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Introduction
In this talk, will discuss three tt̅W results from ATLAS and CMS

- ATLAS cross-section
ATLAS-CONF-2023-019

- CMS, cross-section
JHEP 07 (2023) 219

- ATLAS charge asymmetry
JHEP 07 (2023) 033
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-27/
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tt̅W Cross-section Measurements
Rare but important process in the SM - sensitive to complex higher order corrections and a background 
for other SM and BSM processes that can give same-sign or multilepton signatures, e.g.:

- t t̅ t t̅
2305.13439 (sub to PLB)

- Multilepton tt̅H
ATLAS-CONF-2019-045

- tt̅H(tt̅)
JHEP 07 (2023) 203

CMS and ATLAS have performed tt̅W measurements with the full LHC Run 2 dataset

- CMS Paper: JHEP 07 (2023) 219
- ATLAS Note: ATLAS-CONF-2023-019
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-013/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-26/
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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tt̅W Simulation
ATLAS signal samples:

● Nominal sample produced in Sherpa2.2.10 (includes 𝛼𝛼s
2 and 𝛼𝛼s

3 contributions)
● Event-by-event corrections to account for 𝛼2𝛼s

2 and 𝛼3

● Separate sample produced in Sherpa2.2.10 that corresponds to 𝛼3𝛼s contributions

CMS signal samples

● Nominal samples produced in MadGraph5_aMC@NLO v2.6.0
● Take into account 𝛼𝛼s

2 and 𝛼𝛼s
3 (QCD contributions) and  𝛼3 and 𝛼3𝛼s (EWK contributions)

4

QCD coupling 
(𝛼s)

EWK coupling 
(𝛼)

𝛼𝛼s
2 𝛼3𝛼𝛼s

3 𝛼3𝛼s

LHCHWG-2022-003 

https://arxiv.org/abs/2301.11670
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Event Categorization
Both ATLAS and CMS analyses consider events with 2 same-sign or 3 e/𝜇 

Drops most tt̅W events, but SM background with ≥2 same-sign leptons is small

5
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ATLAS Yields
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Strategy: Divide events into 
ℓ±ℓ± and ℓ±ℓ±ℓ∓

Background estimates:

Prompt leptons: from MC

Charge misID+conv.: misID 
from data, conv. from MC

Non-prompt: from MC

tt̅W: Signal, from fits

ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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ATLAS Signal Extraction
Events categorized by

- Lepton charges and types
- Number of jets
- Number of b-jets
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ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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ATLAS Control Regions
Normalizations constrained by dedicated control regions for Diboson, ttZ, 
conversions, and non-prompt heavy flavor lepton background
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ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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CMS Yields
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Strategy: Divide events into 
ℓ±ℓ± and ℓ±ℓ±ℓ∓

Background estimates:

Prompt leptons: from MC

Charge misID+conv.: misID 
from data, conv. from MC

Non-prompt: from data

tt̅W: Signal, from fits

JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
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CMS: 2L Signal Extraction

+other 
vars

Fit Neural Net
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JHEP 07 (2023) 219

- -

+ +

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
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CMS 3L Signal Extraction
Categorize events based on:

- Sum of lepton charges (+1 or -1)
- Number of b-jets
- Number of jets

Fit m(3ℓ) in each bin
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JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
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CMS Control Regions

Main backgrounds: non-prompt leptons

Matrix method to estimate, validated in 
regions formed by inverting pT

miss cut
ttZ+WZ CR: 3L with  
|m(ℓℓ) − mZ| < 10 GeV

ttZ+ZZ CR: 4L with  
|m(ℓℓ) − mZ| < 10 GeV

12

JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
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Uncertainty Breakdown
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ATLAS

JHEP 07 (2023) 219
ATLAS-CONF-2023-019

tt̅W modeling uncertainties 

Largest difference in uncertainty treatment - ME 
and PS systematic included in ATLAS, defined as:
 

- Comparison of Sherpa2.2.10 vs. 
MadGraph5_aMC@NLO+Pythia8 FxFx

- Comparison of Powheg+Pythia8 vs. 
Powheg+Herwig7

CMS

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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Inclusive tt̅W Cross-section
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JHEP 07 (2023) 219
ATLAS-CONF-2023-019

NLO+NNLL 592+155
-97 fb JHEP 08 (2019) 039

Eur. Phys. J. C 80 (2020) 428

FxFx 722+71
-78 fb JHEP 11 (2021) 029

890 ± 50 (stat.) ± 70 (syst.) fb 

868 ± 40 (stat.) ± 51 (syst.) fb 

Theory cross-section uncertainties  include 
scale variations+PDF uncertainties

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
https://link.springer.com/article/10.1007/JHEP08(2019)039
https://link.springer.com/article/10.1140/epjc/s10052-020-7987-6
https://link.springer.com/article/10.1007/JHEP11(2021)029
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tt̅W+ vs. tt̅W-

