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Ah5tract We then examine the sensitivity of this design and end 

‘1’0 obtain proper transverse focusing in the T’EIJFEL mi- this paper with some first, results of orbit measurements. 

crotron, rot,at.ed two-sector magnets will he used. These 
magnets offer t,wo degrees of fredm, which can be opti- 2 FRINGE FIELD PROPERTIES 

. I  

ttiized for ttlaxirntttn rtiacliitic k wceptance using a first or- 
der matrix t,hrory and nutnerical orhit itttcgratdion. The 

III figure I, an example of the fidd map of one of the two- 

ol)t,ittiizat.ion proccdlrrr~ rquir+ a tlescriptiott oft 11th fringe 
seclor clipolt~ magwts is s11owrl. The low- and high-fitald 

fields, wltich arta st,ttditxd by way 1-1f riltrrl+~ricxl codes (POIS- 
scsct.or are clr=arly visil,lf*, &\ wrll 3s l.he rotatiott of tht, 

SON, RELAX )> atta]yt,ical c.;rlctll;tt ions (confortttal tttall- 
tnagnet~ i[i 1.11~ rric~~liati plat~ca Mid t.llC Slllitll IIeg;tt iv*, ficllli 

l)itig) and ttl~‘iiS1IT~~ttl~‘tltl;. Frl.ittt t.ltes~~ c.xlcrtl;~tiot~s, t,llc. 
dil) at t,lit~ front citused hy an act ivc> rlirrtll) 

opttrrtunt p:ilrattle’t.ers have beet1 mtitttat(~rl. These yield 
sufficient focusing properties (large ;rcrel)t.atlrc*) which ;m 
insensitive to design itnperfr~ct.iotis. 

The c>pt.it~liutit ~tiagrif-1, config~lriition Il;ts lwf~tl n)rl- 
strurt,eci arid in this paper a cotnparisotl of 0rl)it. ttteasure- 
tnrnt,s atid citlrulat,ions is ttt;tdP 

1 INTRODUCTION 

,4t. t.hr Eitidl~oven lrniversit.y of Tc~cl~rtology. two rncetrark 
tnicrotrotis are I)rxirtg designed attd construrt.ed. Instcatl of 
Itsing the ccrtivrtit~iotlal layout. wi tli Iroli~ogmrous I~ending 
magnets ;mtl i~tiirtlrrtpolcs in t.he drift spaces wr 11avc~ optt~tl 
for a corttl)itictl-fltnrtion twc,-src‘tor tlmigtl. The hending 
magnets have a valley/hill clcsi~ti atttl are sligltt,ly rotAd 
itt t.lie rtictliali lilattr to ol,t,aitt c.losctl orllits [I]. ‘l’his design 
Itsrs edge focusing at, t,licx variorts field edges to k6,c.l) t,ltc% 
I,c~;uri t,ransv~~rs(~ly st,iil)ilizt,ii. 

OIIV of 1)c)t.h racet,rack triicrc>t.rcbtis (c:~llm1 “ICI‘M- 
‘l’wc~nt cl” l.jr “‘I‘EZIII~EL ttticro1roII”) \vill ;ic.ci*lf,r;ilrd flt’c 
t~rotis from 6 t,o 25 McV and hCrv( as an ittjt,ct.c)r for a fret, 
~~lect.rc)ti liWf‘1. (‘I‘EIIFEI, I)i-{)jts(.t [2:). \Ve ;bttl (0 tr;lrislborl 
a peak cttrretlt of 50 A. so the focusing strcartgtlt of (.IIc bwo- 
sedor tnagtif,I tnust, IV suffrit~ttl. tc I coti~lttt~r space charge 
forces. Our approach fr)r Ilic> ttlagtic~t c\Agrt is t,o c-)pt~itnize 
t.llP rttachitit~ ZICrt’l)tiillCf’ l)y v;+i-yirig t,hc, frfxcl Imratnders of 
tli+, two-sector ct+qi. 

