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Role of top quark in the SM vacuum structure

Tree+1-loop Higgs potential  
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Not defined beyond pert. theory

Perturbative uncertainty  

𝑂(ΛQCD) ≲ 1 GeV

Conceptually close to 

Yukawa coupling at scale 𝜇~ ഥ𝑚

Definitions of top-quark mass in pert. QCD
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After decades of endeavor, 𝑒+𝑒− → 𝑡 ҧ𝑡 cross section near threshold 

was computed.
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Our estimate:  ∆𝑚𝑡
MS = 20-30 MeV

Beneke,Kiyo,Marquard,

Penin,Piclum,Steinhauser

Kiyo, Mishima, YS

Precise 𝑚𝑡 determination near 𝑡 ҧ𝑡 threshold at 𝑒+𝑒− collider
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Particle Data Group 2018

All masses measured in 

hadron collider exp.

· PDF

· hadronization



Particle Data Group 2018

All masses measured in 

hadron collider exp.



Particle Data Group 2018



𝑚𝑡
pole

determination at LHC using lepton distributions in dilepton channel
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The pole mass is extracted from a fit of NLO predictions to 

8 lepton differential distributions in dileptonic 𝑡 ҧ𝑡 events, 

while simultaneously constraining uncertainties due to 

PDFs and QCD scales. 

𝑠 = 8 TeV

𝑚𝑡
pole

= 173.2±0.9 ± 0.8 ± 1.2 GeV

= 173.2±1.6 GeV

Largely indep. of jet profiles

(e.g. Missing 𝑝𝑇 cut is not used)



MC input 𝑚𝑡 = 172.5 GeV

Leptonic observables vs. MC predictions

Muon pT [GeV] Dilepton Ee + Eμ [GeV]



Pert. QCD prediction for 𝑡 ҧ𝑡 cross sections at LHC

Czakon, Heymes, Mitov (prod)NNLO+NNLL predictions
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Gao, Papanastasiou (prod+decay)

More to come soon.



How to ideally compare with pert. QCD?

• Hadronic inclusive obs.      หℎ𝑎𝑑 ۧ. ℎ𝑎𝑑ۦ ȁ. = ห𝑞, ۧ𝑔 ,𝑞ۦ ȁ𝑔 = 𝟏∑ ∑

• Uncertainty due to PDF can be eliminated (in principle).

Model dependences should be largely eliminated.

hadronization, PDF

• Roles of MC simulation needs to be reconsidered.

(More accurately, OPE formulation desirable.)

Weight fn. method Kawabata, Shimizu, YS, Yokoya

Leptonic obs.



OPE formulation (idea)
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𝜎

𝑑𝜎(𝑝𝑝 → 𝑡 ҧ𝑡 → 𝑙𝜈𝑋)

𝑑Φ(𝑙)
=
1

𝜎
න𝑑Φ ℎ𝑎𝑑 𝑝𝑝 𝑙𝜈𝑋 𝑙𝜈𝑋 𝑝𝑝

=
1

𝜎
න𝑑Φ ℎ𝑎𝑑 𝐻𝜇𝜈𝐿𝜇𝜈

𝑑Φ׬ ℎ𝑎𝑑 𝐻𝜇𝜈(𝑝𝑝 → 𝑋) = Identify OPE in terms of EFT

by integr.-by-region method

Similar to DIS in 𝑒𝑝 collision

• Precise treatment of IR contributions

• Simplification by EFT and inclusive calc.



Summary and Conclusions

• Accurate view on current status of top mass determination is important.

• MS mass determination at 𝑒+𝑒− → 𝑡 ҧ𝑡 near threshold is ideal.

• At LHC Δ𝑚𝑡 much below 1 GeV is currently challenging.

• For determination of well-defined top mass at LHC, use of leptonic obs.

combined with NNLO prediction analysis is optimal.

PDF indep. property can be exploited in addition. (Weight fn. method)

OPE is desirable to control IR contributions precisely.

def./assumptions w.r.t. pert. QCD

Color charge distribution around octet 𝑡 ҧ𝑡 introduces

unsuppressed/uncontrolled IR physics. 

𝑂 10−4 acc.

Model indep. analysis





Slides from S. Kawabata’s talks

TopWG@CERN2014,TopWS2015Kawabata, Shimizu, YS, Yokoya







Possible OPE formulation (idea)

𝑑𝜎(𝑝𝑝 → 𝑡 ҧ𝑡 → 𝑙𝜈𝑋)

𝑑Φ(𝑙)
= න𝑑Φ ℎ𝑎𝑑 𝑝𝑝 𝑙𝜈𝑋 𝑙𝜈𝑋 𝑝𝑝

= න𝑑Φ ℎ𝑎𝑑 𝐻𝜇𝜈 𝐿𝜇𝜈

𝑑Φ׬ ℎ𝑎𝑑 𝐻𝜇𝜈(𝑝𝑝 → 𝑋) = Identify OPE in terms of EFT

by integr.-by-region method

similar to DIS in 𝑒𝑝 collision
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MC input 𝑚𝑡 = 172.5 GeV



Pert. QCD prediction for 𝑡 ҧ𝑡 cross sections at LHC

Czakon, Heymes, MitovNNLO predictions



Future Direction for Precision QCD: OPE with renormalon subtraction

Takaura, Kaneko, Kiyo, YS

𝑽𝐐𝐂𝐃 𝒓 [JLQCD: 𝑛𝑓 = 3, {643 128, 483 96, 323 64}] consistent with OPE 

at 𝑟ΛMS ≲ 0.8 after renormalon subtraction.

𝑽𝐐𝐂𝐃 𝒓 = 𝑽𝑺
𝑹𝑭 𝒓 + 𝜹𝑬𝑼𝑺

𝑹𝑭(𝒓)

Our analysis

NNNLL fit fn: 𝐴0 + 𝐴2𝑟
2

× × ×

Consistency check

𝛼𝑠(𝑀𝑍) determination

First time to confirm

the OPE structure 



Summary and Conclusions

• Need to understand current status of top mass determinations

• MS mass determination at 𝑒+𝑒− → 𝑡 ҧ𝑡 near threshold would be ideal.

• At LHC Δ𝑚𝑡 much below 1 GeV would be difficult to achieve.

• For measurement of well-defined top mass at LHC, use of leptonic observables

combined with NNLO prediction + model indep. analysis is ideal.

• Steps taken towards high precision QCD (results in foreseeable future)

def./assumptions

Color charge distribution around octet 𝑡 ҧ𝑡 would introduce

unsuppressed/uncontrolled IR physics.


