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Ø Overview of e+e- HEP colliders
LC projects: ILC, CLIC
CC projects: FCC-ee, CepC

Ø The CepC project

Luminosity, Lattices and Beam dynamics
Injection Schemes
Technologies: SCRF, Klystrons, Magnets,  
Instrumentation, SR, Vacuum....

Ø Issues, Challenges and Perspectives



16-19 September 2019LLR Perspectives 2019
4

Luminosity recipe: linear vs circular
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Luminosity recipe: linear vs circular
Ø In storage rings additional limitations

appear: beam-beam tune shift and IP
chromaticity (small by

*) which favors
high beam currents, large emittance
and high collision frequencies

Ø In linear the relevant number is the
disruption parameter

Ø At high-energies the most dangerous effect
is beamstrahlung: SR in strong EM field of
opposing beam during collision. It can cause
significant amount of energy loss, induce
large energy spread and loss of the particles.
Using very flat beams is the main way of
mitigating this effect
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Luminosity recipe

Luminosity cannot be fully 
demonstrated before project 
implementation: 
Ø Luminosity is a feature of the facility 

not the individual technologies
Ø Relying in experience, theory and 

simulations
Ø Foresee margins

Beamstrahlung
Beam Beam
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Luminosity recipe: the “dreamt” Luminosity

Energy dependence:

At low energies circular colliders 
surpass
• Reduction at high energy due to SR

At high energies linear colliders 
excel
• Luminosity per beam power roughly 

constant

Note: The typical higgs factory energies are close to the cross over in luminosity
Linear collider have polarised beams (80% e-, ILC also 30% e+) and beamstrahlung

D. Schulte, Granada 2019
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Schedule Implementation 

Note: U. Bassler CERN-ESU-005, 29 September 2019
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Schedule Implementation 

Note: U. Bassler CERN-ESU-005, 29 September 2019

HEP is Global, p
lanning 

faciliti
es is not in

dependent.

High level of cooperation and 

collaboration are needed.
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2020 CEPC International Workshop

excellent synergies between CEPC and 

FCCee studies
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Difficulties in optical correction of the rings Background noise to the detector

Very short beam lifetime

Maintaining (very) 
aged hardware 
including buildings
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2020 CEPC International Workshop

Impressive on going 

Accelerator R&D 

program
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2020 International Workshop on CepC - CIPC
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2020 CEPC International Workshop

48 Speakers for CIPC

40 Speakers Accelerators
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Luminosity, Lattices, Beam dynamics
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Luminosity, Lattices, Beam dynamics

Imperfections and Corrections

• Booster design in CDR was refined. Become more solid. 
• Issues about booster dynamic operation was considered. 
• Explore new booster design with smaller emittance ─ 

prepare for CEPC high lum. Higgs

Impedance and HOM from 
IP chamber is critical for Z 
mode with high current 
operation and new chamber 
structure or absorber will be 
necessary.

Booster
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2020 CEPC International Workshop

positron ballistic injection scheme
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2020 CEPC International Workshop

Cryogenics

A test cryomodule with two 2-cell 650 MHz 
superconducting cavities will be operated in 
the PAPS system in 2021.



SCRF
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2020 CEPC International Workshop

NCRF: linacs and DR



Klystrons 
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Collider 
Magnets

Two single aperture 
sextupoles are installed 
side by side

A sextupole magnet has been redesigned and the
mechanical is in progress. The prototype is planned.
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Booster 
Magnets

Two kinds of the subscale prototype magnet with and 
without iron cores have been designed and developed. 
The field quality of the magnet without iron cores reaches 
the specifications.

The field uniformity in GFR is about 0.3% at 
low field level of 28Gs and 0.1% at high field 
level, which can not meet the requirements.

The Cosθ (CT) coil is a conventional 
measure for high field superconducting 
magnets, it is the first time for design of 
the high precision low field magnet.

The CT coil dipole magnet without iron cores has high precision and good
reproducibility field both at low and high field level, which is satisfied with
the requirements. The full-scale CT dipole magnet has been designed on the
basis of the good test results of the subscale prototype magnet and will be
fabricated in the Jun. of next year.



