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ü  Top quark productions  analysis:
ü ttW differential  cross section measurement  and charge  asymmetry with  Run 2 (CMS).
ü ttW differential  cross section measurement  and charge  asymmetry with  Run 2 (ATLAS).
ü ttg inclusive+differential  cross section measurement  (CMS).
ü ttg differential  cross section measurement  (ATLAS).
ü tWZ observation  (CMS).
ü ttgg observation  (ATLAS å NEW!).

üEFT interpretation  analysis:
üMeasurement of ttll at high -mass with EFT (ATLAS).
üSearch for CP violation in events with top quarks and Z bosons (CMS).

More top  physics and analysis 
in Markus +ªs«®s|ºs^|sí« talk!!



Measurement  of ttW
cross section with  Run 
2 data



Inclusive measurement : 48 regions  for  2lss 
channel  and 8 regions  for 3l channel .
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ttW inclusive, differential and charge asymmetry 
measurement with full Run 2

JHEP05(2024)131

ü Limitations/difficulty in signal modeling are a big challenge .
ü Two final states (2lss and 3l leptons ) splitted  in different  

categories  based on: lepton  charge , lepton  flavor, jets 
multiplicity  and b-tags multiplicity .

ü Also 10 CRs are used in the measurements  to study the
normalisation of the leading backgrounds .

Differential measurement :
ü Using 2 regions for 2lss and 6 regions

for 3l.
ü Used 6 variables based on previously  

observed  discrepancies
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Charge asymmetry:  Consistent  
with  SM predictions .

Tension between the
predictions and the
data remains.

Agreement of 1.4s

https://link.springer.com/article/10.1007/JHEP05(2024)131


ttW differential and charge asymmetry 
measurement with full Run 2
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CMS-PAS-TOP-24-003 

2l same-sign
3l

ü Tensions between  previous  inclusive measurements  and 
SM predictions  at NNLO.

ü Signal is modelled using aMC@NLO with multijet merging
up to 1 jet.

ü Two regions of measurement : 2 lepton same-sign (2lss)
and 3 leptons (3l). Also, validation and control regions to
study the backgrounds .

MVA method :
ü In 2lss.
ü Looser lepton  selection .
ü Purity of signal achieved  with  a 

MVA (36 input variables).

Counting  method :
ü 3l and 2lss as complementary
ü Tighter  lepton  selection .
ü Less purity  
ü Direct unfolding .

METHODOLOGY

Results compatible within uncertainties Ą Slight tension with SM predictions 

Charge asymmetry:
 

Consistent  with  SM predictions .

+other  13 variables!

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html


Measurement  of  ttg
cross section with  Run 
2 data



ttginclusive and differential measurement 
with full Run 2
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CMS-PAS-TOP-23-002 

Production  + decay:

Only  production :

Good agreement  with the SM prediction !!D
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PARTICLE LEVEL PARTON LEVEL

ISR Generated  from  top Decay final state

ü Two sources of the process: production  or decay.

ü Simulated  separately at NLO 
and LO using aMC@NLO.

ü Overlap  with  tWg removed 
with  a diagram  removal  
method  (DR1). 

ttg/ tt ratio: Measured  both  
inclusively and differetially :

Top quark charge  asymmetry:
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-002/index.html


ttgdifferential and asymmetry measurement 
with full Run 2
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JHEP10(2024)191

ü Two sources of the process: production  or decay. Simulated  
with  aMC@NLO generator .

ü Study two different  channels (single lepton  and dilepton  
channel) with  two different  approaches .

ü Also control regions to study the backgroundsProduction Decay

Single lepton :
Use of a NN with  40 variables to 
separate signal (ttg production ) 
and backgrounds  (ttg decays, 
photon  fakes processes and other  
processes with  prompt  photons ).

Two leptons :
Binary classification NN (signal-
backgrounds ) with  16 variables.

Combined  measurement  in agreement  with  SM:

Differential  measurement :
ü Separate channels and combined .
ü MADGRAPH prediction  understimate  

ttg.
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The EFT interpretation is discussed later!!!

https://link.springer.com/article/10.1007/JHEP10(2024)191


Observation of tWZ
production



Observation of tWZ production at the CMS 
experiment (Run 2 + Run 3)
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CMS-PAS-TOP-24-009 

Improve  of the previous  measurement :
ü Adding  Run 3 data (previous  used only Run 2 data).
ü State-of-art of ML techniques  and reconstruction  methods  to 

achieve unprecedented  sensitivity.

ü Two regions of measurement: 3 lepton and 4 leptons . Also control regions to study the backgrounds.

ü Four control regions : 2 achieve control of
WZ/ZZ backgrounds & two to help to
improve the modelling of nonprompt
leptons (mainly DY and ttbar) .

ü Multivariate  analysis approach : Discriminate  
between  signal (tWZ) and main backgrounds  
(ttZ+WZ).

Agrees with the standard model (SM) prediction
within 2.3 standard deviations .

https://cds.cern.ch/record/2932252?ln=de


Observation of ttgg
production



Observation of ttggproduction
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https://arxiv.org/abs/2506.05018

ü Using full  Run 2 data in a single  lepton  region .
ü The signal cannot be simulated at high -order accuracy

using ME generators interfaced with parton shower.

Cross section
ü A multivariate analysis using a BDT

is performed to separate the
signal and background .

ü 19 variables (properties of the
photons, such as photon
conversion type, pT and h,
invariant masses and angular
separations of different objects) .

tttgg/ ttgcross section ratio
ü ttg production and decay in the single

lepton channel .
ü A four-class NN is used to define a

region enriched in production events
and three control regions enriched in
decay.

