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WG2: Higgs properties

• Topics:
ü STXS and Differential observables
ü Pseudo Observables

ü EFT and BSM interpretations

ü Tools

• Changes in the convenorship:
ü Marco Delmastro
ü Mingshui Chen → Predrag Milenovic

ü David Marzocca → Jorge de Blas

ü Francesco Riva
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Twiki: https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG2



WG2: what have we been discussing?
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EFT 
parametrizations

and tools

EFT theory developments

Differential observables

Measurements with 
final state information

Experimental summary of  
properties measurements



Experimental summary : Higgs properties
• Higgs boson properties measurements: Reach unprecedented precision

ü 10% uncertainty on inclusive production XS and coupling modifiers
ü Differential XS measurements extended to additional final states (added HWW)
ü STXS implemented in major channels (stage 0, stage 1.1), now used in EFT interpretations 

• Suggestion:
ü Compare the EFT sensitivity from STXS vs. differential XS (or dedicated) analyses
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Experimental summary : Higgs properties
• Higgs boson properties measurements: Reach unprecedented precision

ü 10% uncertainty on inclusive production XS and coupling modifiers
ü Differential XS measurements extended to additional final states (added HWW)
ü STXS implemented in major channels (stage 0, stage 1.1), now used in EFT interpretations 

• Constraints on trilinear self-couplings:
ü From NLO EW corrections in single Higgs, complement direct measurement in HH channel
ü EFT interpretation discussions: joint parallel sessions WG2 - HH
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LHC HXS WG2 Summary

EFT theory development: high-energy probes

M. Delmastro 6

• In the SM, all scalars belong to the Higgs doublet:

Modifications in Higgs Physics = modifications in EW physics

e.g.



EFT theory development: high-energy probes
• The same EFT interactions modifying the Higgs properties can be probed in other 

processes involving EW bosons and benefit from growing with E effects…
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EFT theory development: high-energy probes
• This type of effects and the relevant 2 à 2 processes (where they can be tested) have 

been already systematically classified for the case of interactions involving the top…
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LHC HXS WG2 Summary

EFT theory development: high-energy probes
• Next steps

ü General study of high-energy probes of H EFT interactions using 
longitudinal multi-boson processes

ü Map process/operators

ü Only a small number of operators enters a given process

ü EFT Theory @ high-E
ü Preparation of note on “High-Energy Benchmarks”

ü Extend “proof-of-concept” studies presented at WS to more realistic 
studies

• More realistic treatment of backgrounds
• Better understanding signal/background kinematics
• Explore vector boson polarisation information
• Include more channels

• Realistic detector simulations
• …
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EFT parameterisation and tools
• SMEFT parameterization: Include all EFT operators that contribute significantly

ü individual processes necessarily have blind directions 
ü combination of different processes / sectors required 
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EFT parameterisation and tools
• SMEFT parameterization: Include all EFT operators that contribute significantly

• SMEFT tools
ü Parameterization of Higgs total width (implemented, important effects)
ü Event-by-event reweighting tool (planned to be LHE-based)

• Ready in ~ 6 months?
• Modular implementation needed (e.g. should be able to compute weight from LHC input files)
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The Higgs width in the SMEFT

leading channels:

available as H Ñ ZZ˚, H Ñ WW ˚ ˆ BrpZ ,W q
relying on narrow width approx. for Z ,W .

good in SM but not sufficient in the SMEFT!

main reason: tree γγ,Zγ mediated diagrams

also missing:

§ CC - NC interference

§ crossed-current interference in ZZ diagrams

§ δΓV , δm
2
V corrections for off-shell boson

H Ñ f̄ f

H Ñ gg

H Ñ γγ

H Ñ f̄ f γ

H Ñ 4f

§ 4f , γγ, b̄b most relevant ones individually

§ all need to be calculated for δΓtotH Ñ Br

Ilaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 8/19



EFT parameterisation and tools
• ATLAS/CMS EFT parameterization efforts

ü Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
ü Multiple tools/approaches (and public codes) in ATLAS/CMS

ü

ü Extensive validations for STXS EFT parameterization
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EFT parameterisation and tools
• ATLAS/CMS EFT parameterization efforts

ü Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
ü Multiple tools/approaches (and public codes) in ATLAS/CMS

ü

ü Extensive validations for STXS EFT parameterization
ü Acceptance effects important for unfolded results – need corrections & STXS modifications

• Full simulation of EFT effects at detector/reconstruction level mitigates problem 
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EFT parameterisation and tools
• ATLAS/CMS EFT parameterization efforts

ü Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
ü Multiple tools/approaches (and public codes) in ATLAS/CMS

