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hHhough it had been aesigned as a ou0 i'leV proton 
dccelerator, Ule Ltki1 synchrocyc lotron was lIIooi fied at 
the end of the 1~7u's to be able to accelerate ions up 
to mass ~U. 1-\ programme of physics at -wu l'eV/I, 
developed rapidly, at a time when II10st at tOday's cus ­
tom - built heavy ion accelerators for more Ul an (U ,·,e"/,~ 
were under construction or still on the draviiny boaro., 
The intention Vias to enable physicists to perform SOIl.e 
immed iate experiments ana then later to phase out ttlis 
1Il0de of operation as oUler Oidcn ines came on-line. Thus 
the SC's ion programme was brought to a close at the 
beginning of 1~ Jb . 

1. II~ TkuUUCTIUI~ 

The CERN 6UO 1'leV synchrocyclotron gave its first 
beam as long ago as 1957. In 1')74/7 tJ the imj.Jrovernent 
programme 1 upgraded the machine to produce higher in­
ternal int ensity (up to b~ instead of tne previous 
11J.!\) and higher extrdction effic iency (between SU/o and 
7b'7; instead of ttle previous b;';). Lisers of the ex ­
tracted beam were thus able to benefit from an increase 
of more than a factor 'lU in intensity immeaiately, "itt; 
a further factor of 2 available in principle, depend i ng 
on optimisation ot the performance of the rotating con­
denser. It was only possibl e, however, to accelerate 
proton 5. 

First ideas on the acceleration of other particles 
were oiscussed in tile n,;o -1~ /u ' s, the t:lTlpr1asis Lit:in\j Uri 

d, a and 3He initially2. !-It tnis time it "as realiseu 
tt1at wi tn tne auvent at ttle new rf Illouul at iny cleme nt, 
tne rotating conaenser or rotco, it would oe POSSiDlt: 
to snitt tne ofJerating r re4uencies to tile lower values 
neeoed tor the accelerdt ion of ions of lower cllarge/ 
lIIass ratio, leavinij ttle [I,agne tic ti elu as tor proton 
acceleration. For protons", the rr e4uency range is JU.L 
to 10.0 1',IIZ, whereas tor 'he 2+ lonS It 1S ~U.J to 13.':1 
"1Hz. Calculat ions showed ttlat th e insertion ot a 1.illi 
sec t i on to tran SrI,i ss ion 1 i ne uetvleen the dee and tne 
rotco would allow the rf systelll to resonate at tnr: 
required frequencies ana so a project to construct sucn 
a line was quickly worked out, th e intenti on be ing to 
make tne mi nimum of changes Doth t o ttle rf system and 
to other parts of the ::iC. In'pnasi s was put on 3He 2+ 
ions because of tile h igh final energy of JU3 1'leV/h, ana 
interest in d and a wanea. First beam was accelerated 
in 1970. 

Uuring the preparation of the 3he 2+ project, cal­
culations of voltage distribut i ons inside the rotco, 
and new ideas on Hie shape of the inner conductor or 
the 1.i!1lI section of t ranslTli ss ion line showed that even 
lower trequencies were possible 3. Thus ions of charge/ 
mass ratio down to U. JJ ana even to u. ib coulo De 
env isageCl , although chan,:!es inside t ile rotco and a new 
ion source drW central ~eornetry were also reljuired if 
such ions were to be accelerated. It 4uic kly tJecallle 
clear ttlat there was a wide ~nysics , interest in lJt:alliS 
ot 12C4+ at tlb 1'leV/I, and 2 11e 5+ ot 4~ "leV/11 , these 
beams being fJractically unavailable elsewnere in ttle 

world. It was decided to make the necessary Ilioditica ­
tions to the ~L to produce ttlese ion bealfiS t or a l inlit­
ed time until other machines such a llAldL, i',)l.i, etc . 
calile on line. lhus tne ~c acceleratell 12l., 4+ and oUler 
light ions from 1')7'1 until the last run in Apr il l~ blJ. 

