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Mapping the SMEFT at high-energy colliders: 
from LEP and (HL)-LHC to FCC-ee
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SMEFiT projections for future colliders

SMEFiT2.0

Public code paper

Automation UV matching
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 Extend SMEFiT2.0 with recent LHC Run-2 datasets 
on top, diboson, and Higgs production

 New, dedicated implementation of the constraints 
from LEP’s EWPOs

 Include tailored projections for HL-LHC pseudo-data 
based on extrapolating Run-2 data

Include ``Snowmass’’ projections for FCC-ee & CEPC 
pseudo-data, updated with FCC midterm Feasibility 
Report

Results both Wilson coefficient and matched  to UV-
complete models that have SMEFT as low-energy 
limit

Public code, data, and theory: user-friendly and 
straightforward to apply to any other future collider

SMEFiT3.0 & Projections for HL-LHC & FCC-ee

SMEFiT projections for future colliders

to appear Friday on the arXiv

extensive documentation and example runcards, 
fully reproducible results
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Baseline SMEFT analysis
445 fitted cross-sections from top (189), Higgs (129), and diboson production (81), complemented 
with LEP’s EWPOs (44 data points) 

50 (45) Wilson coefficients in the quadratic (linear) EFT fits

Posterior distributions provided by Nested Sampling (Bayesian inference). Linear fits cross-checked 
with analytic solution. 

Flavour assumptions: U(2)q ⊗ U(3)q ⊗ U(2)u ⊗ (U(1)ℓ ⊗ U(1)e)3
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Baseline SMEFT analysis
Good agreement with the SM expectations, with a few 
(well understood) exceptions

Large correlations between fitted coefficients, partially 
washed out in the quadratic EFT fits

Full posterior distribution available, can be marginalised to 
the 1-coeff, 2-coeff, 3-coeff  …. level
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Baseline SMEFT analysis
Impact of recent LHC data in the quadratic global fit

smefit2.0

smefit3.0
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HL-LHC projections
results for fits over different pseudo-data setsExtrapolate available Run-2 data to the HL-LHC assuming 

the SM as underlying theory

Rescale statistical and systematic errors, keep same binning

SM

Run-2 stat 
error

Run-2 syst 
error

pro: keep in sync global fit to actual data and HL-LHC projections

con: does not exploit HL-LHC optimisation e.g. more bins in high-pT region, multi-differential measurements
todo list: include the available tailored projections for HL-LHC observables

Goal: provide a realistic baseline, in preparation of the subsequent inclusion of the 
FCC-ee and CEPC projections, in terms of constraints in the SMEFT parameter space
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HL-LHC projections

HL-LHC: bounds on the EFT coefficients 
improved by up to a factor 3 as 
compared to current dataset

Large differences between marginalised 
bounds from global fit and individual 
(one-parameter fits) bounds: the latter 
are overly optimistic

HL-LHC reach can be improved with 
inclusion of optimised observables

Qualitatively similar picture in the 
quadratic fits
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FCC-ee projections
FCC-ee and CEPC projections follow the Snowmass study (except for 4 IPs for FCC-ee, following feasibility study)

Variations upon this configuration would be easy to implement
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FCC-ee projections

FCC-ee: huge improvements (up to 
factor 100) for most coefficients 

Clear impact on two-fermion, purely 
bosonic, and four-lepton operators

Four-fermion operators involving top 
quarks are unaffected by FCC-ee

Note: these are global marginalised 
bounds. If one performs individual (one-
parameter) fits, impact of FCC-ee is 
even stronger.



12

Top couplings

2-light-2-heavy 
4-fermion (HL-

LHC)

4-heavy-fermion 
(HL-LHC)

two-fermion (mostly 
dominated by FCC-ee)

top-Yukawa only 
@ HL-LHC

HL-LHC still best for 
ctG, ctφ
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FCC-ee projections

Study impact of sequentially adding 
FCC-ee datasets for different energies 

Combining the Z-pole run with the 
Higgs factory run at 240 GeV 
dominates the final reach

Can try any other combination, also to 
help determining which run order is most 
effective at least in terms of the SMEFT
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Fisher Information analysis

Various statistical measures available to 
determine which datasets dominate the 
reach for specific EFT directions

FCC-ee fully dominates the constraints on 
all operators except the two-light-two-heavy 
ones

In terms of the SMEFT, the run at 161 GeV 
is the one providing less information
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Matching to UV models

Lower bounds (95% CL) on different one-
particle extensions of the SM matched to 
the SMEFT at tree level

FCC-ee has an (indirect) reach on heavy 
particles with masses between a few TeV 
and up to around 100 TeV, for O(1) UV 
couplings

Strongest impact for UV models that induce 
the purely bosonic and two-fermion 
operators, which are tightly constrained by 
FCC-ee measurements
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Matching to UV models

Analysis can be extended to 
multi-particle models as 
well as to one-loop 
matching to the SMEFT

Fully automated pipeline, 
determining constraints from 
FCC-ee data on general UV 
models matched to the 
SMEFT is now streamlined
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Summary and outlook
The SMEFiT framework enables detailed projection studies quantifying the impact of future colliders in 
the parameter space of the SMEFT and of UV-complete models matched upon it

Starting point is a state-of-the-art global EFT fit, extended first with HL-LHC and then FCC-ee projections

All results shown are fully reproducible by means of our open-source, user-friendly code

Results for CEPC are in general similar to those of the FCC, with some noteworthy differences

Projections for HL-LHC can be refined with the used of optimised observables (better coverage of high-
mass region, multi-differential observables, benefitting from increased statistics)

In the pipeline is incorporating projections for other proposed future colliders (ILC, CLIC, C3, muon 
collider), more extensive investigations of the impact on UV complete models, and making more general 
the operator basis (flavour assumptions) defining our baseline analysis 

Interested in projections for future colliders? Try SMEFiT, and let us know if 
any required functionality is missing!


