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Abstract section to the CRITS RFQmade the LEDA

. . injector/CRITS RFQ configuration a realistic testbed for
A cw radio frequency quadrupol®FQ) LINAC section this injector development. Furthermore this

and klystrode based rf system was obtained from the Ch%oknfi uration also supported RFQ experimentgvaluate
River Laboratoriesandwas recommissioned at LANL to g P P

conduct demonstration proton beam experiments
support of a spallation neutraourcedriver for tritium

ithe system modelingodes and tdearnthe details of cw
RFQ operations. Figure 1 shows the full beamiised
in this project.

production. A variation of the Low Energy

Demonstration Accelerator (LEDA) proton injector, e LEBT | =TTRFQ T SHERT M= 08

modified to operate at 50 keV, was mated to the RFQ Wt s ot

was operated to support the higlrrent(up to 100 mA),  see | (@ I, \ . St hes vs

proton beam advance studies for the Accelerator L

Production of Tritum (APT) program. Detailed - oy eI g IO ==

measurementand calibrations of the RFQ at both low | ol o A -

andhigh power providedthe corroboratingdata to other =

available beam measurements for verification of t | — @ !

accelerator design. . — .

I 1

1 INTRODUCTION Figure 1: The LEDA Injector/CRITS RFQ beamline.

The ChalkRiver InjectorTestStand (CRITS) was the | order to meet the project objectives, the R§p@cific
LANL designation given to a protoaccelerator designed, sy dies focussed on verifying tiRFQ field configuration,
built, and originally commissioned at th€halk River gyccessfully operating the RFQ at high powesifying
Laboratories (CRL) inCanada [1]. The CRITS e gccelerating fields irthe RFQ, and accelerating the
accelerator apparatus includes a 1.25 MeV REGlerator nroton beam from the modified LEDA injector.
structureand a prototype klystrode-based risystem for
powering theRFQ. An earlier independenstudy at 2 RFQ FIELD DISTRIBUTIONS
LANL, utilizing the RFQ, focussed onthe high-power
operation of the rf structure [2].

The LEDA program has the objective of developing
o e ot L SCeee") mandatediat o ild isbuion 1 he siuctre be
the proton ion source andLaow Energy Beam Transport c_onﬂrmed. A pe_rturba_non measurement of ktmnty
(LEBT) section to the RFQ. A 75 kV cw proton ionflelds wasmade byinserting a probe through the various

source was developed for LEDA and hmesduced groton ‘é?‘C‘f“T_ ?(;Jmplrtlgbht(_)les u:ac?hofthe dquadlr afr.]tfémd the
beam with measuredcurrent and emittance meeting Ipole Tield contributions 1o thequadrupoletields were

program requirements. A state-of-the-art LEBT Wa§alculatedfrom these measurements. Thecorrected

designed andbuilt to match the ionsource beam to the ipole Tields acrosgjuadrants 1 and Zdipole 1) were
LEDA RFQ [3] measured to be up th4% of thequadrupole field and up

to 8% across quadrants 2 and 4 (dipole 2). The dijsite
distribution along the RFQ lengihdicatedthat thevane
coupling rings near thends heldhe distribution close to
the desired quadrupoleonfiguration, thus,dipole field
%eduction atthe centershould achieve an acceptabfield
pattern in theRFQ. Adjustment of movable tuners in
guadrants 2 and 4 amdodification of thefixed tuner in
qguadrant 3 correctetthe field distribution to less than 4%

Although the Q and resonant frequency of the Ri&ge
(I;%Iose to theexpectedvalues following shipment of the
FQ from CRL, the verification of the modelingdes

The functionality of an injector is besbnfirmed by
injecting its beaninto an RFQ. The availability of the
CRITS RFQ provided the opportunity for an initial
shakedown ofthe LEDA injector prior to installing the
injector as a LEDA subsystem. The modification of th
ion source to 50 kVand adaptation ofthe LEBT exit
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dipole contribution. This wasonsideredacceptable for

CHL 844/M 1 U FS 4 77.828 6 -~70.313 ma 8.4383 aF

the beam studies. Figuresa@d 3display thecorrected wenze ara onrve
and uncorrectedlipole contributions for dipoles and 2 oo
respectively. ey
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Figure 2: Dipole 1 Contribution to thguadrupole field
distribution.
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Figure 3: Dipole 2 Contribution to thguadrupole field
distribution.

