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« Top quark mass
- A fundamental parameter of the Standard Model Lagrangian

- Validity of SM
- EW vacuum stability

» Top quark mass measurement ( pp = t+ X — leptons + jets + missing energy )

- Kinematical reconstruction of top decay 2

e.g., CMS (2015) m; yontecario = 172.44 + 0.48 GeV Ultimate
MC mass is not a well defined mass in any renormalization scheme - Uncertainty

- Alternative methods: cross sections o, and oz+1 jer, the J/ method, Agcp ~ 200 MeV
the endpoint of m;y je: the Ly, method, boost invariant energy peak, - VoPAsFIR13-017

and leptonic observable methods

* Lepton Colliders Threshold scan ém; 5 = 0(20~50) MeV
« Hadron Colliders using tt annihilation to diphoton (tt - yy)
- Advantage : no jet, 1S mass - Disadvantage : small number of events
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Coulomb singularity, ag/B, at the threshold
should be taken into account.
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Bound State Study (Toponium)
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Large my,, = Large I, ~2I; = Small signal

Is m¢,, =173 GeV too heavy to see the B.S. shape?
Large width or small charge

= Iinterference is important and NWA fails

= need to know amplitude of bound state
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For a general particle charged under SU(3). and U(1)gy, we obtained amplitudes.
arXiv:1512.08221 (Published in PRL) and arXiv:1612.05031 (Submitted to PRD)

Near the threshold 2my + E, using NR EFT, for each polarization A = (141,442, 4,1, 4,2),
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Obtained by integrating out the relativistic part of the loop particle.
Real. Counterterm. Not Euler-Heisenberg form. Melnikov, Spira, Yakovlev (94)
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Observing Top Quark with Diphoton

dosm 1 LDOpfdGSM—top 1 Loop

do(gg = vY)sm /dmyy

This structure near the threshold mostly
comes from the 1S state.
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p mass (and width) measurement
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Summary

 Old study focused either on (narrow width) toponium production or
continuum computation.

« We have studied interference of bound state amplitude in diphton channel.

* Exclusion limits on the SU(3). times U(1)g, charge of new particles were
obtained.

« Top contribution to diphoton mass spectrum will be visible in near future.
(20 at 100 fb~1 and 50 at 600 fb~1)

* Free from jet physics, top mass measurement with precision 1 GeV (100 MeV)
will be possible with the integrated luminosity 2 ab~! in LHC (in 100 TeV HCQ).



