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i, vclrichJle frequency linear accelerator for heavy 
ions, LJl.,C, was ccl:Jp1eted in l~ol. It has been v.orking 
stably \'litilout st.:rious troubles for ttlree years since. 
It consists of six qUCirter-I,.'ave resonators with drift 
tUDes lOClUeu at their open enus. HesonCtnt frequency is 
tunable accordinCJ to charge to mass ratio of ions 
between 17 anu 45 I1I1z, by use of shortin(J devices and 
capacity caniJGnsators. The r~linil~Lnn chdr'je to raa.ss ratio 
of ions ;,hich can be accelerated is 1/20 at 17:"IHz and 
1/4 at 4S;'Ulz. '['he maxinul1l energy of ions is 0.b r,;eV/af'lU 
at 17:iJlz and 4lleV/arau at 45,'lllz. Since the I'll' voltage for 
acceleration of the hedviest eleJOlent is not very large, 
power consumption is relatively sl:Jall, allowing 
continuous operation of the l~F systen. The CII mode has 
simplified the 1<1:' circuits and the =ntrol system of the 
accelerator 

The liniw has accelerdtell ions of element from 
hydrogen to gold. Ttle bear:1s are being used for 
eXf..E'rir~lents of nuclear clla,llstry, atanic physics, solio 
state phYS1CS and radiation LJiolCXJy. In future, the 
fULfIC wi 11 serve al so as an injector to a new post­
stripper accelerator, a separated sector cyclotron. t\F 

of the ooth mach.lnes is tUlled to tile SC1I,le frequency. 
L:nergy wi 11 be mu 1 ti[J 1 ied LJy a factor of 17 ancl the 
range of apl'llcation <.Jill be extended. 

IntrcxJuctlon 

UILhC is the first l.ll1dC of whieh accelerdt.llllJ 
frequency is tWlaole in a wide ranye. It consists of an 
electrstatlc injector IIp to SUU kV and six "lderoe type 
RF acceleratlon structures of which the resonant 
fre'juency i.s tunable between 17 and 45 l'liz. iULflC was 
projCosecl in 1~71 as a new ty[lC prestrll'per accelerator 
of d two-sta1je heavy-ion aecelerdtor cOLlplex ()nd .lts 
preliminary design was presented at tile slxtil Inter­
national cyclotron Conference l in 1972. 

OLJject of the frequency variaLJle design was b;o­
£olu: Une is to secure acceleration of ions of alr:ost 
all the elements in the periodic table. 1he other is to 
l:latch the accelerdtillfj conditlon bet\Jeen tile pre­
stripper linac and the post-stripper sepJ.rated sectcr 
cyclotron. 

~he construct1on of l-UlAC wclS startL'Cl in 1975. The 
first LJear;] acceleration by the first resondtor was 
achieved in 1'.)7') and that by the whole six resonators in 
19H1. It has accelerated successfully ions of var10US 
elem.ents rul1fJ.lnlJ from hydro<]en to gold at different 
acceleratins frequency dependincj on the charCJe-to-nass 
ratio of 10ns. Acceleration of iJeavy ions is feasible by 
the frequency tunln'oJ as far as their charge to WISS 
ratio is laryer than 1/20. l'ol.er consUlnption is smaller 
fur acceleratlon of the heavier ions by use of lower 
frequencies tiJiln for li'Jltter ions for which hiqher 
frequencies ilrc used. Since the IiF volta')c for accelera­
tion of the heaviest eler:1t.:nt is nut very large, power 
consl.lI:lption is relati vel y small, allo ..... ..rinSJ continuous 
operation of tne RY system. The 0: toode has sir;]plified 
the HF circuits and the control system of the 
accelerator. !\ char'jc strippin~j tectlnique CCln De 
appl ied to save the l<F lower if necessary. 

