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FIELD CONSIDERATIONS FOR NON HOMOGENEOUS 
BENDING MAGNETS IN A RACETRACK MICROTRON. 

G.A.Wrbers, J.L.Delhez, J.I.M.~ot~nan,H.I,.IIagedoor~~ 
Eindhoven iiniuersdty 01 Technology, Cyclotron I,nltordorg, 

P. O.Ilox 513, 5600 AfB Bindhouen, The Nrfherlnnds 

G.J.Ernst, W.J.Witteman, L.H.Ha~ell~off, 
Twnt~ Untversity, ?‘/LP Nefhwlonds 

7’wo Ilnctlruck rnicroiror~~~ bciug built crt tht l<indhown lini- 
r~ersity oj ‘i’ffhrrolc~y will bc, f~/l~ippd wifh lw-fi’ld .s~cfoi-s in Ihc 

brndiuy nlny:~rt.s for r’inp,wtliliy PI rtircrl fo(~sirlg. C’nlr4al~‘n~~.~ 
prr:fmd Lit Ilu7.d-~iIgC firid il~‘~“.o”i”,nti~l:i,~ nrrd ll?ltu1- rrlczfr;.~~ 
fhrorY,. Ncs1r:f.v aj ilif’W calcido/ioii.r !d h f yrvcn nfn!Y rrcJlist!r~ 
ficltls include rrrfcrncfir~~~fr.irryr~~ldi af u/l rdycx The srctora roiii 
br icrrsti~rirtr~d iir sur-1, n imy, lhczf 011 id~rt5 t~7t’ both isi~r~1~wrinrf.i 
(,7,,1 rlo.wd IJor fhr, o]i:iml:i7l d!<rp,’ oj-ii!P vi’tow l,‘, ,,$<’ 0 llrnti, 1 
Jo,, c~~);~~‘#.r~rl:~rfil~y tlrr Il~rrr-ii~n~r~r~,sic~~~rrl/lt~ld f, ’ ,O’,i t1ir tli,o llinil rr- 

sionol rilCl!i,l < t-rllUi?f’ fill Ol~bitl~o ry SffiOY gf’i~ll:r’li !/ 

111 the accelerator labnriitory a! thus Ilinrlhovrn Ilnivcktj’ of 
‘-I‘c~c~llrlc;!~~~,v. I wo I~acr~iirtclr Illi~.l(ilronh i~rc (li9ipnr81 ’ ilnfl wilt !3r% 
huili ~ sliit;:l,lr fol- ii pc’ak curwnt of IOCI r\. At t hcsl higi~ (‘111’ 
rrnts. S[M(‘( :hy>c~ C~lfCY~i 12 (‘ill, Ilot tw Ill~glCct(‘d ariyr:iow. ‘1’0 
mair;l.aili it S’ a.blct 1)11!11.‘1. ia\trri. focIusing forcca ha\,r I,0 I)(, prw 
videtl. Vrirhlk4,113 propow~i d t l~w-sc~c~tci~~ r~iag~~id colifiqlll.i~I ioli, 
wth altermat IIL~ 111p,h anti lo\:. fii,lri ~l’glvr~,s. Ill 1t:is lIla$p’t rori- 
figllrat io11. rCgc fi-rusiilg Id www t llt% scdors is pistol t c-1 irnprmv 
thr- f~l~.lliil.g St rt~lqthi. l’igrlit, I slio:~:, i! -C hcril:iti<. 411:iwilig, IIC 
thr prc~pose~l I~iti~~~-\‘~tlr~-t’l~~i(~~~~~ (R\‘I’) c~oi~fi~ur;~lio~~. I‘si:lg 
a lii~~~tl-c~lg~~ iiI)l’rosirlt;ll,~,1,, i’ is st!o~v;1~ r:on1 ~>,‘Y,lrll’tI~i~ al Wli~i<l 
orzitions 4! that tll~ fot.\ising I>ro1wr: iebs iw(’ ildr~~iliirlid i?bJ 1~) 
p”Imn<‘tm: iliP vallry arlglt~ ;I ad the rC?1at.i\-c tlq’th a=u,/n, 
wi1.h Ii, t l:t, JrlagIlddjc il:~llii-i io:l in 1 Iit, vall~~y a:lti 110 ! 11~1 ili(lui.t.i~)ii 
in both ~~iat,c~;t.ii ;3riil ridg<,. lTiinE 1 his lliirti-ctip <lcsrriIri.ioll. it 
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Fig.1 Srhpmotic drawivy of i’he RI’~-ro,~Jiyzt~olio,l 

