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1st benchmark topic:        and jet physics
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e+e- collisions provide an ideal environment to study QCD with high 
precision:


Hadronic events are mainly 2-jet, with no underlying event or pileup 
background.


Trackers can be very precise, with material budget 10% of that at LHC.


Calorimetry will be a factor ~2 more precise than LHC. 


But, to make the best use of this environment, we ought to be clear on 
what are the goals of e+e- experimentation in QCD.


The goal of these experiments is not to improve the uncertainty in       . 
There is a different goal that I will explain.
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Where will we obtain the fundamental constants         and        in 
the 2040’s ?


We ought to learn the lesson of the muon g-2 that Lattice QCD has 
caught up with direct experimental determinations and will pass 
them as computer power increases. The Lattice QCD determinations 
are based on extremely precise masses of stable hadrons.   The 
uncertainties come from statistical errors in the first-principles 
calculation of nonperturbative effects.  Additional orders of QCD 
perturbation theory for current-current and other 2-point functions 
are also needed.  (Current estimates are based on          .)   These 
are also limited by computer power. 


In arXiv:1404.0319, it is estimated that an increase of 100 in FLOPs 
gives a factor 8 improvement in the uncertainty in      , to a relative 
uncertainty of                 ,  almost reaching       improvement.  From 
1997 to 2017, the speed of the fastest supercomputers increased by 
a factor of 1 million.


In the future,       will come from our increasingly precise 
understanding of low-energy hadron physics.   This is important to 
realize, since       is a crucial input to any experimental program at 
high energies.
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Summary in PDG QCD 2023:

Lattice QCD   FLAG 2024:
<latexit sha1_base64="u0bsUH4J6HjpKBUeWOeMkHRbpFU=">AAACFXicbVDJSgNBEO2JW4xb1KOXxhBIQIYZo0kuQtCLxwhmgUwMNZ1O0qRnsbtHCEN+wou/4sWDIl4Fb/6NneWgiQ8KHu9VUVXPDTmTyrK+jcTK6tr6RnIztbW9s7uX3j+oyyAShNZIwAPRdEFSznxaU0xx2gwFBc/ltOEOryZ+44EKyQL/Vo1C2vag77MeI6C01EmfOMDDAXTkXZw7z4/xBbZM2y4XCtjBuWIp79xH0MU5yyw62XwnnbFMawq8TOw5yaA5qp30l9MNSORRXxEOUrZsK1TtGIRihNNxyokkDYEMoU9bmvrgUdmOp1+NcVYrXdwLhC5f4an6eyIGT8qR5+pOD9RALnoT8T+vFaleuR0zP4wU9clsUS/iWAV4EhHuMkGJ4iNNgAimb8VkAAKI0kGmdAj24svLpH5q2kWzeHOWqVzO40iiI3SMcshGJVRB16iKaoigR/SMXtGb8WS8GO/Gx6w1YcxnDtEfGJ8/6xqaQA==</latexit>

↵(5)
s = 0.11833 (67) (0.6%)

(missing entries 
deserve a comment)
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FLAG 2024 average; only papers 
with all green are included.
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The chart on p. 4 omits a number of       determinations with 
claimed small errors by Hoang, Stewart, and collaborators.  
These analyses use           QCD formulae for jet observables, with 
a SCET-based parametrization of non-perturbative hadronization 
effects.   These latter effects are significant and are expected to 
decrease slowly as        .


       thrust:                                              arXiv:2412.15164


       C-parameter:                                    arXiv:1501.04111


       heavy jet mass:                                arXiv:2502.12253


Luisoni, Monni, and Salam and Nason and Zanderrighi have argued 
that the nonperturbative hadronization effects are smaller in the 
3-jet region than permitted by their parametrization, and that 
this biases the results (e.g. arXiv:2012.00622).   This is still 
controversial.                           

