
tt̅W measurement as a step towards tt̅H
in the multilepton channel

Top LHC France 2023 - IPHC Strasbourg

Vera MAIBORODA,
PhD at CEA Saclay



● Top Yukawa coupling is the only coupling with the 
magnitude of order one in the Standard Model → 
idea about the scale of New Physics

● tt̅H/tH production cross-section measurement is 
the only direct way to measure yt

● tt̅H production also allows to probe the CP 
structure of the top-Higgs coupling

tt̅H: motivation
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indirectdirect



tt̅H in multilepton: motivation
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3ℓ final state2ℓSS final state

Signal Background

● Production of tt̅H accounts for about 1% of the 
total rate

● Covering as many decay channels as possible: 
tt̅H(𝛾𝛾), tt̅H(bb̅), tt̅H(4ℓ), tt̅H(ML)

● tt̅H in multilepton final state: clean final state with 
leptons, moderate irreducible background

● Highest sensitivity : 2ℓ same-sign (SS) and 3ℓ



● tt̅H observation by ATLAS and CMS in 2018 with partial Run 2 datasets

● tt̅H in multilepton by ATLAS (80 fb-1) and CMS (137 fb-1)

tt̅H in multilepton: current state
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Observed tt̅W mismodelling

https://arxiv.org/abs/1806.00425
https://arxiv.org/abs/1804.02610
http://cds.cern.ch/record/2693930
https://link.springer.com/article/10.1140/epjc/s10052-021-09014-x


● tt̅W mismodelling observed in tt̅H ATLAS analysis,
and tt̅W CMS measurement: 20-50% larger cross 
section than predicted

● tt̅W is the main background for tt̅H in multilepton

● tt̅H analysis closely follows the tt̅W analysis

tt̅H and tt̅W in multilepton
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https://cds.cern.ch/record/2693930
https://inspirehep.net/literature/2136024


tt̅W: current state by ATLAS
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Measure tt̅W production cross-section in the 2ℓSS 
and 3ℓ channels with 140 fb-1 Run II dataset:

● Inclusive and fiducial cross sections

● Differential cross section of 9 observables

● Cross sections for tt̅W+/- and their ratio 

● Charge asymmetry
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tt̅W: signal
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● Nominal MC sample is Sherpa 

○ Alternative samples: MG5_aMC, Powheg



tt̅W: signal regions
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Signal region: split by lepton charges, lepton flavours, 
jet and b-jet multiplicities : 48 2ℓSS + 8 3ℓ signal regions



tt̅W: selection at reconstruction level
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Object pre-selection Event selection
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PLIV – Prompt Lepton Improved Veto
ECIDS –Electron Charge ID selector



tt̅W: selection at particle level
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Object pre-selection Event selection
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tt̅W: backgrounds
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Physical background:

● tt̅Z, diboson (in particular WZ)

Instrumental background:

● Events with non-prompt or fake leptons: 
electrons from conversion and leptons 
from heavy flavour quark decays

● Process with charge mis-identified

11



tt̅W: backgrounds
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Physical background:

● tt̅Z, diboson (in particular WZ)

Instrumental background:

● Events with non-prompt or fake leptons: 
electrons from conversion and leptons 
from heavy flavour quark decays

● Process with charge mis-identified ● negligible for muons
● data-driven from Z→e±e±/e±e∓
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tt̅W: backgrounds
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Physical background:

● tt̅Z, diboson (in particular WZ)

Instrumental background:

● Events with non-prompt or fake leptons: 
electrons from conversion and leptons 
from heavy flavour quark decays

● Process with charge mis-identified

Template method:
estimated using MC with their normalisation 
determined from data by the likelihood fit 
(together with the signal) using 10 control 
regions
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tt̅W: template method
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Physical background:

● tt̅Z, diboson (in particular WZ)

Instrumental background:

● Events with non-prompt or fake leptons: 
electrons from conversion and leptons 
from heavy flavour quark decays

● Process with charge mis-identified



tt̅W: template method
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Two CR with different 
jets multiplicity and 
with a same flavour 
dilepton invariant 
mass near the Z peak

Physical background:

● tt̅Z, diboson (in particular WZ)

Instrumental background:

● Events with non-prompt or fake leptons: 
electrons from conversion and leptons 
from heavy flavour quark decays

● Process with charge mis-identified
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Physical background:

● tt̅Z, diboson (in particular WZ)

Instrumental background:

● Events with non-prompt or fake leptons: 
electrons from conversion and leptons 
from heavy flavour quark decays

● Process with charge mis-identified

tt̅W: template method
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6 HF CR regions defined by 
BDT-based isolation 
working points Mex, 
2 conversion CR depend on 
the electron track 
reconstructed displaced 
vertex
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tt̅W: inclusive and fiducial cross sections
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Simultaneous profile likelihood fit to 
data in the 56 SR and the 10 CR

consistent at 1.5σ with theory:

Fiducal cross section:
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Measured:

Good agreement with MC prediction:

CMS result:

tt̅W: ratios and asymmetry
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Ratio computed with the full 
off-shell effects at NLO in QCD



tt̅W: uncertainties
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Largest systematic uncertainties:

● tt̅W modelling

● tt̅H, four-top background normalisation

● non-prompt isolation BDT calibration
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tt̅W: differential measurement
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● Profile likelihood unfolding to measure 
differential cross-sections at particle level 
in the fiducial phase-space for one 
observable at a time

● Same background model and CR included 
in the fit

● Tikhonov regularisation with optimised 
strength for each variable

● Unfolding all channels simultaneously 
handles 10% migration effects
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tt̅W: profile likelihood unfolding

Top LHC France 2023 - IPHC StrasbourgPLU presentation

● Define sub-samples of signal process 
corresponding to set of bins at truth level

● Fold each bin forward to detector-level 
using response matrix

● Apply normalization factor independently 
to each truth bin, float in a fit to data
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Response matrix

https://indico.cern.ch/event/1257761/contributions/5358901/attachments/2644694/4577501/TopWS_PLU_9-5-23.pdf


tt̅W: differential measurement
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Good agreement of unfolded data 
with all MC setups

● Slight tension in 𝚫𝜂ℓℓ
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For unfolded normalised cross-section distributions in the 2ℓSS



tt̅W vs tt̅H
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● Both tt̅H and tt̅W has similar CR

● There are no final states with 4ℓ 
or 𝜏 in tt̅W, but these channels 
are in tt̅H
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Conclusion
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● ttW inclusive cross section measurement confirms mild tension in inclusive cross section 
that is consistent with CMS

● The ratio of tt̅W+/tt̅W- is measured to be consistent with the SM prediction, in disagreement 
with what is reported by CMS

● The first differential cross section measurements are performed on tt̅W and it is found that 
all MC generators agree with unfolded data within uncertainties

○ However, for the moment the uncertainty on the unfolded measurement is still too 
large to distinguish between the MC generators

● Big contribution from tt̅W to tt̅H analysis. The work is actively on-going
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Backup
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PLIV