The J:liJ.xiLIUIIl ener(::iY of acceler()ted ions is O.G 
t1eV/i1I;Ju at the lowest and 4.1.1 HeV/alllu at the highest 
frequency. lliU,C uy itself is bcin'j actlvely used for 
nuclear chemistry, atalic physics and l<Klterial science. 
The eneryy of ions is mul tlpl ied by a factor of 17 by 
the next sti1ge separated sector cyclotron '''hich is under 
constructlon since l(}(JU. In tillS report, design Clnd 
perfonlilllce of tile HIUIC are presented. 

lJeslcln and l'erfon"ance 

The condition for tIle synctlronous acce leratioll of. 
ions in a drift tuDe Ilnac is gi ven by a SiLI[lle relatlOl1 
between the accelerating frequency f, the velocity of 
ions v ami tile lengtil Ln of tile n-ttl ce 11. '"'iJe ve loel-ty 
is further expressed in tenllS of r.luSS A of the .lon d!HJ 

its eneryy which is its Cl1drljt;! raultiplled by Ll SUI;1 of 
the effecti ve acceleratiny vol ta<Jes Vi. 'l'lle SUJ."1 is 
over the acceleratiny 'ju1.)s which tne ion I1<"lS passed 
until it reaches the cell. \111en the effect of relativity 
is negliyible, the resultinr:1 exrJression is 

k (q ) 1/2 
~l= ~ ~ LVi (1) 

where k is a constant. '.l'he len(jth Ln .lS fixed for eacll 
cell and the charge to Plass ratio q/l\ is gi veil LJy the 
ion source. I/hen ions with differt!nt Values of q/l'l are 
to be accelerated by the same accelerating structure, vJe 
have to adjust some other parar,leters in the expression 
to r:1i1ke the equality to holel. 

In the present ion source tectmolO:-:IY, the ratio q/l:'" 
is much different between li(]ht and heavy elerlents. 
Accoruinlj to Lq.(l), tile voltaye Vi must be propxtional 
to A/q of ions if f is not adjustable. It l:leanS that 
moch Id.ryer accelerdtin<:j voltage is requirecl for ions of 
heavy elel,1ents than :or l.lIJht 011125. However, if vie can 
cllan'.!e the fre<-'!uency 1n iJrqortioll to tile square root of 
y/I\, there is no need to chan(:l"e tile vol tage for 
different ions. LxtreJ.le vol til')" 1101<.l1ng cd[uLJ1lity is 
not required for drift tube 9Lll is in acc€' lerat.lon of very 
heavy ions nor use of volt~Hje unc!uly Sf,kill for li(Jilt 
ions. Therefore, ttle JXJwer consunption in tl1e kF systel'1 
is not so dlfferent betv/een tile acceleration of nea.vy 
and li'Jht ions. 

i\lso tile accelerat.lon conditions of tne linac 
shoulJ natch v;itn thilt of tne post-stripper separated 
sector cyclotron. Synchrolllzed operdtiol1 of the two 
accelerators is easiest if the accelerating frequency of 
IJOth is set to Ule sar:-.e Vd 1 ue. 

For rea 1 i za tion of tlle new SChCI<le, the most 
mportant was the develol"Tnent of acceleratinq structure 
wi til its resonant frequency variuLle in a \>.'ide raIl(je. 
uther iteLls ,,,ere the higiJ power vdrlable freejuellcy 
drip 1 ifiers, the control syste,l and tile L.edf: diagnostic 
equipI,~eflts necessary to fac.ll.l tate operutioll o[ the 
accelerator in the var1able frequency node. 

l<esonator 

In oruer to keep the ~yncl1ronous acce lerdtlIlfj 
condition under the varlable frequency sC/lome, tile 
change of the frequency shoulu not affect tile distriLJu­
t.lon of acce lerat.lll(j vol tcl(de dt the gaps alOll~t the Uear.l 
axis. The ref1uire,,;ellt ()s 1,';1211 as tile cunditions 01 tile 
lilr(je frequency tuncJ.bi 1 i ty al1(l the PliniLlull !X)\ .. 'er 
consw:lption pli1ces certain restrIctions Oll the tYf>e of 
resonators of the 1 inac. 

'lie decided to use .J. structure LiS sit.ll'le as 
f.ossiule, wlth only OIle reS011at.lrlIJ elt~:lent .111 the rL>qioll 
of frequency CXJncerneJ, so uS to avoid CDI:lpllcatloll of u 
cuuplecJ resonatinSl syst(~m. ,\5 SlIell a reSOI1<-1tor, d co­
axial yuarter \WJ.ve cavity IlLlVlWJ a rdcc-trdck lib.~ cross 
section wus rrof xx::> L"d .2 Fiyurc 1 sllu\...'s 1- ts COlleCt ;~U'-11 
Jrawing and 1-'i<).2 an elltJineerin<J dl~S.ls;n. 

