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particle physics 
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! Global EFT approaches offer a 
multi messenger approach to  
searching for new physics 
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particle physics 
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! Single process one operator at a time
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Mini history of EFT in top

[TOPQ-2016-11] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-11/
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! Single process one operator at a time

! Single process multiple operators 
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Mini history of EFT in top

[TOPQ-2019-23] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-23/
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! Single process one operator at a time

! Single process multiple operators 

! Multiple processes single operators 
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Mini history of EFT in top

[TOP-21-001] 

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-001/index.html
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! Single process one operator at a time

! Single process multiple operators 

! Multiple processes single operators 

! Multiple processes multiple operators 

8

Mini history of EFT in top

[TOP-19-001] 

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/index.html
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! Single process one operator at a time

! Single process multiple operators 

! Multiple processes single operators 

! Multiple processes multiple operators 
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Mini history of EFT in top

[TOP-19-001] 

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/index.html
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! Single process one operator at a time

! Single process multiple operators 

! Multiple processes single operators 

! Multiple processes multiple operators 


! Next steps?

! A more global Top fit

! A fully global fit
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Mini history of EFT in top

[TOP-19-001] 

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/index.html
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Global Fits

[arXiv:2012.02779] 

! Measurements of several processes

! Including from different experiments 


! Many operators

! Complementarity improves sensitivity

! Currently performed mainly in pheno community 

! Using available experimental data/information

https://arxiv.org/abs/2012.02779
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! SMEFiT framework “proof-of-concept” analysis of top quark production 
measurements from LHC 8 TeV and 13 TeV data
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SMEFit | Top Sector “global” fit

[1901.05965] 

https://arxiv.org/abs/1901.05965
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! Global fit bounds more stringent for all EFT 
coefficients than either top- or Higgs-only fit


! Cross-talk of the top and Higgs data leads to 
significant improvement in sensitivity 

! E.g. cϕt and c(−)ϕQ bounds improved by ~factor 2 


! Few operators unconstrained in top-only fit

! E.g. cϕG


! In a Higgs-only fit a large number of EFT 
coefficients are poorly constrained


! Gain information in the global fit by 
breaking degeneracies

! Sometimes in unexpected directions in the 

parameter space (such as for cϕG)
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SMEFit | Top+Higgs+VV fit [2105.00006] 

https://arxiv.org/abs/2105.00006
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Fitmaker | Global fit

[arXiv:2012.02779] 

! Global fit using several  
datasets:

! LEP+EWPO, Tevatron,  

LHC Run1, LHC Run 2


! Top-only fit

! Shows impact of different  

datasets for individual fits

https://arxiv.org/abs/2012.02779
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Fitmaker | Global fit

[arXiv:2012.02779] 

! Global fit using several  
datasets:

! LEP+EWPO, Tevatron,  

LHC Run1, LHC Run 2


! Top-only fit

! Shows impact of different  

datasets for individual fits

! Marginalised fit

https://arxiv.org/abs/2012.02779
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Fitmaker | Global fit

[arXiv:2012.02779] 

! Global fit using several  
datasets:

! LEP+EWPO, Tevatron,  

LHC Run1, LHC Run 2


! Top-only fit

! Shows impact of different  

datasets for individual fits

! Marginalised fit

! Detailed impact of different  

measurements to constrain  
fit directions for some  
operators

https://arxiv.org/abs/2012.02779
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Fitmaker | Global fit

[arXiv:2012.02779] 

! Global fit

! Shows impact of different  

datasets

! All data except top

! Full global fit

! Top data alone


! In some cases 
worsened sensitivity

! More freedom in the fit

https://arxiv.org/abs/2012.02779


Josh McFayden  |  Top2022  |  6/9/2022 

! Some correlations between Top vs 
Higgs and EWKPO observables.


! Interesting to see e.g. Higgs and Top 
complementarity


! Fit to subset of operators:


! Effect of including both Higgs and top 
data clearly reduces the allowed 
parameter space and reduces 
correlations 
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Fitmaker | Global fit

[arXiv:2012.02779] 

https://arxiv.org/abs/2012.02779
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! Some correlations between Top vs 
Higgs and EWKPO observables.


