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AI’P1.l CATION OF TIIE RF QUA.DRUI’O1.E IN

l.l NEAR ACCELERATORS FOR NEAVY 10N FUSI ON*

T. P. Wangler tind R. H. Stokes

Accelerator TccllnGlogy I)lvision
Los Alamos Scientific Laboratory

Los Alamos, NM 87545

ABSTRACT

Thr rf quadrupo]c (RFQ) liIIac str~lcturc is pr(~-
posecl as nn alternative Lo a systcm coml>~~:;~~dof a
buncl;cr and independently phased ciIvltiPs in the
low-velocity acct:lcration section. Blwm dynamics
simulation studins have demonstrated that w.ltll the
RFQ (1) hi[;h transmission and low bt’ill~ loss ;Irr
posslblc, ,(2) it is pclsslhlt! Lo US(’ a low volLilfi(’
0.25 MV dc inJcctor and still obtain hi};]) olltput
bcnrn currentu, (3) the Cllrrrnt ruqujrcd from Lhc

injector is rcdlmcd b~~cililsc of tlm high transmis-
sion of the RFQ, nnd (4) thr output cmtttnnct! np-
pcars to bc aL ]ca!;t Comparilhl(’ 10 Lllat csxII(Ict(Id
from n bunchc!r nnd ii~Ll(Il~(I[~tlt~lltly plmscd c:~vitien.

lNTRODWTI(.)N

The low-velocity nccclcrator is an imporrnnt rlcmunt 1.1] l)~ilvy lon drlwrs

limitations and radial erolttnncc gro’tth tend to occur prcdominnnt]y nt low vel-

ocities in linenr accclcratur sy~trm~o Tht? chnrncLt?ri\,Lics of the RF(J make iL



which uould use the RFQ to accept the injector beam, bunch it und accelerate it

to n few McV. A major advanta~c of tht! RFQ Is that d much lower voltage injec..

tor (~250 kV) can bc umd without lowering tllc space charge llmit. In additiun,

the RFQ has the potential for adiabatic bunching, which can result in capture

cfflcitincies in excess of 90% and minimal brightness reduction. Furthermore,
4

as polntcd out by Swenson, the RFQ lends itself to array-like configurations

that can bc useu to increase the total beam jntcnsity. The bunches from the

different beam channels in the array can easily bc combined so as to interlace

Iongitudlnmlly, as is desirable whc!n funnel.inu ~jrlor to a frcquenc.y transition.

The RFQ can operate at lower hut.a than convcntiunal drift tube llufics

hccause t.hc” focusing is obtained from the rf el.cctric fields so there is no

r4*quircmJent to include magnetic quadrupolcs within the small cells. ‘ibis oppor-

tunity to use a linear uccelrratur at low b~’til values permits adiab~ltic hunching

of thu dc beam. resulting in high cnpturr and trnnsrnission (’fflcjcnc~cs (>907),

Adlahntic bunching is not restricted to low (!nergics in principle, but its ap-

pl.~catlon nt higher l’nergies cnn bucomc very costly in lcll~tll. Good transl,lis-

sion ,cfficl.ency .Implics Slllflll beam lofi!;. Reducing tllc &I~OUt’IL of lost heiJm, and

kcepin~ the (’ncrfiy of lost parliclc:; low, m:ly III’ Important in (Jrdt’r to mini.rnizc

potcnklul problems nssctcInL(’d with localized h(!ating of components by an int(!nse

beam

2

(1)



where q and A arc :he charge state and mass number of the ~un, E% is tlie maximum
.

surface electric fieldj BC is the ion velocity at tht> end of the gentle bllnc}ler~

ard A is the rf wavelength. One can also show that the lcrigth of the gentle

buncher section, for a fixed energy gain ratio within t.)lc section, sc;ilcs as

(2)

‘he length formulas for tile shuper and acc~’lcrator f;cctj.ons are similar to Eq.

(2) . l%ese formulas show that the current l~mtt incr(’a:;t’s 111 ]~r(.)port~on t:() fl

but the length increases in proportion to 8s. Th(is t}ir adv;intag(, of high energy,

which raises the current limit, is soon Offset hy a rapidly in(’r(’asecl :;truct~lre

leng(li.

Izt!!l Ii)pllt(’lnlt.[.ni\c(*!{ill ;)c)tll x,x’ {II)(1 y,y’ phn!il’ 1;]):11’(1, Wl)lch (’oilt{ltil 100% of

3’
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the beam, were taken to be O.OITI cm-mr. This results in 90% of the input beam

within 0.007T cm-mr, and an rm input emitt~nce of 0.0017n cm-rnr.

Table I is a summary of the parameters for the two cases. The frequency is

12.5 MHz and the synchror.ous phase begins at -90” and ends at -32° in both cases.

The initial and final vane modulation parameters mi and mf are listed.
5,6

v is

the Intervane voltage and r. is the average radius parameter, which is equal to

the initial radial aperture. The length L for both cases includes a radial

matching section at the input. An important difference between l~nacs 1 and 2

is the apcrLure difference as is ind~catcd by ro. F!otj,ce alqo that although

l~nac 2 has a larger voltage than Iinac 1, it is longer because of its smaller

vane modulation parameter m.