<latexit sha1_base64="JEXLKHPQFc1oXzRX5VpzCsw6sE4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiFw9FKpi20May2W7apZtN2N0IJfQ3ePGgiFd/kDf/jZs2B219MPB4b4aZeX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QUtFiSTUJRGPZMfHinImqKuZ5rQTS4pDn9O2P77J/PYTlYpF4kFPYuqFeChYwAjWRnLvHs8bjX65YlftGdAycXJSgRzNfvmrN4hIElKhCcdKdR071l6KpWaE02mplygaYzLGQ9o1VOCQKi+dHTtFJ0YZoCCSpoRGM/X3RIpDpSahbzpDrEdq0cvE/7xuooMrL2UiTjQVZL4oSDjSEco+RwMmKdF8YggmkplbERlhiYk2+ZRMCM7iy8ukdVZ1atXa/UWlfp3HUYQjOIZTcOAS6nALTXCBAINneIU3S1gv1rv1MW8tWPnMIfyB9fkDAxSOLg==</latexit>

N3LL
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Q�1
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0.1123 (15)
<latexit sha1_base64="UckuWJ1LtGG9nYEv8Ku1RToHqGs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkJSavXgoeDFYwX7AW0om+2mXbrZxN1NoYT+Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+POVPacb6t3Mbm1vZOfrewt39weFQ8PmmpKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x/fzf32hErFIvGopzH1QjwULGAEayN5ju261SvUQ+WKc9kvlhzbWQCtEzcjJcjQ6Be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ0VeomiMSZjPKRdQwUOqfLSxdEzdGGUAQoiaUpotFB/T6Q4VGoa+qYzxHqkVr25+J/XTXRw46VMxImmgiwXBQlHOkLzBNCASUo0nxqCiWTmVkRGWGKiTU4FE4K7+vI6aVVst2bXHqql+m0WRx7O4BzK4MI11OEeGtAEAk/wDK/wZk2sF+vd+li25qxs5hT+wPr8AbqEj3k=</latexit>

0.1145 (20)

<latexit sha1_base64="//v/PyqF8+bUnY3LNJ/o4frkXQk=">AAAB83icbVC7SgNBFL3rM8ZX1FKLwSDEZtmJEC0sAjaWEcwDskuYncwmQ2YfzMwKYck3pLOxUMTWn/AT7PwQeyePQhMPXDiccy/33uMngivtOF/Wyura+sZmbiu/vbO7t184OGyoOJWU1WksYtnyiWKCR6yuuRaslUhGQl+wpj+4mfjNByYVj6N7PUyYF5JexANOiTaS69gYX1RcVMLl806h6NjOFGiZ4DkpVk/Gbun7Y1zrFD7dbkzTkEWaCqJUGzuJ9jIiNaeCjfJuqlhC6ID0WNvQiIRMedn05hE6M0oXBbE0FWk0VX9PZCRUahj6pjMkuq8WvYn4n9dOdXDlZTxKUs0iOlsUpALpGE0CQF0uGdViaAihkptbEe0TSag2MeVNCHjx5WXSKNu4YlfuTBrXMEMOjuEUSoDhEqpwCzWoA4UEHuEZXqzUerJerbdZ64o1nzmCP7DefwBdj5MB</latexit>

0.1136 (12)
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This brings up a broader and more important question:  Where is the 
boundary between the perturbative and non-perturbative regions of jet 
evolution ?   To what extent can the “ideal perturbative jet” be measured 
in experiment ?  


There is great effort now to build Monte Carlo generators that include full 
QCD to the              level.  How do we test these ?  Recall that jet 
modelling is a major source of systematic error for many SM tests at the 
LHC.  Must it always remain so ? 


<latexit sha1_base64="R8tsnwWN0mtnMVb2A8Uf/gu7vV0=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMZCYgTzAckR9jZ7yZLdvWN3TwhH/oKNhSK2/iE7/417yRUafTDweG+GmXlBzJk2rvvlFFZW19Y3ipulre2d3b3y/kFbR4kitEUiHqlugDXlTNKWYYbTbqwoFgGnnWBynfmdR6o0i+SDmcbUF3gkWcgINpnUaNzeDcoVt+rOgf4SLycVyNEclD/7w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/XR+6wydWGWIwkjZkgbN1Z8TKRZaT0VgOwU2Y73sZeJ/Xi8x4aWfMhknhkqyWBQmHJkIZY+jIVOUGD61BBPF7K2IjLHCxNh4SjYEb/nlv6R9VvVq1dr9eaV+lcdRhCM4hlPw4ALqcANNaAGBMTzBC7w6wnl23pz3RWvByWcO4Recj296G43e</latexit>

NNLO



However much we improve the perturbative part of the parton 
shower, we are left with the model of non-perturbative 
hadronization. After 40 years, we are still using the Lund string 
fragmentation and the HERWIG cluster fragmentation, fitting a 
large number of parameters.  Each collider has it own “tune”.  
This means that the separation between the perturbative and 
non-perturbative parts is imperfect.


Given that we now have a good understanding of QCD 
perturbation theory, we should try to isolate and model 
precisely the perturbative part.   This is most straightforward 
in the simplest environment, that is, in e+e- collisions.


