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Introduction

'° 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, “’— 2“@;;;?;;”
coupling strength... i

> 107

* A (new) yield for CPV search: in Higgs coupling. i oF
Yol PR
* In this talk: N C E-ie,s-Hgg-b
* H-Vinteraction CP property in VBF H — yy channel [Phys. Rev. N |
Lett. 131, 061802]. 12 l
* Comparison with latest results in other channels. T .J ) H | % i

Particle mass (GeV)
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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
* Lgfr = Lsy + Zk%(?k in dimention-6.
* Warsaw basis: in unbroken gauge symmetry
Lzt o X HtHW] WiVl + HE HTHBA BIY + HTE Gl HW], B,

VBF process is only sensitive to ¢, .

* HISZ basis: based on the mass eigenstates after SSB.
Lerr = Lsy + GuaaHAA + GuazHAZ + GuzzHZZ + Guyw HWW

Assumption: various HVV processes can not be distinguished experimentally in VBF

1

gnaa = Gnzz =5 9nww = ﬁ d, Gyaz = 0. Make d as the ONLY CP-violation parameter.

* Matrix element:
| Myprl? = | Msy|? + c; - 2Re(Mgy Mcp_oaa) + ¢ - | Mcp_ogal®
Compatible for the Optimal Observable definition.
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CP sensitive observables

¢ SIgﬂEd A¢]]
* Angular information in production process.
* Used in early spin/CP and differential fiducial cross section analysis.

* Optimal observable

2Re(MgpMcp—odd) signed

* Matrix element based observable: 00 = . More sensitive than Ag;

| Msml|? JJ
* CP-odd effects introduce asymmetry shape in OO.

Phys. Lett. B 805 (2020) 135426
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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 — yy analysis.

* Event categorization: 2 BDTs
* VBF vs. ggF, VBF vs. continuum background.

* 7 Training variables: m;;, An;;, A®,,, ;;, n%¢PP, AR;}:‘}", pTt,,, pTyj;.
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Analysis strategy

* Statistical model:
* Extract event yields from m,,,, 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 ¢y / d hypotheses.
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Results

* Constraints on H-V CP violation effect
* Most stringent pure CPV constraint on cyyy: [-0.55, 1.07] @ 95% C.L. (inter + quad.)
* No sign of CP violation observed.
* d measurement combined with H — 7 result.
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Results in other channels

> Phys. Rev. D 108, 072003
* EFT interpretation VBF H —» WIW" differential fiducial cross section on A¢;

* SMEFT basis (cyyw, Cyirg, Cyg), Main sensitivity from VBF process and event yields.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003

Results in other channels

« VBFH - ZZ* — 41 CP analysis
* Sensitive to all 3 CP-violation coefficients from VBF production and H — ZZ decay.
* 0O for each coefficients and vertices: (?Ojcji and OOZ

arXiv:2304.09612
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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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ATLAS
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Results in other channels

HWB
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« 1D and 2D constraints for H-V CP properties
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Summary
* We are looking for new CP-violation sources beyond SM
* |s well-motivated by the baryon asymmetry puzzle.
* H-Vinteraction is a precious window to study EW and search the new physics.

* Study of CP property in VBF H — yy channel in ATLAS Run 2 is done
* Results are compatible with the SM.
* Still the most stringent constraint on ¢y now.

* Future

* Combination with other channels.
* Analysis is kicked-off. Significant improvement can be expected.
* Going forward to Run 3.
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