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the current up to 1 Abut this report primarilyaddresses
Abstract the injector commissioning at 0.5 A current.

The purpose of the Next Linear Collider Test
Accelerator(NLCTA) at SLAC is to integrate the new 2 BEAMLINE SETUP o
technologies ofX-band acceleratostructuresand RF The electronsre producedrom a DC HV thermionic
systems for the Next Linear Collider (NL@Jemonstrate gun with a grided 2 cAxcathode, operated at 10 HElat
multibunch beam-loading energycompensation and top electronpulses of up to 2 A, 20 to 130 nariable
suppression of higher-order deflecting modes, measure teagth, with a 5 ns risandfall time electronpulses are
transverse components of theaccelerating field, and generated from the gun by pulsing the grid. For a typical
measure the dark current generated by RF field emissionoperations we have been generating 0.5 A, 120 ns pulses
the acceleratof1]. For beam loadindR&D, an average at the gun. This pulse isunchedand choppedinto
current ofabout 1 A in a 120 ns long bunch train igunches in everx-band period bythe first prebuncher.
required. The initial commissioning of theNLCTA The bunching is further enhanced by the second
injector, as well as the rest of thkeeceleratothave been prebuncher and the first 0.9 ouncher/accelerat@ection.
progressing very well. The initidbeam parameters are The second 0.9 m section ised tofurther accelerate the
very close to theequirementand weexpectthat injector beam.
will meet the specified requirements bthe end ofthis One RF station, consisting of a single, 11.4G#z,
summer. klystron and a SLED 1l [3] system powers both
1 INTRODUCTION prebunchersand the two 0.9 m accelerator sections.

Much of the NLCrelatedR&D for X-band accelerator Independenphaseand anphtudg con_trpl IS avaﬂablg for
systemscan be accomplishediith a simple bunch train, €ach of the RF components in the injector [#jccording
with bunches oné&-band periodapart. Thus a simple t© S|_mulayon predpnons a gap voltage of 8 and 30 KV is
injector with only X-band components was chosen for th@quired in the first and second X-band prebunchers
first phase of NLCTA. The possibility afpgrading the respectively foroptimum bunching. Theradient in the
injector to produce the actual NLC bunch train format wasvo 0.9 m travelingwave sections should be about 50
taken intoconsideration duringhe design ofthe simple MeV/m including the beam loading compensatidBeam
injector. For example enough space was left in the tunnghding compensation is accomplished by introducing a
for additional beamline; magnet power supplies that wouldmp in the leading 50 ns of the RF pulse until ieam
need to run at higher current for thpgrade werenstalled o5 4ing reaches a steady state [5]. The plan is to condition
for the first phase. Thwndamentalfrgquency of the the injector system toperatewith 90 MW, 225 ns, RF
NLCTA as well as the NLC accelerator is 11.424 GHz. . ) .

power available to each of the 0.9 m accelerating sections.

The NLCTA injector consists of a thermiongun, . o .
two X-bandstanding wave prebuncherand two X-band Currently for steadyoperating conditions we run with

travelingwave acceleratorgnd diagnostics as shown in 155 MW, 225 ns RFpowerout of the SLED system.
figure 1. The phase velocities of the first three cavities éffter accounting for losses in tivectangular waveuide
the first accelerator are taperddom 0.6c to 0.9c to and coupling of RF into theprebunchersystems, we
accommodatethe less than cspeed ofthe electrons currently have 65 MW available for the injector
entering theaccelerator. Aftethe first few cavities the accelerating sections for routine operation. We Haaen
electrons reach the speedlight. Following theinjector  gple to achieve the 90 M\iequirement during processing
is a chicanevhich is currently set up to be isochronousgng expect to be able to run routinely at 90 MW soon.
Th_e prof_ile monitor in the high dispersion region of the Tphe magic-T type phase-shifter/attenuator for the
chicane is used to measuhe beamenergyspreadfrom  prepunchers [4] currently doot operate in an orthogonal
the injector. Current, beam position, profilbunch  fashion, becausehe prebunchers are overcoupledd are
length, energyenergy spreadand emittance monitors ot matched totheir respective ragic-T. This makes it
throughout the injector allow for tuningnd measurement very difficult to tune the bunchingarameters of the
of the necessary electron beam parameters. _ beam. Each prebuncher will be isolated from thagigt T
The injector wasconstructedbased onsimulation gq that the phasand amplitude can bechanged in an
results using PARMELAand SUPERFISH [2].  The orthogonal fashion. We expect this to be very helpful in
Injector has been producing 0.5 A, 120 ns long, 55 Mei,e proper setup of the injector bunching parameters.
electron bunch trains routinelyduring the initial The transverse beam profile is anaged with axial
commissioning of NLCTA. Very recently we hatgned mpagneticfield from solenoids covering the injectéiom
the gun to theend ofthe second accelerat@ection. A
*  Work supported by Department of Energy contradbucking coil is used taerothe field at the cathode. The
DE-AC03-76SF00515 experimental settings for the solenowe asrequired by
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Figure 1. The NLCTA injector layout