turns out t,u be possil,l~ to design a vally; sliapc that ?;8tisfm two 
inijlc~rtant ~c~~~~~i~t~lrli~lll’i: iwrhrollism and I.II)s~YI 0:Lit.s Iksirlf*S 
thrw two, WC haw to mrct the recluirement, of both horizontal 
autl Vi71 ical $1 ability. 13rcauw wb deal kvitll rf9liPt ic mapwtic 

fic~lds, iris-lliding fringr fields. wi’ in~wi.i~:air~cl the frillgc fields, iis-- 
iIlg 2-D nlitgrlrt,ic firld calrular,ioris. It t,ilrrls out t,o br p,osGblr 
t,o (It3crilw tlk? fringr fic,td+ with iill ktir:ll~li~~iil fu:li.tiorl. This dr’ 
scription allows 111: to use the hard-rtlge t,heory for the realistic 
fic~ltls;. Ah a chwk, tlit, aikal:<tically calciil~itc~4l rn;~gn~*t configure 
tion can be used in 3-D magnetic field ca.lculat,ions. 

‘1‘0 Vliwlc thr rlquiwmcwt of st,a))ilii y, Inuniwi(,iil wl)ii. c.;l,lcw 
lations haw La.) he prformtd. It is to 11r rupecktl that, thr thrrr 
rPqliir(~mrn+S will g,iw a sr!crt d ra*i,qt‘ of po.Gl)lr~ ii, 6 cnmhina- 
Cons. From t,his a valley shap will Iw chcwn and the, ~nagncdi 
will be mimllfact~llrcd. 

In o&r I.0 i\(.(.elc~rat(~ t 11~ didlo!: 1~1111ctl~3, t 11~~ ~~11~11roni~i1h 
prtrticlr must liavr l,hr sarw pIlaw wi!ll re<Iwt to illra (,;rvit!. 
voltage, This ronrlition is c~alld iswhr~.)nisI~1. III tlw har&dgc~ 
~il)I)r(‘xirrirttioli tli<x orlpit lrwgtti s,, in :llt, II” 01 lbit. is c:iviw 11~: 

‘i n I: ‘) i 1. -1 .ip -+ ‘it, $ ir ) -\ (1) 

\vii,lt I, th? (Irift lwgt tl (i.<,. s:>il:‘(’ lwt;V~~<rl !I.(’ L\i.o IX n~l’11~ r,r;lp 
II&). sp llll~ pa111 Itq’l1 ill tllr* ldatcii~:. S” tli? pa111 hc,tI, I,, 
tllr vallrty rn S, the Icngth iI: tht, ridgl. 111 il:is hadwlgc~ al)- 
I)roximation, t,hr part.ic.l<x travels the ariglc ‘LO in thr platc~au, h iii 
the valley and x - Z? - ;i in t,hr ridge. St ting 13,7=pj(~ with I3 
the magllet,ic field. p t,hr r-lirvaturc, r the c~lrctroil rhar;:ck illid I> 
the Jnu~ric~I~tur:~. wt’ gtt: iin isochli)Ili~ill 1r~l~4li~r~~ i;>l- Q*. t11~x 133th 
I(~ngth of t.Ilcs lid orhit i~ii(l A 1di!1 1011 ill;il 4(r3:.iil>c+ ! I i- I>atii 

Icngtk diffcwncc 1 S= q-5,,- 1 l)i~lwtvri twcv iu< f c’c~ii’.t. 0. /bits. 1”4,l 
iln arhitrar>- .~hnpwl !~;~ll<~y wi!I! 6 il fllrldi~~ir i)i‘ t111, <wcsrg!., \:‘C’ 
IlaVt~: 

