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RF power sources for particle accelerators 

ÅLarge scale particle accelerators can 
be operated with vast diversity of RF 
power sources. 
ÅThe actual choice of the RF source type 

will be driven by practical 
consideration : tunnel integration, 
spatial and peak power density, cost/W 
and efficiency.
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The accelerators technology is very diverse and could require the  RF signals in a wide range of the 

frequencies  (few 100 MHz ï 12 GHz), peak power levels (few 100 kW ï 100 MW) and pulse lengths 

(CW -100ns).  The klystron amplifiers technology is the one that covers almost all RF 

frequency/power demands of the modern accelerators.     
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To operate FCCee, 100 MW Continues Wave 
RF power is needed to accelerate particles 
and to compensate for the energy lost into 
synchrotron radiation.

*100 MW, CW ~100 000 Microwave ovens running 24/7.

Grid power required for the large-scale HEP Accelerators

State of the art
2020 and before

400 MHz, 1 MW klystron for FCCee

HEK project target
2026/27

Improving klystron RF efficiency from 65% in the best existing 
commercial devices to 85% in the new HE  tubes will: 
Á Save 32.2 MWh ->  253 GWh (7000h/year) -> 2.53TWh over 10Y.
Á Reduce maintenance cost and power consumption of power 

converters and cooling system (environmental impact).

https://fcc.web.cern.ch/overview
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Klystrons

1. Each Klystron should deliver 1MW @ 400MHz.
2. Preferably, klystron should be placed vertically in the tunnel.
3. The total length of Klystron should be about 3m.
4. The efficiency of Klystron is targeted at 80%.

Bunker:HV

5.5m

1.3MW CW, 
352MW, 100kV, 
20A, eff.=63%.

FCCee (Z) accelerator tunnel integration
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High Efficiency klystrons activity was initiated at CERN in 2014. In 

нлнм ƛǘ ǿŀǎ ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ ŀ /9wbΩǎ project.
Objectives: Development, design, fabrication and testing of the new HE 
klystrons for application in various particle accelerators.  

Task 1: Design & simulations
ÁMaintenance and distribution of the 

CERN made klystron code KlyC.
ÁHigh level expertise in using commercial 

tools like CST PIC, HFSS etc.

Task 2: HE LHC 400 MHz klystron
ÁRetrofit upgrade of Thales klystron 

(60% to 70%) in close collaboration 
with industry.

ÁA base line option for HL-LHC.

Task 3: Novel two-stage klystron 
technology with 80%+ RF production 
efficiency
ÁDesign, fabrication and testing of the 

400 MHz 1MW CW klystron for FCCin 
collaboration with industry. 

ÁPromote this new technology towards 
CLIC, ILC and Muon_C.

Task 4: High efficiency X-band pulsed 
klystrons in the power range 10-50MW
ÁStrong Collaboration with industry (Canon, 

CPI and Thales).
Á Important for multiple projects 

(CompactLight, DEFT, EUPRAXIA etc.).
ÁDǊŜŀǘ ǎƘƻǿ ŎŀǎŜ ŦƻǊ /9wbΩǎ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ 

contribution to worldwide society.

First commercial X-band 10 MW 
HE (56%) klystron.
CERN-Canon collaboration.

Selected topic

High efficiency klystrons projects at CERN
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Å Up to 132 klystrons (H-pole) will be operated, providing total RF power of 105 MW.
Å To reduce investment cost , the individual/unique tube shall be efficient in a wide RF power range from 600 kW to 1 MW

Z W, H ttbar2

400 MHz accelerator units for different poles of FCCee operation stages

1 x 901kW / 0.95 = 950kW 2 x 382 kW / 0.95 = 805 kW 8 x 78kW x/0.95 = 656 kW 
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Two-Stage Multi Beam Klystron (TS MBK) technology in UHF/L-band

1. Bunching at a low voltage (high perveance). Very 
compact RF bunching circuit.

2. Bunched beam acceleration and cooling (reducing Dp/p) 
along the short DC voltage post-accelerating gap.

3. Final power extraction from high voltage (low 
perveance) beam. High efficiency.

1. For pulsed tubes, the second HV stage can be operated in DC 
mode. Thus, simplifying the modulator topology. (cost/volume) 
and increasing the modulator efficiency.

2.  Simplified feedback for the first stage pulsed voltage. 
Improved klystron RF phase and amplitude stability.

Specific features

Additional advantages:

Commercial HE MBK
Efficiency 65%
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TS HE MBK
Efficiency 85%+

Drawbacks:
1. Reflected electrons from the output cavity and collector shall be 

avoided at any cost. 
2. RF radiation into DC gap must be sealed.
3. Requires special HV isolated RF feedthrough to inject RF signal 

into input cavity.
4. Large bore (Å400mm) ceramic insulator on the 2nd stage. 

GOOD FOR:
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400 MHz HE Two-Stages MBK for FCCee. Performance summary 

Featured:
Á Veryefficient. 86%@Z,W,Hand83%@ttbar2.
Á Compact. Totallength<3m.
Á LowVoltage. Up to 64kV@1 MW.
Á HighRFpower gain. 43dB@1MW.
Á Broadband. 3.5 MHz@-1dB.
Á Robust. Canhandlemismatchup to -15dB.

V RF circuit
V Collector
V Cathode
V Solenoid
V Special High Voltage isolated RF 

feedthrough (prototype).
Ç Integration
Ç Thermal/mechanical analysis

Project status @ CERN 

Efficiency vs. saturated RF power at different klystron voltages
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Efficiency = 87.83%

FCC TS 400MHz, 1 MW MBK  KlyC design
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