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Motivation and outline

Higgs boson production in association with top quarks offers a direct

probe of the top Yukawa coupling

e Associated production with a pair of top quarks (ttH) observed in
2018 by ATLAS and CMS using a combination of decay channels
e Associated production with a single top quark (tH) not been

observed yet (very small cross section in SM)

o tHrateis particularly sensitive to deviations from SM due to

destructive interference with tWH diagram
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https://www.sciencedirect.com/science/article/pii/S0370269318305732?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.231801
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Measurement of H—bb in associated production with a top-quark pair

¥ =139 /fbat13 TeV, 2111.06712 (submitted to JHEP)

e Target decays of the top quark pair to 2 (dilepton) or =1 leptons (single-lepton)

e Eventsin which Higgs boson has a high transverse momentum (p,>300 GeV) also included

e Analysis regions defined based on the number of jets and b-jets

e Signal enriched regions further split in bins of reconstructed Higgs boson p.: [0-120], [120-200],
[200-300], [300-450], [450-] (STXS formalism) = Total of 16 analysis regions
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https://arxiv.org/abs/2111.06712

Measurement of H—bb in associated production with a top-quark pair
£ =139 /fbat 13 TeV, 2111.06712 (submitted to JHEP)

e BDT trained to distinguish between ttH and backgrounds used as discriminant in signal enriched regions
e tt+=1b background dominant in most analysis regions = Normalization measured in data 1.28 + 0.08
e Maximum likelihood fit performed including all signal and control regions

e Measured inclusive signal strength: g = 0.35%93%, dominated by tf modeling uncertainties
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https://arxiv.org/abs/2111.06712

Study of CP properties of the top-Higgs interaction in H—bb decay channel
¥ =139 /fb at 13 TeV, ATLAS-CONF-2022-016

Phys. Rev. Lett. 76, 4468

arxiv:1909.00490

Follows closely strategy of ttH(H—bb) STXS analysis: same control regions and background modeling
o tH treated as signal: rate sensitive to coupling deviations from SM
Higgs characterization model provides EFT framework to constrain 2D phase space given by (k, a)
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https://cds.cern.ch/record/2805772
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.76.4468
https://arxiv.org/abs/1909.00490

Study of CP properties of the top-Higgs interaction in H—bb decay channel
£ =139 /fbat 13 TeV, ATLAS-CONF-2022-016

Dedicated dilepton control region containing events for which

top-quark pair reconstruction is not possible
o Fit An between leptons

Simultaneous maximum likelihood fit in all (12) analysis regions with

free-floating tt+=1b normalization

Top-Yukawa coupling results

Measured value of CP-mixing angle: a =11
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https://cds.cern.ch/record/2805772

Analysis of ttH and ttW production in multilepton final states (H-WW?*, 7z, ZZ*)
% =80 /fb at 13 TeV, ATLAS-CONF-2019-045
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https://cds.cern.ch/record/2693930

Analysis of ttH and ttW production in multilepton final states
£ =80 /fb at 13 TeV, ATLAS-CONF-2019-045

Simultaneous maximum likelihood fit in all analysis regions with 7

([ ]
independent normalization factors
o 3 ttW: measured in 2£SS high/low no. jets regions and 3{ channel
o 1Tinternal conversions: measured by fitting yield 3£ ttZ, VV CR's
o 3 non-prompt leptons: e, x and material conversion candidates):
measured in 2£SS and 3t regions, H, | and AR(L,f) provide
separation against ttW and internal conversion candidates
e BDT discriminant used in signal regions of 2{SS, 3t and 14+27,_, channels
e Eventyield fitted in remaining regions
Results
e Measured signal strength: & = 0-587033
e (Observed excess above background-only hypothesis: 1.8 ¢
e ttW normalization factors{1.56039,1.26 012 || 1.68™0-50
e Similar contributions from statistical and systematic uncertainties
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https://cds.cern.ch/record/2693930

Higgs boson production cross-section measurement in the H—7z decay channel

¥ =139 /fbat 13 TeV, 2201.08269 (submitted to JHEP) p ‘

Includes multiple Higgs
: : : production modes, focus
e Targets hadronic decays of top quark pair and r leptons from Higgs decay on ftH part only

e Hadronic 7 candidates (z, ) reconstructed from jets and identified by RNN
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https://arxiv.org/abs/2201.08269

Measurement of Higgs boson production in H—yy decay channel
£ =139 /fbat 13 TeV, ATLAS-CONF-2020-026

