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Introduction
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• CP violation: one of key conditions in baryon asymmetry. 
• Existing CPV in SM: CKM, PMNS matrices, but NOT sufficient. 
• Where is the other CP-violation source?  

• 11 years after Higgs discovery: 
• Significant achievements from ATLAS & CMS: Higgs mass, width, 

coupling strength…
• A (new) yield for CPV search: in Higgs coupling. 

• In this talk: 
• H-V interaction CP property in VBF 𝐻 → 𝛾𝛾 channel [Phys. Rev. 

Lett. 131, 061802]. 
• Comparison with latest results in other channels. 

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


Introduction
• Theoretic model: SMEFT framework

• ℒ!"" = ℒ#$ + ∑%
&!
'"
𝒪% in dimention-6. 

• Warsaw basis: in unbroken gauge symmetry
ℒ!"#$%&'()** ⊃ +!"#

,$
𝐻-𝐻𝑊./0 𝑊./0 + +!%&

,$
𝐻-𝐻𝐵./1 𝐵./ +

+!"#&
,$

𝐻-𝜎0𝐻𝑊./0 𝐵./.
VBF process is only sensitive to 𝑐2 34. 

• HISZ basis: based on the mass eigenstates after SSB. 
ℒ566 = ℒ!" + *𝑔211𝐻𝐴𝐴 + *𝑔217𝐻𝐴𝑍 + *𝑔277𝐻𝑍𝑍 + *𝑔244𝐻𝑊𝑊 
Assumption: various HVV processes can not be distinguished experimentally in VBF

*𝑔211 = *𝑔277 =
8
9
*𝑔244 = :

9;#
.𝑑, *𝑔217 = 0. Make .𝑑 as the ONLY CP-violation parameter. 

• Matrix element:
ℳ<=$

9 = ℳ!"
9 + 𝑐> ⋅ 2𝑅𝑒 ℳ!"

∗ 	ℳ&'()** + 𝑐>9 ⋅ ℳ&'()**
9 

Compatible for the Optimal Observable definition. 
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CP sensitive observables
• Signed 𝚫𝝓𝒋𝒋

• Angular informa^on in produc^on process.
• Used in early spin/CP and differen^al fiducial cross sec^on analysis. 

• OpImal observable
• Matrix element based observable: 𝒪𝒪 = ()*(ℳ#$

∗ ℳ&'()**)
ℳ#$ " . More sensi^ve than Δ𝜙..

/012*3. 

• CP-odd effects introduce asymmetry shape in OO. 
Phys. Lett. B 805 (2020) 135426

Phys.Rev.D 74 (2006) 095001
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https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.095001


Analysis strategy
• Object definition and pre-selection: 

• Follows common 𝐻 → 𝛾𝛾 analysis.

• Event categorization: 2 BDTs 
• VBF vs. ggF, VBF vs. continuum background. 
• 7 Training variables: 𝑚.., Δ𝜂.., ΔΦ44,.., 𝜂6*77, Δ𝑅4,.802, 𝑝𝑇𝑡44, 𝑝𝑇9... 
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Ensure a high VBF purity (>85%) 
in TT and TL category



Analysis strategy
• Statistical model: 

• Extract event yields from 𝑚44 distribution. 
• Better and simpler background control 

• Likelihood constructed from the fit on 3 categories and 6 OO bins. 
• Float signal strength to have shape-only CP constraint. 
• Template fit for serios of 𝑐2 34	/	 .𝑑 hypotheses. 
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Results
• Constraints on H-V CP violation effect

• Most stringent pure CPV constraint on 𝑐9 :;: [-0.55, 1.07] @ 95% C.L. (inter + quad.) 
• No sign of CP violation observed. 
• 4𝑑 measurement combined with 𝐻 → 𝜏𝜏 result. 
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Results in other channels
• EFT interpretation VBF 𝑯 → 𝑾𝑾∗ differential fiducial cross section on 𝚫𝝓𝒋𝒋

• SMEFT basis (𝑐9 :;, 𝑐9 :;<, 𝑐9 =<), main sensitivity from VBF process and event yields. 
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Phys. Rev. D 108, 072003

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003


Results in other channels
• VBF 𝑯 → 𝒁𝒁∗ → 𝟒𝒍 CP analysis

• Sensi^ve to all 3 CP-viola^on coefficients from VBF produc^on and 𝐻 → 𝑍𝑍 decay. 
• 𝒪𝒪 for each coefficients and ver^ces: 𝒪𝒪..

&+  and 𝒪𝒪>?
&+  

2023/11/16 9

arXiv:2304.09612

VBF+VH production 𝓞𝓞𝒋𝒋 𝑯 → 𝒁𝒁∗ decay 𝓞𝓞𝟒𝒍 
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https://arxiv.org/abs/2304.09612


Results in other channels
• 1D and 2D constraints for H-V CP properties
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CMS 𝐻4𝑙
HZZ CP

HZZ CP

HGam CP (our result)
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Results in other channels
• 1D and 2D constraints for H-V CP properIes
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CMS 𝐻4𝑙
HZZ CP

HZZ CP

HGam CP (our result)
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Summary
• We are looking for new CP-violation sources beyond SM

• Is well-motivated by the baryon asymmetry puzzle.
• H-V interaction is a precious window to study EW and search the new physics. 

• Study of CP property in VBF 𝑯 → 𝜸𝜸 channel in ATLAS Run 2 is done
• Results are compatible with the SM. 
• Still the most stringent constraint on 𝑐9 :; now. 

• Future
• Combination with other channels.

• Analysis is kicked-off. Significant improvement can be expected. 
• Going forward to Run 3. 
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