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Introduction

✦ SMEFT interpretation, parametrise deviations from the SM:




✦  Counterpart to direct searches (Dark Matter, exotic, light new physics, etc.)


✦ A global SMEFT fit will tell us:


• If there is any deviation from the SM prediction in the LHC (i.e: where to look in the future) 


• If the SMEFT is a correct interpretation of such deviations or we need a more complex EFT

ℒSMEFT = ℒSM + ∑
i

ci

Λ2
𝒪(6)

i + ∑
j

dj

Λ4
𝒪(8)

i + …
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A central goal of the pheno community: Global fit of LHC data

See opening talk by M. Trott



Introduction

FitMaker: 10.1007/JHEP04(2021)279 
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Global fit of LHC data

SMEFiT: arXiv:2105.00006
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Top + Higgs + VV, Quadratic NLO EFT

Top + Higgs + VV, Linear NLO EFT

✦ Recent studies produced fits of Top + Higgs + VV + EWPO measurements with dim6 SMEFT 

✦ Warsaw basis as common choice, but various assumptions are possible regarding:  

flavour assumptions, NLO corrections, EFT quadratics…

And other groups: Dawson, SFitter, ATLAS, …         (See talk by G. Durieux)

https://link.springer.com/article/10.1007/JHEP04(2021)279
https://arxiv.org/abs/2105.00006


Our contribution: 
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Diboson VV

VBS VVjj

SMEFT interpretation of VBS and VV

VBS gives direct access to 
Quartic Gauge couplings and   
t-channel Higgs exchange

The HVV and HHVV couplings play 
a fundamental role on the EWSB 
mechanism.

Understanding them we will know if 
we need SMEFT or HEFT

See talks by F. Llanes-Estrada,  
and C. Quezada-Calonge
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0.5 1 1.5 2

theoσ / expσProduction Cross Section Ratio:   

CMS PreliminaryMay 2021

All results at:
http://cern.ch/go/pNj7

γγ  0.12± 0.01 ±1.06 -15.0 fb
(NLO th.), γW  0.13± 0.03 ±1.16 -15.0 fb
(NLO th.), γW  0.05± 0.00 ±1.01 -1137 fb

(NLO th.), γZ  0.05± 0.01 ±0.98 -15.0 fb
(NLO th.), γZ  0.05± 0.01 ±0.98 -119.5 fb

WW+WZ  0.14± 0.13 ±1.01 -14.9 fb
WW  0.09± 0.04 ±1.07 -14.9 fb
WW  0.08± 0.02 ±1.00 -119.4 fb
WW  0.06± 0.01 ±1.00 -135.9 fb
WZ  0.06± 0.07 ±1.05 -14.9 fb
WZ  0.07± 0.04 ±1.02 -119.6 fb
WZ  0.03± 0.02 ±1.00 -1137 fb
ZZ  0.07± 0.13 ±0.97 -14.9 fb
ZZ  0.08± 0.06 ±0.97 -119.6 fb
ZZ  0.04± 0.02 ±1.04 -1137 fb

7 TeV CMS measurement (stat,stat+sys) 
8 TeV CMS measurement (stat,stat+sys) 
13 TeV CMS measurement (stat,stat+sys) 

CMS measurements
 theory(NLO)vs. NNLO 

0 1 2 3 4 5
theoσ / expσProduction Cross Section Ratio:   

CMS PreliminaryMay 2021

All results at:
http://cern.ch/go/pNj7

qqW  0.18± 0.08 ±0.84 -119.3 fb
qqW  0.09± 0.02 ±0.91 -135.9 fb
qqZ  0.32± 0.14 ±0.93 -15.0 fb
qqZ  0.19± 0.07 ±0.84 -119.7 fb
qqZ  0.10± 0.04 ±0.98 -135.9 fb

WW→γγ  0.74± 0.00 ±1.74 -119.7 fb
γqqW  0.56± 0.67 ±1.77 -119.7 fb
γqqW  0.21± 0.16 ±1.20 -135.9 fb

ss WW  0.18± 0.38 ±0.69 -119.4 fb
ss WW  0.08± 0.11 ±1.20 -1137 fb

γqqZ  0.48± 0.65 ±1.48 -119.7 fb
γqqZ  0.13± 0.12 ±1.20 -135.9 fb

qqWZ  0.11± 0.31 ±1.46 -1137 fb
qqZZ  0.13± 0.38 ±1.19 -1137 fb

7 TeV CMS measurement (stat,stat+sys) 
8 TeV CMS measurement (stat,stat+sys) 
13 TeV CMS measurement (stat,stat+sys) 

CMS EW measurements vs.
TheoryHowever:


