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Abstract maximumenergygain of the beam in the linac is 540

] ] ) MeV. The NLCTA RF systenparameters aréisted in
The design for the Next Linear Collider (NLC) attgple 1.

SLAC is based ortwo 11.4GHz linacs operating at an  pownstream from the linac we have a magnetic
unloadedacceleration gradient of 50 Wim increasing to  gpectrometerthat can analyzethe bunch train after

85 MV/m as theenergy isincreasedrom 1/2 TeV to 1  acceleration. A vertical kicker magnet in thgectrometer
TeV in the center ofmass[1]. During the pasteveral provides a method for separating the bunches vertically so
years there has been tremendous progress on {h&t theenergyandenergyspread can be measuratbng

development ofl1.4 GHz (X-band) RF systems. These the bunch train. We can also measure the emittance in the
developments includeklystrons which operate at the gpectrometer and in the chicane.

required power and pulse length, pulse compression Table 1. NLCTA RF System Parameters
systems that achieve a factor of four power multiplicatiol parameter Design Upgrade
andstructures thaare specially designed to reduceng- Linac Energy 540 MeV 920 MeV
range wakefields. Together with these developments, We active Length 10.8 m 10.8m
have constructed a 1/2 GeV test accelerator, the NLC Teptacc. Gradient 50 MeV 85 MeV
Accelerator (NLCTA)[2]. The NLCTA will serve as a test Inj. Energy 90 MeV 90 MeV
bed asthe design ofthe NLC is refined. In addition to RF Freq. 11.4GHz | 11.4 GHz
testing the RF system, the NLCTA dlesigned toaddress No. of Klystrons 4 7

many questions related to the dynamics of the beam duringkjystron Power 50 MW 75 MW
acceleration, in particular,multibunch beam-loading Klystron Pulse 1.5psec 1.5usec
compensation and transverse beam break-up. |paiper RF Compression 4.0 4.0

we describehe NLCTA and present results fronmitial Structure Length 1.8 m 1.8 m

experiments.

In the next few sections we present an overview of the
1 INTRODUCTION NLCTA, and weconcludethe paperwith a discussion of
The Next Linear Collider Test Accelerator (NLCTA) iSresults from initial experiments.

a 42-meter-long beam line consisting consecutively, of an

injector, a chicane, a linac, and a spectrometer. 2 CONVENTIONAL SYSTEMS
The injector is a 150-Ke\gridded thermionic-cathode

gun, anX-band prebuncher, a captursection, and a

preacceleration s_ectior_L Downstream _from the injector vy are installed; thisincludesmagnets, beam position
have_ al {_nagnetlc chicane fdonglzumgal ﬁhasi'Spa(fﬂ monitors, vacuum systend all shielding and cabling.
manipulation, energy measurement and colimation. &l of the power suppliesareinstalledandtestedand are
the collimation, the average currenjectedinto thelinac operated routinely with the NLCTA control systawhich

is comparable to the NLC specification, 1.0 ncoul/1.4 n s an extension of the SLC control system The

The NLCTA linac consists (.)f up to S'X_1'8'meter'lon9hermionic electron gurand all injector solenoids are
X-band accelerator sections which are designed to SUPPIESS.1ad and tested Presently, the beam line tsder

the Iong-tr)an?he E%nfﬂv\?\/rsk? V\;akeﬂeldr; Thsietlons &€ yacuum with the two injector structures instalkaa two
powerec by thress- ystrons Wnos@Eak POWEr IS ¢ e six linac accelerator structures installed.
quadrupled by SLED-II rpulse compressors. Thygelds

an unloaded acceleration gradient of 5&/mM so that the

All the conventional systems for the NLCTA are
complete. All of the non-RF components in theam

1 Work supported by Department of Energy contract
DE-ACO03-76SF00515.
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3 THE RF SYSTEM

A schematic layout of the NLCTA RF system is
shown in Fig. 1. The beam is initially bunched with two
pre-bunchercavities at thefundamental frequency of
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
cells to capture the beam optimally.  Thenjector
acceleratorand prebunchersare powered by a&ingle 50
MW klystron compressed by a factor of 4 by a SLED-II
pulse compression systemAfter the chicane, the linac
consists of six 1.8 m-long structures (two presently
installed). Each of the first two pairs pwered by a
single 50 MW klystron. The final pair of structures and
final klystron will use the SLED-II compression system
in common with the middle pair of the linac.

XL—4 Klystron Test, 2/1/96
Efficiency 47.5%
Gain53.6 db

Beam
Voltage
450kV

] ] ] ] ] ] ] ] ]
0.5 us/div
Figure 2. High-Power test of XL-4.

