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THE Cekiv SC AS A hEAVY luw ACCELERATUR

b.w. Allardyce
1211, eneva 23, Switzerland

ABSTRALT

Although it had been cesigned as a bUU eV proton
acceierator, tne LERN synchrocyclotron was moaified at
the end of the 1Y7U's to be abie to accelerate ions up
to mdss <u. A programme of physics at ~1UU reV/iv
deveioped rapidly, at a time when most ot today's cus-
tom-built neavy ion accelerators for more than 2ZU rev/n

were under construction or still on the drawing boarda.

The intention was to enable physicists to perform some
immediate experiments and then jater to phase out this
mode of operation as other macnines came on-line. Thus
the SC's ion programme was brought to a close at the
peginning of 1Yso.

L. InTkubUCT Lui

Tne CEKN 6U0 MeV synchrocyclotron gave its first
beam as long ago as 1Y57. In 1Y74/75 the improvement
programme” upgraded the machine to produce higher in-
ternal intensity (up to b&pA 1instead of the previous
1pA) and higher extraction efficiency (between 50% and
75% instead of the previous b5%). users of the ex-
tracted beam were thus abie to benefit from an increase
of more than a factor 4u in intensity immeaiately, witn
a further factor ot 2 available in principie, depending
on optimisation of the performance of the rotating con-
denser. It was only possible, however, to accelerate
protons.

First ideas on the acceleration of other particles
were aiscussed 1n the mid-1Y/u's, the empnasis being un
d, a and 3He initially2. At tnis time it was realiseu
that witn tne advent of tne new rf mouulating eiement,
the rotating conagenser or rotco, it would pe possibie
to snitt tne operating trequencies to the lower vaiues
needed for the acceleration of ions of lower charge/
mass ratio, leaving the nagnetic tield as for proton
acceleration. For protons, the trequency range 1S 30.¢
to lb.o KMz, whereas for gne ions i1t 1s 2u.3 to 13.Y
MHz. Caiculations showed that the insertion of a Ll.am
section to transmission 1ine petween the dee and tne
rotco would allow the rf system to resonate at tne
required frequencies ana so a project to construct such
a line was quickiy worked out, the intention being to
make the minimum of changes botn to the rf system and
to other parts of the SC. Enphasis was put on et
ions because of the high final energy of 3U3 MeV/i, ana
interest in d and « waned. First beam was accelerated
in 1978.

Uuring the preparation of the
culations of voltage distributions
and new ideas on the shape of the inner conductor of
the L.Z2m section of transmission iine showed that even
Tower freguencies were possib1e3. Thus ions of charye/
mass ratio down to U.33 ana even to U.Zb couid ve
envisaged, although changes inside tine rotco and a new
jon source and central geometry were aiso required if
such ions were to be accelerated. It yuickly becane
clear tnat there was a wide &nysics interest 1in bLeams
of 120" of so wev/i and 2%e> of 49 mev/i, these
beams being practically unavailable elsewhere 1in the

3he2* project, cal-

inside the rotco,
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worid. It was decided to make the necessary modifica-
tions to the SL to produce these ion beamns tor a liiit-
ed time until other machines such a wAWlL, MSU, etc.
came on line. Thus tne SC accelerated ™" ana othner
Tignt ions from 1979 until the last run in April lysu.
3 .24

¢. “he”™ ALLELERATLUN

In order to Tower the resonant treguency of tne rt
system, the simplest solution was to insert a l.cam sec-
tion of co-axial transmission line between the dee and
the rotco. Figure L snows d pnotograph or the rotco
and the transmission line as they are beinyg connectead
to tne three oee feedthroughs. The introduction of a
1.2m long transmission line meant that the vacuum Sys-
tem of tne rotco had to be noaified ana enlarged, but
the only changes made to the rotco itseif, or to the rt
generator, were the adaition of filters tor the unwant-
ed higner frequencies. Uetailed caiculations were made
to check tnat sensitive components in the rotco wouid
not be subject to excessive voitages in the new fre-
quency range.