Frequency Tuning. /\ sI1ortin~: (It.::,vicc ':-111\1 l_\"lO 

capdclty cOlllpensators ar~ useu for tIH::! tUllllll.i oi ttJl;' 
resonant frequency. The frequency call bt' tUllt.,,(j ~>etl.'.et.·!l 

17 and bU hHz by ctluncJinq the position of til!.: :-;lH)l-tIn,; 
device by aoout L(JOU t;t,I, but the ran<Jc o[ Ult.' irL'(~ucIlC/ 

used for heal II deceleration w<lS chosen up tv it') 1/': LIS d 

results of consideration at circuL,-ltlUtl llci;Ut.'lIL'y ()[ 

ions in tJle cyclotron i.ind lilllllutiullS ot tIle' :li')'1 jUV,'_'l.-
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[ross Section A-8 

I 

A 

f'i':-1. 1 Concept of a quarter wave cUdx.ldl resonator 
having a race track-type cross sect10n with 
dr1ft tubes loadL>U at its open end. 

vdriable freyuency anplifier teclmolo"y. The prohle of 
tile vol taCJe 1n the acce lerat1nlj gaps alon] the beiill axis 
could be J:Klde constant \'.11 thin 10 t, in tnls frequency 
intervdl. 0ix resonators Cirt: necessary for tile i-UU\.C and 
each must be tuned w1th accuracy '}lthin lLJU liz of tile 
given frequency. 'lhe caiJi3.city compensators are used for 
the fine frequency tuning requ1red and also for 
automatic resonant frequency restoration durinlj 
operat1m. 

(·laxirnUYl current density at the shorting =ntacts of 
the shorting device is expected to be SO II/cm at the 
highest vol ta'je at 45 ,·illz. Though no fai lure of the 
contacts has been oLserved to date, use of a charge 
stripper after the fourth tank at the Illg!1 frecjuency 
op2ration is being uiscusse.:l to avoid overheatincJ of the 
contacts in tt,e fifth and sixth cavities and to save 
tDWer . 

Drift 'l'uues. The ol'en eno of the quarter wave 
resonator 1S enlarged in the direction of acceleration 
where drift tuues are aligneo. The dr1ft tubes are 
suppJrted by the outer and ilmer =nductors al ternatel y 
and those supported by the outer conductor contain 
quadrupole maqnets for bean focusing. '111e length of the 
drift tubes is leaue so thLlt tl1e phase of the EF field 
changes by'i'J;: ,,11ile ions transit through the drift tube 
section. However, in the first resonator where it is 
necessary to focus ions w1th low velocity and small qJ;\, 
the orl. ft tubes wtncil contain ttlC tntlf::inets are made 

2050 

~capocity 
tuner 
stem 

Fil). 2. I :ngineering design of acceleratin'J structure. 
Coarse frequency chun')e is l1luue by the shorting 
device driven by four long stems vacuUD sealed by 
long v.elded bellows. Fwe frequency tuning is by 
capaci ti ve tuner of ",,,,,tlic!) tuning ranqe is 1 {>lHz 
Cit the tli(jhest frequency and 2ULi kHz at the 
lov.est. 

longer so that the phase of lW field changes 3- IT durillg 
the transit of ions throu(.:1'h tlIe section. 

CC1C1pact quaurupole ma'Jnet for uri ft tubes was 
develoued. Its muxil71um field gradient is 7 kG/cm for 
I'ole gap of 23 lrun. The LlaxiJ:lum power dissipation is 1 
k·,i. 'I\vo types of coils hLlve been used to realize the 
hi'jl1 ljradient and efflcient COOl1n9. One is an ircproved 
tape co11 WI11Ch oriyinully was J~veloped at LIlL. 3 The 
other is u quadrant stacked coil Jevised and developed 
in our laoordtory.2 JJoth types enable to use a lar(je 
dClpere-turns in a narrow spiice and allow the size of the 
r:1Llgnets and the drift tubes to be reduced. 

(Juter diameter of the dri ft tubes containing ttle 
Llaynets is luu r:Ul and tnat of tile clri ft tubes wi thout 
f-ldljnets is lUU l'1rn. Figure 3 5110\..;5 tile 
drift tuiJe array in tile first tan;;. Center of the 
'luadrup:.>lar field was a 11gned w'i til accuracy wi tllill 0.1 
1,111 helped by a hot-wire teclmique. liote U""ir short and 
thick stems to avoid local resonance. tJo position 
readjusting raechanisfi! is provided. 