7-96
8196A2

Several more klystrons of the XL-4 typeill be
producedfor the NLCTA. However, thedevelopment

® 11.4 GHz Disiribution 5 effort for NLC klystrons hasbeen turned towards the
% ] }‘ }; development of a periodic permanentagnet (PPM)
o - rL, focused klystron[4]. This eliminates the focusing
driver amp N/ N/ solenoid from the klystron whicteducesboth thecapital
TEn + andoperating cost significantly. The initial tests of the
(":" A !L_ﬁé??;?e first PPM Klystron have yielded up to 60 MW with about
,____'\\ upgrade 60% efficiency. This klystron powexceedgshe 50 MW
TEOL wave required for the 0.5 TeV NLC.
i guLIEE(-:Iémprrs_ l J-‘/ Tuner
== (40-m-long delay lines) U J\J .~ Resonant Delay Line
(TEoy)
Coupling Aperture
—25dB, ¥
;‘: [ :'I:T:I g ?{Ioo_cli_% ;)I'lr)ansducer

Pre- —
buncher Injector
cavities  (2x 0.9 m)

Linac (6 x 1.8 m)

2 3
X
3dB
Coupler

Waveguide
from Klystron

Waveguide

Legend to Accelerator

TE,q rectangular waveguide — TEy, circular waveguide  TE;,/ TEq, Transducer 7296
8196A3

Figrure 1. A schematic of the NLCTA rf system Figure 3. A schematic of the SLED-II rf compression.

4 KLYSTRONS 5 RF PULSE COMPRESSION

The NLCTA (and NLC) specifications call for a 50 A schematicdiagram of the SLED-II compression
MW Klystron operating with a 1.fisec pulse length (1.2 system is shown in Fig. 3. The klystrpower flows
usec for the NLC). Thudar the klystrondevelopment through a3-dB hybrid where it issplit to resonantly
effort at SLAC hasproducedfive klystrons that meet or charge two delay lines. After severalindtrip times the
exceedthe NLCTA specification [3]. In Fig. 2 you seeklystron phase idlipped by 180 degrees, aftewhich the
the output power of the fourth in the series, XL-4. It is power from the klystroradds tothe power emitted from
very robust klystron with a very stable output power. Athe delay lines to create a compressed pulse of RF power.
you can seefrom Fig. 2, XL-4 can produce a 75 MW In Fig. 4 youseethe results of lowpower and high
pulse 1.2usec long. Both XL-2andXL-3 also produce power tests of the injector SLED-II. Tlweld tests show

more than therequired 50 MW andall of the three
klystrons have the requiredbandwidth towork with the

SLED-II compression system. The first XL-4 klystron

the expectedpulse compression of foulnd the high-
power tests follow the cold tests quite closely.
All three SLED-IlIsystemshave been installed in the

has been installed on the NLCTA injector modulator aldLCTA, and the injector compression system and the first

is beingused topowerthe injector of the NLCTA. The

linac compresion systerhave been conditioned up to

secondXL-4 klystron has been installed in the first RFabout 180 MW output. The tests of the these 8L&D-

station of the NLCTA linac and is presently bemged to
power the first two accelerator structures of the linac.

Il systems have shown excellenperformancewith an
overall efficiency that exceeded our expectations.
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detunedstructure has been high-power tested up to 67
2007 Hiah Power (,.m 4 MV/m[11]. Thus far, the injector sections in the NLCTA
1 x4 L8 have been conditoned up to 55 Viin average
s 107 et 35 accelerating gradienwhile the first two linacstructures
= 1 —-SLEDII é’ have been conditioned up to 45 MV/m.
& 1004 - InputPulse t2 @
g 5 6.2 Damped-Detuned Structures
50 | = 1 % In order to further reduce the wakefield and the
] ; »’T L8 tolerances, it is necessary to provideme moderate
0 ‘ "““':uw 0 To

03 o g 1 9 damping for the higher-order dipole modes.

' T Timeqs) ' accomplish this wehave developed adamped-detuned
structure that uses four symmetricafilaced nanifolds to
provide the damping [12]. A schematic of the cell for the

6 RF STRUCTURES structure is shown irFi_g. 5. The structure cells are
coupled to four waveguides that doemedwhen the cells
The NLC requires acceleratostructures thatoperate gre diffusion bonded together. The dipole modeoispled
reliably \{vith an unloaded gradient of 50 MV/m for the 0.%t to0 the waveguide where is propagates to the end of the
TeV collider and 85 MV/m for the 1.0 TeMpgrade. The gtrycture to a load. Thischnique dampthe first dipole
NLCTA will serve as a model of this upgrade path in thg},odeswith Qs of about 1000. The signals from the

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

Figure 4. Test of Injector SLED-II system.

(see Table 1). Alignment Apertured
In addition to the gradient requirementthe NLC Groove Iris
structuresmust bedesigned tosubstantially reduce the Cavity

long-range transverse wakefieldsat can cause beam wall
breakup. Taachievethis 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-detunestructures;and finally, the last \(,f{;z‘r’%‘ge S Wit
pair will be damped-detuned structures. e Eiement
6.1 Detuned Structures Figure 5. A cell of the Damped-Detuned structure.

