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Stefan Choroba gave an overview of the TESLA RF system. Particular interesting is the successful
high power test of the multibeam 1.3 GHz klystron and the careful analysis of the overall mains to
RF power efficiency.

Roberto Corsini presented the plans for the CLIC Test Facility 3. Thisfacility aims to demonstrate
the efficient production of 30 GHz power by means of the CLIC drive beam scheme.

Igor Syratchevs showed a scheme for producing a flat compressed RF pulse with a phase
programmed klystron and a single compact energy storage cavity (barrel open cavity). Although
this scheme is presently foreseen for use in the CTF3 drive beam accelerator it could as well serve
as a compact high power source for small linacs.

Peter Pearce gave a comprehensive overview of all the different klystrons needed in the present
CLIC scheme. Compared with TESLA the relative low number of high power klystrons seems
attractive, while the high number of special devices seems impractical (see table 1).

TESLA CLIC

ECM 0.5 TeV 3 TeV
drive beam accel erator others
Number of
136 of 5

Modulators & 560 364 :
Klystrons different types
average RF power per -
klystron 66 kW 500kW 10-500kW

Table 1 Klystron needs of TESLA and CLIC



THE TESLA RF SYSTEM

S. Choroba for the TESLA Collaboration
DESY, Hamburg, Germany

Abstract

The Tedla project proposed by the TESLA collaboration is a 500 to 800GeV
et/e- linear collider with integrated free dectron laser facility. The collider is
based on superconducting cavity technology. ~20000 superconducting
cavities operated at 1.3GHz with a gradient of 23.4MV/m or 35MV/m will
be required to achieve the energy of 500GeV or 800GeV respectively. For
500GeV ~600 RF stations each generating 10MW of RF power at 1.3GHz at
a pulse duration of 1.37ms and a repetition rate of 5 or 10Hz are required.
This paper describes the layout of the entire RF system and gives an
overview of its various subsystems and components.

1 INTRODUCTION

The TESLA project proposed by the TESLA collaboration is 33km long 500 to 800GeV et/e- linear
collider with integrated free eectron laser facility. It is based on superconducting cavity technology.
Details can be found in the TESLA Technical Design Report [1].

In this paper the TESLA RF system with emphasis on its high power part will be described. The
RF system consists of a number of RF stations converting AC line to RF power at 1.3GHz for the
superconducting cavities of the main linac and for the accderating structures of the injectors. In the
remainder of this paper the RF system layout for the 500GeV collider will be presented. The RF system
layout for the 800GeV upgrade differs almost only in twice the number of RF stations.

2. REQUIREMENTS

In order to reduce the cost and to improve the rdiability of the entire RF system the total number of RF
stations is chosen as small as possible, only limited by the maximum output power which can be
generated rdiably by a single RF source. The output power of one RF station is then distributed to a
number of accelerating cavities.

At a center of mass energy of 500GeV the peak RF power needed for one superconducting cavity
at full gradient and maximum beam current, i.e. 23.4MV/m and 9.5mA during the pulse, is 231kW. At
TESLA twelve 9-cdl cavities will be installed in one 17m long cryo module. The nominal peak power
needed for three modules with thirty-six cavitiesis 8.3MW. Taking into account a regulation reserve of
10% for phase and amplitude control and another 6% for circulator and waveguide losses 9.7MW are
required. The particle beam pulse consists of 2820 micropulses with a spacing of 0.337usresultingin a
macropulse duration of 950us. 420us are needed to fill the cavity with RF. Hence the RF pulse length
is 1.37ms. The repetition rate is 5Hz for the major part of the linac. At the low energy part of the e-
linac the stations will be running at a repetition rate of 10Hz for FEL operation.

3. BASIC RF STATION LAYOUT

Each RF station consists of subsystems required to convert AC line power to RF power and to
distribute the RF power to the cavities. A modulator converts AC line power into high voltage pulse
power. Its main parts are a high voltage power supply, a high voltage pulser unit and a pulse
transformer. A klystron generates pulsed RF power from pulsed high voltage power and a waveguide
RF distribution system distributes the RF power to the cavities and also protects the RF source from



reflected power. A low level RF system controls the shape, amplitude and phase of the RF. Various
auxiliary devices for the klystron and the modulator are also required. A control and interlock system
controls each RF station and protects the linac and the station in case of malfunction.

In order to provide RF power for al cavities at an energy of 500GeV, 560 RF stations in the
main linac are required. 12 additional stations will be installed in the main linac as spare stations.
Another 12 RF stations are required for the injectors. For the 800GeV upgrade the number of stations
of the main linac will be doubled to 1144. With the exception of the modulators high voltage power
supply and pulser unit, the RF stations will be installed in the tunnel with a separation of 50m (25m for
the 800GeV). The modulators high voltage power supplies and the pulsers will be installed in the access
halls, which have a separation of about 5km. The connection between the pulser and pulse transformer
will be accomplished by high voltage pulse power cables. There will be also additional cable
connections for the interlock system between the halls and the tunnd. The number of modulators per
hall will be typically 100.

4, THE 10MW MULTIBEAM KLYSTRON

For Tesla a new developed 10MW multibeam klystron was chosen as RF power source. Comparison of
different types of klystrons constructed and built so far have shown that a low microperveance p of the
klystron electron beam defined as 10° x 1/V¥? (1=klystron beam current, V=klystron voltage) resultsin a
high efficiency [2, 3]. This is due to lower space charge forces in the beam, which make the bunching
easier and more effective. For a single beam klystron at very high output power the demand for high
efficiency leads to low microperveance and hence to very high voltage resulting in a reduced rdiability.
The solution is to use many small low voltage, low microperveance beams in paralld in one vacuum
vessd. This principle is utilized in the multibeam klystron. With a multibeam klystron an efficiency of
70% or more seems to be feasible whereas with a single beam 5SMW klystron a maximum efficiency of
just 45% can be reached.

Fig. 1 The multibeam klystron Thomson TH1801.



Figure 1 shows the multibeam klystron TH1801 produced by Thomson Tubes Electroniques [4].
In this klystron seven beams are produced by the cathode and accelerated by the klystron gun. Each
beam has a microperveance of 0.5. The beams share common cavities but have independent drift tube
sections. After RF extraction in the output cavity, the spent dectron beams are absorbed in the
collector. Two output waveguides are required to handle the RF power of 2 x 5SMW in the output
windows. The total height of the klystron is 2.5m. The multibeam klystron was successfully tested and
one klystron is now in use at the TESLA Test Facility (TTF). It achieved an output power of 10MW
with an efficiency of 65%. Table 1 summarizes the design parameters and the parameters achieved with
the prototype test. More detailed information can be found in [5].