.ii, ..- ‘Yi i rr h,, ‘eJo% I+ 1 i ‘2 I I’ jr?,-- + 7;; - r,o,i 

A i’ ~“!!i f ‘[ I a,n “. ir 5 + ;; 1 [ h CL 1 ‘(0 1 i.,- 1 -~~ ,To ii,, * , 1 2. !? .\ 0 0 Lli 
a-itll ii0 antI h illt~~g,~*ls. III 11~~~ i;~r~~iil,ic~~; is 111f 11siiii1 rc,l;tt iT;is!ii 
factor, BO the mngnct ii indlid ion in t hr plalc3li 211<1 rirlpc‘. andl 
I{,. 111r illtltlclii~ii i:i ill<> v;rllt:y. l+‘rc)Jll i~i~lintiilrl (2) illtil :‘1‘1 lv(’ ciili 
rlc’rivr n :‘c~~~i‘i’~‘r~~ wiii t,i<)rl ior b, liar 1118> lith ibr’,it its it filli,-tion 
of the (fix-cd) valllc~s ri,r n,, it il[lCl x ‘J’l:c solutic.~i~ ,tf’ihiS wliitioll 
is e;ivcn by: 

h n?,, = ho-,o + 6,n A-, Vi 

alItI 

* 
c 

_ e’JXBo!+.? _ 

1 
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2rn(p” 1 1 - (1 

CO is the valley angle in tlrr first ml)il al all rcldtivislic c*ncrg> 
7’0, In (5) 6, is callrd thct critical valley angle. The value of 
angle 6 for a triangular shaped vallry, as I)roposd by Friihlicll, 
i+ obtained by setting 6,,=~5~-~. I’rom (5) it is seen: that the 
shape of the vallry in tllis hadotlgc: approsimntion dcp=nds on 
the sigil of 6,. (%oosing an accelerator frccjllcncy of 1.3 C;llz 
and harmonic numhcr h=l, 6, chnngps sign for J3,/5~=O,O.l5~. 
\\‘ll~n the rrlat.iw Ilc~I,i~ll il ~~llnrlgr,i fro31 ;i,,‘l to ;I:. I ~ 111~. .:ii!II 
of 6, changc3 also, SO that the- iw(,hronisrn wl;itions 19nili11 tlic, 
sarnc for both raw’ l~~gl~-lowI~~gl~ arid I~~wl~igl~-low fipltl ICrom 
(.5) wi’citn dist,ingcisli tt :’ 1 w ~liffr~rcnt !>-Iws of 1 ;ill~,;, ilr;~I~<~: ‘I :,.I”% 
I k: 6 incwasrs wit,h incwasing kinetic ~ICI‘K~, 1)-l)<, I1 ih tlrfs t y1”’ 
nith c  ̂ lwilig cxblist;nr i~iicl !I lx‘ ! II i$: b .lol ~w.i~~i ai ;t i’liili.li. ti 

of the !cinctic enrrgy. In ligurr 2 il 1 hcsr t hrrr t,?-prc a*~ shnwn. 
lisiilg t h(’ hard-dgr ii~ppro~in~ai i011 it is pos:iil,li~ +</ rli~l?Y(~ ii 

relaf.ioiwhip twt.wcc~n thr v:~llr~ angltx i; ailrl tlie rc4;rtiw clq)t h of 
t,hr vallq from gf~<~ltwt ri( a1 conGdf~ri:t lr)ld ho tll;i! tll(b pii! tic:,,< 
arc: ~PIIL 18@ in t,hc: R\‘l’-~~~~~g~~~~ts. %t.kiilt: b c’c~lJsLaJlt iI! cvcq 

crl<‘rgy and using 1 h(% gcw~lirt ricai rflit~i-on; wc t-1711 cali-iil.rf t, ! 1 t’ 
position of the pnillts S1 and $2 iii figurr 1. In figlirc2 Zb tli4, \..+I 
lq shapes are p:‘ew’:‘t,ec!. trelcruging 1.0 t 1~s thrust* shnp~ typt3 I, I I 
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Fig.- .)b 1;2/11 Q :>l~,ir,r 5 ,~,,i’7’,,s;,oi,ilir,r~ 1,) li’i r-4’li,‘l‘,i 172 fi~[‘uY 2 

and JII ‘II II((,u~,I, :? 1’) ]W I rlcYC:illcw ;i \a11cy wit II :Illllo.~t pL’~“ll~4 
IlOllIl<lili~i~‘S. ‘I Ii<. illd]W da IJq”’ II \aJl<-\, is ~X~‘.f’d,ly tI~iii:lglllitl.. 
\Vhil<~ 1111~ t>-j,r II I >ti;‘l,(. is Ii <‘l‘Oi~<‘i I I :.i,lll~l<‘. ‘I’hrs ilis;Ld\;lrIt;lp~~ 
bf R t:;p III-v;1ll~~y i’: that Cdli“ I’I)(.IIs~II~!, ii: i,nly 7ivi~ilaldviLI llig,lwr 
en~i.gif5. while t ylw I ttwsll’t l)rovitl(b sllffiric>ill, focusing. So 1 hr 

t,lrl>. ~+llr~:,~ ‘;II~\~~~~ I:~~LI will !~tb ili\vhliL~alf~~l Iiif~r’c’ In ilc>teil Illdv 1s 

ty;>v II wit11 a ~.o~~st;irit v;iJl~>!, a11lr1~ h. 

