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Top-Higgs Yukawa coupling: The largest
- tH: sensitive to top-Higgs and W-H coupling relations

Via H-t coupling Via H-W coupling
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How to search them at LHC?

- Decays
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Status of higgs production associate with top stu

- First obverstion of ttH by both CMS/ATLAS in 2018: updates

- ATLAS CMS

t/ttH H>bb  ATLAS-CONF-2020-058 Run2(1.3/3.0) CMS-PAS-HIG-18-030  2016+2017
t/ttH H>WW ATLAS-CONF-2019-045 2016+2017 CMS-PAS-HIG-19-018
t/ttHH>tt  ATLAS-CONF-2019-045 2016+2017 CMS-PAS-HIG-19-018
t/ttH H>ZZ  ATLAS-CONF-2019-045 2016+2017 CMS-PAS-HIG-19-018

arXivi2004.03969 (4)  run2
t/ttH,H>yy  PRL125(2020) 061802 Run2(5.2/4.4) PRL 125 (2020) 061801  Run2(6.6/4.7)
ttH H>inv  ATLAS-CONF-2020-052 run2 CMS-PAS-HIG-18-008  2016(re-interp)

- My focus: CMS run2 multilepton analysis & Binghuan's thesis




Signal region definition

- Main decay modes in multilepton final states

= ttH, H>WW : Largest BR and selected signal events

= ttH, H>tt : Enriched in hadronic T region

= ttH, H>ZZ (no 41) : Small contribution with excellent mass resolution
= tHg/tHW : Small but critical for interference studies

- Signal categarized by the presence of leptons

- 10 signal region defined
= Different composition of ttH, tHq/tHW

A 1 CMS Preliminary 137 b (13 TeV)
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Events
Categories with hadronic tau
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_ Fakes are the dominate background in many channels




- Fake estimation
= Fake rate estimated
using QCD in MR
— In binning of pt, n
= Validate in signal region
like Application Region

= Estimation with
uncertainties including
mismodeling

- Charge flip

= Electron charge flip rates
estimated from Z/>ee
events in the 21 OS/SS

= Negnigible from muon
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Higgs-jet tagger

- Main differnce of background and signal: The Higgs

- Very challenge to reconstruct Higgs in multilepton FS

= At least 2 neutrinos, 1 from Higgs system, 1 from top system
= Missing Jets due to geo/Pt acceptance
= Combinataries

- Tag jets from Higgs decays based on relations to other obj.

= Powerful to seperate ttH from Backgrounds St
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Signal extraction: DNN performance

Input features: obj. 4vec., H-j tagger, top tagger + others

- 4 output nodes: ttH, tHQ, ttW, others
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Systematics

RZEI NP 244 2016-2018 Ik X TS 205125 ) 52 Wi
fil KRR Shape Uncorrelated 1-3%
B2 IR Shape Correlated 2-6%
JES/JER Shape Uncorr. (stat.)/ Corr.(exp.) 1-5%
b-tagging R % Shape Uncorr. (stat.) / Corr. (exp.) 2-7%
Unclustered Energy Shape Correlated 1-2%
Signal rate Norm. / Shape Correlated 4-11%
Fakes rate Shape Uncorrelated 20-50%
Flips rate Norm. Correlated 30%
MC background rate Norm. Correlated 30-50%
= Norm. Uncorr. / Corr. 2-3%
L1 prefiring Shape Uncorrelated ~ 1%
IHEP thesis



Results from 2L SS

CMS Preliminary 137.2 fb' (13 TeVv
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DNN: 3l + Ot and 2Iss + 1t
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ttH and tH measurement in multilepton

- Comb

ined likelyhood fitting including contral regions

= Normalization of ttW,ttZ are floating
= Fix one signal to SM while estimate the other

2lss + 01,
3l + 01,
2lss + 11,
1+ 27,
2los + T,
3+ 1,
2l + 27,
4l + Ot
Ol + 217,

1+ 1,

.. R
CMS Preliminary 137 b~ (13 TeV) CMS Preliminary 137 fb (13 TeV)

2lss + 07, | u=32""°

+8.1
3l + 07, p=155""

2ss+t, | u=817

|3|||||2|||||1||||6||| 1||||é||||é||||4|.||||é _10 _5 0 5 I10I I151 I20l I25II
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Correlation of ttH and tHg measurements
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Results of H-t and H-W interference

- Expected excluding: Out side of 0.8 <k;< 1.2
- Observed excluding: Out side of 0.7 < k; < 1.1 and -0.9<k;<-0.7

50 CMS Prellmmary 137 fb™' (13 TeV) - 2CMS Preliminary 137 fb (13 TeV)
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- ttH + tH analysis in the multi-lepton final states

= Full run 2 data included
= Most sensitive channel so far at LHC

« Measured ttH and tH crossection:
- ttH: 466.4 + 96.3 (stat) & 38.2 (syst) fb
- tH: 423 + 201 (stat) & 221 (syst) fb.

- Next steps:
= CP/EFT/Differential study of ttH and tH







Table 5: Input variables to the multivariant discriminants in each of the ten analysis channels. The symbol “—" indicates that the variable
is not considered.

2ss+0ty,  2fss+ 1ty 36+0T, O0f+27y 1+1t, 1427y 2fos+1ty, 26421, 3é+1t, 4£+07,
v
v

Electron multiplicity — —
Three-momenta of leptons and /or 1,5
Transverse mass of leptons and/or Tys
Invariant mass of leptons and /or 7, s
SVFit mass of leptons and/or Ty,s

AR between leptons and /or Ty s

cos*0 of leptons and T8

Charge of leptons and/or Ty,s

Has SFOS lepton pairs

Jet multiplicity

Jets three-momenta

Average AR between jets

Forward jet multiplicity

Leading forward jet three-momenta
Minimum Ay between leading forward jet and jets
b jet multiplicity

Invariant mass of b jets

Linear discriminant Lp
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