! Interesting to see e.g. Higgs and Top 
complementarity


! Fit only 2 operators at a time:

! 2D fits show what is driving the 

marginalised constraints

! Shows contribution of individual 

measurements

! STXS on its own not yet very sensitive

! Including top data helps a lot

19

Fitmaker | Global fit

[arXiv:2012.02779] 

https://arxiv.org/abs/2012.02779
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! EFT already used in interpretation of B-anomalies

! Links between b and top:

! B-anomalies require NP in semileptonic  

4-fermion operators 

! Can also use SMEFT to include tops:

20

Link to B-anomalies

[2012.10456] 

[2104.00015] 

https://arxiv.org/abs/2012.10456
https://arxiv.org/abs/2104.00015
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! EFT already used in interpretation of B-anomalies

! Links between b and top:

! B-anomalies require NP in semileptonic  

4-fermion operators 

! Can also use SMEFT to include tops:


! Top data particularly complementary wrt B + Zbb 
for some coefficients

21

Link to B-anomalies

[2012.10456] 

https://arxiv.org/abs/2012.10456
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! EFT already used in interpretation of B-anomalies

! Links between b and top:

! B-anomalies require NP in semileptonic  

4-fermion operators 

! Can also use SMEFT to include tops:


! Top data particularly complementary wrt B + Zbb 
for some coefficients


! CMS Top+X fit already gives constraints on  
semileptonic four-fermion operators
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Link to B-anomalies

[TOP-19-001] 

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/index.html
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! EFT already used in interpretation of B-anomalies

! Links between b and top:

! B-anomalies require NP in semileptonic  

4-fermion operators 

! Can also use SMEFT to include tops:


! Top data particularly complementary wrt B + Zbb 
for some coefficients


! CMS Top+X fit already gives constraints on  
semileptonic four-fermion operators


! Need agreement on EFT flavour assumptions:  
[LHC EFT WG Meeting]

23

Link to B-anomalies

https://indico.cern.ch/event/1096487/
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! What about global fits from the experiments? 


! Global “Top+X” fit seem from CMS already 


! ATLAS has started looking at first steps to a  
global EFT fit including Higgs, EW and  
EW precision measurements 

! Builds on previous efforts to perform fits with  

multiple datasets (e.g. [ATL-PHYS-PUB-2021-010])

! Adds LEP and SLC EW precision data for the first time


! LHC Top WG combining ATLAS+CMS data


! LHC EFT WG combining ATLAS+CMS+LEP

! Including Top data

24

Global fit from experiments

[ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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! Sensitivity to  
numerous EFT 
operators


! Complementarity  
between different 
observables

25

ATLAS Global EFT fit [ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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! Sensitivity to  
numerous EFT 
operators


! Complementarity  
between different 
observables

26

ATLAS Global EFT fit [ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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! Sensitivity to  
numerous EFT 
operators


! Complementarity  
between different 
observables
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ATLAS Global EFT fit [ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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! Sensitivity to  
numerous EFT 
operators


! Complementarity  
between different 
observables
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ATLAS Global EFT fit [ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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ATLAS Global EFT fit
! Single operator fits used to assess impact of different 

datasets

! For example OHq:

[ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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ATLAS Global EFT fit

[ATL-PHYS-PUB-2022-037] 

! Start by looking at Higgs+EW fit 

! Linear and quadratic parameterisations 

! Expected contribution to sensitivity shown  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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! Start by looking at Higgs+EW fit 

! Linear and quadratic parameterisations 

! Expected contribution to sensitivity shown  


! Full fit to EWPO+EW+Higgs

! Results largely compatible with SM 

! σ0had, H→γγ, ΓZ, Afb, and gg→H giving 

largest constraints 

! In some cases significant constraints 

come EWPD with important contributions 
from VH, VBF Higgs and VV production 

! Contributions of the Higgs and EW 

measurements expected to become more 
important with larger datasets
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ATLAS Global EFT fit

[ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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! ATLAS+CMS combination 
of top measurements and 
EFT interpretation 


! Using unfolded data:

32

LHC Top WG efforts

[LHCtopWG: Ravina+Skovpen]

https://indico.cern.ch/event/1138183/contributions/4894871/attachments/2462845/4222940/TopEFTFit.pdf
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! ATLAS+CMS combination 
of top measurements and 
EFT interpretation 


! Using unfolded data


! Using reconstruction-level  
information:
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LHC Top WG efforts

[LHCtopWG: Ravina+Skovpen]

https://indico.cern.ch/event/1138183/contributions/4894871/attachments/2462845/4222940/TopEFTFit.pdf
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LHC EFT WG Efforts
! LHC EFT WG already staring work on wider fits

! WG to provide EFT recommendations 

! Currently looking at ATLAS+CMS fitting 

exercise (latest update here)

! Includes Top data!


