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STATUS OF THE SM
EW PROCESSES CLEARLY SUPPRESSED WITH RESPECT TO HIGGS AND SINGLE BOSON
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TRIBOSON! 
VERY INTERESTING NOVEL MEASUREMENT
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Theorist point of view

SM
EFT

DM

Neutrino

Axions

Composite 
HiGGS

EFT is useful when you don’t know what you’re looking for

One option is to start from the 
SM perspective
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Effective Field Theory(ies): 
SMEFT
� 


“O” are the operators and c/d/f their Wilson Coefficients


We usually don’t look at odd-dimension operators within 
the gauge sectors (but they are relevant for neutrinos)


Wilson coefficients are not measurable (observables)  

Assume SM symmetries and fields

ℒEFT = ℒSM + ∑
i
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Λ2
𝒪(i)

6 + ∑
i

dj

Λ3
𝒪(i)

7 + ∑
i

fi
Λ4

𝒪(i)
8 + …
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An EFT: SMEFT

The leading contribution comes from the dim6 x SM 
interference


The next contribution should include both dim6 squared terms 
(pure EFT) and dim8 x SM interference


Challenging from the computational point of view


LHC fits available with dim. 6  linear + quadratic. 


No combined dim. 6 + 8 results available as of today

σEFT = σSM + σint,6
⏟
linear

+ σpure,6 + σint,8

quadratic

+ …
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State of the art

Several EFT fits address the Higgs and top sector


And lately also diboson processes


A subset of these, as well as EWPOs, come from 
LEP data


A full interpretation of Higgs + EW data is still 
outstanding
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LHC Global fits
In the absence of 
new particles, our 
main effort goes 
into constraining 
SMEFT coefficients 

fitmaker, smefit, et al.

Higgs + top + EWPD 
+ diboson + STXS
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What’s next?  Add EW 
measurements into the picture

Not to gain in precision, but for consistency
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VBS: TGCs, QGCs and t-channel Higgs
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Figure 2.1. EFT corrections modifying the quartic (left panel) and triple (middle panel) gauge
couplings in vector-boson scattering, as well as the the t-channel Higgs exchange contribution (right
panel) and the V ff̄ interaction vertices. In this work we consider only final states where the gauge
bosons decay leptonically.
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Figure 2.2. Same as Fig. 2.1 for two representative EFT diagrams contributing to diboson production:
a pure diboson diagram (left) and another for which diboson production interferes with the hæ V V
process (right).

to several other dimension-six operators, given the large amount of vertices and topologies
contributing to the definition of the its final state. This is illustrated in Fig. 2.1, where we
show representative diagrams for EFT corrections to quartic and triple gauge couplings as
well as the the t-channel Higgs exchange contribution.

In the case of WW diboson production at LEP, the process is sensitive to the triple
gauge couplings ZWW and “WW at leading order in the EFT expansion, and thus the
corresponding EFT parametrisation will include the modification of the TGC (through cW ).
It will also modify the eēZ vertex and the corresponding IPS dependence, which could include
cÏWB, cÏD and c(3)

Ïl , and even some contact term of the form eēWW , generally not interfering
with the SM. Similar considerations apply for diboson production at hadron colliders, although
now a new feature appears, namely the interference with Higgs production in gluon fusion
followed by the h æ V V decay. This correction induces a non-negligible sensitivity to the
cÏB and cÏW coe�cients in gauge boson pair production at the LHC. These features are
illustrated in Fig. 2.2.

3 Experimental data and theoretical calculations

In this section we describe the experimental data sets that will be used in the present analysis
as well as the corresponding theoretical predictions both in the SM and at the EFT level. We
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Abstract

We present a systematic interpretation of vector boson scattering (VBS) and diboson
measurements from the LHC in the framework of the dimension-six Standard Model E�ective
Field Theory (SMEFT). We consider all available measurements of VBS fiducial cross-sections
and di�erential distributions from ATLAS and CMS, in most cases based on the full Run II
luminosity, and use them to constrain 16 independent directions in the dimension-six EFT
parameter space. Compared to the diboson measurements, we find that VBS provides
complementary information on several of the operators relevant for the description of the
electroweak sector. We also quantify the ultimate EFT reach of VBS measurements via
dedicated projections for the High Luminosity LHC. Our results motivate the integration of
VBS processes in future global SMEFT interpretations of particle physics data.
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EFT Fits: The electroweak sector

ph-hep/2101.03180 
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Challenges (present and future) :
Reproducing exp. analyses accurately: 


Need dedicated ATLAS and CMS rivet routines


Parton Shower:  Disk and CPU demanding


Large number of events and samples: 


Quadratic terms, NLO, dim. 8 


Input scheme dependent (double effort?)

https://arxiv.org/abs/2110.15840
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Fitting strategy 

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)

