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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 

PFA Oriented detector 
Lepton identification is essential to the precise Higgs 
measurements/jet flavor tagging and the jet charge 
measurement 
Flavor physics in Z factory
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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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CEPC Full Simulation

Software chain 

CDR Samples: 

• Full simulated Higgs 
signal 

• small cross-section(<20 
fb): simulated to a 
minimal statistic of  100k  

• 4 fermion background 
Full simulated 

• 2 fermion background: 
20% simulated
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Isolate Leptons
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• LICH uses TMVA methods to summarize 24 input variables into two likelihoods, corresponding 
to electrons and muons.  

• The efficiency for electron and muon is higher than 99.5% (E>2 GeV). Pion efficiency ~ 98%. 
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Application: Bc→τv

6

arxiv:2007.08234 by Taifan ZHENG



Online mini-workshop

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Electron (En>10GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Electron (4GeV<En<10GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Electron (2GeV<En<4GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Electron (En<2GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Muon (En>10GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Muon (4GeV<En<10GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Muon (2GeV<En<4GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Muon (En<2GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Pion (En>10GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Pion (4GeV<En<10GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Pion (2GeV<En<4GeV)

log10(MuLike)
-20 -15 -10 -5 0

lo
g1
0(
EL
ik
e)

-20

-15

-10

-5

0

-810

-710

-610

-510

-410

-310

-210

-110

Pion (En<2GeV)

Likelihood vs Energy
For higher energy, still nice separation 

For lower energy, pion mixed with muon
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Clustering Performance
Use clustering  

efficiency (correct collected hits/particle hits)  

purity (correct collected hits/cluster hits)  

     to characterize clustering performance

8

Cluster Hits

Particle Hits (Truth)

Correct  
Collected 

 Hits
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Clustering Performance

Higher energy, better 
clustering performance 

Muon:  

85% perfect 

5% eff*pur< 0.9 

Electron:  

64% perfect 

22% eff*pur<0.9 

Pion:  

52% perfect 

24% eff*pur<0.9
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Clustering vs PID
Electrons: 

low energy: dE/dx dominate 

clusters are compact, the splitting 
clusters still electron-like  

Muon: 

cluster is not MIP-like if  mixed with 
other hits 

muon likeliness is lost when the 
muon cluster splits into small pieces 

Pion: 

likely to be a EM cluster with some 
branches 

more likely to be mis-identified as 
an electron for lower clustering 
efficiency

10
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Clustering vs PID
Electrons: 

low energy: dE/dx dominate 

clusters are compact, the splitting 
clusters still electron-like  

Muon: 

cluster is not MIP-like if  mixed with 
other hits 

muon likeliness is lost when the 
muon cluster splits into small pieces 

Pion: 

likely to be a EM cluster with some 
branches 

more likely to be mis-identified as 
an electron for lower clustering 
efficiency
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Comparison of  lepton identification performance for perfect clusters and the 
performance of  single particle  

Pion in jets more likely to be mu-like
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Tau event topology
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A

B

(Veto the two isolate 
lepton) 
Divide the whole space 
into 2 part 
Multiplicity & Impact 
parameter

Tau jet reconstruction 
package: TAURUS

TAURUS with 
different 
parameters

llH channel / Z→ττ qqH (isolate τ with jets) τ inside jets
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• Double cone based algorithm 

• Find seeds(Tracks with enough 
energy) 

• Collect particle in two cones 

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

Taurus
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Event topology
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A

B

llH channel / Z→ττ qqH (isolate τ with jets) τ inside jets
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Eur. Phys. J. C (2020) 80:7
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Summary
TMVA based lepton identification has been developed with high efficiency 

For >2GeV isolate lepton: 99.5%  

For leptons in jets, clustering performance defined (testbed) 

At perfect clustering (eff*purity=1), identification performance 
converge to isolated lepton cases 

Inclusive τ identification developed  

isolate τ efficiency/purity ~ 80%/90% 

τ in jet efficiency/purity ~ 70%/70% 

Application 

Flavor physics: Bc→τv 

Flavor tag

16



Thank you for your attention!


