
Event selection and categorisation in signal regions 
Same-sign dilepton Three leptons 

> 25, 15, 15 GeV

Jets

B-tagged 
jets

> 30 GeV -

Categories Flavour and charge of leptons
Jet, b-tagged jet multiplicities 

and

lepton charge

pmiss
T

> 30 GeV

 GeV|m(ee) − m(Z) | > 15

> 12 GeV

 

GeV
|m(ℓ±ℓ∓) − m(Z) | > 10

> 30 (25) GeV for leading 

> 20 GeV for sub-leading   

e (μ)
ℓ

 jets ≥ 2

m(ℓℓ)

 jets ≥ 2
 loose bJets or 

 medium bJets

≥ 2
≥ 1

Lepton pT

 medium bJets ≥ 1

Trilepton signal region 
• Perform fit to  distribution in three lepton binsm(3ℓ)

 cross section measurements 
• Perform binned profile likelihood fit to dilepton, trilepton signal regions 

and control regions to measure the ,  and  cross sections

• Additionally, ratio of  cross section to that of  is also 

measured


tt̄W

tt̄W tt̄W+ tt̄W−

tt̄W+ tt̄W−

Dilepton signal region 
• Multiclass neutral network (NN) with 4 nodes ( , ,  and 

nonprompt)

• Fit to NN discriminant

tt̄W tt̄H/Z tt̄γ
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The measured ttW inclusive cross section is shown in Table 3 with its complete statistical and
systematic uncertainties. A comparison of the measured sttW values obtained from this anal-
ysis using different final states separately is shown in Fig. 10. In addition, two SM predictions
are shown both in Table 3 and Fig. 10. The measured cross section is larger than but consis-
tent with both the SM NLO + NNLL calculation [16] and the SM prediction using NLO plus
an improved FxFx merging procedure [21]. A large measured ttW cross section value when
compared to the SM predictions is consistent with the results on ttW production from ttH and
tttt studies from Refs. [12, 13].

Table 3: Summary of measured and predicted production cross sections of ttW, ttW+,
and ttW� production, as well as of the sttW+/sttW� ratio. The SM predictions quoted at
NLO + NNLL accuracy are taken from Refs. [15, 16]. The SM predictions quoted at NLO accu-
racy and including corrections from an improved FxFx merging procedure (NLO + FxFx) have
been provided by the authors of Ref. [21]. The theoretical uncertainties include scale variations
and PDF uncertainties.

Observable Measurement
SM prediction

NLO + NNLL NLO + FxFx

sttW 868 ± 40 (stat) ± 51 (syst) fb 592 +155
�97 (theo) fb 722 +71

�78 (theo) fb

sttW+ 553 ± 30 (stat) ± 30 (syst) fb 384 +53
�33 (theo) fb 475 +46

�52 (theo) fb

sttW� 343 ± 26 (stat) ± 25 (syst) fb 198 +26
�17 (theo) fb 247 +24

�27 (theo) fb

sttW+/sttW� 1.61 ± 0.15 (stat) +0.07
�0.05 (syst) 1.94 +0.37

�0.24 (theo) 1.92 +0.27
�0.29 (theo)

Figure 10: The measured ttW production cross section for the individual dilepton (ee, eµ, µµ,
and combined) channels and the trilepton channel, as well as their combination. The inner
black bars show the statistical uncertainty, and the outer green bars give the total uncertainty.
The predictions from two SM calculations from Refs. [16, 21] are shown by the black and red
vertical lines, with the associated bands corresponding to the total uncertainty.
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 Measurement of the cross section of   
in proton-proton collision at  = 13 TeV 

Tu Thong Tran on behalf of the CMS Collaboration

tt̄W
s

 production at the LHC  
• W boson only radiated from initial-state quarks

• Via  at LO,  at NLO and  at NNLO

• Sizeable difference between  and  production cross 

sections

• Large charge asymmetry due to spin correlation between the decay 

products [1]


Motivation 
• Highly sensitive to some EFT operators

• Dominant background to several LHC searches

• Previous measurements were higher than predictions (CMS [2] and 

ATLAS [3])

• Foundation for charge asymmetry and differential measurements
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