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Outline

Quick STXS reminder

Derivation of STXS parameterisation
 (some highlights)

A common STXS parameterisation 
+ common EFT parameterisation format

 (towards a library)
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See Jonathon’s talk earlier
for fitting details

https://indico.cern.ch/event/1378665/contributions/5901945/
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Introduction – the parameterisation

Scaling equation, 𝜇, for:

1. Every STXS stage 1.2 bin

2. Partial decay widths

3. Total Higgs width

• Use only dimension-6 operators, in Warsaw basis

• Single insertions including all CP-even and odd operators

▪ Though we only use CP-even in the fit

• Linear in amplitude → keep quadratic terms* from 𝑀 2

• topU3l flavour symmetry1: 𝑈 2 𝑞,𝑢,𝑑
3 𝑈 3 𝑙,𝑒

2

▪ Light quarks (u,d,s,c) and heavy quarks (b,t) have separate Wilson coefficients

▪ All leptons share same Wilson coefficients

• {𝐺𝐹 , 𝑚𝑍, 𝑚𝑊} input parameter scheme1

𝜇 = 1 +  ෍
𝑖

𝐴𝑖𝐶𝑖 +  ෍
𝑖𝑗

𝐵𝑖𝑗𝐶𝑖𝐶𝑗

[1] More details in SMEFTsim manual

𝑄𝑢𝐻 = (𝐻†𝐻)(ത𝑞𝑌𝑢
†𝑢 ෩𝐻)

𝑄𝑑𝐻 = (𝐻†𝐻)(ത𝑞𝑌𝑑
†𝑑𝐻)

𝑄𝑏𝐻 = (𝐻†𝐻)( ത𝑄𝐻𝑏)

𝑄𝑡𝐻 = (𝐻†𝐻)( ത𝑄 ෩𝐻𝑡)

𝑄𝑒𝐻 = (𝐻†𝐻)( ҧ𝑙𝑝𝑒𝑟𝐻)

ത𝑢, ҧ𝑑, ҧ𝑠, ҧ𝑐, ത𝑏, ҧ𝑡,
𝑒+, 𝜇+, 𝜏+

𝑢, 𝑑, 𝑠, 𝑐, 𝑏, 𝑡,
𝑒−, 𝜇−, 𝜏−

𝐻

*gives us the option to use it…

https://arxiv.org/pdf/2012.11343.pdf
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EFT2Obs

Wrapper around MadGraph5_aMC to help automate derivation of EFT parameterisation

Public tool
[GitHub]

https://github.com/ajgilbert/EFT2Obs/tree/master
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Gen-level parameterisations

• Begin with a gen-level parameterization

▪ Derive scaling equations only considering STXS bin definition and  no additional selection criteria 
imposed by analyses

▪ Expect to be valid where:

1. Kinematic-independent effects (e.g. 𝐻 → 2 body decays)

2. Bin finely enough in relevant kinematic variables (what the STXS is supposed to be) 

▪ Tools to derive equations with full selection criteria discussed later

• Analytical equations for 𝐻 → 𝛾𝛾 (1807.11504) and 𝐻 → 𝑍𝛾 (1801.01136)

▪ Include one-loop EW corrections 

→ probe more couplings in loops

• Use EFT2Obs tool for all other production and decay modes

H

𝑡

ҧ𝑡

ҧ𝑡
𝛾

𝛾

𝑄𝑡𝐵

https://arxiv.org/abs/1807.11504
https://arxiv.org/abs/1801.01136
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Propagator corrections

• We have our typical ‘vertex’ EFT effects

▪ e.g. 𝑄𝐻𝑙
(1)

in the Z𝑒𝑒 vertex of 𝑞𝑞ZH (Z → 𝑙𝑙)

• In this diagram, also have term ~
1

𝑞2−𝑚𝑍
2 +𝑖𝑚𝑍Γ𝑍

▪ Z width, Γ𝑍, is dependent on 𝐶𝑖

→ additional EFT effects introduced via propagators

• Propagator corrections can be significant

▪ Without corrections:

▪ With corrections:

• We apply corrections to processes modelled with SMEFTsim (everywhere except ggH and ggZH)