~. 3he 2+ I\LLtLtt(i"TlUi, 

In oroer to lower Ule resonant treyut:ncy ot tnt: rt 
system, the sirnplest solut ion WdS to insert a 1. £:111 sr:c­
tion of co-axial transillission line between tile aee anu 
Hie rotco. I-itjure 1 snow, d IJtlotOSJrapn or tlII2 rotco 
and the transillission line as they are being connectea 
t o tne ttlree uee teeothrougll s. Hie i ntroduc t i on at a 
l.~m long transmission line Illeant that tile vaCUUII, sys­
tem of tne rotco had to De IIloa ifi ed ano enlargeo , llut 
the only changes made to the rotco itselt, or to th e rt 
generator, were the dUdition of filters tor the unwant­
ed h i gner frequencies. uetailea calculations were maul:' 
to cheCK trlat sensitive cOlliponents in ttle rotco would 
not be subject to excessive voltages in the new fre ­
quency range. 

Elsewhere at the SC no major Changes were Inade. 
The PIG ion source which worKed well tor ~rotons WdS 
expected to produce qood intensities of 3rle + ions, al ­
thou yh more lJower had to be ted to the tilaillents. rur­
th errnore, the radiation-coo led cnin,ney in wrlich ttle 
pl asrna colullln is forn ie d was not expected to lJe a I inii­
tation. )ince the source consumes only around U.tJcc/ 
rn i n of SJas , it was oecided tildt it was not worth tI,e 
cost ot installinq d 3he recuperation system tor tile 

" . 3 
nUllIlJer of runni rig tluurs wrliCll were expecteu tor He 
acceleration. with the pressure i n tile ~L vacuufl. tanK 
at ttl e level at aDout j.1U- 7 t orr, De all' losses auring 
accel era tion were not e xpecteo to oe significant, es­
peci ally for tne fully-strifJfJ ea 3He 2+ ions, so no 
i fllprovell.ents Vlere necessary there. 

kesul t s were very encouragi ny in tn e rirst run in 
1')70. The rotco perrorJllea reasonallly wel l , wi ttl tile 
full ~G KV rt IJrogranliTle, but tilere viere nun,erous rt 
discharges as tile repetition rate was increaseo. I-i­
nally, acceptaole running conditions were ootained oy 
1 ilaiting the power by j.Julsing on one out of every t hree 
possible r t cycles. f'ruoence dictated that tnis outy 
cycle be acc epted, but even so, the oeam intensity 
proauced was _j.1LJ 12 ions/sec. It was tound that the 
frequency range available was somewhat larger than 
necessary dnd its optimi sation, by lIiodifying tne ain,e n­
sions of the inner conductor of the transmission line, 
became the object at a longer - term illlprovement project. 

The users of the 3He Deam were enthusi ast i c, es­
pec ia lly Isolde, th e on-line isotope separator tacil­
ity, where the use of 3He ions of 3u3 i'leV/N cor;pared to 
bUU l'eV protons offered saffle consideraDle advantages. 
Figure 2 shows the ratio of yieldS of T1 isoto[!es pro­
duced by bombarding d LJ target 4. f'rotons and 3He ions 
are conpared . I-It the fJeak of the yiel d, the results 
are si milar, out tar froll; stability, eSj.Jec ially on tne 
neutron deficient sioe, tnere are factors from a tew up 
to lu2 to De ':Jained Dy using 3he ions. It snoulu De 
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nSu~e 1. ~1I0uJ;Jra)J1) ot "enerator ... G. 1, rotco 1,0. C. dnu tilt: loL 1I1 transilli sSlon lille 
Just lierore tlley are )JUSlleO aion" tht: rai " s to connect to tile Ot;:t: tt:edtnr"ou~"s. 

notcu, however, tilat tile inlt:nsiLy ot 3he iOlls lIas ueen 
1I0r"ldiiseu to Lllat ut til e "rotons in riG . .::. in rJrac­
t lce 1 t Ivas tounu tilat U"" 3"e intensl ty -.,as too IOvi uy 
a ractor ur j or so to De "eneral,y u3set2'tl.. . . 

