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• Objectives

– Multiple RF power sources to test components for CLIC and high gradient requirements

• Xbox1 and Xbox2

– Existing setup

– Proposed modulator upgrade

– Structure testing with beam in CLEAR, Possible change to RF network to test 2 structures

• Xbox3

– Original design goal, existing setup

– Needed upgrade

• higher power klystrons

• High efficiency objectives for CLIC 380 GeV

– CERN initiative

– SLAC klystron Study

– Collaboration with industry

– Solenoid replacement 

– Compact two klystron modulator

• Need for RF windows

OUTLINE



Scandinova solid state modulators

Xbox1 and Xbox2

Parameters Specifications units

VKX-8311A

RF Frequency 11.9942 GHz

Peak RF power 50 MW

RF pulse length 1.5 µs

Pulse repetition 
rate

50 (100) Hz

Klystron voltage 410-470 kV

Micro perveance 1.15E-6

CPI Klystron (commercial SLAC XL5)



• Xbox1 

– Modulator installed since 2010 in CERN

– Initially with XL5 klystron now CPI

– LLRF getting ‘tired’, pulse compressor difficult to tune

– Using solid state 1.2KW klystron driver, more stable and 
reliable than original TWT

Xbox1 and Xbox2

• Possible upgrades

– Install  extra charging supplies to increase repetition rate 
to 100Hz

– Old LLRF system upgrade to same as Xbox2



• Xbox1 

Xbox1 and Xbox2

CTF3 LINAC _ decommissioned

CTF2

CLEAR

Xband Structure testing 

Dog leg Beam loading experiment
No longer available

New over-moded waveguide line to xband structure in CLEAR
Installation July/August
Allow beam loading tests in CLEAR



• Xbox2

– same configuration as Xbox1 for modulator and klystron, 
(modulator more recent generation)

– LLRF, National Instrument PXI development

– New generation pulse compressor 

• has been running very reliably this year, really good pulse to 
pulse stability

Xbox1 and Xbox2

• Possible upgrades

– Install  extra charging supplies to increase repetition rate 
to 100Hz



multi slot High Gradient Test Facility

Turnkey solution

Toshiba E37113 klystrons
Scandinova solid state modulators

Xbox3

Parameters Specifications units

E37113 

RF Frequency 11.9942 GHz

Peak RF power 6 MW

RF pulse length 5 µs

Pulse repetition 
rate

400 Hz

Klystron voltage 150 kV

Micro 
perveance

1.5



Xbox3

Initial concept Actual configuration

Missing some peak power to achieve full conditioning program
Higher power klystrons for same modulators?



High efficiency objectives for CLIC 380 GeV
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• Klystron based first stage CLIC 380 GeV
• Technical study and cost compared to two beam solution
• Will need high efficiency klystron development, (same peak power)
• Klystrons and modulators need to be installed in tunnel 

Would need two klystrons 
per 2 m of LINAC
Total 5800 klystrons !!

Power consumption 
important
existing solenoids 
(20kW x 5800 = 116 
MW)

Existing modulator 
footprint for 1 klystron 
Study needed for two 
pack klystron with 
similar footprint



High efficiency objectives for CLIC 380 GeV

Design # Cavities Beam Voltage Beam Current Output Power Efficiency

XL-5 7 420 kV 335 A ~ 50 MW ~ 38%

0.9 µK COM 9 – 11 363 kV 197 A > 50 MW > 70%

• SLAC study using COM method to increase efficiency of existing XL5

– financed by CERN

• Final paper design conclusions expected soon



High efficiency objectives for CLIC 380 GeV

• In parallel CERN continue high efficiency klystron study (see previous talk Jinchi Cai)

– ESS/FFC (collaboration ongoing with industrial partner)

– LHC klystron (study started for higher efficiency, higher power)
• needed for HiLumi LHC

– CLIC klystron 

• Initial study on low power Xband (Xbox 3) , 

• RF design completed instigating collaboration with klystron manufacturers  to 
design and manufacture complete klystron

• Will continue in same way for 50 MW tube



A reference

A. Yamamoto -180124

Replace existing solenoid with super conducting solenoid - Study instigated by Akira Yamamoto (KEK) 

High efficiency objectives for CLIC 380 GeV



A SC Model Magnet proposed

A. Yamamoto -180124

Design Parameters 

Superconductor
(T-operation) 

MgB2 (@ 20 K)

Current 50 A

Central  field 0.7 T

Stored energy ~ 10 kJ

Cryo-cooler applied
6.7 W @ 20 K
13.5 W @ 80 K 

AC Plug Power 

≤ 3 kW 
(< 1,5 
kW/Klystron in 
case of a  pair )

