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Baseline	design	is	illustrated	as	below,		using	CEPC	geometry	version	1.	

The	result	of	Efficiency	and	
purity	versus	energy.	It’s	
obvious	that	the	current	
algorithm	gives	better	
performance	in	high	energy	
interval,	but	much	needed	to	
be	improved	among	the	low	
energy	interval.	
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ü Time	Information:	Including	time	information	such	as	the	time	that	particles	
stay	in	detectors.

ü Long	Lived	Particle:	Studying	long-lived	particles	that	would	decay	far	from	
the	primary	vertex	but	still	within	the	detector.

Future	R&D
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Efficiency/purity vs. energy

Efficiency
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Efficiency/purity vs. energy

Energy(GeV) < 1 1 ~ 2 2 ~ 5 5 ~ 10 10 ~ 20 > 20 

# of total particles 241689 115259 115530 47308 17310 4055

type_rec=muon 6319 11209 3542 1008 738 390

momentum 5277 9575 3042 960 721 378

type_truth=muon 137 875 954 782 674 370

distance_vertex 89 732 935 782 674 370

# of (linked as) Muon 5052 2843 2684 1436 912 455

Efficiency 0.018±0.002 0.257±0.008 0.348±0.009 0.545±0.013 0.739±0.015 0.813±0.018

Purity 0.014±0.001 0.065±0.002 0.264+0.007 0.776±0.013 0.913±0.01 0.949±0.011

The design parameters of baseline CEPC Muon System.
Reference from  CEPC CDR Tab. 7.1

3.	Efficiency/Purity	versus	Energy	for	Jets	Muon

1.	Isolated	Lepton	Case	

2.	Jet	Lepton(Muon)	Case

Efficiency	is	#(lepton	tagged	as	lepton)/#(linked	as	lepton)
Purity	is	#(lepton	tagged	as	lepton)/#(tagged	as	lepton)

Reference from  ” Lepton identification at particle flow oriented detector 
for the future 𝑒"𝑒# Higgs factories” in Eur. Phys. J. C 77, no.9 591(2017), Fig. 5
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Migration Matrix at 40GeV (LICH)

Type e�like µ�like ⇡+like

e� 99.71 ± 0.08 < 0.07 0.21 ± 0.07

µ� < 0.07 99.87 ± 0.08 0.05 ± 0.05

⇡+ 0.14 ± 0.05 0.35 ± 0.08 99.26 ± 0.12

Migration Matrix for ALEPH PID (> 2GeV )(Eur.Phys.J.C20:401-430,2001)

Type e�like µ�like ⇡+like undefined

e� 99.57 ± 0.07 < 0.01 0.32 ± 0.0 0.09 ± 0.04

µ� < 0.01 99.11 ± 0.08 0.88 ± 0.08 0.01 ± 0.01

⇡+ 0.71 ± 0.04 0.72 ± 0.04 98.45 ± 0.06 0.12 ± 0.03

29

Efficiency	for	tagging	e,	𝜇 and	𝜋
Using	LICH:
ü Eff	for	e	and	𝜇 >	99.5%
ü Eff	for	pion	>	98%

The	following	table	gives	the	analysis	for	selecting	muon	from	jets	using	LICH.

Demo of Muon Detector Geometry
Reference from  CEPC CDR Fig 7.1
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Parameter Baseline

Lb/2 [m] 4.14

Rin [m] 4.40

Rout [m] 6.08

Le [m] 1.72

Re [m] 0.50

Segmentation in � 12

Number of layers 8

Total thickness of iron 6.7� (112 cm)
(� = 16.77 cm) (8/8/12/12/16/16/20/20) cm

Solid angle coverage 0.98 ⇥4⇡

Position resolution [cm]
�r�: 2
�z : 1.5

Time resolution [ns] 1 – 2

Detection efficiency > 95%

(Pµ > 5 GeV)

Fake(⇡ ! µ)@30GeV < 1%

Rate capability [Hz/cm2] ⇠60

Technology RPC (super module, 1 layer
readout, 2 layers of RPC )

Total area [m2]
Barrel: ⇠4450
Endcap: ⇠4150
Total: ⇠8600

Table 7.1: Design parameters of the CEPC baseline muon system. Lb is the length of the barrel and
Le is the length of each endcap. Rout (Rin) is the outer (inner) radius of the barrel. Re is the inner
radius of each endcap. Further optimizations are expected in the near future and different technologies
are being considered.

Muon	system	design	function:	
ü the	muon	identifier,
ü the	solenoid	flux	return	yoke,
ü the	support	structure	for	the	whole	

spectrometer.
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Figure 3.9: The cutaway view of the full silicon tracker proposed as an option for the CEPC baseline
detector concept.

