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●       close to its production threshold,
i.e.                                     

●                      events (inclusive) produced

● NRQCD including quasi-bound state 
formation (“toponium”)
○ expected in 1% of       events
○ originally not included in MC simulations
○ measured by CMS Rep. Prog. Phys. 88 087801

● sensitivity to multiple top properties
(      ,        )      

Why is the Threshold Region interesting?
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Eur. Phys. J. C 60, 375–386 (2009) 

https://doi.org/10.1088/1361-6633/adf7d3
https://doi.org/10.1140/epjc/s10052-009-0892-7


Modelling the “Toponium” effect
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scalar resonance

● manually set parameters to position 
resonance at threshold

● pure spin-singlet
(expected for dominant contribution of “toponium”)

● easy to compute
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● based on NRQCD Green’s function 
describing the     system 

● use Green’s function (GF) to 
reweight (RW)      matrix elements

● close to spin-singlet
io

● harder to compute



Searching for 
“Toponium”
 ATLAS Rep. Prog. Phys. 89 057801
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https://doi.org/10.1088/1361-6633/ae60a0


Dedicated Search

● dedicated analysis in dileptonic       events
(full event reconstruction)
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(lepton momenta in the top 
quark rest frames)
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● on-going work in getting a more 
complete simulation 11



Measuring the 
Yukawa Coupling
  JHEP 2026, 117 (2026)
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https://doi.org/10.1007/JHEP01%282026%29117


●          sensitive to top-yukawa coupling
(especially in threshold region)

● provides complementary approach to 
traditional measurements of     

         via           
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●          sensitive to top-yukawa coupling
(especially in threshold region)

● provides complementary approach to 
traditional measurements of     

● template fit in        
(        to stabilise fit as dependence is 
quadratic)

● result:

         via           

16

P
os

tfi
t



Measuring the 
Top-Quark Mass
  JHEP 2025, 23 (2025), JHEP 2026, 99 (2026)
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https://doi.org/10.1007/JHEP12%282025%29023
https://doi.org/10.1007/JHEP04%282026%29099
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18

● extract mass from differential 
cross-section at parton level                 
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2 → 3

2 → 7

Unfolded Distributions:
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          via                         



● mass values obtained via       fit

● 2 → 7  less sensitivity to                  
in threshold region 
                                                                                                                 

2 → 3

2 → 7

2 → 3

2 → 7
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● motivation: less sensitive to jet 
reconstruction
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(everything 
else of the jet)
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● motivation: less sensitive to jet 
reconstruction

● use       and single top-quark events

● template fit in                      

●                                                 

                           

● recoil: which particle is assigned the 
recoil of secondary gluon emission in 
parton shower (recoil-to-top vs. recoil-to-b) 29

           via               



Measuring CKM 
Matrix Element        

JHEP 2026, 78 (2026)
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https://doi.org/10.1007/JHEP07%282026%29078


●        tension in measurements using 
B hadron decay

         via                 
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PHYS. REV. D 113, 012008 (2026)

https://journals.aps.org/prd/pdf/10.1103/x87q-tld5


●        tension in measurements using 
B hadron decay

●      provides complementary 
measurement at perturbative scales
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PHYS. REV. D 113, 012008 (2026)

https://journals.aps.org/prd/pdf/10.1103/x87q-tld5


●        tension in measurements using 
B hadron decay

●      provides complementary 
measurement at perturbative scales

● 8 regions based on heavy-flavour tags
→       of                                     
→  c-tagging efficiencies and
      mistag rates
      (same data as default calibration)
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●        tension in measurements using
B hadron decay

●      provides complementary 
measurement at perturbative scales

● 8 regions based on heavy-flavour tags
→       of                                     
→  c-tagging efficiencies and
      mistag rates
      (same data as default calibration)

● result:
(equally limited by modelling & statistical 
uncertainties)

         via                 

34

adapted from PHYS. REV. D 113, 012008 (2026)

https://journals.aps.org/prd/pdf/10.1103/x87q-tld5


Conclusion

● observation of excess at threshold, 
could be explained by NRQCD 
including quasi-bound state

○ better modelling of NRQCD 
required

● threshold region sensitive to multiple 
top-quark properties

● able to complement traditional 
measurements with      measurements
○ testing fundamental SM parameters
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Observation of 
“Toponium”

        via

        via

        via

      via



Backup      
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Signs in traditional       Measurements

●       cross-sections measurements are getting 
very precise → 1.3% uncertainty for inclusive
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ATLAS arXiv 2605.02341

https://arxiv.org/abs/2605.02341
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Threshold 
Region

Signs in traditional       Measurements ATLAS arXiv 2605.02341

https://arxiv.org/abs/2605.02341


●       cross-sections measurements are getting
very precise → 1.3% uncertainty for inclusive

● reinterpretation of differential cross-sections
in the dileptonic channel of

● cross-section as function of          
(+ various more)

● agreement improved by adding “toponium”
simulation

● measured signal over prediction
(strongly depended on model and measured distribution) → Daniel’s talk                                     40

Signs in traditional       Measurements ATLAS arXiv 2605.02341

https://arxiv.org/abs/2605.02341
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Azimuthal Angle & 2D Distributions for Reinterpretation 
of differential ttbar measurement ATLAS arXiv 2605.02341

https://arxiv.org/abs/2605.02341
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Event Selection for Observation of “Toponium”
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Model Comparison & Systematics for Obs. of “Toponium”



Top Yukawa

● semileptonic final state
● 1 lepton, >=4jets, >=2 btags

○ ETmiss >30 GeV, mTW > 30GeV (e+jets)
○ ETmiss + mTW >  60 GeV (mu+jets)

● dedicated algorithm for tt reconstruction
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Event Selection & Systematics for m_t in tt + 1j

● 1 electron & 1 muon (opposite charge)
● ETmiss >30 GeV
● ==2 btagged jets
● leading non-btagged jet has pt > 50 

GeV (is considered the extra jet)



Event Selection J/Psi

● ==1 isolated lepton
● >=2 jets with >=1 btag
● 2 soft muons originating from 1 vertex
● consistent with Jpsi mass
● pT (l mumu) > 25 GeV
● 10 GeV < m (l mumu) < 160 GeV
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Parameterisation, m_lmumu distribution and comparison 
with old values for m_t via Jpsi



48

Event Selection & NN distribution for V_cb measurement

● ==1 lepton
● ==4 jets
● >=2 b or c tags, >= 1 btag


