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A DESIGN STLCY FOR SPLIT HXM 0PEI?ATI%N 
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ABSTRACT 

SOlllti 01‘ the deS.i(;:-1 Cor~r;.ider:ltion:; %'I2 de- 

cCri‘rJed fm 12 hem transport system whic‘r wi.ll. 

permit operL*ticn of two exper herds cm3Currcotly 

with the external benm of tte Ir.dinnn University 
Cycl&rnn Facility. Bern divisiion by time 
clicinti; oi' the rf pulse micrcstructure car: 
give wideljr sp%cetl pulses to 3 time-of'-flight 
experiment while allowing an experiment 11nt 
sensitive to the missing pulses tc pi?-~c!e:L 

at only slightly reduced intensity ~~r~~i duty 
f'%tCJr. BeLam tlivision 11y separ;licioil :if the 
horizontal emittance burldlc into twri pits 
can give to two users a beam 3-t ha?? intensity 
with improved qunli.ty I'r~r hL@ resclutiou 
experiments and an unnltered 'ckty fnct3r. 
The beam line design must be &le to n.ct ups 
the small deflections achieved by electrical 
nepsation devices nt intermed.inte eneri:ie:: t:i 
produce very different beam paths. A design 
which will. permit cper&lo:; on split lJe‘?In clde 
in t'r.e future with no significant i:lcrese in 
the initial c8pitn 1 cost it: prescnteii . 

INTROIWCTI(?N 

y,.-,:r:; ,,-- hi@ enerc;y accelcr33orc 322 :iccustomed to an operating 
rnodc iri which sever&l experiment:: run in psrnl.l.e1 . T4ultild.c secc,rlti- 
nry beams Pron a single target can be distributed to the several 
use.rs in 3 straightforward manner. Multlp:ic extrncti:~~~ systems '0r 
beam i.ires in which the highly penetrating beam passe:; ti:rou& 
several targets in EiLlCCCSSf Len can be used tc deliver the primnry 

becur; to a nm&ber cl' simultaneous experiments. Without t?e use of 
multiple beans, the scarcity of suit8bl.e fncilities would make i.t 
even mare dit'ficult t3 uatisfy the denlands t‘or rurlrl.ilig: time . 

In lcw energy nuclear physics, there is: a str~mg trnclit.ir;n of 
scheduling: e>Terirnents in strict time osqsence. Each user 11s 
undivided use of the entAr accelerator facility and its auxiliary 
equipment for a fixed running period. In ge::eral there have heen 
enough low energy accelerators to achieve a reasor:ablle match tc the 
demands -Car ru:;nln;: time by use 0f' tl:e s2quenti:il Marc- of i:peratlilri . 
Lcw ener:<y nccelcr,ators provide e~,ems r)f n:;u3y pal%j.cle type:;. The 
strong energy deI)endence of cur:l:nr cro:;:; sectic>ns lends 6, the 
ri-rluir.einent for i:'requent cha:.t;c::: ill i.le.31 rrii2r;::y. I :‘ tl:e pr(:?jai.lility 
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of finding two or more experiments with compatible requirements in 
energy or particle type is rather low, there is little incentive to 
attempt to divide the becam amoz?g users. 

The Indiana University Cyclotron Facility (IUCF) will make 
available ttz the physics community a new intermediate energy accel- 
erator which is not easily fitted into either of the above operating 
regimes. The upper energy liait is below the threshold for pro- 
duction of intense secondary meson benms although the pulsed neutron 
flux might satisfy more than one user. The primary beam will have 
very good energy resolution and small emittance which will extend 
the high precision of low energjr experiments to the intermediate 
energy region. Pass~age of this beam through a target will degrade 
its properties significantly so that a system of successive target 
stations wo~.ld offer the full Seam quality only to the first in l:i,nc. 
Multiple extraction is precluded by the design of the accelerator 
rind the laboratory. The high macroscopic duty factor will make 
possible a wide variety of correlation experiments which will require 
Long running times at benm intensities we41 below the maximum avail- 
able. The present low rate of accelerator construction would make 
it appe 9" unlike1.y that there will be many more accelerators of this 
type to share the demands for running time in the near future. With 
the welcome 3arti ci.patir)n t.s.f am active outside user's organizatir>n 
the IUCF may well experience very heavy use within a short tine after 
initial operation. The normal energy raJnge will be high enough that 
rapid energy variation in the nuclear cross sections will be uncommon. 
Much of the running time will be devoted to a few light ions. For 
the.;t: reason:; a fair proportion of the experiments may well have 
similar enough beam requirements to be scheduled for parallel 
operation. 