simulationsand the beam is to be optimized #tese compared tothe NLCTA requirementsand expectations
settings. _ _ from simulation. While we have recently accelerated 1 A
The current from the gun isieasured andet using a cyrrent from the gun, the data preserttece isfor 0.5 A,
gap current monitor [6], while thecurrentout of the o cyrrent used formost of the initial running of
injector and after the chicanengeasuredvith toroids [7]. NLCTA. Figure 2 shows the signal from the gaprent
The energyandenergy spread ofthe beamare measured onitor' at the gurandthe two toroids at thend of the

with the profile monitor in the high dispersion region of . : )
the chicaneand the emittance of the beam imeasured 'njectorand atthe end of the chicanerespectively. The

using quad scans and a screen upstream and downstreaf{at€ on the top of theurrentpulses is a monitoring
the chicane [8]. Bunch to bunch eneayndenergyspread €ffect[7]. The actual currenpulse shape is a flabp.
variations are measured at the end of the machine closeltee transmission from the gun to tlemtrance of the
the final dump using a pulsed bend magnet withngped chicane is about 85% and the gun to the end of the chicane
current to sweep the bunch train vertically for the&ation transmission is 75%.
of the pulse, while a D®endmagnetbendsthe bunches Figure 3 shows thenergy spreadfor the entire 120 ns
in the horizontal plane allowing the measurement of thgng macro pulse at the dispersion screen in the chicane.
energy spread, from the head to the tall_of the train [5]. fhe FWHM energy spread is 0.6 to 1%, twice as high as
bunch length monitor [4,9] after the first accelerator the requirement. Inprovedunching energy spread is
section isused toset thepower and phase of the two d after the full S f the infect
prebunchers with respect to the first accelerator section %pvf;.:ttﬁ aGSerMV(\al u cg?rrg)ll”ms?onlngho ft‘; Injec ort.
optimum bunching. The bunch length is moeasured Ilr tin i na\ﬁhlga et d%:ea}[(r: n% r?1 'rr]fef or t
directly but is inferredfrom the minimumenergy spread a;}cce € da fgﬁec' ons _pec78 N?C\/Of eOaS Z ebgy a
achievable as seen on the dispersioreen inthe chicane the end of the injector_Is ev tor . eam,
however, we measure 55eM. At theend of the first

and at the end of the linac. ; .
accelerator section the beam is ahead of the crest by about
3 EXPERIMENTAL RESULTS 40 degreesthus resulting inlower energyand larger
Table 1. shows thechievedbeam parametershus far, €nergy spread than we expected. mimimize theenergy
spread at the end of the injector we phase the tedind

Table 1. Initial NLCTA injector performancecompared the RF wave crest in theecond acceleratorThis results

to requirements and simulated expectations. 06
Needed Simulated Experiment —e— Gun Current
so far s T o rosecneane curent| ]
Gun Current (A) 1 1 0.5 o4 T ]
g 03 1
Gun pulse length (ns) 120 - 120 £ 4
Transmission gun to end of - 84 85 ¢
injector. (%) o1 r ]
Power in accelerator 90 90 65 L % T
sections (MW ) °
Energy at chicane with 65 70 55 o ‘ ‘ s s s
MW in ea. acc. sec. (MeV) -200 -100 0 100 200 300 400 500
Energy spread at the chicane< 0.5 0.3 06tol Time (ns.)
FWHM (%) Figure 2. Electron beam current transmission from the
Emittance out of injector rms <5 1 5t08 gun to the exit of the chicane. The slope at the top of
(105 m- rad) the currenpulse is actuayl a monitorimg effect.
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in further reduction of energput of the injector than 5 ACKNOWLEDGEMENTS
expectedrom simulation. It is presently natlear why ) . .
the beam is 3@egreesnore ahead othe RFwave crest _ We are grateful to the Mechanical Engineering,

than expectedfrom simulations. This problencan be Microwave, Controls, Power Conversion, Fabrication and

studiedmore carefully this summeronce the injector is Operation groups for theirdiligence and persistent
operating at the design RF power level. attention todetail that hascontributed tothe successful

The measured normalizedns emittancebefore and ©OPeration of the NLCTA injector.
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