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The CEPC Physics
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Higgs: 106 events
(5.6 ab-1)

W: 2 × 107 events
(2.6 ab-1)

100 km e+e- collider

7 years1 year

2 years

Also, Z and W factory

Z: 7 × 1011 events
(8-16 ab-1)

2 IPs
planned



CEPC baseline software — http://cepcsoft.ihep.ac.cn/

5CEPC software team efforts 

http://cepcsoft.ihep.ac.cn/


Higgs production in e+e- collisions
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Events at 5.6 ab-1

ZH: 106 events

ννH: 104 events

e+e-H: 103 events

S/B
1:500-1000

Observables: 
Higgs mass, CP, σ(ZH), 

event rates (σ(ZH, vvH)*Br(H→X) ), 
differential distributions 

Extract:
Absolute Higgs width, couplings
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Direct measurement of Higgs cross-section 

For this model independent analysis, we 
reconstruct the recoil mass of Z without touching 
the other particles in a event. 
The Mrecoil should exhibit a resonance peak at 
mH for signal; Bkg expected to be smooth. 
The best resolution can be achieved from 
Z(→e+e-, μ+μ-). 
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Direct measurement of Higgs cross-section and mH

The combined precision with three channels is ∆σ/σ=0.5% 
Similar sub-percent level for ILC/FCC-ee 
The mass of Higgs can be measured with a precision 6 MeV 
combining Z→ee (14 MeV) and Z→μμ (6.5 MeV) 



Higgs Couplings Measurement
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𝜅 Framework
• Model independent implication

• Detector’s benchmark; Constrain to new physics models;

• In CEPC

• We have 𝜎 𝑍𝐻 = 0.5% constrain 𝜎(𝜅𝑧) < 0.25%.

• For Production, ZH & WW fusion process, all contribute to 𝜅𝑍2; 𝜅𝑤2 ;

• For Partial decay, no top quark 𝜅𝑡 like: 𝜅𝑍2, 𝜅𝑊2 , 𝜅𝑏2, 𝜅𝑐2, 𝜅𝑔2, 𝜅𝜏2, 𝜅𝛾2, 𝜅𝜇2, ……

• For Total width Γ𝐻. Γ𝐻 = Γ𝑆𝑀 + Γ𝐵𝑆𝑀.

• If we assume no exotic decay, Γ𝑆𝑀 can be resolved as: all 𝜅 correlated this way;

Γ𝑆𝑀 = 0.2137𝜅𝑊2 +0.02619𝜅𝑍2+0.5824𝜅𝑏2+0.08187𝜅𝑔2+0.002270𝜅𝛾2+0.06294𝜅𝜏2+0.02891𝜅𝑐2

• Z → μμ, H → ττ channel, the signal will be 𝜅𝑍2𝜅𝜏2/Γ𝐻; For 𝜈𝜈𝐻 → 𝑏𝑏, it’s 𝜅𝑊2 𝜅𝑏2/Γ𝐻

18/5/25 Kaili Zhang 16

𝜅 defined as the ratio of the Higgs coupling to SM expects.

ATL-PHYS-PUB-2014-016 

Precision of Higgs couplings measurement compared to HL-LHC

HL-LHC

CEPC
~1% uncertainty

KZ ~ 0.2 %

CEPC: THE PRECISION FRONTIER 9

surements and electroweak observables attainable by the CEPC are summarized below.
The details of the analysis underpinning these projections are presented in Section 11.1
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Precision of Higgs coupling measurement (7-parameter Fit)
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Figure 2.1: (a) Higgs coupling extraction in the -framework. (b) Projection for the precision of the
Z-pole measurements.

The CEPC will operate primarily at a center-of-mass energy of
p

s ⇠ 240 GeV. The
main mode of Higgs boson production is through e+e� ! ZH process, and with an
integrated luminosity of 5.6 ab�1, over one million Higgs bosons will be produced. At
CEPC, in contrast to the LHC, Higgs boson candidate events can be identified through
a technique known as the recoil mass method without tagging its decay products. This
allows Higgs boson production to be disentangled from Higgs boson decay in a model-
independent way. Moreover, the cleaner environment at a lepton collider allows much
better exclusive measurement of Higgs boson decay channels. All of these give CEPC
impressive reach in probing Higgs boson properties. The resulting precision attainable by
CEPC in measurements of Higgs couplings is shown in the left panel of Figure 2.1(a) in
terms of the  framework [4]. The results can be further improved by including additional
measurements. For example, Z and W would be tightly constrained to be very close to
each other by the electroweak precision measurements.

Several aspects of the precision attainable at CEPC stand out. The CEPC will be able
to measure the Higgs coupling to the Z boson with an accuracy of 0.25%1, about a factor
of 10 better than the reach of the High Luminosity upgrade of the LHC (HL-LHC). Such
a precise measurement gives CEPC unprecedented reach into interesting new physics sce-
narios which are very difficult to probe at the LHC. The CEPC also has strong capability in
detecting invisible decays of the Higgs boson. For example, with 5.6 ab�1, it can improve
the accuracy of the measurement of the Higgs boson invisible branching ratio to 0.3%,
also more than 10 times better than the projected precision achievable by the HL-LHC.
In addition, it is expected to have excellent sensitivity to exotic decay channels which are
swamped by backgrounds at the LHC. It is also important to stress that an e+e� Higgs fac-
tory can perform model independent measurement of the Higgs boson width. This unique
feature in turn allows for the determination of the Higgs couplings without assumptions
about Higgs boson decay channels.

1This is the result from a 10-parameter fit. In particular, it includes the Higgs boson width as a free param-
eter. The result shown in Figure 2.1 is from a more constrained 7-parameter fit. See Section 11.1 for a full
set of results and more detailed explanations.