3 CALIBRATIONS

Accurate predictions of theaccelerationand focusing
fields require consistent measurements of the RF@igure 6: Transmitted delta phase Q measurement.
response to rf power. The RFdiveline couplingand Q
were measuredising a HewlettPackard8753 Network The calibrations of théield sampling loopswere also
Analyzer. The drivelinecoupling was verified from completed using a Hewlett Packard 8753 Network
subsequenthigh power measurements. The Q wasnalyzer, andthe rf signals from these loops at high
measuredusing reflected power, transmittedbandwidth, power were monitored using power meters and
and transmitted delta phase techniques as shown in Figwesilloscope measurements of therectified rf signals.
4, 5. and 6. The close agreement in Q measurements Agjain, the measurement édrward, reflectedand RFQ

CENTER 288.245 000 MHz SPAN .010 000 MRz

shown in Table 1. cavity powers by Hewlett Packard 438A power meters and
a Tektronix 2465A oscilloscopprovided redundancy in
Table 1: Measured RFQ Q values the high-power measurements.
Meaurement Loaded Q Unloaded Q 4 HIGH-POWER FIELD LEVEL
Reflected Power 6780 VERIFICATION
T itted 2650 6760 " .
Br;]r:;,\r/?étﬁ The RFQ wagonditioned tohigh powerbased on the
Transmitted Delid 2640 6720 SUPERFISH prediction of the de;ign power level. High-
Phase power measurements of the acttield level were made

using the x-ray endpoint method [4]techniquepioneered
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by acceleratoscientists at CRL. Measurementsnade comparedwith the other power measuremernislicates
throughout theduration of the proton beanstudies that beam is transmitted even though it is not accelerated.
verified that the peak intervane gap voltagacked the 120.0
measuredoower levels according tothe expectedsquare off Tncident Power Difference

root dependency, andomparisons of the power meter to 10007 | Eul Aeerate Bea Comar " et
the oscilloscope measurements confirm an estime&éal 80.0 | . I ‘ i
accuracy tothe power measurements. Furthermore, the,_ LR Vi
field levels were measured to be the same when the proto§ 60.04
beam was beingccelerated bythe RFQ. Figure 7 o .
displays the gap voltage data and ¢hieve used to project £ 40.0 o !

an

(kw)

the peak intervane gap voltage as a function of th °s
measured power . 20.04 .
0.0 | | |
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< 80.0¢ / Figure 8: Peak intervane gap voltage as a function of
< o RFQ cavity power.
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£ 6 SUMMARY
o
40. .
Z 0.0 + Gap Voltage (KV) The CRITS RFQproved to be amxcellenttest device
8 —y-6.22'SORT(P) for checking out all components of the injector. By
20.01 m L .
72 - 73 mA optimizing the current through the RFQ, allinjector
0.0 ‘ ‘ ‘ systemsdemonstratedhat theycould operate across the
' 0.0 50.0 100.0 150.0 200.0 required parameter space. Tgrecedures developed during

RFQ Power (A) (kW) the CRITS RFQ beam operations hagrpedited the
%?mmissioning of LEDA. The successful transmission of
beam currents with good agreement to ghmulations [5]
also providesconfidence inthe codes as we proceedto

5 PROTON BEAM MEASUREMENTS  future projects.

The proton beam studies with the RF@oceeded 7 ACKNOWLEDGMENTS
cautiously by increasing current only as the injectatch . . . .
to the RFQ could be confirmed by the beam transmission. With the conclusmn_ of the RFQ studies using the
The desired field level for the RFQ was set fromxtay CRITS RFQ, wewould like to thank and express our
endpoint measurement, but measurement ofoeam dratitude tothe personnel at Chalk Rivdraboratories
transmission as a function of the RFQ cayitwer was Who designed, fabricatecassembledand commissioned
also used to confirm thexpectedbehavior. Asexpected, this acceleratorsectionunderthe RFQ1 program. The
a knee inthe transmissiorcurve was observedbelow the technical progressnade inour programs is a result of
design field level. their groundbreaking efforts and the follow-on studiese

As a separate chedbr acceleratecbeam, theincident with the equipment developed at their laboratory.
power difference and beam stop calorimetwgre compared
to the expected beam power unttee assumption that the 8 REFERENCES
entire proton beam wasmccelerated. Although this
assumption is known to be false, this calculatioes ) } ) ) )
allow us tocomparethe beam transmissicsiatawith the t[rﬂ Jhﬁglhe"éggﬁé&: e SpagfPower CW Kystiodeih
two beam power measurements using the samies. 93CH3279-7, p. 1175.

These data arehown in Figure 8. The rhcidentpower 2] G.O. Bolme, et al, "High-Power RF OperationStudies with the
difference andtalorimetry measurements of the beam asGRITS RFQ",Proc. 1995 Particle Accel. Conf., IEEE 95CH35843, p.
function of RFQ cavitypower show adiscrepancy in 9%

absolute calibrations, but theee inthe curve forboth [3]J. Shermanet al, Rev. Sci. Instrum69 (1998) 1003-1008..

measurements agree. The disagreemeptadicted beam [4] G.O. Bolme, et al, "Measurement of RF Accelerat@avity Field
; ; ; Levels at High Power from X-rajfEmissions" inProceedings of the
powers by the two d!agnostlc methods is prObm to 1990 Linear Accelerator Conference, LA-12004-C,219 (1990).
the identified errors inthe rf power measurements and[ :
i i i 5] H.V. Smith, et al, "Comparison of BeamSimulations with
errors in beammp. CalorlmEIry' The loweRFQ Cav.lty. Measurements for a 1.25-MeV, CRFQ" in Proceedings of the 1998
power correlatedwith the knee for beam transmissioninear Accelerator Conference.

Figure 7: Peak intervane gap voltage as a function
RFQ cavity power.
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