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Design consideration GEP

P baﬂd k|yStrOn fOI’ CEPC CO”IdeI’ RF Tunnel Main Tunnel

Wall

Parameters Value e i

Freq.(MHz) 650 s @. @ ...... e | o
Klystron QTY. 120

Klystron power(kW) 800
1 to 2 SC cavity

Wall

C&S band klystron for CEPC Linac

EBTL: Electron hypass transport line TAS: Third accelerating section

ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section
FAS: First accelerating section SAS:  Second accelerating section
EBTL DR:  Damping ring

Parameters S C TRV,

Freg.(MHz) 2860 5720 . LRI f

50MeV  1.1GeVv 4GeV 200MeV 1.1GeV 1.1GeV 30GeV

KIyStrO n QTY. 3 3 2 3 6 . 102.4m e 243.5m 3?5:5m 80.9m Ill.lrrl . 1163.4m

Klystron power(MW) 80 50 S oom

RF structure distribution 1-to-2&1-to-4 | 1-to-2 s




R&D Status




RF Power source choice

The Collider beampower is more than 60 MW. The increasein efficiency of
RF power sourcesis considereda high priority issue

RF power sourcesefficiencies

Tetrodes IOTs Klystrons SSA Magnetrons
f range: DG;400MHz (2001500)MHZ |300 MHz; 1 GHz |DC¢ 20 GHz | GHz range
P class (CW): 1MW 1.2 MW 1.5 MW 1kW @ low f| <1MW
typical n: 85%-90% €lass ¢ | 70% 65% 60% 90%
Remark Broadcastechnology, Requires P Oscillator, not

widelydiscontinued combination of amplifier!

thousands!

High power klystronsare the more attractive choicebecauseof their high
S Y OA oy Godtand more stablethan I0Tand SSAor CEPCollider.



System overallefficiency CEP

CEPC Collider SRF Wall Plug Efficiency

Wall to PSM power supply/modulato®95%
Modulator to klystron 96%
Klystron to waveguide 5% ]
Waveguide to coupler 95%
Coupler to cavity ~100%
Cavity to beam ~100%
Overall efficiency ~65%

The critical factor is klystron efficiency

Much higher efficiency, less energy consumption.



Cost consumption CEPE,

Efficliency impact on operation cost (Only considering operation
efficiencyof klystrons)

CEPC at 800 RMB/MWh and 6000 hours/year

700

o | Save Money 84M RMB ; 1 year

500 -

I 65M RMB

400 -

300 -

200 -
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Excessive electricity bill, M RMB
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NOW Efficiency, %
1sttube

62%
FUTURE
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R&D strategy and plan (2016 to 2021) (¢=22&,

3 or more klystron prototypes
2016 | 2017 | 2018 | 2019 | 2020 | 2021 _ rototypes

Stepl[ | 1st

Step2 I | 2nd

Step3 L | 3rd

} more

Efficiency: 60% = === 70% ——-—-=* 80%



15t prototype high power testresults (£ Z7E&

el

E 700kWw CW and 800kWpuIsed power Wlth 62% efﬂuen_cy

Parameters Design| Test
Operating frequency (MHzl 650 | 650
Beam \oltagekV) 81.5 80 A‘/... ‘ - | P L /”’”lllll"
Beam Perveance (A % | 0.65 | 0.7 Bz DL A | “.‘:').M\\ XYFE
Efficiency(©o) 65 62
Saturation GairdB) U5 | 47
Output powekW) 800 | 800 | 4 .
1dB Bandwidth(MHz) | QL | 18 | [ g | High power test stand
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HE Klystron Milestone

E Jan, 2021 Klystron manufacturestarted

E Jul, 2021 Partsfabricationcompleted

E Nov, 2021 Gunprocessingndklystronbakingout
E Dec, 2021 Klystron deliveredto IHEP

E Mar., 2022 Klystron conditioningstarted

w Cold highvoltageconditioning
Y Cathodeactivation

y  High voltageconditioning

Y RFConditioning(Pulse@ndCW)

E Jul, 2022 CW 630kW/Eff . 70.5%
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Electron gun

Collector body



Electron gun processing

Cathode Temp. 975degreeC @Fil. 27V/6A




Klystron final assembly

Klystron final assembly
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