Higgs couplings variations due to BSM physics
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Model bb cc gg WW ⌧⌧ ZZ �� µµ
1 MSSM [38] +4.8 -0.8 - 0.8 -0.2 +0.4 -0.5 +0.1 +0.3
2 Type II 2HD [39] +10.1 -0.2 -0.2 0.0 +9.8 0.0 +0.1 +9.8
3 Type X 2HD [39] -0.2 -0.2 -0.2 0.0 +7.8 0.0 0.0 +7.8
4 Type Y 2HD [39] +10.1 -0.2 -0.2 0.0 -0.2 0.0 0.1 -0.2
5 Composite Higgs [40] -6.4 -6.4 -6.4 -2.1 -6.4 -2.1 -2.1 -6.4
6 Little Higgs w. T-parity [41] 0.0 0.0 -6.1 -2.5 0.0 -2.5 -1.5 0.0
7 Little Higgs w. T-parity [42] -7.8 -4.6 -3.5 -1.5 -7.8 -1.5 -1.0 -7.8
8 Higgs-Radion [43] -1.5 - 1.5 +10. -1.5 -1.5 -1.5 -1.0 -1.5
9 Higgs Singlet [44] -3.5 -3.5 -3.5 -3.5 -3.5 -3.5 -3.5 -3.5

Table 3: Percent deviations from SM for Higgs boson couplings to SM states in various new
physics models. These model points are unlikely to be discoverable at 14 TeV LHC through
new particle searches even after the high luminosity era (3 ab�1 of integrated luminosity).
From [20].

and one to down fermions only), and type X and Y models (with more complicated
discrete symmetries that protect flavor observables) [39].

5.2 Comparisons of models to the ILC potential

All of these ideas lead to models with deviations from the SM expectations of the
couplings of the 125 GeV Higgs boson to SM states. Table 3 collects a set of models
of new physics based on the ideas described in the previous section and on several
additional ideas of interest to theorists. For each model, we chose a representative
parameter point for which the predicted new particles would be beyond the reach of
the 14 TeV LHC with the full projected data set. The deviations of Higgs couplings
from the SM expectations at these representative model points are listed in the Table.
(For details, see [20] as well as the papers cited in Table 3.) These examples illustrate
diverse possibilities for models with significant deviations of the Higgs couplings from
the SM expectation that would be allowed even if the LHC and other experiments are
not able to discover the corresponding new physics beyond the SM. We should make
clear that the quantitative statements to follow refer to these particular models at the
specific parameter points shown in the Table. Figure 9 shows graphically the ability
of ILC measurements to distinguish the Higgs boson couplings in the models in the
Table from the SM expectations and from the expectations of other models. Each
square shows relative goodness of fit for the two models in units of �. The top figure
is based on the covariance matrix from the 250 GeV stage of the ILC, corresponding
to the second column of Table 1. The bottom figure reflects the full ILC program with
500 GeV running, corresponding to the fourth column of Table 1. It is noteworthy
that, once it is known that the Higgs boson couplings deviate significantly from the

25

LHC not likely to be sensitive to these models even with full HL-LHC dataset
arXiv: 1710.07621

CEPC will be sensitive to these
percentage variation relative to SM



Precision Electroweak observables at CEPC
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Including detector performance

WW + Z runs

CEPC: THE PRECISION FRONTIER 9

surements and electroweak observables attainable by the CEPC are summarized below.
The details of the analysis underpinning these projections are presented in Section 11.1
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Figure 2.1: (a) Higgs coupling extraction in the -framework. (b) Projection for the precision of the
Z-pole measurements.

The CEPC will operate primarily at a center-of-mass energy of
p

s ⇠ 240 GeV. The
main mode of Higgs boson production is through e+e� ! ZH process, and with an
integrated luminosity of 5.6 ab�1, over one million Higgs bosons will be produced. At
CEPC, in contrast to the LHC, Higgs boson candidate events can be identified through
a technique known as the recoil mass method without tagging its decay products. This
allows Higgs boson production to be disentangled from Higgs boson decay in a model-
independent way. Moreover, the cleaner environment at a lepton collider allows much
better exclusive measurement of Higgs boson decay channels. All of these give CEPC
impressive reach in probing Higgs boson properties. The resulting precision attainable by
CEPC in measurements of Higgs couplings is shown in the left panel of Figure 2.1(a) in
terms of the  framework [4]. The results can be further improved by including additional
measurements. For example, Z and W would be tightly constrained to be very close to
each other by the electroweak precision measurements.

Several aspects of the precision attainable at CEPC stand out. The CEPC will be able
to measure the Higgs coupling to the Z boson with an accuracy of 0.25%1, about a factor
of 10 better than the reach of the High Luminosity upgrade of the LHC (HL-LHC). Such
a precise measurement gives CEPC unprecedented reach into interesting new physics sce-
narios which are very difficult to probe at the LHC. The CEPC also has strong capability in
detecting invisible decays of the Higgs boson. For example, with 5.6 ab�1, it can improve
the accuracy of the measurement of the Higgs boson invisible branching ratio to 0.3%,
also more than 10 times better than the projected precision achievable by the HL-LHC.
In addition, it is expected to have excellent sensitivity to exotic decay channels which are
swamped by backgrounds at the LHC. It is also important to stress that an e+e� Higgs fac-
tory can perform model independent measurement of the Higgs boson width. This unique
feature in turn allows for the determination of the Higgs couplings without assumptions
about Higgs boson decay channels.

1This is the result from a 10-parameter fit. In particular, it includes the Higgs boson width as a free param-
eter. The result shown in Figure 2.1 is from a more constrained 7-parameter fit. See Section 11.1 for a full
set of results and more detailed explanations.

Assumes: 2-year run at Z-pole and 
                  1-year run at WW threshold

W Mass from Threshold Scan

354 PHYSICS PERFORMANCE WITH BENCHMARK PROCESSES
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Figure 11.16: W
+
W

� production as a function of
p

s, (a) at Born level, including finite width effects,
and including initial state radiation corrections; and (b) for a range of values of mW and �W .