Stabilitv 

Alt 1 tiii 51;j$gtb \v~’ ~~i~l~~~~li11 cd il v;lll~y sh;ilv. 1 l,at fl:liilIs 1 bl, ~‘oil 
rlit.;(nl. of im(.llrl~l~isnl an11 ~~lmml orbits. 111 ortl~~~ 11) st11d? ~IIc, 
rc~l,ttivc nloti~)u, ~vi!h wi;~~~~~~* tcs t,h<l ol-bit of R wntrai partic.1~~. a 
fi:Gl, ortli7 111atl.i~ t hwry for l)osition alIt rlivcrgcncr ilvviat,ir)ris 
i+ 11v>al. III tlris t trawl,>- tlui trClc,<s OF ~JIP 111~1 ris \,I rlvtm~rlillm 

a 

I’ic.3 C/~i;r’iiflj i’rqi~ri oh ii flJlli~f;o!: of IhI- lwi!r,r: onglt 6 Cliiil VI- 
rr/ir*c dip/h (i. 

WhCf htxr t,h' It’iat,iv~ rllrjt hl (>I‘ a J)d& ii St&ih 01 IiO’. St il 

l,ilit;; olll>. o<‘c\lrd fr,r /‘I’r( \,I il-: 2. :r;lirr~ ‘l’ri RI ) is !IIC trzar:c: ~.bf 

the matrix hl that drsrritws I lit, rdatiw motion. ‘l’hctrcfore the 
lrace for both horizontal iUld \wtical moVelWnt is caldated. 111 
figure 3 the re5uIti11g stability region for it part iclr at 5 hlrV is 
dashrd. 11 t~rrls out that the, s:.atJility rtlgion will 1)~ larger fol 
higher energies, so thr stability wgion is slrdlest at the Jowrst. 
mmgy. To &sigll the sllrtlw of the valley we IliiX~c to ctloow tiw 
microtron paranwt~ers 13 o. a and 6 iri such a wi\y, tliat cyllatic>n 
(5) is sitt.isfiivl and that tliv c.~,ml)irmtioll 6, a is inside ill12 stability 
region. Doing $0 yirltfs t,h(, coi:~l)inatic!ll aN 0.40 alld 6 <ZOO. 

J-. ..-.. Ma netic field calculations ..-. -.--..--.- 

‘1’0 p~~rforrn ol,l)it c~al(dxtiolls in a real nmgllcti(, fidd witll 
fringe fields. WC first, hnvc% to calculate the tlm~ dinwnsional fic*Jti 
in t,he RVP-magnrt. Since t,hwe is no syrnrrwtry t.0 redtlce t hc 
3 1-j sllnJ”‘ iI, a 2-E 0111’. ‘ivt II;~;Y 10 11s~ cross swlions to c-alcl~- 
lktr tlics rriagnvtic fidd. ‘l’l~is C’I’OSS wctiorl of t hcl Ii\‘I’-lrra~nd 

;T;i:_- _..- -..A :?‘k!--:. .:.: 
lLl++~ p&c 

c 2 x i’m, .6 .a 
Fig.4 schr~rnrr!ir tl7wi71g of flff, uppfr hnlf of (1 (‘I‘OS.~ .‘(.Ci2Oll of 
ihe ItI 'I'-ri:ci!g,rt-f /md fhc n:ogi,rtic jidrl in ihc rurdiau plrrnc. 