ü

ü Possibilities to identify flat directions in the EFT fit (helps with the fit convergence)
ü Next step is to move to SMEFT@NLO (important for loop effects in H�γγ and gg�H)
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EFT parameterisation and tools
• ATLAS/CMS EFT parameterization efforts

ü Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
ü Multiple tools/approaches (and public codes) in ATLAS/CMS

ü

ü Two strategies for constructing signal model as function of observables and EFT coefficients 
• Pros and cons, both can exist and be combined, as long as certain conventions are followed
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EFT parameterisation and tools
• ATLAS/CMS EFT parameterization efforts

ü Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
ü Multiple tools/approaches (and public codes) in ATLAS/CMS

ü

ü Two strategies for constructing signal model as function of observables and EFT coefficients 
• Pros and cons, both can exist and be combined, as long as certain conventions are followed 

ü Important to have multiple (public) implementations, for complementary and cross-check 
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BSM interpretation and tools
• EFT interpretation is an intermediate step to easily translate 

experimental results in terms of (well motivated) new physics 
scenarios
ü WG2 activities during 2018 focused on 

preparing a set of BSM benchmarks sensitive

to H differential and coupling measurements
and their mapping to the EFT. 

ü Document has been just finalised
• LHCHXSWG-2019-006
• https://cds.cern.ch/record/2694087
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LHC-HXSWG-int xyz

BSM Benchmarks for E↵ective Field Theories

in Higgs and Electroweak Physics

D. Marzoccaa, F. Rivab (Editors), J. Criadoc, S. Dawsond, J. de Blase,f , B. Henningb,

D. Liug, I. Lowg,h, C. Murphyd, M. Perez-Victoriac, J. Santiagoc, L. Vecchii,
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c
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g
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h
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Abstract

E↵ective Field Theories (EFTs) capture e↵ects from heavy dynamics at low en-
ergy and represent an essential ingredient in the context of Standard Model (SM)
precision tests. This document gathers a number of relevant scenarios for heavy
physics beyond the SM and presents explicit expressions for the Wilson coe�-
cients in their low-energy EFT. It includes i) weakly coupled scenarios in which
one or a few particles of di↵erent spins and quantum numbers interact linearly
with the SM and generate EFT e↵ects at tree-level, ii) scenarios where heavy
particles interact quadratically whereupon the resulting EFT arises only at loop-
level and iii) strongly coupled scenarios where the size of Wilson coe�cients is
controlled by symmetry arguments. This review aims at motivating experimental
EFT studies in which only a subset of all possible EFT interactions is used, as
well as facilitating the theoretical interpretation of EFT fits.
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BSM interpretation and tools
• BSM/EFT matching tools:

ü Apart from tools dedicated to implement the EFT parameterization, matching the 
EFT results with non-minimal BSM scenarios can be greatly simplified using 
automated tools, e.g. MATCHMAKER (Automated matching at 1-loop)
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matchmaker
Anastasiou, AC, Lazopoulos, Santiago

MatchMaker

FeynRules
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Mathematica
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A. Carmona’s talk



Extending STXS with final state information
• Motivations

ü Agree on general decay-oriented measurements, as independent as possible on 
interpretation assumption (as STXS for production)

ü POs most general proposal so far, but a few cons
• Interference terms difficult to treat
• Meaning not necessarily intuitively or directly connected to observable quantities 
• Covariance matrix of a joined measurement with STXS bins could be insufficient 
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Extending STXS with final state information
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Extending STXS with final state information
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Agreed to start 
from this “Stage 0”

Experiment to 
discuss details (e.g. 

m34 binning 
depending on pT

lep

selections)

More binning (e.g. 
angular variable to 

to define
asymmetries) could
be added at a later

stage



Theory motivations for differential observables

• The same for "colour singlet + jets" processes (e.g. Z/W+jets, H+jets, etc.)

• H+jets specific due to ggH loop - useful to measure
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Differential observables proposal: H + 0 jets
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“proposal” = suggestion 
of possible (multi-

dimensional) observables
Exact set of variables and 
binning to be discussed 

by experiments 
depending on sensitivity 

and experimental 
challenges



Differential observables proposal: H + 1 jets
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Differential observables proposal: H + 2 jets
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Next steps
• EFT interpretations

ü Great progress in theory tools and experimental implementations of 
parametrizations

ü Planning to have follow-up meeting to clarify pending issues 

ü Plan to prepare note on high-energy probes of EFT

• STXS

ü Stage 1.2 STXS being finalized

ü STXS uncertainty paper to appear soon 

ü “STXS-in-decay” Stage 0 proposal agreed on
• Experiments to decide bin boundaries (e.g. m34)

• Differential observables

ü Plan to prepare “recommendation” writeup
• Experiments to decide minimal set of observables of binning
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