The gain of 48dB means that the drive power is bdow 160W, and solid state amplifiers can be
used. They will be installed near to the klystrons inside the collider tunne. The klystrons will be
mounted in the horizontal position together with the modulators pulse transformer inside a container.
The complete assembly will be moved with the tunnds monorail system to its location inside the tunne
and installed below the walk way.

Tablel
Design and measured parameters of the multibeam klystron

Design  [Measurement
Operation Frequency 1300MHz | 1300MHz
RF Pulse Duration 1.5ms 1.5ms
Repetition Rate 10Hz 5Hz
Cathode Voltage 110kV 117kV
Beam Current 130A 131A
HV Pulse Duration 1.7ms 1.7ms
No. of Beams 7 7
Microperveance 35 3.27
No. of Cavities 6 6
RF Peak Power 10MW 10MW
RF Average Power 150kW 75kwW
Efficiency 70% goal 65%
Gain 48dB 48.2dB
Solenoid Power a4kw 6kW

5. MODULATOR

The modulator converts AC line voltage to pulsed high voltage in the 120kV range to be applied to the
klystron cathode. The pulse shape must be as rectangular as possible. The flat top ripple should not
exceed +£0.5% in order to limit phase and amplitude variations of the klystron RF output. The rise and
fall times of the pulse should be as short as possible in order to maximize the total efficiency. The
pulse-to-pulse stability must be better than +0.5%. In case of klystron gun sparking the energy
deposited into the spark must be limited to a maximum of 20J. The modulator requirements are
summarized in table 2.



Table2
Modulator reguirements

Typical | Maximum

Klystron Gun Voltage 115kv 120kv
Klystron Gun Current 130A 140A
High Voltage Pulse Duration (70% to 70%) <1.7ms 1.7ms
High Voltage Rise and Fall Time (0 to 99%) <0.2ms 0.2ms
High Voltage Flat Top (99% to 99%) 1.37ms 1.5ms
Pulse Flatness during Flat Top <+0.5% +0.5%
Pulse-to-Pulse Voltage fluctuation <+0.5% +0.5%
Energy Deposit in Klystron in Case of Gun Spark <20J 20J
Pulse Repetition Rate for 90% of the Modulators 5Hz 5Hz
Pulse Repetition Rate for 10% of the Modulators 10Hz 10Hz
Transformer Ratio 1:12 1:12
Filament Voltage 9V 11v
Filament Current 50A 60A

Various types of modulators meeting these requirements are conceivable. It turned out that a
bouncer modulator consisting of a DC high voltage power supply, a pulser unit and a pulse transformer
seems to be the most promising solution regarding cost and ease of the design and rdiability [6].

Several modulators of the bouncer type were built and are in use at the Tesla Test Facility. A
very detailed description of the modulator is givenin[7, 8, 9, 10].

A modulator based on the SMES (Superconducting Magnetic Energy Storage) principle as a
possible alternative will be tested at TTF. Here a superconducting solenoid is used instead of a
capacitor bank for the intermediate energy storage[11].

The very degant solution of the bouncer modulator is sketched in Figure 2
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Fig. 2 Circuit diagram of the modulator (schematic).

In operation the DC power supply keeps capacitor C1 charged to the 10kV level. The output
pulse is started by closing switch S1 and connecting C1 to the pulse transformer primary.
Semiconductor devices like Isolated Gate Bipolar Transistors (IGBT) or Integrated Gate-Commutated
Thyristors (IGCT) can be used. The pulseis terminated after 1.57ms (1.37ms flat top +0.2msrise time)



by opening S1. The nominal current switched by S1 is 1.56kA. The primary pulse of 10kV is stepped
up to the klystron operating level of up to 120kV by the 1:12 pulse transformer.

During the pulse, capacitor C1 discharges by 19% of its initial voltage, putting an intolerable
slope on the output pulse. To correct the slope to the 1% leve without resorting to a 29mF capacitor in
the C1 location, a bouncer circuit is required. Thisis aresonant LC circuit, which creates a single sine
wave with a period of 5ms and an amplitude at the 1kV leve. The bouncer is triggered dlightly before
the main pulse so that the linear, bipolar portion of the cycle compensates the droop during the main
pulse. The size of the pulser unitsis 2.8m(L) x 1.6m(W) x 2.0m(H). They will beinstalled in the access
halls, typically 100 pieces per hall.

The output pulse of the pulser unit has an amplitude of up to 10kV. Therefore it must be
transformed to the 120kV level by means of a pulse transformer disturbing the rectangular pulse shape
as little as possible. The rise time of the high voltage pulse is mainly determined by the pulse
transformers leakage inductance, which therefore has to be as small as possible. Several transformers
with leakage inductances dlightly above 300pH have been built and operated at TTF. Some new
transformers having even less than 200uH are now available and will be used at TTF. The voltage leve
of 120kV requires that the transformer will be installed in a tank filled with transformer cil. The
klystron socket housing the klystron cathode will be installed in the same tank.

Although the total weight of the pulse transformer tank is 6.5t, its size of 3.2m(L) x 1.2m(W) x
1.4m(H) allows an easy installation inside the tunnd below the walk way together with the klystron.
Figure 3 shows a klystron and a pulse transformer during installation in the TESLA tunnd.
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Fig. 3 Klystron and pulse transformer during installation in the TESLA tunnel

The energy transport from the modulator to the transformer will be done via pulse cables. The
distance between the different service halls and the location of the pulse transformers inside the tunnd is



up to 2.8km. The required cross section of the copper current lead is 300mm? per conductor. In order to
transmit the high voltage pulse without significantly distorting the pulse shape, especially at the leading
edge of the pulse, the cable impedance must be matched to the klystron impedance, and the skin effect
must be minimized. Therefore four cables will be installed, each with a cross section of 75mm? and an
outer diameter of 30mm. The cable impedance Z, of the four cables equals 6.45Q. The cables are of
coaxial construction to prevent dectromagnetic noise, which might be generated by the cables, from
spreading inside the tunnd. The inner lead is at high potential (12kV). The outer lead is at the potential
of the bouncer circuit (+2kV). There is an additional shield of overall 16mn?. As insulation material
VPE will be used. Additional line matching to the pulse transformer will be done via a RC network. The
power losses on the cable will be 2% on average. Simulation results and further information on the
cablearegivenin[12].

The high voltage power supply, which charges the pulsers main capacitor, has to meet two
requirements. The capacitor has to be charged to an accurate value of voltage in order to abtain the
same voltage at the klystron from pulse to pulse. The low repetition frequency of 5Hz and 10Hz
respectively has to be suppressed in order not to produce disturbances of the mains.

Each modulator will have a separate switch mode power supply. The input voltage will be three
phase low voltage grid. The voltage output is 12kV, the nominal power of each power supply is 150kW
for 5Hz and 300kW for 10Hz repetition rate respectively. The power supply is built in modules, which
ensure a high rdiability. As switch mode units buck converters will be used. Series resonant converters
are a possible alternative.

