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Motivation for looking for tt̄H

Measurement of Yukawa coupling of Higgs to fermions important to test
Standard Model

Coupling proportional to mass → larger for top quark (heaviest fermion)
◮ Sensitive to New Physics
◮ Running of Higgs self coupling (λ) sensitive to top Yukawa coupling

(yt) → of high significance in EW vacuum stability

Bezrukov, Shaposhnikov
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Motivation for looking for tt̄H

Coupling indirectly observed through production of Higgs by gluon-gluon
fusion and Higgs decay into γγ

Direct measurement of this coupling at the tree level accessible with
tt̄H production
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tt̄H Multileptons

Decays of Higgs to WW, ττ and ZZ targeted
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Channels considered in both

ATLAS and CMS results

◮ Two same-charge leptons
with 0 hadronic tau
(2ℓ0τhad)

◮ Three leptons (3ℓ)
◮ Two same-charge leptons

with 1 hadronic tau
(2ℓ1τhad)

◮ Four leptons (4ℓ)

Channels considered by CMS

◮ Three leptons with 1 hadronic tau (3ℓ1τhad)
◮ One lepton with 2 hadronic taus (1ℓ2τhad)
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Background processes

Irreducible backgrounds (prompt light leptons)

◮ tt̄ +W/Z/γ∗ processes
◮ Diboson processes
◮ Rare backgrounds: tt̄WW , tH, tZ, tt̄t t̄, WtZ
◮ MC simulation used with addition of theoretical uncertainties

Reducible backgrounds

(data-driven) originating mostly

from tt̄, single top processes

◮ Non-prompt/fakes leptons
◮ Electron charge flip

(QMisId)
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Analysis strategy for signal extraction

ATLAS

Cut and count analysis performed
on 13.2fb−1of data (ICHEP ’16)

ATLAS-CONF-2016-058

CMS

2ℓ and 3ℓ and τ channels using
MVAs

4ℓ channel counting experiment

Results obtained on 35.9fb−1of
data (Moriond ’17)

Separated results obtained for
channels with or without τ

CMS PAS HIG-17-003

CMS PAS HIG-17-004
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Channels definitions

Channel ATLAS CMS

2ℓ0τ ≥ 5jets ≥ 4jets

3ℓ0τ
≥ 4jets and ≥ 1bjets

≥ 2jets
or ≥ 3jets and ≥ 2bjets

4ℓ0τ ≥ 2 jets

2ℓ1τ ≥ 4jets ≥ 3jets

3ℓ1τ x ≥ 2 jets

1ℓ2τ x ≥ 3 jets

In all cases minimal selection in number of btagged jet is:

◮ ATLAS: ≥ 1 bjet
◮ CMS: ≥ 1 medium bjet OR 2 loose bjets

2ℓ0τ also split following leptons flavours for both ATLAS and CMS

For CMS: 2ℓ0τ and 3ℓ0τ channels also split following the total charge
and number of medium bjet
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ATLAS: Validation of irreducible backgrounds

tt̄V and VV backgrounds
modelled using MC at SM
prediction
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Estimation of reducible background

ATLAS

Fakes estimation: fakes

factor/ABCD method for 2ℓ0/1τ

and 3ℓ
◮ Factors measured in low njets

multiplicity regions using ratio
of tight/anti-tight leptons

◮ Uncertainty: 30 to 75%

Non-prompt in 4ℓ: using scale
factors determined from data-MC
comparison in 3ℓCRs

QMisid rate: 0.02 - 1%, 20%
systematic

CMS

Fakes estimation: fake factor /

matrix method-like technique
◮ non-prompt lepton efficiencies

measured in multijet-like
region

◮ multiple leptons allowed to be
loose, corrections applied for 1
vs 2 loose

◮ Uncertainty: 20 to 40%

QMisid rate 0.02% - 0.4%, 30%
systematic
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ATLAS: Cut and Count yields

Pre-fit yields obtained in all channels

Systematics and statistics uncertainties included
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CMS: MVAs

For 3ℓ0τ and 2ℓ1τ MEM used
◮ Full LO MEM computed with MG5_aMC for ttW, ttZ, ttH (H→ ℓνℓν,

ℓνjj) hypotheses

BDTs trained for 2ℓ0τ , 3ℓ → one trained against tt̄ , the other against

tt̄V ; then merged into 1D by rebinning the 2D distribution by S/B
◮ In 2ℓ0τ : Reconstruction MVA for ttbar system looks for best match to

ttH hypothesis + Higgs jet MVA to choose jets from Higgs

One BDT trained for 1ℓ2τ agains tt̄

Example of inputs variables in

2ℓSS0τ
◮ Jet multiplicity
◮ |η|, pT , transverse mass of

leptons
◮ ∆R between leptons and jets
◮ Output of reconstruction

BDTs
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ATLAS: Signal regions plots
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CMS: 2ℓ Signal regions plots
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CMS: Signal regions plots
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Fit procedure

Maximum likelihood fit of signal strengh

Floating systematics uncertainties

Systematics for ATLAS

In both ATLAS and CMS
uncertainties on reducible
backgrounds ranking high

Main differences between ATLAS

and CMS
◮ No JVT systematics for CMS
◮ No shape uncertainty for

ATLAS
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Fit Results: exclusion limits

95 % CL limits on signal strengh (in SM unit) from CLs method

ATLAS

CMS
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Fit Results

Observed Significance

ATLAS: 2.2σ

CMS: 3.3σ (0τ)
1.4σ (≥ 1τ)
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Conclusion

ATLAS and CMS results presented for ttH to multileptons final states

ATLAS results results obtained with 13.2fb−1

CMS results obtained with 35.9fb−1

Last result obtained from CMS show a 3.3σ (2.5σ) observed (expected)
sensitivity

Unambiguous evidence for tt̄H using multileptons channels close to be
achieved with next combined round of results from CMS and ATLAS
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