‘f11e 51b(~rifcatiotis of t,lit, serr.rn~l riud rack rtiirrot~rori 
(“RI’hl-I3intll1c.1~erl”) arc% very sirriilar, I)tit it, will acceler- 
nb electrcttts frotlr 10 to 75 hl~\~ wit,11 a III~I~11 lower peak 
ciirrcmt.. Motmver, this niarhitic ha5 a larg’br separidiori 
I~etweeti t,lie t,wo-srct,or tnagries ( 2 ttl wit.11 respect t.o 0.9 
ttt for TEI:Ffll,). In t.ltis pa1>~‘r WC will rottrctttrat,r on t1Iv 

‘I’El.lFRI, ttticrot rott, hut, tttr-,rttiot1 s<jtt1c’ f<,;it,ttrc.s of R’l’hl- 
Eitiilhovt~ti as wttll. CY<s will start willi ;1 tliscript.irrtt of 
fringe fic>l(l ~~ro~mt it3 which ;tr~’ iiwd iti sitl)?;t~,lric~ttl ion 
opt~iral cillcti latious yic,lding t.ht, ol)t ii11iitit sc~rtor rlcsigtt. 

Figurcy 1 ~\li~,q-f~idt~~. fic,/il rr,;il~ CIE ;L two~~c~~-for ~sI;~,~JI~~( 

in th rfvvlian ~~/arr Thf I‘RVIf,V IS IfH-atrvl tcnvartls 

t/ifs li’ft irl t/Ii.\ ~11cIur6~ 

In orclc%r to fiticl t ht% i)l)t.ittlittti sltaj7t of tltt, sect,(ors, bvci 
stlitlirtl t IIC t,ratrsvust~ attcl longititdin;~l hcxattt ol’tics by a 
first orcler rnat,rix drscript,ion and 11y ririttlc7ir;ll orhit, intr- 
gratioti through g+~tirrald fiflld ~riajx. RotIt drsrript,iiW 
ticed t,lir fringe fic:ld pro~mtAr3 as irtj)itt Altllougll the con- 

siilc~d gm)rnc>try is ohvicdg t.lirer dirrirti?;iottal, W(’ first 
IISIVI t 11~ POISSON code t.o estmituitf.f* t iw frittgc, fidtl proll- 
t,rties in t.wo tlitrlcttsiotts. N~,xt., t IIP t~tct,ltod of ronformal 
iitaljpirlg [3] I la.5 l)f~ett iipplic~d t.0 get analytical expressions 
for t,lte ttiagtidic fringe fielcis Fiual1y, 1.0 c~XiiItlillc~ redis 
t.ir 31) cottfigiiratiotts. t.hr ItE:I,AX rcdc has hrm usril tc, 

s0lW t.ltcx f,iLjl1ilCP t’qll;lt iuit. (‘ottfi.)rttial tii;q~j)ing ;ltl(l fiE;- 
1,AX ;LS.S~I~I(’ t.ltnt. nib snt,rtrat ioti efft,rt,s BTf' prmi~rit , wliicll 
is valid for IUI’RI-‘I’rvc~ttt.r, wit.li IL triaxitti\ttti ttragnrxtic firlcl 
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of about 0.2 ‘I’. 
In table 1, thr value of the fringe field quant,it.y EFB 

(effective field boundary) is listed as obtained by RELAX, 
POISSON, conformal mapping (CM) and measurements 
at three houndaries: from driftspace to the low field sec- 
t.ion (l), from driftspace to the high field section (2) and 
from the low field section to the high field section (3) in a 
given two-sectcor layout. From t,his, it. is SWIM that there 
is agreement hc%ween RELAX, conformal mapping and 
t.he ITlC~sllr~‘lllc’llt5. The results front ~‘OISC;ON drviate 
slightly. 

For the RTM-Kindhoven, sal,uration effect,s may play an 
important, role and will he st~udit~d furt.hr,r. 

