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Content

System design consideration

— Collider ring
— Booster ring
— Linac injector

R&D

— High efficiency (P band 800kW CW klystron/Energy recovery klystron)
— High power (C band 80MW klystron)
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Requirement list:

Collider RF sources

Klystron 96 650MHz/800kW

PSM Power Supply | 96 [130kV/16A and 60kV/22A

Circulator 96 650MHz/800kW

Load 96 650MHz/800kW

Phase shift 96 650MHz/800kW

Wavequide 96 Power divider/directional coupler
Phase stabilization <0.1 degree,

LLRF 96 Amplitude stabilization <0.1%

Pre-amplifier 96 650MHz/100W
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Collider RF sources

Requirement list:

Klystron 96 650MHz/800kW Higher efficiency
PSM Power Supply | 96 [130kV/16A and 60kV/22A Mature product
Circulator 96 650MHz/800kW Mature product
Load 96 650MHz/800kW Mature product
Phase shift 96 650MHz/800kW Mature product
Waveguide 96 Power divider/directional coupler Mature product
Phase stabilization <0.1 degree,
LLRF 96 Amplitude stabilization <O.g1J% Mature product
Pre-amplifier 96 650MHz/100W Mature product

e
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Booster RF sources

Requirement list:

SSA 961300MHz/25kW
Circulator [961300MHz/25kW
Load 961300MHz/25kW

Waveqguide |96 Directional coupler
Phase stabilization <0.1 degree,
LLRF 26 Amplitude stabilization <0.1%
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Booster RF sources

Requirement list:

SSA 96/1300MHz/25kW Mature product

Circulator |96{1300MHz/25kW Mature product

Load 961300MHz/25kW Mature product

Waveqguide |96 Directional coupler Mature product
Phase stabilization <0.1 degree,

LLRF 26 Amplitude stabilization <0.1% Mature product
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Linac RF sources

PSPAS: Positron source & pre-accelerating section
SAS: Second accelerating section

Th e m a i n h ig h powe r R F ESBS: Electron source & bunching system

FAS: First accelerating section
EBTL; Electron bypass transport line

sources components are 33 . EsTL ok Damprgring
units of 80MW S-band — = 1 SF’”‘; 5“1 s :
klystron, 236 units of  sovev 116w sGeV  200Mev 11Gey JLV 3066V
50MW C-band klystron and | s [~ msn— " sosn ), t163.4m
related modulators. L 245 9m : —
Type QTY  Freq.(MHz) Structure type
1 1-to-1, standard-bunch
S-band klystron 33 2860 3 1-to-2, standard acc. structure.

8 1-to-2, large aperture acc. structure
21 1-to-4, standard acc. structure.

C-band klystron 236 5720 1-to-2, standard acc. structure.
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Linac RF sources

Requirement list:

S band klystron 33 2860MHz/80MW
Modulator of S band klystron | 33 400kV/500A
C band klystron 2365720MHz/50MW
Modulator of C band klystron [236350kV/400A
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Linac RF sources

Requirement list:

S band klystron

33

2860MHz/80MW

Mature proo

uct

Modulator of S band klystron | 33

400kV/500A

Mature proo

uct

C band klystron

236

57/20MHz/50MW

Mature proo

uct

Modulator of C band klystron {236

350kV/400A

Mature proo

uct
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Why we need R&D?
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Fundamental

1st-Collider RF sources Ranarsl

Higher efficienc
9 y CEPC annual electricity @6000 hours/year
Less power consumption

Annual electricity consumption vs. Efficiency

Efficiency impact on E’
operation  electricity : - Mature product
consumption (Only £
considering operation ~°* \‘5‘\
efficiency of klystrons) 1
v o . 70% 80% o Efficie%og)of

—o— 60MW Power —o— 100MW Power
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Fundamental

1st-Collider RF sources Ranarsl

Higher efficienc
9 y CEPC annual electricity @6000 hours/year
Less power consumption

Annual electricity consumption vs. Efficiency
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Fundamental

1st-Collider RF sources Ranarsl
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2"d-Linac RF sources

- Type QTY  Freq.(MHz) Structure type
ngher power 11-to-1, standard-bunch

3 1-to-2, standard acc. structure.
Sma I Ier num ber S-band kystron 33 2060 8 1-to-2, large aperture acc. structure
21 1-to-4, standard acc, structure.
C-band klystron 236 5720 1-to-2, standard acc. structure.
Now CEPC Linac baseline

— Only C band of 50MW klystron is mature product in the world. 1
klystron only power to 2 accelerator structures (CEPC Linac baseline).

— Number of C band klystron is very large (236 set).

IF output power of C band klystron is up to 80MW, the number of
klystron will be reduced by half. (1 klystron power to 4 accelerator
structures). The cost of Linac RF sources will be decreased more than
30%.

-
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Physics

January 13 - 17, 2025

R&D Progress and
Achievements
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Fﬁ.ndamerr;tal v :
650MHz klystron R&D Ranersl .