Before the design of the beam transport system which carries 
the beam from the IUCF final stage cyclotron to the experimental. 
areas was completed, a study was undertaken to establish the feasibi- 
lity cmf split beam operatisn. The intention has been to procure and 
install beam line compcnents for conventional single beam operation 
at first. One purpose OS the design study was to identify Fa-n:i 
special. requirements in the design of the beam line which uould 
permit a conversion to split-beam operation without maJor modif'i- 
cations if and when demand for running time warranted the c'range~~ver . 

DESCRIPTION 

Be%rr leaves the final stage cyclotron directed toward a hot cell 
for isotope production. Vith a bend of 45’, the beam may be directed 
dowr: one long side of n rectangular experimental. aren c?f dimensii,n 
approximately 20 by 50 meters which has fixed shielding only on the 
perimeter. By further bends at appropriate locations, the b'eam can 
be directed to macy possible experimental stations with relatively 
few arbitrary constraints. 

The first 450 ber.ding magnet is preceded and followed by slits 
in an arrangement with sufficiently high dispersion to defirc the 
beam energy resol.uti.on. The horizontal width of the beam as it 
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pas:::es thr*i;ugh the 4’: n:q;l~c'; i :' 7 i:riiYed to 2.5 cm to rl?riiii? iill 
~.;.ntle.siratil e time :;p~'cia.L / ,! t11c :::.c.,rt pul::e:: cti:-iriicti:l-l:;-tic :)I- tlic: 
cyclotrorr r I' m-icrostructure . I? ,ll:~win~~ the energy analysis , the 
beam mq be tii.r’eci;ctl I,0 itli:ependently :;!ii~:ltlccl tarye-; 3x8:; wti-i.ch 

h.!use 9 1:1:3pxkic ::p-.':l; !' li~l'"p:. ) :2 ;:catterir:/.; c~irxitier :iliti ~:tllPr' 
experiment51 appRr:ltll:; . 

In norrcni silly;lt:: 11::::rn c:~~cYnt.i.on 7 hending myye: i:s elic:rbg:i zeti to 
c$i.vert the hezn i'r~xn one: tie:;tinntion to xother . Ii' the t)end:in~: 
rn:i~gnet is r'f the C i'rmc: cori.::txwctiori ;ltl nlt<!l~rl~li;~.vc SW itcfl.irlg 

nct:'i.cjn can be Ok;:: ir;eti 1'~ I.ezvin~; the rr.agriet i-iriergi-zetl 2nd us.itq; ci 
:;JtlCil j.C I“ steering m:i,ylei; nt 2 sui.t:i.l)L.e iIist':.rlcC up::tl.czcir:t tc: dj r-ccl, 
the be-an ei.ther ints the t.~er~:"lin~ n.n@-d (or in 51, slightly dLfferenC 
di.rectinn w%ch I~~fJ;il,~S~~C~' ?;hc licrriii ng magnet r,n the s i dii i'ree ci 
return yoke. The abiI:i.-i;y tr: c-ii~~ct t11c I-;eam to widely divergent 
I.02atims RZ a ccnsequericx [If smn-I 1 changes in ::e:im direztior; i:: 
the central acquireme;it 1'01. s7!lli-bean operatir;il. Rendiil~_: niagnctc 
wi.t,h circular pole tips s.re tklcrefore excluded; however the C m<qqet 
is tl:;ucj^lly the :ncre econo~rlcal ch ?ice tec%;e the magnetic l_'icl.d 
need on3.y cover the region swept :?ut by the beam, which Ereatly 
reduces the weight of the rn:i~:r!el; . 

A design for ilea tliiii:;i~.jr! wh.ich required r bear! :;pl.ittir:g de- 
price preceding each I-rnncll ljr)irlt in the be2m line wo-Ad i?e po:.Sible 
(al.though relatively contl y) ~;nc, 1 UI~Ulcl lea3 to tke a-:: :ili.t;y t C.1 plTrv:id13 

ns man: sir~:~ltaneouc; I:i~uI1i3 nc there were hrmche;:. .h al.tornatiw 

approach ha:: I.!t:c?r: :;cilcct~2d l:'rir% connider,l.t,io::, irl whi c!i :I n.irls;!e 
l,eC3.m splitti.ng tiesr:i.ce ha:: beer positioned ns cl.nsri t? the accelerator 
a:: possible. TlliJ dE:vi(:C d:i:vi,T:e:; t::e tJ:::ill? .i i1;o tWc> II'j.IItll t?3, diS- 