Higher energies take us deeper into the jet evolution, making 
the jets more perturbatively “perfect”.



10

New e+e- measurements can shed light on these questions.  


First of all, it is important to carry out systematic measurements 
using the same modern detectors over a wide range in     .  These 
measurements should replace the archival PETRA, PEP, TRISTAN, and 
LEP data covering the current range in Q from 15 to 200 GeV.   


Pier Monni will discuss the FCC-ee program with this goal in the next 
meeting.    


The LCF@CERN will cover a range from 91 GeV to 550 GeV, 
eventually to 1 TeV and above.


Statistics are not an issue.  The issue is how to parametrize the large 
amout of available data.   For this, we need more incisive 
observables.

<latexit sha1_base64="bTODpbJfCWHU4pSF/OK9UxWcFzo=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItLAI2FgmYD4gOcLeZi5Zs7d37O4J4cgvsLFQxNafZOe/cZNcoYkPBh7vzTAzL0gE18Z1v5219Y3Nre3CTnF3b//gsHR03NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+G7mt59QaR7LBzNJ0I/oUPKQM2qs1Gj0S2W34s5BVomXkzLkqPdLX71BzNIIpWGCat313MT4GVWGM4HTYi/VmFA2pkPsWipphNrP5odOyblVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDZFG4K3/PIqaV1WvGql2rgq127zOApwCmdwAR5cQw3uoQ5NYIDwDK/w5jw6L86787FoXXPymRP4A+fzB6zhjNo=</latexit>

Q
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Hoang  at the 2015 CERN workshop on       from LHC to FCC-ee :

How do we obtain more detailed information about jet structure and 
discrimination between the perturbative and non-perturbative regimes ?

<latexit sha1_base64="ipUw+GLDiTCaVYfkoW2ejcnufkU=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrUj0oFLx4rNAv2C4lm2bb0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8f3M7zwxbbiSTZgkLIjJUPKIUwJW8ntAUnyHvQvc7JcrbtWdA68SLycVlKPRL3/1BoqmMZNABTHG99wEgoxo4FSwaamXGpYQOiZD5lsqScxMkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQ3QQZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0r6serVq7fGqUr/N4yiiE3SKzpGHrlEdPaAGaiGKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4AMHKP4g==</latexit>

⌧ = 1� T
<latexit sha1_base64="ipUw+GLDiTCaVYfkoW2ejcnufkU=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrUj0oFLx4rNAv2C4lm2bb0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8f3M7zwxbbiSTZgkLIjJUPKIUwJW8ntAUnyHvQvc7JcrbtWdA68SLycVlKPRL3/1BoqmMZNABTHG99wEgoxo4FSwaamXGpYQOiZD5lsqScxMkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQ3QQZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0r6serVq7fGqUr/N4yiiE3SKzpGHrlEdPaAGaiGKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4AMHKP4g==</latexit>

⌧ = 1� T

<latexit sha1_base64="nXHwZg2S3bdHHa9YpOUzwdSD1qs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIR93S9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14bWfcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wccepAJ</latexit>↵s
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New ideas:   Chen, Moult, Zhang, and Zhu, arXiv:2004.11381


Energy flow correlators


This is a generalization of the classic idea of energy-energy correlations.  
Consider correlators of the operators


With 2 operators, this is the standard energy-energy correlator.  With 
multiple operators, these correlators probe the internal structure of the 
jet.   A convenient parameter is 


where        is the largest opening angle among the     .   Higher-point 
functions probe the jet shape in more detail.

<latexit sha1_base64="d1tydRRCNebrJ7mtfJ95K/tnOxg="></latexit>

E(n̂) = lim
r!1

Z 1

0
dt r2niT0i(t, rn̂)

<latexit sha1_base64="hTNnMkVgcAAl1mMW5vuowhjt2L4=">AAACCHicbVC7SgNBFJ2NrxhfUUsFB4MQC+NuimihELCxsIhgHpANy+xkkgyZfTBzVwxLShubfIiNhSK2+QQ7P8TeyaPQxAMXDufcy733uKHgCkzzy0gsLC4tryRXU2vrG5tb6e2digoiSVmZBiKQNZcoJrjPysBBsFooGfFcwapu92rkV++ZVDzw76AXsoZH2j5vcUpAS0764MG5wZcYZy18gm0aKGxDhwFxYivfPz7NO+mMmTPHwPPEmpJMcX9gZ7+Hg5KT/rSbAY085gMVRKm6ZYbQiIkETgXrp+xIsZDQLmmzuqY+8ZhqxONH+vhIK03cCqQuH/BY/T0RE0+pnufqTo9AR816I/E/rx5B67wRcz+MgPl0sqgVCQwBHqWCm1wyCqKnCaGS61sx7RBJKOjsUjoEa/bleVLJ56xCrnCr07hAEyTRHjpEWWShM1RE16iEyoiiR/SMXtGb8WS8GO/Gx6Q1YUxndtEfGMMfG82alA==</latexit>