DETERMINATION OFMW AND �W FROM THEW
+
W

� PRODUCTION CROSS
SECTION

In this section, the possibility of extracting the W boson mass and width from the pro-
duction cross section is explored. The study assumes a total integrated luminosity of
L = 3.2 ab�1, which can be collected in one year, assuming an instantaneous luminosity
of 2.5 ab�1. For this study, the GENTLE program version 2.0 [180] is used to calculate
�WW as a function of the center-of-mass energy, mW and �W . The behavior of the cross
section as a function of the center-of-mass energy,

p
s, is illustrated in Figure 11.16.

The measurement sensitivity is optimized by taking into account the following:

the integrated luminosity target for up to three values for
p

s;

in the case of two
p

s values, a three-dimensional optimization is performed, scanning
both values

p
s in steps of 100 MeV, and the fraction of integrated luminosity spent

at each point in steps of 5%;

in the case of three
p

s values, a five-dimensional optimization is performed in a
similar way.

The systematic uncertainties are listed below, most of the systematic uncertainties
are correlated among the different

p
s WW threshold scan runs.

Beam energy measurement: The analysis assumes an uncertainty of 0.5 MeV in the
beam energy measurement as described in Section 11.2.1.

Beam energy spread: The energy spread of about 80 MeV is expected on WW thresh-
old scan runs in CEPC with an uncertainty of less than 0.8 MeV.

Overall normalization uncertainties: Integrated luminosity, object reconstruction and
identification and the theoretical calculation of the e+e� ! W+W� cross section. It
is assumed that these sources sum up to a total relative uncertainty of 2 ⇥ 10

�4 on the
ratio between measured and predicted cross sections.

The result of the statistical optimization leads to a three-point scenario, with most of
the data collected at energies of 157.5 and 162.5 GeV.

Similar to LEP technique
Use 3 √s points: 157.5, 161.5 and 162.5 GeV

Working together with FCC-ee 

L =  2.6 ab-1 → ΔMW ~ 1 MeV

Beam energy spread: 0.13-0.1%
ECM uncertainty: 0.5 MeV 

Beam energy calibration ! 



The Physics Goals
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Precision tests of Standard Model
(H, W, and Z) Potential to find new physics

Higgs boson and electroweak symmetry breaking

Directly exploring new physics

QCD precision measurements 

Flavor physics at the Z pole

• Precision measurements of Higgs couplings 
• Exotic Higgs decays
• Exotics Z decays
• Dark matter and hidden sectors
• Extended Higgs sector

• Precision αS determination
• Jet rates at CEPC
• QCD dynamics, soft QCD effects, fragmentation functions 
• QCD event shapes and light-quark Yukawa couplings

• Rare B decays
• Heavy flavor baryons 
• Tau decays
• Flavor violating Z decays



CEPC 
Accelerator and Detectors



CEPC Accelerator Chain and Systems
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Injector Booster 
100 km

Collider 
Ring 

100 km

10 GeV
Energy ramp

10 GeV

45/80/120 GeV

45/80/120 GeV beams

Two machines in one 
single tunnel

- CEPC (also booster) 
- SppC

e-

e+

√s = 90, 160 or 240 GeV
2 interaction points

The key systems of CEPC:
1) Linac Injector
2) Booster
3) Collider ring
4) Machine Detector Interface
5) Civil Engineering



The CEPC Baseline Collider Design
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Double ring
Common RF cavities for Higgs

Two RF sections in total

Two RF stations per RF section

10 x 2 = 20 cryomodules

Six 2-cell cavities per cryomodule



The CEPC Baseline: LINAC Injector

16

Total beam transfer
efficiency: 90%

e+/e- beam energy:
10 GeV

Positron target

45 GeV Plasma Wakefield 
Accelerator considered 

as an alternative

10 GeV

LINAC: 1.2 km



The 100k tunnel cross section

17

Proposed in Lausanne Workshop in 1984

LEP tunnel internal diameter is 3.8 meters in the arcs

CEPC 
Booster

SppC 
collider

CEPC 
collider

4.4 or 5.5 meters in the straight sections
CEPC Civil Engineering Design very advanced

6 meters wide
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Accelerator key technologies R&D — prototypes
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CEPC 650 MHz Cavity 

Collaboration with Photon Source 
projects in Shanghai and Beijing

(1.3 GHz cavities)

High Efficiency Klystron
“High efficiency klystron collaboration consortium”, including IHEP, 

Institute of Electronic) of CAS,  and Kunshan Guoli Science and Tech.

3 high-efficiency 
klystron (up to 80%) 

prototypes to be built 
by 2021

Lmag = 5 m, Bmin = 30 Gs, Errors <5×10-4

Booster low-field dipole magnets Vacuum system R&D

- 6m copper vacuum chamber: pressure 2 × 10-10 torr
- Bellows module: allow thermal expansion, alignment



Challenge: Low-field dipole magnets in Booster ring
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For the Booster, the field of the dipole, quadrupole and sextupole magnets will change 
when the particle beams are accelerated from 10 GeV to 120 GeV. The ratio of the max. 
field to min. field for the Booster magnets is 12, and a typical cycle is shown in Fig. 
5.3.3.1 

 
Figure 5.3.3.1: The magnetic field cycle of the Booster 

5.3.3.2 Dipole Magnets 

Most magnets are 4.7 m long, the others are 2.4 m and 1.7 m long. The field will 
change from 29 Gauss to 392 Gauss during acceleration. Due to this very low injection 
field level, the cores are composed of stacks of 1 mm thick low carbon steel laminations 
spaced by 1 mm thick aluminium laminations. Because magnetic force on the poles is 
very small, the return yoke of the core can be made as thin as possible. In the pole areas 
of the laminations, some holes will be stamped to further reduce the weight of the cores 
as well as to increase the field in the laminations. The considerations of steel-aluminium 
core, the thin return yoke and the holes in pole areas can improve the performance of the 
iron core and considerably reduces the weight and the cost.  

Also for economic reasons, the excitation bars are made from 99.5% pure aluminum 
of cross section 30u40 mm2. Thanks to low Joule loss in the bars, the magnets are cooled 
by air, not water.  