𝑄𝐻𝑙
(1)

= (𝐻†𝑖𝐷𝜇𝐻)( ҧ𝑙𝑝𝛾𝜇𝑙𝑟)

𝑄𝐻𝑙
(1)

𝜇𝑍 =
Γ𝑍

Γ𝑍
𝑆𝑀 = 1 − 0.011𝑐𝐻𝑙

1
+ ⋯

𝜇𝑊𝐻𝑙𝑒𝑝 = 1 − 0.039𝑐𝐻𝑙
1

+ ⋯

𝜇𝑊𝐻𝑙𝑒𝑝 = 1 − 0.028𝑐𝐻𝑙
1

+ ⋯
→ 28% reduction

At linear order, take term from 𝜇𝑍 and subtract
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Higgs total width

• Total width of the Higgs enters parameterisation of every measurement

• Analytical solution exists to linear order in Wilson coefficients (1906.06949) but we want 
parameterisation to quadratic order

→ derive total width using MC methods to quadratic order and cross check linear terms as validation

• Derivations for 𝐻 → 2 body immediately agreed with analytical result 

• Reweighting failed in 𝐻 → 4𝑓 for 𝑐𝐻𝑊, 𝑐𝐻𝐵 , 𝑐𝐻𝑊𝐵

▪ ‘Divergences’ at low 𝑚𝑙𝑙 due to 𝛾 propagator → high uncert. in 𝐴𝑖 and 𝐵𝑖𝑗

▪ Use hybrid approach

• Derive scaling equations with reweighting for all Wilson coefficients

• Create dedicated generations for 𝑐𝐻𝑊, 𝑐𝐻𝐵 , 𝑐𝐻𝑊𝐵 reweighting points, e.g. 𝑐𝐻𝑊 = 0,0.5,1.0

• Replace 𝑐𝐻𝑊, 𝑐𝐻𝐵 , 𝑐𝐻𝑊𝐵 terms with derivations from dedicated generation

𝜇 =
𝜎 × 𝐵𝑅

𝜎 × 𝐵𝑅 𝑆𝑀
=

𝜎

𝜎𝑆𝑀
 ×

Γ𝑖

Γ𝑖
𝑆𝑀  /

Γ𝐻

Γ𝐻
𝑆𝑀

H

𝑍/𝛾

𝑍/𝛾

𝑒+

𝑒−

𝜇+

𝜇−

𝑄𝐻𝐵

https://arxiv.org/abs/1906.06949
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SMEFTsim for 𝑔𝑔H
• LO SMEFT calculations (no loop-level)

• Some SM loop-induced processes have EFT tree diagrams

• Effective vertices for 𝑔𝑔H, H𝛾𝛾, HZ𝛾

▪ Allows for approximate parameterisations

▪ Invalid for pT
𝐻 > 𝑚𝑡

• Only 𝑄𝐻𝐺 - No access to 𝑄𝑡𝐺 , 𝑄𝐺 and 𝑄𝑡𝐻 𝑄𝐻□, 𝑄𝐻𝐷, 𝑄𝐻𝑙
3

, 𝑄𝑙𝑙

• No effective vertex for 𝑔𝑔𝑍𝐻 → no parameterisation at all

Effective vertex / SM 1-loop

SMEFTsim 3.0 manual

𝑡

ҧ𝑡

𝑡

𝑔

𝑔

H

𝑄𝑢𝐺

𝑄𝑢𝐻

𝑡

ҧ𝑡

𝑡

𝑔

𝑔

HKinematic dependence Flat rescaling

𝑄𝐻𝐺

𝑔

𝑔

H

https://arxiv.org/pdf/2012.11343.pdf
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SMEFT@NLO: SMEFT at one-loop in QCD

• Solves our physics problems… but creates technical challenge

• The loop-induced diagram for 𝑔𝑔H is LO in SM

• We are not deriving a NLO EFT parameterization
▪ Just using the NLO machinery (handling of loops)

• Generating 𝑔𝑔H at loop-level

generate p p > h NP=2 QED=1 QCD=2 [virt=QCD]

• Get LO and NLO diagrams from 𝑄𝐻𝐺

▪ Want to exclude the NLO diagrams

▪ Cannot exclude NLO 𝑄𝐻𝐺 whilst keeping everything else using a single process

 → splitting contributions

10

𝑔𝑔H with SMEFT@NLO

𝑄𝐻𝐺

𝑄𝐻𝐺

LO

NLO

LO
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What contributions do we need?

