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The future of e+e- circular colliders
�Future e+e- colliders, aiming at high luminosity, will be 

facing both design and technical challenges. We call them 
indeed Super-Factories 

�Two categories of colliders (circular, linear) and two 
frontiers (high energy and high precision) are in the design 
or R&D phase, aiming at taking data in the next decade and 
beyond

�Time (a decade at least) in this case is a benefit: solutions to 
technical issues can be found
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Design/beam dynamics challenges (some) 
� Beam parameter at IP
� Crab-waist collision
� IR design
� Solenoid compensation and ey

growth
� Machine Detector Interface (MDI)
� IP orbit feedback and L tuning
� Low emittances
� Chromaticity and Non-Linearities
� DA & MA

� Errors handling à Optics/coupling 
� High beam currents
� Lifetime 
� Backgrounds in the IR
� Backgrounds in the rings
� Impedance à instabilities
� Ion-trapping/e- cloud mitigation 
� Fast injection (off/on/swap) & ramping 
� Polarization (T and possibly L)

All are interconnected!
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Technical challenges (some)

� IR SC quadrupoles
� IR engineering (MDI)
� HOMs in IR
� SC Magnets 
� SC RF
� High efficiency RF sources
� Reliable injector 
� Plasma injector

� Diagnostics & Controls
� Vacuum
� Collimators (NL?)
� Synchrotron losses (saw-tooth)
� Radiation hardness 
� Alignment
� Installation
� Civil engineering
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Other challenges…
� Money (construction & operation)
� Manpower (design, construction & operation)
� Time
� Availability of electronics/equipment in a few years, when required for 

mass production 
� Accessibility à repairs in tunnel in case of failures
� Sustainability à green accelerator?
� …
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Super Higgs (Z,W,ttbar) Factories
~100 Km, 3 rings, underground 
tunnel, ramping booster, high 
synchrotron losses
Alignment is nightmare…

Need for some “green” solution to be able 
to sustain a very costly operation 
Efforts are going on in both projects, more 
to be done
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FCCee Machine Detector Interface
� MDI is a crucial part of the collider 
� It is important to choose the right beam pipe material and geometry,  

evaluate correctly the beam losses and chamber heating, design supports 
able to minimize vibrations overall in the IR, at the same time satisfying 
the detector requirements for space

� In parallel, backgrounds and particle losses need to be carefully studied
� Not forgetting the SC quadrupoles and their correction coils
� Luminosity performances will mostly depend on the IR design and 

engineering
� At FCCee intensive studies and R&D are in progress
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FCCee MDI
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M. Boscolo, FCCweek, June 2024 

Talk on Friday by A. Ciarma
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FCCee Definition of alignment strategy
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Alignment of a 
component inside a 

tunnel

General constraints
Access (installation, alignment, maintenance)
Space
Radiation level
Thermal stability
Stability of the tunnel floor, ground motion

Component & support design
Impact of vibrations
Eigen frequencies
Rigidity of component & support
Weight

Beam requirements
Fiducialisation requirements
Component assembly on girder
Girder alignment in the tunnel
Relative / absolute alignment 
requirements

Project constraints
Cost
Manpower available
Operation / maintenance time Alignment methods & 

instrumentation available
• Takes several years!!!
• Different methods and solutions 

needed according to the area

Alignment is
a real concern

H. Mainaud Durand, FCCweek, June 2024 

Alignment should comply the need of keeping errors to a minimum for machine performances 

CEPC Talk on Friday by X. Wang



• Tolerances

Hypotheses
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• In the arcs (Main Ring):
• 2944 girders:

• 2944 quadrupoles
• 2944x2 sextupoles

• Number of components:

• 5888 dipoles
• In the arcs (booster):

• 2944 girders
• 2944 quadrupoles
• 2944 sextupoles

• 5888 dipoles

• In the LSS (???):
• 2240 components booster
• 2240 components (main ring)

• Injectors: 500 components ???
• Other components ???

H. Mainaud Durand, FCCweek, June 2024 



CEPC SRF cavities & power sources
� More than 1000 cavities are needed, for booster (40%) and collider (60%)
� 1.3 GHz TESLA-like for the booster, built for DALS injector, 650 MHz for the 

collider, prototypes going-on on 2-cells cavity
� Significant results have been achieved on prototyping variable couplers, which are 

a key factor required for energy efficiency across the different collider modes
� New design of Cryo-Module (in series, not in parallel) à challenging but cost 

saving, strong collaboration between industry and institutions, test planned next 
year of a very large cold box of 18 kW @ 4.5 K

� High efficiency klystron à impressive result à recorded efficiency of 78.5% at CW 
803 kW (aims at 90%!)