ü No available calculations of the ratio that
would allow for a direct comparison .

Good agreement  between  
data and MC predictions

Dominated  by statistical uncertainties  in 
both  measurement

https://arxiv.org/abs/2506.05018


EFT interpretations



EFT interpretation in ttgprocess
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JHEP10(2024)191

ü The differential cross-sections as a function of the photon pT are
interpreted in the framework of the SMEFT. The ttgproduction process is
expected to be sensitive to several EFT operators (highest sensitivity to
CtB and CtW).

ü A combined measurement with ttZ slightly improves the limits, in the
credible intervals for CtW obtained with the independent quadratic fits
are reduced by up to 20%.

https://link.springer.com/article/10.1007/JHEP10(2024)191


Search for CP violation in events with top 
quarks and Z bosons
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ü  Use of CP-odd  observables  constructed  via 
CP-equivariant  function :

ü This search targets dimension -6 CP-odd EFToperators  
using combined  Run 2 and Run 3 data.

ü CI
tZ and CI

tW modifies ttZ and tZq (via tW coupling)
respectively .

ü Two CP-equivariant  neural  networks  separately to be sensitive to 
CI

tZ and CI
tW. The output is a CP-odd score.

ü If shows asymmetry under  SM, it means new CPV signatures.

CPV observables 
as a new key of 

EFT tests.

ü Results are consistent  (mostly) 
with  the SM.

ü CP violation sensitivity is mostly 
driven by the linear term.

ü First limits  on the linear term of
CI

tZ .

https://arxiv.org/abs/2505.21206 

https://arxiv.org/abs/2505.21206


Measurement high -mass ttll production and 
LFU-inspired EFT interpretation
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ATLAS-TOPQ-2023-02

ATLAS-TOPQ-2023-02

ü New measurement  of  off-Shell ttl+l- at high  invariant  mass 
(mll>101.2 GeV) that is sensitivity to the effective  coupling .

ü Search of LFU violation that could be present (flavour-relative
WCs).

ü Search for new physics via four-fermion top quarkålepton EFT
operators (dimension -6).

ü Signal region splitted by flavor and using 13 control regions .

Result of SM signal ttll  
measurement  with  a significance  
of 2.9s:

ü No significant deviations from 
the SM.

ü Wilson coefficients  consistent  
with  zero.

Three different  fit  strategies:
ü Shared WC across all leptons

(flavour-inclusive).
ü Independent WCs for e and m

leptons (flavour-split).
ü Test LFU with  Ce å Cm (flavour-

relative).

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-02/


Summary and conclusions
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üSeveral new results of top production including EFTinterpretations were
presented . In general, obtaining good agreement with SM predictions .

üMeasurements of top quark production processes are of great interest in
studies of Standard Model physics as well as in searches for beyond
Standard Model .

üRecent public results from both CMS and ATLAS provide competitive
measurements .

üObtaining competitive results and gaining a detailed understanding of
the processes allows for the exploration of new physics and the
imposition of constraints on EFToperators .

With the upcoming Run 3, many new results are expected!!



Thank you for your 
attention!

MIGUEL OBESO MENÉNDEZ

miguel.obeso.menendez@cern.ch
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obesomiguel@uniovi.es
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ttW differential and asymmetry measurement with 
full Run 2

JHEP05(2024)131

2 lepton  same-sign categories :

https://link.springer.com/article/10.1007/JHEP05(2024)131
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ttW differential and asymmetry measurement with 
full Run 2

JHEP05(2024)131

3 leptons  categories :

https://link.springer.com/article/10.1007/JHEP05(2024)131
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ttW differential and asymmetry measurement with 
full Run 2

JHEP05(2024)131

https://link.springer.com/article/10.1007/JHEP05(2024)131
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ttW differential and asymmetry measurement with 
full Run 2

JHEP05(2024)131

https://link.springer.com/article/10.1007/JHEP05(2024)131
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ttW differential and asymmetry measurement with 
full Run 2

JHEP05(2024)131

https://link.springer.com/article/10.1007/JHEP05(2024)131


ttW differential and asymmetry with full 
Run 2
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CMS-PAS-TOP-24-003 

Backgrounds estimated with MC simulations excluding nonprompt contributions and charge
misidentification that are estimated with data-driven methods .
Nonpromt estimation : Using a fake factor method . Get the fake rate and extrapolate to the signal
region .
Charge misidentification : Selecting events in the SRselection but with OS of DY + SSevents in
the Z peak.

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html


ttW differential and asymmetry with full 
Run 2
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CMS-PAS-TOP-24-003 

2 lepton  same-sign region :
ü Exactly 2 same-sign leptons .
ü pT> 25 GeV and pT >15 GeV for the leading  

lepton  and the subleading  lepton  respectively .
ü Veto to the invariant  mass of the lepton  pair  in 

the Z peak (+- 15 GeV).
ü At least 3 jets (2 b-tagged ).

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html


ttW differential and asymmetry with full 
Run 2
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CMS-PAS-TOP-24-003 

3 lepton  region :
ü Exactly 3 leptons .
ü pT> 25 GeV, pT >15 GeV and pT >15 GeV 

for the leading  lepton  and the subleadings  
leptons .

ü Veto to the invariant  mass of the OSSF 
lepton  pair  in the Z peak (+- 15 GeV).

ü At least 3 jets (2 b-tagged ).

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html


ttW differential and asymmetry with full 
Run 2
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CMS-PAS-TOP-24-003 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html