! Workflow defined

! Rivet used to extract  

parameterisation

! Input based on YAML

! Fit performed with Roofit

[LHC EFT WG: R. Balasubramanian et al.]

https://indico.cern.ch/event/1136803/contributions/4849627/attachments/2449246/4197140/20220523_lhceftwg.pdf
https://indico.cern.ch/event/1136803/contributions/4849627/attachments/2449246/4197140/20220523_lhceftwg.pdf
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LHC EFT WG Efforts

! Perform eigenvector decomposition 
and PCA to identify operator groups 

! Small correlation between groups 


! Able to identify expected  
contributions of each measurement  


! Fitting exercise in a good shape

! Everything in place to perform the 

 different steps in a flexible manner

[LHC EFT WG: R. Balasubramanian et al.]

https://indico.cern.ch/event/1136803/contributions/4849627/attachments/2449246/4197140/20220523_lhceftwg.pdf
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Coordination/Organisational Challenges
! General approach

! Combine input measurements & interpret or directly interpret simultaneous fit of measurements?

! Detector level fits vs unfolded data?


! Practical difficulties 

! Different statistical methods (IBU vs FBU, PL vs toys, …) 

! Proper treatment of statistical and systematic correlations 

! Measurements delivered on different timelines 

! Interpretations: different assumptions on “backgrounds”  
→ EFT effects - Hard without coordination!


! What to store? 

! Store bootstrap replicas for data - estimate stat. correlations 

! Stat only results

! Impact of systematic uncertainties: 

! Full likelihood (at least: full ranking and NPs correlations), cov. matrix for each unc. incl. stat only. Metadata.


! Signal model

! SMEFT@LO or @NLO? Which operators? Linear/quadratic terms. EFT uncs & validity constraints.

Credit: Ravina+Skovpen

https://cds.cern.ch/record/2684863/files/ATL-PHYS-PUB-2019-029.pdf
https://indico.cern.ch/event/1138183/contributions/4894871/attachments/2462845/4222940/TopEFTFit.pdf
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! Quite comprehensive global fits exist from the theory/pheno community

! The importance of including Top data in these is clear


! Now it’s time to think about next steps for adding Top data to experimental 
global fits

! CMS has published a “global” Top+X fit

! ATLAS has a recent PUB note on a “global” EWPO/Higgs/EW fit

! LHC Top WG exercise looking at unfolded at detector level combinations

! LHC EFT WG fitting exercise includes LEP+ATLAS+CMS EWPO/Higgs/EW/Top fit


! Many coordination/organisational challenges

! Much of the technical machinery is there and existing fits can serve as starting point

37

Summary
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Back-ups
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! Complicated interplay 
of many “signals” all 
allowed to “float” at 
once.


! Some small processes 
get very large effective 
normalisation factors


! One of the complexities 
of such a fit!

39

CMS Top+X “global” fit 

[TOP-19-001] 

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/index.html
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! Input datasets

40

ATLAS Global EFT fit [ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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! Not enough information in 
the measurements to 
constrain all EFT coeffs


! Use eigenvector 
decomposition and PCA to 
identify most sensitive 
directions


! Choose physics driven 
groupings for most useful 
interpretation

41

ATLAS Global EFT fit [ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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LHC EFT WG Efforts
! Perform eigenvector decomposition 

and PCA to identify operator groups 

! Small correlation between groups 

[LHC EFT WG: R. Balasubramanian et al.]

https://indico.cern.ch/event/1136803/contributions/4849627/attachments/2449246/4197140/20220523_lhceftwg.pdf
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SMEFit [2105.00006] 

https://arxiv.org/abs/2105.00006
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! Input measurements:

! ATLAS Higgs boson data: A combined measurement 

of Higgs boson production and decay in exclusive 
kinematic regions of the production phase space, 
defined within the Simplified Template Cross-Section 
(STXS) framework [ATLAS-CONF-2021-053] 


! ATLAS electroweak data: Differential cross-section 
measurements for diboson production and Z boson 
production via vector boson fusion (VBF) [ATL-PHYS-
PUB-2021-022] . 


! Electroweak precision data (EWPD): A combined 
measurements of electroweak precision observables 
(EWPO) on the Z resonance [arXiv:0509008] that 
were performed at LEP and SLC.

44

ATLAS Global EFT fit [ATL-PHYS-PUB-2022-037] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/
https://arxiv.org/abs/hep-ex/0509008
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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High pT Top+X

[1904.05637] 

https://arxiv.org/abs/1904.05637
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High pT Top+X

[1904.05637] 

https://arxiv.org/abs/1904.05637
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High pT Top+X

[1904.05637] 

https://arxiv.org/abs/1904.05637
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! Simplified Template Cross section (STXS)

! Going beyond kappa framework

! Compromise for channels 

without stats for fiducial cross-
section.