tinctly sepnrated -1.n horizontnl. ]nhlt:je i sxce by tl:e ap;:l.i.catio:l of R 
tra:,::vcr;sfi :::tei-tr.ir: f’.i.c:.i?. Tl-,e separriti 011 i :: :~Irl~:ll. el~lrw~;h that b:kh 
bun<les lie w:i.thir! ttlc: ;~lrxi.:;c s;-:acc acee;:,tnnce oi' tkie iori rptica:. 
componc::t:i nnil rnyy ?IC trn~:sported 9s far a:: necca::axy to rcnc:: the 
brar cli p:,irit wI1cr12 2 m3J or ::e]nar:itir>ri is tc, 'I)0 accompl-iched. The two 
l.mJ7;‘: 1 c s art! i~,~-rwj'ed tc, 7‘ccro::s ii] the: vi.cir~?.tjr s,lf qgndlu~0ie lenses 
to miriixize :-:pert..vc ~.equi?*enierlt:i r.nci qlxIciT,~ o~c1 steer.inL; cfl'ects. 
At each intc:rmetli.xt(: fr-)cal pc>in", t'::e be%? nppcn~*al RG tr+o Ttiqell. 
cepzratecl rays . .4 :;maLl :;tc:criq; nagnet the:; acts upon one my to 
permit the beC%ns to I'CCT'OSS _, acTsin in the neti ::ec:t:iori. At the major 
branch p:jint:: II ::trc)ri~ef i!a.i.r .if ::witchirlg m’;pnct; nr? pc~sitioneci 
to inTluence the twn rqs indeperrtlrntl.~ r SO as to enter 01' to blTip;rSS 
;he lnrg: kncl.:in~ rrq;n~t . 

A sketch of the arrangemerlt is she-IW:I in Figure 1. The splitting 
e:i.e:nent l-13:: k:ee~l p1-riced in ii l.ong :;t:~CLi~?:t sectio:: aftcir t1.e first _, 
4 f mCaget. The hcrizontnl. tbensn wi.dth nt this point is ro,e;hly 2 cm, 
whic'r, is larg? enough tlint a se;;tum divider ti.ILl! illterce~~t only about 
F$ of the beam but snail enough for 3 I cm gap so that voltages of 
50 W acting xe~ MO cm I.ery;th produce ample sepcirations for the 
kighe:;t rigidity beams. With t'c:e aid of the lloriz(:ntnlly-di?re~gent 
lens whit% ?~~llow:; the separator, a separ&io:: of 10 cm is achieved 
at the energy focu:r neFz tht~ center r;f the fi&ure . Fc~ simrl:icity 
only the first branch p<::int .i.s A~-wn. The switching i!? achieved by 
various corot,inatic,n:; ol‘ bend an;;l.e in th2 two small naglets i‘0llowing 
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.------ 
/ 

f' / / 

IOcm 
C 3cm 

\ 
'\ IOcm 

'\ 0 
eg: cJ&J$fi \ '0 

h$;c 

(2$f.‘..,, 

-I *- -“-.*I Z/3 to expt. *I n R hh II n 

A n n n I/3N to ex@.*2 
UGatad at source 

Fig. .I. A :sectiorr :-)f 1~e~a.K line iS :‘:hnwn Whi~2’il inCOrpXatt!s 

ex~amples oi' the beam division and switching components. Dotted 
c.:xponent:: are d.eLeted in ;he initial. phase. The inset shows twc 
splitting devi.ce; . 

liwer (of' the two small magne-ts is off ^. 
the cn*ril,y :.,1.::.t . E'T em.rnple :.: ::,Lh :.cxrris bypts s the 4;: berl':, i!' t11e 
liwer (of' the two small mage-ts is off (@) and the upper bends ^. 
i;tirr?w;r. (2” ) . ',hJi!;h ;zthel. i*ix:ik~ i.riat.,i :x~:; ei;her beam ol' ‘rtc!;lr l~i:aci:; n-:ty 
tlke the 4;;' .bend. .-* The argles and c'imensions shown tire :ipprv:iininte . 