The uniformity of the integral field of the 4.7 m long dipole cores can be optimized 
within 5u10-4 by pole shimming in 2D or end chamfering in 3D. The cross section and 
magnetic flux of the dipole magnet is shown in Fig. 5.3.3,2, and its main parameters are 
listed in Table 5.3.3.1. 

 
Figure 5.3.3.2: The magnetic flux distribution of the Booster dipole magnet  
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338 Gauss29 Gauss

120 GeV 
injection to collider

10 GeV
from Linac

Earth magnetic field:
0.25 to 0.65 Gauss
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10 GeV
from Linac

On-going R&D program

Booster Cycle (0.1 Hz)



Updated Parameters of Collider Ring
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 Higgs Z（2T）

CDR Updated CDR Updated
Beam energy (GeV) 120 - 45.5 -
Synchrotron radiation loss/turn (GeV) 1.73 1.68 0.036 -
Piwinski angle 2.58 3.78 23.8 33

Number of particles/bunch Ne (1010) 15.0 17 8.0 15

Bunch number (bunch spacing) 242 (0.68µs) 218 (0.68µs) 12000 15000

Beam current (mA) 17.4 17.8 461.0 1081.4
Synchrotron radiation power /beam (MW) 30 - 16.5 38.6

Cell number/cavity 2 - 2 1

β function at IP βx* / βy* (m) 0.36/0.0015 0.33/0.001 0.2/0.001 -

Emittance εx/εy (nm) 1.21/0.0031 0.89/0.0018 0.18/0.0016 -

Beam size at IP σx /σy (µm) 20.9/0.068 17.1/0.042 6.0/0.04 -

Bunch length σz (mm) 3.26 3.93 8.5 11.8

Lifetime (hour) 0.67 0.22 2.1 1.8

Luminosity/IP L (1034 cm-2s-1) 2.93 5.2 32.1 101.6

× 1.8Luminosity increase factor: × 3.2



CEPC: 2.5 Detector Concepts
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Baseline detector
ILD-like 
(3 Tesla)

Final two detectors likely to be a mix and match of different options

Low
magnetic field

concept
(2 Tesla)

DETECTOR CONCEPTS 135

Figure 3.10: Schematic layout of the IDEA detector.

detector [23] and that of the recent MEG experiment upgrade [24]; major R&D work was
done also for the 4th concept detector at ILC [25] and then for the Mu2E tracker [26].

A preshower is located between the solenoid magnet and the calorimeter in the barrel
region and between the drift chamber and the endcap calorimeter in the forward region.
This detector consists of two passive material radiators each followed by a layer of MPGD
detectors. In the barrel region the solenoidal magnet plays the role of the first radiator,
while in all other cases the radiators are made of lead. The actual thickness of the radiators
are still being optimized based on test beams currently in progress. In the extreme case
of using a total of two radiation lengths about 75% of the ⇡0’s can be tagged by having
both �’s from their decay identified by the preshower. Additional ⇡0 identification power
comes from the high granularity of the calorimeter.

A solenoidal magnet surrounds the tracking system. The currently planned dimensions
are 6 m of length and 4.2 m inner diameter. The relatively low two Tesla field and the
small dimensions have important implications on the overall magnet package thickness,
that can be kept at the 30–40 cm level, and on the size of the flux return yoke, which scales
linearly with the field and the square of the coil diameter. With the given dimensions a
yoke thickness of less than 100 cm of iron is sufficient to completely contain the magnetic
flux and provide adquate muon filtering and support for the muon chambers.

A dual readout fiber calorimeter (see Section 5.5) is located behind the second preshower
layer. We assume a total calorimeter depth of 2 m, corresponding to approximately seven
pion interaction lengths. The detector resolution is expected to be about 10.5%/

p
E for

electrons and 35%/
p

E for isolated pions with negligible constant terms, as obtained from
extrapolations from test beam data using GEANT4 without including the preshower. This
detector has very good intrinsic discrimination between muons, electrons/photons and

Full silicon 
tracker
concept

DETECTOR CONCEPTS 133

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

CEPC plans for 
2 interaction points

IDEA Concept
also proposed for FCC-ee 

Particle Flow Approach



Baseline detector  
and 

Particle flow philosophy

Particle flow: make use of the optimal sub-detector 
information in reconstruction and a high granularity 

calorimetry system required 
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Particles in jet Fraction of E Measured by Resolutions 

Charged tracks ~60% Tracker Negligible 

Photons ~30% Ecal 0.202Ejet

Neutral hadron ~10% Ecal+Hcal 0.502Ejet

Conclusion 0.202EjetRequired for 30%/sqrt(E) 

(σ2)



CEPC CDR: Particle Flow Conceptual Detector
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Magnetic Field: 3 Tesla  

Major concerns

1. MDI region highly constrained
L* = 2.2 m

Compensating magnets

3. TPC as tracker in high-luminosity
Z-pole scenario

4. ECAL/HCAL granularity needs
Passive versus active cooling

Electromagnetic resolution

2. Low-material Inner Tracker design

DETECTOR CONCEPTS 131

(a)

(b)

Figure 3.8: The (a) r–z and (b) r–� view of the baseline detector concept. In the barrel from inner
to outer, the detector is composed of a silicon pixel vertex detector, a silicon inner tracker, a TPC, a
silicon external tracker, an ECAL, an HCAL, a solenoid of 3 Tesla and a return yoke with embedded
a muon detector. In the forward regions, five pairs of silicon tracking disks are installed to enlarge the
tracking acceptance (from | cos(✓)| < 0.99 to | cos(✓)| < 0.996).

