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Mativatiarandmpowerndemaachand

RF Powerr Dominates=s CEPC Energyy Consumptionon
30 MW per beamlh60 MW total RFpowerdemand
Klystronefficiencydirectly drivesoperationalelectricity costs
Improvingefficiencyis essentialfor long-term sustainableoperation
Objective

Maximizeklystronefficiencylbminimizegrid power

|
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R&Drequineraentnt

CEPCKlystronn R&D Targetss

Efficiency:
c/> I X ymrE: ot O0FlYR YfealuNRys [ 2
n W': [ wbapdppulsed Klystron)

h dzi LJdzi LJ2 6 SNXY p-bancaupgrafle) y n a2 6/

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

Achievedd: 60% >~ 78.5% Efficiencyy @ 650 MHEtzz / 800 KW/

23 MW reduction in CEPCpower consumption
High -efficiency klystron validated in CW operation

MBK development underway z 80% efficiency expected soon

These: achievements layzaysolicd folindationfonfuttve: future:
Energy recovery technology (ERK)
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R&ID Stratagee

s Continuous:impngvement imefficiencyiency

s Fullyy establishedd R&D chaim:
Design Y fabrication Y testing Y industrialization

s Transitioon framn  comventionalal t® nextt-generationn
klysttonn systemss
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P handdklystrefiron
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I 650 MHZ highy h-efficieacy klsiromdimélime:line

a Efficiencyy-onientedgrototypeyiteratioration
2016 | 2017 | 2018 | 2019 | 2020 | 2021 ‘ 2026 | Prototypes

Stepl 62% 1st
0
Step3 X % 3rd

B Multiplele pnatotypeses developedd andl testedd to ensure: robustt penformancece
validationn.

R Continuousis optimizatianon im gum, cavitiess, magnetitic systen;, and! collestoor.

Bl Engineeringg improvements ts guidéed by highh-powerr experimentatal dataa.
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R&Dprogresssandhachievements:nts
5 650MHtzz klysttonn-developmenint roadmapp

Schemel(1 st prototype) Scheme2(2 ") Scheme3(3 ™)
Progress :
with Traditional Way High voltage gun MBK
& Low perveance
Manufacture Oct. 2017 Prototype manufacture Jan. 2021Prototype manufacture
Now: Klystron prototype
Test Mar. 2020 High power test at IHEP Aug. 2024: CW 803kW with Eff. 78.5% manufacture is in progress
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MBK Wihdow Manufacturing and testingesting

4 Improvedd ceramicc windoww sealingy and! reliabilityty achieveekd.

s Windoww re-falirication complétedd withh enfrancedd brazingg technoldgy)y.

a Higihh-pewerr vacuumn bakingg scheduledd t@ resumee thiss yean.
— - — -

Final assembly Window re -fabrication
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efficiency

1.0

Ultimay https://cerncourier.com/powering-into-the-future/
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C handdklystretron
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I C- bandi8BIMVWWHIighg h- pawer kiysteanon

s Baselinecupgradelforf GECE° C Linac:

i Out put power: 50 Y 80 MW ( +60 %)
iOne klystron Y 4 structures

I Device count reduced by >30%

I Fabrication ongoing / high-power test: this year

4 Majoricosts& Complexityxeductiondnion in Linac: RF systemm
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R&Dprogresssandhachievements:nts

Parameters value
Frequency 5712 MHz
Output Power 8OMW
Drive power 350w
Gain 54 dB
Efficiency 47%
3dB bandwith +10MHz
Beam voltage 420 kV
Beam current 403 A
Focusing field ~0.27 T maximum

Physics design review Part manufacturing Cavity cold test
May.12 2024 Oct. 15 2024 Apr. 14 2025
Mechanical design review Gun and cavity manufacturing
Aug. 12 2024 Feb. 28 2025
. Mechanical processing and manufacturing are in progress .
® Highh-pawerr tesit is expected to be carried out thiss yean.
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S bandchighefficiéhcyeklystrenystron

0 ( 2860MHZ/8ANINV/R00KZ/4us/S6%5 5 %

2026/1/13 IAS Program on Fundamental Physics (FP 2026), Januby 2226 14



l S-bancthitjh h-efficisany Kljétromon

5 Supportss CEPC Linac:, BEPCIl upgradess andl demesticc
accelenatonr demandd.

4 Targett: 80 MW, 55% efficiencyy.

5 Beanm opticss and! thermah! desigm optimizedd farr
reliabilityty.
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]

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

Mechanical

5

manufacturing are in progress .

Cavity parts processing and cold

test have been completed .

& Higih-pawesrr testt is expected to
be carried out thiss yeanr.

5

2026/1/13
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Gun thermal analysis Magnet coil design Beam dynamics
Efficiency: 55%

Output power: 80MW

processing and

Cold test
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S bhanddPPMIKlystyartron

o (2856MHAZ/5OMW/58%3 %43
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Desigmstatiisis

o Compactt designm withh penmaneatt magnett fecusingg.