Table II shows rhe results for linac 1 at four input beam curxents, The

c~ntrics include avpragc input current, Ii, average output c ~rrcnt l., and trans-

mission cfflc~rncy T. The nolmalizcd output transverse emi.ttance at the 90%

contour ~s C
90’

and the rms normnllzcd oiltput L’mj ttance jn c Linac 1 is
rms”

opcratd essentially at its saturated c.urrcnt limit of sl.ight.ly more than 2’3 mA

for inpul current. val.utw lnrgcr thnn 30 ti. The aperture l.imit~ the fll}al nor-

mnlizerl rmittancc to n relatively small value. The transmiHf3ion at li “ 30 mA

of 74.7% IK :;tlll IIlgher than most conventional single gap buncher corli.gur.l-

tions.

Table 111 shows ~umc results obtained for linuc 2 for fuur input beam cur-

rc!ntn. ‘J’he ;l]lcx~urr of Iinnc 2 i- larger than llnac ]. nnd consequently iLH

ncc[!ptunce iH ~rrntcr= In contrast to linac 1 there is Hl,moat no restriction

caus[’d hy the tnperture nt I - 3omA. ‘his results in a l~~gll I:rtlnsml:is{on

(96.9%) nnd n lnrgt?r outputiemi ttnncc (C90 ~ 0.031n cm-mr) tl~an fur llnac 1. Au

the input currvnt incren~es wc ohucrvc the expected dr.crcn:~c in I ransm~s~~on.

For ~nput rurl-(!llts of 40 nnd 50 mA, thr output ci)rrt!nl” mpprnaf:heti :1.tR IJnt,uraled

limit at n vnllle };rratr] thnn 30 mA.

W(I HCC Irom t.hc 1 Inuc 1 runu] tt; tlmt, :IEI ml[;ht hf! (!xpcct-f’fl, ~ t iH ]Jonnlhl,r

to obtuin n htIOI c~lrrc!nl hinm with n ~tm;lll Put.put f!m~.t:tnnv~’ UL thr coHt oi re-

duced t,rnnsmiHHSon. llow~’vvrp ]innc 2 prohnbly hl!Ht ~.lluul.ralrs ?.ht’ ndvnnf”nge~

or the KFQ. Fur input rurr(!ntu llItIH thnn 30 nul lt r;lptureti nnd trnnsmft.~ ncnrly

nll of thr ln~[’ctc’d bourn nlld Ih(’rrhy III IIIIIIIIZIIH IIIIY p)-f)l)l(jm~ u!lr]r)~.li]t~’d w.lth I)[qnm

IOHSIUH. TIIc’ output trnn~vorlu~ mlttnncr 1’{)() nt 5 M(’V nhfnl Iicsd from tl,r nimilln--

t ION c:odr for Tl G 30 mA iu (J(n)ulnflwt with tilt’ (’!lt,~mnt~! il:]ullmc’d III CIPIIJ.UI1HtIItl”

J (’N II! I IIIH t lIr btvlrn frtun t.hu nl 1(’rnor lv~” l)llllf’llttl” 11)(11’1)($11(1(’)’1 1~ l)l)~llli~l (’ilVlt’y

,,’
,...,’,.



system. 8 For linac 2 at Ii = 30 ULAwe calculate a two-dimensional output

brightness of B = 6.1 A/cm2-mr2, where wc have defined the brightness as

B . 21/n2E902. In addition, we have calculated the longitudinal output emit-

tance at the 90% contour and we obtain a value of 0.S5m MeV-deg.
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TABLE I

RFQ PARAMETERS

Linac

q

Ion

f(MHz)

Wi (MeV )

Wf(MeV)

Oi(deg)

$f(deg)

m.
1

‘f

V(MV)

ro(cm)

L(m)

1

1

132Xe

12.5

0.242

5.0

‘-90

-32

1.00

2.00

‘!.134

1.22

23.3

2

1

132X-

12.5

0.24

5.0

-90

-32

1.00

1.48

0.200 ‘

1.81

27.1

TAI)LE 11

LINAC 1 RESULTS

Si{mA) 10(MA) ‘c(z) L:90(cm-mr)/~1 [“mn(Clnqnr)/,l

20 18.8 93.9 0.015 0.0032

30 22 .t~ 71,,7 0,018 0.()()38

40 z~.tb 56.1 0.021 0.00/!5

50 21.1 42.2 0.021 00:1045



TADLE III

LINAC 2 RESUI,TS

Ii(d) Io(lw T(%)
’90

( cm-m) /IT c ~g (cm-m) /n

20 19.9 99.7 0.027 0.0056

30 29.1 96.9 0.031 0.0068

40 33.8 84.4 0.(-)37 0.0077

50 33.9 67.8 0.041 0.0085
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