\.i-Values. treasured Q-value of the resonator is 
Hl~vlJ at 17 ;;lIz and 12lJuLJ at 451'\llz, which allolYs 
=ntinuous excitation of the resonator by makiwJ accele­
rating gradient modest. The dccelerdtloll rate is O.hc, 

TABLE RESONATOR CHARACTERISTICS 

Numerals in parentheses correspond to the case when charge stripping is applied behind #4 resonator. 

Resonator No. Freq. Unit U U .Ll. U U U 
Max. peak RF voltage kV 180 200 230 2S0 280 300 
in acc. gaps « 140) (<-1 'i0) 
No. of acc. gaps 16 (Tt/31L) 18 14 12 10 10 
Effective energy MeV/q 2.2 '1.1 2.8 2.6 2.4 2,6 

gain/charge 
Ratio of effective % 76 86 87 87 86 87 
gain to sum of peaks 
Effective shunt 17 MHz MOfm 61 150 90 65 45 45 
impedance 45 MHz 15 36 22 16 11 11 
Nax. power loss 17 MHz kW 26 33 43 51 64 74 

45 MHz 108 133 176 208 261 300 

(" 65 « 7'i 
Q-factors 17 HHz 18,500 18,500 Same to #2 Same to #2 Same to #2 Same to #2 

45 MHz 12,000 12,000 
Drift tube aperture nun 25-30 20-30 25-30 30 30 30 
~lax . field grad. kG/em 3.3 6.0 3.8 3.2 2.7 2.7 
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l' i ," . 3 un. f t tui~cs 

0: tlte first 

resonator. 

f.1eV /111 pe r charge 
ilt 45 ~llI z anel 
around 1 ~leV 1m a~ 
10\oJ f r €<.Juency . 

SUr1nary of Hesonator Characteristics. Tab le 1 
summarizes characteristics of the resonators. "'or the 
fifth anJ s ixth resonators, vulues i n parentheses 
corresp:mu to the case where charge of ions is increased 
by striPPin9 after the fourth resonator. 

P i y ure 4 shows a simplifieJ clrcuit of ~Ie high 
power HE' ar:tplifier cJlain . i\ l.Jroau lJanu amplifier with 
[Xl'Wer l eve l of 25U II excites the catllOJe of a 'JI"ounde<.l­
gr i d triooe, where no tunin,] I'r oceuures dre necessary. 
The control grid and p late of the last stage [Xl'Wer tube 
are tuned by coaxial stubs. Load irnj,JE!tJance of the Fo\.Jer 
tube is aJ justed by a var~able vaCUU':1 cauacitor 
inserteel between the plate and the power ·feeuer . 
l1atchin,] bet;,een the resonator and Ule fee<.ler i s w-cltche<.l 
by measurement of tile forward and reflected power by 
dlrectl0nal couplers attache<.l to the side of the feeder. 
The matching is adjustable oy varying ti,e capacitance 
between the head of the feeder dntJ the inner conductor 
of the resonator, manually or autanatically. 

There are four feed back loop" for autonatic 
stabilization or restorat ion of the accelerator 
pardmeters under operation. Those are 100)15 for (1) 
resonant frequency, (2) anplituue of acceleratintj field, 
(3) phase and (4) resto r ation of cavity field after 
d ischarge. lJri ft of the resonant fre'luency of tile 
resonators is v.'dtche<.l e 1U,er by phase elifference between 

the cavity f i elu and the feeuer field ur cliCl'I<je ot the 
r eact i ve cOfdfonent of tilt! resonator ir.lpcdance S~0 11 l,y 
the feeder. The picked up si']nal is fed back to chan,]e 
[-Osition of the capacity conpensators. 'l'he l=1's (2) CUl" 
(3) interfere with (1). (1) is give!! ],riority. 

Excitation of the resonators is autcr.atic::a ll y turneel 
off as soon as l oss of the h1<Jh frequency belu by sa,1e 
reason such as vacuwn sparking is detected. Then excita­
tion node is switched frem the continuous to pulse rlule . 
It is essential to turn off the t.o\.er iHlled i ately cu',J 
to pause before resl.nnlng excitation for prevent qro\oJtrl 
of the lTIultipactorin<] phenomenon . In tne [Allse !:,oue , a 
fast rising over- voltage excitation is appl ieu for an 
interval of a few ten milliseconds \·,ith t"t:petition fre­
quency of roughly 1.5 Hz . [Juring the pulse, the field in 
the resonator is watche<.l and once tile fielCl is restoreel 
the excitation node is switched uack to the continuous 
one and the excitation level is bruuyht down to the 
normal level. The process is so fast that one seldom 
notice occurrenc~ of the vacuulil sparkiJl\j. 

