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Abstract

The design forthe Next Linear Collider(NLC) at SLAC is based on two
11.4 GHz linacs operating at an unloaded acceleration gradientNY/50
increasing to 85 MV/m as the energy is increased fronT@&2to 1 TeV in

the center ofmass[1l]. During the past several yearthere has been
tremendous progress dhe development ofl1.4 GHz (X-band) RF
systems. These developments includdystrons which operate at the
required power and pulse length, pulse compression sy#ta@machieve a
factor of four power multiplication and structures that are specially designed
to reduce long-rangevakefields. Together with these developments, we
have constructed a 1/2 GeV test accelerator,Nh€ Test Accelerator
(NLCTA)[2]. The NLCTA will serve as a test bed #® design of the
NLC is refined. Inaddition to testing the RBystem,the NLCTA is
designed to addressany questionsrelated to the dynamics of thmam
during acceleration, in particular, multibunch beam-loading compensation
and transversbeambreak-up. In thigpaper we describe the NLCTA and
present results from initial experiments.
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Abstract an unloaded acceleration gradient of M¥/m so that the
maximum energygain of the beam in the linac is 540
The design forthe NextLinear Collider (NLC) at MeV. The NLCTA RF systenparameters aréisted in
SLAC is based ortwo 11.4GHz linacs operating at an Table 1.
unloadedacceleration gradient of S3@V/m increasing to Downstream from the linac wéave a magnetic
85 MV/m as theenergy isincreasedrom 1/2 TeV to 1 spectrometerthat can analyzethe bunch trainafter
TeV in the center ofmass[1]. During the pasteveral acceleration. A vertical kicker magnet in thigectrometer
years therehas beentremendous progress on therovides a method for separating the bunches vertically so
development ofl1.4 GHz (X-band) RF systems. These that theenergyandenergyspreadcan be measurediong
developments includeklystrons which operate at the the bunch train. We can also measure the emittance in the
required power and pulse length, pulsecompression spectrometer and in the chicane.
systems that achieve a factor of four powarltiplication

andstructures thaare specially designed to reduckng- Table 1. NLCTA RF System Parameters
range wakefields. Togethearth these developments, we Parameter Design Upgrade
have constructed a 1/2 GeV test accelerator, the e Linac Energy 540 MeV | 920 MeV
Accelerator (NLCTA)[2]. The NLCTA will serve as a test Active Length 10.8 m 10.8m
bed asthe design ofthe NLC is refined. In addition to Acc. Gradient 50 MeV 85 MeV
testing the RF system, the NLCTA designed taaddress Inj. Energy 90 MeV 90 MeV
many questions related to the dynamics of the beam during RF Freq. 11.4GHz | 11.4 GHz
acceleration, in particular,multibunch beam-loading No. of Klystrons 4 7
compensation and transverse beam break-up. |ipaipisr Klystron Power 50 MW 75 MW
we describehe NLCTA and present results fronmitial Klystron Pulse 1.5usec 1.5usec
experiments. RF Compression 4.0 4.0
Structure Length 1.8 m 1.8 m

1 INTRODUCTION

The Next Linear Collider Test Accelerator (NLCTA) is  In the next few sections we present an overview of the
a 42-meter-long beam line consisting consecutively, of BILCTA, and weconcludethe paperwith a discussion of

injector, a chicane, a linac, and a spectrometer. results from initial experiments.
The injector is a 150-Ke\gridded thermionic-cathode
gun, an X-band prebuncher, a captureection, and a 2 CONVENTIONAL SYSTEMS

preacceleration section. Downstream from the injector we
have a magnetichicane for longitudinal phase-space
manipulation, energy measurement and collimation. Aft
the collimation, the average currénfectedinto thelinac

All the conventional system$or the NLCTA are
complete. All of the non-RF components in theam
fihe areinstalled; thisincludesmagnets, beanposition
monitors, vacuum systenand all shielding and cabling.

All of the power suppliesareinstalledandtestedand are
The NLCTA linac consists of up to six 1.8-meter-|ong P PP

. . . erated routinely with the NLCTA control systevhich
X-band accelerator sections which are designed to supprigps n extension of the SLC control system The
the Iong-Langrj]etrgér;)S\ﬁ\r;eklwakeﬂeld.h These;(ctlons A€ thermionic electrongun and all injector solenoids are
powered by thre&0- ystrons whosgea POWET IS istalled and tested. Presently, the beam line usder
qguadrupled by SLED-II rpulse compressors. Thygelds

! Work supported by Department of Energy contract
DE-AC03-76SF00515.



vacuum with the two injector structures instalia two klystronshave the requiredbandwidth towork with the

of the six linac accelerator structures installed. SLED-II compressiorsystem. The firsiXL-4 klystron
has been installed aihe NLCTA injector modulator and
3 THE RF SYSTEM is beingused topowerthe injector of the NLCTA. The