� Multi-beam klystron (MBK) and Energy Recovery MBK Klystrons tests by end 
2024

� C-band pulsed klystron with 80 MW output power at 100 Hz repetition rate was 
designed and is ready for production
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Several talks on Thursday by CEPC 
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� Multi-channel cryogenic pipes inside the cryomodule
� Modified cavity strong-back support structure for better performance (based 

on ADS injector 325 MHz spoke module, CEPC 650 MHz 2x2-cell test module, 
PIP-II 650 MHz and CSNS-II 648 MHz module)

� Cryomodule combined with multi-channel cryogenic lines:
� combines the features of cryomodule, valve box and cryogenic lines (under

investigation)
� shared vacuum, make full use of space, low cost 
� two 5 ~ 8 K Ø45 pipes for coupler, two 40 ~ 70 K Ø45 pipes for thermal 

shield, one 2 K Ø219 GRP, 3 Bara @ 5 K Ø45 pipe for supercritical supply

CEPC 650 MHz 6 x 2-cell Cryo-Module Design
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J. Zhai, CEPC EDR Review, Sep. 2024



650 MHz 2-cell Cavity EDR R&D
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650 MHz 2-cell BCP

20 % margin from vertical test to operation spec.

CEPC 650 MHz CM EDR Specification

650 MHz 2-cell cavity
vertical test

Eacc.max 30 MV/m

Q0 3.6E10 @ 25 MV/m

Module horizontal test 
acceptance

Eacc.max 28 MV/m

Q0 3.3E10 @ 25 MV/m

Module long term
operation

Eacc.max 28 MV/m

Q0 3.0E10 @ 25 MV/m

• BCP dressed 2-cell VT: 2E10 @ 25 MV/m, max ~ 26.5 MV/m

• BCP 2-cell module test: 2E10 @ 8 MV/m (coupler cooling limited?) 

• EP + mid-T 1-cell VT: 8E10 @ 25 MV/m, max 31.5 MV/m

• Apply 1-cell recipe to 2-cell 650 MHz 1-cell EP mid-T

J. Zhai, CEPC EDR Review, Sep. 2024



Multi-beam klystron fabrication
� MBK’s cavity 3, 4, 5 and 6 have 

completed brazing, leak detection 
and tuning, while cavity 7 is still 
being processed and is expected to 
be completed this October

� Aims at 86% efficiency

15

The CEPC IARC Meeting, Sep. 18-20, 2024 (Main building A415, IHEP)

2. Multi-beam klystron Fabrication

n MBK’s cavity 3, 4, 5 and 6 have completed brazing, leak detection and tuning,
while the parts of cavity 7 are still being processed and are expected to be
completed in this month.
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CAV 3 CAV 4 CAV 5 CAV 6

The CEPC IARC Meeting, Sep. 18-20, 2024 (Main building A415, IHEP)

MBK Fabrication

n The parameters of each cavities:
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CAV. No. 2 3 4 5 6

Design Freq. (MHz) 651.2 1296 1942.5 670 671

Cold test before brazing (MHz) 651.237 1303.99 1936.875 666.9375 670.3125

Cold test after brazing (MHz) 649.375 1290.5 1937.4719 667.21875 669.7356

Cold test after tuning (MHz) 651.1625 1295.75 1942.3249 669.8125 670.7325

Cold test after temperature and 
humidity correction (MHz) 651.108 1295.624 1941.983 669.819 670.844

18℃ RH% 45% 22℃ RH% 56% 21℃ RH% 52% 21.5℃ RH% 47% 20℃ RH% 38%

2023/2/17 2024/5/30 2024/7/23 2024/6/21 2024/5/6

Z. Zhou, CEPC EDR Review, Sep. 2024



Design of a C-band 80 MW Klystron

� Design review in May 2024 à
reasonable and feasible, design
results have achieved the expected
goals
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� Mechanical and process design 
review in August 2024 à design is 
feasible, meets technical specs, and 
has the conditions for production 
implementation à enter the 
production stage

Z. Zhou, CEPC EDR Review, Sep. 2024



650 MHz 2-cell Cavity EDR R&D
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650 MHz 2-cell BCP

20 % margin from vertical test to operation spec.

CEPC 650 MHz CM EDR Specification

650 MHz 2-cell cavity
vertical test

Eacc.max 30 MV/m

Q0 3.6E10 @ 25 MV/m

Module horizontal test 
acceptance

Eacc.max 28 MV/m

Q0 3.3E10 @ 25 MV/m

Module long term
operation

Eacc.max 28 MV/m

Q0 3.0E10 @ 25 MV/m

• BCP dressed 2-cell VT: 2E10 @ 25 MV/m, max ~ 26.5 MV/m

• BCP 2-cell module test: 2E10 @ 8 MV/m (coupler cooling limited?) 

• EP + mid-T 1-cell VT: 8E10 @ 25 MV/m, max 31.5 MV/m

• Apply 1-cell recipe to 2-cell 650 MHz 1-cell EP mid-T

The CEPC IARC Meeting, Sep. 18-20, 2024 (Main building A415, IHEP)

650MHz/800kW CW klystron test results
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Z. Zhou, CEPC EDR Review, Sep. 2024



Super tau/charm Factories 
� Two order of magnitude smaller in size
� In design study phase, going for some R&D
� Ambitious goals: large energy range, from 2 to 7 GeV c.o.m, with same or close 

luminosity
� Need for Damping Wigglers to deal with damping time at all energies
� Option to have longitudinal polarization at IP 
� Crab-waist sextupoles, needed for reaching design luminosity are a challenge for 

the DA & MA
� Short Touschek lifetime is a serious issue
� Difficult to have enough Dynamic and Momentum Apertures for injection and 

lifetime à need for a ”new” lattice?
� Smaller accelerator size does not always mean smaller challenges!

