
Structure Design Structure Design 
and Manufacturing and Manufacturing 
and RF Sourcesand RF Sourcesand RF Sourcesand RF Sources

Chris Adolphsen SLACChris Adolphsen SLACChris Adolphsen, SLACChris Adolphsen, SLAC



The CLIC ‘vg1’: 1st CLIC Prototype
Collaboration between CERN,KEK,SLAC

8 structures,

ff4 different designs

Structure name CLIC_vg1

RF h d ll Δ [ ] 120RF phase advance per cell: Δφ [o] 120

Average iris radius/wavelength: <a>/λ 0.128

Input/Output iris radii: a1,2 [mm] 3.87, 2.53

Input/Output iris thickness: d1 2 [mm] 2.66, 1.25Input/Output iris thickness: d1,2 [mm] 2.66, 1.25

Group velocity: vg
(1,2)/c [%] 2.4, 0.95

N. of cells, structure length: Nc, l [mm] 18, 179

Bunch separation: Ns  [rf cycles] 7

Number of bunches in a train: Nb 121

Pulse length, rise time: τp , τr [ns] 127, 19

Input power: Pin [MW], P/C1,2 [GW/m] 81, 3.3, 3.2

Max. surface field: Esurf
max [MV/m] 304

Max. temperature rise: ΔTmax [K] 38

Efficiency: η [%] 23.7Riccardo Zennaro



Comparison of Damped and Undamped 
Structures and Technology

The vg1 family: 30 GHz

T18_vg2.4_disk 
C30_vg_4.7_quad

TD18_vg2.4_disk  C30_vg_4.7_disk (tested)

T18_vg2.4_quad 
HDS_4_thick

TD18_vg2.4_quad

NDS_4_thick

HDS:

Direct comparison of technology (quadrant/disk)

HDS: 
hybrid 
damping

Direct comparison of dumped/undamped structures

Riccardo Zennaro



Ten Cell Test Structures – Explore a,d Space
In red: 11.4 GHz new structures

In blue: 30 GHz new structures (scaled values for a and d)

d [mm]
a [mm]

2.79 2.13 2.00 1.66 1.37 1.25

2.53 Vg: 0.7% CLIC _vg1g _ g
output 1.0%

2.85 T53 output
1 0%1.0%

3.0 CERN-X
1.1%

Vg: 1.35%

3.87
3.89*

Vg: 2.25%
(*)

30 GHz 2π/3 
≈2.6%

T53 input
Vg: 3.3%

4 38 30 GHz 2π/34.38 30 GHz 2π/3 
4.7%

5.00 30 GHz 
π/2 7 4%

30 GHz
2π/3 8 2%π/2 7.4% 2π/3 8.2%

(*) not very different from input vg1 (d=2.79; a=4.06)
Riccardo Zennaro



Parameters of Second CLIC Prototype 
(‘CLIC-G’)

Frequency: f [GHz] 12

Average iris radius/wavelength: 
<a>/λ 0.11

3 15Input/Output iris radii: a1,2 [mm] 3.15, 
2.35

Input/Output iris thickness: d1,2
[mm]

1.67, 
1.00

N. of reg. cells, str. length: Nc, l
[mm] 24, 229

Filling time, rise time: τf , τr [ns] 62.9, 
22.4

Pulse length: τp [ns] 240.8

Input power: Pin [MW] 63.8

Pin/CtP
p

1/3[MW/mm ns1/3] 18

Max. surface field: Esurf
max [MV/m] 245

M t t i ΔTmax [K] 53Max. temperature rise: ΔTmax [K] 53

Efficiency: η [%] 27.7

Alexej Grudiev 



Waveguide Damped Structure g p
(WDS) Cell Geometry

• Minimize• Minimize 
E-field

• Minimize 
f ldH-field

• Provide 
good HOMgood HOM 
damping

• Provide 
goodgood 
vacuum 
pumping

Alexej Grudiev 



Re-Circulation Re-Visited
RF-to-beam efficiency can be increased by ~ 12% (from 27.7% to 31 %)

PETS peak power reduction by ~ 16% will also bring a number ofPETS peak power reduction by  16% will also bring a number of 

advantages.

The development of the “simple” electrically controlled high RF powerThe development of the simple , electrically controlled high RF power 

phase shifter can significantly increase the flexibility and value of the system.

Igor Syratchev



Quasi-Optical Accelerator Structure Based on Synchronized Modes
A very high accelerating field should exist when a bunch enters in cavity. Whole time 

E-field E

y g g y
till the next bunch this field near axis of cavity is not necessary, and preferably it 
should be close to zero.

E field
bunchesE||

v     bv     b 1

2

bunches
t3

Acceleration of moving periodic bunches
1 - ideal field dependence on time,
2 - field dependence in conventional single-
frequency accelerating structure,)exp()( tiatE ω⋅=∑

Acceleration of moving periodic bunches 
by uncoupled cavities operated with 
synchronized eigen modes

3 - field in multi-frequency accelerating structure..
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Such solution requires an equidistant 
spectrum of eigen modes!

