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CEPC as a Tera-Z factory
pollution from large power corrections of O(⇤n

QCD/m
n
b ), since the b quark mass is not

large enough. While, in radiative Z boson decays, the typical characteristic energy scale
is around the Z mass, and thus the power corrections of O((⇤QCD/mZ)n) can be safely
neglected. In this sense, the factorization formalisms can be clearly examined at leading
power by the Z ! M� decays, once they get measured at the CEPC to some precision.

Decay mode Branching ratio CEPC Uncertainty
Z ! J/ � 8.02⇥ 10�8 [29] ⇠ 1.8%
Z ! ⌥(1S)� 5.39⇥ 10�8 [29] ⇠ 3.4%
Z ! ⇢0� 4.19⇥ 10�9 [29] ⇠ 1.8%
Z ! !� 2.82⇥ 10�8 [29] ⇠ 0.8%
Z ! �� 1.04⇥ 10�8 [29] ⇠ 1.6%
Z ! ⇡0� 9.80⇥ 10�12 [29] < 3.4⇥ 10�8

Z ! ⌘� 0.1� 1.7⇥ 10�10 [30] ⇠ 12%� 50%
Z ! ⌘0� 3.1� 4.8⇥ 10�9 [30] ⇠ 2.7� 3.4%

Table 1: The SM predictions and the CEPC sensitivities for radiative Z boson decays.

The SM predictions for the branching ratios of some typical Z ! M� decay channels
have been calculated in [29, 30] (see also in e.g. [31–35] for alternative calculations), we
quote their central values in Table 1. With 1012 Z bosons collected, we can estimate the
relative uncertainties of CEPC measurements of these channels. For the J/ and ⌥(1S)
channels, we use the dimuon signal to reconstruct the heavy quarkonium, assuming 80%
and 90% detection e�ciencies for photons and muons, respectively. The CEPC precisions
for the other channels are estimated by scaling previous measurements at the LEP [36–38]
with the assumption that the background will be well under control. It is expected that
for M being a vector meson, the CEPC precision will reach a percentage level, and that
for M being a pseudoscalar meson, the precision will be worse. Currently, only upper
bounds on some decay rates have been given by the LEP and the LHC, e.g. [38, 39].

aM2 (µ) Theoretical value CEPC precision
⇢0 0.17± 0.07 ±0.02
! 0.15± 0.12 ±0.01
� 0.23± 0.08 ±0.02

Table 2: The Gegenbauer moments of the leading-twist LCDAs of light mesons with the
scale µ = 1 GeV. The values determined by expected CEPC measurements are compared
to the theoretically calculated values.

Practically, the Z ! M� measurements can be used to probe information of the
internal structures of the involved light mesons, say, the LCDAs, which are the essen-
tial inputs to factorization calculations of the meson involved processes. Unlike the
parton-distribution function of the proton precisely determined by high-energy inclusive
processes, a similar comprehensive experimental determination of meson LCDAs is still
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[Grossman,Konig,Neubert,1501.06569] 
[Alte,Konig,Neubert,1512.09135]

1.1 Exclusive non-leptonic decays

1.1.1 Two-body non-leptonic decays

The Z ! M1M2 decays are expected very rare, with the branching fraction of order 10�11

or smaller [7]. It is hopeless to measure them in the LHC or even in the HE-LHC eras,
and the CEPC as a Tera-Z factory will play an important role here.

We start with the most typical charged two-body decay Z ! ⇡+⇡�, whose partial
width is proportional to the square of timelike pion form factors produced at Z pole,

�(Z ! ⇡+⇡�) =
mZ
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It is calculable in the perturbative QCD (PQCD) approach [8], and the leading-power
accuracy is su�cient because the power corrections are highly suppressed as analysed
before. The PQCD expression of this form factor can be formulated as,
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B(Z ! ⇡+⇡�) = (0.83± 0.06)⇥ 10�12 (5)

