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Rough structure
1. Introduction: identify common technologies for EW/Higgs machines

2. For each area provide a summary of R&D topics, their significance, 
challenges they address, recent results, etc.

3. Briefly describe needs of different machines

Questions for this meeting:
– What is a common technology need? E.g., identified as a key R&D by to or 

more projects (see matrix on the next slide)?

– Are any technologies missing? Do projects want to add key  technologies 
for their machines?

– How are we going to organize writing?
As there is an overlap with Topical Groups AF07 (Accelerator Technology -RF, -Magnets, -
Targets/Sources), we will have to coordinate closely with co-conveners of these groups

Outline of Section 2 “Common Technology Needs”
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Magnet technology

SRF technology



Matrix of Common Technology Needs
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SRF NRF RF
sources

SC
magnets

Conv.
magnets

Special.
vacuum

e
sources

One-offs

C3 X X
CEPC X X X X X
CLIC X X X
ERL FCC-ee

FCC-ee X X (?)
LHeC/FCC-eh

HE-LHC X X
ILC X X X (nanobeams)
LHeC

Muon collider

g - g collider X (FEL)
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Superconducting RF



Summary for SRF
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SRF R&D is:
§ a key technology for CEPC
§ needed to further improve existing technology for FCC-ee
§ for luminosity/energy upgrades of ILC

R&D areas
§ Higher Q and higher gradients in CW and pulsed regimes (bulk Nb)
§ Improve cavity fabrication: large-grain Nb, seamless cavities, …
§ Improve Nb/Cu coating techniques
§ In short- to mid-term explore new cavity shapes: QWR for FCC-ee, LSF and TW 

for ILC, …
§ Long-term: new materials, e.g., A15 (Nb3Sn, Vn3Si)

AF7-RF plans to organize a mini-workshop on Cavity Performance Frontier in February 2021



§ Mature technology for the 250 GeV baseline machine
§ The machine is upgradable, SRF R&D is needed for luminosity and energy upgrades

SRF for ILC 
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§ Key areas of further SRF development over last 5 years are higher Q and higher gradients
§ Higher Q values with

§ Nitrogen doping
§ LCLS-II and LCLS-II-HE are benefitting from high Q nitrogen doped cavities.

§ Higher gradient (35 – 49 MV/m) at higher Q with
§ Nitrogen infusion
§ Cold Electropolishing /Two-Step baking

§ Higher Q values (e.g., 2x1010 @ 31.5 MV/m) can lead to luminosity upgrades (x4 or x6) via higher beam 
power
§ Increasing the RF pulse length (more bunches)
§ Increase the repetition rate of the pulses 

§ See LOI and paper for AF3 which discuss the corresponding challenges for RF power, cryogenic power, damping rings, 
damping time reduction, positron source, and beam dumps

§ Energy upgrade studies are underway for ILC to reach 3 TeV
§ Via R&D exploration underway for Gradients to 70 – 80 MV/m
§ See LOI and paper for AF7 

SRF R&D for further Luminosity (& Energy) upgrades to ILC 
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§ Challenges: 
o Achieving 20 MV/m with Q0 > 1.5×1010 in long term operation of 240 2-cell 650 MHz cavities
o Developing robust and variable high power (> 300 kW CW) input couplers that are design compatible with cavity clean 

assembly and low heat load
o Developing efficient and economical damping of the HOM power with minimal dynamic cryogenic heat load

§ The cavities shall demonstrate Q0 > 4×1010 at 22 MV/m during vertical acceptance test. Achieved Q0 = 
6×1010 at 22 MV/m with BCP and nitrogen infusion in June 2020.

§ R&D to reach high Q with nitrogen doping or other technology
§ Alternative option to increase luminosity at Z-pole is developing a single cell 650 MHz cavity design. This 

would require operating cavities with Q0 = 3×1010 at 40 MV/m in Higgs mode (5×1010 at 42 MV/m in 
vertical testing) – very ambitious goal.

