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ABSTRACT 

The l’ritrotl project ib d fedwbilitj stud) of a new 

t> pe 0 r <A r-lotron. a supe~contl~ic-ting sqnl~atrd orbit 

cyclotron for (Itiilsi-Colitillolls ioil beams with srn~~ll emit- 

tan<.i’s. [II I”-inciple fol- spcc ifi< wI?rgies of IhLIndreds of 

hlrV/t,. o\ci-~ oltwng diffrrent :iwi:dti0m rif other i~c‘l0t~olls 

b> its ot.tstanding i‘ratwt.s First thr <-on<-ept is prrsrllted. 

tIltI the. z.tatus 01 t Iif. Xlullit h l)roject. ‘I’ilv c-1’) ogcrric 

s~stcnl I.5 c~ll”‘atlllg 4lnlost all ~l~lll,)onrllts of the beam 

tl’ilnS~)oI’1 SJatt’lll c~\lst ‘l’he fil-st t\\c, s~rl”“.‘utl(ill(.tini: 

1-f-c dxitirh I~A\P r~\mwl~(l th(- dpsipr i oltage and quality 

ia%.to~ c O:IS dt~~-~bi~. fhe ~n~ig~~~~ti( fik~lds of stlpci-coliclllctilii: 

test Il:at:nt.ls \\rrc in~estigatcd. Thv corn]“lter controlletl 

\\intli1ig niri(.jlill~ 15 op~rdtin>: and rlli (.olnpO~~C~~ts for tllc 

pru~lti~ tioll of thc~ L!I(l chilnlli~l ~n,lgIli‘t,\ e\iAt 

THE TFUTRON CONCEPT 

I’hi, I citron Colic <apt is b<l\C’d Oil the magnet 

&s,$~ll: tht. bean1 IS gliid?d 1, itI1 str-ot1g forusing along the 

Sl”l~dl ol-l>i t ‘,J SL,,,i’l‘< olld~ll~tlll~ < JldllllL’l magnets \Y / t h 

alter-n,itiny, gr,itlii~nt.s ,l.? in a beam tr;tnspi)rt s?stetr (fig. 

1) 1~11~~ c-hdnili~l ~,~,iggn~xrs d t’ joinc~d tu f’l,it svctc)I-S. It+3\lng 

0 ,*,ri\.nll:II1 ot S,,di sj twt\\ <‘<‘!I CdC 11 Sc’L-oIld S“C toI- l’oi. 

ol,timizitlg tllw bh?,l>e of tht, r-i‘-rdi it!**5 \\ith I‘tlSl)c’<.t to th(’ 

~-,i<li~il 1 olt~ig5 rliat-~~Lteristic pr~al, I’i~ld and IOSSC’S. I)ll(’ tr, 

tl,r sli0i.t ~dtigc. 0t‘ the magnet bird:. firsI:! the cavltirs can 

Ix aup~‘r-“““llr~ :i:1p tixi In 1./l<’ r~~lll,,ining: iil:cl-ln(.<lidti’ 

se?< TO,‘\ 1x?,im [Jr.Oh(.~ \\ i I I ilP ilist~~llcd to i-<illtr.oI the radl‘ll 

posit I():1 ’ 

7 jlc sIIL1~~.f‘.c~ fc-dt.It-f.a ill’ th( TI-i:r011 j 01:~ cpt ~\I‘c~ 

-- Stj-r)ng j‘csc using in both tl-an>\rl-s;il r!ilX,t tiolis: 110 

IImitC3tlon of thi, isnerp,? b! 1ac.k of ir\idl f<KLlSl~~g 

- The \%urXing lint in tht stabilit) diagr-on1 can be put fat 

from tht. stabillt! linlits. i%arca is no energ) limitation 

dii(~ to w~i~ndn~-~ Ilneb. \\ hii II dl-t’ c-r-ossecl \crj fast 

br. itllo.lt tlisturkkinri,5 

Strung Idii~:tLt~~lii~dl fuc LlbinE. her ‘lU\( Llic* Ili‘2gnrti~ field 

nwds not tu bc r\a<.tI> isochronous. Thus no increase 

of tllr. efl‘er t,\<. ph”SL’-.\pJ( c ~~)lLlI11C~ UC‘< UIS 110 cnr,-g> 0,. 

rrliiidl spreading. no flClt-topplilg \.stet‘nl. 

