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Outline

2

➢ Introduction of Higgs CP and EFT framework

➢ CP of Higgs Couplings to Fermions and Bosons

➢ Higgs-tau coupling: H →  

➢ Higgs-top coupling (ttH/tH)

o H →    

o H → bb   

➢ Higgs-VV coupling and EFT measurements

o H→WW*→ll  

o VBF H →   

o VBF H →   

o H→ZZ*→4l  

o WH, H→ bb  

o HH → bbbb, bb, bb                         

➢Summary



Introduction
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➢SM predicts Higgs boson to be a CP-even particle (JCP = 0++, scalar) 

➢Higgs CP-odd has already been excluded (> 3σ) 

➢Known CP violation cannot explain matter-antimatter asymmetry in the universe

➢Anomalous Higgs coupling may introduce additional CP violation, any signs of 
CP-mixed Higgs couplings to SM particles would be a hint of new physics

➢ Higgs CP measurements through its couplings to fermions and bosons
➢ Higgs-tau coupling, H→ 

➢ Higgs-top coupling, H → , H → bb

➢ Higgs-VV coupling and EFT measurements, H→WW*→ll VBF H → , 

                                                            VBF H → , H→ZZ*→4l, WH, H→bb



Higgs CP, SMEFT and New Physics
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➢ Effective Field Theory (EFT), SM (Wilson coeff. ci=0) + BSM operators

➢ Constrain BSM operators (e.g. Dimension-6) in CP violation test

➢ HISZ basis: Ὠ = ὨB

➢ Warsaw basis: three CP-odd terms contribute to the Ὄὠὠ vertex (c
Ὄὡ

, c
Ὄὄ

, c
Ὄὡὄ
 )



CP: Higgs-tau coupling (H → ††)
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➢Run2 139/fb H→ semileptonic (lep-had) or hadronic(had-had ) tau decays

➢CP-sensitive observable: signed acoplanarity angle *
CP of 2 † decay planes. 

Higgs-tau coupling:

    is CP-mixing angle: relative contributions of CP-even/odd components

➢1D likelihood fit of CP-mixing angle ‰ = 9  16 (68% CL)

➢Pure CP-odd hypothesis is excluded at 3.4

EPJC 83 (2023) 563 CP-mixing angleAcoplanarity angle ‰*
CP 



CP: Higgs-Top coupling (H → )
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➢ Using Run2 139/fb data, ttH was observed at 5.2 „ assuming CP-even coupling

➢ CP of H-top Yukawa coupling can be probed via ttH/ tH

➢ Pure CP-odd (‌ = 90°) is excluded at 3.9„

➢ |‌| > 43° is excluded at 95% CL

PRL 125 (2020) 061802

CP-odd

Rec. top mass vs m



CP: Higgs-Top coupling (H → bb)

7

➢ CP properties of H-top Yukawa coupling can be probed via ttH/ tH processes

➢ Pure CP-odd (‌ = 90°) is disfavored at 1.2„

➢ Best-fit CP-mixing angle  =                    and Higgs-top coupling strength kt’ = 

PLB 849 (2024) 138469

Two CP observables: ὴὭ
 
is top momentum, Ƕᾀ unit vector in beam direction  

Å b2: enhanced for narrower azimuthal separation of top quarks in CP-odd case 

Å b4: enhanced for tops in opposite directions and closer to beamline in CP-odd case



EFT: Higgs-VV coupling (H → WW*→ll)
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➢Ὠ = 6 operators (Warsaw-basis, 16 operators) considered 
by EFT interpretation in a CP-violating scenario. 

➢A reduced set of five operators in a rotated basis.

arXiv:2504.07686

ὧ0 → cHG

ὧ3 → ctG

ὧ1 → ╬╗▲

ὧ4 → ὧὌὡ



EFT: Higgs-VV coupling (H → WW*→ll)
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➢Wilson coefficients for CP-even / CP-odd scenarios related to H-gluon, HVV couplings

➢Result is compatible with SM (p-value of 91%); CP-odd c
╗╦ ɴ

 [-1.0, 0.6] at 95% CL

arXiv:2504.07686

CP-even →

CP-odd   →

CP-even →

CP-odd   →



EFT: Higgs-VV coupling (VBF H → )
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➢Using140/fb VBF H→ to probe CP violation of HVV couplings in EFT framework

➢jj is a sensitive observable to CP, no evidence of CP violation is observed

JHEP 03 (2025) 010

CP-even, cHW  [−1.90,+0.51]
Expected limit  [−1.19,+1.21]

CP-odd, cHŴ  [−0.31,+0.88] 
Expected limit [−0.60,+0.60]



EFT: Higgs-VV Coupling (VBF H → ††)
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➢ Using140/fb data, VBF H→ decay mode to probe 

    CP-violating HVV interactions in the EFT framework

➢Optimal Observable (OO):

    30% stronger limit than those obtained with ᶮ

arXiv:2506.19395

▀  [ī0.012,0.034] at 95%CL

c
╗╦ 

 [ī0.23,0.70] at 95%CL

The most stringent limit !



EFT: Higgs-VV coupling (VBF H → )
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PRL 131 (2023) 061802

➢Using139/fb data, VBF H→ to probe Higgs CP-violating in EFT framework 

➢Optimal observable (OO) is constructed to distinguish CP property.