§ R&D on large-grain Nb cavities
§ Possibly thin-film caoting

650 MHz SRF system R&D for CEPC
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Large grain Nb sheets made by OTIC



CEPC SRF R&D cavity testing results
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Booster 1.3 GHz 9 cell cavity

Collider ring 650 MHz 2-cell cavity

650 MHz 2-cell cavity reached 6E10 @ 22 MV/m after N-infusion, which has exceeded CEPC Spec （Q = 4E10 @ Eacc = 22 MV/m)



Per 2019 FCC-ee CDR, the SRF system is based on the technology practically 
available today:

§ 400 MHz Nb/Cu 1 to 4 cell cavities operating at 10 MV/m
§ 800 MHz 4-cell cavities with accelerating gradient of 20 MV/m
§ New fundamental RF power couplers operating up to 1 MW CW and adjustable Qext. 

A back-up option: 2 couplers at 0.5 MW.
However, there is room for improvement in several areas. 5-10 years outlook:

§ Parallel development of cavities, cryomodules, power and HOM coupler
§ 400 MHz Nb/Cu cavities
§ Seamless cavity fabrication
§ Better coating techniques
§ 800 MHz bulk Nb cavities
§ Alternative cavity shapes

SRF for FCC-ee
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§ Coating technologies
o HIPIMS coating produces much dense layers in all orientations

§ Cu substrate fabrication
o Transfer seamless cavity fabrication technology from HIE-ISOLDE cavities to 400 

MHz elliptical cavities
o Test in preparation of a 1.3 GHz seamless cavity with HIPIMS coating

§ Coating materials
o Alternative materials: sputtering A15 compounds onto copper substrate. Promising 

results with intermediate Ta layer to avoid intermixing of Cu and Nb3Sn. Vn3Si – more 
stable, promising results with intermediate Ag layer.

o Long-term effort
§ Cavity shapes

o Alternative shapes are under considerations: QWR or HWR may be small enough at
400 MHz for bulk Nb fabrication, have good HOM spectrum; wide-open quasi-
waveguide crab cavities.

SRF R&D topics for FCC-ee
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Normal conducting RF



Summary for NRF

12/16/2020 Sergey Belomestnykh | Common Technology Needs13

Two LC proposals based on NRF: Cool Copper Collider (C3) and CLIC:

§ C3: new NRF structure with internal manifolds distributing the RF to each cell, 
cooled to ~80 K.

§ CLIC: mature technology for X-band structures

§ Synergy with other applications

AF7-RF plans to organize a mini-workshop on Cavity Performance Frontier in February 2021



NRF for C3: first meter-scale prototype at C-band
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NRF for CLIC
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RF sources



Summary for RF sources
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§ There is a need to develop high-efficiency (>80%) MW-class klystrons for CW 
(to compensate SR losses in circular machines) and pulsed (to deliver high 
accelerating gradients) applications. Using modern concepts is promising.

§ Magnetrons can be procured for less than $1/W, but there are significant 
challenges, e.g., short lifetime, need of advanced control and feedback 
techniques, waveguide or cavity combiners.

§ SSA’s are still less efficient than klystrons and magnetrons, however new 
developments are promising (GaN-based modules, Class F, …)

§ Synergy with many other applications

§ To those interested in this technology, I recommend attending AF7-RF mini-workshop on RF Systems and Sources 
tomorrow, 12/17/2020 at https://indico.fnal.gov/event/46775/overview (registration required)

https://indico.fnal.gov/event/46775/overview


RF sources for C3
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RF sources for CLIC
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RF sources for CEPC: 650 MHz high-efficiency klystron
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Facility: CEPC high power and high efficiency test facility (lab) at IHEP
Established “High efficiency klystron collaboration consortium”, including IHEP & IE (Institute of Electronic) of CAS, and 
Kunshan Guoli Science and Tech. 
– 2016 – 2018： Design conventional & high efficiency klystron
– 2017 – 2018：Fabricate conventional klystron & test
– 2018 - 2019 ：Fabricate 1st high efficiency  klystron & test
– 2020 - 2021 ：Fabricate 2nd high efficiency  klystron & test
– 2021 - 2022 ：Fabricate 3rd high efficiency  klystron & test

