
Boosting the TRL of RF technologies for accelerators
Context:  
✓ LDG RF activities are broken down in 6 WG’s (see attached

slide)
✓ Bulk-Nb and thin-film cavities are already included among

the proposed enabling technologies
✓ The other 4 need «parallel development» for the RF sector

to become mature for future accelerators

For each of them we can identify one specific hot topic, 
fulfilling most of the call criteria:

• Couplers - High power FPC couplers, transmitting 
reliably hundreds of kW (with W’s in the cold mass) 
through thin ceramic windows (diameter ~ 5÷ 50 cm) into 
SRF cavities

• RT cavities - a. Realise a small series of X-band cavities in 
industry; b. from seamless photoguns to seamless
multicell Cu cavities

• RF sources - Improved efficiency of MB-IOTs
• RF Control, AI and ML - Improve the standardisation of 

LLRF and AI/ML



Backup slides



FPC couplers: transmitting hundreds of kW (W’s 
in the cold mass) reliably through thin ceramic 
windows (diameter ~ 5÷ 50 cm) into SRF cavities

1. Time-scale:  2035-2040 and beyond for colliders; 
>2025 for high-intensity machines

2. Impact:  one of the main weaknesses of future 
high-E, high-I accelerators

3. TRL increase: from 3 to 5 ?
4. Communities:  HEP, high-intensity
5. Continuation: no
6. Avoid overlap: not covered by other EU projects
7. Sustainability: not expected specifically, but 

increasing operational robustness, will ensure 
improved reliability, thereby indirectly impacting 
sustainability.

Realise RF windows with 2-3 physics design and 
construction technologies, setup in 1-2 labs, 
realised at companies, tested at labs.



Boosting the TRL of innovative room temperature 
cavities for compact and high-performance 
linacs

1. Time-scale:  2035-2040 and beyond for colliders; 
>2025 for high-intensity machines

2. Impact:  performance reproducibiliy is a key topic, 
to be solved by labs and industry together

3. TRL increase: from 3 to 5
4. Communities:  HEP, high-intensity, ..
5. Continuation: a. yes ; b. no
6. Avoid overlap: not covered by other EU projects

7. Sustainability: Reduce  environmental impact of 
accelerator (less material, smaller building, 
smaller energy)

a. realise a small series of X-band cavities in 
industry, to be tested in labs

b. braze-free Cu cavities, from photoguns to 
multicells, in industry



Improve the efficiency of MB-IOTs

1. Time-scale:  2035-2040 for colliders, >2025 for light 
sources (i.e. Synchrotrons, FEL’s), medical linacs and 
industrial 

2. Impact:  Improve design optimisation, using advanced 
PIC simulation tools to transfer to industry.

3. TRL increase: from 5 to 7
4. Communities:  HEP, high-intensity, ..
5. Continuation: No, but yes for EuCARD-2
6. Avoid overlap: not covered by other EU projects
7. Sustainability: Reduce environmental impact, 

especially for large facilities (i.e. FCC, CLIC, ILC, 
HALHF) for significant power savings.



Improve the standardisation of LLRF and AI/ML

1. Time-scale:  2035-2040 for colliders and >2025 for 
light sources (i.e. FEL’s predominantly).

2. Impact:  Improve hardware and software 
standardisation, with embedded AI/ML capabilities.

3. TRL increase: from 5 to 7
4. Communities:  Light sources, HEP, high-intensity, …
5. Continuation: No, but yes for EuCARD
6. Avoid overlap: not covered by other EU projects
7. Sustainability: Reduce  environmental impact of 

accelerator operation (smaller energy, as 
demonstrated recently for Eu-XFEL at DESY)



LDG RF Coordination Panel – progress on 6 WG’s in 1 slide

Bulk Nb cavities – Continue improving performances – Q0 and Eacc (reduce PAC and Lacc ). 
European competitiveness to be strengthened vs Asia.

Thin-film cavities, e.g. Nb3Sn-on-Cu: SC at 4K instead of 2K allows *3 energy saving on 
PAC for cryogenics, beyond up to x2 on Eacc.  In 2025 first 1.3 GHz thin-film prototype 
expected; lower frequencies next goal (more funds and people needed).

0.5 - 1 MW RF power couplers (for FCC, ILC, MC, CLIC, EIC…): many require reliable 
ceramic windows at the vacuum/cold transition.  FRTs (game changer?) to control 
cryogenic dynamic load needs much R&D (iSAS priority). Very few European experts.

NC high gain cavities - FCC injectors, C^3 linac, HALHF all benefit from Eacc>100 MV/m 
achieved in CLIC R&D. Next targets: industrialisation and cost reduction. MC ionisation
cooling requires 10÷20 MV/m in B=10÷20 T, to be demonstrated in next ~5 years.  HTS
materials for NC cavities will be explored and will increase electrical efficiency. 

High-Power and energy efficiency amplifiers - many options being pursued. Klystrons 
(FCC, ILC, CLIC, MC, and HALHF) will all need 100-200 MW RF power  at 0.3 ÷ 1.3 GHz.  
Improving electrical efficiency (~65→80 %) is a main focus. Multi-beam IOTs are gaining 
interest. GaN/SiC transistor-based amplifiers are in rapid progress for SS Amplifiers. 

Low Level RF, ML and AI - varying beam patterns and RF frequencies in a collider, as well 
as energy saving requirements, need advanced control of field and frequency. 
Standardization effort (e.g. MicroTCA) will make accelerators more sustainable over 
decades and reduce operation costs. HEP stability specs already demonstrated for FELs.


