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Motivation
BSM CP violation required to explain baryonic asymmetry
• Uncertainty on Higgs couplings can accomodate this
• My focus: HWW interaction in WH production
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ATLAS VH “Legacy” analysis
Precision measurement of V(W/Z)H(bb) production and search for VH(cc) (CONF/INT). 

Goal: combined measurement
Challenge: develop harmonized strategy

Contributions: background modelling studies,
fit model development

Most precise measurement of WH(bb).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
https://cds.cern.ch/record/2743096


Pheno: observable choice
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Compared kinematic observables w/ detector-level optimal observable (SALLY)

Kinematic observables give comparable limits to SALLY - JHEP04(2024)014
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Ԧ𝑝ℓ
𝑊
. ( Ԧ𝑝𝐻 × Ԧ𝑝𝑊)

Ԧ𝑝ℓ
𝑊
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Ԧ𝑝ℓ
𝑊 : momentum of lepton in W boson rest frame

JHEP 04 (2015) 103

https://doi.org/10.1007/JHEP04(2024)014
https://doi.org/10.1007/JHEP04(2015)103


ATLAS CP in WH analysis
Implemented baseline analysis strategy on top of 
VH Legacy analysis.

Goal:
• Extract 𝜇𝑆𝑇𝑋𝑆 in categories of 𝑄ℓ cos 𝛿+ and 

𝑄ℓ cos 𝛿
+ × 𝑝𝑇

𝑊

• Interpret 𝜇𝑆𝑇𝑋𝑆 as a function of 𝑐 ෪𝐻𝑊

First results competitive with world best !
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Thanks!
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Likelihood ratio trick/CARL

arXiv:1506.02169

For two POIs, 𝜃0, 𝜃1 and balanced samples 𝑝 𝜃0 = 𝑝 𝜃1 = 0.5, 𝑝 𝑥 =
𝑝(𝑥|𝜃0)+𝑝(𝑥|𝜃1)

2

• For a classifier trained to distinguish between samples from 𝜃0 and 𝜃1 the classifier boundary

𝑠 𝑥 𝜃0, 𝜃1 = 𝑝 𝑦 = 1 𝑥 =
𝑝(𝑥|𝜃1)

𝑝 𝑥 𝜃0 + 𝑝(𝑥|𝜃1)
=

1

𝑟 𝑥 𝜃0,𝜃1 + 1

Inverting the relation, one can use classifiers to estimate likelihood ratios – CARL - arXiv:1506.02169

Ƹ𝑟 𝑥 𝜃0, 𝜃1 =
1 − Ƹ𝑠(𝑥|𝜃0, 𝜃1)

Ƹ𝑠(𝑥|𝜃0, 𝜃1)
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https://arxiv.org/abs/1506.02169


SBI with mining gold

arXiv:1805.00020

Likelihood cannot be calculated analitically, but can be factorized

• 𝑝 𝑥 𝜃 = ∫ 𝑑𝑧𝑑∫ 𝑑𝑧𝑠∫ 𝑑𝑧𝑝 𝑝 𝑥 𝑧𝑑 𝑝 𝑧𝑑 𝑧𝑠 𝑝 𝑧𝑠 𝑧𝑝 𝑝 𝑧𝑝 𝜃 ≡ ∫ 𝑑𝑧 𝑝(𝑥, 𝑧|𝜃)

Can extract parton-level likelihood from generators

• 𝑝 𝑧𝑝|𝜃 = 𝑑𝜎 𝑧𝑝 𝜃 /𝜎(𝜃), 𝑑𝜎: event generator weights

arXiv:1805.00020: quantities based on 𝑝 𝑧𝑝|𝜃 can be used to estimate likelihood ratio and score

• Score is a local approximation of the likelihood (statistically optimal observable) around 𝜃𝑟𝑒𝑓
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https://arxiv.org/abs/1805.00020


SBI with mining gold
Joint score: 𝑡 𝑥, 𝑧 𝜃 = ∇𝜃 log𝑝 𝑥, 𝑧 𝜃 =

∇𝜃𝑝 𝑧𝑝 𝜃

𝑝(𝑧𝑝|𝜃)
=

∇𝜃𝑑𝜎 𝜃

𝑑𝜎(𝜃)
−

∇𝜎 𝜃

𝜎 𝜃

• Regressor with 𝐿 ∝ | ො𝑔(𝑥) − 𝑡 𝑥, 𝑧 𝜃 |𝜃𝑟𝑒𝑓|
2 → 𝑡 𝑥 𝜃 |𝜃𝑟𝑒𝑓 - SALLY

Joint likelihood ratio: 𝑝 𝑥, 𝑧 𝜃0
𝑝 𝑥, 𝑧 𝜃1

=
𝑝 𝑧𝑝 𝜃0
𝑝 𝑧𝑝 𝜃1

= 𝑑𝜎 𝜃0

𝜎 𝜃0

𝜎 𝜃1

𝑑𝜎(𝜃1)

• Classifier with 𝐿 ∝ | 𝑠 𝑥, 𝑧 𝜃0, 𝜃1 log Ƹ𝑠 𝑥 𝜃0, 𝜃1 + (1 − 𝑠 𝑥, 𝑧 𝜃0, 𝜃1 log 1 − Ƹ𝑠 𝑥 𝜃0, 𝜃1 |2 →

𝑟 𝑥 𝜃0, 𝜃1 |𝜃𝑟𝑒𝑓 - ALICE (can be singly or doubly parametrized classifier)

• ALICE + gradient/score loss term, |𝑡 𝑥, 𝑧 𝜃0, 𝜃1 − ∇𝜃 log
1− Ƹ𝑠 𝑥 𝜃0, 𝜃1
Ƹ𝑠 𝑥 𝜃0, 𝜃1

|𝜃0 |2 - ALICES
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