is stwivn ill lip~w 4. \\‘c, wml 111<~ < o1:l[‘llt”I’ r.<,t1<. l’01SS0N5 Ii, 
[b,brf<lrrn ih<w~ In;tgl:rtl,ic fit-Id (.;lli.llli\l i01ls. Frorll t hr rr3ult s w(’ 
will Sl4 "J' a !Xcl 311Od1’3. 11 ~*~~~III.I~III<~I:~~ Jlilvf. to II~’ l~<~rf~>rr~r~~<l III 
cl1tv4~ tlic vaJi,Iit>- of !,lr(s ~wtl 1ncdv1. lh~sisI<+,. 11~s ~al~~&t~d v;11- 
Ii-y can lit* wwd ac an illpllf f(lr :!-I) rllaenc>ti<. fic,ltl (~aJvul;~tions. 1x1 
t,uI(~ :\I clc’li\,v ij ~~~~~l(~l fit,Jrl WI’ ili\-cd i:atc*tl t.111~ c-0’~~ t of a r~yci 
a~~g:lll<tr va.Jl<~>- OII tllv mag~~(~ti~- fi~lll in ihc nlmlian ~)IAIIc-. Yhik 
vallv~ is charac~t~~riarl 1s.~ its ~lvpil~ an!1 L\‘isitl~. ‘J’tl(’ I’OISSON 
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Fig.5 Confours wif11 constarlt rrlalivc. dcplh 0 us a junctio7i oj 

thr Ir!?dfh and fht. dcplh of t/e tdlry. H’tdlh and drplh nrr scnlrd 

with respect to llzr gap. 

ral<~uJat ions give t 11~ rninirnlml Inag~dic~ intiuc~tion I&, and the* 
mapetir intiuct,ion 130 in thr irornogrnro~s part, of t tlv field. 7%~ 
rffrct, of t,Jit-’ diinpnsions of ilit= valley are visible ill the rclativc 
rlqdh a=13 ,i,po. Figuw 5 &OW cmtours wit,!1 mnstnnt. rela- 
ti\.cs ~!cpi,!’ 8.1 differcat I-l)illliillatic~rls I)f tllr dcyt 11 and width o! 
the ~~;tIl~+y. Non we postulatP that the magnetic: field in thr val- 



ley can be rreartid its a mixtuw of two fringe fic*lcls. From CIII‘X’P 
fitting it appears tllat thr exponcxntial fundion rxp[-ti (z -C AX)“] 
rvhere E is t.hv CI: bor<finak in t fit, fringt? fidtf , fits rai her wcfl wii 11 
a root rrvan quart: of about, I II-‘. ?‘h~ mechanical polo hund- 

ary is al x=0 and Ar 2z 3 cm. I~~IISP of” its simplicity we use 
only one par;lmd,c~r 0 to dricritw tfie frinq:e fic:lcl. ‘1’11~. value of 11 
depends on the dimensions anti t.lics posit‘ion of t liv roil. Srttirig 
fl(,x) the* l’rilif,(’ livid fur:ction: 

j1iliaf = 
/i(.r) -- Il(cc‘l 

R(-Ax) 

with R( w,) thr induction far away from tfle pofv l~)undary and 
h t!le witit h of tf1fs ~2fl?y, I,hr mix-fllrli.1 ion k‘ wails: 

E'(T) = j,(x) t ji(Z) - jl~~r)j*(.l:j (7) 

Recausr of sJlnrll?try in x=ih w writ? fl(x)=f*(b-x). Fittiq 
of’ the mix-funct,ir,n I: to tile calculated nqnc:i,ic fivlti profilrs. 
yiel~ls ii vi~lui~ for 0 iviOl a roe!. 11wil11 squai‘c~ of alwlt ! Ii-*. FI<,III 

curve fittine, it appears 11~1 0 dqwnds also on do depth of t,llty 
vallry. Irlwrling t,ttrh depth d~,ll(‘ll(l~~rl(.~ll)f (I ill lhc mix-fun<-t,iolk 1, 
and calculatilig the minimunl mapnc-tic ilitlurt.i0n in tlica nlc+fiitii 
plans, piws a vvry gowl a~rc~livvl:. t;wl w<vn 1.3(x 11~0d~~l fir,laf ar~~l 
the fit~l~l cals~~~latccl wit,11 POISSON. 