✦Very challenging analysis

✦VBS precision still far 

from Higgs and diboson

Several VBS results have 
recently been made available

See the CMS & ATLAS talks

Experimental datasets 



Experimental datasets 
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✦ Dataset from LHC Run II 

✦ Unfolded fiducial and differential cross 

sections of VV and VBS

✦ All vectors decay into leptons

✦ EFT effects in “signal” region only

Other channels for future update: 
Z  CMS, Zjj …γ

Dataset available by end of 2020



Theoretical calculations
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1. SM MC event generation with Madgraph and/or 

PowhegBox @ NLO 

2. EFT linear contribution @ LO with: SmeftSim UFO 

model (  symmetry)


3. Parton shower using Pythia8 and experimental phase 

space selection with ad-hoc Rivet analysis 

4. Experimental data with corresponding uncertainties  

collected from Hepdata

SU(3)5

σSMEFT = σSM +
Ndof=16

∑
i=1

ci

Λ2
σ(int)

i

Combining HEP tools to achieve good predictions:

Manage to reproduce experimental predictions accurately

For Quadratics, see talk by G.Boldrini
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Sensitivity plots
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We observe, a priori: 


✦ Sizeable effects not only in the high 
energy tails


✦ The optimal observables to include in 
the fit are not always the available ones 

Study the impact of each operator in the 
experimental phase space region,

fixing the Wilson coefficient to a reference 
value
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We observe:

✦ 2F2H operators dominated by VV

✦  VBS plays a role for purely boson operators: 

HDH^2, 2H2V, 3V

Fisher information 

Ii,j = E[
∂2 ln f(σexp |c)

∂ci∂cj
] =

ndat

∑
m=1

σ(eft)
(m,i)σ

(eft)
m,j

δ2
exp,m

, i, j = 1…nop

And normalised per operator.

✦ It shows how each channel contribute to the fit 

result. 

✦ Computed before fitting

Defined as the trace of:
A more systematic study of the EFT sensitivities
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Fitting strategy 

Web Site 

✦ SMEFiT is a  novel framework to carry 

out global analyses of the SMEFT which 

exploits (but is independent from) ample 

expertise inherited from (NN)PDF fits

✦  Two independent fitting strategies 

based: frequentist and Bayesian 

approach

✦ Able to account for quadratic EFT 

corrections

Documentation and fit posterior distribution available: 

https://lhcfitnikhef.github.io/SMEFT/


✦ Define the figure of merit to minimise as:


 

✦ Include available experimental uncertainties, correlations and theory uncertainties  
( from MC and pdfs ).


✦ Use NESTED SAMPLING : sampling the posterior as : 

 

χ2(ck) =
1

Ndata ∑ (Oexp,i − Oth,i)(cov−1)ijOexp,j − Oth,j)

p(ck |data) =
1
Z

ℒ(data |ck)Π(ck)

11

Fitting strategy 

Multi Gaussian Likelihood Prior, assumed flat
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& dataset quality 
Fit Output 

✦ Some statistical fluctuations for 

individual VBS measurements  

(should improve when more data 

points will be available)


✦ Global reduced chi2:  

✦ MHOU (SM and EFT) not included


χ2 ≈ 1
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Posterior distribution VV+VBS Central values and 95 % CL

VV+VBS fit
Fit output
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Fit output

✦ Useful to spot correlation  

between operators. 

✦ Understand how the  

combined fit behaves with respect  

to the VV-only or VBS-only

Complementarity between  
VBS and VV data 

when looking at dim6 EFT effects !
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To test this, add to our baseline two detector level 

distributions (only bins with high statistics)

Posterior distribution

Effect of differential ZZjj and Z jj:


1.  Break degeneracy on  and 


2. Improve globally the VBS only fit.

γ

cpB cp B̃

 Dataset variation
Toy model

Differential results make a big 
difference! 