B(Z ! K+K�) = (1.74± 0.06)⇥ 10�12 (6)

where xi (i = 1, 2) denote the longitudinal momentum fractions of antiquarks inside
mesons, and the transversal momentums are introduced to eliminate the end-point sin-
gularities when xi ! 0 in the convoluted integration. Resummation over the large
logarithms yields to the Sudakov exponential which shrinks the transversal displace-
ment of partons inside mesons and highlights the contribution from k

2
iT ⇠ x1x2m2

Z in
the transversal integral. The PQCD result of the branching ratio is B(Z ! ⇡+⇡�) =
(0.83 ± 0.06) ⇥ 10�12, and similarly B(Z ! K+K�) = (1.74 ± 0.06) ⇥ 10�12 [8], where
the combined uncertainties arise from the choice of facorisation scale, the strong coupling
and the LCDAs of pion mesons at leading twist. These predictions for B(Z ! ⇡+⇡�) and
B(Z ! K+K�), without inevitable pollutions from various sources that appeared in two-
body non-leptonic B decay, is a touchstone of the PQCD approach. The measurements
of them at the CEPC will provide a decisive method to confirm or interrogate the basic
PQCD argument of ”the highly suppression Sudakov e↵ect at small -x region” [9,10]. On
the other hand, the neutral decay Z ! ⇡0⇡0 is forbidden at the leading power due to
the charge-conjuagation (C) invariance of two identical pseudoscalar mesons, and is thus
expected to have a much smaller branching ratio than Z ! ⇡+⇡�. Currently, the upper
limit for this channel reported by the CDF collaboration is 1.52⇥10�5 [11], and a further
search of this channel at CEPC would help us to understand more inner structures of
pion meson or probe physics beyond the SM.

To analyze the channels involving vector mesons, we can look at the Lorentz pseu-
doscalar and vector currents constructed from two-component spinors

i ̄�5 = i( †
L R �  †

R L) ,

2

[Cheng,Qin,1810.10524]

• Exclusive channels will be discovered and measured:

Are they important?
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Test of Factorization
Factorization for inclusive processes

• well tested (e.g. DIS and LHC processes)  

Factorization for exclusive processes

• extensively applied in B meson decays 

• but not tested well, owing to unknown and large 
power corrections                      in calculation 

• expected to be well tested in Z decays, whose 
power corrections                      are negligible



Test of Factorization

Comparing (1) precise CEPC measurements of 
the exclusive Z decays and (2) clear theoretical 
calculation free of dirty power corrections, the 
factorization theorem for exclusive processes 
will be well tested.
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Extract distribution amplitude  

Practically, exclusive Z decays can be used to 
determine meson DAs, free of power corrections 

also test DA evolution comparing to low-energy 
case 



from theoretical side 

• calculation of more channels  

• with higher precision 

from experimental side

• precision requirement => resolution requirement

Plans  



Identification of multi-jet events 
at the CEPC (240 GeV) 
Manqi Ruan and Zhu Yongfeng



Discrimination variables (Event-shape): 
•  thrust 
•  heavy mass 
•  wide and total broadening 
•  C and D parameter 
•  energy-energy correlation 
•  jet transition variable 
Main result: separation power 
Summary

Contents:
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Motivation

final state process

2 jets

4 jets

6 jets

e+e− → qq̄

e+e− → WW → 4quarks
e+e− → ZZ → 4quarks
e+e− → ZH → 4quarks

e+e− → ZH
Z → qq̄, H → WW*(ZZ*) → 4quarks

54106.86 

4436.77

15.13

cross section (fb)

number

3.0*108

2.5*107

8.5*104
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NNLO EW corr. to e+e− → HZ
Zhao Li, Yefan Wang 
IHEP-CAS



NLO EW correction about 10%


What about NNLO EW?


More than 1% correction for 
mixed EW-QCD

Future: one of CEPC/FCC-ee/ILC/CLIC…



Feynman diagrams @ NNLO EW

• Feynman Gauge: 25377 two-loop diagrams.


• All two-loop diagrams can be classified into 179 categories.


• Some of the two-loop diagrams involves multiple scales.


• Challenges: amplitude reduction, reduction to master integrals, evaluation of 
master integrals, efficiency of the numerical calculations.


• Very likely it would be a mission of international collaboration.


