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The LHC EFT WG

• Goal: Advise and develop recommendations for EFT measurements at the LHC

- General information: [link], [Twiki], Contact: lhc-eftwg-admin@cern.ch 


• Organisation:

- Area 1: EFT formalism

- Area 2: Predictions and tools

- Area 3: Experimental measurements and observables

- Area 4: Fits and related systematics

- Area 5: Benchmark scenarios from UV models

- Area 6: Interplay/connection with flavour


• Thanks to our outgoing conveners this year:

- Andrei Gritsan, Giovanni Petrucciani, Pierre Savard, Nicolas Berger,  

Céline Degrande, Jorge De Blas, Eleni Vryonidou


• And welcome to the incoming conveners:

- Sarah Heim, Jacob Kempster, Sandra Kortner, Nicholas Wardle, 

Matteo Presilla, Robert Schoefbeck, Ken Mimasu, Anke Biekoetter, Shankha Banerjee
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Conveners (as of Jan '23)


ATLAS

Sandra Kortner

Sarah Heim (Higgs)

Jacob Kempster (Top)

Kristin Lohwasser (EW)


CMS

Nadjieh Jafari

Nicholas Wardle (Higgs)

Robert Schoefbeck (Top)

Matteo Presilla (EW)


LHCb

Patrick Owen


Theory

Ilaria Brivio

Gauthier Durieux

Admir Greljo

Anke Biekoetter (Higgs)

Shankha Banerjee (EW)

Ken Mimasu (Top)

https://lpcc.web.cern.ch/lhc-eft-wg
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFT
mailto:lhc-eftwg-admin@cern.ch
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Area 1: EFT formalism
• Goal: establish the key parameters of the EFT formalism: what operators, what bases, what perturbation orders, how to combine 

operators of different dimensions, which flavour and symmetry assumptions


• Scheme dependence: {α, Gμ, mZ}, {Gμ, mZ, mW} or {α, mZ, mW} ? 


• Public note released, recommending the {Gμ, mZ, mW} scheme


• Validity: does the EFT describe the true model underlying the data?
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Used at LEP Used in 
many tools

Avoid leptonic 
corrections to Gμ

Avoid large W/Z 
propagator corrections

arXiv:2111.12515 

• Up to which energy scale is the EFT valid?

- How to define the scale? ⇒ process dependent


• Strategies if model is not valid in some parts of the phase space:

- "Clipping" of either the data or the model + additional uncertainties?

- Public note first released in January and recently updated with additional proposal


arXiv:2201.04974 

https://arxiv.org/abs/2111.12515
https://arxiv.org/abs/2201.04974
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Area 2: Predictions & tools

• Goals: (twiki)

- Track the various tools that are used to provide EFT predictions

- Organise cross-validation

- E.g. this year compared predictions of JHUGen vs SMEFTsim, SMEFT@NLO vs SMEFTsim

- Provide recipes and recommendations on usage


• Topical meeting in January this year, topics including:

- Effect of additional jets in tt+X EFT modelling - can lead to sizeable corrections

- Framework for MC/MC comparisons

- LHE level study of dim6 sensitivity in VBS 

(and global fit with WW)
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K. Mohrman

Proposal for comparison between 
different tools 


(comparison of dim6top/SMEFTsim/
SMEFT@NLO already studied)

G. Durieux

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC2
https://indico.cern.ch/event/1076709/contributions/4596402/subcontributions/357246/attachments/2350554/4009165/EFTWG_Meeting.pdf
https://indico.cern.ch/event/1076709/contributions/4596402/subcontributions/357247/attachments/2350535/4009360/ER_LHCEFT_2211.pdf
https://indico.cern.ch/event/1096488/contributions/4659860/attachments/2381746/4069668/LHC_EFT_WG_slides.pdf
https://indico.cern.ch/event/1096488/contributions/4659864/attachments/2381609/4069411/durieux-lhceftwg-eftvalidation-2022-01-31.pdf
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Area 3: Experimental measurements & observables

• Goals (twiki):

- Study experimental approaches for EFT inference, choice of observables and optimisation for sensitivity


• Strategies:

- Two-step approach: reinterpretion of diff./fid. measurements

- Direct approach: use of optimal / multi-variate observables 


• Observables:

- Differential / fiducial XS

- Optimal observables: ME ratios, ML discriminators, etc.


