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Rare top quark 
production

2

ttbar production - see 
Baptiste’s presentation

This talk: rare 
(<1pb) production

CMS Summary plots

https://indico.in2p3.fr/event/39055/timetable/?view=standard_numbered#102-ttbar-cross-section-includ
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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Rare top quark production (II)
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ttZ+tWZ
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“No new physics in LHC run 2” 
but a few intriguing 
discrepancies in rare top 
production processes

tHq

See Fabio’s talk on New 
physics searches with top 
quarks! 
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https://arxiv.org/abs/2508.14695
https://indico.in2p3.fr/event/39055/timetable/?view=standard_numbered#70-searches-for-new-physics-wi
https://arxiv.org/abs/2410.23475
https://arxiv.org/abs/2207.00043
https://arxiv.org/abs/2401.05299
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ttW production

4arXiv:2509.13512, accepted by JHEP JHEP 05 (2024) 131

● Order of 2σ discrepancy wrt aNNLO 
predictions (PRL 131, 231901) in the 
inclusive cross section

● No sizeable trend in the differential 
measurements by neither ATLAS or 
CMS
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https://arxiv.org/abs/2509.13512
https://arxiv.org/abs/2401.05299
https://arxiv.org/abs/2306.16311
https://arxiv.org/abs/2401.05299
https://arxiv.org/abs/2401.05299
https://arxiv.org/abs/2401.05299
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ttW by orders
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LO QCD

tW→tW 
scattering

JHEP 01 (2016) 071

EPJC 80, 803 (2020)

NLO QCD NLO QCD+EWK30-60% 12-13%

https://link.springer.com/article/10.1007/JHEP01(2016)071#citeas
https://link.springer.com/article/10.1140/epjc/s10052-020-8388-6#citeas
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Probing tW→tW scattering in ttW 
production

6arXiv:2509.19038

Dedicated analysis targeting 
ttW electroweak production

• Final state:

• 2 same-sign leptons

• 1 spectator quark

• Additional jet 
activity

• Dedicated categories 
to constrain 
backgrounds 

• Dominated by ttW 
QCD normalization and 
jet uncertainties

Upper limit on σttW-EW < 251 fb
 σttW-EW (SM) = 48 fb

First time presented @ Moriond! 

https://arxiv.org/pdf/2509.19038
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EFTs in tW→tW scattering

7arXiv:2509.19038

Electroweak ttW and 
ttZ allow to lift flat 
directions in EFT 
parameter space

https://arxiv.org/pdf/2509.19038
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ttZ production in ATLAS and CMS
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https://arxiv.org/abs/2312.04450
https://arxiv.org/abs/2410.23475
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ttZ high mass measurement
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• ttll high mass by ATLAS (EPJC 85, 1434 (2025))
• Sensitivity to new physics coupling to leptons and top quarks
• Also probed in a global analysis by CMS (JHEP 12 (2023) 068) 

• Searching for events with 3 
leptons: 

• 1 from the top

• 2 not compatible with a Z 
boson

• With additional (b)-jets

• ttZ and ttW are the dominant 
backgrounds

EPJC 85, 1434 (2025)

First time presented @ Moriond! 

https://arxiv.org/abs/2504.05919
https://arxiv.org/abs/2307.15761
https://arxiv.org/abs/2504.05919
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ttZ high mass measurement

10EPJC 85, 1434 (2025)

• Analysis used to probe different top+lepton 
contact interactions

• Sensitivity separately for electrons and muons

https://arxiv.org/abs/2504.05919
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Simultaneous measurement of ttγ and tqγ
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• Complementary to the dedicated analysis on tqγ by ATLAS 
(PRL 131, (2023) 181901)

• First observation of tqγ by CMS and first differential 
measurement ever! 

NEW result 
CMS-PAS-TOP-25-003

tqγ production tqγ decay ttγ production ttγ decay

https://arxiv.org/abs/2302.01283
http://cds.cern.ch/record/2957059?ln=en
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Simultaneous ttγ and tqγ 
measurement
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• Topology characterized by 1 lepton, 1 b-tagged 
jet and one spectator jet

• Leading backgrounds due different processes, 
constrained in dedicated control regions:
• Nonprompt leptons and photons
• Electrons misidentified as photons
• Wγ production
• Dileptonic ttγ

• Dedicated BDT trained to separate ttγ and tqγ

NEW result 
CMS-PAS-TOP-25-003

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-003/index.html
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Simultaneous ttγ and tqγ measurement
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NEW result 
CMS-PAS-TOP-25-003

σtγq= 236 +/- 17 fb     σtγq(SM)= 207 +/- 9 fb 
σttγ= 1445 +/- 80 fb    σttγ(SM)= 1369 +/- 23 fb 

• Simultaneous measurement of ttγ and tqγ 
inclusively and differentially  

• Results consistent with the predictions

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-003/index.html
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Even rarer… top+dibosons
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• Minuscule fiducial cross section O(2fb) 

