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CEPC
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• Higgs factory: 240 GeV, 106 Higgs, 
Advantage: Clean, Known initial 
states 
Measurements: Higgs boson mass, 
cross section, decay modes, 
branching ratio 

• Z factory: 91 GeV, 6×1011  
EW precision physics 

• WW threshold runs, ~160GeV, 108 
W mass/width measurement

CEPC CDR (released 2018): arxiv:1811.10545 White Paper: arxiv:1810.09037
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(WW fusion) and e
+
e
� ! e

+
e
�
H (ZZ fusion) at the

CEPC [13–18], as shown in Fig. 1. The corresponding
production cross sections for the SM Higgs boson of 125
GeV, as functions of center-of-mass energy, are plotted
in Fig. 2. At the center-of-mass energy of 250 GeV,
the Higgs bosons are dominantly produced from

:::
the

:
ZH

process, where the Higgs boson is produced in association
with a Z boson.

Fig. 1. Feynman diagrams of the Higgs production

mechanisms at the CEPC: the Higgsstrahlung,

WW fusion, and ZZ fusion processes.
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Fig. 2. Production cross sections of the Hig-

gsstrahlung, WW fusion and ZZ fusion processes

as functions of center-of-mass energy. The dashed

lines (black) give the possible working energy

range of the CEPC.

The branching ratio of the Z boson decaying into a
pair of muons is 3.3%. The muons can be easily identified
and their momentum can be precisely measured in
the detector. By tagging the muon pairs from the
associated Z boson decays, the Higgsstrahlung events can
be reconstructed with the recoil mass method:

Mrecoil =
q
s+M

2
µ+µ� �2(Eµ+ +Eµ�)

p
s ,

where Eµ+ and Eµ� are the energies of the two muons,
Mµ+µ� is their invariant mass, and s is the square of
center-of-mass energy. Therefore, the ZH (Z ! µ

+
µ

�)

events form a peak in the Mrecoil distribution at the
Higgs boson mass.

With the recoil mass method, the ZH events are
selected without using the decay information of the
Higgs boson. Thus the inclusive ZH cross section �ZH

and the coupling gHZZ can be determined in a model-
independent manner. The measured gHZZ , combined
with exclusive Higgs boson decay measurements, could
be used to determine the Higgs boson width and absolute
values of couplings between the Higgs boson and its
decay final states [19]. Meanwhile, the Higgs mass mH

can be extracted from the Mrecoil distribution. A good
knowledge of the Higgs mass is crucial since the mH is
the only free parameter in the SM Higgs potential and
it determines the Higgs decay branching ratios in the
SM. Based on the model-independent analysis, the Higgs
decay information can be used to further suppress the
backgrounds, leading to a better mH precision.

The recoil mass method allows better exclusive
measurement of Higgs decay channels. Many new physics
models predict a significant branching ratio of the Higgs
boson decaying to invisible products [20–23]. At the
LHC, the current upper limit of this branching ratio is
about 40% [24, 25], which is much larger than the value
predicted in the SM (B(H! inv.)=B(H!ZZ! ⌫⌫⌫̄⌫̄)
= 1.06⇥10�3). At the CEPC, this measurement can be
significantly improved by using the recoil mass method.
In this paper, we evaluate the upper limit on the
branching ratio of the Higgs decaying to invisible final
states.

A series of simulation studies of similar processes
have been performed at the International Linear Collider
(ILC) [10, 26]. Compared to the ILC, the collision
environment of the CEPC is significantly di↵erent. The
ILC uses polarized beams while the CEPC has no beam
polarization. Besides, the beam spot size of the CEPC
at the interaction point (IP) is much larger than that of
the ILC, leading to a much weaker beamstrahlung e↵ect
and a narrower beam energy spread [10, 12, 27]. The
details of parameter comparison are listed in Table 1 [27].
Due to the above di↵erences, the cross sections for both
signal and backgrounds are di↵erent. Therefore, it is
necessary to perform the

:
a full detector simulation at

::
for

the CEPC.

Table 1. Comparison of machine and beam

parameters between the CEPC and the ILC.

Parameters CEPC ILC

Horizontal beam size at IP 73700 nm 729 nm

Vertical beam size at IP 160 nm 7.7 nm

Beamstrahlung parameter 4.7⇥10�4 2.0⇥10�2

Beam energy spread 0.16% 0.24%

Integrated luminosity 5 ab�1 2 ab�1

This paper is organized as follows. Section 2 describes
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Jets in CEPC
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• Detector reconstruct all the physics objects 

• Higgs:

• 97% of the SM Higgsstrahlung Signal involves Jets

• 4jets/6jets ~ 66%, need color-singlet identification: grouping the 
hadronic final sate particles into color-singlets (Z, H, W, gamma, ... )

• Other:

• Semi-leptonic from WW or Single W/Z: W mass, aTGC, etc.