• Associated uncertainties:

- Detector / acceptance effects, unfolding, EFT in backgrounds


• Note released recently
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Direct EFT constraints (w/ optimised 
analysis)


aka "full-sim"


One direct fit:


Can recast from cj to other congruent 
EFT basis


L(data|cj)

(2)

Fiducial/differential measurements 
with EFT interpretation


Two sets of fits:


Possible to recast from σi to give cj, or 
other parametrization of σi

L(data|σi(cj))

L(data|σi)

(1)

arXiv:2211.08353 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC3
https://arxiv.org/abs/2211.08353
https://arxiv.org/abs/2211.08353
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Area 4: Fits and related systematics

• Long term goal: combined likelihood fit of Higgs, top & EW 
measurements to give strongest constraints on the widest possible set of 
EFT operators


• Goal is to provide guidance for:

- Experimental combinations

- Benchmarks for "theory" fits (typically use public information only)

- Implementation of common experimental + theoretical uncertainties in 

combination

- Inclusion of non-LHC constraints (EWPO, flavour, g-2,…)


• These large-scale combinations take a long time


• Pragmatic approach: started a fitting exercise, with a simplified χ2 fit, 
based on public information

- Previous meetings: [June 22] [Feb 22]

- Twiki to document conventions
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N. Berger

https://indico.cern.ch/event/1170441/
https://indico.cern.ch/event/1124363/
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFTExpCombinationConventions
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Area 5: benchmark scenarios from UV models

• Goals (twiki):

- Study matching to specific models

- Identify BSM-driven subsets of operators

- Benchmarks beyond SMEFT, incl. non-linear EFT


• Two topical meetings: [Feb 21] [March 22]

- Comparison of EFT constraints vs. direct BSM searches beyond 

EFT


• Note in development:

- Review of (automated) codes: STrEAM, SuperTracer, 

Matchmakereft, CoDEx, Matchete, MatchingTools, …

- Provide comparison framework


- Define relevant benchmark models, e.g. SMEFT ↔︎ MSSM
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S. Homiller

Heavy vector 
triplet model

E. Geoffray

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC5
https://indico.cern.ch/event/971736/
https://indico.cern.ch/event/1135959/
https://indico.cern.ch/event/971736/contributions/4200800/attachments/2185761/3693110/201028_lhceftwg5_smeft_homiller.pdf
https://indico.cern.ch/event/1135959/contributions/4779371/attachments/2416460/4135141/EFTWG_Geoffray_Handout.pdf
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4. Result 18/20

Result

R(D)
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BaBar 2012 HFLAv 2021
Belle 2015 (had tag) LHCb Muonic (Previous)
Belle 2019 (sl tag) This work (stat only)
Belle 2017 (1-prong) This work (stat+sys)

  

• R(D⇤) =0.281± 0.018± 0.024
• R(D)=0.441± 0.060± 0.066
• ⇢ = �0.43
• 1.9� agreement with SM

Area 6: flavour assumptions
• Goals (twiki):


- Define relevant flavour scenarios for 
EFT interpretations


- Considerations: need to discriminate t 
and b from light quarks, τ from e/μ


- Understand interplay with other 
experiments (flavour, EDM, g-2, …) - 
some coefficients stronger 
constrained elsewhere


• Note on flavour assumptions in 
preparation


• Recent topical meeting

8

Two topics discussed
<latexit sha1_base64="sSb0xFzBXTVtHEhlYduxfeQSSys=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCGJJpKjLohuXFewDmlgmk0k7dDIJMxOh1C78FTcuFHHrb7jzb5y2WWj1wDCHc+7l3nuClDOlHefLKiwsLi2vFFdLa+sbm1v29k5TJZkktEESnsh2gBXlTNCGZprTdiopjgNOW8HgauK37qlULBG3ephSP8Y9wSJGsDZS194LkKcTFCKPcn53PPtOUNcuOxVnCvSXuDkpQ4561/70woRkMRWacKxUx3VS7Y+w1IxwOi55maIpJgPcox1DBY6p8kfT/cfo0CghihJpntBoqv7sGOFYqWEcmMoY676a9ybif14n09GFP2IizTQVZDYoyjgyF0/CQCGTlGg+NAQTycyuiPSxxESbyEomBHf+5L+keVpxzyrVm2q5dpnHUYR9OIAjcOEcanANdWgAgQd4ghd4tR6tZ+vNep+VFqy8Zxd+wfr4Bnt0lHs=</latexit>

b ! d`+`� R(D*) and τ τ searches 

Latest LHCb 
measurements

EFT 
interpretation

Connections 
to high PT

Tom Blake Greg Ciezarek

Arne Reimers

B0
s → K*0μ+μ−

• First evidence of the  
 seen with a 

significance of   by LHCb 
using its run 1 and 2016 data 
sets (with 4.6 fb-1 of integrated 
luminosity). 