- 1:)L.t~ to tl-11, l~ngitutlin,~l focusing high hdrmolllc ntimbers 

<dii bl’ used. <<iuslng t-ather cl~n~t~ rncrgj Ic\cls for L‘i\rti 

rf-trcqurnr~ The gaps bet\\ eru car be filled part15 b> 

i’\i ,tatl<Jlr 01 arinltit‘~CilI) t‘i\(,[! <x)il[.tcdnt s>nrhrotron 

OSC li!Lltlon‘. 
- ‘I’hc~ injei tic’11 ix rn~tl(~ sinll,l> I~> three channc’l magnets 

for p\tlC5itioli no eletncsnt at dll 15 liecdcd no clectr-i(.dl 

cl~~l-lri tr,l’h 110 sept uni nl‘~~lic~ts St,\ cral rings with 

inc rrasilly: I-ad:1 <dn casil: br < l,il7l>lnt=~t VI 1rhout loosing> 

Intcnsitj. 

- Boil: tt1c lmgnc’ts anti the cavities dl-i’ ~oolecl indiwctlj 

ttht5rrnal SI~~/IOII~ t!~us avoidin g c unlpiic.atv bath r~->ostats 

l htstx is no slx=~-~dl idii~u:u c-h,x~rllw~ for the beam. The 

tot,11 ,118~~ is rather 10~. I’he tot.it po\\er consumption 

is tnodel ate 

A list of gi~nwal ddtd 01‘ thr Tritrun is g16en ill table I. 

THE SUPERCONDUCTING CAVITIES 
- 

The Tritron will be the first qclotron nithout an> 

space restrictions on the design uf thr I-f-cavities due to 

the magwts Because of the constant our,, separation I-C 

cm) the energ! increase pw turn has to br q~proxirnatcl! 

pr-oportional to the radius resulting in a voltage amplitude 

acruss the gap of 11, ~‘270LL’ at the innermost and _ 530 

kV rlt the last turn. I-his can be rcalircd e. fee-tivcl! with a 

wedge-shaped gap of r, 85 cm Imyth forr’thr “0 parallel 

bean1 helps and \\ith B radialI? ~ntrras~ng gap wic!th from 

0 cm to 12.8 cm. Then the trans,t tilnc’ factor is almost 

i nd~pendent of thr 1-~itls Thcs Clwtrii field is surrounded 

b> the magnetic r-field \vith a rather big cross-section, 

\vhi( h is redir<-rd somckxh~rt it1 thr central pal-t. Thtts il 

x\etlge-shqxzd wentr;lnt-t)lw caxlt? results of total length 

120 cm. opelatet1 in th? fundamental mode TF 101 at a 

fixed f~-equc~nc.~ of \i,~! = 170 hItI, (bc’ca fig. 21. The- electric 

field is almost Independent of thf radius (wlthitl ‘.G 10X), 

the voltage increa5cs appruxjmatel! lIneort! (see fig 3). 

-he gr017dl-> constant G=‘llil 2 sho\vs. that tht, shape is 

fa\orahle tzith i-ilsf~ei t to losses. It is about four times 

the G-\a1ue of a */4-r‘rsonatoi‘ and i/3 Of thdt of a 

sphrrlt ,)I c.d\jt;, ‘I he njqrlctic rf-pcdl\ field at the surface 

1s l-:lthP,- smCjl[ j 10 2.1) a5 \~cll L3\ the’ ratio of rlt‘c‘tr’ic 

pedl, firld to r:ld\inlunl gap field (’ 1.5 1. 
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Fl$’ ” lht hz:lf of d ravit? 

The surfarc resistance of sul~~~.~~~nclt~Ctil?g rf’-< a\lti~s 1s thr 

sum of RBCs according to the BCS-theor) and the residual 

resistance KRCs. RIStI.s 15 approhirldtel~ pr-opurtional to 

bZrf. At the rather fan fl~etqu<wc~ of 170 MHz KRC.S is 

extremei? small (for Pb. I’bSn or Nb). Thus RR,;, is prdcti- 

call) dominating. R,,ts is indepc~nticnt of the temprrattlre. 

Therefore the temperature of the c’axitit‘a needs not to be 

beIo\\ ‘- 51<. 

Each calit: consists of t\\o halkes. ~\fliCh al-P scrr\vct1 to- 

gether in the orbltal plane. No c-ur-retlt. will cros.\ the joint. 

