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Outline

Work list

① CEPC high efficiency klystron

 Klystron prototype manufacture and high power test

 Klystron test facility

 High efficiency design

② Other work

 HEPS electron gun development

 BEPCII high power test stand update

Funding support

Conference talk

Publication list

Project management and coordination
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Klystron prototype manufacture and high 
power test
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Prototype milestone

Oct. 2017 Design report

May. 2018 Mechanical design review

Oct. 2019 Parts processing

Nov. 2019 Baking out

Dec. 2019 Delivery to IHEP

Mar. 2020 High power test (400kW CW and 800kW pulsed)

Sep. 2020 High power test (490kW CW)
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Prototype manufacture

① The 1st klystron prototype has been completely manufactured and

delivered to IHEP at the end of 2019.

② The prototype is largest size and highest CW power klystron in China

and also first time to manufacture this kind of klystron.
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High power test

① High power test is started from beginning of this year.

② The 400kW CW power and 800kW pulsed power are tested on Mar. 9

2020.

③ The 490kW CW power are tested on Sep. 2 2020.
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High power test
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High power test stand

Pulsed 800kW

Parameters Design Test

Operating frequency (MHz) 650 650

Beam Voltage (kV) 81.5 80

Beam Perveance (μA/V3/2) 0.65 0.7

Efficiency ≥60% 62

Saturation Gain(dB) ≥45 47

Output power(kW) 800 800

1 dB Bandwidth(MHz) ≥1 1.8
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High power test

① The RF output power reached 800kW (duty factor 40%) with 62%

efficiency.

② The successful testing of the first prototype has also accumulated

valuable experience and laid a solid foundation for the ongoing

development of high efficiency klystron.

③ It’s also an important breakthrough in key technology in the CEPC

TDR phase.
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Klystron test facility

① The klystron prototype is used for Chinese made high power load
conditioning and commissioning.

② The klystron prototype will be used for conditioning and
conmmissiong of klystron window and coupler of SC cavity.
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Chinese 
made Load



High efficiency design
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 High voltage klystron
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AJDISK(1D) EFF: 84.5% EMSYS(2.5D) EFF: 79.3%

CST(3D) EFF: 77%

Final design
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Gain(3D):48.3dB

Bandwidth(2.5D):≥0.8MHz

Frequency tolerance : f1, f2, f7 ±0.2MHz, others ±0.5MHz

 High voltage klystron
Final design
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Mechanical design review

 High voltage klystron 

0.9m

0.9m

5.3m

1.6m

Size: L 5.3m * W 0.9m * H 1.6m

Weight: 4.5t without oil
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 High voltage klystron 

① The design of high voltage klystron is completed with 77% efficiency

at CST 3D code this year.

② It's the world's highest efficiency 3D design on single beam klystron.

③ The high efficiency klystron prototype are being mechanical design

and expected completed manufacture in the first half of next year.



② Multi-beam klystron 
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1) Design Parameters

Parameters Unit Value

Gun Voltage kV 54

Beam number 8

Beam perveance μP 0.2

Output power kW 800

1dB bandwidth (3-D simulation) MHz ±0.75

Efficiency(3-D simulation) % 80.5

The major parts of MBK design are finished,

including the interactive cavity, electron gun,

focusing solenoid, window and collector.
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2) Design of MBK window prototype is finished and prototype
manufactured is also processing.

Schematic diagram of MBK window test stand

② Multi-beam klystron 
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3) Mechanical design will start soon

MBK physical model

② Multi-beam klystron 
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① The design of multi-beam klystron is almost completed with 80.5%

efficiency at CST 3D code this year.

② It's the world's highest efficiency 3D design.

③ The MBK prototype are planning been completed manufacture at the

end of next year.

② Multi-beam klystron 



Other work
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HEPS electron gun
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① The HEPS electron gun system are completed design and expert

review this year.

② The gun body are being processed and will be completed

manufactured at the end of this year.



BEPCII high power test stand update
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① The S band 150MW high power test stand including S band 80MW klystron and

modulator, the stand has been completed acceptance test last month.

② This is highest pulsed power test stand in China, it will be used for CEPC high

gradient accelerate structure R&D and also for S band high efficiency klystron

development.



Funding support

• Yifang Wang’s Science Studio of the Ten Thousand Talents Project

• Project name: CEPC RF power source system

• My role: Project leader

• Budget: Jan. 2018- Dec. 2022, 25,000,000 RMB

• IHEP Innovation Grant

• Project name: Studies on large scale barium tungsten cathode for klystron development

• My role: Project leader

• Budget: Jan. 2019- Dec. 2021, 1,000,000 RMB

• CAS Repair and Purchase project

• Project name: S band 150MW high power test stand

• My role: Project leader

• Budget: Jan. 2020- Dec. 2020, 5,000,000 RMB
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Conference talk list

① Zhou Z. S, International Workshop on High Energy Circular Electron Positron

Collider, Beijing, China, Nov. 2019

② Zhou Z. S, CEPC Day Meeting, Beijing, China, Dec. 2019

③ Zhou Z. S, Invited talk in IAS Program on High Energy Physics, HongKong, Jan.

2020

④ Zhou Z. S, CEPC Day Meeting, Beijing, China, Jul. 2020

⑤ Zhou Z. S, CEPC Day Meeting, Beijing, China, Oct. 2020

⑥ Zhou Z. S, International Workshop on High Energy Circular Electron Positron

Collider, Shanghai, China, Oct. 2020
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Publication list

① Zhou Z. S et al, Progress on CEPC 650MHz Klystron, white paper, IAS,

Program on High Energy Physics, Hong Kong, Dec. 2020.

② Xiao O. Z, Zhou Z. S et al, Design of P band 800 kW CW klystron for CEPC,

Chinese Physics B, will be published.

③ Zaib Un Nisa, Zhou Z. S et al, Evaluation of Thermal and Deformation

properties of Electron gun used in Klystron, will be published.
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Project management and coordination
Weekly regular meeting convener and formation of meeting minutes, coordination

design, mechanical drawing and manufacture. (IE, Guoli, CSNS, IHEP)
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Yifang Wang read all meeting minutes



Summary

• The highest CW power klystron in China are successfully developed

and being used for test facility for RF components conditioning and

commissioning.

• We are powerfully pushing manufacture of high efficiency prototype

and hope it will be highest efficiency klystron in the world in the near

future.

• The design and manufacture for MBK are also promoted and it will

enable China to go a step further in klystron development technologies.
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Thanks for your attention!


