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Ammthod has been developed to analyze the beam
dymamiceof tha radio frequancy quadruple accelerating
structure. Cslculatioms show that this structurecen
●ccepta dc baemat low velocity. bunch it with high
capture ●fficiency,and ●ccelerateit to ● velocity
sultcbla for Injectlom into ● dsift tube linac.

Introduction

At preeent, the proposeduee of radio-frequency
quCdCupClam) ●truccureefor the accelerationof
low-velocity ions 18 rOCeh7$Qg ~s~zaaeed ●ttention.Of
special impcrtamccamthe mtructurepropoeed by Kap-
cMmakfi amd Teplyakovl (K-T)vhi~h producesstrong
focuefm8 ●lectricfleldawhich ●re spatiallycontinuous
along thm accaleratormxis. ‘l’ha longitudinal●ccel-
.aratimg fieldswhich ●rc ●lao proeemt ●re produced by
per; dic variations of the radium of tho pole tips. To
produce the raquired pole tip potentials8everalRF
systemmhave bsen proposed. Tha predodmamt ●ffort at
LABL %8 to developtha fouwane resonator operatingin
the Tt210 mode. Fisuro1 ●howm ● ●chemsticwlew of
this type of xesonator.

Fdsure 1.

The wpectsd perforouncmof tha RNmakes it an
●ttractive possibilityfor use in ● vm%ety of ●c-
cclcrator ●yetemm. It h8e baen reco~nizedthet Mnac
Sntensity limitatiomoften occur at lw velocities
whoro the radial focumins force, from magneticquedru-
poloo ●r- vaak, ●nd whre tha longitudinal repulsive
forcee ●ct for ● long time betwem ●cceleratingsape.
TIM ume of a ●pstially continuousdaotric ~drupole
forco $8 ●ttractive for the containmentof such low-
vdocltybeamm. In ●dditiun, ths lon#itudinelfocustnu
is greater than inanequivakant drift tube linac for
two rcaoonel (1) for tho come frequencythe RTQ fo-
cueins pmhd 1s helf ●s lonso ●nd (2) for the RFQ the
fraquwicycenb~ hishor for ● 8iven particltvelocity
becauae of tha ●sllar ●perture mad. possiblebj~the
strons radiel focusiw forcee.
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Beam DYnamlcs

Our method of calculkng RFQbeaadynamLco ie
baaed on ●lectric fhelddiatributime obtained from
lwest order potential function.l TIm coordinate
●ystem has bem chosen so that the ~it cell ●nco*
passes ●n ●ccelerationttapin a s~=ical ~nnerm
The unft cell AS S A/2 in length,where B c Is the
synchronous veloci?y. This is shown in F~gure 2.

the

Mgure 2.

The electric fields ●re:

E= = -~ r cos2* - ~Il(kr) cocks

g,+ Io(kr) ●inkz

where each component ie to be multipliedby the time
factor sin (ut + $). The quantityk equala 2n/Ooh,
end A and X are gtven by:

A- m2-1
mz Io(ka) + Io(mke)

●md

%-1 -’AIo(ti) .

Our notation 28 the came es in Ref. 1 except that our
A ●quele 41w timee the quanttty0 used by K-T. The
quantity A. timee V the potentieldifferencebetween
vanee, is tha change in the axial pocentiel●croee one
unit cell. Therefore,Eo, the ●verage sxial field Is
Stvenby 2AV/f! &. The quantktyX ie ● measure of the
radial focuein~ strength. It is unity for m - 1, ●nd
dmcreeaea with incredeing valuem of A. For m - 1.75
●nd Im<<10 both A end X ●re ●pproximately●qual to
0.5.

The hyparbola-likepole tip ●urfecem‘ which pro-
duce the ●bove elactric flelda in the static approxi-
mation ●re described by the function:

X2 -
[

y2 - r2 coe2* - $ *1 1- AXo(kr) coaka .

L J
In our resonatordenign we have characterized tho pole
tip shapea by using two quantitiesderived from the
●bova equation. One la the pole tip radiue which ie
obtained thro~h ● numerical solution. For ●xample,
to deecribe the pole tip rediu8 in the x-a pleno, let
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Y - & tak$ the + sign,●nd r ...u for the radius
Whichwo call p(s). Tha other quantityIS R(z), the
pole tip radiue of turvaturein the transverseplme.
An axpreamioa for R(x) can be derived and then eval-
uated by UB~ P(S) ●s oao input.

Sfom tba radial and longitudinalfields●re
broadlydistributedthroush the unit cell, the usual
gap traaaforntions ●re not ●ufficlenclyaccurateto
aae in describing the particle moCion. For thle
rasmoa”vause ● aaller tramsformetion interval ob-
tained by dividing the unit cell %nto n equel parta
of lengthks - w/n. These ●egmamts extend from
ks-&w/n co (Z+ l)w/n. Avalueof n= 4 orn - 8
hsa bean used tn most of our calculstiona. Initial
valuesof the dynamisalquantities x, x’, y, y’, ~,
●nd W ●re transformedto final values througheach
●egmmt. Since we wSsh to deecribe the bunchingof a
dc beam, the descrtptlonwsa msde valid for ●ll phsme
●ogles,●nd v*8 ●lso made velocitydependent.