34
26 -28 October 2020

2020 CEPC International Workshop

Special Magnets

Electro-Magnetic Separator
The Electro-Magnetic Separator is a device consisting of perpendicular electric 
and magnetic fields. One set of Electro-Magnetic Separators including 8 units, 
total 32 units will be need for CEPC.
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2020 CEPC International Workshop

Special Magnets
To greatly squeeze the beam for high luminosity, compact high gradient final focus 
quadrupole magnets are required on both sides of the IP points in CEPC collider 
ring.

CEPC IR Superconducting Magnets
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Beam Instrumentation

• To reduce the budget of BI system, due to a large number
of monitors and the high price of commercial products. Such as
BPM and beam loss monitor
• Key technologies of beam diagnostics. Beam instrument at
IP and beam feed back system
• Easy to maintain and upgrade
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Beam Instrumentation
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Many others... Not less important

Ø Injection / Extraction
Ø Vacuum
Ø Mechanics
Ø Alignment
Ø Civil Engineering
Ø High-Field Magnets

Ø .........

Talk CEPC Accelerator Status and TDR Progress by J. Gao and Accelerator sessions
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2020 CEPC International Workshop

Many others... Not less important

Ø Injection / Extraction
Ø Vacuum
Ø Mechanics
Ø Alignment
Ø Civil Engineering
Ø High-Field Magnets

Ø .........

Talk CEPC Accelerator Status and TDR Progress by J. Gao and Accelerator sessions

In Summary:

Amazing effort on Accelerator 

technology R&D
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2020 CEPC International Workshop

Issues, Challenges and Perspectives

Ø Design for maximum energy efficiency. 

Ø Attainable vertical emittance in presence of various errors and with colliding beams, and further luminosity 
optimization.  Alignment tolerances and alignment system.

Ø Complete impedance model, with an evaluation of transverse multibunch resistive-wall instability and single-bunch 
longitudinal microwave instability. Ion and electron-cloud instabilities with mitigation measures. Design and 
performance of a bunch-by-bunch feedback system. Interplay of impedance and beam-beam effects.

Ø Finalisation, integration & completion of beam optics, incl. tuning flexibility, injection & extraction systems. 
Design for different numbers of collision points. Dynamic aperture optimization.

Ø Collimation / masking and machine protection strategy.

Ø Specification of beam instrumentation and the required measurement precision/accuracy.

Ø Optimization of the injector complex (higher-energy linac versus pre-booster, linac pulse)

Ø Energy calibration resonant depolarization process

Issues requiring further beam dynamics studies I 
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2020 CEPC International Workshop

Issues, Challenges and Perspectives

Ø Interaction region optimization and shielding of the hard synchrotron radiation including radiation from the 
final quadrupoles.

Ø Further off-momentum dynamic aperture optimisation to maximize beamstrahlung lifetime.

Ø Operational scenarios supporting higher luminosity and shorter beam lifetimes with more frequent injections. 

Ø Single-bunch beam instabilities with highest bunch charge.

Ø RF system changes for collider and booster, with associated modified optics configuration. 

Ø Machine protection and radioprotection.

Issues requiring further beam dynamics studies II

More info in talk FCC-ee issues and FCC-hh key issues by F. Zimmermann

Ø Consolidation and Realization of the on going Accelerator R&D

Ø Industrialization and the  participation of the industries in the process from the beginning

Challenges  
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2020 CEPC International Workshop

Issues, Challenges and Perspectives

Perspectives ....some dose of fantasy and exoticism 
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2020 CEPC International Workshop

Issues, Challenges and Perspectives

Perspectives ....some dose of fantasy and exoticism 

Young, novel fresh ideas.. a
re needed.

Lots o
f w

ork sti
ll a

head of us,

excellent sy
nergies between CEPC 

and all the other collid
er stu

dies to
 be 

reinforced
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2020 CEPC International Workshop

…….But when theorists are more 
confused, it’s the time for more, 
not less experiments. 
(Nima Arkani-Hamed Cern Courier March 2019)
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