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How to look for New Physics
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ΛELHC E

1. Directly: bump hunting 2. Indirectly: tiny deviations in tails

SM

NP
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Goal: find the value of , and precisely! c

New PhysicsThe SM EFT

c ⋅+ ≈

The Standard Model Effective Field Theory Brivio, Trott, arXiv: 1706.08945
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σSMEFT(c(μ), Λ) = σSM × 1 +
Nd6

∑
i

κi
ci(μ)
Λ2

+
Nd6

∑
i<j

κ̃ij
ci(μ) ⋅ cj(μ)

Λ4
+ 𝒪 (Λ−6)

Linear EFT corrections:  
interference with SM, computed 

with SMEFT@NLO

Quadratic EFT 
corrections, computed 

with SMEFT@NLO

SMEFT predictions

ℒSMEFT = ℒSM +
Nd5

∑
i

ci

Λ
𝒪(5)

i +
Nd6

∑
i

ci

Λ2
𝒪(6)

i + …

State of the art SM predictions

Degrande et al, arXiv: 2008.11743
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Building the likelihood
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χ2 =
1

ndat

ndat

∑
i,j=1

(σi,SMEFT(c) − σi,exp) (cov−1)ij (σj,SMEFT(c) − σj,exp)

cov(tot)
ij = cov(th)

ij + cov(exp)
ij

Analytic if , fast!𝒪 (Λ−2)
Nested Sampling   or 𝒪 (Λ−2) 𝒪 (Λ−4)

Feroz et al [1306.2144]

[ATL-PHYS-PUB-2023-039]
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Theory
SM: (N)NLO QCD + NLO EW

EFT: NLO QCD, linear and 
quadratics, with SMEFT@NLO

NNPDF4.0 no top

Data

447 measurements from  
Higgs, top, diboson and EWPO 

Full experimental correlations

Projections

HL-LHC, FCCee, CEPC 

+ Automatic projection module

smefit.scienceSMEFiT

UV models

Automatised interface 
using Match2fit and 
Matchmakereft

[2309.04523]

http://smefit.science
https://arxiv.org/abs/2309.04523
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Analysis tools
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Report module

Automatised fit reports that analyse 
the SMEFiT results 



RGE effects in the 
SMEFT
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‣ Experimental input to global fits spans a wide range of 
energy scales, from  at LEP to  in tails at LHC 

‣ Scale differences become even more marked when including 
flavour data  

‣ as well as projections at the FCC-ee around the  pole

mZ mtt̄ ∼ 3 TeV

Q ∼ mb

Z

Scale differences
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Assuming all measurements entering a global SMEFT fit 
to correspond to the same energy scale is in general  

not well justified!

B. Stefanek, 3rd ECFA workshop
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Scale differences
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RGE in SMEFT phenomenology

11

Maltoni, Ventura, Vryonidou 
arXiv: 2406.06670

Aoude et al. 
arXiv: 2212.05067

Top pair production Higgs production
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σSMEFT(c(μ), Λ) = σSM × 1 +
Nd6

∑
i

κi
ci(μ)
Λ2

+
Nd6

∑
i<j

κ̃ij
ci(μ) ⋅ cj(μ)

Λ4

Solution: promote the Wilson coefficient to carry scale dependence

‣ Wilson coefficients run and mix with energy through the anomalous 
dimension 

‣ Implemented in several codes
[1804.05033] Aebischer 

et al
[2010.16341] Fuentes-

Martin et al

RGESolver

[2210.06838] Di Noi et al

Jenkins, Manohar, Trott, Alonso, 
arXiv:1308.2627, 1310.4838, 1312.2014

RGE in SMEFiT
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We include RG effects in the Matrix Evolution Approximation interfaced to Wilson 

to express the theory predictions at a common reference scale  = 5 TeVμ0

13

RGE in SMEFiT

[1804.05033] Aebischer, 
Kumar, Straub

Theory predictions 
keep the same form!
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We associate a fixed characteristic scale choice  to each bin, but this is choice is not unique!μ
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Scale variations

Study scale variations μ → μ̃ = κμ
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4 heavy operators flow into operators 
sensitive to the EWPOs at low energy:

Example

Fisher information / sensitivity metric
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In general one may see two competing 
effects: 

‣ Ill constrained operators flow into a 
precisely determined observable 

‣ More operators enter the same 
observable, making bounds weaker

Example
4 heavy operators flow into operators 
sensitive to the EWPOs at low energy:



The global fit
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RG in the global fit
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RG in the global fit
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Global fits neglecting RGE effects can severely underestimate bounds!

RG in the global fit

Remains mostly constrained by top Also constrained by Higgs through  and OφB OφWB

Without RG With RG
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RG in the global fit
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RG in the global fit
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….or severely overestimate bounds!

RG in the global fit

Without RG With RG
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The ultimate goal of the EFT program at the LHC is to bridge the gap to explicit UV models

22

Slide from A. Rossia at 
SMEFT-tools 2025

RG effects in UV models

https://indico.mitp.uni-mainz.de/event/395/contributions/5414/attachments/3839/5037/Rossia_SMEFTools_Jan25.pdf
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RG effects in UV models

23

Mantani, Rojo, Rossia, Vryonidou, JtH 
arXiv: 2502.20453

RGE effects are crucial to harness the 
power of the FCC-ee to constrain 

extensions of the SM 

Z pole run provides the dominant 
sensitivity 

 
Reduction of theory uncertainties on 

EWPO is essential for the FCC-ee

[2311.00020]
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‣ Everything is fully 
public, including 

‣ Our EFT theory 
predictions 

‣ Dataset 
implementation 

‣ Code

Open source

24

smefit.science

http://smefit.science
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Summary and conclusion

25

‣ The SMEFT provides a convenient tool to search for new physics in a model 
agnostic way 

‣ The impact of RGE effects on the SMEFT parameter space is essential to include in 
order to connect disparate energy scales 

‣ RG effects drastically change the game for UV models, improving indirect bounds 
by several TeV
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Summary and conclusion
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‣ The SMEFT provides a convenient tool to search for new physics in a model 
agnostic way 

‣ The impact of RGE effects on the SMEFT parameter space is essential to include in 
order to connect disparate energy scales 

‣ RG effects drastically change the game for UV models, improving indirect bounds 
by several TeV

Thanks for your attention!Contact: jaco.ter.hoeve@ed.ac.uk

mailto:jaco.ter.hoeve@ed.ac.uk
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Dataset upgrade

27

We extended SMEFiT2.0 with recent Run II datasets from top, diboson and Higgs 
production 
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SM predictions
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