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3.Signal
→ Analysis targets ttH events with H → bb

→ tWH and tHjb processes are also 
considered as signal. 

→ The tH cross section exhibits a 
strong dependence on κ′𝑡 and 𝛼.

→ Events split into channels based on 
decay products of the top quark pair:

→ Dilepton channel, 4 b-tagged jets, 2 
charged leptons

→ l+jets channel, 6 jets including 4 b-
tagged jets, 1 charged lepton

1.Motivation

→ The ttH process allows for direct access to the 
top-Higgs Yukawa coupling. 

→ Previous analyses have measured CP of the 
interaction in ttH events with H→γγ [1]

→ This analysis gives a first measurement of the 
CP properties in the H→ bb decay channel [2]

7.Results 

→ The best fit point gives a mixing angle of 𝜶 = 𝟏𝟏°−𝟕𝟕°
+𝟓𝟔° and coupling strength 

modifier 𝜿′𝒕 = 𝟎. 𝟖𝟑−𝟎.𝟒𝟔
+𝟎.𝟑𝟎

→ A pure CP-odd coupling is disfavoured at 𝟏. 𝟐 𝝈 significance. 

6.CP Variables 
→ Sensitivity to 𝛼 and κ′𝑡

obtained by fitting CP-
sensitive observables.

→Observables exploit 
angular and kinematic 
differences in events 
caused by CP effects 

→Observables 𝒃𝟒 and 𝒃𝟐
𝒕 ҧ𝒕𝑯

found to be most 
sensitive to use in analysis 
[4].    

→ l+jets: 𝑏2
𝑡 ҧ𝑡𝐻 used:

→Computed in ttH rest
frame to enhance
sensitivity  

→Dilepton: 𝑏4 and ∆η𝑙𝑙
used: 

→ ∆η𝑙𝑙: Used for events 
where top 
reconstruction fails, 
acts a proxy for 
pseudorapidity
difference between top 
quarks    

4.Background
→Analysis is dominated by 𝑡 ҧ𝑡

background.

→ 𝒕 ҧ𝒕 +≥ 𝟏𝒃 component has 
the largest contribution.

→ Systematics on 𝑡 ҧ𝑡 +≥ 1𝑏
background limit the 
sensitivity of the analysis.

→ Separation of signal and 
background improved by 
using Classification BDT to 
separate 𝑡 ҧ𝑡𝐻 from 𝑡 ҧ𝑡 +≥ 1𝑏

2.CP Mixing 

→ In the SM the Higgs boson is a CP-even scalar 
particle, a pure CP-odd coupling has been 
excluded at 95% confidence level [1]. 

→ Admixtures of CP-even and CP-odd are still 
allowed experimentally.

→ Mixing between CP-even and CP-odd 
couplings is parametrised in terms of a 
mixing angle 𝛼 and coupling strength 
modifier κ′𝑡 [3]

ℒ′𝑡 ҧ𝑡𝐻 = −𝜅′𝑡𝑦𝑡Φഥψ𝑡(cos 𝛼 + 𝑖𝛾5 sin 𝛼)ψ𝑡

5.Analysis Strategy 
→CP Mixing angle and coupling strength are extracted 

from profile likelihood fit .

→ 3b Control Regions (CR): fit yield 

→ 4j Signal Regions (SR): fit 𝑏4
→ 4j Non-reconstructed* CR: fit ∆η𝑙𝑙
→ 5j CR: fit ∆𝑅𝑏𝑏

→ 6j SR: fit 𝑏2
𝑡 ҧ𝑡𝐻

→ 6j boosted SR: fit Classification BDT

* Neutrino weighting 
used in top quark 
reconstruction fails 
for some events 
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