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CLIC Klystron based. Updates 2017.
I. Syratchev
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Data acquisition

RF preamplifier

Cooling/stabilization
Vacuum systems

Intro. RF power station building blocks:

XBOX#2 example. Industrial components.

Efficiency:

Modulator:                    0.7
Klystron:                         0.4
Pulse compressor:         0.6
WG system:                    0.95
TOTAL:                             0.16

Average power for 250 ns x 50 MW 
x 50 Hz (0.625 kW) needed is 4 KW.

CPI tube convectional solenoid 
power consumption is ~20 kW. 
With this our total RF production 
efficiency today is only 2.5%.
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Prototype of the 75 MW X-band klystron with PPM focusing. SLAC 1996-2002.

PPM stack

Tests results. XP3-4

Beam integrated losses ~1.3%
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~17.7 m, 16.3 cm

x2-pack solid 
state modulator

59 MW
1.95 s

PPM klystrons

118 MW
1.95 s

492 MW
244 ns

2 m, 1.83 active

x 8 accelerating structures, 
100 MV/m loaded gradient

NLC based CLIC’k linac unit layout. 2012 version. 

TE01 900 bend

TE01 transfer 
line (? m) Inline RF distribution network

Common vacuum network

460 kV, 2 s flat top

x 4.64

(0.76)

(0.55)

(0.58)

(0.9)

Total RF production efficiency: 21.8%. 

x 4K pack NLC layout:
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Super hybrid

#1

#1
Input taper x2

#2

#2

Output taper x2

#3

#3

~29 m, 17.08 cm

Dualmoded SLED II  details
S. Tantawi et. al.

RF_DS
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New Pulse compressor with CC (Correction Cavity) chain
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SLED SLED-II

• Flat pulse (compared with SLED)
• Very compact (compared with SLED-II)

SLED + CC
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Portable PC with correction cavities. Syratchev & Wang. 

Storage cavity options:

Correction cavities chain

The first set of CC chain for XBOX-2 PC now is in fabrication in Tsinghua U (China), 
will be shipped to CERN and tested by the end of 2017. 

X-band SLED  (Xboxes) X-band BOC  (1994)
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133.8 kV, 12.55 A, 1.4 MW at 0.8 GHz, 80(+)%

High efficiency klystrons. 
New bunching technologies on one slide.

Core Oscillations Method  (5.75 m)

Bunching Alignment  Collecting, 2.44 m

Core Stabilization Method

COM

BAC

CSM

High Efficiency International 
klystron Activity

CSM_23B1, 1.72 m

CSM_2L3B3, 1.88 m
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The choice of bunching technology may drive the applicable 
frequency range and multi-beam options (cost/performance): 

L-band S-band C-band X-band

CSM/modest MBK

BAC/MBK

COM/single beam

LHC,FSS,ESS,ILC
CLIC, klystron based
X-band FEL

Medical/industrial/science

High perveance MBK HE tubes (!?)CLIC, TBA

1/10 MW

10-20 MW

5-50+ MW

50+ MW

Kladistron

S- Band BAC retrofit demonstrators:
- 6 MW, MBK: 42% -> 60%
- 65 MW (SLAC):  45% -> 54%
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Applegate diagrams for the electrons emitted at different radius:

r=0 r=0.5 Rbeam
r=0.9 Rbeam

1.4 MW, 0.8 GHz, Efficiency 80.0%

CSM_2L3B3. Full 3D simulations with Microwave Studio.

Beam intensity modulation:

Bunch saturation
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CERN/SLAC agreement has being signed.
The detailed results of the tube full optimisation 
(paper study) will be ready in 6(+?) months.
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modulator

RF/ klystron

CLIC klystron based. Updates. 

1. The klystron efficiency can be increased from 50% to 70(+)%.
2. Using SLED-type pulse compressor, the useful RF power 

production period can include the modulator rise time:

3. Compact SLED/CC pulse compressor:

NLC
Constant 
Joules

XL4 measured

Confidence area 

XL5

Overall  (from plug to AS) RF power production 
and RF transfer (tr=0.9) efficiency.

Example of 10 x CLIC_AS x 42.5 MW x 325 ns

mod=0.95
Kl=0.7

Tr
~ 

4
0

0
kV

/
se

c
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1.7 x 1.15 m2 footprint

DFM2, concept

500 kV, 0.5 kA, 1.6 ns

1.8 x 2.9 m2 footprint.

Top view

SLAC (2-pack)
KEK(2-pack)

CLIC’k Modulator:
2-pack
366 KV
0.530 kA 
1.65 sec flat top

These ‘compact’ modulators 
were developed back in 2004, 
but never have been build or 
tested to the full specs.

CLIC’k Klystron:
68 MW
µK=1.2 I/V3/2

1.63 sec flat top
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Common modulator
366 kV, 265 A

2x 68 MW
1.625 µsec

2 x 213 MW
325 ns

2 x Klystron

2 x BOC

10 x CLIC_AS x 0.25 m x 75MV/m

10 x 42.5 MW x 325 ns

Linac tunnel

Service tunnel
Load#1

Load#2

New CLIC’k RF unit layout

In a given (not yet fully optimised) example, the 
resent developments allow for substantial increase 
of RF power production efficiency (from 21.8% to 
30.5%) and significant reduction of the complexity 
and cost (factor 4?) of the RF distribution system 
together with improved reliability.

CC chain