It was oecldeo to 11l1)Jrove trle He lnt enslty HI 
seve~ai \,ays. 1.-', ear,y a tactor" j was ~ott:nt ia iIY 
avai,alJie Dy >,ulsing Ule rt un evt:ry f'ossibie cyclL:, 
LJut t!lis reyuireo SOrtie illllj('o vell,ents in tile rotcu 
(oetter Tilterin\j, e'lilllination or senSltlVt: e,el1ients, 
etc.). Tile ~t IJr"O<jrallillle couiu also Dt: o)Jtillliseu uy 
r"econstructiny tile inner conuuctor at tile transilli ssion 
line. l-inal1y, illl)Jrovelllents couiu lle IIlaoe at tile ion 
sou~cc, uy te eolnlj in 1110 rio' )Jower. "ark starteo on 
tnese ilL(J('ove1llents uut because at 1 iUli teo [Jersonnei and 
the pressure tram the oeveioprnent ot otner ion beams, 
tne )Jriority yiven tu tile ~roJect was very low . 

aurin,:! tne 3he 2+ fjrOJect ill l':i7!//o a <j reat oeal 
of work was oone on ways of accelerat in g tleavit.'r ions 
in ttle )1.- vlith the ll,inirr,ulIl ot expense. I:.tforts were 
concentrated on 12(;4+ initially, since thi sian seelliea 
l iKelY to ue \vithin tne capabilities at tile ion source, 

and, at an energy of 00 1'110'1/1\, wouiu ue ill a new energy 
region tor tne users. Ca,culations sho\,eu that a nev; 
inner conauctor corrsistinq ot ~arai1el tuoes couiu ue 
constructeu to fit in tile -already existlny 1.<:,1, tral1S­
Illissiun line, tnis wou·lu ':live tilt.' re4UHea r"sonant 
treyuency range at lU.1 to b.::> l'lhz. it \>ias aiso uellrOII­
strateu trlat Ule voltage uistrlDution Insiue Lile rotco 
was acceptalJle at tnese 10'11 freLjUenclt:S. while tile nev. 
inner cunauctor hdS unuer construction, tunner ca',cu-
1 at ions and n,ouel IlieaSUrel1lents snowea tnat even 101'1t.'r 
frequencies were obtainable S, ouwn to ttle railyt: I.u to 
b. o I',HZ (far particles ot cnarlje/nlass ratio 1/'1), lt " 
slilall ai a,l,eter tuoe was used as tile lnner conlluctOr". 
Thus was Darn the idea at a switchaDle inner conuuctur 
in Wllich tubes at apIJro[.Jriate diallreters wuulo ue IIrectl­
anically switChed into position, thereby cllan<Jinr" tht: 
impeaance ot the inner conductor and Ilence tile resonant 
fretjuency range. It was trlis l1Iulti-tre4uellc~ transmis­
sion line wllich was finally used to yive 2 l<e S+ ions. 
The advantage of tile mult i -fr"equency 1 ine \-Ias tnal ttlt.' 
resonant frequencies COUld be cnanged witllout tne neeo 
for opening the vaCUUfl, system and making a chal/(Ie or 
tube diameter, illl[Jlying a stOfJ of several uays. 
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(Jt ss nU!!ll_ler. 