ℳ = ℳ𝑙𝑜𝑜𝑝
𝑆𝑀 + ℳ𝑙𝑜𝑜𝑝

𝐸𝐹𝑇 + ℳ𝑡𝑟𝑒𝑒
𝐸𝐹𝑇

ℳ 2 = ℳ𝑙𝑜𝑜𝑝
𝑆𝑀 2

+ ℳ𝑙𝑜𝑜𝑝
𝐸𝐹𝑇 2

+ 2𝑅𝑒 ℳ𝑙𝑜𝑜𝑝
𝑆𝑀 ℳ∗

𝑙𝑜𝑜𝑝
𝐸𝐹𝑇 + ℳ𝑡𝑟𝑒𝑒

𝐸𝐹𝑇 2
+ 2𝑅𝑒 ℳ𝑙𝑜𝑜𝑝

𝑆𝑀 ℳ∗
𝑡𝑟𝑒𝑒
𝐸𝐹𝑇 + 2𝑅𝑒(ℳ𝑙𝑜𝑜𝑝

𝐸𝐹𝑇ℳ∗
𝑡𝑟𝑒𝑒
𝐸𝐹𝑇 )

ℳ𝑙𝑜𝑜𝑝
𝐸𝐹𝑇,𝑁𝐿𝑂

Unwanted contribution
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Contributions

Tree

p p > h NP=2 QED=1 QCD=0

ℳ𝑡𝑟𝑒𝑒
𝐸𝐹𝑇 2

Loop

import model SMEFTatNLO-ggH_no_cpg
p p > h NP=2 QED=1 QCD=2 [virt=QCD]

ℳ𝑙𝑜𝑜𝑝
𝑆𝑀 2

 ℳ𝑙𝑜𝑜𝑝
𝐸𝐹𝑇 2

       ℳ𝑙𝑜𝑜𝑝
𝑆𝑀 ℳ∗

𝑙𝑜𝑜𝑝
𝐸𝐹𝑇

Tree_loop_2

p p > h NP=2 QCD=0 QED=1 QCDˆ2==2 NPˆ2==2 
[virt=QCD]

ℳ𝑙𝑜𝑜𝑝
𝑆𝑀 ℳ∗

𝑡𝑟𝑒𝑒
𝐸𝐹𝑇

Tree_loop_4

p p > h NP=2 QCD=0 QED=1 QCDˆ2==2 NPˆ2==4 
[virt=QCD]

ℳ𝑙𝑜𝑜𝑝
𝐸𝐹𝑇ℳ∗

𝑡𝑟𝑒𝑒
𝐸𝐹𝑇               ℳ𝑙𝑜𝑜𝑝

𝐸𝐹𝑇,𝑁𝐿𝑂ℳ∗
𝑡𝑟𝑒𝑒
𝐸𝐹𝑇

Remove unwanted contribution by removing all 𝑐𝐻𝐺
2  terms 

from tree_loop_4.

• Four different processes
• Derive separate scaling equations for each
• Combine equations (add terms) 

Exclude 𝑄𝐻𝐺  via restrict card 

𝑐𝑖𝑐𝐻𝐺 (𝑖 ≠ 𝐻𝐺)

Unwanted contribution

𝑐𝐻𝐺
2
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𝑔𝑔H results
Scaling equation for Stage 0 𝑔𝑔H:

𝜇 = 1 − 0.12𝑐𝐻𝑙
3

+ 0.12𝑐𝐻□ + 0.06𝑐𝑙𝑙
′ − 0.03𝑐𝐻𝐷𝐷 + 40𝑐𝐻𝐺 − 0.95𝑅𝑒(𝑐𝑡𝐺) − 0.12𝑅𝑒(𝑐𝑡𝐻) + 𝑂(𝑐𝑖

2)  