Fringe Fields --. -~ 

‘I’0 dcscritw t,lw rffrr! of 3 fringcx fi6~fil, I<rige7 irllroduwil a 
SC’OE’F-ficltl (Sfiarp C’:i(Oli‘ f*‘ringing IKirl~l,) ;lntl ill1 F:f:F-liisl~f 
(f~~stc~rltl~vl f~riy::il~g I”ic*lcl). III 011r cav. tlli- f<:Pf<’ fiel<L is ~1~~ 
scrild hy t hr RI-K~VP IIWIL! ionivl I~~lwuvliti;lf f,lrlc tion. ‘f’hc, r,<,si- 
t,ion of thrx cR;~c~liv(~ ficald t)oll:ltlary I’,]“11 ill lig~lrv 6 ic giwtl It,. 
Jll$~oFFd~1”ff1 ~p~.dq. l’sillq the ii11,~l.i~ tIlc*lif i,liiul c~.ufioir~*riti;~f 

l‘llll(diofl t,liil< -lf,‘icritwi t,!w f .’ 1 ,,,p,” f,<41. IV<’ I~Hll.lllilt,t’~l 1111~ I,:f’l3: 

EJ?H = L 17; - A,, 2 v 0 (8, 
For our configliratioli with it gal> of O.&S m. a l,ypicitl v;tluv for (k is 
3P.l iii-‘. ‘I’fiis yicblcls ark f<f’f3 22 O.Ci2.5 111. Kngry SllO\Vd ihat ill fll? 

i3ori7or.l;il plallc~ lf~wc~ ih n(, c!li~ng~a in f(wilsi:3p, slrcwgtti. dli hiilip,li 
the pith Iwlgttl in 1 hc* SC-‘OFF-iit,:cl rliffr-rs frc,l:i Ihr> path ftwgtll 
in the, 1~~1~f~‘-fit~l~l. ‘l‘tlv ortlt~l of Ili;ifinitrldP is ahlit. 10 4 iI i‘oi 
(>=:~I)0 111-2, Rftc: 0ilv wvolution, (II<% l~ai 11 <Iiffrlwce bvl wvrI1 
f,:f‘f‘ ilild S(‘Of”l’-0rtvit has Iwrv~~w ilt,oliA Il)F m. ‘I’tLix phiisr, 
shift with rcspert. to thv cavity voltagr is atrout 5’. In ordrr to 
liwp thr orbits iso<.hronous iii 11~ SC’OE‘I: tirmlti, t,ht- rlrif !rr:gl.tr 
r111191. 1.w hrt~wYl. 

Fig.6 C’nlrulotrd nndfiftrd jGn,qe fir/t! furrc,ilon. 5 is fhf c 

nafe- I scalrd wiih w.~p~rf to fhr gap. 

a1t tioug11 
relations. 
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the drift lerlgth inli5t change. Iksidw, 1 !I(, gi-~onvtric ~$1 
which &scribe tfle Fhat)ci cif lhv valfr;;, ri311 aliu 1119 US<YI. 

C’ontrary to tflc, fiorizorit il.1 j~lilllc.. in t,hP vctrtiial pla11c1 liwr,~ is ;I 
decrease of focusing sfrcigth. Althollgh the fwnding si~gl~h iitl(l 
t,hr pat,h length arc’ alIw~s1, f hlx Sdliw, th<. <talbilit). r+nil slI~~~~i.fyl 

in figuw 3 will Ihdngr. 
f)lw to the frinp firl~f, t,lw pdic.lv i+ lwlt. ilw:‘i’ i:~ t,tlv t~lat (‘au 

i)\‘c’r a (.list;dlro l‘:f.‘fI. ‘I’hir; inll)lil9 i,lltd twlliling ;mglc in l.titT v,111~,~, 
is smallc~r. ‘I’0 ticwritw tlkis corrcy.tlj, ir: tllcs rdaticins (2) a:111 (3), 
the ci~lculal~d vallry bounditrivb must lw ~novd o~‘f’r 21 iiist illl(‘(’ 
RFf-3 to thf, outsidr of tfw ~nag~~(~i, 

.Q.rrjii cdculntions . ..--..I 

At. t,his st,a.ge we calr:ul;tted tht- shap of t hc valley to prw 
vidc both ixochronisln and c~fosrd orhits. ‘1’0 chwk (,IIc St‘OFF 
approxilnai,ion, orbits calculations vvew prrfornd, using tfle wr11- 
pulcr code IIIATT’. ‘I’htl wquiwtf illpl’t is 111~ mapwl.ir ficlil. ?O 
gcmrlatt: tllc IllOd~f iicltl WC Inatlt, tt,c, i’OlfG\! inc, a?;wmptiSln~: lli~z 
~rlaprietit field al. a g,i\‘en l~~~siticlrr ii1 lhv wllr~>- is ~lt3vlitivrl 1)~ 
lhtr nlix-function (7). anil the dist.allw.i x ail.-1 h \: in (7) i,rc i I~v 
slinrt.rst, disl~aric~c~s t,0 tfw -,2flq~ I,olltl<lii,ic~i. 