yi,;'(JS OT isotor,es 01 1, 
dllrJ fJ~OtOflS, as d Junction 

utllter Uldl1~eS 1,,:UeSSM) in tt,e r1 systelll ht:~t' tilt' 
COIl'otr uet i011 01 a lIleV' rt ~jUHJdtor tor tilt' treyUeflCj 
('dil':;'t' ue~uv, lU "~I~L, toe lrlstdlldtlUrl ut (leVI, tliwfler­
lIIJuctal:et: CUIi'I)"nSdtlrIY CUllS HIS1Ute till: rotcu,- tilt: 
(t'fJldCel"ent 01 cc:rtdlrl 1llte('S drld lJetter sliieluifl,:! ut 
ti,l' "'crill Cd,;" ot tI'e (UtCll. IlleSt: "Ie~e irllfJUrtdnt IllllcJi­
t!CdtlUIiS dilU tUUK SUil,,, tll,le tu cdrry (Jut. dS tllile dnu 
turtlll:r' tLStS [Jrl)llreSSeu, d nUII,uer ot '>llld"It:r Illoditica­
tlons ~ ... ert:' If1d(H: lf1S1Ue Ule ('uteu Sf) t!lot une ruteo lrl 

j..Jdrt 1 Cui ar l)~;Co!l:L' (He 11 10n l! roteo anu tflt; utfle( 

Y't~I!,,jlt1t-':O 111 "1-.!IUl(i!I" 1,IL,ljl::. 

',C(JilSLdlit I'iurry t!lrou'.lriUut tile 10n aCCt:'lerdtlon 
fjt:rliJU ~iJS tl'L I,'iJTO(fI,arICe ut ti,e rutcu uutdlrldUle Tur 
d SllVt'n treqUl'ri 'dn~je dnd a qiVi=r1 rt voltdyt: level. 
Uj t"l1 a LUI"f' se frau to Ue II,aae u"twe"n tile oesireu 
vu,t lewl (nl'Ctcsc,(l(y fo~ d lIi~il tJt'dll, int~nslty) anu 
the nul, ui scrldrqe rate (sever'ol hundred Ul sctra~lJes ~er 
Ilour).' Ihlls SUII',et inles a 10vit,~ vOltage nad to b~ usell 
SlJ tfirit ttll~'Ye Vd_)('lJ flot tuo if,dny di scharqes, ana til; S 

(l.cSu'ile:l: IG IUViv 11ltC:IISity beams for tlte users lt 
"as tound tnat t()~ 1011 Gearl,S tile rt vOl tage at tile 
SLn't (H acce'e('ation was much nlore critlcal than in 
tile lo(O~I)11 lilULl". IlleSt' ct liltficulties we~e wurse "ltb 
tm, IO\'li'~ tCt'(iUl"I,ClE'S of 20"e 5+ acceieration, ana on 
sl:'Jcr(li 0c:cdji()n~) SeV\~((:, Gal1la~e ~'v'dS lduseu to surfaces 

in tne rotco. eS~"Clally II, tI(e SO-Cd/«(,G "U1SC caf.>ac­
itor l~afJ", resultintj HI ti,e n(,CE:S'>ity to re-(;,acrnn(; tilt: 
surf ace s. 

~or tne 10li sourc(', 12L 4+ refJrl''>ulteu d Cl1allen~e, 
lJeCdUSe consicleralJly l!.Ore ~o"tr v,uulU ute ~l:~U1rl:1I tu 
ionize tne dtOIlIS, ana tne ::,L's source: liaS rdti,(',' SI,dl I 
U1r:ltcr\sions, Slnce lt dliO tile central "eOii:t:try drt: 1[,­

serted aXldliy trolll u(;lOl', th~ouljrl d ~u (II: uldllle:tt;( 
nole in tnt: >Jail' ot tile ::'L li,aejll.:'t. ,'Ieasurellients ,""rt: 
rlladE; on U(e:,L central reuion llium,i ila~lIt,t ailU IIl~II 
intensities at 12c4+ "er,,'uutaHIt'Ll. Ldrt,O:1 ,i,0I1UXlue 
Nas Chusen as the nest scurce sas l,\'i fJu,"er SUi)fJ'ly 
I,as designed to feeo tile ('xtra ~uI'ler to tile r i i dlilents, 
ana a 'iater-coo'ieo crrilliney ~as constructeu lflstl:dO 01 
tile raoiation-coolea iJroton versio(i. n,is wdtt,~-cooit:o 
version haa a oiqlier ui arlleter thdn its proton cousi II, 
because tne radiu-s- ot tile tirst u~Dit tor an Ion 1'0 1n­
verse IY fJrOport i ona 1 to tIle: SLlUd~e root of it '0 eli >2/ 
l;rass rdtiu ' thus 1./.) in llie ca'>l: or 12L4+, 1',1101 
wives II'O~(; space at ttle celltrt:. 11,e I drlje~ source' 
LljJlitll, clt:arly, a n,"w Central ljeUlilt:lr.\ as well. 