The power supply regulation is a digital sdf-learning regulation of the input power, made
possible by the high regulation dynamic of the switch mode supply. In addition the voltage at the
capacitor bank at the firing time of the pulse will be regulated within 0.5% accuracy.

The size of a high voltage power supply is 1.2m(L) x 1.6m(W) x 2.0m(H). Further information
about the power supplies can befound in [13].

In addition to the main high voltage power supply auxiliary power supplies are required for the
operation of the klystron and the modulator. These are a power supply for the klystrons focusing
solenoid, a power supply for the klystron filament, vacuum pump power supplies for the klystron and a
core bias power supply for the pulse transformer. Since the klystron will be installed together with the
pulse transformer in the collider tunne, the auxiliary power supplies will be installed together in a rack
near to the klystron below the walk way in the tunndl.

6. EFFICIENCY AND POWER REQUIREMENTS

The klystrons must ddiver a RF power of 9.7MW when required. This takes into account the regulation
reserve of 10% for phase and amplitude control and 6% for losses in the waveguide distribution. To
alow for the regulation, the klystron must be run dlightly below saturation, and the efficiency drops
from the design (saturation) value of 70% by a few percent. Taking this into account, we assume a
klystron efficiency of 65%; a corresponding klystron voltage of 117kV is then required. The high
voltage pulse of the modulator meets this requirement during the flat top but not during the rise and fall
times. The pulserisetimeis of the order of 200us, however the average rise time of the HV pulse at the
klystrons will be above 200us because of the long cables between the pulse forming units in the service
buildings and the pulse transformer-klystron units in the tunnd.

Since the first 420us of the RF pulse will only be used to fill the superconducting cavities with
RF power the RF pulse can be started already during the rise time of the high voltage pulse. Although
the klystron RF output power during the rise time will be lower than during the flat top it can already be
used to fill the cavities. When the klystron voltage reaches 80% of the flat top voltage, ca. 100us after
the beginning of the high voltage pulse, the RF pulse can already be started. The klystron output power



at this voltage is about 4AMW. As a result of the changing klystron voltage the RF phase shifts by ca.
320° until the flattop is reached. This phase shift can be compensated by the low level RF.

With this method the rise time efficiency of the modulator, defined as the ratio of the energy per
high voltage pulse used for RF generation to the total energy per high voltage pulse, can beincreased to
96%. The dectronic efficiency of the modulator is 90%. We also take into account ohmic losses of 2%
in the pulse cables. This resultsin a total modulator efficiency of 85%.

In order to generate 9.7MW in a 1.37ms long RF pulse at 5Hz repetition rate an average AC
power from the wall plug of 120kW per RF station is required. In addition 14kW for the auxiliary
power supplies must be added. The total average AC power required for 560 active RF stations is
therefore 75MW. Table 3 summarizes the power requirements for RF generation in the main linac. For
FEL operation 6.7MW AC power must be added to these numbers.

Table3

Efficiency and power requirements of the RF system
RF peak power per RF station 9.7MW
Duty cycle 0.685%
IAverage RF power available per RF station 66kW
Klystron efficiency 65%
Modulator efficiency 85%
Total efficiency 55%
AC power per RF station 120kW
Auxiliary power per RF station incl. LLRF and 14kwW
waveguide tuner
Total wall plug power per station 134kW
Number of active stations 560
Total wall plug power 75MW

7. MODULATOR AND KLYSTRON PROTECTION AND CONTROL

For the reliable and save operation of the RF system a comprehensive interlock system is necessary. In
the event of a klystron gun spark the energy deposited in the spark must be kept below 20J to avoid
damage of the klystron gun. The response to a spark will be an immediate opening of the concerned
IG(B)CT switch to disconnect the capacitor bank from the sparking klystron. The energy stored in the
transformer leakage inductance and in the power transmission cable is dissipated in two networks, one
at the cable end near the IG(B)CT consisting essentially of a reverse diode and a resistor. The second
one is made up by an 80Q resistor across the transformer primary and by a 100uF capacitor which
limits the peak inverse voltage at the primary to 800V when the IG(B)CT is opened. In addition a
crowbar is fired. Other important interlocks are control of cooling water flow and temperature, of the
focusing solenoid current, and a vacuum interlock. Other interlock conditions result from sparks in the
RF distribution system, reflected power, RF leaks, power couplers and from cryogenics.

In order to meet the different safety requirements, different interlock techniques will be used. The
interlock, which inhibits RF operation during tunnd access, is accomplished by a hard-wired system.
This will be made by two separate and independent systems, which switch off the klystron RF drive
power and the modulators high voltage power supply.

The technical interlock, which protects the linac and the RF station in case of malfunction, will
be realized with programmable logic controller (PLC) and system-on-programmable-chip (SOPC)
techniques. Today these systems are industrial standard techniques. Therefore knowledge in planning,



structure and programming is wel known. Hardware for almost all applications is available from
different manufactures.

Besides system protection and providing start up and shut down procedures for the RF stations,
the control and interlock system will offer a comprehensive diagnostics of the RF systems. It will allow
to measure and to diagnose actual parameters as well as to adjust set points within certain limits for
each RF station and its subsystems and to react to different fault conditions in a flexible manner.
Communication with the accelerators main control will be accomplished by VME bus.

The interlock system will be divided in two units, oneinstalled in an dectronic rack in the tunnel
near to the klystron and ancther installed near to the pulser and the high voltage power supply unit in
the access hall. Connection and communication between these two units are accomplished by glass fiber
cables, which allows fast transfer of the interlock signals. The interlocks of each unit are summarized
into categories. Only these sum interlocks will be exchanged between the units and therefore the number
of fibers connecting both units is limited to ten. Each unit is connected via its own VME bus to main
control.

8. RF WAVEGUIDE DISTRIBUTION SYSTEM

The 10MW multibeam klystron has two RF output windows and has to supply thirty-six 9-cell cavities,
which are installed in three modules. Therefore the RF distribution is based on two symmetrical
systems, each supplying eighteen cavities. For the RF distribution a linear system branching off
identical amounts of power for each cavity from a single line by means of directional couplers will be
used. It matches the linear tunnel geometry best and leads to lower waveguide losses than a tree-like
distribution system, because long paralld waveguide lines can be avoided. Such a system is already in
use for the HERA superconducting RF system and has also been successfully tested in TTF.
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Fig. 4 RF waveguide distribution of one RF station

Circulators are indispensable. They have to protect the klystron against reflected power at the
start of the RF pulse during filling time of the cavity and at the end of the pulse. In conjunction with
load resistors and the power input coupler, they define the loaded cavity impedance as seen by the
beam.