On March 10, 2020 the first CEPC 650 MHz klystron output power has reached 
pulsed power of 800 kW (400 kW CW due to test load limitation), efficiency 62% 
and bandwidth >+-0.5 MHz.1st klystron: 62% efficiency

2nd klystron: 77% efficiency
3rd klystron: 80% efficiency

Parameters Conventional
efficiency

High 
efficiency

Centre frequency (MHz) 650+/-0.5 650+/-0.5

Output power (kW) 800 800

Beam voltage (kV) 80 -
Beam current (A) 16 -
Efficiency (%) ~ 65 > 80

Goal

Reached
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SC magnets



§ 16 T SC dipoles for HE-LHC
§ Magnets for scSPS – HE-LHC injector options
§ SC undulators for a g - g collider (see LOI)

§ Need to explore synergy with AF7-Magnets

SC magnets summary
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SC magnets for HE-LHC (integration aspects)
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HE-LHC injector options
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Conventional magnets



§ CEPC: Collider dual aperture dipole magnets and dual aperture quadrupoles, 
high-precision booster dipole magnet

§ Need to explore synergy with AF7-Magnets

Conventional magnets summary
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CEPC collider ring dual aperture quadrupole (key R&D item)

12/16/2020 Sergey Belomestnykh | Common Technology Needs27

Dual aperture quadrupole
New design

不
锈

钢

冲
片

1

D
T

4
补
偿
块

冲
片

2

冲
片

2

冲
片

1

截
面

图

The first dual aperture quadrupole model - not yet working - new design underway

Might be common technology with FCC-ee
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Specialized vacuum



§ HE-LHC challenges: SR handling and collision debris
§ CEPC, although is not identified as critical R&D

Specialized vacuum summary
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Specialized vacuum for HE-LHC (SR handling)
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Specialized vacuum for HE-LHC (collision debris)
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Electron sources



§ This is a common topic for many projects covering not only electron guns, but also 
injectors and damping rings

§ New designs are being pursued at various labs
§ For ILC, demonstrations at CESR (Cornell) have established confidence in the ILC 

damping ring parameters, but some R&D will be needed for upgrades

§ Synergy with FELs and other machines

§ Need to explore overlap with AF7-Targets/Sources

Electron sources summary
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Electron sources for CLIC
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Ultra-high brightness photoinjector
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Plasma injector: an alternative for CEPC
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p1 1.2nC, 2.4 GeV

e1

e2
e3

e4

e3

e4

p1

p1

e1/e3 Before
PWFA-I

e3 After
PWFA-I

e2/e4 Before
PWFA-I

e4 After
PWFA-I

p1 Before
PWFA-II

p1 After
PWFA-II

Booster
Requirement

Energy (GeV) 10/10 45.5 10/10 45.5 2.4 45.5 45.5

Bunch Charge (nC) 5.8/0.84 1 15/4.5 >3 1.2 1 0.78

Bunch length (ps) 2/0.257 <1 3/0.7 <1 0.07 <1 <10
Energy Spread ~/0.2% ~1% ~/0.2% 1% 0.2% ~1% 0.2%

Enormal (μm⸱rad) <20*/<100 ~100 <50*/<100 ~100 <50 ~100 <800

Bunch Size (μm) 3.87/8.65 <20 30/20 <20 20 <20 <2000

The plasma accelerator performance has been checked numerically with the real linac beam quality, 

and it almost reached the design goal, but need experimental verfication



CEPC Plasma injector experimental platform
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Facilities: Shanghai S-XFEL facility for electron acceleration and FACET-II at SLAC for positron

Ø Plasma experimental station: preliminary set up on Shanghai Soft XFEL facility
Vacuum system: installation & testing preparation (to e tested in 2021)
o Light path
o Beam diagnostic system

main roomBeam test room
Laser 
compressor
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One-offs



Nanobeams for ILC
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FELs for gg
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Cryogenics?



§ Most of the projects will need large cryogenic systems. 
§ Should we include anything in our report? Or the projects will rely solely on 

industry?

§ See LOI SNOWMASS21-AF7_AF0-166 on Accelerator and Quantum Detector Cryogenics R&D

Summary for Cryogenics
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Thank you!