Initially tile ti,ai'"nts I(au d ~dtllt:r Sllurt litl'­
til"l:, out "rauual!y ir:l~ruvllilt;nts were li,dUe tu tile 
trlickness of tile Ta v.atcr WE:IUeu tu tile c, DdSt', anu d 
lirt:tH," ot rau,!II'iy ill nuu~s 1',dS Uljtdll1t'll 1(,< 12L4+ 
bCdliIS. FilJure j SilU\'IS a fllalT,ent ,,'tllCI1 ildS [)IUKell 
attler b rloulS ut u"eration wltn d 12L 4+ Uea~I,. LU(4etll(;r 
wlth its anticatrluIH:. huuve is slwv", il lie',. tildll,cnt. 
~O:l1e uald on tila:l.erlt litetiilleS 15 yiven 11) lOUie 1, 
wne~e tile sou~ce (;ast's are a'i so SlIu'MI tur tli'C Lil tt"relit 
iOr1s. It was tOUIiU ulcsirdl,le in '>011,1: Cd'>"" tu "(e,,Me: 
:!ilxtur(;s at tne SllUrCe r.;dS \>iit" sr;,all ,"uarrtltH:s (Tel, 

) ut I'~ tu staDi Ii s" tilt: ,,1051"0 . I,,(,CII "lurL "tol;,t: dr1L1 
re~r'oUUC1UI(; (Unoitlol1S wtere uutdHleu Wllell I,r WdS U'>eU. 

Irlt: (dn'.le U1 lOllS ~rOUUCe(j at variuuS L11':I:S dllu 
Wltll various' versions ot tile rt syst(,lI, trUll, 1~/~ tu 
l~oo is SIIOViIi HI la01E:~. 18u 6+ Cail,e lu Ute tile: !iust 
~o;;uldr ion Slnce it looks leSS ',1k" a cOllectiun ot 
a'S tllan 12L 4+. Till' lntellslt ies ivell here ilieasureu 
I'; it I) a ~ardaay cup at tn" (exit at tilt' cyclutron. unly 
ratne( llll"reci se iliE:dsurelTlt:nts ut ttle tranSliil ssian tr'UII; 
SOIJr'ce to extraction are avaiiauit:, "hicil inlllcate a 
lOss ot a tactor ot (r!urte tridli .l, i!,dlIlIY t~lll!, lilt' e!ian:!t: 
of cna~ge state of til'" acce'it:~al.ln~ ion HI t.ile ,Joor 
vacuuIl1 ot tilt ::'L tanK. huv.~ver, tne ('xt rdC tell liiten­
sities vlere sufficiently lanlE: that tile USI:rS, i'luSt'IY 
involvt:o in counter texf.!eril1lents, ~arely Ilel:C1eO tne tUll 
intensity thi S IdS convenlent since It 1:lednt tridt 
cOllinlators COUlD iJe us"u to 'Jive 'Juuu llt'dl', SiJuts 111 
Ule two rleavi iy sliielueo zones,me~e tne experiilients 
"iere situated. 