Yoke+muons

3T solenoid

HCAL
ECAL

VTX

Silicon
TPC

Silicon
wrapper



Machine-detector interface (MDI) in CEPC
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High luminosities Final focusing quadrupoles (QD0) need to be very close to IP 

Interaction Region

• Layout of the interaction region: extremely limited space for 
several critical components → trade-offs, optimizations toward 
a more realistic design

Machine-Detector Interface, H. Zhu 313-15 Sept 2018

L* = 2.2 m
Crossing angle 33 mrad

Detector 
acceptance:
> ± 150 mrad

Solenoid magnetic 
field limited:

2-3 Tesla
due to beam emittance 

blow up

Cooling of beampipe needed → increases material budget near the interaction point (IP)

Rates at the inner layer 
                                (16 mm):

Hit density: ~2.5 hits/cm2/BX
TID:                2.5 MRad/year 
NIEL:             1012 1MeV neq/cm2

(Safety factors of 10 applied)

Head-on	collision	crossing	angle:	33	mrad

L* = 2.2 m



Baseline Pixel Detector
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3 double ladders of silicon pixel sensors

✦ Innermost layer: σSP = 2.8 μm

Low material budget 
~ 0.15%X0 per layer

25 cm

12 cm

Integrated sensor and readout electronics on the 
same silicon bulk with “standard” CMOS process: 
  - low material budget,  
  - low power consumption,  
  - low cost …

CMOS

Pixel Detector prototype: (by 2023)
Towerjazz

{

• Developing full size CMOS sensor for use in real size prototype, with good radiation hardness

- Barcelona, IFAE
- Liverpool
- Oxford
- RAL
- QMU
- UMass, US

Collaborating with: {



Calorimeter options

26

International collaboration with several institutes (Italy, France, USA) 
Prototypes of up to ~1 m3 to be produced by 2023

Detector challenges: 
- Compact design 
- Calibration of channels 
- Cooling 
- Cost

PFA calorimeter: active layer technologies

�36

Detector R&D Calorimetry

Calorimetry: Active layer technology: Examples

Silicon PIN diodes (1⇥ 1 cm2 in 6⇥ 6 matrices) Scintillator tiles/strips (here 3⇥ 3 cm2) + SiPMs

Resistive place chambers (1⇥ 1 cm2 signal pads)

Eva Sicking (CERN) Detector challenges for high-energy e+e� colliders May 22, 2017 43 / 51

Scintillator tiles/strips 
(here 3 × 3 cm2) + SiPMs 

Studies started on a Crystal (LYSO:Ce + PbWO) ECAL/ Dual readout calorimetry

Chinese institutions have been
focusing on Particle Flow calorimeters
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1143 authors 
222 institutes (140 foreign) 

24 countries
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Editorial Team:   43 people / 22 institutions/ 5 countries

Conceptual Design Report

480 authors

300 authors

Australia, Canada, China, France, Germany, 
Israel, Italy, Japan, Korea, Mexico, Morocco, 

Pakistan, Russia, Serbia, South Africa, 
Switzerland, UK, USA

March 
2015

Public release: November 2018Preliminary CDR

arXiv: 1809.00285 arXiv: 1811.10545

https://arxiv.org/abs/1809.00285
https://arxiv.org/abs/1811.10545


Site selection
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Qinhuangdao, Hebei 
河北秦皇岛

Huangling, Shanxi 
陕西黄陵

Shenshan, Guangdong 
深汕合作区 Hong

Kong

Shanghai

Beijing

1) Qinhuangdao, Hebei Province（Completed in 2014）
2) Huangling, Shanxi Province（Completed in 2017)
3) Shenshan, Guangdong Province(Completed in 2016)
4) Baoding (Xiong an), Hebei Province (Started in August 
2017)
5) Huzhou, Zhejiang  Province (Started in March 2018)
6) Chuangchun, Jilin Province (Started in May 2018)

1)

2)

3)

4

1

2

3

4

5

6
CEPC Site Selections

1) Qinhuangdao, Hebei Province（Completed in 2014）
2) Huangling, Shanxi Province（Completed in 2017)
3) Shenshan, Guangdong Province(Completed in 2016)
4) Baoding (Xiong an), Hebei Province (Started in August 
2017)
5) Huzhou, Zhejiang  Province (Started in March 2018)
6) Chuangchun, Jilin Province (Started in May 2018)

1)

2)

3)

4

1

2

3

4

5

6
CEPC Site Selections

1) Qinhuangdao, Hebei Province（Completed in 2014）
2) Huangling, Shanxi Province（Completed in 2017)
3) Shenshan, Guangdong Province(Completed in 2016)
4) Baoding (Xiong an), Hebei Province (Started in August 
2017)
5) Huzhou, Zhejiang  Province (Started in March 2018)
6) Chuangchun, Jilin Province (Started in May 2018)

1)

2)

3)

4

1

2

3

4

5

6
CEPC Site Selections

Xiong an, Hebei 
河北雄安

Huzhou, Zhejiang 
浙江湖州

Chuangchun, Jilin  
吉林长春

Considerations:
1. Available land
2. Geological conditions
3. Good social, environment, 

transportation and cultural 
conditions

4. Fit local development plan:    
mid-size city → + science city

Completed 2014

Completed 2017

Completed 2016

Started Aug, 2017

Started Mar, 2018

Started May, 2018

1) 

2) 

3) 

4 

1 

2 

3 

4 

5 

6 
CEPC Site Selections 

1) Qinhuangdao, Hebei Province（Completed in 2014） 
2) Huangling, Shanxi Province（Completed in 2017) 
3) Shenshan, Guangdong Province(Completed in 2016) 
4) Baoding (Xiong an), Hebei Province (Started in August 2017) 
5) Huzhou, Zhejiang  Province (Started in March 2018) 
6) Chuangchun, Jilin Province (Started in May 2018) 
7) Changsha, Hunan Province (Started in Dec. 2018) 

Huanghe Company particitated 

7 

Changsha, Hunan

Started Dec, 2018
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CEPC International Workshops
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260 attendees
30% from foreign institutions

330 attendees
22% from foreign institutions

100 attendees
55% attendance from abroad

150 attendees
67% attendance from abroad

Be
iji

ng
Eu

ro
p

e
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This year workshops:

Furture: 2020 European Edition

Marseille, France

Chicago: September 16-18

IHEP, Beijing: November 18-20

https://indico.cern.ch/event/820586/

https://indico.ihep.ac.cn/event/9960/ 
360 attendees 

US-centric workshop

https://indico.ihep.ac.cn/event/9960/


Final remarks
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2021: CEPC Accelerator TDR expected 
2023: CEPC International Detectors TDRs 
2030: Data-taking ideal starting date