Simultaneous measurements of 𝜎(tt̅W+) and 𝜎(tt̅W-), 
as well as measurement of their ratio 
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JHEP 07 (2023) 219
ATLAS-CONF-2023-019

ATLAS

CMS

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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Inclusive and Differential Fiducial Cross-sections

Absolute and normalised cross section at particle level measured as function of different kinematic variables

Njets distributions in the SRs used as input for the profile-likelihood unfolding (left) and postfit distributions (right)
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ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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Differential Cross-sections: N jets (Example)
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Example differential results, for absolute and normalized x-sections
Results shown for Njets; analysis also measures: 
HT,jets, HT,lep, ΔRlead b, lead l, |Δ𝜂SS lep|, |Δ𝜑SS lep|, Mlead JJ

ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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Leptonic Charge Asymmetry

18

Top quarks (antiquarks) expected to be produced with more forward (central) rapidities from q ̄q initial states

Can probe leptonic charge asymmetry in tt̅W:

gg initial states dominate in tt̅, which complicates asymmetry measurements. In tt̅W, q ̄q initial states 
dominate.

Additionally, the W boson in the initial state causes polarisation of the tt̅ pair, which further leads to observable 
asymmetry.

Ac
ℓ measurement probes both effects
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Measurement and Results

19

Similar to overall strategy in cross-section measurement

Primary differences:
- 3 lepton only
- Normalizations of backgrounds with 𝛥𝜂+ and 𝛥𝜂- treated separately

Reconstruction level: 
Observed: −0.12±0.14 (stat.) ± 0.05 (syst.)
Expected: −0.084 +0.005 −0.003 (scale) ± 0.006 (MC stat.)

Particle level: 
Observed: −0.11 ± 0.17 (stat.) ± 0.05 (syst.)
Expected: −0.063 +0.007 −0.004 (scale) ± 0.004 (MC stat.)

Results compatible with SM expectation

JHEP 07 (2023) 033

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-27/
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Conclusion
● CMS and ATLAS have performed tt̅W measurements with the full LHC Run 2 dataset
● Measure larger-than-expected cross-sections, with statistically consistent results between the experiments
● Also performed leptonic charge asymmetry measurement, which, as with other charge asymmetry 

measurements, shows agreement with the SM

20
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Backup

21
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CMS Event Selection

22

● Same-sign
○ pT(lead ℓ)>30 (25) for 𝜇 (e)
○ pT(other ℓ) > 20 GeV
○ m(ℓℓ) > 30 GeV
○ 𝛥R(ℓℓ) > 0.4
○ |m(ee) − mZ| > 15 GeV

● Trilepton
○ pT(lead ℓ) > 25 GeV
○ pT(other ℓ) > 15 GeV
○ |m(ℓℓ) − mZ| > 10 GeV
○ m(ℓℓ) > 12 GeV
○ Njets≥2
○ Nbjets≥1

JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html


Matt Klein                                 New results on tt̅W production with the ATLAS and CMS experiments                               Top2023

ATLAS Signal Region Selection

23

ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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ATLAS Object Selection

24

ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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ATLAS Control Region Selection

25

ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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CMS Post-fit Plots

26

JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
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CMS Results
Sensitivity mostly comes from dilepton channels

Compatible results across regions

27

JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html


Matt Klein                                 New results on tt̅W production with the ATLAS and CMS experiments                               Top2023

Fiducial Cross-section

28
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Differential Measurements
Efficiency/acceptance correction and normalised migration matrix and for Njets 
calculated in Sherpa 2.2.10 with EWK corrections. 

29
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CMS Uncertainty Ranking

30

JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
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ATLAS Uncertainty Breakdown

31

ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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CMS Charge Split

32

JHEP 07 (2023) 219

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
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Leptonic Charge Asymmetry

33

Other results that include charge-asymmetry measurements:
● ATLAS+CMS Run 1 combination: JHEP 04 (2018) 033
● CMS Run 2 boosted top-antiquark: 2208.02751 (accepted by PLB)
● CMS Run 2 top-antiquark (partial dataset): JHEP 02 (2019) 149
● ATLAS, top-antiquark: JHEP 08 (2023) 077
● ATLAS, tt𝛾: Phys. Lett. B 843 (2023) 137848

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-16/
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-014/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-29/
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Differential Cross-section Variables
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ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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Differential Measurement, p-values
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ATLAS-CONF-2023-019

2LSS, normalized 
x-sec

3L, normalized 
x-sec

2LSS, asymmetry

3L, asymmetry

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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Differential Measurement, Full Example
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ATLAS-CONF-2023-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

