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Summary

▶ idea: apply ML unfolding to
CP-violation detection in𝑝𝑝 → ℎ𝑡 ̄𝑡

▶ allow for reconstruction of
CP-sensitive observables

▶ improve sensitivity
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CP-violation

▶ promising target for BSM physics
▶ potential CP-violation source:

Higgs-top Yukawa coupling

ℒ ⊃ −
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𝑣
𝜅𝑡 ̄𝑡(cos(𝛼)+𝑖𝛾5 sin(𝛼))𝑡ℎ

▶ most direct probe: 𝑡 ̄𝑡ℎ production
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CP-sensitive Observables

▶ Look at four CP-sensitive
observables

▶ Identified as most sensitive by
Barman et al (arXiv:2110.07635v2)

𝜃CS

̄𝑡

𝑡

𝑝 𝑝

𝑏4 =
𝑝𝑧,𝑡ℓ𝑝𝑧,𝑡ℎ
|𝑝⃗𝑡||𝑝⃗ ̄𝑡|
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Unfolding Method

▶ train normalizing flow on simulated
data

▶ normalize parton distribution

𝑥 = (𝑝ℎ, 𝑝𝑏, 𝑝ℓ,… ) ∼ 𝑝part(𝑥)

conditioned on reco-level
distribution

𝑦 = (𝑝𝛾1
, 𝑝𝛾2

, 𝑝𝑏1
,… ) ∼ 𝑝det(𝑦)

Training
𝑝part(𝑥)

𝑝det(𝑥)

flow

Inference
𝑝part(𝑥)

𝑝det(𝑥)

flow
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Observable Reconstruction
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Sensitivity
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Problem 1: Intermediate Masses

▶ many massive intermediate
particles

𝑚𝑡,𝑚 ̄𝑡,𝑚𝑊+ ,𝑚𝑊− ,𝑚𝐻

▶ narrow mass distributions are hard
to reconstruct

→ use phase space parameterization
that includes intermediate masses
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Problem 2: Azimuthal Angles

▶ appropriate parameterizations will
contain azimuthal angles

▶ azimuthal angle distributions will
get cut at boundary

→ adapt flow architecture with
periodic coupling blocks
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Outlook

▶ improve sensitivity further by reducing SM bias
▶ proper treatment of experimental limitations
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