Only 4% of the average power generated by one klystron will be lost in the waveguides,
additional 2% in the circulators. Thermal expansion will result in a RF phase shift of 6° and 12° for



operation at full power and pulse duration at 5Hz and 10Hz respectively. This can be compensated
easily by the waveguide transformers (three-stub waveguide transformer) installed between the
circulators and each cavity. The waveguide transformers provide an impedance matching range from
1/3Z\ to 3.0Zy, and the possibility of +50° phase adjustment. Each stub will be equipped with a motor,
which will be controlled by the low level RF system.

The RF distribution system will be equipped with several interlock sensors, for instance for
reflected power, sparking and RF leakage. Similar systems meeting these demands are in use at TTF.
Additional information on the design criteria of the waveguide distribution system can be found in [14].

0. LOW LEVEL RF

The low level RF system controls amplitude and phase in the superconducting cavities of the linac.
Fluctuations must be kept small in order to keep the energy spread below a maximum tolerable level of
5x10™. The main source for perturbations are fluctuations of the beam current and fluctuations of the
cavity resonance frequency due to mechanical vibrations and due to Lorentz force detuning. The
amplitude and phase errors to be controlled are of the order of 5% and 20° respectively as a result of the
Lorentz force detuning and mechanical vibrations. These errors must be suppressed by a factor of at
least 10. Long term variations (on the timescale minutes or longer) are counteracted by the use of cavity
frequency tuners while fast variations are counteracted by a fast amplitude and phase modulation of the
incident RF power. Since most of theses perturbations are of a repetitive nature, a fast feed forward
system can be used. For non-repetitive pulse-to-pulse and intra-pulse variations a feed back system is
required. The RF modulator for the incident wave is designed as an 1/Q modulator to control the in-
phase (1) and quadrature (Q) component of the cavity fidd. Each RF station has one RF modulator.
Therefore only the vector sum of thirty-six cavities can be controlled. More detailed information of the
LLRF system can befoundin[15, 16, 17, 18, 19].
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CTF3- A DEMONSTRATION OF THE CLIC RF POWER SOURCE

R Cordni for the CTF3 Sudy Team
CERN, Geneva, Switzerland

Abgract

The CLIC (Compact Linear Cdllider) RF power source is bassd on a new schame of
dectron pulse compresson and bunch frequency multiplication. In such a scheme, the
drive beam time gructure is obtained by the combination of dectron bunch trains in
isochronousrings The next CLIC Tegt Fadlity (CTF3) a CERN will bebuilt in order to
demondrate the technicd feesibility of the scheme It will dso conditute a 30 GHz RF
source with CLIC's nomind pesk power and pulse length, which can be used to test
acoderating Sructures and other RF components. CTF3 will be inddled in the area of
the present LEP preinjector complex and its condruction and commissoning will
procesd in dages over fiveyears In this paper we present an ovarview of the fadility and
provide adescription of the different components

1 INTRODUCTION

The CLIC dedign of an €€ linear cdllider aims & a centre of mass energy in the multi-TeV range. In order to
demondrate the feaghility of such a callider, a number of key issues mug be addressed and, whenever possible,
expaimentdly proven. Some of these issues ae common to ay multi-TeV collider (like the generation and
presarvation of gmdl-emittance beams, find focus and collimation problems and detector performance in a high
beamgrahlung regime), while athers are spedific to the technology chosen for CLIC.

The new tegt fadility CTF3 has been proposad in order to test mainly the issues spedific to CLIC, namdy
acoderation with high gradients (150 MV/m) in high-frequency (30 GHZ) normd-conducdting sructures and the use of
atwo-beam aocderdtion scheme to generate the RF power. The requested power is 240 MW per metre of linec length,
with apulselength of 140 ns A very efident and rdiable RF sourceis reguired in afrequency region above therange
of conventiond sources, like klystrons. The proposed scheme is basad on a high-current drive beam, with rdativey
low energy, running pardld to the high-energy main beam. The drive beam time Sructure carties a ¢rong 30 GHz
component and RF power is extracted from it periodicaly in Power Extraction and Trander Structures (PETS) and
tranderred to the main beam.

A novd scheme has been proposed in order to generate, trangport and make effidient use of the drive beam [1].
A long dectron bunch train with low bunch repetition frequency is initidly accderated using cavities with low RF
frequency, for which commerda sources are available: Effidency isof utmog importancefor CLIC, therefore the drive
beam is accderated in fully-loeded cavities, such that the RF power is fully converted into beam energy. The drive
beam bunches are then interleaved by injection in isochronous rings with transverse RF deflectors; therey increesing
the bunch repetition frequency and shortening the bunch train. Schematicdly, the drive beam can be thought of asan
intermediate energy-gorage device, converting long RF pulses of low frequency to short RF pulses of high frequency
and higher pesk power. The process is andogous to “sandard” RF pulse compression or dday digribution systems
with the advantage thet high compression ratios can be achieved with very low losses, and RF frequency multiplication
becomes possible

The main god of CTF3 is to demondrate the technicd feesbility of the key concepts of the new RF power
generdion stheme, that isthe generation of high-charge, high-frequency dectron bunch trains by beam combinaionin
aring usng transverse RF deflectors and operation with afully-loaded drive-beam accderator. CTF3 will dso be used
to test the CLIC criticd components and in particular will provide the 30 GHz RF power at the nomind pesk power
and pulse length such that dl 30 GHz componentsfor CLIC can betested & nomind parameters

2. CTF3DESCRIPTION

The project is basad in the PS Dividon of CERN with cdllaboration from ather Dividons, as wel as from INFIN-
Frascati, IN2P3/LAL & Orsay, and SLAC. Thefadlity will bebuilt intheexising LA (LEP Pre Injector) complex and



will make maximum use of equipment available following the end of LEP operation. In paticular, the exising 3 GHz
RF power plant from the LEPinjector Linec (LIL) and mogt of the LP megnetswill be used.

CTF3 will be built in gages over five years The new accderating cavities with very srong damping of the
transverse Higher Order Modes (HOMS), required in order to ensure the transverse gahility of the high current drive
beam, will nat be availdble before 2003. Thereforg, it is planned to perform & firg a low-current tet of the scheme,
using the presant acod erating sructures from LIL (CTF3 Prdiminary Phass). A new 80 ke dectron gun, necessary to
get the right time dructure for this experiment, was designed and condructed a LAL/Orsay. The expaimentd
programme of this phase will gart in autumn 2001, with the god to demondrate the funnding injection scheme and
bunch train compresson in an isochronous lattice: Since the beam current will be limited, the 30 GHz RF power
production and the study of callective effectswill only be possblein later pheses.

As the new hardware becomes available, it will beinddled in the LA complex. A second gage (CTF3 Initid
Phass), udng the new linac, will dlow atest of fully-loeded accderation and will have a limited power production
capability. Thefind configuration of CTF3 will be reached in the third stage (CTF3 Nomind Phese). A layout of the
fadlity initsfind configurationisshown in Figure 1.

