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Status of high-power X-band RF systems

development at CERN
| .Syratchev
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CLIC Project Implementation Plan 2012-16
S. Steinar, https://indico.cern.ch/conferenceDisplay.py?confld=239376

Define the scope, strategy and cost of the project implementation

LHC data crucial — also at nominal energy, re-baselinimg studies ongoing (375 GeV, ~1.5TeV, 3
TeV) —including more work on a klystron based initial phase

Costs, power, scheduling, site, etc.

Define and keep an up-to-date optimized overall baseline design thatcan
==== _ ==== achieve the scope within a reasonable schedule, budget and risk.

Overall design and system optimization, activities across all parts of the machine from
sources to beam-dump, links to technical developments and system verification activities

Identify and carry out system tests and programs to address the key
performance and operation goals and mitigate risks associated to the project
implementation.

Pricrities are the measurements in: CTF3+, ATF, FACET and related to the CLIC Drive Beam
Injector studies, addressing the issues of drive-beam stability, beam-loading experiments, RF
power generation and two beam acceleration with complete modules, as well as beam based
alignment/beam delivery system/ffinal focus studies.

Develop the technical design basis. i.e. move toward a technical design for
i crucial items of the machine — X-band as well as all other parts.

Priorities are the modulators/klystrons, module/structure development including significantly
more testing facilities, and alignment/stability studies.

A number of specific instrumentation and technical system studies.

|. Syratchev, CERN
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XBOX’es on the CERN map

XBOX1
In operation

' XBOX2
In operation

=

! experiment

Rg}glf.:./ %
N
111

|_|_|:|:ﬁ|n
A1 6 8 |

Ll
I-III1I

|
| e
T 1|'F|h~ o,

|
110 |||||
I.IIIIII IIIII l. II III IIIIIII III I-'hl

|
|
III
EESEEEEE SE LV EE )~ ol
I“IHHHHNIIHIHNNNII ||NFW:“ “a
LU LR LD 1L AT e, T

S e o O T e ol ol e e
LR LT LRl H”lllﬂ'HHHlNF‘%ﬁ* B
III_I.IIIIIIIII,;;]IIII'IIIII LETL Ta™s ;
|
|

[ | IIIf ot 1 B 1 B I I III] '""m '-
I B I I f11IIIIII I i I N [
e e R

LCWS14, 6-10 October 2014, Belgrade, Serbia. |. Syratchev, CERN



————

XBOX1 is up and running for almost 3 years

l. Syratchev, CERN
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The first commercial (CPl) 50 MW 12 GHz klystron is in operation in XBOX#1 since June 2014
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Dog-leg test RF network layout (overall measured RF transfer efficiency ~0.67)

) 50 mm circular

waveguide \
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GDL@-H ! High RF power X-band test station XBOX#2
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NI PXI CRATE

Glossary: PXI - PCl eXtensions for Instrumentation

PCI - Peripheral Component Interconnect
LCWS14, 6-10 October 2014, Belgrade, Serbia.

l. Syratchev, CERN
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Inside of XBOX#2 test area
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.. ph=0
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RF phase trigger:
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Basics of XBOX3 operation

Klystrons commutation using LLRF
phase triggers.

RF phase triggers positions

ph==

CH#1

ph=0

CH#2

CH#3

CHa4

4L 7 4L
CH#5 CH#6 CH#7  CH#8

By RF phase manipulation of klystrons (each
running at 400 Hz) we can established 4 testing
slots running at 100 Hz each.

|. Syratchev, CERN



Klystron/modulator

High Power RF network

!

Directional RF/wvacuum RF pulse T
coupler pumping port compressor
| RF load

|

RF /vacuum
gate valve

WR90 waveguide network

3 dB hybrid

°0 . .

24 MW x 4pus x 100 Hz

80 MW x 300 ns x 100 Hz

6 MW x 4us x 400 Hz

LCWS14, 6-10 October 2014, Belgrade, Serbia.
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Manipulating the RF pulse using phase modulation of

the klystrons pair and Pulse Compression.

PhM

PC, Q,=1.77x10°

3.5 us ->400 ns
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Making CLIC pulse shape
with two klystrons
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. Peak RF péwe/r{S.O MW!'S
\Sed voltage: 175
Pulse current: 115
Average poweraSU

Pulse length (#fai

Rep. rate: 400
|
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Modified K1 ScandiNova modulator

» Doubled width oil tank. To facilitate
installation of the Toshiba klystron which
has rather wide (J 0.7 m) solenoid.

» Additional cabinet (comes for free). It can
be used for Klystron RF driver amplifier,
Solenoid PS, lon Pump PS etc.

» New Control System that will simplify
integration of external parts and offer a lot
of new features.

» Flexible design (klystrons positioning) to
minimize the length of RF waveguide

circuit:

|. Syratchev, CERN
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3D layout/integration of XBOX3

|. Syratchev, CERN
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Manual resonant . SLEDX RF pulse compressor. Built at CERN.
frequency de-tuners \ 7

————

. Cavity operatingmode Hy ; 5,

//
/
' ’/‘ P
/ / Integrated cooling
8 /'/a. /

\ = Compact mode
Common vacuum 7 2z | launcher

circuit

Fixed tuners

Double-height -3dB hybrid,
made by CEA/CERN.

Objectives:

1. Compact (inexpensive).

2. Relaxed fabrication tolerances.

3. Fixed frequency tuners (frequency control by temperature).
4. Detuningoption.

LCWS14, 6-10 October 2014, Belgrade, Serbia. |. Syratchev, CERN
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Barrel open cavity pulse compressor (BOC)

P/

4 }
CERN S-band, 2001, @  PS! Chilly ™=

LCWS14, 6-10 October 2014, Belgrade, Serbia. |. Syratchev, CERN



i f 1 Compact RF/vacuum gate valve and vacuum pumping port
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Doubled-choke WG joint

E hoke/max (100 MW)=23.7 MV/m
(0.75xE, ., in WR9O0 )
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‘Simple’ -60 dB directional coupler
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The variable (mechanically) RF reflector.

S-parameters, dB
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|. Syratchev, CERN



S812, dB

SLEDII transmission spectrum

2x41.5m, 377 mm

Af=1/T

compressed
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Compression

Basic principle (S. Kazakov, 1992 )
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Correction Cavities Storage =

Cavity

The spectrum lines of long waveguide can be partially
imitated by limited number of individual correction cavities.

) = Only storage cavity should provide high Q-factor.
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ﬂb[@-” [RGT Two stages of RF pulse compression
2
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f | Compact inline distribution system. Original idea and design by Hao Zha.

Arbitrary coupling splitter concept:
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