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Outline

• Toponium

• Production of toponium at the LHC

• Reconstruction of t and t

• Observables of toponium decay at the LHC
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✤ Both ATLAS and CMS observed excess of Data over the ‘SM’ simulation at low m(ll’) bins.
✦ This may suggest that tt production is underestimated in the ‘SM’ simulation at small m(ll’).
✦ Could it be the signal of toponium, which is missing in the present MC simulation?

 

Top pair production at the LHC

[ATLAS EPJC80,528(2020)] [CMS JHEP02(2019)149]

• LHC is a top factory. At 13 TeV, with 140/fb of integrated luminosity, we 
expect about 100 million tt events and 5 million are dileptonic ones.-



Heavy quarkonium
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Space time evolution of toponium formation and decay

toponium formation top decay
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t and t spin polarisation in JPC=0-+ toponium 𝜂t
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Appendix A in [Kaoru Hagiwara, Hiroshi Yokoya, and YJZ, JHEP2018]
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m2ll=(p1+p2)2=2E1E2(1-cosθ12) tend to be small   



Toponium production at hadron colliders

• tt in color octet (tt potential is repulsive)

b b

dominates in Tevatron

+

+ +

✤ The colour-singlet dominates at the threshold
• the gg-singlet channel dominates

✤ The J=0 state dominates
• L=S=0

✤ The toponium 𝜂t couples to 2 gluons and tops

-

-

Toponium

Y.Sumino and H.Yokoya. JHEP 2010

• tt in color singlet (tt potential is attractive)



Toponium production cross section at the LHC 

✦ Cross section of 𝜂t at 7 and 14 TeV are from [Y. Sumino and H. Yokoya, JHEP2010]
✦ Cross section of tt from [M Czakon, P.Fiedler and A.Mitov PRL2013, M.Czakon, A. Ferroglia, 

D.Heymes, A.Mitov, B.Pecjak, X.Wang, and L.Yang JHEP 2018]



Near threshold

[Y.Sumino and H.Yokoya, JHEP2010]

-2GeV

✴ Multiple gluon exchange effects are 
evaluated by using Green’s function of the 
non-relativistic Hamiltonian with Coulomb 
potential. [V.S.Fadin and V.A.Khoze 
(JETP1987) (Sov. J. Nucl. Phys1988)]



6-body correlation in toponium (𝜂t) decay

The above correlation can be reproduced by a pseudo-scalar 𝜂t model:
2

We are now preparing tt MC event generator with QCD Green’s function.-



Distributions



t and t can be reconstructed since the t and t momentum p in the tt rest 
frame is small (≲ 20 GeV). By assuming ptT =ptT for the selected events, 
we can reconstruct t and t.

kinematical reconstruction of t and t
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2 neutrinos
✦ 8 variables (4-mom.) 
✦ -2 from neutrino mass 
✦ -2 from W mass 
✦ -2 from top mass 
✦ -2 assuming ptT =ptT  

→ →
-



Prediction

|yt-yt| should also be small for the toponium events.-

• Toponium contribution can enhance S/N by 10% near |∆y|=0.

It tells that t and t have 
similar momentum in 
the pp collision frame. 

toponium
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