Layout of CFT3 Nominal Phase
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Bunch Compressor

Hg. 1 Layout of thefind configuration of CTF3 (nomind phase).

2.1 DriveBeam Injector

The drive beam injector [2] isto be built in callaboration with LAL/Orsay and SLAC. SLAC provides the gun triode
and the beam dynamics design and LAL provides the gun dectronics drcuitry and the 3 GHz pre-bunchers The 1.6 s
long drive beam pulseis generated by a140kV, 9 A thermionic triode gun. The time sructure of the pulseis obtained
in abunching sysem composed of asat of 1.5 GHz sub-hamonic bunchers, a3 GHz pre-buncher and a3 GHz graded-
b travelling-wave buncher. The phase of the sulb-harmonic bunching cavitiesis switched rapidly by 180° every 140 ns
as nesded for the phiasa-coding operation described in [3]. In order to otain afast enough phiase switching time ( 4
ns), the RF power source for the sub-harmonic bunching system mugt have ardatively broad bandwicth (about 10 %),
centered & 1.5 GHz, and a peek power leve of up to 500 kW. Theresults of afeesibility sudy of abroadband klystron
thet satifiesthese requirements are presented d sawhere at this conference [4).

The bunches thus obtained are paced & 20 am (two 3 GHz buckets) and have a charge of 2.3 nC per bunch,
corregponding to an average current of 35 A, Asareallt of the phase switch of the sub-harmonic bunchers; the drive
beam pulseis composad of 140 ns sub-puilses, which are phiasa-coded and can be separated by transverse RF deflectors
working a 1.5 GHz

The drive beam injector is completed by two 3 GHz fully-loaded traveling-wave sructures (See Section 2.2),
bringing the beam energy up to 24 MeV. Sdlenoidd focusing with amaximum on-axisfidd of 0.2 T isused dl dong



the injector. A megnetic chicane with callimetors downdream of the injector will be used to diminate low-energy
beam tails produced during the bunching process. The chicane region will dso be indrumented to perform emittance
and energy spectrum meesLrements on the drive beam.

An dterndive option to the thermionic injector scheme destribed above, basad on the use of an RF phato-
injector, is dso under dudy as a patentid later upgrade for CTF3. The advantages of such a solution are andler
emittances in dl of the three phase gpece planes absence of low-charge paradite bunches in every second 3 GHz
bucket, and eesier tailoring of the 180° phase switching. A feasibility study was made by RAL/UK on the laser nesded
for such a scheme, with promising results [5], and expearimentd tests are dso undaway a RAL. The feeshility of
photo-cathodes with the required peformance in tams of average current has recantly been expaimentaly
demondrated & CERN [6]. Theinjector layout isshownin Fgure 2.
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Fg. 2 Layout of theinjector for thenomind phaseof CTF3. Theklysronsand the RF network are shown.

2.2 Drive Beam Accderator

The drive beam is brought to its find energy (180 MeV) in the drive beam acoderator, composad of 8 modules of 4.5
m length. Each module condgdts of two travdlingwave accderating dructures, identicd to the ones usad in the
injector, abeam pasition monitor, a quadrupole triplet and a pair of geering magnets Beam Smulaions have shown
thet the use of triplets provides good transverse beam gability during acoderdion despite the high beam current,
providing that HOMs are suppressed [ 7).

The requirements of fully-loaded gperation with abeam current of 35 A have leed to a 2P/3 mode traveling-
wave gructure design with about 100 nsfilling time. The dructures have an adtive length of 1.13 m and operaea a
loeded gradient (et nomind beam current) of about 8 MV/m, with an RFto-beam effidency of 97 %. For difective
uppresson of the transverse HOM two different structure designs have been developed. Thefird is derived from the
30 GHz Tapered Damped Structure (TDS) of the CLIC main beam [8], udng four waveguides with wide-band SC
loadsin eech acoderating cdl. The waveguides act as a highHpass band filter, Shce their cut-off frequency isabovethe
fundamentd frequency but bdow the HOM frequency spen. The Qvdue of the fird dipale mode is thus reduced to
about 18. A further reduction of the long-range wakefiddsis achieved by a soreed of the HOM frequencies dong the
dructure, obtained by varying the gperture from 34 mm to 26.6 mm. A full prototype of this sructure has been buiilt
and power-tested up to 40 MW (see FHgure 3). The sacond gpproach (caled SICA, for Sotted Iris Congant Aperture)
usss four radid dats in the iris to couple the HOMs to SC RF loads (see Figure 3). The sdection of the modes
coupled to the loads is nat made by frequency discrimination, but through the fidd ditribution of the modes, therefore
dl dipde modes are damped. The Qvdue of thefirg dipole modeis reduced to about 5. Also inthis case, afrequency
goreed of the HOMs is introduced in the sructure, by nose-cones of vaiable geometry. The gperture can therefore be



kept condant & 34 mm, o that a amdler anplitude of the short-range wakefidds is obtained. A prototype is under
condruction. The RF power is supplied by eight 30 MW Klystrons and compressed by afactor 2 to give a pesk power
a each dructure input of about 30 MW. The pulse compression system uses a programmed phage ramp to get an
dmogt rectangular RF pulse A very good amplitude and phese dability on the RF pulse flat top is required to
minimize the energy Joread dong the drive beam pulse  Also in this case, two gpproaches for the RF pulse
compression sysem are possible, based on pairs of high-Q resonant cavities, asin the present sysem used in LIL [9)],
or on sngle barrd open cavities Both gpproaches are described in detal dsaewherein this conference [10].

Hg. 3 Prototype of the TDS-type drive beam acoderator sructure (Ieft) and aprototype cdl for the SICA drive beam accderator
Sructure ( right). Notice the waveguide dampers gicking out of the TDS gructure and the nose cones and radid dots used for
dampinginthe SICA cdl.

2.3 Dday Loop and Combine Ring

After the linec, afird Sage of dectron pulse compresson and bunch frequency multiplication of the drive beam is
obtained, usng a transverse RF deflector a 1.5 GHz and a 42 m dday loop. The phese coded sub-pulses are fird
separated and then recombined by the deflector after every second one has been ddlayed in the loop. The processis
illustrated in Figure 4.
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Hg. 4 Schematic destription of the pulse compression and frequency multiplication process using adday loop and atransverse
RF deflector. The “odd” and “even” bunches are kicked in oppadte directions by the RF deflector. When the “even” bunches
come back after being ddayed, they are kicked by the deflector onto the same trgjectory asthe “odd’ ones Note that, in redlity,



the phase switch in the sub-harmonic buncher takes place over afew bunches rather than between two bunches as depicted above
for illugtration purposes. Thetime structure of the drive beam pulse before and &fter the dday loop isdso shown.