In a constantgradient traveling wave structure the  The first two damped-detunedstructures havebeen
irises are tapered tovary the group velocity irorder t0  constructed incollaboration with KEK[13,14]. The first
keepthe gradientconstant in spite of the loses in theyt these, DDS1, halseen tested ithe ASSET facility.
structure.  This taperingroduces avariation of the The results of the experimeateshown in Fig. 6. The
frequency ofthe first dipole modealong thestructure measuredong-range transverseakefield is reduced by
length that can be as much as 10%. @einedstructure mpore than twoorders of ragnitude realtive to the short-
takes advantage of this by changing the profile of the if8nge wake and agrees well with the theoretical
taper in order to create a smooth Gaussian-like distributigpedictions[my15]_ Finally, thenodesthat are damped
of higher-ordermodes. Thisleads to aGaussian like pave now been shown to yield a sensitive position

have succesfully testethis concept using probe and 100.

withess beams in thécceleratorStructure Test Set-up |
(ASSET) facility in the SLCJ8]. There arefour detuned 10. h
1 L

ﬁm’mﬂnﬂ'h

structures in the NLCTA.

6.2 High-Power Tests of Structures
0.

[

During the past several years we haegformedmany
high-power tests of different types of structures[9hese

Wake Function (V/pC/mm/m)

T‘(m‘llmﬁ.mwm}%ﬂuW\{H\T”LlwVLWWMW."’H%]ﬂmpl\ )
WM\ [y
‘ w\l\W1%’r\‘wm"‘ﬂ[

testsindicatethat surface fields up t&00 MV/m can be o0 10 20

obtained in copper structures At.4 GHz. Inpower- . s(m) i
limited tests, average acceleration gradients Bhort Figure 6. Tests of the Damped-Detuned structure. Points
structures haveeachedl20 MV/m[10]. The first 1.8 m are data while the curve is a theoretical prediction.
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7 BEAM LOADING EXPERIMENTS

Presently, were acceleratinpeam up to 60 MV in 2
the NLCTA injector and an additional 140 MV in the two =
installed structures of the NLCTA linac. This yeilds 200 é
MV in the spectrometer. <
The firstround ofexperiments in the NLCTAddress “%
the primary goal for beam dynamics studies: atteve an
rms energyspread of 18 with the NLC beam loading. I
To accomplish this it isiessesary to tailor the RF pulse g 2.0b
for one filling time so that it matches tlseady state 5’ ]
beam loaded profile for the desired current. All subsequent Py 0.0-
bunches then serve to keep the beam in the steady state. £ Lol
PHASE ﬂ m EFV H
MODULATOR NN o T R
1250 1300 1350 1400 1450 1500
RF Source Time (ns)
I Figure 9. Measured RF amplitude (top plot) and phase
El (bottom plot) out of SLED when the klystron drive was

phased to compensate 13% beam loading.

The measured RFoutput from the linacSLED-II
system is shown in Fig. 9. Tlamplitude is quite linear
while the phase changes over the raamp about 4
Beam degrees.

In order to measure the effect of this RF profile on the

KLYSTRON STRUCTURES . .
Figure 7. Layout of an RF station including the pha{ecceleratedaeam the NLCTA has beeequippedwith a

modulator which is controlled by the | & Q inputs. 'C"?r mag”‘?t upst_ream of the spefctrome_ter _magn_et which
provides a dipole fieldhat ramps linearly in timeluring

the 120 ns bunch train passage. In the plane of the
spectrometer profilemonitor, the vertical direction is
mapped toposition within the bunch train while the

SLED Il

This profile is closelymatched by asimple ramp of
the RF amplitude in the output from th8LED-II
compression system.  Tachieve this ramp in the horizontal position is mapped to the beam energy
NLCTA we take advantage of the addition of sevérak )

bins of RF in the SLED system. By varying the phase ikr)]ea:rm T(El.diﬁo xgzieeef;\;vfor%aseiséa?gse?:qczrggﬁ]nsatle:
a programmedmanner, the resultant RF outpfitom * P 9.

: L the uncompensated case, there is a large trandigntto
SLED-II can be a linear ramp, or any variation thereof. . L
A conceptual diagram of the fast phase variatiothe beam loadingifter which in the upper part of the
svstem is slfrJ\own i gFi 7 The hasepmodulator i ngre the beamieaches steadstate. In thecompensated
y 9. 7. P . case the transient has been completetpmpensated
controlled by land Q modulatorsdriven by an arbitrary ielding a 200 MeV beam with 1/3 Aurrentwith a full
function generator. The phase programming chosen 10F . . :
this experiment is shown in Fia. 8. Yee that the Spread ofabout 0.3% in relative energyTherefore,with
XP g. © 1/2 the desired average current for the NLC, it seems to be
resulting ramp of the RF amplitude in tlempressed uite straiaht dt &l b loadi
q ghtforward to compensai eam loading

pulse is quite linear. effects locally along the length of the linac.

200

560 1600 1500 —-»| |- 0.3% AE/E

Time (ns)
Figure 8. Phase profile (upper plot) of the klystron RF
drive and resulting SLED output amplitude (lower plot) Figure 10. Profile monitor images of the bunch train at
for 13% loading (solid line) and no loading (dashed). the end of the spectrometer.
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The kicker magnet haspreadthe 120 ns train length [7]
vertically with head ofthe train at the bottom. The
dispersion generated ltlie spectrometebendmagnet has
spreadthe electrons horizontally in proportion to their
energy with higher energy toward the right. The left image
was recorded with 13% loadirgpmpensation in thénac [8]
and right image with no linac compensation.
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