Sergey Kuzikov



Photonic Band Gap Accelerator Cavities

Natural photonic 
band gap structuresg p

Fundamental mode
Confined in the defective zone
Resonance frequency: 16.28 GHzResonance frequency: 16.28 GHz

Higher frequency modes
At least 20dB below the first mode

The Bragg diffraction induced by photonic structured butterfly wings filters the light 
spectrum reflecting the wavelengths in the band gap: this produces various color effects

Vittorio Vaccaro



Manufacturing Accuracy of Milled Parts for 
CLIC Q d t St t (1 i l)CLIC Quadrant Structures (1 micon goal)
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KEK is Working with Industry to 
F b i Q d SFabricate Quadrant Structures 

• HITACHIHITACHI
– Medical/nuclear (accelerator) group

• I I C
– Use experience as of IHI and ask Costem co.

• YASDA
– Excellent multi-axis milling machine maker

• Morikawa
V d hi h d t X b d di k f GLC– Vendor which served most X-band disks for GLC

• U-corporation
– Vendor of various precise machining parts for KEK



SLAC T28_VG2.9 (T26) Structure

Structure Layout
• Input uses existing universal coupler assembly.
• Input matching

Structure Layout 

Input matching. 
• Regular cups: 28 even number cups from T53VG3.
• Output matching.

O• Output uses existing universal coupler assembly
• Total 30 accelerating cells in the structure.

Juwen Wang



CLIC Power Extraction & Transfer Structure (PETS)
PETS parameters:
Frequency =  11.9942 GHz
Aperture = 23 mm
Period = 6 253 mm (900/cell)Period = 6.253 mm (90 /cell) 
Iris thickness = 2 mm 
R/Q = 2222 Ω
V group= 0.459C
Q = 7200Q = 7200
P/C = 13.4
E surf. (135  MW)= 56 MV/m
H surf. (135 MW) = 0.08 MA/m

(∆T max (240 ns Cu) = 1 8 C0)

HFSS simulations

(∆T max (240 ns, Cu) = 1.8 C )

E-field
H-field

reflection

To reduce the surface field concentration in the presence of 
the damping slot, the special profiling of the iris was adopted.  

isolation

PETS machining test bar Igor Syratchev



Pets-to-Structure Choke Flange
• Consists of a transition from rectangular to circular waveguide
• In between there is a choke that stop electromagnetic energy to flow

outwards and provide full transmission of energy to the other port
• This device is flexible and provides a place to produce vacuum

inside the waveguideinside the waveguide
• Being equipped with outside bellow it will provide the range of the 

possible  transverse orientations of the two waveguides

3D solid view of quarter of choke flange David Carrillo, CIEMAT



CLIC Hopes to Acquire a ‘Conventional’ Modulator, 
Kl t C 12 GH S i N t 2 YKlystron, Compressor, 12 GHz Source in Next 2 Years 

Modulator

Pulses
200 MW, 0 ... 100 ns
or

TWT

Klystron
50 MW

or
100 MW, 0 ... 350 ns

Hybrid

50 MW
1500 ns
50 Hz

SLED II
N xistin kl st n t this sp ifi ti n• No existing klystron to this specification 

• Klystron will probably be scaled from 11.4 GHz model 
with solenoid focussing

• Already in consultation with klystron manufacturers to 
if t d ti d l f f t

• Final paramaters for modulator only after 
klystron model is chosen
O t h i f li t th t it hsee if  parameters and time delay for manufacture are 

achievable 
• Other european laboratories are interested in similar 

klystron (PSI, Trieste, Frascatti) 

• Open to choice of line type thyratron switch or 
solid state development

• Possible collaboration with other labs depending 
on thier timescale



30 GHz High-Power Gyroklystron
U=450 кV, I=180 А, τ=1.5 μs, frep=10 Hz

Electron beam

RF output

Fi t i t
RF input

First experiments:
RF power 6.5 MW,
gain 30 dB,
pulse duration 0 5 μs

Aim is to produce a source with 
parameters:
Power - 30 MW or more,

pulse duration 0.5 μs,
and efficiency 25% were achieved,
single pulse regime.

duration 0.5 – 1 μs,
efficiency 20-30%,
rep. rate – 10 pps.

Next experiments with a new cryogenic magnet and a new electron gun are planned 
in this year to demonstrate necessary repetition rate (10 pps).

Sergey Kuzikov



30 GHz Fast Phase Shifter for Pulse Compression
photoconducting layer

hν Si
Laser light

Switching time – 1-10 ns,
Relaxation time - ~500 ns,
Losses before switching - 5%.
Losses after switching- ~10-30%.

TE11 output

Focusing mirror

d

Laser beam

Focusing mirror

Lense

Circular Si disk

Copper mirror TE11 inputGaussian beam

Sergey Kuzikov



Low Power Test of a 30 GHz, One-Channel, 
SLED II P l C

1 12
SLED-II Pulse Compressor

TE02

TE03
TE01 TE01

3 3

2

3 3
1 – TE02 – TE03 mode converters, 2 – directional coupler TE01-

TE02, 3 – waveguide delay lines.

1 4

1.6

1.8

2 parameters calculation measureme
nt

Frequency, GHz 30 29.6-30
Qohm 25000 2·104

0.8

1

1.2

1.4

P
, a

.u
.

Qohm

Qload 2300 2000
Cr 7 7

Power gain G 4 5 3-4 5

0.2

0.4

0.6

Power gain G 4.5 3 4.5
Reflection R,% 1 3

Input pulse 
duration, ns

70 80

-20 0 20 40 60 80 100 120 140
T, ns

0 Output pulse 
duration, ns

10 12.5

Efficiency 63% ~60%Sergey Kuzikov


