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Introduction 
• New sources of CPV are expected to explain baryon assymmetry in the 

universe 


• Higgs boson is an SM scalar with no CP-violating interaction 


• CP-odd contribution would be a sign of BSM physics 


• Motivates Higgs sector as search space for additional sources of CP 
violation 



CP structure of Higgs coupling 
• Search for CP violation either in production or decay: 


• Search CP violation in  Higgs production 


• Search for CP violation in  and  decay modes

ggF, VBF, ttH

H → ττ H → ZZ* → 4ℓ

Higgs coupling to W/Z bosons  in 
vector boson fusion (VBF) 

Effective Higgs and gluon 
coupling in gluon-gluon 

fusion (ggF) process

Higgs and top quark 
Yukawa coupling in ttH/tH 

process



CP structure of Yukawa coupling in tau decays
• Analyses aim to access potential mixing between scalar (CP-even) and pseudoscalar (CP-odd) in Yukawa 

coupling to -leptons 


• Interaction of Higgs of arbitrary CP nature to leptons: 


• Yukawa couplings can be expressed in terms of effective mixing angle 


• Define  as angle between  decay planes in Higgs rest frame. 


• Measure mixing angle  from relationship between  and differential cross section 

τ

τ−

ϕττ

ϕCP τ

ϕττ ϕττ

ℒ = −
mτ

ν (κττ̄τ + κ̄ττ̄iγ5τ)h
 - mass of tau lepton


 - vacuum expectation value (246 GeV)

 - Yukawa couplings

mτ
ν

κτ, κ̄τ
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Several channels considered 



LHC measurements 
• CMS has measured with full run 2 data (137 ) 


• Pure CP-odd scenario excluded at 3

ϕττ fb−1

σ

ϕττ = − 1 ± 19(stat) ± 1(syst) ± 2(bin-by-bin) ± 1(theo)∘

• ATLAS: No public results yet, but run 2 (139 ) analysis 
close to publication 


• Doctroral theses with measurements for 2015-2016 data 
(  ): 


• Measured 


• Enhancement in sensitivity similar to CMS measurement 
expected for full run 2 

fb−1

36.1 fb−1

arxiv.2110.04836

Thesis M.Hansen (2020) 

αHττ = ϕττ

https://arxiv.org/pdf/2110.04836.pdf
https://cds.cern.ch/record/2743952/files/Thesis%20M%20Hansen.pdf?version=1


Future efforts in ATLAS
• ATLAS H  Yukawa CP measurements for run 2 finishing now, too late to contribute 


• Statistics dominating uncertainty in run 2 measurements 


• With HL-LHC ATLAS will deliver around 3000  


• Claims from axiv.1510.03850: Uncertainty on  can reach: 


•  at  


•  at  


•  at  


• Possible prospect studies with improved ML studies and baryogensis interpretations 

ττ

fb−1

Δϕττ

25∘ 150 fb−1

14.3∘ 500 fb−1

5.1∘ 3000 fb−1

• Starting up now in ATLAS: CP measurements in VBF Higgs 
production exploiting 


• Last publication with 2015-2016 data, now full run 2 analysis 


• In contact with analysis group trying to figure out how we 
can join the effort 

h → ττ

Huango Li  
Higgs Plenary meeting 

23.03.2022

https://arxiv.org/pdf/1510.03850.pdf


VBF  analysis H → ττ
• Effective Lagrangian considered is the SM Lagrangian built up by CP-odd operators of mass dimension 

6 


• All couplings between Higgs and SM particles are assumed to be predicted by SM 


• After EWSB Lagrangian can be written in the mass basis of :


• Where  denote the field strength and dual field strength tensors respectively 


• Only two of the four couplings  are independent. Can be expressed by dimensionless couplings 
, the SU(2) coupling constant  and weak mixing angle : 

H, A, W±,  and Z

Vμν and Ṽμν = ϵμνρσVρσ

g̃HVV
d̃ and d̃B g θW

ℒEFF = ℒSM + g̃HAAHÃμνAμν + g̃HAZHÃμνZμν + g̃HZZHZ̃μνZμν + g̃HWWHW̃+
μνW−μν

g̃HAA =
g

2mW
(d̃ sin2 θW + d̃B cos2 θW)

g̃HAZ =
g

2mW
sin 2θW(d̃ − d̃B)

g̃HZZ =
g

2mW
(d̃ cos2 θW + d̃B sin2 θW)

g̃HWW =
g

mW
d̃

g̃HAA = g̃HZZ =
1
2

g̃HWW =
g

2mW
d̃

g̃HAZ = 0

For arbitrary choice d̃ = d̃B



VBF  analysis H → ττ
• Strength of CP-violation described by parameter  


• CP optimal observable constructed from matrix elements 

• Final state: 


• 2 tagging jets (Jets with highest momenta) 


• Reconstructed decay of Higgs ( )


• Optimal observable combines 7-dimensional phase space 
into single observable 


• Probing HVV vertex using 4-momenta of final state objects as 
inputs

d̃

ττ

τ

τ

𝒪opt =
2 ⋅ Re(ℳ*SMℳCP−odd)

|ℳSM |2



Optimal observable 
• Shown to have the highest sensitivity to  and neglects contributions 

proportional to 


• Measure mean value to obtain model independent test for CPV


• No CPV —> 


• Observation of non-vanishing mean value or asymmetry in  distribution 
would indicate new physics 


• SM: Symmetric 


• Non-vanishing : Asymmetry with 

d̃
d̃2

< 𝒪opt > = 0

𝒪opt

< 𝒪opt > = 0

d̃ < 𝒪opt > ≠ 0

• Previous measurement (36.1 ): arxiv.2002.05315


• Observed 68% CI of  

fb−1

d̃ ∈ [−0.090,0.035]

https://arxiv.org/pdf/2002.05315.pdf


From HLepton 
meeting 

28.02.2022
Plans for run 2 analysis

• Many plans..


• Need to meet with analysis 
team to get some details 
and figure out where we 
can contribute 


• As far as I can tell this is 
the only ongoing  
CP analysis in ATLAS

h → ττ

Markus Schumacher



Summary
• Measurements of CP in Higgs Yukawa coupling to -leptons have been performed by the CMS 

collaboration 


• ATLAS close to publishing similar result 


• Will try to join VBF  analysis that is starting now 


• In terms of collaboration with Warsaw (Task 4) it would be great with some inputs

τ

Hττ