Eisewhere at the SC no major changes were made.
The Plu ion source which worked well for frotons wdsS
expected to produce good intensities of Sqe 2t ions, ai-
thouyh more power nad to be fed to the filaments. Fur-
thermore, the radiation-cooied chimney 1in which the
plasma column 1is formed was not expected to be a iimi-
tation. Since the source consumes only around U.bcc/
nin of gas, 1t was aecided thdt it was not worth the
cost ot installing a 3he recuperation system for the
nunber of running nours which were expected tor “he
acceleration. Wwith the pressure in the SU vacuum tank
at tne level of apout 3.1U~7 torr, beam 10SSeS auring
acceleration were not expectea to be significant, es-
pecially for the fully-stripped 3re?* jons, so no
inprovenents were necessary there.

kesults were very encouraging in tne rirst run 1n

1978. lhe rotco performead reasonably well, with the
full ¢U kv rf programme, but there were numerous rf
discharges as the repetition rate was increasec. ti-

nally, acceptable running conditions were obtained Dy
Timiting the power by puising on one out of every thnree
possible rt cycies. Pruaence dictated that this auty

cycle be accepted, but even so, the bpeam 1intensity
produced was ~3.lu ions/sec. It was tound that the
frequency range avaiiable was somewhat Targer than

necessary and its optimisation, by modifying the aimen-
sions of the inner conductor of the transmission iine,
became the object of a jonger-term improvement project.

The users of the “He beam were enthusiastic, es-
peciaily Isoide, the on-iine 1sotope separator facii-
ity, where the use of °He ions of 3U3 MeV/WN corpared to
bUU MeV protons offered some considerabie advantages.
Figure 2 shows the ratio of yieids of Ti isotopes pro-
duced by bombarding a U target“. Protons and °de 1ons
are compared. At the peak of the yileld, the resuits
are similar, put far from stabiiity, especiaily on tne
neutron deficient sige, tnere are factors from a few up
to U2 to pe yained by using 34¢ jons. It snould pe
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rigure 1 Frictouraph ot generator wo.

1,

rotCo WO. ¢ and the L.dm transmission iine

Just vetore tney are pushed aiony the rai™s to connect to trie dee feedtnrougns.

noted, however, that the intensity of 3he ions has veen
noriaiised to tnat ot the grotuns in Fic.¢. In prac-
tice 1t was tound that the °ne intensity was too iow vy
a ractor of 3 or so to pe generaliy useful.

It was aecided to improve tne SneZt intensity ir
several  ways. Lieariy a ftactor s was potentiaily
availdabie py pulsing the rf on every possibie cycle,
LUt tnis  reyuired some  dmprovernients in tne  rotco
(petter Ttiitering, elimination ot sensitive elements,
etc.). Tue rt programme couid aiso De optimised vy

reconstructing the inner conauctor ot the transmission
Tine. Finally, improvements could oe mniade at the 1on
source, by fteeding in more power. work startea on
these improvenents but because ot 1imitea personnel and
the pressure from the deveiopment of otner ion beams,
tne priority yiven to the progect was very low.
3.  UAKBUN AU Ulner LUNS

vuring tne 3he 2t projgect in 1Y77/76 a yreat aeal
of work was aone on ways of acceierating heavier jons
in the SUL with the ninimum of expense. Ettforts were
concentrated on '2C initiaiiy, since this ion seened
iikely to ve within tne capabiiities ot the ion source,

and, at an energy of to reV/h, wouid be In a new energy
region tfor tne users. Laicuiations showed that a new
inner conauctor consisting of paraliel tubes couid ve
constructed to fit in tne aiready existing L.zi trans-
nmission line, tnis woulu yive the requirea resonant
trequency range of lU.l to &.> wmhz., It was aiso demon-

strated that the voitage distribution insice Lhe rotco
was acceptable at tnese jow freguencies. while tne new
inner conductor was under construction, furtner caicu-
fations and model measurements snowed tnat even Jower

