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Motivation

e Direct measurement of the Yukawa coupling between top quark
and Higgs boson at tree level via ttH cross section
measurement

e ttH prodution cross section at 13 TeV is ~1 % of total Higgs
production cross section

e Multilepton signatures at decay modes with >= 1lleptons (WW,
11, ZZ) from both top quark and Higgs boson decays
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Over‘V|ew What we have in multilepton:

e 2/3/4 leptons (e/n)

e 1 or 2 hadronic taus (t_had)

e several jets (usually >=4)

e 1in which some are b-tagged
(usually >=1)
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Non-prompt leptons (e/p)

Non-prompt leptons are hard to estimate from
simulation.

Therefore we developed two data-driven
methods:

1. Fake factor: ABCD method, split by jet
multiplicity and tight/anti-tight
identified leptons. Fake factor is
parametrized as a function of pT.

2. Matrix method: The idea 1is similar,
estimating fake leptons from looser
lepton ID region (looser than signal
region). Elements in the matrix is the
efficiency of a real/non-prompt lepton to
pass tight/anti-tight ID, which are
measured in data in a dedicated control
region.
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Events / bin

Data / Pred.

2lss+1tau

e The most sensitive tau
channel

e Backgrounds from both fake
taus and fake leptons

e Statistically limited

e A Boosted Decision Tree
(BDT) s trained to extract
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BDT output

Beside BDT, a cut-based analysis is
also performed as a cross-check and
alternative approach

Categories set by cutting on two

variables based on SR

o Varl: maximum n of two leptons

o Var2: leading jet pT
It gives similar sensitivity to the BDT
analysis



Events / bin

Data / Pred.
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Signa| ex.rr‘ac.rion These variables are used

in the final simultaneous
fit
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Results

Observed: 4.1o Hen (ML) = 1-56t8223
Expected: 2.8c
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Evidence ot tTtH production with
only ttH multilepton analysis
using 36.1/fb data.

The results from CMS 1is 3.20
observed and 2.8c expected.

Combining with other ttH
analysis (bb, ZzZ, vy), we
observed 5.8c and 4.90 expected.
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Non-prompt leptons (e/p)

e The most important background: non-prompt leptons from semi-leptonic b

decay
e Implement a new variable to reject non-prompt leptons ->
PromptLeptonIso(PLI)
PLT 4is a BDT trained with: Scale factors (ratio of efficiency 1in
e lepton and overlapping track jets data and in MC) to be used, measured
properties from Z(11) events. Maximum 0.95 at low
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Non-prompt tau

e Fake tau 1is estimated from 210S+1tau control region,
where is dominated by fake tau contribution.

e Fake factor method (ABCD method), similar to the one
described for non-prompt leptons.

e Split by jet multiplicity and tau identification variable

e 10 Fake tau composition 1is similar
} across channels, which allow us to
% %ﬁﬁﬂ“““ just scale the factors measured 1in
: Boier” 2losltau. A scale factor of 1.36
ex::;f::m i derived from 2losltau CR (DD/Data)

is applied to Monte carlos to get
correct estimate in 311tau and
(b) Fake 1,4 composition 21lssltau regions.
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Fake tau in 112tau

e Fake taus in 112tau channel is measured from a 112tau CR
with SS tau pair (0OS in SR)

o Jets have identical chance to be reconstructed as positve or negative

charged tau
o The estimation is taken from the SS data with small corrections from
simulation samples (truth tau contribution)
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CMS result
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