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DecepCvely simple Lagrangian, with astonishingly rich phenomena.

In high energy e+e- collider we have access to QCD through qqbar 
producCon and subsequent bremsstrahlung.

With a new e+e- collider, we should aim for precision QCD measurements, 
and explora2on of new phenomena in QCD.

There is no need to TEST QCD as the correct theory of strong interacCon.
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We are far from fully understand QCD

Real 2me quantum evolu2on, can not be simulated on Euclidean laAce. Only a real 
collider can provides clues to the BIG QUESTION! 

It was oRen said that QCD is important because precision predicCons from QCD is crucial for controlling the 
background esCmate for BSM searches. True but probably not the foremost reason for studying QCD at high 
energy collider. 
QCD (a strongly interacCng quantum field theory) itself can jusCfy the construcCons of large colliders for its 
study.

Sta2c

Real 2me dynamics



• Resonance producCon 

• Two photon total cross secCon 

• Single parCcle and jet producCon 

• Heavy quark producCon 

• Lepton structure funcCon (how bright is 
the electron) 

• γ*γ* collisions (clean test of BFKL)
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CEPC is not just an e+e- collider

Wadhwa, hep-ex/9909001
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Precision light-cone distribu2on
Ji Yao, Yu-ming Wang



J/psi produc2on
Cong-feng Qiao, Hao Yang



Manqi Ruan, CEPC 2021 workshop

Jet calibra2on and flavor tagging

Hao Chen, I. Moult, HXZ

Be]er
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The legacy of LEP

Hoang, Kolodrubetz, Mateu, Stewart, 2015 
see also recent study: Luisoni, Monni, Salam, 2012.00622

LEP provided the largest data set and the closest to world 
average determinaCon so far. 
But also notable outliers in most accurate calculaCons

Looking ahead to the future, can theorists come up with 
new ideas to solve this decade-long challenge? 

Principle of maximal conformality 
soR-drop observables

Theory hadronizaCon 
uncertainCes dominated



Sheng-quan Wang, Xing-gang Wu, Jian-ming Shen, S. Brodsky

The principle of maximal conformality
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Contain beta dependent terms



PMC predic2ons for CEPC energy

91.2GeV

160GeV

240GeV

Sheng-quan Wang, Xing-gang Wu, Jian-ming Shen, S. Brodsky

Thrust Heavy jet mass

Wide jet broadening Total jet broadening

C parameter
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Precision sof-drop observables

credit: Larkoski

thrust

jet mass

Marzani et al., 1906.10504 Honnesdogr, Pathak, Schwartz, Stewart, Boost 2021

• For jet mass, sensiCvity to 
alphaS is retained for un-
normalized distribuCon. 

• Theory precision is very 
important here!



Time-reversal-odd jet func2on
Lin Dai, Xiaohui Liu, Hong-xi Xing

Azimuthal asymmetry

Linearly polarized gluon

Winner-take-all jet



Transverse Λ polariza2on in e+e-
L. Gamberg, Zhong-bo Kang, Ding Yu Shao, J. Terry, Fanyi Zhao

10.58 GeV

TMD polariza2on fragmenta2on Collinear twist-3 fragmenta2on

OPAL data



H
adronization

Time

10-24s 10-27s10-9s



Low energy 
long distance

Visualiza2on of evolu2on 
from parton to hadrons 

P. Komiske, I. Moult, J. Thaler, HXZ
H

adronization

Free hadrons phase

Perturba2on 
QCD phase



• QCD at e+e- colliders remain exciCng 

• New potenCal for ulCmate precision 

• Novel QCD phenomena awaiCng discovery 

• Deep theory puzzle calls for new data
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Summary

credit: Peter Skands