A schematic layout of the NLCTA RF system isecondXL-4 klystron hasbeen installed irthe first RF
shown in Fig. 1. The beam is initially bunched with tw§tation of the NLCTA linac and is presently bewnged to

pre-bunchercavities at the fundamental frequency of power the first two accelerator structures of the linac.
11.424 GHz. ltis then accelerated in two 0.9 m-long RF
structures with an unloaded energy gain of 90 MeV. The

first of these two injector structures hesveral low-beta éfl?;:?erlfcl)}/ Z%rgg}oT%t' 2/1/96
cells to capture the beamoptimally.  The injector Gain53.6db
acceleratorand prebunchersare powered by aingle 50
MW klystron compressed by a factor of 4 by a SLED-II
pulse compression systemAfter the chicane, thédinac
consists of six 1.8 m-longstructures (two presently
installed). Each othe first two pairs ispowered by a
single 50 MW klystron. The final pair of structures and
final klystron will use theSLED-II compressiorsystem

in common with the middle pair of the linac. 450KV

L
819642 0.5 ps/div
Figure 2. High-Power test of XL-4.
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Several moreklystrons of the XL-4 typewill be
producedfor the NLCTA. However, thedevelopment
effort for NLC Kklystrons hasbeen turned towards the
development of a periodic permanemtagnet (PPM)
focused klystron[4]. This eliminates thefocusing

gﬁgleyj\vlg solenoid from the klystron whicteducesboth thecapital
andoperating cost significantly. The initial tests of the
guLIEgécl)mprrs first PPM klystron have yielded up to 60 MW with about
(40-m-long delay lines) 60% efficiency. This klystron powexceedghe 50 MW

required for the 0.5 TeV NLC.
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Figure 1. A schematic of the NLCTA rf system 3dB
Coupler Wy
4 KLYSTRONS Figure 3. A schematic of the SLED-II rf compression.

The NLCTA (and NLC) specifications call for a 50
MW Klystron operating with a 1.fsec pulse length (1.2 5> RF PULSE COMPRESSION
psec for the NLC). Thugar the klystrondevelopment A schematicdiagram ofthe SLED-II compression
effort at SLAC hasproducedfive klystrons that meet or system is shown in Fig. 3.The klystronpower flows
exceedthe NLCTA specification [3]. IfFig. 2 you see through a3-dB hybrid where it issplit to resonantly
the output power of the fourth in the series, XL-4. It is éharge two delay lines. After severalndtrip times the
very robust klystron with a very stable output power. Adystron phase idlipped by 180 degrees, aftewhich the
you can seefrom Fig. 2, XL-4 can produce a 75 MW power fromthe klystronadds tothe power emitted from
pulse 1.2usec long. BothXL-2 and XL-3 also produce the delay lines to create a compressed pulse of RF power.
more than therequired 50 MW andall of the three



In Fig. 4 youseethe results of lowpower and high initial decay ofthe wake field behindhe bunch[7]. We
power tests of the injector SLED-II. Tloeld tests show have succesfully testethis concept using probe and
the expectedpulse compression of foulnd the high- witness beams in thécceleratorStructure Test Set-up
power tests follow the cold tests quite closely. (ASSET) facility in the SLCJ[8]. There arefour detuned

All three SLED-lIsystemshave been installed in thestructures in the NLCTA.

NLCTA, and the injector compression system and the first

linac compresion systerhave been conditioned up tc®-2 High-Power Tests of Structures

about 180 MW output. The tests of the these two During the past several years we h@e@formedmany
SLED-II systems havehown excellenperformancewith  high-power tests of different types of structures[ghese
an overall efficiency that exceeded our expectations.  testsindicatethat surface fields up t&00 MV/m can be

obtained in copper structures Bt.4 GHz. Inpower-

limited tests, average acceleration gradients Bhort
200+ High Power Ry 4 structures haveeachedl20 MV/m[10]. The first 1.8 m
| :)S(tiD” m 5 detunedstructure has been high-powtssted up to 67
150 |3 924, MV/m[11]. Thus fe'\r., the injector sections in the NLCTA
s Cold Test e have been conditioned up to 58V/m average
= SLED Il 2 accelerating gradienwhile the first two linacstructures
g 100{ - Input Pulse L2 @ have been conditioned up to 45 MV/m.
& i g 6.2 Damped-Detuned Structures
501 - )'j i1 § In order to further reduce the wakefield and the
1 e ) = tolerances, it is necessary to provideme moderate
0 S ,_.._..r“"" =M o damping for the higher-order dipole modes. To
-0.1 0.3 0.7 11 1.5 accomplish this wehave developed adamped-detuned
Time (us) structure that uses four symmetricagilacedmanifolds to
Figure 4. Test of Injector SLED-II system. provide the damping [12]. A schematic of the cell for the
structure is shown irFig. 5. The structure cells are
6 RF STRUCTURES coupled to four waveguides that doemedwhen the cells

The NLC requires acceleratostructures thatoperate are diffusion bonded together. The dipole modedspled

reliably with an unloaded gradient of 50 MV/m for the 0.5 . . ' )
TeV collider and 85 MV/m for the 1.0 TeMpgrade. The structure to a load. Thigchnique dampthe firstdipole

NLCTA will serve as a model of this upgrade path in thggOd?SWith Qs of about 1000. __The Signals fro”? the
we will begin at thelower accelerationgradient and manifold can be used as a beposition monitor to align

eventuallyincreasethe gradient tothe required 85MV/m the structure to the beam.

