL limits

• 8 (combinations of) operators probed by EWPT

Tevong You

LEP EWPT Example 

Ellis, Sanz and T.Y. 1410.7703



Triple-Gauge-Couplings in Diboson

• Assume SM Z and W couplings to fermions in diboson 
measurements

• Interpret in anomalous TGC framework:

• Justified at LEP: 

Z. Zhang, 1610.01618
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Note: quadratic dim-6 effect 
unless diboson SM-BSM 
interference recovered
Azatov et al 1607.05236, 1707.08060, Panico, Riva, 
Wulzer 1708.07823, Bellazzini, Riva 1806.09640



Updated Global SMEFT Fit

• Combine EWPT, diboson, Higgs data 

• Fit to 20 dim-6 CP-even operators simultaneously

• Present results in Warsaw and SILH basis

• Match to simplified models

Tevong You (Cambridge)

J. Ellis, C. Murphy, V. Sanz and TY, JHEP 1803.03252



Updated Global SMEFT Fit

• SILH basis
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Updated Global SMEFT Fit

• Warsaw basis
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Observables
• LEP and SLC EWPTs, 𝑀𝑊 from ATLAS, Tevatron

• LEP WW measurements

• ATLAS WW high pT overflow bin
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Observables

• ATLAS+CMS Higgs Run 1
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Observables

• ATLAS+CMS Higgs Run 2
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Observables

• ATLAS+CMS Higgs Run 2

Including kinematical 
information facilitated 
by STXS
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STXS

• Simplified Template Cross-Sections

• Sub-division into kinematic regions for production 
processes 

• Facilitates combination and interpretation

ATLAS-CONF-2017-047
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STXS

• STXS measurements

ATLAS-CONF-2017-047
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STXS

• STXS dim-6 predictions

Hays, Sanz, Zemaityte
[LHCHXSWG-INT-2017-01]
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STXS

• STXS dim-6 predictions
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STXS

• Good agreement with optimised non-STXS fit

• See also VHbb case
De Blas, Lohwasser, Musella, Mimasu (1803.10379)
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Talks by Douglas Schaefer and Chris Hays

(ATLAS-CONF-2018-053)



Results
• SILH basis, fit each operator individually
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Results
• SILH basis, fit each operator individually

Note different 
scaling factors
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Results
• SILH basis, fit all operators simultaneously
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Results
• Warsaw basis, fit each operator individually
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Results
• Warsaw basis, fit all operators simultaneously
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Results
• Warsaw basis, improvement from Run 1 to 2 (lower is 

better) for individual fit 
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Results
• Warsaw basis, improvement from Run 1 to 2 (lower is 

better) for marginalised fit 
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Results
• Warsaw basis, summary
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Results
• Warsaw basis, summary

Loop-induced 
𝐻𝛾𝛾 and 𝐻𝑔𝑔
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Results

• Simplified models: stops (Run 1)

Drozd, Ellis, Quevillon and T.Y. 
1504.02409
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Results

• Simplified models: stops (Run 2)
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Results
• Simplified models: renormalisable SM extensions

• Classification and tree-level matching dictionary De Blas, Criado, Perez-Victoria, 
Santiago [1711.10391]
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Results
• Simplified models: renormalisable SM extensions

• Streamlines process of interpreting limits on BSM parameter 
space
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Future e+e- Constraints
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J. Ellis and T.Y.  [arXiv:1510:04561]ILC and FCC-ee

• Future precision sensitive to TeV scale, even for loop-induced operators

• One-loop matching simplified by a Universal One-Loop Effective Action
Henning, Lu, Murayama, 1412.1837;
Drozd, J. Ellis, Quevillon, TY, 1512.03003;
S.A.R. Ellis, Quevillon, TY, Z. Zhang, 1604.02445, 1706.07765.



Conclusion

• SM EFT framework is the Fermi theory of the 21st

century

• Systematic classification of decoupled new physics

• Correlates measurements and eases interpretation

• Finding patterns of deviations will give clues to a 
deeper underlying theory at higher energies
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Higgs constraints on dim-6 
operators
• Operators affect Higgs signal strength measurements, 

differential distributions
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Ellis, Sanz and T.Y. 1410.7703