xL = (1� cos ✓12)/2

<latexit sha1_base64="AenA/yiiuTj/gINq8oU49JKhqqM=">AAAB8nicbVC7SgNBFJ31GeMr0UrSDAbBKuymiBYWARvLBMwDdpcwO5kkQ2Znlpm7QljyGTYWitj6LRZ2+jVOHoUmHrhwOOde7r0nSgQ34Lpfzsbm1vbObm4vv39weHRcKJ60jUo1ZS2qhNLdiBgmuGQt4CBYN9GMxJFgnWh8O/M7D0wbruQ9TBIWxmQo+YBTAlbyAxgxIL3Mq057hbJbcefA68RbknK9GJS+m2cfjV7hM+grmsZMAhXEGN9zEwgzooFTwab5IDUsIXRMhsy3VJKYmTCbnzzFF1bp44HStiTgufp7IiOxMZM4sp0xgZFZ9Wbif56fwuA6zLhMUmCSLhYNUoFB4dn/uM81oyAmlhCqub0V0xHRhIJNKW9D8FZfXiftasWrVWpNm8YNWiCHSugcXSIPXaE6ukMN1EIUKfSIntGLA86T8+q8LVo3nOXMKfoD5/0H30qT7w==</latexit>

✓12
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n̂a
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           measurement from ratio of slope of 3- to 2-pt correlators:


                            CMS, arXiv:2402.1386

<latexit sha1_base64="deN1PvX2ZlIXNnxuDE2QLMTDFfU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYygvmA5Ahzm71kyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVSdAzQSXrGm4EayTKIZRIFg7GN/O/PYTU5rH8sFMEuZHOJQ85BSNlTo9FMkI+7pfrrhVdw6ySrycVCBHo1/+6g1imkZMGipQ667nJsbPUBlOBZuWeqlmCdIxDlnXUokR0342v3dKzqwyIGGsbElD5urviQwjrSdRYDsjNCO97M3E/7xuasJrP+MySQ2TdLEoTAUxMZk9TwZcMWrExBKkittbCR2hQmpsRCUbgrf88ippXVS9WrV2f1mp3+RxFOEETuEcPLiCOtxBA5pAQcAzvMKb8+i8OO/Ox6K14OQzx/AHzucPGqyQAw==</latexit>↵s
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Track jets


To achieve higher resolution within a jet, use only charged hadrons to 
compute the energy correlators, making use of the excellent tracking 
capabilities of Higgs factory detectors                                      .


The conversion from all hadrons to tracks is parametrized by a “track 
function”, to be measured in the experiment. This obeys a QCD 
factorization theorem. Only the lowest few moments are needed.


With QCD at NLL, the ratio for tracks to all hadrons is flatter than the 
expectation from Pythia.   The behavior of these functions divides neatly 
into perturbative and non-perturbative regimes.

<latexit sha1_base64="g+L/zIAAax5EiLjZb7cPID9MTuQ="></latexit>

�(1/p) = 2⇥ 10�5/GeV
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Jaarsma, Li, Moult, Waalewijn, Zhu, arXiv:2307.15739

<latexit sha1_base64="xBHw8BlUyuUy3+SaBmh3gnQeWLI=">AAAB6nicbVC7SgNBFL3rM8ZXopWkGQyCVdi1iBYWARsLiwTNA5IlzE5mkyGzM8vMrBiWfIKNhSK2fo+FnX6Nk0ehiQcuHM65l3vvCWLOtHHdL2dldW19YzOzld3e2d3bz+UPGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GriN++p0kyKOzOKqR/hvmAhI9hY6fahe9PNFd2SOwVaJt6cFCv5TuG7dvRR7eY+Oz1JkogKQzjWuu25sfFTrAwjnI6znUTTGJMh7tO2pQJHVPvp9NQxOrFKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+CkTcWKoILNFYcKRkWjyN+oxRYnhI0swUczeisgAK0yMTSdrQ/AWX14mjbOSVy6VazaNS5ghAwU4hlPw4BwqcA1VqAOBPjzCM7w43HlyXp23WeuKM585hD9w3n8ACWWQlg==</latexit>xL
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Using the simple environment of e+e- collisions, new and more incisive 
observables, and the excellent tracking capabilities of next-generation 
detectors, e+e- Higgs factories will give a much more detailed picture of 
jet struction and evolution.