Alignment Apertured
(see Table 1). Groove Iris

In addition to the gradient requirementthe NLC ——

structuresmust bedesigned tosubstantially reduce the Cavity
long-range transverse wakefieldsat can cause beam wall
breakup. Toachievethis reduction we have pursued two
basic types ohcceleratostructures, theletunedstructure
and the damped-detuned structure.yAs can see irFig.
1, there are a total of eight structures in the NLCTA. The
first two are one-half-length detuned structures.  The
secondpair arefull-length detunedstructures. Thehird
pair are damped-detunedtructures;and finally, the last
pair will be damped-detuned structures.

Groove for
6.1 Detuned Structures Water Tube Damping Waveguide

7-96
8196A8 Element

In a constantgradient traveling wave structure the ;
g g Figure 5. A cell of the Damped-Detuned structure.

irises are tapered tovary the group velocity irorder to

keepthe gradientconstant in spite of the loses in the
structure. This taperingroduces avariation of the
frequency ofthe first dipole modealong the structure
length that can be as much as 10%. die®inedstructure _ -
takes advantage of this by changing the profile of the ﬂ@e results of the experimeate shown in Fig. 6. The

taper in order to create a smooth Gaussian-like distributig}gasuredong—range transver_sm/akeﬂelq Is reduced by
of higher-ordermodes. Thisleads to aGaussian like more than twoorders ofmagnitude realtive to the short-

The first two damped-detunedstructures havebeen
constructed ircollaboration with KEK[13,14]. The first
of these, DDS1, halseen tested irthe ASSET facility.

ut to the waveguide where is propagates to the end of the



range wake and agrees well with the theoretical a programmedmanner, the resultant RF outpfiom

predictions[14,15]. Finally, the modesthat are damped SLED-II can be a linear ramp, or any variation thereof.

have now been shown to yield a sensitive position A conceptual diagram othe fast phase variation

measurement along the length of the structure[16]. system is shown in Fig. 7.The phase modulator is
100. controlled by land Q modulatorsdriven by an arbitrary

i function generator. The phase programming chosen for

\ this experiment is shown irfrig. 8. You seethat the

k resulting ramp of the RF amplitude in tlempressed

m K\ .ﬂ 200 |
Wl
s(m)

Figure 6. Tests of the Damped-Detuned structl?eints
are data while the curve is a theoretical prediction.
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7 BEAM LOADING EXPERIMENTS

Presently, weare acceleratingeam up to 60 MV in
the NLCTA injector and an additional 140 MV in the two
installed structures of the NLCTA linac. Thygilds 200
MV in the spectrometer.

The first round of experiments in the NLCTA address
the primary goal for beam dynamics studies: to acieve a
rms energy spread of $0vith the NLC beam loading. .
To accomplish this it is nessesary to tailor the RF pulse 0.0 . ' . . .
for one filling time so that it matches the steady state 0 500 1000 1500
beam loaded profile for the desired current. All subsequent Time (ns)

bunches then serve to keep the beam in the steady stat&!9Ure 8. Phase profilRupperplot) of the klystron RF

2.0
1.5
1.0

0.5

SCED Amplitude (au)

) drive andresulting SLED outputamplitude (lowerplot)
PHASE S el for 13% loading (solid line) and no loading (dashed).
MODULATOR RN =|S 1.5
r RF Source =|5 ~
HE Q
SE °
SE 2
> SE =
i :
1k <
% i
| Q ?
s L] [] =15 %\ 20t
l ‘ Beam _§’
| SLED Il o 00r
o I
KLYSTRON STRUCTURES £ 20l
Figure 7. Layout of an RF station including the phase I
modulator which is controlled by the | & Q inputs. aoll
1250 1300 1350 1400 1450 1500

This profile is closelymatched by asimple ramp of
the RF amplitude in theoutput from the SLED-II
compression system.  Tachieve this ramp in the
NLCTA we take advantage of thadition of severalime
bins of RF in the SLED system. By varying the phase

Time (ns)
Figure 9. Measured RFamplitude (top plot)and phase
(bottom plot) out of SLED when the klystraftive was
Hpased to compensate 13% beam loading.
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