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Toponium formation
Production at the LHC
• ttbar in color singlet

+ Toponium
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✤ 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 (C=+) .

 

toponium formation top decay
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✦ Top quark decays before hadronization
✦ Toponium forms before top decay          
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LHC  13TeV  36 fb-1

3σ excess
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✤ In the ttbar cross section measurement, both ATLAS 
and CMS observed excess of Data over the ‘SM’ 
prediction at low phi(ll’), m(ll’) bins.
✦ This may suggest that either ttbar production MC 

underestimates dileptons in small angle region, or 
new physics.

✦ The standard ttbar MC does not have toponium.

tt without toponium

toponium

~105

~3000

<latexit sha1_base64="1Wk+KVV5++lTeBALvvkKrq7G9dk="></latexit>

Sp
B + S

! Sp
B

⇠ 3000p
105

⇠ 9

<latexit sha1_base64="ClrLca93eajpl+asFhn6qUpLOqE=">AAACN3icbZBNSwMxEIaz9avWr6pHL8EiKkLZLVK9CEU9eBIVWwvdWrLp1AazHySzQln6r7z4N7zpxYMiXv0HpnUFbR0YeHmfGZJ5vUgKjbb9ZGUmJqemZ7Kzubn5hcWl/PJKTYex4lDloQxV3WMapAigigIl1CMFzPckXHm3RwN+dQdKizC4xF4ETZ/dBKIjOENjtfKnW+4xSGT0opW4IOWgN/vb16WDFLhRV4ygnR8EyEZQK1+wi/aw6LhwUlEgaZ218o9uO+SxDwFyybRuOHaEzYQpFFxCP+fGGiLGb9kNNIwMmA+6mQzv7tMN47RpJ1SmA6RD9/dGwnyte75nJn2GXT3KBuZ/rBFjZ7+ZiCCKEQL+/VAnlhRDOgiRtoUCjrJnBONKmL9S3mWKcTRR50wIzujJ46JWKjrlYvl8t1A5TOPIkjWyTraIQ/ZIhZyQM1IlnNyTZ/JK3qwH68V6tz6+RzNWurNK/pT1+QXOU6tU</latexit>

(�R``0)
2 = (��``0)

2 + (�⌘``0)
2 <0.8

✤ We include the toponium effect in the simulation, in 
the small separation region between the two final 
state leptons, 9 sigma significance is expected with 
integrated luminosity 140/fb.

prediction 
with 140 fb-1



Excavating the Road to the ILC
A decade ago, our goal was to have the ILC running concurrently with the LHC. 
Today, I think we need to uncover hints of new physics within the LHC data that 
could guide future explorations at the ILC.

A Lesson from the Toponium ‘Discovery’ at the LHC

New physics can easily be obscured by subtle adjustments to SM event 
simulation programs, particularly if we assume that "nothing beyond the SM is 
within reach." 

Instead, we should adopt the opposite bias: assume that new physics is hiding 
within the data—from the LHC, flavor physics experiments, and precision 
measurements—and actively seek evidence for it.

The key question is: How do we look for this evidence?

It may be our imagination that paves the way to the ILC. 