The lb!;" magr:et is designc3 with a throug$:port and xith 2. l)r>l il 
i;.i;. cori'ipp~ati.ori which will ;icco~0datC a rarge of deflecti.2n angle:; 
I.ietwcen 35Pm11 I;* . in the early stages c? single beFun opcrntior! 
the rw.~rlet 5 its 2.i; i;tie bra.:;& pcoint and is turned on itnd c,ff as L'C- 
Cl'... 1. -I? i? <I t f > ::i!rltl tJ’2a.m t,‘.T One ln” :~.ncther tnrgct; room. When tl~e 
spl itter, ttral ::lii; a::d sw:i:ching magnets al'c ini;talI.ed, the beritii.rlg 
mEk?l3t?t i ki si.rr.pl~~ repos it.i:)ncd ;1s shown in the figure an.5 reduced in 
strengt? :;c that the tr:tal bend remains lt!," including the ef'i'ect 
oi' the 7witcking magnet::. If a single Fe switching magnet is avziil- 
:ti~lii *it; ',t~e start, even thi 6 repi::iiti.rx~ ing t s :ivoi-!ed when tlie 

tsplittirq hardware is installed. 
The scheme is readily extended to a three-way branc?: with tkr:) 

'bending rr:ng~c",s on oppcslte side:-: oi' 3 strnLglA through line. The 
zswitching magnets are then reversible and can divert berun a11 1r.g ,%.y 
tw:, of the tl.ree branches. 

TWi t~~lC?E,e:j ot split<:ing tiev.ice are sh,jwrr ir::;ct i rr tire fig'xi!. 
:11-z I)i: I:evice consists oT' a grounded ;epti.m wi.tli <a reiSntivel.y-o~;7r~eti 
cl c~:xn::e ,at each side . The Intensity ratio hetwcen the divi"cd 
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i;ennl.i i? cc2ritr:Jllefi 114' 5 .:Ii:i 1 Ls%eeJ+,~ r!l:i,::;A (1~ A; 1.1, 'VII I ; rlc.‘nl' t!E 

.rI.it nt Ynlb lc-232. Blli1~311~~ CT:' Y~'S~:r'iL:'3l :LC?.i.Vil;f Will !>fr I?!::- siir~ioi~s 

i;!!all -;h:it Wj.t!.irl the ::CI:ti.L::l f.:' t.Jli: Cyc:; j ,--t,ri x ;~~~:t7~ncl;ic~r! :-,y-:.t,t::n. 

Tllo ::Cpt.Jm I:l:~tcKi'~~ n:ziy ,, RI r~.plv k~e ~6.71 aced pc:r i (xii t-i-11 :.;; . p:lwc!I~ _ 

llc!li: it.:es n-1 tllc e:q'"cl: t:!i ii7,ensi;y i.riv(il r-1:' :i :'vw I: i.('z fi:llr. :L‘I CL: 
lcrid to acseptablc 1,m.t tl*nris :'c I‘ pnf1:11tm:; . The e:'pez-imer2 -1,:+7.i l!fi 
c be:m sIllit I);,,. tih d2-f ice !:mi! 'i;lrie 2w;ie wc rs,;y :ir:ii Llutg i'a:%ir~, 

ii~tie]~e~~der:tly CldjuSt:it).lC: intensiti ~3s and l.:ettiir, tic-~rlzc)nt:il critittxce 
t?.orl the sccC:Ir:r:3.t:.s l:c!-a.. 'Ihe:~e pr't lq)erti.e:-: :irci we I1 :::titf:fi L,r' :tdst 

cu3~elnti0n experinxzt:; and tc iill h:i,:h reri!Lut i:>tl r-xl'erin;Prlta errce]>t 
tli[::;c liniitetl t.;f i3vU ' -L:~ral e beam i.r.-scrlci2y. 

!fi:e rf device 1::3,:-; riii septl.ir:i 71;ii iz t~i,l~~~l:ir: ;I:‘ I:.:I.wI:. T11c 
ilztnL1:2 of thc3 re:'ilrqtk l.inf, tariini-: n:echnr~isn -ni-l drive mp1.i f'-1 er 

sare not :; 'rmm The clcvicc wrxzlti cjcernte r.)n ,a C:OI~VCI~~ ent s~~l;rnulti.ple 
af the cycli~trol~ ri‘ fLrequerlc:y and woul5 turic over' the sam6: [?:I; rnn,y;e . 
Ae ::lir~wr~ in the I':i{yx~ the trc:r?:-vcr*se ~lf3ctr.i C> lficl.13 :~ll;cr-r!nter 

