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Standard model Higgs boson
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𝑚H = 125.38 ± 0.14 ± 0.11 GeV
Nat. Phys. 18 (2022) 1329

ΓH = 3.2+2.4
−1.7 MeV
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Recap: C and P transformations

C–parity

𝑒− 𝑒+

> Replaces wave function of a particle
to a wave function of the
antiparticle

> ̂𝐶 𝜓(𝑒−) = 𝜓(𝑒+)
> Conserved by strong and

electromagnetic interactions

P–inversion

> Performs ”mirror reflection” of
particle’s coordinates

> ̂𝑃 𝜓(𝑒−[ ⃗𝑟]) = 𝜓(𝑒−[− ⃗𝑟])
> Also conserved by strong and

electromagnetic interactions
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Standard model Higgs boson CP parity

> SM Higgs boson is CP-even

How to measure CP parity???

> Take a look at Lagrangian:
ℒY = 𝑚𝜏

𝜇 (𝜅𝜏 ̄𝜏 𝜏 + ̃𝜅𝜏 ̄𝜏 𝑖𝛾5𝜏)𝐻

> Let us define: arctan [ �̃�𝜏
𝜅𝜏

] as 𝛼H𝜏𝜏

>
𝑑Γ

𝑑𝜙CP

∼ 1 −
𝜋2

16
𝑏(𝐸+)𝑏(𝐸−) cos[𝜙CP − 2𝛼H𝜏𝜏]

> By examining distribution of 𝜙CP one can determine
Higgs CP parity
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H→ 𝜏𝜏 : current status
CMS Run2 result is: 𝛼H𝜏𝜏 = −1±19(stat.) ± 1(syst.) ± 2(bin-by-bin) ± 1(theo.)∘ @ 68.3% CL

> This result has a
statistically-dominated uncertainty

> ≤ 7∘ uncertainty on 𝛼H𝜏𝜏 required to
probe BSM scenarios

> Run3 campaign will double the
statistics

> We expect statistical uncertainty for
Run2 + Run3 to reduce by 40%

Current result
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Run2 H→ 𝜏𝜏 CP analysis pipeline

𝑍𝑍 2.6%
𝑍𝛾 4.8%

𝑊 +𝑊 − 21.4%𝛾𝛾 0.22%

𝑏�̄� 58.2 %
𝑐 ̄𝑐 2.89%

𝜏+𝜏− 6.27%

𝜇+𝜇− 0.02%

Higgs boson decay channels

𝑒− ̄𝜈𝑒𝜈𝜏 17.8%

𝜇− ̄𝜈𝜇𝜈𝜏 17.4%

h−𝜈𝜏 + 𝑛𝜋0 46.9% h−h+h−𝜈𝜏 + 𝑛𝜋0 14.6%

Other

Tau lepton decay modes
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Columnar analysis approach
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Using Columnflow for analysis orchestration

Columnflow task graph
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Muon kinematics: data to data comparison
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> It took a few hours to process 4
data-taking periods within a year

> For Run2 analysis it required a
few weeks!
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Tau kinematics: data to data comparison
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> It took a few hours to process 4
data-taking periods within a year

> For Run2 analysis it required a
few weeks!
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Summary

> CMS analysis of Higgs CP properties is ongoing
> It targets 𝐻 → 𝜏𝜏 decays
> A new columnar approach keeps proving its efficiency
> The first results of Data to data comparison for UL2018 and 2022 postEE show a stable situation

with the CMS detector
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BACKUP



Requirements for the new Run3 H→ 𝜏𝜏 CP analysis

> Clear and comprehensive workflow
> Possibility of combination with Run2 data
> Fast reprocessing of the analysis pipeline
> Long-term support of the code
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Theoretical and experimental constraints on 𝐻𝜏𝜏
couplings

Exp.+Th. constrains
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5 Exploring the CP-violating NMSSM:

EDM constraints and phenomenology

The phase 𝜙𝑖, which measures the CP vi-
olation in the 𝐻𝑖𝜏𝜏 coupling, as a func-
tion of the mass of the Higgs boson 𝐻𝑖.
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Spin-one and spin-two 𝐽P models tested against the SM
Higgs boson hypothesis
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