This will greatly aid in the fundamental issue of the separation between 
the perturbative and non-perturbative regimes of jet structure.


This information will feed back into the practical use of jets both in the 
LHC archival data and in studies at future  ep and pp colliders.
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2nd benchmark topic:   QCD in the measurement of the top quark mass



The LCF@CERN proposal includes running at high e+e- CM energies as an 
essential component.   The top quark threshold study is only a small part of 
this program.


Some sample running scenarios:   (arxiv/2503.19983)
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There is a great advantage is measuring the top quark mass from the 
threshold position in e+e- rather than from the top-antitop continuum.


Ultimately, we would like to know the short-distance value of the top 
quark mass, since this is connected to weak interaction observables, grand 
unification, and other fundamental questions that the top quark affects.  
This short-distance value is most commonly expressed as the MSbar value.


The conversion from measurable top quark mass definitions to the MSbar 
value is known to              (Marquard et al, arXiv:1502.01030).   The value 
of the          coefficient in the conversion is


The definitions from the threshold in e+e- are closer to the short-distance 
ideal.

<latexit sha1_base64="QAMAXW6rwWDpO6ZLepPy3EoDkhM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JIqS5cFNy4s4J9QBPDzXTSDp08mJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu59x4/4Uwqy/o2lpZXVtfWCxvFza3tnV1zb78l41QQ2iQxj0XHB0k5i2hTMcVpJxEUQp/Ttj+8mvjtByoki6M7NUqoG0I/YgEjoLTkmYeZQ4Djm3HZAZ4MwJP31VPPLFkVawq8SOyclFCOhmd+Ob2YpCGNFOEgZde2EuVmIBQjnI6LTippAmQIfdrVNIKQSjebXj/GJ1rp4SAWuiKFp+rviQxCKUehrztDUAM5703E/7xuqoILN2NRkioakdmiIOVYxXgSBe4xQYniI02ACKZvxWQAAojSgRV1CPb8y4ukdVaxa5XabbVUv8zjKKAjdIzKyEbnqI6uUQM1EUGP6Bm9ojfjyXgx3o2PWeuSkc8coD8wPn8AWhuUgg==</latexit>

O(↵4
s)
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<latexit sha1_base64="G6v/XBXb7kFNfd2YYmf56x3/xOw="></latexit>
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Our current knowledge of the threshold shape in e+e- relies on a 
landmark Effective Field Theory calculation to             :


Beneke, Kiyo, Marquard, Penin, Piclum, Steinhauser, arXiv:1506.06864


Beneke, Maier, Piclum, Rauh, arXiv:1506.06865


The scale variation of this result is significant, leading to uncertainties 
in the extracted values of the top quark mass and Yukawa coupling:


The Beneke et al. calculation is very sophisticated even by QCD 
standards, but until it is superseded, these theory errors will dominate 
over experimental statistical errors.


We estimate the statistical errors as 


for 200 fb-1 of data near the threshold.
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�mt = ±50 MeV �yt = ±20%
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e+e� ! tt̄

A. Widl, LCWS2017
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Another important QCD observable is the value of the                   cross 
section above threshold.  At tree level, this depends on the couplings of 
the top quark to γ and Z.   In models of composite Higgs bosons, these 
couplings measure the related “partial compositeness” of the top quark, 
so we would like to measure these couplings to sub-% precision.


In QCD, this cross section is already known to             . At 500 GeV, the 
scale uncertainty is 0.06%, but this grows at energies closer to threshold 
(Chen, Guan, He, Liu, Ma, arXiv:2209.14259).  A more serious problem is 
that the CM energy 368 GeV is in the transition region between the 
threshold region and the high-energy region.   These regions are described 
by two different perturbative treatments, so a suitable interpolation must 
be made.

Chen et al arXiv:2209.14259



The physics of the top quark offers important opportunities to 
understand the parameters of the Standard Model with high precision and 
to explore for new physics in unique ways.   These opportunities exist 
both at threshold and at higher energies in e+e-.


However, the top quark also has unique challenges for QCD that need to 
be considered in planning the future of these experiments.