There are other servo loops and auto-tuning l oops 
for pardr.leter presettin'3 ant] optirnizatioll o.!: the Hl-' 
system. i"or instance, the position of tile shortinq 
dev ice of the resona tor and th'~ len<;til of the tunin~ 
stubs dre set by the servo l=[>s \-,ith reference signals 
sent from the central processor . Operati on of the 
high [-Ower radiofrequency system wlth the feed !:Jack 
loops aoove uescrii.Jed is very stable and reliable. It is 
not critica l except at sane frequencies higher thCUl 35 
I·tilz. ~br tllose frequencies. codification of the circuit 
has been found effective to remove instability. li t 
present , due to the above problem. ti,C1e to change 
frequency differs considerably according to the r egion 
of fr"'1uency to be use<.l. 

SUllullary of Hadiofreyuency Syste!':1. '1'0 summarize , 
variable frequency operation o~radiofrequency 
system cO!ilposed of the six high power ampl ifiers 
presents no serious prob lems which make routine 
o[.eration rlifficul t or tex) much laborious. The 0 '1 ,rocle 
of operation has allowed use of the relatively silnple 
circuitry for the high jX)\",r dlllplifiers . Imen cOlnr-ereel 
to the usual pulse operat1on , change of the accelerator 
parameters in tir.le is very s1moJ. kapiu resixmse in the 
various feed-back loop s is not re'luired. Cemputer­
assisteo control with the relatively slow method of 
parameter reading lJy scannin<) can be usc.><.l. Figure" 
slim,s the last sta ge tu;~e with its tuning stubs 
installeo ill tl,e amplifier IX)x. 

Phase feed back 
Other 

Automatic 
control system 
and Interface I-~,~-;----,.--''-------t-t--=--
for computer : t~J Motor 

Amp!. contr I control Max - 300kW g I"' 
feedback Signals £11 20-200pF e.:L.jJ_' 

EIMAC __ h RFC VVC I k cgj ,.,:.- .fE) 

units 

• . 3 \!:'! ) 2 8m - -b 

-10mW 

3~X3000A1~axR:~k~48~~F r--;/,' . T n 

1JiJ I j24~OF ::::- ~I ~ ,A ~oF.-:~rrQ® ' g~;F 
( r I I ~--® @---J 
~ h~~ PSTUB 

r-l Zo -8].Q 

Master 
oscillator 
( Freq. 
synthe~ zer ) 

17-45MHz 

-L' -] 5m 
GSTUB ~ 1 Rescnator 
Zo-8J.Q , H1 
-1m ® ~ Ii 

l-'i':J. 4 l-'requenc:l tunable hiyh lX)v.er ampli fier circuit . 

Fig . 5 Upper ,Jdrt of the alllplifier IJOX 

showing d pY",<:!r tul", fitteu ,.,itl, 
plate and ljr id tUllinrJ stuL>,-.J . 
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l'Or operiltion of tile laul tipi.t rtic I e and f r equency 
vari<..lli l e linac , many accelerator parameters must be set 
diid tUll~d \olitil i.l()s.s i oil~ty of nUlile r ous coml.Jina.tions. 
This [,' rocedure slIou ld not take too mu ch t i me . 
Illtrolluctioll or COII1L'uten; i s i nevitabl e . I n our o:>ntrol 
Syst~II! , I.licroprocessors ure dis tri bu ted in the 
UCCC l crd tor vault anti J:lea sure pur afi'le ter val ues or 
trans forr,l instructions front the centra 1 processo r and 
o:>ntro l local instnu:1ents. l'i<]ure G i>; i.t b lock d i agram 
of the control systecl. Use of the tllass stur age such as 
"lil'Jnetic tili'es anLi Liis;';s g r eatly helps ope r a t ors in 
searctl an~ de ternlinat i on of the bes t operat i on 
conditi ons from the accut:Ju lated past operation r ecorLis. 
He:ld rkable iJ:ll'r ovenents in t r i.1nsHlission effic i ency of 
he.:utl through resonators anu reLiuctiotl of starti ng til,le 
hdve been achieved by the can,lu ter <.1ss i steJ contro l 
>;ysteJlI. 

inrecllon RF tt \-3 RF ~4-6 Beam Transport 
LIne System 

Fig. G lllock Liiasrar,1 of the control system. 