➢Observed limits ▀  ɴ[−0.032, 0.059], CP-odd c
╗╦ ɴ

 [-0.53, 1.02] at 95% CL



EFT: Higgs-VV coupling (H → ZZ* → 4l)
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➢ Using139/fb data, H→ZZ*→4l to probe Higgs CP-violating in EFT framework

OOjj ( ǿὧzz) for VBF Higgs JHEP 05 (2024) 105

No deviation from SM observed



EFT: Higgs-VV coupling (H → ZZ* → 4l)
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➢ UsingRun3 data (56/fb) at 13.6 TeV, H→ZZ*→4l to probe Higgs CP-violating

ATLAS-CONF-2025-002



EFT: Higgs-VV coupling (WH, H → bb)
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➢ Using140/fb WH, H→bb to probe Higgs CP-violating in the EFT framework

ATL-PHYS-PUB-2025-022

c
╗╦ ɴ

  [-0.62, 0.85] (Observed) with

expected limit  [-0.58, 0.59] at 95% CL Observed (expected): 4.7 (5.0)



Higgs CP-violating in EFT
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➔ CP-violating parameter CHŴ in EFT is consistent with SM value.

ATL-PHYS-PUB-2025-031

→ Most stringent limit ! 



Double Higgs in EFT
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➔ ATLAS has performed HEFT 
interpretation of Run2 HH searches
➔ Constraints on the cgghh and ctthh 
anomalous couplings, all others 
are set to their SM value

Phys. Rev. Lett. 133 (2024) 101801

SM

BSM

https://link.aps.org/doi/10.1103/PhysRevLett.133.101801


Double Higgs in EFT (Run2+Run3)

18

➔ Run2 (140/fb) and Run3 (168/fb) 
HH→bb interpretation in HEFT

➔ Include the EFT effects on VBF HH
➔ 1D constraints are comparable to those 

obtained in the Run2 HH combination
➔ Large differences between 1D and 3D 

constraints show important correlations 
of three HEFT operators on HH signal.

ATLAS-CONF-2025-005

1D

3D



Summary
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➢Higgs boson is considered as a portal to explore new physics beyond the 
SM via CP violation and EFT framework.

➢Higgs has CP-even nature, NO evidence of CP violation observed so far. 

➢New CP measurements set limits on admixture scenarios and constraints 
to CP violation, the best limit: c

╗╦ ɴ
  [-0.23, 0.70] (VBF H→) @ 95% CL

➢It’s important to keep searching for various Higgs productions & decay 
modes with larger statistics and more coverage, providing more inputs to 
global EFT fits.

Please stay tuned, thanks !
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Backup: Higgs Productions and Decays
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Higgs Productions Higgs Decays

➔ggF = 48.6 pb, VBF = 3.78 pb
➔VH = 2.25 pb, ttH = 0.51 pb  



Backup: MC Generators
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SMEFT Parameterization 
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For Ὠ = 6 operators, the expected 
-  Higgs production cross-sections („Ὥ)
-  Higgs partial width (ΓὌ→ὡὡ )z
-  Higgs total width (ΓὌ) 
-  Signal strength (ij)
are linear function of Wilson coefficients

➢ Principal Component Analysis (PCA) :                   
BSM couplings may have similar impacts on 
signal strengths in STXS categories, resulting in 
highly correlated Wilson coefficients. This may 
lead to poor convergence of the fit . Therefore, a 
rotation of Warsaw basis is performed to identify 
the directions, i.e. the set of mutually orthogonal 
linear combinations of Wilson coefficients for 
which the analysis has the greatest sensitivity, a 
procedure known as PCA. 

➢ Covariance matrix of the Wilson coefficients, 
CSMEFT, is obtained by transforming the expected 
covariance matrix of the STXS signal strengths, 
CSTXS:



CP: H → WW*→ll
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➢CP-odd is primarily sensitive to the ∆ΦὮὮ

EPJC 82 (2022) 622

➢ CP mixing angle:
tan(α)=0.0±0.4(stat.)±0.3(syst.)

➢Best-fit values agree with SM at 68% CL 

➢|gg cos(α)| > 1.6 and |gg sin(α)|> 1.1 

    are excluded at 95% CL



STXSCP Categorization Scheme of H → WW*

25arXiv:2504.07686



CP: Higgs-VV coupling (VBF H → )
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➢UsingVBF H→ to probe CP-violating of HVV couplings in EFT framework

➢jj is a sensitive observable to CPV.

JHEP 03 (2025) 010



CP: Higgs-VV coupling (VBF H → )
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➢UsingVBF H→ to probe CP-violating of HVV couplings in EFT framework

➢jj is a sensitive observable to CPV.

JHEP 03 (2025) 010



CP: Higgs-Top coupling (ttH/tH, H → bb)
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➢ ttH/tH, H→ bb in lepton + jet channel 

PLB 849 (2024) 138469

➢ ttH/tH, H→ bb in di-lepton channel 



CP: Higgs-VV coupling (H → ZZ* → 4l)
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JHEP 05 (2024) 105

➔Events composition in various categories used for direct EFT coupling measurements.



CP: Higgs-VV coupling (H → ZZ* → 4l)
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EFT: Higgs-VV coupling (H → ZZ* → 4l)
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➢ UsingH→ZZ*→4l to probe Higgs CP-violating in the EFT framework

JHEP 05 (2024) 105

Results are consistent with a CP-even Higgs. 
No significant CP-odd contribution observed.



EFT: Higgs-VV coupling (WH, H → bb)
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➢ Using140/fb WH, H→bb to probe Higgs CP-violating in the SMEFT framework

ATL-PHYS-PUB-2025-022

Observed (expected): 4.7 (5.0)



Double Higgs in EFT (New)
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➔ Run2 (140/fb) and Run3 (168/fb) HH→bb interpretation in SMEFT

➔ Gray bar indicates one of ggF HH 
category yields become negative.

ATLAS-CONF-2025-005
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