18



Super tau/charm Factories

1.5 – 3.5 GeV e-e+

L~ 1x1035 cm-2s-1

SCTF, BINP
STCF, USTC

� Core design goal:
� Energy: 2-7 GeV c.o.m
� Luminosity:  >5´1034 cm-2s-1 @4GeV
� Upgrading potential: polarized beam, higher 

luminosity
� Accelerator structure

� Double-ring collider: ~850m long, low emittance, high 
current, large Piwinski angle

� Injector: full-energy linac, e+ damping ring or 
accumulator, beam transport lines
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BINP design parameters

20for ℒ = 1×10!" for 𝜏!"#$%&'( ≥ 300 𝑠

A. Bogovmiakov, FTCF2024, Jan. 2024



6d Dynamic Aperture
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𝐸 = 1.5 GeV CRAB=100
%

CRAB=60
%

CRAB=0%

𝑁!"#$ 6×10%& 6×10%& 6×10%&

𝜏'()*+,-.(s) 125 104 118

𝐿/0 𝑐𝑚12𝑠1% 1×1034

Energy aperture: ±1.1%
𝜏()*+,-./ = 125 s

Sextupoles:
• IR: 5(Y) + 8(X)
• ARCS: 24(Y)+24(X)
Octupoles:
• IR: 2(Y)+2(X)

A. Bogovmiakov, FTCF2024, Jan. 2024



USTC design Parameters
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J. Tang, 2nd IAC meeting, Oct. 2024 

tTouschek ~150 s @ 2 GeV (small DA and MA)



USTC collider ring design
� Nonlinear dynamics

� Very strong due to strong nonlinear effects and higher-order kinetic 
effects

� Very limited DA: about 6 mm (X) and 1 mm (Y) @inj
� Small LMA: ~1.5%
� Intense optimization with simulations and 

� Touschek scattering
� Simulations (Elegant, SAD)
� Current: ~150 s @ 2 GeV (very small DA and LMA)

No crab Crab

DA

MA

J. Tang, 2nd IAC meeting, Oct. 2024 

Need for swap-out 
injection?



SuperKEKB
� SuperKEKB has already delivered 2 times the KEKB 

luminosity in just 4 years
� However, design luminosity is still not achieved
� IR design was made with exceptional attention to 

optics, magnets, cryogenics, mechanics, 
diagnostics à this seems not enough to account for 
the difficulty to reach the design luminosity

� Two effects have recently disrupted the 
performances, limiting the beam current:
� TMCI and -1 mode instability, probably due to 

impedance
� Dust events, causes not yet accounted for

� An IR upgrade is being studied:
� larger DA à Touschek lifetime 260 à 420 sec
� improved chromatic coupling
� reduced emittance growth

24M. Masuzawa, FCCweek, June 2024 Talk on Saturday by T. Okada 



SuperKEKB issues & mitigations

25

Y. Ohnishi, ICFA Seminar, Nov. 2023



A lot of studies to understand the cause
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Conclusions
�The future of accelerators for Fundamental Physics research 

is paved by these daring projects
�Challenges are the salt of Physics & Technology
�Many of the technological results from the R&D efforts we 

do for fundamental research have an impact on everyday life
�We should pursuit more complex accelerators, hoping that 

Society, Governments, and General Public understand the 
benefit of such endeavors, and approval, money, and 
manpower will be provided
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Muon Collider (proton source) ingredients

Proton driver: producing 
high-power multi-GeV 
bunched H-beam. For a 
conversion efficiency of 
about 0.013 µ per 
proton*GeV, a proton
beam in the 1-4 MW power 
range at an energy of 6.75 
GeV provides the number 
of µ required
Buncher: Accumulator
(forms intense and short 
(~2 ns) proton bunches) +
Compressor (rotates 
bunches 90∘ in 
longitudinal phase space)
Lines depending on p E 

p prod. target: 
must stand p high 
power. Immersed 
in high solenoidal 
field to capture 
and guide p into 
the decay channel
Front-end: decay 
channel with 
solenoidal field 
and RF cavity, 
captures µ in a 
bunch train, time 
dependent 
acceleration 
(different E)

Initial cooling 
channel: ionization 
cooling to reduce 6D 
phase space by a 
factor of 50, so the 
muon beam is inside 
first acceleration 
stage acceptance
Other ionization 
cooling stages: to 
allow for MC high 
luminosity beam 
parameters

Fast muons acceleration
stages, for example 
Recirculating Linear 
Accelerator (RLA), Fixed 
Field Alternate Gradient 
(FFAG), or Rapid Cycling 
Synchrotron (RCS)

Muon Collider
Rings, 0.25 to 10  
TeV c.o.m.
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If you think YOUR machine is difficult…

International Muon Collider 
Collaboration (EU funded)

Thank 
you for 

your 
attention