si31.1swi.dnl.ly 3t 113 tj~c cycIthrc,r-1 rf fl-i;quer~~zy. F;very thirtl 1~21 se 
2.~ c,eflecte.< r-ekiivi to the otl!er two. TIC :‘ cmni~,: e woul c! 't~,~jl~ 
to time-c)!'-:'liglit experitxnts for which the normal Z!'li!-z:, 1Hr: be3x: 
l%Kl":‘t r?J;eti ti 011 r?lte :i S ti U high. Any ex~~cCri;ent ill wlj i ~1; l'nst 
coincidencec are n:,t r>er]u:ired ccjuld make usi: ! f' the clti:er 2,/j 13i 
-;h e 1.: e am . By nuxLi.inry be-ilr. Eati rig be1'rJre l;kiC Lll,:tZCt(T (!~jClijtZC.~I.l, 
the ti~r~c-r-:"-I'lii~l!t ~~rlae ::qarnt.ir,rl cari ~1~2 1 erq';tlK?:;ei! * .‘ Yw?~ulr'.~ti 

without sTf'cctin{: tl-ie -icconc? use?. Cther useful timln-: pai-tern2 ma;; 
te d?~l::ed. 

rmrl-=-m~ 4 d,,r3 _> 

3 ivi :; i 01: r’f’ t,c:itl:l l~etwtic:’ I;w.: eqw~“.: mantr ?.t ill’. TTJCF 1zic1-.:&1_1-1 
appear t(: :;ci feasit~lt? frcm 3 tecliaica,l. ::tnrdi,oint . Cr lnvct:tim:il 

b~.izln li ric crm~1mtir1t.2 r:iny bc: uscci _ '-rovitfi:kI t11a.t tile :,cf:hl i.nj; nrzcnet:: 
at be;1II1 I.ine branch poi.rits me ilf the ecu21m:icni m.rr:m p19le, 

a.syrImet I'.' c returr1 rlc:si~'rl 1 f-atiier tL3n m7ult i p‘:*t switcx‘.? II{; c.wnet,~. 

The ::plitti::l.; cd' 51ca1:s by tim separ:+t.i mi :,f' th5 7'1' JlliC1.113tT!l:“;Ill’C 

pulse:; 0~' by r~ivi,sior~ < ' i:f' the hcrizcntal phace space area requirei; 
relatively cimpl~ tjevicer: :and rr.oderr,tc trnr..rver:;e cl ectri: -'ieltis. 
Tlie :)nly other additional. conqonent i~eql~i.reC i:i 1. dual zwitchi ng 
magr.et which cali ken5 two bertrnr :;ep~xriatad by a few cm thrcq,r!l in- 
tiependect angles CC n few degrees. This maget my be placed near 
the TJertical and :-I .,.2rizorltal. waist:; r/f n Point-to-l:oint opt ical 
system Sri that n gap :-If 1 cm i:i sui'ficic5nt. The wei,glit of this 
comp~~rient would be well below 3ne t:>n. 

Ii0 sir;ni.t'icant c:)rit penalty linz beeh el~c~~u~terecl iri tiesiGn :,L' 
a beam trnnspc~z~t system for the IUCF which-i will ccrve r:.ingle experi.- 
merrts in the first year or two of operati 1~ nr?d permit c~nver::i:~n 
2t a later ci:ite to dual bemi opernti:in without replacement 3f mnjc3r 
ccmpcinents. The cctst of the conversi;:ri would I-e cxpccted t,;l be 
less than l/2$ 01' the capitr:l cc& of the accelerntcr fxG.lity and 
tk i~:crense in evG.L~abLe beam ti.me w!:ich would rexlt wr:KM be 
expected tr be as large as 2C$ to 4@$ for the presen",ly envisioned 
mix of expc ?lment:r . 
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Arguments which have been raised against the extra complicatio:: 
of operatic-xl in a split-beaJn mode must be balanced against the 
prospect r'or a. 
loj: C(.)Sti. 

significant improvement :in productivity at relativel;y 

The al.rthors were stimL,lated to 
besam operation by some uf t:.c: 

ccnsi~er the qcestiorl of split 
arguments raised in 73~ unpubiished 

proposal f'or an intermediate errergy f'aci.li,t;y .bjr H group 6: cniversi- 
ties ("The JYucle~r Consortium") in %uthern California. The 
technical :;r,lut ii,ri H5vanccd .i Ii the presi:rlt wtjrk is bel..i&iJi:ti tf; li;? 
completely inciependert. 