• Full hadronic from WW/ZZ: Boson separation

• Top pairs, WWZ, VBS, …

• Jet clustering is essential for any measurements concerning jet direction
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Performances for Physics 
objects 

• Reconstruction of simple combinations: 
Ks/Lambda/D with all tracks @ Z→qq: 
60/75 – 80/85%

• Missing Energy: Consistent with BMR 

• BMR: 3.7%

• Jet charge: eff*(1-2ω)2 ~ 15%/30% 
@Z→bb/cc 

• B-tagging: eff*purity @ Z→qq: 70%

• C-tagging: eff*purity @ Z→qq: 40% 

• Lepton inside jets: eff*purity @ Z→qq ~ 
90% (energy > 3 GeV)

• Tau: eff*purity @ WW→tauvqq: 70%, mis 
id from jet fragments ~ o(1%)

• Acceptance: |cos(θ)| < 099

• Tracks: 

• Pt threshold, ~ 100 MeV

• δp/p ~ o(0.1%)

• Photons:

• Energy threshold, ~ 100 MeV

• δE/E: 3 – 15%/sqrt(E)

• Pi-Kaon separation: 3-sigma

• Pi-0: rec. eff*purity @ Z→qq > 60% 
@ 5GeV
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Lepton in jets
• The performance for lepton in jets degrades 1-2% comparing to the single particle results 

• This degrading reduced without clustering confusion

• Application: Bc→τv (arxiv:2007.08234 by Taifan ZHENG)

• Further: more flavor physics such as lepton flavor universality, etc.
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Tau
• Double cone based algorithm

• Use the multiplicity, energy ratio between two cones, invariant 
mass for τ tagging

• H→ττ has been analyzed, accuracy ~ 0.8%

• For tau in jets, efficiency ~ 60%, purity ~ 80% (adjustable for 
different physics purpose)

6
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Boson Mass Resolution

• BMR: relative mass resolution of the hadronic 
system, especially for the hadronically 
decayed massive Bosons (W, Z, H) 

• ● BMR < 4%: to separate qqH signal from 
qqX background with recoil mass
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Eur. Phys. J. C (2018) 78: 426
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Jet Energy Resolution & Scale

• JER: 2-4 times better than CMS @ 0 PU

• JAR: 1.0-1.6 times better

• JES: 0.1%/1% level with/without polar angle dependent calibration
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By Pei-zhu Lai
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WW-ZZ 
separation

• Overlap ratio:

• Genjet (Jet confusion): 53%

• Recojet (Detector response): 58%

• |M12 – M34| < 10 GeV: half the statistic sacraficed, the 
overlapping ratio reduced from 58%/53% to 40%/27% for 
the Reco/Genjet

9Eur. Phys. J. C (2019) 79:274

By Yongfeng Zhu
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Jet confusion
• The CEPC Baseline could separate efficiently the 

WW-ZZ with full hadronic final state

• Jet confusion can be quantified by angles between 
truth/reco level bosons

• The overlapping ratios increase monotonically with 
the jet confusion

10jet confusion order calculated from 
angles between truth/reco bosons
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Jet Charge Measurement
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• Effective tagging power: take misjudgment rate ω and efficiency into account 

• Z→bb/cc: 0.090/0.200(single jet) → 0.137/0.301(double jets) By Hanhua Cui
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Jet Flavor Tagging
• B-tagging: eff*purity @ Z→qq: 70% ● C-tagging: eff*purity @ Z→qq: 40%

• Preliminary result with ParticleFlow Network (arXiv:1810.05165)
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By Libo Liao
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Summary
• Objects in jets are reconstructed in CEPC, and can be used for further analysis

• Boson Mass Resolution: better than 4% is critical, Baseline reaches 3.8% 

•  Jet energy scale & Jet energy resolution 

• JER 2-4 times better than LHC. However, dependence to the jet clustering & 
matching need caution. 

• Color Singlet Identification

• Bottleneck for measurements with more than 4-jets. Requires innovative 
developments/theoretical studies 

• Jet Flavor Tagging, critical for g(Hcc), g(Hbb), g(Hgg) measurements

• Reasonable performance at CDR/baseline, preliminary result with PFN shows 
improvement. 

• Jet Charge Reconstruction using straight forward algorithm

• Effective tagging power of 14%/30% @ Z→bb/cc

• Future: more benchmarks, especially differential analyses... 
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Thank you!
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Effective tagging power
• Lepton and Kaon can deliver better misjudgment rate ω than 

pion and proton

• Other dependences: B/C hadrons type, source of leading particle
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