UII" teature uf tlll: ::,L"s lieam ,,1,letl was Hlucn 
d~iJreciateu Gy ttll" U'>e(S l'dS as li:l,e ,Vucture. lile 
:,L ridS a fJUISed tieiu u~ "iii' cUli \',1I1CII can De USeU to 
SIJr('du uut tile uedi,' HI tlll1l:, "iVHIl) a uuty CyCle ot 
Illort: tnan :;U/o. 1I,is ;;IUUt: UT OIJt:~dtlun vias III constant 
Uelfidnl1, uut reyuirecJ SUilit:wlldt ul'ilCdt(; dUJustllient oy 
Ule ofJl:raturs, lliucll I;IO~(; so ii(arl in fJrotoll OiJ"ratlon. 

Tne :,L rdn 111 trle i un IliUUe tu r Uf.' to Olle trll ru or 
its of.!('rat iny t 111,(, trOll 1~/'j tu l~oo, dllO IIlure tl(an :)u 
flhYS1Cists were invulvca in eX!Jerlll,elltS. 11'<" iun ~ru­
ljrallil'le at tne :'L nas nuw ot:en ,oildSeU out as tl,ere exist 
several otner rilacrlines ill Hie wor,o HI tilt: enerljY ranlJe 
uiJ to lLJu I',e\; /11. Tne intent lon 1 s tu run tlle "L f.i(l­
II,ari iy for I so 1 de (see Ke t. b) tor 4LJLJU ilour S jJer yt'd( 
in tne tuture. ~(utons wlll lJe tile ""'lin LJea:ll, out it 
is still our intention to Ofltil1,ise tile \1('2+ accelt:r­
ation.inlcil hau fJreviously tu lJe ljlven very luw ,)('ior­
ity: one distinct advantdlle of sucli a lJeal!! is that it 
leav('s oehlnd I!!JCII less ill(Jucea rduiuactlvity tilali the 
oUU i'leV proton tJealil. 
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ri gure j ~hotograph show i ng a new fil amen t and its 
anticathode, together wl' t h one which 
\'iorked for IS hou r s for a 2C4+ be am. Th e 
Ta wafer can be seen on tn e ~ booy . 

*) 

Taole I uata on the ion sou r ce 

~ulsed on for bU- 7U ~sec eac h cycle 
Gas consumptio n "U.3 crn 3/rnin 

P, aSllla colunm bmn di anle t er 
r i laments .. , or w with Ta ti p 

Fi lanlent exchanye tin,e - 1 t o I/~ Ilours 
~rc currents t rom 2 t o OM 

Particle rilanren t I ifet irne :, our ce ga s 
Fr-o-tons -----)1 ~unours -_._-;:;-;; ... -
3he 2+ 4~ hours (bdU) He 

0:' hour s ( l ~d~) 
12C4+ 2u hours (l~8U ) Cu 

~u hours (l%~) 
18U6+ 

0 hours (l':ld2) 18U2 
13 nours ,,) 

20 11e 5+ Iu hours ( 1~():,) li e 
2L hours *) 

12C 3+ 18 hours C 18U 

with adoition of a few % Kr gas t o s t ab i l i se 
fJlasma. 

16U4+ **) to avoio cont ami nat i on wi th i on s 

** ) 

th e 

Tabl e ~ Ion beams at th e :,C 

Particle tnergy Extracted fr equency 
(i'le V / f,) i nten sity range 

(part. /s ec) (l'IHz) 
3He++ 3U3 >3xlU 12 2u .3~13. ':! 
3Me + 

b J > lu 13 1lJ . l~d.:J 
12(,4+ b::, > l U12 lU.l~ (j .~ 
1511 5+ 0 :J > lu 11 lU.l~ o .tJ 
18U6+ 05 -JxlU 11 lu.l~ 0.:' 
16U6+ lU7 :,xlu 9 

11.b~ ':!.4 
14i~ 5+ '17 - lU 9 

lu.o~ ':I.U 
2 0i'ie 7+ ':!'1 ~X1 U 9 lu.o~b . ':! 
20

1
\e 6+ 7u -3xlu lO 

~.1~ 7.1 
201\e 5+ 4':1 -JXlU ll 7.o~ b.b 
12C 3+ 'I'd > lU 12 7 .o~ b . b 
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