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Fitmaker
[2012. 02779] [2208. 08454] [1910.14012] [2302.06660] 

…

[A. Biekötter’s seminar] 

https://indico.bnl.gov/event/14918/attachments/41472/69484/EFT_Biekoetter_BNL.pdf


4.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

In a nutshell

A Python software for global interpretation of particle physics data in SMEFT

v. 2.0: [2302.06660]  
v. 3.0: [2404.12809] 

https://github.com/LHCfitNikhef/smefit_release


4.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

In a nutshell

A Python software for global interpretation of particle physics data in SMEFT

THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs

v. 2.0: [2302.06660]  
v. 3.0: [2404.12809] 

50 WCs!

https://github.com/LHCfitNikhef/smefit_release


4.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

In a nutshell

A Python software for global interpretation of particle physics data in SMEFT

THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs

DATA

LEP+SLD: EWPOs, WW, BrW…
LHC: Higgs, top, VV... Mostly Run-2 

v. 2.0: [2302.06660]  
v. 3.0: [2404.12809] 

445 data points!50 WCs!

https://github.com/LHCfitNikhef/smefit_release


4.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

In a nutshell

A Python software for global interpretation of particle physics data in SMEFT

THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs

DATA

LEP+SLD: EWPOs, WW, BrW…
LHC: Higgs, top, VV... Mostly Run-2 

METHOD

Bayesian Nested Sampling

v. 2.0: [2302.06660]  
v. 3.0: [2404.12809] 

445 data points!50 WCs!

https://github.com/LHCfitNikhef/smefit_release


4.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

In a nutshell

A Python software for global interpretation of particle physics data in SMEFT

THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs

DATA

LEP+SLD: EWPOs, WW, BrW…
LHC: Higgs, top, VV... Mostly Run-2 

METHOD

Bayesian Nested Sampling

v. 2.0: [2302.06660]  
v. 3.0: [2404.12809] 

445 data points!

Posterior on WCs

50 WCs!

https://github.com/LHCfitNikhef/smefit_release


4.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

In a nutshell

A Python software for global interpretation of particle physics data in SMEFT

THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs

DATA

LEP+SLD: EWPOs, WW, BrW…
LHC: Higgs, top, VV... Mostly Run-2 

METHOD
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TOOLS
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Operator basis

Fit of 45 (50) WCs at the linear (quadratic) level 

• Warsaw basis with rotations.

• Flavour sym.: 𝑼(𝟐)𝒒 × 𝑼(𝟑)𝒅 × 𝑼(𝟐)𝒖 × (𝑼(𝟏)𝒍 × 𝑼(𝟏)𝒆)
𝟑 + 𝒚𝒃,𝒄,𝝉

𝑺𝑴 + 𝒄𝝋(𝒃,𝒄,𝝉)
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SMEFiT 3.0 results

Many bounds dominated by quadratic contributions

● Marginalised fit

● LEP + LHC

Linear in EFT
Quadratic in EFT
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Pulls and correlations

Fit residuals (pulls) largely SM compatible

No large correlations
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NLO QCD in the EFT effects

LO QCD
NLO QCD
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An eye on the future

Implemented in SMEFiT
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Improvements at HL-LHC and FCC-ee

FCC-ee probes well 
bosonic operators

And several 2-
fermion operators!

Top Yukawa only at 
HL-LHC

4-quark: 

improvement   

at HL-LHC
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UV model

SMEFT

Λ

E

Matching

Functional

Diagrammatic

● Less parameters

● Stronger correlations

● Model dependent

● Sharper interpretation
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Automated 
1-loop 

matching*

Diagrammatic

Functional

*Only up to tree level for heavy spin-1 bosons.

[2212. 04510]
Updated to v.0.2.0 

[2112.10787]
Updated to v.1.1.3 

[1808. 04403] 

● On-shell matching techniques

● Matching with Spontaneous Symmetry Breaking

● Functional matching for dim. >6

● 1-loop dictionaries

● 2-loop matching

[2308.00035] [F. Vilches@Planck24] [J. López Miras@HEFT2024]

[2404.11640]

[2311.13630]

[2306.09103] [2308.03849] [2311.12757]

[P. Olgoso@HEFT2024][2303.16965]

[J. Fuentes-Martín@HEFT2024]

[J. Gargalionis@Planck24]

Disclaimer: incomplete list.

https://gitlab.com/matchete/matchete
https://ftae.ugr.es/matchmakereft/
https://inspirehep.net/literature/2684220
https://indico.cern.ch/event/1323379/contributions/5889344/
https://indico.cern.ch/event/1339526/contributions/5907815/
https://inspirehep.net/literature/2778944
https://inspirehep.net/literature/2725989
https://inspirehep.net/literature/2668948
https://inspirehep.net/literature/2686332
https://inspirehep.net/literature/2724928
https://indico.cern.ch/event/1339526/contributions/5907813/
https://inspirehep.net/literature/2647303
https://indico.cern.ch/event/1339526/contributions/5909505/
https://indico.cern.ch/event/1323379/contributions/5892249/


Automation across scales
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UV model

SMEFT

Observables and Data

SMEFT@NLO
Fitmaker

[2112.10787] 

[2212. 04510] 

[1808. 04403] 

[2012. 11343] 

[2008. 11743] 

[1405.0301] 

[2012. 02779] 

[2208. 08454] 

[1910.14012] 

[2302.06660] 

Apologies for not including all tools/codes due to space restrictions.