An 84 mlong combiner ring is used for afurther dage of pulse compression and frequency multiplication by a
factor five After the combiner ring, the drive beam pulseis 140 nslong and hesacurrent of 35 A. The 2.3 nC bunches
aregpaced & 2 cm. A chematic representation of theinjection process using apar of transverse deflectors et 3 GHz is
shownin FHgure 5. The dday line and the ring must bath beisochronousin order to preserve the bunch length.

The design of the dday loap, the combiner ring and the rdated beam lines is made by INFN/Frascati [11].
Isochronous magnetic lattices, with second-order correction of the momentum compection by sextupoles, have been
developed for both the dday loop and the ring. The ring cond s of four isochronous arcs, twio shart sections and two
opposite long draight sections for injection and extraction. The ring arcs are triplebend achromeats, with negetive
disperdon in the centrd dipole Wiggler magnets are used to adjudt the drcumference precisdly to a (N+1/5)-multiple
of the bunch pacing. Pratatypes of these wigglers are under congruction. A paterttid problem of the combination
process with high bunch charge is the muiti-bunch beam loading on the fundamenta mode of the deflecting cavities
Sudies have shown that the beam ability can be mantained by a proper choice of the deflectors and the ring
parameters[12]. The short bunch length and the high bunch charge put sringent reguirements on the ring impedance
and make coherent synchratron emisson a sarious issue The main effects are beam energy loss and energy goreed
increes2 In order to minimize these effects, the rms bunch length can be increased from its value of 1.3 mm in the
linec to amaximum of 2.5 mm in the dday loop and ring, by amagnetic chicane placed a the end of the linac. After
combingtion, the individud bunches are then compressed to about 0.5 mm rmsin amegnetic bunch compressor. The
drive beam pulseis then trangparted to the 30 GHz region, whereis usad to generate RF power.
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Hg. 5 Schematic description of the pulse compression and frequency multiplication by RF injection in acombiner ring. Thetwo
deflectors create atime-dependent loca bump of the dosed orbit in the injection region. 1) When thefird train arrives, dl of its
bunches are deflected by the second deflector onto the equilibrium orbit. 2) After one turn the bunches of the firgt train arrive in
the deflectors dose to the zero-crossing of the RF fidd, and Say near the centrd orbit. The second train isinjected into the ring.
3) The bunches of thefird train are kicked on an inner trgjectory, the second train bunches say inside the septum, and the third



train is injected. The process is repeated twice more. The five trains are now combined into a sngle one and the initid bunch
pecing is reduced by afactor five The RF period is now full, and the train mugt be extracted on the other Sde of thering; if nat,
the buncheswill gart hitting the sptum on the next turn

24 MainBeamand 0 GHzTex Area

A dnge 30 GHz decderating sructure, optimized for maximum power production, will be used in a high-power test
gand, where CLIC prototype accderaing sructures and waveguide components can be tested a nomind power and
beyond. Alternatively, the drive beam can be usad in a dring of PETS to power a representative section of the CLIC
main linac and to acoderate a probe beam. The probe beam is gengrated in a 3 GHz RF phato-injector and pre-
acoderated to 150 MeV udng dandard 3 Ghz accderding structures recuperated from LIL. It can be further
accderated to about 500 MeV in the 30 GHz CLIC acoderding sructures powered by the drive beam, operated & a
maximum gradient of 150 MV/m. This s-up will dlow to dmulae redidic operaing conditions for the main
building blocks of the CLIC linec.

3. IMMARY

In this pgper we have destribed the new CLIC Test Fadility (CTF3), under condruction a CERN. CTF3 will be built
in gages over the years 2001 - 2005. Its mein god is the demondtration of the new CLIC RF power source conoegt,
namdy the accderation of a long-pulse, hightcurrent dectron beam (1.6 Ny 35 A) in a fully-loaded linec, and its
compression and bunch frequency multiplication by a factor 10 using transverse RF deflectors and rings The power
Source conoegpt can be destribed as andlogous to RF pulse compresson in adday line digribution sysem (DLDS) in
which the enargy is temporarily dored in an dectron beam, with the fundamentd difference that frequency
multiplication and high compression ratios with low losses become possible. The resuiiting drive beam pulse (140 ns,
35 A) will be usad to generate 30 GHz RF power, with the nomind CLIC parameters, in resonant power extraction
and trander Sructures. The power will be used to test CLIC 30 GHz acoderating cavities and waveguide components
a full power and pulse length.
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Klystron-Modulators for the 3 TeV CLIC Scheme — An Overview
P. Pearce, CERN, Geneva, Switzerland

1. Introduction.

The CLIC (Compact Linear Collider) design is based on the Two-Beam technology [1,2] being developed
at CERN and the overall layout for a 3 TeV scheme is shown in Figure 1. The Drive Beam accelerator
design will have about 200 multi-beam klystron-modulator (MBK-M) RF power sources for each Drive
Beam linac. These multi-beam klystrons (MBKs) should provide up to 50 MW peak power at 937 MHz,
with a 100 ps pulse width and operating at 100 Hz repetition frequency. The CLIC Drive Beam injector
will also use a number of these MBK-Ms operating at slightly lower power levels. A 0.5 MW peak power,
468 MHz klystron with a bandwidth of around 150 MHz will be required for the sub-harmonic buncher in
each Drive Beam injector chain as well.
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Figure 1. Layout of the CLIC scheme for 3 TeV centre of mass.

The Main Beams injector complex is required to deliver " and e” beams at 9 GeV via the transfer lines to
the CLIC Main Beam accelerator. The present Main Beams injector complex layout [3] has a series of
linacs to accelerate the ¢ and e  beams generated by RF guns (and with a target used for the ¢” beam)
working at 1.5 GHz up to an energy of 1.98 GeV before they are put into damping rings. Each of these
beams then pass through a 3 GHz compressor before acceleration to the Main Beam injection energy of 9
GeV by a common 3 GHz Booster Linac. This paper describes the major parameter requirements and
configurations for the range of klystrons and modulators in the Drive and Main Beam linacs.



2. Klystron-Modulators for the Drive Beam accelerating sections.

A modular RF power system is being studied for the CERN Compact Linear Collider (CLIC) scheme
using pulsed high-power multi-beam klystrons (MBKSs) operating at a frequency of 937 MHz. Each RF
power module will provide up to 100 MW of peak power, during a 100 ps long pulse, for each accelerating
structure in a fully-loaded and conventional L-band linac. An RF module [4] consists of two 50 MW
MBKs, as in Figure 2, with their outputs connected via a 3 dB power combiner to a single, 3.4 m long,
travelling wave accelerating structure. Each 50 MW MBK will have a separate high-power modulator.

<o >
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s00kw U 100MW peak

average 1 MW average

Accelerating section
Figure 2. A CLIC Drive Beam accelerator RF Module.