PFA-oriented — with TPC or full-silicon tracker
High-magnetic field (3 Tesla)

Drift chamber and dual readout calorimeter
Low-magnetic field (2 Tesla)

Two significantly different detector concepts being developed

The 125 GeV Higgs makes e+e- circular machines an exciting possibility 

CEPC accelerator studies well advanced

CEPC CDR: http://cepc.ihep.ac.cn/

Key accelerator and detector technologies R&D continues and are put to prototyping

CEPC aims to be an International project 
At least one future high-energy e+e- collider should be built 

CEPC study group ready to participate in FCC project if it is built first 
World-wide coordination effort is crucial to realize such project

Large synergies between 
needed R&D and already 

approved projects
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Extras 



Revival of e+e- Circular Colliders

35

LEP stopped in 2000, limited by synchrotron energy loss, at √s = 209 GeV 

Relatively low Higgs mass: 
mH = 125 GeV

240 GeV
209 GeV

∼ 1.14

Circular Electron-Positron Collider 
(CEPC) 

— precision Higgs studies

√s = ~240 GeV

Radius 50 km 70 km 100 km

Synchrotron energy loss  
relative to LEP

~0.9 ~0.65 ~0.5
E4

b

r

2012
Scientists in China proposed
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320 PHYSICS PERFORMANCE WITH BENCHMARK PROCESSES

ZX candidates for the Z ! µ+µ� and Z ! e+e� decay modes. The analyses are based
on the full detector simulation for the signal events and on the fast detector simulation
for background events. The event selections are entirely based on the information of
the two leptons, independent of the final states of Higgs boson decays. This approach
is essential for the measurement of the inclusive e+e� ! ZH production cross section
and the model-independent determination of the Higgs boson branching ratios. The SM
processes with at least 2 leptons in their final states are considered as backgrounds. As
shown in Figure 11.3, the analysis has a good signal-to-background ratio. The long high-
mass tail is largely due to the initial-state radiation. Leading background contributions
after the selection are from ZZ, WW and Z� events. Compared to the Z ! µ+µ�

decay, the analysis of the Z ! e+e� decay suffers from additional and large background
contributions from Bhabha scattering and single boson production.

(a) (b)

Figure 11.3: The inclusive recoil mass spectra of e
+
e
�

! ZX candidates of (a) Z ! µ
+
µ

� and (b)
Z ! e

+
e
�. No attempt to identify X is made. The markers and their uncertainties represent expecta-

tions from a CEPC dataset of 5.6 ab�1, whereas the solid blue curves are the signal-plus-background
fit results. The dashed curves are the signal and background components.

The recoil mass technique can also be applied to the hadronic Z boson decays (Z !

qq̄) of the e+e� ! ZX candidates. This analysis benefits from a larger Z ! qq̄ decay
branching ratio, but suffers from worse jet energy resolution compared with the track
momentum. In addition, ambiguity in selecting jets from the Z ! qq̄ decay, particularly in
events with hadronic decays of the Higgs boson, can degrade the analysis performance and
also introduce some model dependence. Therefore, the measurement is highly dependent
on the detector performance and the jet clustering algorithm. Following the same approach
as the ILC study [16], an analysis based on the fast simulation has been performed. After
the event selection, main backgrounds arise from Z�0

s and WW production.

11.1.3 MEASUREMENTS OF �(ZH) AND THE HIGGS BOSON MASS

Both the inclusive e+e� ! ZH production cross section �(ZH) and the Higgs boson
mass mH can be extracted from fits to the recoil mass distributions of the e+e�! ZX !

M2
recoil = ( s − Eff)2 − p2

ff

σ(ee → ZH)

Extract
Higgs total width

Invisible
BSM?

σ(ee → ZH) × BR(H → ZZ) ∝
g4

Γ



BSM Physics through Exotic Higgs Decays
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sions of the Higgs exotic decays at di↵erent future lep-
ton colliders. In Section 3, we describe our simulation
framework and present our phenomenological analysis
for various Higgs exotic decay modes. We summarize
the physics potential from the Higgs exotic decays at
the (HL-)LHC and the future lepton collider programs
in Section 4. In our summary table, we include compre-
hensive projections and show the complementarity be-
tween future lepton collider programs and the HL-LHC.
We also discuss many important future directions for the
Higgs exotic decay programs.

2 Theoretical framework

2.1 Higgs exotic decay modes considered in this

work

The Higgs boson BSM decays have a rich variety of
possibilities. To organize this study on Higgs boson BSM

decays, we selectively choose a set of phenomenologically
driven processes. We focus on two-body Higgs decays
into BSM particles, which are allowed to subsequently
decay further, up to four-body final states. We only
consider the Higgs boson as an CP-even particle. CP-
violation e↵ects would a↵ect various di↵erential distri-
butions, and this demands future study. These processes
are well-motivated by SM+singlet extensions, two-Higgs-
doublet-models, SUSY models, Higgs portals, gauge ex-
tensions of the SM, etc. These assumptions have also
been emphasized in the recent overview of Higgs exotic
decays [25] and the CERN yellow report [26].

