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RF Power Dominates CEPC Energy Consumption

30MW per beamҦ60MW total RFpowerdemand

Klystronefficiencydirectlydrivesoperationalelectricitycosts

Improvingefficiencyisessentialfor long-term sustainableoperation

Objective

MaximizeklystronefficiencyҦminimizegridpower

22026/1/13

Motivation and power demand
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CEPCKlystron R&D Targets

32026/1/13

R&D requirement

Efficiency: 
сл҈ Ҧ җ ул҈ όt ōŀƴŘ YƭȅǎǘǊƻƴΣ /² YƭȅǎǘǊƻƴύ
пн҈ Ҧ җ рр҈ ό{-band, pulsed klystron)

hǳǘǇǳǘ ǇƻǿŜǊΥ рл a² Ҧ ул a² ό/-band upgrade)

Mature engineering solutions required
Efficiency improvement = major reduction in operation cost
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Progress overview

23 MW reduction in CEPCpower consumption

High -efficiency klystron validated in CW operation

MBK development underway ʐ 80% efficiency expected soon

42026/1/13

Achieved : 60% ʞ 78.5% Efficiency @ 650 MHz / 800 kW

These achievements lay a solid foundation for future: 

Energy recovery technology (ERK)
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ÂContinuous improvement in efficiency

ÂFully established R&D chain :

Design Ÿ fabrication Ÿ testing Ÿ industrialization

ÂTransition from conventional to next -generation
klystron systems

2026/1/13 5

R&D Stratage
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P band klystron
α650MHz/800kW/CW β

62026/1/13
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ÂEfficiency -oriented prototype iteration

2026/1/13 7

650 MHz high -efficiency klystron timeline

Step1

Step2

Step3

1st

2nd

3rd

Prototypes2016 2017 2018 2019 2020 2021 2022 2023 2024 2026

62%

70.5%
78.5%

ÅMultiple prototypes developed and tested to ensure robust performance
validation .

Å Continuous optimization in gun, cavities, magnetic system, and collector .
Å Engineering improvements guided by high -power experimental data .

2025

X %
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Â650 MHz klystron -development roadmap

Progress

Scheme1(1 st prototype) Scheme2(2 nd ) Scheme3(3 rd )

with Traditional Way
High voltage gun 

& Low perveance 
MBK

Manufacture Oct. 2017 Prototype manufacture Jan. 2021Prototype manufacture
Now: Klystron prototype 

manufacture is in progress
Test Mar. 2020 High power test at IHEP Aug. 2024: CW 803kW with Eff. 78.5% 

R&D progress and achievements
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Final assembly Window re -fabrication

MBK Window Manufacturing and Testing 

Â Improved ceramic window sealing and reliability achieved .

Â Window re-fabrication completed with enhanced brazing technology .

Â High -power vacuum baking scheduled to resume this year .
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https://cerncourier.com/powering-into-the-future/

Powering into the future
19 May 2025

https://cerncourier.com/powering-into-the-future/
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C band klystron
α5720MHz/80MW/100Hz/3us/47% β

112026/1/13



IAS Program on Fundamental Physics (FP 2026), January 12-16, 2026 

ÂBaseline upgrade for CEPC Linac

ïOutput power: 50 Ÿ 80 MW (+60%)

ïOne klystron Ÿ 4 structures

ïDevice count reduced by >30%

ïFabrication ongoing / high-power test: this year

ÂMajor cost & complexity reduction in Linac RF system

2026/1/13 12

C-band 80 MW high -power klystron
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Physics design review

May.12 2024

Mechanical design review

Aug. 12 2024

Gun and cavity manufacturing

Feb. 28 2025

Part manufacturing

Oct. 15 2024

Cavity cold test

Apr. 14 2025

¸ Mechanical processing and manufacturing are in progress .
¸ High -power test is expected to be carried out this year .

R&D progress and achievements
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S band high efficiency klystron
α2860MHz/80MW/100Hz/4us/55% β

142026/1/13
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ÂSupports CEPC Linac , BEPCII upgrades and domestic
accelerator demand .

ÂTarget : 80 MW, 55% efficiency .

ÂBeam optics and thermal design optimized for
reliability .

2026/1/13 15

S-band high -efficiency klystron
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¸Mechanical processing and
manufacturing are in progress .

¸Cavity parts processing and cold
test have been completed .

¸High -power test is expected to
be carried out this year .

Beam optics
H. V.: 350kV
Current: 415A

Gun thermal analysis Magnet coil design Beam dynamics
Efficiency: 55%
Output power: 80MW

Cold test
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S band PPM klystron
α2856MHz/50MW/53% β

172026/1/13
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Â Compact design with permanent magnet focusing .
Â Higher efficiency and simplified system compared with solenoid

types .
Â CST simulation results : 51 .2 MW, 53.8% efficiency .
Â Fabrication to begin this year .

