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Exclusive Z decays at the CEPC
Proposed by Shan Cheng and Qin Qin



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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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,
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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]



Test of Factorization

• In B meson decays, dirty: 

        large, but unknown power corrections 

• In Z decays, clean: 

        power corrections are ignorable
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is around the Z mass, and thus the power corrections of O((⇤QCD/mZ)n) can be safely
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absent. Owing to the strong suppression of higher-power suppressions, it will be feasible
to extract from the Z ! M� measurements for the corresponding leading-twist meson
LCDAs,

�M(x, µ) = 6x(1� x)

"
1 +

1X

n=1

aMn (µ)C(3/2)
n (2x� 1)

#
. (9)

In the above conformal expansion, C(3/2)
n (2x� 1) are the Gegenbauer polynomials accop-

manied the Gegenbauer moments aMn (µ). As a benchmark, we assume that the CEPC
measurements turn out to be the same as the SM values with the expected uncertainties
listed in Table 1, and accordingly extract the first non-vanishing Gegenbauer moment aM2
of the light neutral mesons. The results are displayed in Table 2 with comparing to the
current theoretical values, which are compiled in [40] from the lattice results [41] and the
light-cone sum-rule results (see e.g. [42]). The precision of the listed Gegenbauer moments
is expected to get significantly improved by the CEPC data. The case is very di↵erent
for a heavy quarkonium, whose internal structure is studied under NRQCD and charac-
terised by a parametric matrix element hv2i [43], with v being the residual velocity of the
heavy quark inside the hQQi bound state. The precise determination of the parameter
hv2i is crucial to almost all precise NRQCD calculations of the quarkonium production
and decay processes. The values for hv2i of J/ and ⌥(1S) have been extracted from the
leptonic decays J/ ! e+e� and ⌥ ! e+e� to be

hv2iJ/ = 0.225+0.106
�0.088 [44] and hv2i⌥(1S) = �0.009± 0.003 [45], (10)

respectively. It’s apparent that the latter value is problematic because hv2i must be pos-
itive. Actually, the two-loop [14,46] and three-loop [15] perturbative corrections to these
leptonic decays have been found to be huge, which indicates the failure of perturbation
at least up to the three-loop level. Back to the Z ! M� decays, they have much higher
scales than the heavy quarkonium decays, so the perturbation theory is expected to work
well. Accepting the CEPC uncertainties for the two heavy quarkonium channels in Table
1, we can extract the parameters hv2i to the following precision,

hv2iJ/ : ±0.06, hv2i⌥(1S) : ±0.10. (11)

Although it seems that the precision for hv2iJ/ does not get improved so much and
the precision for hv2i⌥(1S) even gets worse, we emphasize that the results extracted from
radiative Z decays are more reliable without su↵ering from perturbation failure.

Similar to the radiative Z decays, the corresponding semi-leptonic decays also deserve
a glance. The Z ! P `+`� decays, with P being a pseudoscalar meson, occur via the
intermediate process Z ! P�⇤(�⇤ ! `+`�), which is suppressed by one more oder of
↵ compared to the Z ! P� channels, so it will be di�cult to observe them at the
CEPC. Di↵erently, the Z ! V `+`� decays with V being a vector meson typically have
much larger branching ratios, and the Z ! J/ `+`� channel has been observed at the
LHC [47]. The reason is that the dominant contribution to Z ! V `+`� comes from the
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Proposals

study more non-leptonic channels like ,  via 
different theoretical methods 

• to find channels with bigger branching ratios  

• to test consistency between different theoretical 
methods 

NLO calculations

πρ ρρ



Exotic Hadrons
Proposed by Zhen Hu



Exotic Hadrons

夸克模型是标准模型的⼀个重要组成部分，其传统的介⼦（两夸
克）和重⼦（三夸克）框架取得了巨⼤的成功。夸克模型同时
预⾔了奇特介⼦（四夸克）、奇特重⼦（五夸克）、更多夸克
组成的复合粒⼦、或者有胶⼦的直接参与的复合粒⼦等，统称
奇特强⼦。对奇特强⼦的深⼊探索可以揭示多体低能强相互作
⽤的性质，促进⾮微扰强相互作⽤理论的进展，帮助我们理解
物质世界的多种构成形式，因此对强⼦和奇特强⼦的研究本身
具有⼗分重要的意义。



Exotic Hadrons

中国近年来在奇特强⼦理论和实验研究中均取得了⼀些重要成果。
理论⽅⾯，赵光达院⼠早在1980年就提出了四夸克模型，迄今为
⽌，中国理论家已经在格点QCD、QCD求和规则、有效场论等多
个⽅⾯讨论了多夸克态粒⼦的性质。实验⽅⾯，中国LHCb组对于
五夸克态的发现做出了重要贡献，中国CMS组对于全重味四夸克
态的寻找也取得了关键进展。因此，在CEPC上开展奇特强⼦的
研究，有助于继续加强中国在理论和实验⽅⾯的贡献。 



Exotic Hadrons

下⼀步的计划是联合中国相关领域的理论家和实验家，
挑选⼀两个适合在CEPC上进⾏研究的奇异强⼦态及衰
变道，对ee对撞下的产⽣机制和产⽣截⾯做更深⼊的
理解和计算，对实验测量⽅法做更细致的分析和模
拟，如反冲质量法等。同时与HL-LHC，FCC，ILC等
做横向⽐较。



αₛ determination and non-perturbative 
modeling with energy-energy correlator

Proposed by Jun Gao and Hua-Xing Zhu







Proposed by unknown

Gluon/quark differentiation
By using substructure of jets or Machine Learning, one can 
discriminate gluon jet and quark jet, or even different flavors.



Thank you!