frequencies were obtainabie®, aown to the range /.u to
b.b mHz (for particies of cnarge/mass ratio L/4), 11 a
small aianeter tube was used as tie inner conductor.
Thus was porn the idea of a switchable inner conductor
in which tubes ot appropriate diameters woula be nech-
anically switcned into position, thereby changing the
impeoance ot the inner conductor and nence the resondant
tfrequency range. It was this um?ti—rrequencg transmis-
sion line which was finally used to give 2V%e5% jons.
The advantage of the muiti-freguency line was tnat the
resonant frequencies couid be changed without tne neeo
for opening the vacuum system and making a change of
tube diameter, implying a stop of several aays.
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produced Ly 3¢ ang protons, as & tunction
Gt mess nunber.
ulher oindnge$ necessary in the rtosystem were the
construction of a new rf generator for tne freguency
rdfge Leiow  lu oz, tne instaivettlon of new, nigher-
inductance coupensaling Coulis  insiae tne rcotco, the

repiacenient of certain 11iters and uvettec shieiving ot
the "end cap” of tne rotco.  These were inportant modi-
fications ang took some thie to carry out d$ Lime dnd
further tests progressed, a nuiber ot smad)ier moditica-

t1ons were made Insice lhe rotco so thal one rotco in
particuiar  became  tne  "yon"  rotco  and  the otner
remdined I “proton” ncae.

A constant worry througnout the 1on acceleratiun

periog was tne pertorpance of the rotco votainavle Tor
a given trequency range and a given of voltage Teve).
Utten a conpromlse nad L0 Le nade between the desired
voitage Tevei (necessary for a nigh bean intensity) and
the nigt aischiarge rate (several hundred discharges per
hour). Thus sonetimes a lower voitage had to be used
so lhat there were not too many discharges, and this
resuited in duwer dntensity beams for the users 1t
was found trat ftor don beans the rt voitage at tne
start or acceieration was much more critical than in
the proton mode.  Inese rf gifticulties were worse with
the Jower ftreguoncles of > acceleration, ang on

e
Several 0CCasions severe Gamage was caused to surfaces

107

1n tne rotco. especiaily 1n the so-caiies “ulsc capac-
itor gap", resuiting 1n the necessity to re-nacnine tine
surfaces.

For the 1on source, 12p 4+ represented d cnaiienye,

Wou U

pecause considerably Hore power ve reguired Lo
ignize the atoms, andg the SU'S source has rdther Shail
diriensions, since it anu the central geonetry are irni-
serted axiaily trom below through a 2U o arameter
nole in tne pole of the >U nayn=t. redsureiient s were
made on the SU central region mogel wagnet ance nigh
intensities of LM owere ubtaineu.  Larpon nonoxide

was chosen as the best source ¢as Lol power Supply
was designed to feea Lhe extra power Lo tie ftiiaments,
and a water-cooiea chinney «as constructea insteaa ot
the radiation-cooled proton version. This water-cooied
version had a biguer alaneter than its proton cousin,
because tne radius of the tirst urpit for an iton 1$ in-
versely proportional to tne square root of its charge/

e L s bt ;-
mass ratio thus (.73 1n tne case of L7, whitch
gyives more space at the centre. The Jdrger source
implied, ciearly, a new central yeometry as weli.
Initially the tijlaments hau & ratner short Jife-
time, but graduaily inprovements were nade to tng
thickness of the Ta wafer weldeu to the « Dase, ang 4
Titethie of rougniy 24 nours was obtained for PN
peams. Figure 5 shows & tijament wnich hias broxen