A design study is being made with a klystron manufacturer to determine the feasibility of a 7 beam MBK,
operating close to the desired 50 MW output power. Table 1 shows some of the calculated parameters for
this tube. A first prototype klystron with 6 beams, and 25 to 40 MW output, with the design scaled up from
an existing 10 MW tube, is seen as a possible solution in the medium term.

Parameter Value Units
RF Frequency 937.5 MHz
Repetition frequency 100 Hz
RF pulse width 100 Us
Microperveance 0.5 /v"?
Number of beams 7 ny
Jmax 6 Alem’
Efficiency 65 to 70 %
Gain at saturation 243 dB
Klystron beam voltage 212 kV
Klystron beam current 342 A
Peak RF output power 47 MW

Table 1. MBK parameters

The Drive Beam modulator baseline design being studied (Figure 3) is a conventional line-type system.
The overall conversion efficiency from input AC wall-plug power to pulsed RF output power is
important. A high-efficiency switched-mode unit is proposed for the high voltage charging system, and a
double Rayleigh multi-cell pulse-forming network (PFN) is discharged by thyratron switches through a
step-up pulse transformer into the MBK load. Different solid-state switch modulator solutions are also
being considered including the replacement of the thyratron switches with IGBT or IGCT assemblies.



The parameters in Table 2 for the 100 Hz, 50 MW baseline klystron-modulator show that the overall design
has a relatively high PFN charging power, and high average thyratron switch current compared to existing
CERN and other standard S-band modulators.

Lb.
| 1 77— + Core
1t l > | * Bias
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{ ‘F PFN 5.75 ohms (2 x 33 cells) S2 w
Figure 3. Conventional line-type MBK-modulator design
Parameter Value Units
Modulator pulse width (FWHM) 108 Hs
Voltage pulse rise-time (10-90%) 12 Hs
PFEN voltage (max) 43 kV
Single PFN impedance 11.5 Q
Stored energy in PFN 8.5 kJ
Single thyratron peak current 1800 A
Single thyratron average current 19.5 A
Pulse transformer ratio 1:10 -
Pulse transformer volt-seconds 22.5 Vs
Table 2. Baseline modulator parameters
3. Klystron-Modulators in the Drive Beam Injector.

In the Drive Beam injector scheme of Figure 4, a thermionic gun is followed by a sub-harmonic bunching
system that provides a 10 MeV beam to the short injector linac. This linac accelerates the beam to 50 MeV
before injection into the Drive-Beam linac. The two sub-harmonic bunching cavities are driven by a low-
power, 0.5 MW klystron operating at a centre frequency of 468 MHz and instantaneous (1dB) bandwidth of
150 MHz, and with 100 ps output RF pulse width. The first buncher cavity Bl requires 1 MW of RF
power at the drive beam frequency of 937 MHz, with a 100 ps output RF pulse width.

Although MBK tubes are presently being considered for the injector klystrons, the two sub-harmonic
cavities could each be driven with single-beam klystrons (SBKs) of the above power and frequency. These
SBKs would have an extended interaction output cavity to obtain the 150 MHz wide bandwidth, as is
proposed for CTF3. The two SBK klystrons could also be powered from a single modulator, or
alternatively a single 1 MW peak-power SBK could be used. Both these klystron types would need to be
developed.

In operation, the phase of the RF power driving the SHB cavities is switched rapidly by 180° every 130 ns,
in order to produce a train of phase-coded sub pulses within the ~100 {1 s output RF pulse of the wide-
band klystron. This effectively shifts in time the alternate sub pulse trains to synchronise them for
deflection in the x2 delay by the 468 MHz RF deflectors and provides a means of separating the sub-pulses
after acceleration and keeps a constant current in the Drive Beam accelerator.

The pre-buncher cavity B1 could also be powered by a separate narrow-bandwidth, 1 MW peak, 937 MHz,
SBK. For a more economic solution, this RF power could be taken from the MBK module that drives the



buncher section B, and used to power the pre-buncher cavity B1 with a correcting shift in phase. The
modulators for these MBK tubes would be similar to those used for the Drive Beam accelerator (Figure 2),
whilst the sub-harmonic buncher klystrons would need a low-power version of this. More optimisation of
the RF power requirements and the layout for this injector are needed.

?j 468 MHz, ~ 1 MWSBK, 150 MHz bandwi dth CL| C | nj ect or
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Figure 4. Alternative CLIC Drive Beam Injector layout
4. Klystron-Modulators for the RF deflectors.

The drive beam accelerator pulse-compression scheme uses a series of RF deflectors that are driven by
high-power klystron-modulators. These RF deflectors are part of the scheme to create power at 30 GHz that
is distributed to the transfer structures feeding the Main Beam linacs. This high peak-power generation and
frequency multiplication process (Figure 1) starts with long (~100 pus) beam pulses that leave the drive
beam accelerator. Figure 5 shows the positions of the RF deflector klystron-modulators within the CLIC
scheme.
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Figure 5. RF deflector klystron-modulators in CLIC



These long beam pulses pass through a x2 delay-line combiner, where odd and even sub-pulses are
separated by a transverse RF deflector that operates at 468 MHz. The even bunch trains are delayed with
respect to the following odd ones by 130 ns. A second RF deflector, operating at the same frequency,
causes the sub pulses to be recombined, two-by-two, by bunch interleaving. The peak power of the beam
and the bunch frequency are doubled. A peak RF power of about 0.5 MW at 468 MHz, with ~100 ps pulse
width, is required from the klystron-modulator system at each deflector.

This same interleaving principle is used in the first combiner ring RF deflector, operating at the Drive

Beam frequency of 937 MHz, where the trains are combined in a four-by-four process. Two klystron-
modulators, each producing ~50 MW peak RF power at 937 MHz with ~100 ps pulse width will be needed
to power these two RF deflectors. A standard single MBK-M configuration can be used here as in Figure 6
below.

1
[Ph)
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windows
250 kW 250 kW
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Power
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250 kw !
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average

500kW average

SF6 RF

window

RF deflector section

Figure 6. RF deflector klystron-modulator for first combiner ring

The second combiner ring RF deflector system operates in a similar manner, but at a frequency that is four
times the Drive Beam frequency, or 3.75 GHz. Each deflector requires ~20 MW peak power and ~100 ps
pulse width. This manipulation also combines the trains in a four-by-four process. A lower-power
modulator with a 3.75 GHz klystron, similar to the configuration of Figure 6, can be used here.

The action of all of these RF deflectors is to create a time-dependent local deformation of the equilibrium
orbit in each ring. The overall process gives a multiplication factor of 2x4x4 (32) times the Drive Beam
frequency, producing a powerful multi-bunched 30 GHz electron Drive Beam that is distributed via the
transfer structures to power the Main Beam linacs.