4 Higheer efficiencyy andl simplifieedd systemm comparedd withh solenoidd
tygess.

o CST simulatiomn resultss: 51.2 MWY, 53.8% efficiencyy.

a Fabnicationn t@ begim thiss yean.

S-band 50MW | Design " i
PPM Klystron | Specifications _ _
FEEETETER OTE Em e B --q
Beam \oltage 350kV
Beam Current 272A Beam dynamic
Frequency 2856MHz o
Tube Radius  13.8mm
Beam Radius 9mm

Output Power 50MW
Efficiency 53%

Klystron structure
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Energy vecovenyklysttonstron

o (650MHZ/8Q0KW/CWI85%5 7/ 3
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I Energyyrecoveryrklystron(&ERKR K)
» BERKConcept

I Energy recovery via multi -stage depressed collector (MDC)
I Recovers spent-beam energy rather than dumping as heat
I Substantial reduction in grid power demand

RF IN RF OUT
n / /7  Typical klystron

M
o — e N
§ ﬁ: ; ‘ _____ ]\ __T_ _ Energy recovery klystron

_________ L '
Kly PS ; Energy Recovery:

Bar o o o e S e e e
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ERK beamdynamies:s

Parameter Value e ]
Frequency 650 MHz | £ g "
Beam \oltage 113kV :; 37
Output power 800 kW ; 2 z
Beam perveance | 0. 25 %: é n
Beam current 95A | g ]

Efficiency(l stagelDG) ©%8°5 % E— N —

50 100 150 200 0 1 2 3 4 5
Electron Energy/keV Nunber of Electrodes

Energy distribution of spent electron beams Collector recovery efficiency

Fp O rikdide & béaAniwavR intératlioifor higheefficiency

RS R dzé}@ Eqmez@yffﬁngs@@n bép.tPJNg I R 2F 6KS a
MHEQ el edfdctSecoll STHEHSOthst@Se O2f £ SO0 2 NJ LI
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Colleston desigmandrthetmalianalysislysis

Beam Trajectory

B Il ¥UedNBBSdRsiglO2 2 f A Y I Beoaib fidh Yhalysis
PHRMSR 8205k K2 aLJ2 0 a

PHEIX T oSDdloNBn&el to thikiOize 2ebdibacksirda®ily 02 YA YV A
S ufprdzk ILIZ UNTIt A effigahpiargetl (RFO FedfoverS)F FA OA Sy O8
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Designmrexieww

G S S
B 2025.5.23

Physical design review Mechanical design review
May.23 2025 Jul. 6 2025

|
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Klysttonrbadycredesignign

[

A T
T T

!

Window

Magnet Coil 15

Increased size of Coil 15
., Extended window coupler

Enlarged support flange

I 00
2026/1/13
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| : f T High efficiency
. . =1 Ah _ Klystron prototype
> 5048mm <€ 1
& — ﬂ_l} ]
S —_ ‘ : 1 Energy recovery
g g H oo o Klystron with 1
= ’ stage DC
i 5 ) iy g ¥
—> 1606mMm <—
4719mMm <
> 5016mm <
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l Fabiitatiioststasus

Mechanical processing and manufacturing are in progress .
® Highh-pawetr testt is expected to be carried out im Sep. 2026>.
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Lengopuisédddystrontron

o(1.3GHZAOMWIA/Snisia6HZ0 Hz[3
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Beam dynamics

Parameters Value Parameters AJDISK KLYC CST
Freq.(GHz) 1.3 Power(MW) 10.7MW 10.3MW 10.1MW
H.V.(kV) 115 Eff. 74.8% 71.1% 69.9%
Current(A) 21%x6 Gain 47.7dB 48.6dB 48.0dB
Beam No. 6 :: :
Rep. Rate(Hz) 10 z 8 s 8 /
Pulse Width( ms) 15 fol — : - / |
Power(MW) " 43 w4 e # 4 e
Eff " 65% \A

100

200 300

400

37 /MHz
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Component design

ANSYS
192

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

Fabrication and high -power testing are planned to be completed by the: end!
off 2026>.

2026/1/13 IAS Program on Fundamental Physics (FP 2026), Januby 2226 29



2026/1/13 IAS Program on Fundamental Physics (FP 2026), Januby 2226 30



Design progress

Dedicated for high-power component validation:

I Windows, couplers, transmission elements
Supports 1.2 MW CW testing (1.5% klystron output)

Travelingwave resonator schematic |EEE———. ' Power Buildup Process | .
n

Matched Load
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Design status

Waveguide WR1500 N s
Length ofthe ring 9.28m =
Coupling coeficeent 110dB @ """ %
Power C':'aimerectical 36.7 I — f’xf/ ) \\‘“““
Max. power gain 15.56 dB ol o
Max.temperature rise 3 8 I e L W

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

por

< port3 '

Temperature rise of Band TWRR

P-band TWRR fabrication planned this year.
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