Building the STXS Parameterisation 25/04/2024Charlotte Knight 14

𝑔𝑔ZH results
Scaling equation for Stage 0 𝑔𝑔ZH

𝜇 = 1 − 0.08𝑐𝐻𝑗
3

+ 0.01𝑐𝐻𝑑 − 0.34𝑐𝐻𝐺 − 0.31𝑅𝑒 𝑐𝑡𝐺 − 0.15𝑐𝐻𝑙
3

− 0.06𝑐𝐻𝑡 − 0.09𝑐𝐻𝑞
3

+ 0.07𝑅𝑒(𝑐𝑡𝐻) + 0.03𝑐𝐻𝐷𝐷  −

 0.02𝑐𝐻𝑢 + 0.12 𝑐𝑙𝑙
′ + 0.04 𝑐𝐻𝑞

1
− 0.01𝑐𝐻𝑗

1
+ 0.12𝑐𝐻□ + 0.14𝑐𝐻𝑙

(1)
− 0.01𝑐𝐻𝑊𝐵 − 0.10𝑐𝐻𝑒 + 𝑂(𝑐𝑖

2)  
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Standalone reweighting

• Developed nanoAOD-tools module to reweight existing 
SM nanoAOD events:

▪ standalone reweighting module from MadGraph using EFT2Obs 
interface

▪ use gen-level information to reweight event to any point in EFT 
parameter space

→ EFT samples with full reconstruction and detector effects

• Event ID skimming: input analyses provide list of MC event 
ID’s landing in each analysis category

▪ skim events in nanoAOD → apply standalone reweighting

▪ obtain EFT effects only for events which enter analysis

▪ extremely useful tool to study acceptance/selection effects and 
shape effects on fitted observables within experiment

nanoAOD = root-based data tier in CMS

See Jonathon’s talk for subsequent studies
(acceptance, selection and shape effects)

https://github.com/Charlotte-Knight/nanoAOD-tools/tree/eventIDSkimming
https://indico.cern.ch/event/1378665/contributions/5901945/
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A common STXS parameterisation
Idea: create a SMEFT parameterization of the STXS which is public and free to use by CMS, ATLAS and 
theorists

Motivation: efficiency and accuracy/validity

• CMS, ATLAS and theorists derive their own SMEFT parameterisations
▪ Repetition is good for validation sake but we should also try to reduce duplicated work

• Quite a bit of crosstalk between experiment and theory already, e.g. support for SMEFT@NLO and 
SMEFTsim
▪ Theorists spend time telling both experiments how to do the same thing

• Encourages collaboration between experiment and theory → more accurate interpretations
▪ From theory: newest models, analytical equations, checking input parameters, theoretical discussions such as linear vs 

quadratic order

▪ From experiment: acceptance corrections, frameworks such as EFT2Obs (incl. matching & merging)

• Use opportunity to develop a common EFT parameterization format as well
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Practical stuff

• Joint effort between LHC Higgs WG2 and LHC EFT WG with mixture of CMS, ATLAS and theory 
members

• Treat the CMS numbers as the nominal parameterisation to publish & compare with ATLAS

▪ Validate different tools/approaches (generation/reweighting)

▪ Many handles that can be different: process lines, input parameters, run settings (gen cuts), scales,…

▪ Long arduous process… there are ~ 17𝐾 𝐴𝑖 and 𝐵𝑖𝑗 terms in total 

▪ We are finally starting to converge! ☺

• Will publish the parameterisation with a note describing the tools and choices made

• Include instructions to run parameterisation with EFT2Obs

I. Brivio, K. Mimasu, C. Knight, J. Langford, E. Rossi, A. Cueto

SMEFTsim and 
SMEFTatNLO authors

CMS ATLAS
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Common EFT parameterisation format (.json)

• Propose a standard json format for publishing EFT parameterisations

▪ More “plug and play” when incorporating new parameterisations

▪ To be used for analytical and MC-based derivations alike

• Eventually, we could imagine a library/database of such files to search within

• “metadata” field

▪ Information on shape of observable (number/list/matrix) & coeffs on which it depends

• “data” field:

▪ contains monomial coefficients + errors ○ More than one error can be stored (MC, PDF, scale, …)

Main prediction: 𝐴𝑖 and 
𝐵𝑖𝑗  coefficients

MC stat. 
uncertainty on 
𝐴𝑖 and 𝐵𝑖𝑗

example.json 
on indico

https://indico.cern.ch/event/1378665/contributions/5901963/


Building the STXS Parameterisation 25/04/2024Charlotte Knight 20

More metadata fields → reproducibility

• Basis choice

• EW input schemes,

• Flavour assumptions

• Links to documentation

• Tools, versions,...