We consider in general the exotic Higgs decays into
BSM particles dubbed as Xi, h ! X1X2. The cascade
decay modes are classified into four cases, schematically
shown in Fig. 1. We discuss their major physics motiva-
tion and features at lepton colliders in order.

h h h h

h h h

h ! 2 h ! 2 ! 3 h ! 2 ! 3 ! 4 h ! 2 ! (1 + 3)

h ! 2 ! 4 h ! 2 ! 4 ! 6 h ! 2 ! 6

h h h h

h h h

h ! 2 h ! 2 ! 3 h ! 2 ! 3 ! 4 h ! 2 ! (1 + 3)

h ! 2 ! 4 h ! 2 ! 4 ! 6 h ! 2 ! 6

h h h h

h h h

h ! 2 h ! 2 ! 3 h ! 2 ! 3 ! 4 h ! 2 ! (1 + 3)

h ! 2 ! 4 h ! 2 ! 4 ! 6 h ! 2 ! 6

h h h h

h h h

h ! 2 h ! 2 ! 3 h ! 2 ! 3 ! 4 h ! 2 ! (1 + 3)

h ! 2 ! 4 h ! 2 ! 4 ! 6 h ! 2 ! 6

Fig. 1. The topologies of the SM-like Higgs exotic decays.

h! 2: The Xis in this case are detector-stable and
charge-neutral. ⇤ They could be dark matter candi-
dates. The Higgs portal [27] to dark matter models, in-
cluding various SUSY light dark matter models [28–38],
motivates this BSM search channel. The lepton collider
background for this channel are mainly from the process
e
+
e
�

! ZZ ! Z + ⌫⌫̄ and e
+
e
�

! W
+
W

�
! `

+
`
�
⌫⌫̄.

This channel, due to its simplicity and importance, has
been studied by most of the future lepton collider pro-
grams [16–18] and we will quote these results in our sum-
mary table. We include this channel here for complete-
ness. In addition, many of the models that motivate this
channel also induce other Higgs exotic decays we consider
in this study.

h! 2! 3! 4: This is the topology in which X1 is
detector-stable and X2 decays to two particles, with
one of these decay products further decaying into two

particles. A typical BSM model for such decay modes
is the Higgs decaying into the lightest supersymmetric
particle (LSP) plus a heavier neutralino, which subse-
quently decays into the LSP plus a resonant BSM par-
ticle. This resonant BSM particle could be a singlet-
like scalar in the Next-to-Minimal-Supersymmetric-
Standard-Model (NMSSM). Many SUSY models which
motivate Higgs invisible decays also induce this decay
channel, e.g. [38, 39]. It also commonly exists in the
so-called “stealth SUSY” models [40]. This singlet-like
scalar decays into SM fermion pairs, giving rise to the fi-
nal state of a pair of resonant SM particles plus missing
energy, dubbed h ! (ff)+ /ET.† In this study, we only
consider the channels which are very challenging at the
LHC, h ! (jj)+/ET, h ! (bb̄)+/ET and h ! (⌧+

⌧
�)+/

ET. For the hadronic channels, the major background is
from the SM Higgs decay modes h!ZZ

⇤
! jj+⌫⌫̄ and

⇤The possibility of a detector-stable electrical charged particle Xi is usually more contrived and excluded from direct Drell-Yan
production by both LEP and the LHC. Hence, we ignore this possibility here.

†At lepton colliders we could use the quantity missing momentum instead of Missing Transverse Energy (MET) /ET. The former
carries more information while the latter is more widely used in the hadron collider analyses. For the decay channel considered in our
analyses, the reach can be improved only marginally by the inclusion of the z-direction missing momentum information because of the
already great limit achieved and additional uncertainties from the beamstrahlung e↵ect [41] and the initial state radiation (ISR) e↵ect [42].
Consequently, we use only the more widely adopted missing transverse energy throughout this study.

063102-2

e+e- collider better than HL-LHC for 
MET + hadronic final states

General search for BSM

EXPLORING NEW PHYSICS 31

Decay 95% CL limit on BR
Mode LHC (current) LHC (projections) CEPC

E
miss
T 0.23 0.056 0.0030

(bb̄) + E
miss
T – [0.2] 1⇥10�4

(jj) + E
miss
T – – 4⇥10�4

(⌧+
⌧

�) + E
miss
T – [1] 8⇥10�5

bb̄ + E
miss
T – [0.2] 2⇥10�4

jj + E
miss
T – – 5⇥10�4

⌧
+
⌧

� + E
miss
T – – 8⇥10�5

(bb̄)(bb̄) 1.7 (0.2) 6⇥10�4

(cc̄)(cc̄) – (0.2) 8⇥10�4

(jj)(jj) – [0.1] 2⇥10�3

(bb̄)(⌧+
⌧

�) [0.1] [0.15] 4⇥10�4

(⌧+
⌧

�)(⌧+
⌧

�) [1.2] [0.2 ⇠ 0.4] 2⇥10�4

(jj)(��) – [0.01] 1⇥10�4

(��)(��) [7⇥10�3] 4⇥10�4 8⇥10�5

Table 2.1: The current and projected limits on Higgs boson exotic decay modes for the (HL-)LHC and
CEPC with 5.6 ab�1 integrated luminosity, based upon results from Ref. [117]. In the first column,
the particles in the same parenthesis are decay products of an intermediate resonance. The projections
for the future runs of the LHC are collected in the third column, where the limits for 100 fb�1 and 300
fb�1 alone are shown in parentheses and square brackets, respectively.

HL-LHC
CEPC (5.6 ab-1)
CEPC* (5.6 ab-1)

ME
T

(bb)+ME
T

(jj)+ME
T

(ττ)+ME
T

bb+ME
T

jj+ME
T

ττ+ME
T

(bb)(bb)
(cc)(cc)

(jj)(jj) (bb)(ττ)
(ττ)(ττ) (jj)(γγ) (γγ)(γγ)

10-4

10-3

10-2

10-1

1

BR
(h
→
Ex
ot
ic
s)

95% C.L. upper limit on selected Higgs Exotic Decay BR

Figure 2.18: The 95% CL upper limit on selected Higgs exotic decay branching fractions at HL-LHC
and CEPC, based on Ref. [117]. The benchmark parameter choices are the same as in Table 2.1. The
red bars correspond to the results using only leptonic decays of the spectator Z-boson. The yellow
bars further include extrapolation with the inclusion of the hadronic decays of the spectator Z-boson.
Several vertical lines are drawn in this figure to divide different types of Higgs boson exotic decays.