The cab-ities at-e producrd gal\anoplastii-ali? from copprl- 

(~,lCmm) and PbSrl ( 5~tml as sup(,rcontluct(lr on thv inner 

surface. Dur to the good thrrmal conc!uctl:it? of the copp~‘* 

the ca\itics can be cooled indit-rctl> b? tvro cooling pipes 

with liquid helium. Morc*o\rr the siiv 01’ h0t spots on the 

surface. causcxc! from dic~lc~t trlc‘ Icssi~b 01 dust particle5 ‘.g , 

is mut-h smaller than in ca\itics with ~vot’sr thermal condu<,- 

tlvitl. This is of sperldl impel-tanre for the Trltron cavities. 

which cannot be handlt~d under c IvL1n r~~3m ron~l~tions nor 

be operated in a separatci kc\~‘uum 

S~stematir ill~i~stig”tl”ns ha\<. She)\\ ,I .I, thdt I’bSn \\1tt1 2x 

Sn has sr\er-al azlvantages ron-ip~~~d to pure PI>: the R,,,., 

- suj-farc. r-rs,btanc e is tk,o tinleb s31al 1~3~: tlii’ witic-al tvm- 

perature (7.1K) is ~onw\\ hdt high?]-. it cat, b<a easier deposited 

electrol> ticall!,. and it I.5 more stablc~. i\ hen It has to br 

exposed to the laborator) air during man) weeks 

Presentl) two cavities have been tested two more are I-cad> 

for being PbSn-;3lated !:I$: .1 stwkvs th+: t~nloadrd qualit) 

fdctor of the first two cavities as a function of the voltage 

Ll 2. at the last beam hole, respecti\eI) of the maximuln 
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Fig.4 7‘he 111~loa~1eil Qs value oI‘ the fast two Trltr011 cabities 

veisus t/,c :,,a ,,I,, urn gap field ‘It Chc’ ,?‘/I l,“le :~es,,?c’l\‘l\ 

the gap voltage at the last Ihole -I-tml)er-atlirc- SK. barki?ruut~d 

field 0.5G In addition the design \alt~u and two lines of 

constant dissipated heat are shuwn 
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fig 3 \‘oltage dnil cll:ct;.lc I IL’ 11 hd ‘ii< It I i:itl,. ii7 lrc./..lisc .~:iit:, 
and Ihdl~ of th<’ (1109’: St.l’tllb,l .af ?I(’ I.<%,!!,% 

c:eclric liciti tit thca l.i!‘l be,im 1101~~ It \1 d 5 t Li I\ (‘I, il t d 
tcn,pcl-.‘tuw of -SK in a n~dg~iC~ti~. Iki( ILi;r-oicntl 11eel<l of 0 5. 

10 ,4 r Thr rlld\imlilll Q-i~~>iuv c-ol-l-~~spGncls t 0 ‘3 su I-l‘~~<Y~ 

rc~slstancc of lo-‘C> !a\cra$;c%l O\C’i thi’ totdl su!-f‘,Lc i’ <Jr 0 m ‘1. 

which is about r\ fa(tor [,I’ 5 ,,,O,‘<’ tli,lll t ii<’ M‘S SuI-i‘dcr 

rt~sist‘lnrc dt SK and 170 1\11l/ TLIC < Lll”SC5 I,t~l<i,lgillg t<1 

collstcil.l. hcdt cllsaiptioll a,-~ gi\ c’il. 1%~ .lato ix (‘ix ~.II,c’II 

about half ‘3 >czir after. tllr f’bSI1 1,1JIY’ \\JS prc’tlul.cti. 7 tics 

cavities had bwn eywsrrl to tli<’ l,lbt>:.,ltol-! dir- without 

protective gas for- several months. O~)CI~E+ t\\ IL v f 01. surfdcc 

inspections and rlosrd without special dust frw conditions 

The ma\rimunr voltages \verr limited b? I‘~t’lcl emission. I’hc 

calibration was made bj obsening t hf enei-g) gain of 

electrons from a :‘.1-‘7Bi source. Oscil- lations of the ft-equc~n- 

cj caused b> acoustic noise \~rf-e les.\ th‘ill l(l Hr. UC] po;ld~-r~~- 

motoric ost-illations rxc~ired Il!iti~il r’eson~rrlt c~lr<:tr-vrl i>lnis- 

sion (multipacting) at 104% field levels could be overcon1e 

after few minutes of oppratiI11: tllcx ca\itie> if1 pk1Ised mods> 

at a high poecr 

THE MAGNETS 

The ‘I’ritron nlagwts ~CI’E tirs~y,il~*cl to L(si.1) t ht. field \ 01 urn<’ 

and the steel milss ils snlrllI a5 Ix~s5illt, 1 do1 :111’,, <,i Ilie. 