after b hours ot operation with a 124" pean, Ltogetner
with 1ts anticatnoae. Avove 1s shown a new tiiament.
Some data on tilawent Fitetlues 1s ylven in ldbie L,
where the source gases are aiso shown for tie different
ions. It was found cgesirauvte In some Cases Lo prepare
silxtures ot tne source gas witii small yuantities (few
w) ot Re to stapivise thne piaSia . nuln wore stabie dand
reproducibie conaitions were onldlineu wnen hr was used.
Ihe ranye of 10ns produced at variocus Lines anu
various versions of ‘the rft system trom lv/y to
is suown in labie 2. 18,6+ Cane tu e tne nost
popular iop_ since it jooks iess iike a coiiection ot
a's tnan L True intensities given were w€asurey
with a faracay cup at the exit ot tne cyciotron. unly
ratner Tmprecise mneasurenents of the transmission from
source to extraction are avaiiabie, which indicate a
i0ss of a factor of wore thian 3, mainiy trom tne cnanyge
of charge state of the acceierating ion in the poor
vacuum ot the SU tank. however, tne extractes inten-
sities were sufficientiy large that the users, mostiy
invoived 1n counter experiments, rareiy needged the tuil
intensity this was convenient since 1t meant that
coilimators couia be used Lo glve yood bearm spots n
the two heavily shieided zones where tne experiments
viere situated.

une teature of tne SC's bean wnich  was  nmuch
dupreciated Ly the users was 1ts lime structure. fie
SC has a puised fieiu or niim Ccoll wnicn can pe used LO
spredad out the bedd n tiwe, giving a Guty cycie ot
more than bUx.  Th1s niode oF operation was in constant
demand, bul reguired sSouewhal delicate aajustment oy
the operators, nuch more $0 than In proton operation.

with
Lygo

4. Lunlluslun

Tne SU ran 1n the 1on mode for up to one tnira of
1ts operating thuie trom 1v/Y to Lvoo, and more tnan oy
piysicists were invoived in experiments. The jon pro-
gramme at tne SC nas now veen pidsed out as tiiere exist
several other machines in the woric 1n the eneryy range
up to LLu reVv/i.  Tne intention 1s to run tne SU pri-
marily for Isolde (see wret. o) for 4UGU hours per year
in tne tuture. Frotons wiil be the nain bean, but 1t
is stiii our intention to optimise the °me®’ acceier-
ation which hau previously to be given very iow prior-
ity one distinct advantage of such a bean is that it
jeaves pehind guch iess inducea ravivactivity than the
oUU eV proton beam.



Proceedings of the Eleventh International Conference on Cyclotrons and their Applications, Tokyo, Japan

Figure 3

Photograph showing a new fijament and its

anticathode, together Wlt one which
worked for 15 hours for a ~2C** beam. The
Ta water can pe seen on tne w boady.

Tapie 1 Uata on the ion source
Pulsed on tor bU-7U psec each cycie
Gas consunption ~U.3 cm3/min
Piasma column 2mm diameter
Filaments W, or W with Ta tip
Filament exchange time ~L to 1/Z hours
Arc currents from ¢ to &A

Particle Filanent Jifetime Source gas
Protons > 150 hours T,
he 2+ 49 nours (lysu) he
b hours (19bz)
L2+ 20 hours (1ysU) tu
5U hours \labbj
18,6 b hours (1952) 18,
13 nours *)
20e >+ 1U hours (1985) e
22 hours *)
12 9 18 hours C18y *x)

*) with adaition of a few % Kr gas to stabiiise the

plasma. &
**) to avoia contamination with “°U™" ions

Tabie ¢ lon peams at the SC
Particle Energy Extracted Frequency
([MeV/iv) intensity range
(part./sec) (#HzZ )
Sttt 303 >3x1012 20.3513.y
et 55 > il LU.1> 8.0
Lap et 85 3 gl 1U.1+ 5.5
15,5+ 85 > Lull LU. 1> 5.5
18,6+ 85 ~3x1ptt 1U.1s 6.5
166+ 7 Hx1y? 1l.o> y.4
Ly 5+ y7 ~10° 1U.8> Y.U
20pe 7+ Y4 ~x 102 1.0+ 5.9
20,6+ 70 ~3x1u10 Y.l> 7.7
20,40 5+ 4y ~3xlyll 7.0 b.0
L2p 3+ 49 > 1012 7.0 0.0
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