Multi Gaussian Likelihood
Prior, assumed flat

�14



POSTERIOR DISTRIBUTION 
VV+VBS -> NO FLAT DIRECTIONS

CENTRAL VALUES AND 95 % CL
VV+VBS FIT
FIT OUTPUT

Diboson WZ production gives the best constraint on cW. Other 
operators better constrained by Higgs data (except CP-odd) 
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EFT Fits:
Very satisfactory results but:


Difficult to scale up  


Don’t teach much about the Higgs potential (however, stress test of 
the EWSB) 

ph-hep/2101.03180 
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Next Steps

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

CMS PreliminaryJan 2022

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

https://arxiv.org/abs/1607.06975
https://arxiv.org/abs/1607.06975qqW  0.18± 0.08 ±0.84 -119.3 fb
https://arxiv.org/abs/1903.04040
https://arxiv.org/abs/1903.04040qqW  0.09± 0.02 ±0.91 -135.9 fb
https://arxiv.org/abs/1305.7389
https://arxiv.org/abs/1305.7389qqZ  0.32± 0.14 ±0.93 -15.0 fb
https://arxiv.org/abs/1410.3153
https://arxiv.org/abs/1410.3153qqZ  0.19± 0.07 ±0.84 -119.7 fb
https://arxiv.org/abs/1712.09814
https://arxiv.org/abs/1712.09814qqZ  0.10± 0.04 ±0.98 -135.9 fb
https://arxiv.org/abs/2112.05259
https://arxiv.org/abs/2112.05259WV  0.18± 0.12 ±0.85 -1138 fb
https://arxiv.org/abs/1604.04464
https://arxiv.org/abs/1604.04464WW→γγ  0.74± 0.00 ±1.74 -119.7 fb
https://arxiv.org/abs/1612.09256
https://arxiv.org/abs/1612.09256γqqW  0.56± 0.67 ±1.77 -119.7 fb
https://arxiv.org/abs/2008.10521
https://arxiv.org/abs/2008.10521γqqW  0.21± 0.16 ±1.20 -135.9 fb
http://cds.cern.ch/record/2791336os WW  0.17± 0.15 ±1.12 -1138 fb
https://arxiv.org/abs/1410.6315
https://arxiv.org/abs/1410.6315ss WW  0.18± 0.38 ±0.69 -119.4 fb
https://arxiv.org/abs/1709.05822
https://arxiv.org/abs/1709.05822ss WW  0.08± 0.11 ±1.20 -1137 fb
https://arxiv.org/abs/1702.03025
https://arxiv.org/abs/1702.03025γqqZ  0.48± 0.65 ±1.48 -119.7 fb
https://arxiv.org/abs/2106.11082
https://arxiv.org/abs/2106.11082γqqZ  0.13± 0.12 ±1.20 -1137 fb
https://arxiv.org/abs/2005.01173
https://arxiv.org/abs/2005.01173qqWZ  0.11± 0.31 ±1.46 -1137 fb
https://arxiv.org/abs/2008.07013
https://arxiv.org/abs/2008.07013qqZZ  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

• Update fit with 
latest 
measurements


• Add quadratic EFT 
terms


• Compare different 
IPS (Mw!)
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Triboson: a new hope

  02 May 2022                                                       Alexander Grohsjean

Observation of Tri-Boson Production

♦ direct test of gauge boson self-interactions

♦ use BDT to enhance signal in 2l (e±e±, μ±μ±, e±μ±) and 3l categories separately 

  8

μ(WWW) = 1.61 ± 0.25

2.6 SD different from NLO 
prediction of 511 ± 18 fb

 arXiv:2201.13045 [hep-ex]

first observation of WWW

https://arxiv.org/
abs/2201.13045
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Triboson: a new hope

Difficult to use this result from the theory side 
(need unfolding) 


Unfolding might hide EFT effects in the 
background


Need method to “meet half way” at the BDT level 
(unbinned xsecs?) 

�19

  02 May 2022                                                       Alexander Grohsjean

Observation of Tri-Boson Production

♦ direct test of gauge boson self-interactions

♦ use BDT to enhance signal in 2l (e±e±, μ±μ±, e±μ±) and 3l categories separately 

  8

μ(WWW) = 1.61 ± 0.25

2.6 SD different from NLO 
prediction of 511 ± 18 fb

 arXiv:2201.13045 [hep-ex]

first observation of WWW



Other EW scenarios:
It turns that the SMEFT is not able to parametrise every 
possible SM deviation. Some directions are not compatible 
with the SMEFT assumptions


Scattering of EW vector bosons at high energies might have 
the key to understanding the shape of the Higgs potential 

https://arxiv.org/abs/2204.01763
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Open Questions

We do naive theory predictions: 


Sudakov logs?  EW x QCD corrections?


Common CMS/ATLAS phase space: better or worse?


Possible to add results from exotic searches into these 
global fits? (see f.ex ATLAS-CONF-2022-028/29)
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Conclusions
The programme for global fits of the complete 
LHC dataset is well underway


EW measurements specially hard to incorporate


Need input from experts to estimate MHOUs


Dim. 6 + 8 combination specially important in this 
sector
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Thank you! 