High efficiency objectives for CLIC 380 GeV

Already ~100 MW saving



A Possible Setup with the Klystron in Xbox2 at the CERN  

A. Yamamoto -180124

High efficiency objectives for CLIC 380 GeV



Cooperative Work
KEK: 
• Design and construct a prototype superconducting magnet compatible with the 

50 MW klystrons used in the CERN high-gradient test facilities and providing a 
significant energy saving compared to the existing normal-conducting solenoid; 

• Demonstrate the magnet performance and characteristics prior to the test with 
the klystron at CERN; 

• Deliver the prototype klystron to CERN; and 

• Undertake further design study for applications in future accelerator and other 
programs.  

A. Yamamoto -180124

High efficiency objectives for CLIC 380 GeV



SC Prototype Planning
• 2018 (Feb. – August) 

– Magnet design

– MgB2 superconductor fabrication and performance test 

• 2018 (May – Dec.) 
– Coil component fabrication and winding (Sept. ~ )  

– Assembly into cryostat

– Performance test 

• 2019 
– Magnet delivery and combined tests with Klystron at CERN

A. Yamamoto -180124

High efficiency objectives for CLIC 380 GeV



High efficiency objectives for CLIC 380 GeV

Two klystron modulator

Must fit into tunnel for 380 GeV solution (compact)

How can we do this ?



High efficiency objectives for CLIC 380 GeV
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High efficiency objectives for CLIC 380 GeV

High efficiency klystron , same power , lower voltage
Less volt seconds  means smaller pulse transformer

Optimise space in high voltage tank

SC Magnet (no integrated power supplies in modulator)



External Water 

Cooling System

Filament 

DCPS 0-

30A

Core 

Bias 

DCPS

HVPS

#1 - N

Control System Unit

P

o

w

er 

Di

st

ri

b

uti

o

n 

U

nit

L1
L2
L3

GND

Water Cooling Distribution

SW

#3

SW

#1

SW

#2

SW

#n

RF-

Source

RF-

Amplifier

Solenoid 

PS #1-3

Ion 

Pump 

PS 5X

Modulator 

>45 L/min

Collector 

>120 

L/min
Body

>10 L/min

Solenoid 

>10 L/min

Trig
Ipulse

Upuls

eRemote 

RS232

12GHz

400VAC5

0Hz 

Safety 

Interface

3-phase 

480VAC

1-phase 

120VAC

Local RS232

K2 Solid 

State 

Modulator

Pulse 

Transforme

r Oil Tank

RF 3GHz

3x185

A

CT

CVD

Water Flow Interlocks

Vacuum Interlock

Current Interlock

Wav

egui

de 

pres

sure 

Int., 

Arc 

Int, 

VSW

R 

Int. 

L1
N

GND

230VAC

50Hz

SCANDINOVA 

solid state modulator 

(two pack)

1.5 kV (d.c.)

Total x6

Total x2

Total x2

Total x2

Total x4

Total x8

Total x2

High efficiency objectives for CLIC 380 GeV



High efficiency objectives for CLIC 380 GeV



High efficiency objectives for CLIC 380 GeV



High efficiency objectives for CLIC 380 GeV



High efficiency objectives for CLIC 380 GeV



Water Flow Interlocks

High efficiency objectives for CLIC 380 GeV

Many other issues to consider
e.g. ~4500 m3 of oil in 11 km tunnel (fire risk)

Prospects and timeline

complete
• High efficiency klystron design completion
• SC solenoid testing at CERN

• Prototype CLIC module test stand  …. 2020 ->

• This may be accelerated if 3.5 GeV gets approved (A. Grudiev talk)
• But with existing klystron and solenoid



RF Windows

No high power Xband window commercially available (unless attached to klystron)

SLAC have made their own model 

Tentative commercial enquiries were made

High NRE and unit price cost
Some manufacturers gave very long delivery with no guarantee of performance

CERN and Synchrotron Trieste collaboration to develop and build prototype at CERN

Need RF windows to reduce reconditioning time of RF networks in the test stand 
after removal and replacement of components (structures, klystrons, loads)



RF Windows



RF Windows



RF Windows

Also considering 
double height WR-90 Kasakov type mode converter design
Bandwidth considerations
Fabrication tolerances (cost)



RF Windows



RF Windows



RF Windows

• Manufacturing drawings at CERN
• Order raw material
• Prototype braze of window to copper cylinder
• Build full prototype

Next Steps

 Discuss brazing of ceramic disc to copper 
methods with CERN experts

 Re-evaluate RF design after discussion on 
brazing method (Claudio)



Summmary

Thank you for your attention