spiral orbit is gulcltd srl)dra:elJ b\ ,,d,‘l’c)\i \\ IlldO\\ -Ci-‘itllr 

mngnrts of total radial 1, Idth of 4 <.rn ‘I-ig 5) t lhr ma\imunl 

induction IS limited bj the satul-atioll of tilts stwl to about 

2T. 7 bus the OVC’I-all current tlrrxit! of the supc~rc ontluc~tin~ 

cuils cat, be chosen .zi,(l~A/mln”. an<! the ratlid xriclth of the, 

c-oil is small compared to thca total \vitlth of rhe channel ‘I‘hv 

coils Consist 01‘ 20 \vinclings or =/ KJi Ildo!-d-t~,w c-able 

Two of them genrratr the fIrid gratiivnt Thv roils ar? 

v,~~und ill situ b) a compute controlled winding machin<~ 

and then vacuu~n inpregnated with epoxy. A copper profile 

nith a bow (ai Iltnm) for- thca bcdnt shiraltls the coil from 

beam losses. Flat disc springs bctwwn thr rapper profile 

and the co11 prevent the WI: from rra,.lxlng Off the steel 

fratnc. 20 neighbouring chan!lrls (31 bending angle rwch. 

no pole edge rotation1 form one srctor (sector angle 20*). 

which consists of two hal\es conne~tcvl in tht, orbit planr. 

The magnets are indirectly cooled b> cooling pipes on copper 

shields. 

-3 
i- C 

Fig 5 Cross section through a Imagnetsector showing tno 

adjacent channels. G gradient rv~ndii~gs. D insulation lajers. 
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Because the beam is running in a distance of a Few mm from 

the coil the tolerances for the channels and especialI) for 

the cable positIons are e\tremel> tight. For uniform distri- 

bution of the cables a homogeneous field is obtained as fal 

as saturation effects can be negler ted. The gl-adlent ~intlings 

will produ(.e higher order field contributions in addition to 

the linear term. Quadratic terms hare to sta) below I.“,R/B~ 

.’ 5 1W” i n a distance of I mm from th(’ central orbit. 

Rather strong quadratIc contributions occur at th<, entrance 

and exit of the channel The) can be compensated b) 

s> mmeti-ic,ll Inserted insulation 1a~t’lr.s at the top and bottonl 

of the coil 

In ol-tier to guide the beam along th td central orbit the < urwnt 

of each channel has to be adjusted indivitluall~ The difference 

between mahimunl and minimum cur-rent of ail channels is 

Irss than ‘, 17OA All mair coils will be connected in series. 

Each half of a matn coil has a sLlpc,rconducting switch with 

superconduc-ting contacts 111 parallel. \vhich will be switched 

to the stlt)er’.v”‘IUCtillg state as stron as the aplx-opriate 

current of the coil is ac.liie5ed l.ui-thw variation of the 

current from the power suppI:, will be shared bccwcrn the 

5bvitl II and the coil al coril~ng to tllca Ir<itio of the indJctanws 

i.- 10. 3). The si\itches are made of superconciUctitlg \%ires 

(hairpin sjldpv) with thr tr’ppcv matri\ etched ofi’ along ’ 

3cm. which can be heated above thca I-I-ltlcal temperature 

\Yi th 31nW b) medns of an Allen-Rratllr) resistor, g!urd 

on the filaments with cpo*.! Is\%itctl on/o!“f tlinrs 0.3 

SCC). The filaments at the ends of’ the s\\itch wiw are? 

