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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.
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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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