• MC settings (scale choice,...)

• Orders (EFT, perturbative,...)

• Method used

• Free-form fields

Please let us know if you 
have ideas/feedback on 
the current format!
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Preserving the code / EFT2Obs instructions

• At the very least, we will provide instructions to reproduce the parameterisation with EFT2Obs

• Preferably, we will integrate EFT2Obs into a workflow tool

▪ Reduce the number of buttons you need to push to 𝑂(1)
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Preserving the code / EFT2Obs instructions

• At the very least, we will provide instructions to reproduce the parameterisation with EFT2Obs

• Preferably, we will integrate EFT2Obs into a workflow tool

▪ Reduce the number of buttons you need to push to 𝑂(1)

• This was a topic of the hackathon earlier this week!

▪ EFT2Obs provided in a docker container → usable anywhere

▪ Created a small workflow (𝑊𝐻𝑙𝑒𝑝 only) from beginning to end

▪ Still a work in progress… but you can give it a go already

[GitHub]

Running this command 
will do everything!

Thanks to Joseph 
Mariano for joining me

https://github.com/Charlotte-Knight/EFT2Obs-Workflow/tree/main
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Preserving the code / EFT2Obs instructions

• At the very least, we will provide instructions to reproduce the parameterisation with EFT2Obs

• Preferably, we will integrate EFT2Obs into a workflow tool

▪ Reduce the number of buttons you need to push to 𝑂(1)

• This was a topic of the hackathon earlier this week!

▪ EFT2Obs provided in a docker container → usable anywhere

▪ Created a small workflow (𝑊𝐻𝑙𝑒𝑝 only) from beginning to end

▪ Still a work in progress… but you can give it a go already

[GitHub]

Running this command 
will do everything!

Workflow 
graph from 
snakemakeThanks to Joseph 

Mariano for joining me

https://github.com/Charlotte-Knight/EFT2Obs-Workflow/tree/main
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Summary

• Deriving SMEFT interpretation of STXS to quadratic order and including all CP-even and CP-odd 
operators

• Propagator corrections for SMEFTsim processes included

• Total width derived to quadratic order and validated against analytical result

• SMEFT@NLO now used for 𝑔𝑔H and 𝑔𝑔ZH

• Post-generation reweighting tools used to study acceptance, selection, and shape effects

• Publishing a common STXS parameterization collaborating with CMS, ATLAS and theorists

▪ Outputs: the parameterization, an accompanying note, instructions to reproduce

• Propose a common parameterization format (json)

▪ Publish STXS parameterization in this format

▪ Encourage others to follow suit → start collecting a library of predictions
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Propagator corrections in quadratic parameterisations

• Corrections to width of propagators 𝐴 ~
1

Γ+𝛿Γ
=

1

Γ
1 −

𝛿Γ

Γ
+

𝛿Γ 2

Γ2 + ⋯

• Square the amplitude: 𝐴2 =
1

Γ
1 −

𝛿Γ

Γ

2 1

Γ2 1 −
2𝛿Γ

Γ
+

𝛿Γ 2

Γ2

• But what about 𝐴2 =
1

Γ
1 −

𝛿Γ

Γ
+

𝛿Γ 2

Γ2

2

=
1

Γ2 1 −
2𝛿Γ

Γ
+

3 𝛿Γ 2

Γ2 + ⋯

• In SMEFTsim, 𝛿Γ Ci is also only given to linear order in 𝐶𝑖

• Very unclear what we can do about propagator effects at quadratic level

• With current tools, no way to calculate these terms correctly

Higher-order terms neglected in SMEFTsim

𝐴𝑖 𝐵𝑖𝑗

𝛿Γ = 𝛿Γ(𝐶𝑖)
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