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Lqcp =Yy Dy, — m)y 4GZ,/G5” + theta term

Deceptively simple Lagrangian, with astonishingly rich phenomena.
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In high energy e+e- collider we have access to QCD through ggbar
production and subsequent bremsstrahlung.

There is no need to TEST QCD as the correct theory of strong interaction.

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



We are far from fully understand QCD

It was often said that QCD is important because precision predictions from QCD is crucial for controlling the
background estimate for BSM searches. True but probably not the foremost reason for studying QCD at high

energy collider.
QCD (a strongly interacting quantum field theory) itself can justify the constructions of large colliders for its

study.
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Real time quantum evolution, can not be simulated on Euclidean lattice. Only a real
collider can provides clues to the BIG QUESTION!



CEPC is not just an e+e- collider

Wadhwa, hep-ex/9909001

Resonance production

Two photon total cross section
Single particle and jet production
Heavy quark production

Lepton structure function (how bright is
the electron)

v*v* collisions (clean test of BFKL)



Precision light-cone distribution

Ji Yao, Yu-ming Wang

etiag(P/)
1
q2 e¥

(T @i v (®)) = gomeuapa® P’ e’ (0) Fyr (Q?)

Frr(Q%) =

(e

121, o eczi)fvr

V2Q?

1
/0 dz Ty(@, Q% pur) b (@, pir)

F3Y(Q% po) =

(6121, — eﬁ)f'ir {6 — 30a,Cp — aiCF |:ﬁ0 ((31 + 12L0)C2 + 6(3 + 7)

V2Q?
85 1
+Cr | 24((a + (3) Lo + 42(4 + 54(3 + 37¢s — 2 N (6¢4 — 12¢3 — 2¢2 + 13)
oG
| Q°F del-1 m CLEO
. Q F del—11 . BaB
O. 4 Q F del—11 A B 11
0. 3|
0. 2|
0. 1|
0-0%5 10 20 30 40

)



J/psi production

Direct photon (

Resolved photon
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Cong-feng Qiao, Hao Yang

Vs (GeV) 0 4/34/3(fb) onen(fb)  orr(ab) Onymy(aD)
SuperKEKB  0.154(0.527) 0.361(0.152) — -
250 (WWA) 1.28(4.78) 2.18(1.15) 2.20(4.33) 1.89(1.10)
250 (LBS)  0.645(2.76) 1.10(0.597) 12.4(25.7) 9.55(5.66)
500 (WWA) 1.69(6.34) 2.90(1.52) 3.29(6.44) 2.80(1.63)
500 (LBS)  0.161(0.706) 0.280(0.152) 3.22(6.69)  2.47(1.46)
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Jet calibration and flavor tagging

Mangi Ruan, CEPC 2021 workshop
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see also recent study: Luisoni, Monni, Salam, 2012.00622

o Looking ahead to the future, can theorists come up with

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

as(mz) from global C—parameter tail fits

O(e?) fixed—order
? 0.1317 + 0.0052

¢ + N3LL' summation
0.1219 + 0.0028

Below error bars & + — perturbative error
All errors: ag(mz) = 0.1123 + 0.0015

+ Power Correction
0.1117 £0.0016

+ R—scheme

{ + {

+ hadron mass effects :

new ideas to solve this decade-long challenge?
o Principle of maximal conformality

o soft-drop observables



The principle of maximal conformality

Sheng-quan Wang, Xing-gang Wu, Jian-ming Shen, S. Brodsky
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PMC predictions for CEPC energy

Sheng-quan Wang, Xing-gang Wu, Jian-ming Shen, S. Brodsky
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Precision soft-drop observables
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Time-reversal-odd jet function

Lin Dai, Xiaohui Liu, Hong-xi Xing
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Transverse A polarization in e+e-

L. Gamberg, Zhong-bo Kang, Ding Yu Shao, J. Terry, Fanyi Zhao

zp [0.15,1]  OPAL data

Q= Mz

pAl(GeV)

TMD polarization fragmentation Collinear twist-3 fragmentation
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Visualization of evolution
from parton to hadrons

P. Komiske, |. Moult, J. Thaler, HXZ



Summary

QCD at e+e- colliders remain exciting
New potential for ultimate precision
Novel QCD phenomena awaiting discovery

Deep theory puzzle calls for new data

£*t¢~— Hadrons
via Z/y*, WYW-, ...

+ Interplay with EW, Higgs, Top & BSM

+ Interplay with hadron colliders

credit; Peter Skands
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