3.3.2 ALTERNATIVE DETECTOR CONCEPT

An alternative detector concept, Innovative Detector for Electron-positron Accelerator
(IDEA), has been designed for a circular electron-positron collider and it is also being
adopted as a reference detector for FCC-ee studies. The concept design attempts to econ-
omize on the overall cost of the detector and proposes different technologies than the
baseline concept for some of the main detector subsystems. It provides therefore an op-
portunities to leverage challenges and advances in detector development prior to the CEPC
detector constructions.

The detector requirements at CEPC are tied to the operational parameters of the storage
ring at each energy point. For example, the typical luminosity at the Z pole (

p
s = 91.2 GeV)

is expected to be up to two orders of magnitude higher than at ZH threshold (
p

s =

240 GeV). Bunch spacing will be significantly smaller. One would therefore prefer an
intrinsically fast main tracker to fully exploit the cleanliness of the e+e� environment
while integrating as little background as possible. Additional issues of emittance preser-
vation, typical of circular machines, set limits on the maximum magnetic field usable for
the tracker solenoid, especially when running at lower center-of-mass energies.

Additional specific requirements on a detector for CEPC come from precision physics
at the Z pole, where the statistical accuracy on various electroweak parameters is expected
to be over an order of magnitude better than at LEP. This calls for a very tight control of
the systematic error on the acceptance, with a definition of the acceptance boundaries at
the level of a few µm, and a very good e � � � ⇡0 discrimination to identify ⌧ leptons
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bosons will decay further. In the signal samples, the Higgs decays inclusively and Z decays into visible36

productions.37

However, the final states of the signal samples are not specified as Higgs and Z bosons, but their38

decaying productions instead. Therefore the samples not only contain the “ZH” process actually, but39

also contain other processes, typically the W-W fusion process when the final states are neutrino, anti-40

neutrino and Higgs, like the Fig.1 says. The manipulation in such a way could generate the real-world41

signal samples and guarantee the corresponding cross sections gauge invariant.
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Figure 1: The diagrams for process e
+, e� ! ⌫e, ⌫̄e, h

42

The Higgs signal samples are grouped according to the Z decaying productions (although they do43

not necessarily come from Z) and named according to them. For example, the directory named as44

“E250.Pn1n1h.whizard195” denotes that the samples are generated at 250GeV c.m. energy with Whizard45

1.95, the letter “P” in ”Pe1e1h” stands for the word “process”, “n1n1” is the production of Z decay and46

also the name of the process. Actually it means neutrino and the anti-neutrino, they could come from47

the W-W fusion process and the samples also contain such events indeed. At last, ”h” stands for Higgs48

obviously.49

The samples will be grouped according to the polarizations of the incoming particles even further.50

There are four distinct combinations for each sample, the incoming electron and positron being assigned51

with left or right respectively. So you can find four sub directories for every process, for instance, you52

can find from “E250.Pn1n1h X.el.pl.whizard195”, to “E250.Pn1n1h X.er.pr.whizard195”, undergoing53

all the four combination of the polarization, in the directory “E250.Pn1n1h.whizard195”. The letter “X”54

denotes that the Higgs decay inclusively, and the sub string between “X” and “whizard195” describes55

the combination of the polarized incoming particles. Besides these polarised samples, the unpolarised56

one named as “e0.p0.” could be found at the same location as well.57

The Higgs boson will decay according to the SM model inclusively and the production will be58

hadronized by Pythia if partons exist. And there are some points should be noted:59

1. For the processes with small cross section, typically under 20 fb, the total number of event is not60

enough to make the statics reliable. Therefore, a lower limit, saying 100000, is necessary for the actual61

usage. When turned back to the analysis, a scaling factor is needed to get the real statistics. Taking the62

process “e2e2h X” as an example, the cross section is just 7.10 fb, the number of events is 35849, which63

is under the lower limit 100000, the sample will be set to be generated as 100000.64

2. However, a small amount of events will not generated eventually due to some technical problem65

of the generators. To compensate the lost events, the actual luminosity will be set as 5050 fb�1, and the66

number of events for various processes is also expected under luminosity 5050 fb�1.67

3.Finally, the expected events number and the actual one for all the signal and background processes
are listed in Tab.17-Tab.19. So the scaling factor for the corresponding processes is calculated

scale =
No. of evt expeted

No. of evt generated
,

The Feynman Diagram which shows how the 𝑏𝑏' jets samples are produced.

Samples	are	produced	through	𝑒" + 𝑒# → 𝑍𝐻 → 𝜐𝜐𝑏𝑏',	
ü All	the	jet	muons	in	our	analysis	come	from	the	𝑏𝑏' jets	
ü Totally	9950	events	have	been	simulated