_ e Targets ttH and tH processes in
=2 loose photons + reconstructed vertices

e BDT's trained using multiplicity and kinematic properties of . .
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https://cds.cern.ch/record/2725727

Measurement of Higgs boson production in H—yy decay channel
£ =139 /fbat 13 TeV, ATLAS-CONF-2020-026
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https://cds.cern.ch/record/2725727

CP properties of Higgs boson interaction with top quarks in H—yy : ;
£ =139 /fb at 13 TeV, Phys. Rev. Lett. 125 (2020) 061802 % weg
e Shares some similarities with STXS analysis: diphoton vertex, signal )
modelling and discriminant variable (mw) R ?
e Targets leptonic and fully hadronic of the tt pair: defined based on
number of jets and leptons
"

e 2 sets of BDT's to discriminate ttH from backgrounds and
CP-even/odd ttH+tH production

0 [
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802

Higgs boson production cross-section measurement in the H—»ZZ*—4{ decay channel
£ =139 /fb at 13 TeV, Eur. Phys. J. C80 (2020) 957

e Targets leptonic
and fully hadronic
of the tt pair and
events consistent
with a 4f vertex

=2 same-flavour, opposite charge lepton pairs

Quadruplet: m_,, m,,

50<m12< 106 GeV, m
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https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9

Higgs boson production cross-section measurement in the H—ZZ*—4{ decay channel
£ =139 /fb at 13 TeV, Eur. Phys. J. C80 (2020) 957

e InttH enriched regions backgrounds containing top quarks and electroweak bosons are dominant
e Inthe remaining regions, non-resonant ZZ* production is the dominant background
e Backgrounds with non-prompt leptons are significantly smaller
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SM
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https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9

Conclusions

Presented new measurements of ttH and tH with the ATLAS experiment

o Analyses targeting H—bb, yy, ZZ(—4l), 7, 7, , already updated with full Run-2 dataset (139 /fb)
Higgs boson associated production with top quarks leads to complex final states

o  Sensitivity enhanced by multivariate analysis techniques and precise background modeling
Largest ever dataset allows for measurements of the structure of the top Yukawa coupling

o  Charge-parity measurements performed in H—bb, yy
All measurement compatible with the SM expectations
Better (theoretical and experimental) understanding of ttbb, ttW and ttZ backgrounds is crucial

o Limiting factor in H—bb and multilepton analyses

Thank you
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Measurement of Higgs boson production in association with tt pair in H—yy decay channel

£ =139 /fbat 13 TeV, ATLAS-CONF-2019-004

e Targets leptonic and fully hadronic of the tt pair and events with a

primary diphoton vertex

=2 loose photons + reconstructed vertices

Diphoton selection
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Hadronic

No reconstructed leptons
21 b-jet, 22 jets, p.>25 GeV
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BDT: 4 categories
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https://cds.cern.ch/record/2668103

Measurement of Higgs boson production in association with tt pair in H—yy decay channel

£ =139 /fbat 13 TeV, ATLAS-CONF-2019-004

e Signal modeled as double-sided Crystal ball function
e Background modelled as power law or exponential
o  Chosen by spurious signal test
o  Single-parameter functions chosen due to low stats
e Simultaneous maximum likelihood fit performed in the 7
analysis categories

Results
e Observed significance: 4.9 ¢
e Observed signal strength: p = 1.437)33 (stat)")2] (sys)
e Upper limit for tH at 95% CL: 12 x SM
e Dominated by statistical uncertainty
e Photon energy scale and resolution are the leading
experimental uncertainties
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CP properties of Higgs boson interaction with top quarks in H—yy
£ =139 /fb at 13 TeV, Phys. Rev. Lett. 125 (2020) 061802

e Follows closely strategy of rate analysis, with tH included as signal

e (P-odd contribution parameterized as a function of (k, )

¢ Additional BDT's to discriminate CP-even/odd ttH+tH production
o  Trained separately in the hadronic and leptonic channels

e Categories defined in 2D BDT space = Total of 20 analysis categories *

(12 hadronic and 8 leptonic)
e Simultaneous maximum likelihood fit in all categories

Top-Yukawa coupling results
e |a|>43°isexcluded at 95% CL
e Pure CP-odd coupling (¢=90°) is excluded at 3.9¢
e Signal strength and cross section also extracted = Compatible with
cross-section analysis
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802