i\t tfw lit~iRlil)[)rli,,o(l 0i’I 11~3 mlfl avc-q- il<liilf CIC 111~. II\‘f’ II~~P,II(.~ 
t twrc aw t llrw~ fririgv ficaltli. Iri or~f<‘r t,c, r~vjucf’ thcb cfi’cvt of j 1ii.i 
rllixilig fit~ltl on tllas parl~icl~3, it ih ~ly~~~tf~~i IO (,11i off lili, v~tll,~~~ 
il.bOUl 0.1 Tli i’rorn t hr p& l.i( iulld;l’.y. 

Prom orhit calculations, it tllrns r)llt t,hat ilw cjrbits at it:, 
c!llwg! 7.330.3 ilrr closed. iljing 111~~ cy’L;ii iollS (L’i alit1 (3) [a> 

cafculati~ th(: sfiapr of i,llta v;tlit~! i~fi~l llhinfi till, iil,oi~~ IIII~HI~~BII(~~I 
assu:tiplions to gwirr;itcb th<s II~;I~~IIC+~C fil>li-I. ‘ITis ~)L’o:‘c~ t llclt ~II,, 

/ rtloti?l hcltl ]“‘“v1’11’s 1101l1 Ib~iCl11.C'11,',1, ;in,1 I.iOS(Y I t’ or >llS, 

III t,llis paler. wv ~lcecrit)~d ii, 8~~11ro~~rsr~~ rvl,iiii~ll~ lor 23 i.t!r~~~ 
sector magnet. using a Iraril-r~lg~, :ap~~rosi~rial ioIl. ~:I.OII! 1’01‘;. 
SON calculaticul we fittd a frircg,cz fivltf fund ion. which cnablrq 
lrs to cfrscrilw the rcdislir. m;igrldir field I)>- a hadcilgc iii)- 
proximation. Tising tllis &wrip(ion, a possible ~2llry sllapc- was 
t1eri~;ei.l tlcpe~~~lanl on ilrlport,;!rii ruivc~t role par3~wtcrs. silcli ‘is 
Illiqyi4(. fic~ld Ii, and c*nrb:i2i’ g”ir: A 7 iu 1 At> c;:\.it,y. C’l8,wi! i,i 
tjif,z 3s wcfl as sufficient vwiic,al 5lill)ilitv wtw’ ol,taillr~~l v,it II Iht~ 
following set, of pr:i~wtws~ rc~lz:ti~~~i~ ilrdt)ill d’u0. 1 ;rl:<l CA :2(P. 

Heftwww -...-.. 

’ .l.I.hI.fbt*nan (‘I al.. t~lww I~r~.~(.~~~~~lili,~s, 
* .J.I,.Dclhw, Irltc:rnnl rq)or1, \‘l)f~‘/Nli !u-IO. l’.l:.l~. 10’10, 
3 1I.R. Frdich et at., Nut-I. fnstr. and hfrt,h. 143 il!)77).f’?:~. 
4 .J.I,.Delhcz, fnkrnaf report, \‘I)F/NK 8~08, ‘1’.11.f;. 
5 User’s guide for the POISSON/SIIf’l~~R.l~ISfI C:r<>1113 of ~‘odty, 
Los Alarnos National Laboratory, l!CiT 
6 G.A.\Vebers: Intc~maf report, VDF/NK 90-09, T.IJ.E. 
’ tI.A.Engr. in ‘Focusing of chargrd pzrticlr~s- A.Sel)kirr, 
Academy Press, New York, 1967. 
a I..de Hever, hteruaf repcjrt, VDF/NI< 85-l 6. T.II.F;. 

Summarizing, wc can drscrihr thr EFF-field by a SC’OI“F’- 
ficdd. iniroduc ine tfic, viT<~ctivc~ fit~fil bountlar!~ EFf3 givrn tty (8), 
so ttlat tfle isochronism rrfaf.ions (2) and (3) can still t,r, used. 