• Enhanced sensitivity to EFT, irreducible background to 
ttH production

• Very clean and pure selection: 1 lepton, 2 photons, 4 jets

• BDT used to enhance the sensitivity 

• First observation of ttγγ by ATLAS 
(Phys. Lett. B 874 (2026) 140195)

• Observed significance for ttγγ: 5.2 σ
• σttγγ = 2.42 + 0.58 - 0.53 fb

• σttγγ(SM, LO) = 1.5 + 0.5 - 0.4 fb (K-factor ~ 1.7)

• Ratio ttγγ/ttγ also measured consistent with the SM

First time presented @ Moriond! 

https://arxiv.org/abs/2506.05018
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Top+dibosons… tWZ production
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• tWZ production introduces additional sensitivity to 
BSM effects

• Interference with the ttZ background

PRL 136 (2026) 081802

• Enhanced ttZ/tWZ separation wrt Run 2 analysis  thanks 
to the usage of transformers

• Observed significance for tWZ: 5.8 σ (3.5 σ exp)

First time presented @ Moriond! 

https://arxiv.org/abs/2510.19080
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Search for 3top production
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• Very rare production mode O(2fb), sensitive to 
FCNCs

• Employing two channels: single lepton and 
multilepton: 
• 2 same-sign or 3 leptons 
• additional jets and b-tagged jets
• largest backgrounds: ttW and nonprompt 

leptons

NEW result 
CMS-PAS-TOP-24-006

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-006/index.html
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Search for 3top production 
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• BDT to discriminate 4tops from 
background+3top

• BDT to discriminate 3tops from 
background

• Upper limit on signal strength σttt 
< 25 fb (26 fb exp)

• σttt (SM) = 2 fb
• Measurement limited by statistical 

uncertainty

    NEW result 
CMS-PAS-TOP-24-006

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-003/index.html
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Conclusions
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• Presented the most recent set of results 
on rare top quark production

• Excellent tests of the SM and probes for 
new physics

• Mild tensions observed in some 
channels, but no clear picture (yet?)

• High luminosity allows us to explore 
even rarer processes!

• Upcoming results with Run 3 data: 
• twice the luminosity, new sqrt(s) 
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Back-up
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ttW structure
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Naive 
estimation* 

Actual 
correction

*See talk by R. Frederix in LHCtopWG meeting

O(10%) 

LO QCD

EWK 
contribution

LO1

LO2

αs

α

αs

α

O(1%) 

O(0.1%) 

O(0.01%) 

30-60%

-4 %

12-13 %

0.02-0.05 %

tW→tW 
scattering

JHEP 01 (2016) 071

EPJC 80, 803 (2020)

https://indico.cern.ch/event/1092350/contributions/4620359/attachments/2356785/4022038/frederix.pdf
https://link.springer.com/article/10.1007/JHEP01(2016)071#citeas
https://link.springer.com/article/10.1140/epjc/s10052-020-8388-6#citeas
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tW → tW scattering - signal regions
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tW → tW scattering - background control regions
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Charge flips ttZ Diboson

HT binnedflavor, nb, lep charge-binned
ttW QCD + nonprompt
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tW → tW scattering - background control regions
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ttγ, tqγ - production and decay
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S
ketches by B

eatriz R
ibeiro

https://indico.cern.ch/event/1504894/contributions/6537925/attachments/3080869/5453737/LHCTOPWG_TOP23002.pdf
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ttγ, tqγ - BDT
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Input variables: 

Trained to separate ttγ from tqγ
Most relevant variables: kinematics of the light 
flavor jet, mass of the reconstructed top
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ttγ, tqγ - background control regions
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Vγ validation region: nb=0 
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ttγ, tqγ - signal regions
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ttγ, tqγ - unfolded distributions
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ttγ, tqγ - systematic uncertainties
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ttZ high mass - lepton flavor universality
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tWZ production - from evidence to observation
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https://arxiv.org/abs/2312.11668
https://arxiv.org/abs/2510.19080
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tWZ production - background estimation
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ttγγ signal modeling
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• Signal simulated as a 2→8 process at LO with Madgraph aMC@NLO
• LO cross section: 1.5 + 0.5 - 0.4 fb

• k-factor determined using 2→4 ttγγ samples at LO and NLO (production 
only)
• Resulting k-factor 1.7
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ttγγ BDT
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3tops - single lepton channel 
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• Requiring HT > 450 (500) GeV, 4+ jets, 1+ b-jets, 
ptmiss > 20 GeV

• Events classified according to jet, and b-tagged jet 
multiplicity, and number of resolved top candidates

• Neural network using 30 variables  to classify ttbar 
vs 4tops

• ABCDnn+extended ABCD to predict the 
background
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3tops - single lepton channel 
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• Fit performed separately for electrons and 
muons, and for the resolved top categories
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3tops - SS/ML category 
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• Two SS or three leptons, HT > 250 GeV, 1+ jets, 1+ b-tagged jets, ptmiss > 50 
GeV, Z veto