• Determine branching fraction 
using  as a 
normalisation channel. Yields 

  

 

B0
s → K *0μ+μ−

3.4σ

B0 → J/ψK*0
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ℬ(B0
s → K *0μ+μ−) = [2.9±1.0 (stat) ± 0.2 (syst)

±0.3 (norm)] × 10−8
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Comb. bkg.

[LHCb, JHEP 07 (2018) 020]

Summary of 2D contours of C (Õ)
9,10

• Complementarity between the observables is not currently  as good 
as for dipole coefficients, leading to weaker limits on         and           . 

• The branching ratios of B+ → π+µ+µ−, and
cooperate to reduce the thickness of the annulus (red area) but do 
not lift the degeneracy between        and         . 

• The branching ratio of B0 → µ+µ− ca can help due to its dependence 
on         , however, the present precision is insufficient.

• Note that due to the flat likelihood along the ring (red area) the best-
fit point (magenta) is only shown for completeness but has little 
statistical preference over other points in this flat direction. 

• All 2D contours make visible discrete ambiguities, for instance the 
two yellow bands in                 . 

• To remove all these ambiguities additional complementary 
observables are necessary.

• Data is consistent with the hypothesis of minimal quark flavor 
violation.

H. Gisbert (U. Padova & INFN) EFT interpretation of b æ d ¸¸ decays 17 / 18

A. Smolkovic: CI from high-mass Drell-Yan tails 18
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At low energies dominated by Bs → ee, μμ

∼ yby2
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LHC EFT WG Meeting: EFT interpretation of  and connections with high-  tailsb → c τ ν pTFelix Wilsch

 Leptoquark modelU1
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L. Allwicher, D.A. Faroughy,  
F. Jaffredo, O. Sumensari,  
FW [2207.10714]

• Consider couplings to left-handed fields only  and 


• Relevant processes:      ,  ,  … (+ c.c.)

qL
3,2 ℓL

3

bb̄ → τ+τ− bs̄ → τ+τ− bc̄ → τ−ν̄

SMEFT fit
HighPT SMEFT mode

EW: 

Flavor:  and 

W → τν
RD RD*

[C(1)
lq ]αβij = [C(3)

lq ]αβij = − 1
2 [xL

1 ]iβ[xL
1 ]*jα

SMEFT

LHC EFT WG Meeting: EFT interpretation of  and connections with high-  tailsb → c τ ν pTFelix Wilsch

Low-energy constraints
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• EFT Lagrangian for 





where 


- Left-handed couplings only: 


- Equal magnitude: 


• Observables relevant to low-energy fit:


- 


• Combined fit shows  discrepancy with SM


• Compatible with both  and 

b → cτν

ℒb→c = − GF
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J. Aebischer, G. Isidori, M. Pesut, B.A. Stefanek, FW [2210.13422]
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• Search for scalar LQ  
single & pair production

• Several data-driven corrections to  
backgrounds

• Simultaneous fit of distributions  
of  in  and  channels

• Combination of single & pair  
production improves sensitivity 

ST ℓτh τhτh

CMS search for LQ → bτ

15Searches in (di)tau tailsArne Reimers 21 November 2022

• Simultaneous fit of all 75 distributions

• Signal combined according to relative cross sections of each signal process

• Vector LQs excluded below 1.8-1.9 TeV assuming   LQ pair production 

• Observed excess of ~3.4 / 3.1  (scalar / vector) at high mass and    channel
λ = 1 →

σ λ = 2.5 → t
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Link to agenda

Felix Wilsch

Aleks Smolkovic

Hector Mullor

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/EFTAC6
https://indico.cern.ch/event/1096487/contributions/4683319/attachments/2371809/4050826/lhc-eft-wg-flavour-assumptions-2022-01-12.pdf
https://indico.cern.ch/event/1214009/contributions/5106537/attachments/2551110/4394642/tblake_btod_overview.pdf
https://indico.cern.ch/event/1214009/contributions/5106549/attachments/2551414/4395274/EFT_dtaunu_Ciezarek.pdf
https://indico.cern.ch/event/1214009/contributions/5106550/attachments/2551431/4395319/221121_LHCEFT_LQs.pdf
https://indico.cern.ch/event/1214009/
https://indico.cern.ch/event/1214009/contributions/5106551/attachments/2550963/4394301/Wilsch_LHC-EFT-WG.pdf
https://indico.cern.ch/event/1214009/contributions/5106548/attachments/2551224/4394893/drell_yan.pdf
https://indico.cern.ch/event/1214009/contributions/5106538/attachments/2553353/4399286/LHC_EFT_WG_6_meeting_HGisbert.pdf
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Agenda for today
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Afternoon discussion session

From 18:30:

Drinks reception in 
the main building 

(mezzanine)


