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Abstract

Constraining the Higgs boson properties is a cornerstone of the LHC program and future
colliders. This Letter of Interest discusses the direct measurement of the Higgs-Top Yukawa
CP-structure in the tth production. We plan to combine the most relevant decay channels,
state-of-the-art of the kinematic methods, and machine learning techniques to further enhance
the CP-sensitivity to the Higgs-top Yukawa.

The possible existence of a new CP-violating interaction can play a significant role in explaining
the matter-antimatter asymmetry of the universe [I, 2]. Hence, the search for new sources of
CP-violation is a clear target in the quest for new physics. A prominent path in this program
is to improve our current understanding of the CP-structure of the Higgs coupling to fermions,
particularly the top Yukawa coupling y; ~ 1.

Whereas well-studied beyond the Standard Model (SM) CP-odd Higgs-vector boson interactions
are one-loop suppressed, arising only via operators of dimension-6 or higher [3,[4], the CP-odd Higgs-
fermion couplings could already manifest at tree level. Thus, the latter are naturally more sensitive
to CP-violation than the former. Relevantly, this coupling structure can be indirectly probed by
loop-induced interactions in Electric Dipole Moments (EDM). While this type of experiment can set
very strong constraints on CP-mixed top Yukawa, the analyses critically assume the first generation
fermions’ Yukawas the same as in the SM and that CP-violation is limited to the third generation
fermions [5]. Mild deviations on the poorly constrained strength or structure for the first generation
fermions’ Yukawas can appreciably deteriorate the limits. Thus, the direct (model independent)
measurement of the Higgs-top CP-structure is required to disentangle potential new physics effects.

Analogously to the direct measurement of the top Yukawa strength, the direct measurement for
its CP-phase also has the pp — tth channel as the most natural probe [0l [7, [8,[9]. Our objective will
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be to boost the prospects to directly access the Higgs-top CP-phase with the pp — tth process, using
the most promising decay channels, the state-of-the-art kinematic reconstruction methods [10, [11],
and machine learning techniques to maximally explore the complex multi-particle phase space.

References

[1]

[2]

[3]

A. D. Sakharov. Violation of CP Invariance, ¢ Asymmetry, and Baryon Asymmetry of the
Universe. Pisma Zh. Eksp. Teor. Fiz., 5:32-35, 1967. [Usp. Fiz. Nauk161,61(1991)].

Jose R. Espinosa, Ben Gripaios, Thomas Konstandin, and Francesco Riva. Electroweak Baryo-
genesis in Non-minimal Composite Higgs Models. JCAP, 1201:012, 2012.

W. Buchmuller and D. Wyler. Effective Lagrangian Analysis of New Interactions and Flavor
Conservation. Nucl. Phys., B268:621-653, 1986.

B. Grzadkowski, M. Iskrzynski, M. Misiak, and J. Rosiek. Dimension-Six Terms in the Standard
Model Lagrangian. JHEP, 10:085, 2010.

Joachim Brod, Ulrich Haisch, and Jure Zupan. Constraints on CP-violating Higgs couplings
to the third generation. JHEP, 11:180, 2013.

Matthew R. Buckley and Dorival Goncalves. Boosting the Direct CP Measurement of the
Higgs-Top Coupling. Phys. Rev. Lett., 116(9):091801, 2016.

Dorival Goncalves and David Lopez-Val. Pseudoscalar searches with dileptonic tops and jet
substructure. Phys. Rev. D, 94(9):095005, 2016.

Georges Aad et al. C'P Properties of Higgs Boson Interactions with Top Quarks in the ttH
and tH Processes Using H — vy with the ATLAS Detector. Phys. Rev. Lett., 125(6):061802,
2020.

Constraints on anomalous Higgs boson couplings to vector bosons and fermions in production
and decay in the H — 4/ channel. 8 2020.

Dipsikha Debnath, Doojin Kim, Jeong Han Kim, Kyoungchul Kong, and Konstantin T.
Matchev. Resolving Combinatorial Ambiguities in Dilepton ¢¢ Event Topologies with Con-
strained My Variables. Phys. Rev., D96(7):076005, 2017.

Dorival Gongalves, Kyoungchul Kong, and Jeong Han Kim. Probing the top-Higgs Yukawa
CP structure in dileptonic tth with Ms-assisted reconstruction. JHEP, 06:079, 2018.