S. Klystron-Modulators for the Main-Beam Injector.

The general layout [5] of the Main Beam injection scheme is shown in Figure 7. The scheme has two
production systems, one for electrons and another for positrons. The two beams are alternately selected and
accelerated by a common Injector linac before being directed towards the e or ¢” damping rings. A 7 GeV
Booster linac raises the main-beam injection energy to 9 GeV.
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Figure 7. Main Beam Injector layout
5.1 Electron production.

For electron production, the laser system and the photo-cathode RF electron gun will produce a low-charge
bunched beam of about 1 nC/bunch at an energy of 10 MeV at the gun exit. The RF gun operates at 1.5
GHz and requires ~10 MW peak output power from a klystron-modulator as shown schematically in Figure
8, and pulsed at 100 Hz with a ~4.5 ps pulse width. The use of a second RF photo-injector for the e” beam
is also envisaged. This could be used as a polarized ¢ source, or as a spare RF gun.

10 MW K
1.5 GHz —— Modulator
5 us, 100Hz

 E— R S—

Isolator

RF window

Figure 8. RF gun klystron-modulator



The 10 MeV beam from the gun is fed into the Pre-Injector Linac, also operating at 1.5 GHz. This provides
an energy gain of ~190 MeV, ie. an energy of 200 MeV at the exit of the linac. The loaded gradient of each
5 m accelerating section is about 24 MV/m. The RF power for the 100 Hz Pre-Injector linac can be
provided by a minimum of two klystrons, each operating at ~75 MW peak output power, and with a 4.5 ps
pulse width. The klystron pulse of 4.5 ps is applied to a pulse compressor (SLED-type) creating an output
pulse of ~120 ns width and of twice the peak input power. A possible configuration for this klystron-
modulator is shown in Figure 9.

80 MW Kklystron
1500 MHz
80kW average K1 L | Modulator
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Power
combiner
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Figure 9. Pre-Injector Linac 80 MW L-band klystron-modulator

5.2 Positron production.

The present scenario for positron production is shown in Figure 7. A photo-cathode RF gun and klystron-
modulator (Figure 8) produces a 10 MeV bunched beam with a frequency of 1.5 GHz and operating at 100
Hz. This is injected into the Primary Beam e” Linac working at the same frequency and repetition rate. The
electron beam is accelerated to an energy of 2 GeV. The Primary Beam e Linac has up to 24 of the 5 m
long accelerating cavities. These cavities operate with a loaded gradient of 17 MV/m. Positrons are created
in an electromagnetic shower by directing the 2 GeV electron beam onto a target of high-Z material. The
output pulse of each klystron is compressed using the klystron-modulator layout of Figure 9, as in the Pre-
Injector Linac.

53 Common linacs.

The common 1.5 GHz Injector Linac uses sections at a loaded gradient of 17 MV/m as in the Primary
Beam linac above. The Injector Linac is approximately 110 m long and accelerates the beam by about 1.78
GeV. It will also have up to 24 of the 5 m long sections and 24 L-band klystron-modulators, and will
accelerate both electron and positron beams to a final energy of 1.98 GeV before they are switched into the
damping rings. The klystron-modulator modules used in this linac can also be those shown in Figure 9.

The common Booster Linac operates at the S-band frequency of 3 GHz and accelerates by ~7 GeV. This
linac has a loaded gradient of 21 MV/m and will be approximately 350 m long in order to boost both
electron and positron beams up to an energy of 9 GeV. These beams are transported via transfer lines and
the 30 GHz compressors before injection into the Main Beam accelerator.



The Booster Linac will have about 112 sections, each 3 m long, and each requiring about 63 MW of RF
drive power to obtain an energy incease of 7 GeV with the 1A bunched beam. The klystron-modulators
provide a 9 ps RF pulse to the input of each SLED-type pulse compressor, so that two consecutive pulse
compressions can take place within this ~10 s drive pulse width. The first pulse is for the e acceleration
and the second for e acceleration using the compressed peak power 102 ns, 126 MW pulses in Figure 10.
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Figure 10. Double RF pulse generation with SLED

The simplest klystron-modulator RF module configuration to obtain reliable operation and have a minimum

of components in the high-power output could be the one of Figure 11. Here there are 56 RF modules, and

each module drives two accelerating sections using a 63 MW (70 MW) klystron, a pulse compressor with a

gain of two and a single 3 dB power splitter. Other configurations are also a possibility, such as driving

four sections from two parallel-operated klystrons but this requires installing a few more power splitters
and there could be a loss of flexibility in operation.
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Figure 11. Booster Linac Klystron-Modulator RF module



5.4

RF power for the Electron/Positron Guns.

The 10 MeV RF guns for ¢ and ¢” production have been shown with their own 1.5 GHz klystron-
modulator system (Figure 8). In order to reduce the number of klystron-modulator installations it is
possible to extract RF power from the first high-power klystron-modulator in the appropriate production
chain. Since the maximum amount of peak power required is less than 10 MW, this could be done as shown
in Figure 12, using a power splitter, attenuator and phase-shifting arrangement. This would also reduce the
number of types of klystrons that need to be developed for CLIC.

Figure 12.
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A high-energy, high-luminosity e’e” Compact Linear Collider (CLIC) is being studied at CERN as a
possible new high-energy physics facility for the post-LHC era. The CLIC design is such that energy
upgrades from the lower energy of 0.5 GeV through the optimised 3 TeV design, to 5 TeV can be made in
stages without any major modifications. The klystron-modulator designs need to take this into account. In
particular, the Drive Beam klystron-modulators will require their pulse width to be lengthened as the
centre-of-mass energy is increased but the actual hardware is exactly the same.

MDK RF System Number | Klystron Pulse width | Frequency | Peak Power Average

MDKs Type Hs MHz MW Power kW
Drive-Beam Accelerator 364 MBK 100 937 50 500
Drive-Beam Injector 16 MBK 100 937 50 500
Drive-Beam Injector 2 SBK, WB 100 468 1 10
RF Deflectors 4 SBK 100 3750 20 20
RF Deflectors 4 MBK 100 937 50 500
RF Deflectors 2 SBK 100 468 1 10
¢ Gun and Pre-Inj. Linac 2 SBK/MBK 5 1500 80 40
e "Gun and Inj. Linacs 26 SBK/MBK 5 1500 80 40
Common Inj. Linac 24 SBK/MBK 5 1500 80 80
Common Booster Linac 56 SBK/MBK 10 3000 80 80

Table 3.

Klystron-Modulator types required for the CLIC 3 TeV scheme




As a consequence the entire Drive Beam generation system has to be installed in the first stage of CLIC. A
list of the present number of klystron-modulators and the basic operating requirements of the klystrons for
the 3 TeV CLIC scheme are shown in Table 3. At the present time only the multi-beam 937 MHz, 50 MW
klystron and its modulator are being studied.
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