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Introduction
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• The SM Higgs boson has positive parity (CP even) and spin 0.
• Spin1/2 hypotheses have been excluded with a CL > 99.9% in 

run1.
• Pure CP-odd couplings have been strongly excluded, the more 

marginal case of mixed CP-even/odd couplings have not.
• Possible CP-violation (CPV) in the Higgs sector → indication 

of Beyond the Standard Model (BSM) physics.
• Significant achievements from ATLAS & CMS after Higgs 

discovery (mass, width, coupling), worth to search CPV in 
Higgs sector.

• No preferred dedicated BSM model so far, a model-
independent yet comprehensive modelling of BSM effects 
could be carried out, Effective field theory (EFT) looks for any 
deviation in low energy scale for new physics.

Eur. Phys. J. C 75, 476 (2015) 

https://doi.org/10.1140/epjc/s10052-015-3685-1


CP-odd model
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Higgs to bosons measurement:
• SMEFT, odd dim (e.g. d=5) violated lepton/baryon number conservation, least suppressed dim-6 operator.

• No tree-level CPV in SM, total matrix element formula composed of CP-odd/even terms:

• i.e. H to VV, H to 𝛾𝛾 in this talk.

Wilson coefficient 
Dimension operator

Scale of new physics

CP-even, SM like

CP-odd, BSM like

Higgs to fermion measurement:
•   CP admixture possible at tree level

•   CP-odd contribution parameterised by pseudoscalar term in Yukawa coupling 𝛼.

•   i.e. H to 𝜏𝜏, ttH multi-lepton in this talk.

Λ ~ 1 TeV

c = 0 for each BSM operator corresponds to the SM



CP sensitive observables 
• Search for CPV in various observables. Some examples:
 
1. The azimuthal angular difference between the two 

leading jets, ordered by rapidity Δ𝜙!!
± 	provides 

sensitivity to CP-odd effects. Previously used in 
Simplified Template cross section (STXS).

2. Matrix element-based observable: In SM, 𝒪𝒪  =0. CP-
odd effects introduce asymmetry shape in 𝒪𝒪.

3. Others like one used in WH (bb):
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Phys. Lett. B 805 (2020) 135426 

Eur. Phys. J. C (2023) 83:563 

https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y


𝐻 →𝑊𝑾∗  CP/EFT 
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• STXS binning gives more information than inclusive measurement, which gives stronger constraints on 
EFT parameter space 

• 15 STXS categories in total measured. 
• Improved precision (10-35%) in all channels comparing to previous Run2 measurements: calibrations, 

categorization, inclusion of the same-flavour lepton channel, backgrounds rejection and DNN signal 
classifier.

• Inclusive STXS cross-section measurement in agreement with their SM expectations.

arXiv:2504.07686 

https://arxiv.org/abs/2504.07686


𝐻 →𝑊𝑾∗  CP/EFT 

• The compatibility of the observed data with a CP-
violating scenario was tested by checking the consistency 
of the data with CP sensitive observable distributions.

• Signal strength in different radian ranges for STXS/0 
categories.

• 𝑐1 23 in [-1.0 , 0.6] at 95% CL. 
• 𝑐1 23 ∶ CP-odd modification to the HVV couplings and 

that it is only constrained through the production vertices arXiv:2504.07686 
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https://arxiv.org/abs/2504.07686


W𝐻	(𝑏𝑏)	CP 
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- Constrain the 𝑐1 23 in the production vertex of 𝑊 → 𝑊𝐻
- CP sensitivity from CP-odd observable, with lepton charges, momentum of charged lepton in W rest 

frame, and that of W/Higgs in lab frame. 
Measured with STXS, smallest p-value in second 
category, overall agreement with SM prediction.

𝑐1 23 in [-0.62 , 0.85] at 95% CL.

arXiv:2504.07686 

https://arxiv.org/abs/2504.07686


ttH H → multilepton  

7

ATLAS-CONF-2019-045 

• Previous ttH(H→WW,ZZ, ττ) 
analysis with 80 fb-1 data.

• 6 channels based on number, flavour 
and charge of leptons. Measured 
with STXS & BDT.

• ttH(H→ 𝝉𝝉-had) analysis with 140 fb-1 data.

• At least 6 jets (≥ 1 b-jet), or 5 jets (≥ 2 b-jets)

• BDT multi-classifier to distinguish ttH from Z→ ττ and ttbar 
backgrounds

JHEP 03 (2025) 010 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/
https://link.springer.com/article/10.1007/JHEP03(2025)010


𝐻	→𝜏𝜏	CP	
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• Exploits the acoplanarity of τ decays in: Semileptonic (ℓ–had) final states Fully 
hadronic (had–had) final states.

• Uses an RNN to tag τ-jet candidates from quark or gluon jets and a BDT to reject 
misID electrons.

• Signal regions defined by combining: τ and jet kinematic selections + BDT score.
• Estimates fake-τ backgrounds with a data-driven method.
• Employs the signed acoplanarity angle φ* between the two τ decay planes as the 

CP-sensitive observable.

Eur. Phys. J. C (2023) 83:563 

https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y


ttH/VBF 𝐻→𝛾𝛾	CP	
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Previous ttH/tH → 𝛾𝛾 
• Target both leptonically and hadronicaly 

decaying top 
• Two BDTs trained to separate ttH from 

background (bkg. Discriminant) and CP-
even from CP-odd couplings (CP 
Discriminant) 

Previous VBF 𝐻 → 𝛾𝛾 
• Using Optimal Observable to probe 𝑐1 23 	
• Using 2-stage BDT separating VBF/ggF and 

VBF/non-resonant 𝛾𝛾. 
• 5 times improvement in 𝑐1 23 	 when combined 

with 𝐻	 → 𝜏𝜏. 𝑐1 23[−0.55 , 1.07] at 95% CL.

Phys. Rev. Lett. 125 (2020) 061802 

PRL 131 (2023) 061802 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061802


Summary
• Overview of latest results from CP measurements in ATLAS, mostly with full Run 2 data

• All results consistent with SM prediction, no obvious excess found in any analysis.

• Many partial Run 3 results have good progress and fruitful development over the years, ready 
to be published very soon.

• Better result (i.e. improvement on uncertainties) coming with combinations all channels and 
more data in near future.
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Thank you! Any questions?
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