! Key features:

! Regions defined inclusively in 

Higgs decay & kinematics 

! Specific to Higgs prod. mode, 

topology and kinematics


! Enables:

! Combination of multiple Higgs 

decays to extract STXS bins in 
prod. mode/event topology 


! Permits use of MVA techniques.

48

EFT | Extending to differential Higgs 

[arXiv:1605.04692, arXiv:1610.07922, arXiv:1906.02754]
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! ATLAS Higgs 
combination

49

EFT | In practise… Higgs

[ATLAS-CONF-2020-053] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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! ATLAS Higgs 
combination

! EFT parameter 

sensitivity

50

EFT | Higgstise…

[ATLAS-CONF-2020-053] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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! ATLAS Higgs 
combination

! EFT parameter 

sensitivity

! Same parameter 

decomposition as 
before

51

EFT | Higgs

[ATLAS-CONF-2020-053] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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! ATLAS Higgs 
combination

! EFT parameter 

sensitivity

! Same parameter 

decomposition as 
before


! Results

! All parameters consistent with SM 

expectation

! Somewhat tighter tighter constraints from 

lin+quad fit

! Implies non-negligible influence of these terms.
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EFT | Higgs

[ATLAS-CONF-2020-053] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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! STXS also lends 
itself to wider 
interpretation

53

EFT | Higgs

[arXiv:2012.02779] 

https://arxiv.org/abs/2012.02779
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! STXS also lends 
itself to wider 
interpretation


! Significant impact of 
STXS measurements 
in global fits

! More on this later…

54

EFT | Higgs

[arXiv:2012.02779] 

https://arxiv.org/abs/2012.02779
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EFT Flavour Assumptions
[LHC EFT WG Meeting]

https://indico.cern.ch/event/1096487/


Josh McFayden  |  Top2022  |  6/9/2022 56

EFT | Top+X
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)

57

EFT | Basics

ℒSMEFT = ℒSM + ℒ5 + ℒ6 + ℒ7 + ℒ8 + . . .
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)

58

EFT | Basics

SM (dim 4)

ℒSMEFT = ℒSM + ℒ5 + ℒ6 + ℒ7 + ℒ8 + . . .
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)

59

EFT | Basics

1 lepton number 
violating parameter 

ℒSMEFT = ℒSM + ℒ5 + ℒ6 + ℒ7 + ℒ8 + . . .
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)

60

EFT | Basics

~100-1000 parameters 
depending on flavour 

structure

ℒSMEFT = ℒSM + ℒ5 + ℒ6 + ℒ7 + ℒ8 + . . .
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)

61

EFT | Basics

30 operators  
violating lepton/
baryon number

ℒSMEFT = ℒSM + ℒ5 + ℒ6 + ℒ7 + ℒ8 + . . .
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)

62

EFT | Basics

~1000 operators  
for Nf=1 scenario

ℒSMEFT = ℒSM + ℒ5 + ℒ6 + ℒ7 + ℒ8 + . . .
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)

63

EFT | Basics

ℒSMEFT = ℒSM + ℒ5 + ℒ6 + ℒ7 + ℒ8 + . . .
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:

≫ v(E)
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:


! In practise (for simplicity) we often only consider the dimension 6 operators

≫ v(E)
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:


! In practise (for simplicity) we often only consider the dimension 6 operators


! In terms of operators and coefficients

≫ v(E)
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! SMEFT describes ~all BSM models characterised by a scale Λ ( )

! Additions to the SM built from dim>4 operators based on SM fields

! Schematically the Lagrangian is:


! In practise (for simplicity) we often only consider the dimension 6 operators


! In terms of operators and coefficients

! Scale of new physics

! Wilson coefficients

! Dimension 6 operators

≫ v(E)
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! Given these Lagrangian terms  
 
 
 
the corresponding observables are:

69

EFT | Basics

ℒ6

Λ2
= ∑

i

Ci𝒪d=6
i

Λ2

𝒜 = 𝒜SM + 𝒜6



Josh McFayden  |  Top2022  |  6/9/2022 

! Given these Lagrangian terms  
 
 
 
the corresponding observables are:
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! Given these Lagrangian terms  
 
 
 
the corresponding observables are:
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! Given these Lagrangian terms  
 
 
 
the corresponding observables are:
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“Interference terms”
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! Given these Lagrangian terms  
 
 
 
the corresponding observables are:


! The  are what we try to constrain 
in measurements. 

Ci
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! Given these Lagrangian terms  
 
 
 
the corresponding observables are:


! The  are what we try to constrain 
in measurements. 

! (For a given , conventionally  

set to 1 TeV)

Ci

Λ
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“Interference terms”
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