Λ

E

𝒗

[2303.16965]

[2012.02779] 

[2108.01094] 

[2111.05876] 

https://inspirehep.net/literature/2647303
https://arxiv.org/2108.01093
https://arxiv.org/2108.01093
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Bridging the gap

Photo by Didier Descouens - Own work, CC BY-SA 4.0

https://github.com/arossia94/match2fit
https://commons.wikimedia.org/w/index.php?curid=36479611
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Tree-level matching

One-loop level matching

UV constraints on the WC space are highly non trivial
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THEORY

DATA

METHOD TOOLS

Posterior on UV

UV Matching

Posterior on WCs
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match2fit

● A Wolfram Mathematica™ package, fully documented.

● Reads results from Matchmakereft and produces run cards that can be 
fed into smefit to perform a fit .

● Uses the same WC basis than SMEFiT.

● It can impose UV flavor assumptions and evaluates the masses.

● It can run Matchmakereft to perform the matching and translation at once.

It supports 1-loop matching results.

https://github.com/arossia94/match2fit
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Dataset: SMEFiT 2.0 + EWPOs

Spin 1

Sensitivity to the sign of UV couplings
Top couplings sensitive to 
quadratic-in-WCs pieces
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Projections for the future: simple models

Driven by 
EWPOs

Driven by 
heavy 
4-quark
operators

Top 
partners

Tree-level
matching
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Conclusions

● We have the tools for the full cycle of the EFT program for BSM Physics.

● SMEFiT allows to interpret LHC data at the EFT and UV model levels from 
one set of predictions.

● Match2fit provides a simple and flexible SMEFiT-MMEFT interface.

● LHC Run 2 data shows an impressive constrain power.

● We can understand the impact of future colliders at SMEFT and UV level.

● Several improvement possibilities: interfacing more codes, flavor data, RGE 
effects, more general flavor symmetries…

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 21.



Thanks for your attention!
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Contact:

Alejo N. Rossia

HEP Theory Group – Dept. Of Physics and Astronomy

E-mail: alejo dot rossia at manchester dot ac dot uk

http://www.hep.man.ac.uk/

Thanks to M. Thomas, E. Celada, V. Miralles and H. el Faham for ideas for the slides and discussions.

http://www.hep.man.ac.uk/
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UV invariants
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We are sensitive only to combinations of UV couplings that enter the WCs.

“UV invariants” 

Not necessary to do the fit, but useful to understand the results.



Restrictions from EFT flavor symmetry
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● Your model produces an operator that should vanish and does not enter in 
any fitted process.
● The bounds from the fit might be suboptimal with respect to bounds 

from other processes.

● Your model produces an operator that should vanish and enters some 
processes in the dataset.
● The bounds from the fit might not be trustworthy and suboptimal.

● The symmetry assumes two WCs to be equal but your model produces 
them with different values.
● Match2fit will take only one of those values and ignore the other. 

Unless the difference is small, the bounds from the fit are not 
trustworthy.
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How to forecast

● Take SMEFiT 3.0 LHC datasets with 

highest int. luminosity

● Pseudodata fluctuated around SM

● Rescale uncertainties:

● Statistical

● Systematics

● No HL-LHC optimization

(3 ab-1)

● Snowmass + FCC midterm Feas. Rep.

● Z-pole+161+240+350/365 GeV

● EWPOs

● 𝒇ത𝒇 production

● 𝒁𝑯+ 𝝂ഥ𝝂𝑯+ all 𝑯 decays.

● 𝑾+𝑾− + 𝒕 ҧ𝒕 with Optim. Obs.



Probability in UV and WC spaces
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The relation between PDFs in WC and UV space can be misleading.

SMEFiT supports relations among fit parameters like:

The exponents can be rational numbers of any sign. 
This imposes restrictions on the supported matching relations.

Additional technicalities



One-part. models at tree level

M. Thomas EPS-HEP2023 – 22/08/23
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Dataset: SMEFiT 2.0 + EWPOs

Scalars Fermions Vectors

Good agreement with the Fitmaker results
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Multi-particle models at tree level

Dataset: SMEFiT 2.0 + EWPOs

Spin 1

Spin 1/2



List of models
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UV Couplings
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Dataset
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Correlations in linear fit
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Impact of new LHC Run 2 data
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HL-LHC impact in detail
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FCC-ee Energy runs
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FCC-ee Energy runs
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HL-LHCLEP+LHC

FC
C

-e
e

• Quantifies which datasets have more 
sensitivity to given operator

• Proxy for linear individual fit 
• FCC-ee dominates nearly all operators 

except 4-quark operators, only accessible in 
pp collisions (tree level)

• Combination of 91 GeV and 240 GeV runs 
important to pin down 2-fermion and gauge 
operators

• FCC-ee run at 161 GeV is the least useful for 
the SMEFT

4H

2L2H

2F

Bos

Fisher Information matrix

A15.Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24



The power of multi(di)-boson
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