2026/1/13 18

Design status

S-band 50MW 

PPM Klystron

Design 

Specifications

Beam Voltage 350kV

Beam Current 272A

Frequency 2856MHz

Tube Radius 13.8mm

Beam Radius 9mm

Output Power 50MW

Efficiency 53%

Beam dynamic

Klystron structure
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Energy recovery klystron
α650MHz/800kW/CW/85% β

192026/1/13



IAS Program on Fundamental Physics (FP 2026), January 12-16, 2026 

ÂERKConcept

ïEnergy recovery via multi -stage depressed collector (MDC)
ïRecovers spent -beam energy rather than dumping as heat
ïSubstantial reduction in grid power demand

Energy recovery klystron(ERK)

Typical klystron

Energy recovery klystron

RF OUT

202026/1/13

RF IN
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ERK beam dynamics

Energy distribution of spent electron beams Collector recovery efficiency 

212026/1/13

Parameter Value

Frequency 650 MHz

Beam Voltage 113kV

Output power 800 kW

Beam perveance 0.25 ɛP

Beam current 9.5A

Efficiency(1 stage DC) Ó85%

Ҧ hǇǘƛƳƛȊŜŘ ōŜŀƳ-wave interaction for high efficiency
Ҧ wŜŘǳŎŜŘ ŜƴŜǊƎȅ ǎǇǊŜŀŘ ƻŦ ǘƘŜ ǎǇŜƴǘ ōŜŀƳ
Ҧ 9ƴŀōƭŜǎ ŜŦŦŜŎǘƛǾŜ ŎƻƭƭŜŎǘƻǊ ǇƻǘŜƴǘƛŀƭ ǎǘŀƎƛƴƎ
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Collector design and thermal analysis

5<7ɹ

Temp. distribution at full powerBeam Trajectory

Ҧ LƳǇǊƻǾŜŘ ŎƻƻƭƛƴƎ ŘŜǎƛƎƴ 
Ҧ wŜŘǳŎŜŘ Ƙƻǘ ǎǇƻǘǎ
Ҧ 9ƭŜŎǘǊƻǎǘŀǘƛŎ ƻǇǘƛƳƛȊŜŘ ǘƻ ƳƛƴƛƳƛȊŜ ōŜŀƳ backstreaming
Ҧ {ǳǇǇƻǊǘǎ җур҈ ǘƻǘŀƭ ŜŦŦƛŎƛŜƴŎȅ ǘŀǊƎŜǘ όwC Ҍ ǊŜŎƻǾŜǊȅύ

Mechanics analysis

Electrostatic field analysis
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Physical design review

May.23 2025

Mechanical design review

Jul. 6 2025

Design review
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Klystron body redesign

Magnet Coil 15 Window

¸ Increased size of Coil 15

¸Extended window coupler

¸Enlarged support flange
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Mechanical design

252026/1/13

High efficiency 
klystron prototype

Energy recovery 
klystron with 1 

stage DC

5048mm
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Fabrication status

¸Mechanical processing and manufacturing are in progress .

¸High -power test is expected to be carried out in Sep. 2026 .
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Long pulsed klystron
α1.3GHz/10MW/1.5ms/10Hz β

272026/1/13
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Beam dynamics

Parameters Value

Freq.(GHz) 1.3

H.V.(kV) 115

Current(A) 21× 6

Beam No. 6

Rep. Rate(Hz) 10

Pulse Width( ms) 1.5

Power(MW) ˆ43

Eff. 6̂5%

Parameters AJDISK KLYC CST

Power(MW) 10.7MW 10.3MW 10.1MW

Eff. 74.8% 71.1% 69.9%

Gain 47.7dB 48.6dB 48.0dB
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Component design

Physical and mechanical design reviews of the klystron have been completed .

Fabrication and high -power testing are planned to be completed by the end
of 2026 .
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Resonant ring
α650MHz/1.2MW/CW β

302026/1/13
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ÂDedicated for high-power component validation:
ïWindows, couplers, transmission elements

ÂSupports 1.2 MW CW testing (1.5× klystron output)

2026/1/13 31

Design progress

Traveling-wave resonator schematic Power Build-up Process
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Design status

P-band TWRR power gain is 15.56dB@650MHẑ35.9̃

Waveguide WR1500

Length of the ring 9.28m

Coupling coeficeent ï10dB

Power Gaintherectical 36.7

Max. power gain 15.56 dB

Max.temperature rise 38

port1port2

port3
port4

Temperature rise of P-band TWRR

P-band TWRR fabrication planned this year.