Z boson decays 
Leptonic 

+Hadronic



CEPC CDR: IDEA Conceptual Detector (CEPC + FCC-ee)
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Vertex: Similar to CEPC default  
* Drift chamber: 4 m long; Radius ~30-200 cm, 
~ 1.6% X0 , 112 layers
Preshower: ~1 X0

* Dual-readout calorimeter: 2 m/8 λint 
* (yoke) muon chambers 

Magnet: 2 Tesla, 2.1 m radius

    Thin (~ 30 cm), low-mass (~0.8 X0)

132 EXPERIMENTAL CONDITIONS, PHYSICS REQUIREMENTS AND DETECTOR CONCEPTS

Figure 3.11: Schematic layout of the IDEA detector.

it to be located between the calorimeter and the tracking volume without a significant1

performance loss.2

The innermost detector, surrounding the 1.5 cm radius beam pipe, is a silicon pixel3

detector for the precise determination of the impact parameter of charged particle tracks.4

Recent test beam results on the detectors planned for the ALICE inner tracker system5

(ITS) upgrade, based on the ALPIDE readout chip [21], indicate an excellent resolution,6

⇠5 µm, and high efficiency at low power and dark noise rate [22]. This looks like a good7

starting point for the IDEA vertex detector and a similar approach is proposed for the8

CEPC baseline detector (see Section4.1). The two detector concepts could then share the9

same pixel technology as well as profit from the electronic and mechanical work of the10

ALICE ITS.11

Outside the vertex detector we have a 4 m long cylindrical drift chamber starting from12

a radius of ⇠35 cm and extending until 2 m. The chamber can be made extremely light,13

with low mass wires and operation using 90% helium gas; less than 1% X0 is considered14

feasible for 90� tracks. Additional features of this chamber, which is described in detail in15

Section 4.4, are a good spatial resolution, <100 µm, dE/dx resolution at the 2% level and16

a maximum drift time of only 400 ns. A layer of silicon microstrip detectors surrounds the17

drift chamber in both barrel and forward/backward regions. Track momentum resolution18

of less then 0.5% for 100 GeV tracks is expected when vertex detector and silicon wrapper19

information is included in the track fit. It is worth noting that the design of this chamber is20

the evolution of work done over many years on two existing chambers, that of the KLOE21

detector [23] and that of the recent MEG experiment upgrade [24]; major R&D work was22

done also for the 4th concept detector at ILC [25] and then for the Mu2E tracker [26].23

Inspired on work for 4th detector concept for ILC

Only concept with calorimeter outside the coil



International Science City
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International Science City

Innovation Development Sector

CEPC Research Core Sector

High-end Service Sector

International 
Communication Sector

Overall Scale：3.3km² of construction area for short-term use & 6.7km² for future use.

Function Layout

We have gave a preliminary plan to CEPC International Science City ,
it involves 

30



CEPC  

web site
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http://cepc.ihep.ac.cn/ 

CDR
Download



Cost of project
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 435 

 
Figure 12.1: Relative cost of the CEPC project constituents. 

 
 

 
Figure 12.2: Cost breakdown of the CEPC major accelerator components. 
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Figure 12.1: Relative cost of the CEPC project constituents. 

 
 

 
Figure 12.2: Cost breakdown of the CEPC major accelerator components. 

Cost of detectors not evaluated in detail and not part of the Conceptual Design Report
Careful costing estimates will be done moving forward towards the TDR

General evaluation of the relative cost of the project provided in the accelerator CDR

Total cost of CEPC: $US 5 Billion



σ(W fusion) = σ(ee → ννWW* → ννH)

σ(W fusion) × Br(H → WW*) ∝
g4

Γ

Higgs Width measurement 

σ(ee → ZH) × BR(H → ZZ) ∝
g4

Γ

σ(ee → ZH)



Most Immediate Path for the CEPC Realization
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March, 2018: Chinese Government New Plan 
”actively initiating major-international science project…” 

http://www.gov.cn/zhengce/content/2018-03/28/content_5278056.htm 

focuses on  
“frontier science, large-fundamental science, global impact, international collaboration”

Plan Goals

By 2020: 3-5 projects will be chosen into “preparatory stage”, among which 1-2 projects 
will  be selected later

By 2035: 6-10 projects will be cultivated

The Ministry of Science and Technology (MOST) will select and develop the projects 
committees formed and writing the guidelines

Key task (4): Actively participate in large scientific projects initiated by other countries

Pre-application submitted by CEPC team about a month ago

http://www.gov.cn/zhengce/content/2018-03/28/content_5278056.htm


44

Summary	of	National	Inputs																											S.	Bethke		(MPP	Munich)																												ESPP	Symposium,	Granada,	15	May	2019 �4
UB

Possible	scenarios	of	future	colliders

2020 2070

HL-LHC:	13	TeV	3-4	ab-1		

20402030

FCC	hh:	100	TeV	20-30	ab-1

HE-LHC:	27	TeV	10	ab-1		

2050 2060

CLIC:	380	GeV	
1.5	ab-1

Ja
pa
n

	C
ER

N

ILC:	250	GeV		
2	ab-1

CepC:	90/160/240	GeV	
16/2.6/5.6	ab-1	

500	GeV	
4	ab-1

FCC-ee:		
90/160/250	GeV		
150/10/5	ab-1	

FCC	hh:	100	TeV	20-30	ab-1		

Ch
in
a SppC	aim	similar	to	FCC-hh	

LHeC:	1.2TeV	
0.25-1	ab-1© FCC-eh:	3.5	TeV	2	ab-1

Proton	collider
Electron		collider
Electron-Proton		collider

2080

Construction/Transformation

7	years

10	years

11	years

8	years

2090
13/05/2019

350-365	GeV		
1.7	ab-1	

1.5	TeV	
2.5		ab-1

3	TeV	
5		ab-1

9	years

20km	tunnel	

100km	tunnel	

100km	tunnel	

11	km	tunnel	
29	km	tunnel	 50	km	tunnel	

FCC	hh:	150	TeV	≈20-30	ab-1		
11	years

15	years

1	TeV	
≈	4-5.4	ab-1

31km	tunnel	 40	km	tunnel	

100km	tunnel	

4	years

8	years

8	years

8	years

6	years2	years

Preparation

5	years

Granada, Open Symposium - Update of the European Strategy for Particle Physics (S. Bethke) 