# ●nd W Transformations

To traosform~ ●nd W througha aegmsntwe have
uead the relactona:

tf-$i+~civ+a(v’ +~uw)

Wf “ Wi+Q(u+ CiW) +O@W

v - 12 Cos+l + h -et Bu - II Coa+i+ 13 @iO~%s

-1W,(l-@v) , v? _ -12 •ia~i+ Ib ‘“**I ●

Q=ieVAIo(l@ , 0 - -Q/2wa ,

S& - oo/&- 1 e

where W SO the synchronous energy. The tntegrals
Is.b ●rt functionsonly of ; ●nd n. Theee tYanSfOY-
mattons were obtained from ●n ●pproximateHamiltonian
function In a mannerwhich ineureethat the @ -W
phsae space ie conserved.

Electric(Iuadru~le Tranaformstlon

The electric quadruple focueinsin represented
by ● thicklens with the transformationmatrices:

‘1....

()fio~2vhera g2=go2X ,

●d 9.2 ●-=*r” *lTfl s

whore the ●econd factor Se the ●lectricquadruple
8radient averagedover ● ●eament. Thim factor h tho
productof the quadruple ampl%tudeXV/a2●nd Tf the
focudn8 tranmit time function.
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vhere

‘A-%
[ 1

Cos:t-co+(t+o ,

0

●nd 6- 1 +C . If Tf ie posttlve,themstrtx U
IS umd to tr!nsform x and x’ ●nd H- is uesd to &ans-
fotm Y ●nd Y’. ●d conversely ~ Tf ~ a@8ativ-

RF Defocus Transfo=tion

The ‘RF defocus”transformationdescrlbeethe
effect of the second term in the ucpreas%on for E . In
this case we use a thin lens to transforx x - x ‘Ld

Y - Y’” For example:

veVAS2
where A.- ac%:a “J,

I
●nd wharo we

J-J
A

JA- J1

●nd JB = Jb

hsveussd II(kr) - ~kr .

coe~i+ JB SinOi .

+C%J2+C:J9 ,

+c%J5i-c;J6 .

“1

The IntegralsJ1.6 are functionsonly of n ●nd 4.

In addition,we uae ● conventionalform of the
adiabaticdamping transformationto deecribethe
radial focusing effect of the increasein longitudinal
velocity. These four transformations●re being incor-
porated into the PARKKLAbaam d~amics programin ●

manner vhich allows the parameters ● , m, and # , tha
synchronous phase, to ba varief.●a ● function~f z.

Apnllcatione ●nd Resulte

There ●re severalposmibleapplfcationmof tlm
RFQnow under considerationat LASL. These include:
(1) ● high inteneity deuteron acceleratorbeing de-
●isnsd for the Hanford Fusion Matar%als Irradiation
Test Facility(FMIT>,(2) ● hi8h intensityproton
●ccelerator (PIGMI)for use In pion and neutron
radiothsrspy,and (3) applicatlona to the accalara-
tion of intenseheavy ion beams for inertialfusion.
To illustrate the propertiesof the RFQ We will give
Initialresultsfor tha first ●ccelerator●bove In
which the R3Q is to prculuce ● 2 XeV beam for injection
into ● drift tube lfnac.

At the preeant tim we have obtsimd computer ro-
●ults for the longitudinal part of the motion. In the
calculation va have injecteda dc deuteronbesm with
●n energy of 0.1 MeV into ●n RFQ which initiallyha.
Z - Oand 4 - -90”. E ●id 4$ vare then changed
●%vly ●noug~ no that●d!absticcaptureoccurredvith
negligibleparticlelose. This was done by increaein8
● linearlyto reach ● final value of spproximataly
1.9, ●nd by chanS@ 4 linearly to reach ● final
value of -37*. The rs~iusparameter● vas held con-
stant ●t 1.0 cm, V was 0.25 W. and tha frequencywa$
80t@la. Figure 3 shows the variationsof mand 4s,
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d also ehowa tha accompanyingvariation of E. and
W. A lengthof 3.9 m ●nd 109 cells were requiredto
reach the final energy of 2.0 MeV. Figura4 ehowe the
lo~itudinal profilaof particleepaseing throughthis
accalaator ●s calculatedby PARXILA. The top graph
●bowa the phaeo variation of 360 injectedparticlee
relative to the ●ynchronoua phasa, whila tha lower
graph ●bowa tha particle anargy relativeto the syn-
chronous ●nargy. Thm abacimeae ●ra cell number..
Oaly one particlafell out of phaae ●nd did not reach
tha fimal ●narSy, so the capturm ●fficiancy was 99.7%.
Mgura 5 on the left ehowe the final ~ - W phase
●pacm for ● low beam currant. On the r%ght are ra-
aultsfor ● 100 ma beam currentwith longitudinal
●paaa charge forcaa included. The 100 me baam caueea ‘
oaly ● smell imcraaaein tha overallwidth of phase
●md eaergy compared to the low beam calculation.
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The radial focusingcharacteriatice●nd th~
high captuza efficiencyfor low velocity,high fm-
taneity baama should make tha RFQ an attractive com-
ponent-of

1. 1. x.
Tekh.

.

many lisht and heavy ion accelerator.
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