. . Layout of the RlLi\C faci lity is shown in F i g . 7. 
Lorlzonta l ,hstance between the exit of the KILAC and 
the [lost s tri pper cyc l otron is 5U m. Leve l s of beam 
accelerdtion d i ffers by 14 m. Fig . Ij is a pllot og r aph of 
the !ULl,C seen dOl"n stream from the injector side. 
I\r.lpl ifiers are [::osi tioneLi as c lose as possi b le to each 
resonators . 

l· 'ir~ . 7 Layout plan of the RILAC fac ility. 

hg . (3 Photograph of the "ain part of !liLAC . 

Status of Oper ation 

Table II g ives a rough specifications of the IULAC . 

Flgure ') s hows the d istriuution of accelerated 
ion>; plotted agai nst the frequency and the vo l tage gai n . 
The i Olls are distributed over the p lanned freyuency 
r ange. I:nergy resolution is (j . l> ~ in fwhm and width of 
beald bunch is 1. :< ns in f\vJU-' i.lt the exit of t he sixtlt 
cavity . At present , 5 to 20 '1, of the beal" curr ent 
extracted from the ion source is ootained at taryets 
depending on t.he Oei.lln qualities required. 

'I'he freyuency tunable linac lias a speci a 1 feature 
that uei.lnJ ener<]y call be chilnged l.Jy selecting the 
ilcceler<.1tioll frequency. !Jut silJce the p r ocedure to 
change the frequency requires the reacljustrnetlt of a l nost 
all t.ne acceleration pilrameters , it takes several hours. 
H:)\vever , i t has been found unexpectedly easy to Challge 
the i.lcce leration ener<Jy by tunin,) tlte !<F vo l ti.lge and 
phase of the last resonator in use. i ihen this 1,le thod 
i s CXJI1iJineLi wi til sil:lple I"I2th<X.i of swi tching off of a few 
c avities i n tile l ater portion of the linac, tlle energy 
can be set to allY va 1 ue down to as low as 3U % of the 
maxilnulll energy within a relatively short time, without 
degrading the beam quali ties so much .4 

In spite of nl..lr.lerous combinations of parumeters for 
every ions and enerljies, setting of the correspondi ng 
instn.lT\ents is [Xlssible by a few stroke at key board on 
tne operation console. Startin,) up from the co l d 
state takes one to three hours depending on ion species 
ami f r equency to be useLi. Those for which gooJ number 
of operation nas been experienced in the past needs 
least tilne tc sem.l Oei.lln onto targets. 

TAJJu.: II SPECIFICA'l'IOIJS 01-' FJ{]1.iUG'lCY TUf:',\BU,: LHIAC IUl.l\C 

S[Jecial feature ; 
Frequency range; 
C.11arge to mass ratio 
~iLUnber of cavities; 
Energy per nucleon; 

Energy tuning; 

Frequency variable 
17-45 ~IJ 1<: 

of ions; >1/28 
6 

.. ~leV /n for c]/,,=1/4 
O.(l l' le'/ /n for '1/1>=1/21) 

Continuous 
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Fig. 9 Distribution of accelerated ions plotted agains t 
the frequency <lI1d the vo l tage gain. 

Conclusion 

All tne freyuency ranye planned nas ueen covered 
already. Un less high power operation is desired at 
freyuencies higher than 35 HIJz, lrachine is yuite stable 
and current on the taryet renlains constan t for l ong 
til;", . 

The v<.lriable frequency scheDe of tne IUl.J.\C seems 
proved to work. The success is he l ped partly by the 
recent remarkable develq.r.1ent in the autanatic feed back 
control technolo<]y and partly by simplif ication of 
contr ol p rocess nli10e possiule by continuous llIode of 
operation of its radiofrequency systerl . The continuous 
llIode in turn has been rea 1 ized by use of the freyuency 
tuning scheme , which has decreaseu necessary 
acceleratin(j g r allient for the ions of the heaviest 
elements . Tile avai labi lity of the beam for experilnents 
is good. 
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