3 or more klystron prototypes for klystron efficiency improvement

Stepl | 1st
_

Step2  — | 2n¢

Step3 [ | 3rd

Efficiency:60% — === 70% =—-=---» 80%

e
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Desigh scheme

Scheme 1: Traditional way for >60% efficiency
Scheme 2: With high voltage gun (110 kV/9.1 A), low perveance (HE, >75%)
Scheme 3: MBK, 54 kV/20A electron gun (8 beams) (HE, >80%)

Parameter Scheme1(1st prototype) Scheme2(2nd)  Scheme3(3r)
Freq. (MHz) 650 650 650
Voltage (kV) 82 110 54
Current (A) 16 9.1 20(2.5%x8)
Beam No. 1 1 8
Perveance (uP) 0.65 0.25 1.6(0.2%8)
Efficiency (%) 65 ~80 >80
Power(kW) 800 800 800(100x8)

-
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1st prototype

Oct. 2017 Prototype manufacture
Mar. 2020 High power test at IHEP

Parameters Design | Test
Operating frequency (MHz) | 650 | 650
Beam Voltage (kV) 81.5 | 80
Beam Perveance (uA/V32) | 0.65 | 0.7
Efficiency(%) 65 62 |
Saturation Gain(dB) >45 47
Output power(kW) 800 | 800
1 dB Bandwidth(MHz) > 1.8
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2nd prototype (HE design)

Jan. 2021: Prototype manufacture
Jul. 2022: CW 630kW with Eff. 70.5% (15t stage high power test)

Aug. 2024: CW 803kW with Eff. 78.5% (2"d stage high power
test)
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3rd prototype (MBK)

Dec. 2021: Klystron beam tester manufacture

Oct. 2023: Accomplishment of klystron beam tester high
voltage conditioning and beam emission.

Now: Klystron prototype manufacture is in progress.

2025/1/15 IAS Program on Fundamental Physics (FP 2025), January 13-17, 2025 21



' Fundamental
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C band klystron
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Main parameters

Parameters Value
Frequency 5720 MHz
Output Power S8OMW
Pulsed width 3us
Repetition rate | 100Hz
Gain 54 dB
Efficiency 47%
Beam voltage 420 kV
Beam current 403 A
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Fabrication progress

Prototype manufacture is started
from August 2024.

The processing is scheduled to
be completed in July this year.

_
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Energy recovery klystron
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Fundamehtél'

3rd-Energy recovery Roners) .

January 13 - 17, 2025

Higher efficienc
9 y CEPC annual electricity @6000 hours/year
Less power consumption

Annual electricity consumption vs. Efficiency

g 1.60
Assuming klystron 5 o
efficiency is up to §
80%. g 10
< 080

40% 50% 60% 70% 80% 90% Efficiehog;f
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3rd-Energy recovery

Higher efficiency

Less power consumption

It is  difficult fto
increase RF conversion
efficiency @ of the
klystron itself from
80% to 85 or 90%? So
we need other
methods to achieve a
leap in efficiency.
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CEPC annual electricity @6000 hours/year

Annual electricity consumption vs. Efficiency
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Energy recovery klystron(ERK) &

T
The energy recovery klystron recovers energy from the spent
electron beam by multi-depressed collector, thereby
reducing the power demand from the grid and significantly

lowering operation.

RF OUT

S, m lél e Typical klystron
(N
§ 1] %4_‘____“ R B S Energy recovery klystron
——_—KTy—P_S_— s: Energy Recoveryi

Bar s s o e e e e e . -

2025/1/15 IAS Program on Fundamental Physics (FP 2025), January 13-17, 2025 28



Roughly theoretical analysis

Based on high efficiency klystron design
Final efficiency is the whole efficiency of ERK

Stage No. Linear region Saturation region
Without stage 65% 77.5%
Single stage 72.9% 84.3%
Two stages 79.4% 88.1%
Three stages 83.0% 90.1%

-
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Design progress

January 13 - 17, 2025

Parameter Value 15000 - o
Operating frequency 650 MHz -
w 30000 2, 26e-02
Beam \oltage 113 kV . m
Efficiency 77.5% s 1 | Besls —
= 200009 A —
Output power 800 kW & | 1, 2605 —
., 15000 | 1
Beam perveance 0.25uP 2l 80000 —
E 10000 - 40000
Beam current 9.5A g J .
.. 5000 ]
Efficiency 84% ! t
0 T j I ! T ! T
(one-stage depressed 50 100 150 200
collector) Electron Energy/keV One-stage depressed collector
The energy distribution of spent electron beams
— = b b ! ‘l
PIC (Particle-In-Cell) beam simulation
-
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Fundamental

Preliminary mechanical design Physios

Januar ry 13 - 17,2025 £
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4200mm
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Conclusion

The high power test of high-efficiency klystron prototype has been
successfully completed, achieving a continuous wave (CW) output
of 803 kW and an efficiency of 78.5%.

The processing of C band 80MW klystron is under progress.

Processing and high-power test of the MBK will be conducted In
the near future.

Development of an energy recovery Kklystron based on high
efficiency klystron technologies is progressing.

-
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 Fundamental
~Physics .

Thanks for your attention!

e
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