✦ Assume the systematic 
errors reduce by 50% 
while statistical by 80 %


✦ Create gaussian dataset

✦ Keep LHC binning  

✦ 61 data points from VBS

σHL−LHC
i = σth

i (1 + riδ
exp
tot,i)

16

Central values 

and 95 % CL

Toy model
 VBS at HL-LHC



Comparison with the literature
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.115004
https://link.springer.com/article/10.1007/JHEP04(2021)279
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✦ Inclusion of new LHC observables (including flavour) 

✦ Also non-LHC processes (low-energy, neutrinos, EDMs) 

✦ Keep stress-testing the fit methodology as it scales to a fit involving hundreds of coefficients

✦ Study of the optimal observables to maximise the EFT sensitivity

✦ Not discussed here: 


• UV-motivated theory constraints


•  Bayesian inference for very fast EFT projections,


•  Interplay with PDF fits, 


• Treatment of theory uncertainties, 


• Matching to UV scenarios 

✦ Benchmark comparisons with other groups 

Our future plans within SMEFiT 



Summary and outlook
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✦ VBS can be used to check TGC and QGC, but can validate also the Higgs sector*

✦ The different fitting groups are well on the way towards a global EFT fit of the LHC dataset


✦ Highly nontrivial:    operators involved 

✦ Include theory improvements: 


• Higher accuracy on the theory simulations (both SM and EFT)  


• Adding dim6 quadratic terms as well as dim8 interference terms to the EFT prediction


• Better understanding of the MHOU in the EFT is needed too


Top + H + VV + VBS ≈ 𝒪(100)

Addressed in several of the theory talks (Lindert, Grazzini, Alioli, Melnikov…) 

*Bonus: can VBS-EFT give us extra information 
on the Higgs potential?



Thanks for your attention!  

20
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0.5 1 1.5 2
theoσ / expσProduction Cross Section Ratio:   

CMS PreliminaryMay 2021

All results at:
http://cern.ch/go/pNj7

γγ  0.12± 0.01 ±1.06 -15.0 fb
(NLO th.), γW  0.13± 0.03 ±1.16 -15.0 fb
(NLO th.), γW  0.05± 0.00 ±1.01 -1137 fb

(NLO th.), γZ  0.05± 0.01 ±0.98 -15.0 fb
(NLO th.), γZ  0.05± 0.01 ±0.98 -119.5 fb

WW+WZ  0.14± 0.13 ±1.01 -14.9 fb
WW  0.09± 0.04 ±1.07 -14.9 fb
WW  0.08± 0.02 ±1.00 -119.4 fb
WW  0.06± 0.01 ±1.00 -135.9 fb
WZ  0.06± 0.07 ±1.05 -14.9 fb
WZ  0.07± 0.04 ±1.02 -119.6 fb
WZ  0.03± 0.02 ±1.00 -1137 fb
ZZ  0.07± 0.13 ±0.97 -14.9 fb
ZZ  0.08± 0.06 ±0.97 -119.6 fb
ZZ  0.04± 0.02 ±1.04 -1137 fb

7 TeV CMS measurement (stat,stat+sys) 
8 TeV CMS measurement (stat,stat+sys) 
13 TeV CMS measurement (stat,stat+sys) 

CMS measurements
 theory(NLO)vs. NNLO 

0 1 2 3 4 5
theoσ / expσProduction Cross Section Ratio:   

CMS PreliminaryMay 2021

All results at:
http://cern.ch/go/pNj7

qqW  0.18± 0.08 ±0.84 -119.3 fb
qqW  0.09± 0.02 ±0.91 -135.9 fb
qqZ  0.32± 0.14 ±0.93 -15.0 fb
qqZ  0.19± 0.07 ±0.84 -119.7 fb
qqZ  0.10± 0.04 ±0.98 -135.9 fb

WW→γγ  0.74± 0.00 ±1.74 -119.7 fb
γqqW  0.56± 0.67 ±1.77 -119.7 fb
γqqW  0.21± 0.16 ±1.20 -135.9 fb

ss WW  0.18± 0.38 ±0.69 -119.4 fb
ss WW  0.08± 0.11 ±1.20 -1137 fb

γqqZ  0.48± 0.65 ±1.48 -119.7 fb
γqqZ  0.13± 0.12 ±1.20 -135.9 fb

qqWZ  0.11± 0.31 ±1.46 -1137 fb
qqZZ  0.13± 0.38 ±1.19 -1137 fb

7 TeV CMS measurement (stat,stat+sys) 
8 TeV CMS measurement (stat,stat+sys) 
13 TeV CMS measurement (stat,stat+sys) 

CMS EW measurements vs.
Theory
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Fitting methodology 
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Principal Components Analysis

Fit output

PCk =
nop

∑
i=1

= ak,ici k = 1,…nop

And normalised per operator.

Trace of:

✦ There are NO flat directions in a VV + VBS fit

✦ First PCs contains 2F2H operators.
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CP EVEN only fit 
Fit output