Ini\eti nith those of all strands of’ the coil cable and 

prcswd \~ithin a copi~er tube (- 5’1o~N/<m’j to form the 

su!,crroildII~tIn~: ~ont‘ll~t\ 

The gradient i\,indings of the rddiall! focrlslng channels are 

\~ithout rul-l-vnt. those of thL2 ,l\i,~li? for-u5lng cildllnets ii ill 

be ccinnec ~rd in set-irs 

In lotal se\rn ctlctntlf.i rnqIl?ts hdi( l?c~c~n tebtcvi. No tl-ainlilg 

was needed The ma\ilnulll cul.reilts WWE limited oni) b> the 

cut-rent lcncls respecti\ elm thv c orrent supply Currents of 

mot-e than lHOO.4 nere achivbd. \,hi(I; is ~L!OX above the 

design value. The stra? fields 35mm in fl-ant of the end 

plates of the rhannc,ls arc’ less than 5. IO-“.I’ and will not 

impair the super-conducting cd\ities. The quadratic field 

contributions were investigated carefully b) means of Hall 

probes (diffwentiall~) and sUpe~-~-o~?d~,C.ting induction loops 

(integrall>~~ The admissible limits could be observed. At 

currents above 5(X),2 the quadr’atl( term is independent of 

the current, w’hile the gradient seems to var\ due to magne- 

tisation effects of the steel and/o!- superconductor. This 

variation of some lO--’ can be tolerated. .The field change of 

a channel with both switches superconducting was measured 

\%hen the cul-rents I,,=lOWA in both nrighbouring channels 

\\ere varied b: tlO0A. The relative rhange MEIS less than 

i3 10-A 

CONCLUSIONS 

The main Ipurpose of the de,eIopment uf a small supercon- 

ducting separated orbit c>ciotron in Munich is to demonstrate 

the feasibili:) of this t)‘pe of qclotron. The encouraging test 

results of the first t\>o superconducting cavities indicate, 

that possibl) these ca\itles will not likt the range of 

application \\ith respect to ion masses and enet-g). Rather 

the last injection channel (00’) ma> cause a limitation bj 

the lack c,f bending power. because the bending radius of 

30~1~1 is smallest in the whole machine The channels along 

the first turn of the spiral orbit haxr bending radii of 

J3cm 

This work has been funded by the German Federal Minister 

of Research and Technolog: (RMFT) under the contract number 

ObTM855. 

Table I Trltron design data 

Injector- 13 MV tandem 

Max. energ: H” (Q/‘A=l) .I0 7 MeV 

S”” (Q,‘A=O.S) 21 MeV/u 

1 33+ (Q/A=O.?C,J 5.7 MeV/u 

Energ) gain Facto! 4 .‘I 

InJection/e~ti-action i-ddius (JO cm/l45 cm 

Turn separation iir 1 C!l, 

Number of turns 19.x 

Harmomc nunlber 

Number of magnet sector-s 

Number of cavities 

IT-SH 

l? 

0 

Magnet sector data: 

Number of magnet channrls 

Sector anglr/bendlng angle 

Bending radius 

hlakimum magnetic field R 

Radial gradients ii+ 
Illa\ 

Dimensions of the super<-and. tabIt> 

Number of strands 

Strand diamrtcl- 

Str-and material Cu/NbTi 

hla~imum cable < ur:‘ent I 
111‘1, 

10 (10) 

20’ / 3oe 

130 mm/‘)42 mm 

1 I T 

3.0 Cl, -4.‘) Kt 

0 7 \ 2.‘) 77,171~ 

14 

0 -I mm 

I.35 

II00 ..I 

Ca\,it> data: 

Sul,erconti~li-t(,I‘ 

Gap lenght 

Gap width 

Rf-frequent-> 

Maximum field E 
Ilid-. 

hlakimum boltage at extl.dction 

DissipdtPd poner P 

Qualit! I‘d< tor (unloa:i(‘<l! Q(, 

Geometry Factor G 

Sul-fa(ca resistGillce R> = WV, 

PhSn ori Cu 

‘10 cm 

l~Omm....13Hmrn 

Ii0 XIHz 

4.0 MV/m 

0.53 MV 

(h V’ 

X7 IO’ 

‘I.1 r1 

:! 5 IO 7 Irl 

Betatron osc.numbrrs Q, 

‘2) 
SJ nchrotron osc‘.numhrrs 

Total weight 

I-otal 1’0” er 

Refrigerator powel 

11....l.(l 

c).8....1.7 

0 .2 

’ 10 tn 

400 kW 

tiOW at 4.7 K 

[il U. Trinks. “Superconductillg Cyclotrons”, Nucl. Instr and 
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El Calculated +\ith the 3-D code MAFIA I:rom the Q-value 

measured before electroplating with PbSn a value of 84 

R was derived. 
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