Table 1: C~ornparison of the EFB value (in mm) at three 
I~our~daries as found from RELAX, POISSON, conformal 
mappirg and rr~ea.surrmc=~~ts: SPP text for more flctaifs. 

i RELAX 

1 20f2 

‘L 12f2 
3 :3*I2 

3 OPTIMUM PARAMETERS 

Ion optical cnlcrtlat.ions (such as fringe field corrected ma- 

t,rix tracking an<! orbit integration) arr WWI lie Ioratt- thts 
optimum t.wo-sector configurat.ion. This opt,itnnm has an 
acceptance area (e~~clostd by t.lie Z\CCPl)ti%rlC? ~)CJl~~Ol~) of 
about. 100 m~il~trlr;td ill Ilot,h t,hta horizontal mtl vertical 
plane, which is sufficient t,u iilat,rh t.htD t~r~iitt,;r~lc.r: of G 
tnm~nlrad at 6 Me\’ from o\lr 1’li~)1c.)-rat,llc,tlt~ injrsc-tcjr. Thcs 
diiipc of tlics avcvI)tarlcc~ ~~oIyg011 at. irij,~ct,i,3i, is plot~t,ed in 
figure % with J:, +‘, : and z’ t.fir Irlaxirnurtl displarrment 
and divergencr, 1.1~ ttlc horizonlal a~tti vertical plane. rfz’- 
spectively. Iii t.llta vfbrt,ic;tl plant-. 2 is limik<l aI, 25 iiitil bt,- 
cause of t,he vacuum chaIllher at injection. JIU rcprrscnts 
the path 1engt.h differericc with respect. to t,lic, sytichrorious 

particle, whirl1 i:i proportional to t.hr phase sljread at in- 
jection (R.F wav,,length equals 23. I c111). Frorll the phase 

space plot, for t.hc, Iongitudinid i~rot.ioIi it. is sePn that t.llfb 

maximum rnrrgy spread Ap/p at 6 MPV is about 3% at. 
a synchronous phase of I8 O imt1 alK)rlt. 0.85$ at rxtrac- 

lion Varying tti{, synchronous phase, the maximum Ap/p 

changes <a.5 pr+~dictecl using 1lamilb0n t,hcWy [4]. Anot,her 
parameter we can use to check the result, of the ion optical 
codes, is the conservat,ion of normalized emittnncr, which 
is fulfilled indeecl. 

plane, it is found that the maximum energy spread &)/I) 
is about 1% at injection and ahout 0.15% at extraction 

4 SENSITIVITY 

An iInpcbrl;irlt rtspwt, in t,hc, ilr5ign of t,tlt* t,wci-scdor rriq- 

net is t,he srllsiiIvily of ttI(b arct~ptanct~ for (1) rlieclrarii- 
cal errors anti (2) 1fi1~~Iel ~irtll)lificatic,lls. For t,hrL RThl- 
‘I‘wrnte, ttit, accfal)t itriw ii1 I)clt,lt tlrt% lic~rkz~~ntal anal vertical 
plane dot)s tiot ch>mge significantly, within and even ou- 
side the nicchanical accuracy. Howt~vr~r. wlicn the fringe% 
field quant.ity 12 (exprCs5ing t tlt, defocusing effect of tlir 
fringe field) is ctiai~ged wit.hiii t h(x Incasnring accuracy (of 
0.05 [3], the acceptance in t,tic vertical plane changes about. 

I!!I%~. As the nrcq)t~aric~~ for KI‘M- I ’ ‘wc~r1t.t~ is already rriilcl~ 
larger t.han t,he value art,ually rrquiretl, this will be no se- 

vere probletn. 
For thP RThl-EiIltlhovt,ri, lrowevcsr, the, vc,rt,iral acrep 

t.iirlrC' is rr1uc.h norm scxsitivc~ t,cr this tyl” of error, so a 
(more) accurate descript,ion of the fringe field is nredd. 

At, the rrlorrlf>rtt,, this ~~rc~l~l~~ii~ is tack1fc-l using nuitlericnl 
tools combined witjtl more complirat,ed ronformal mapping 
gcotrirt.ric9. 

Resides tlicx stIapt5 of tlir itrccq>t.ailct~ I)olygon in ph;LC;(s 
space, the mot.ion of the hram ran he madr visihle by 
plotting the hra~n eiiveIop~= in Qhe 1iorizoikkJ antl vertical 
plane. This is shown in figure 3. Frortl this it trlrns out 

lhat the tune V, is about. 0.32. 

Similar ion opt.ical ralrulat,ions tliiVf’ I~cvu donf’ for the 
RTM-Eindhovrn. The corresponding arceptancc* in both 
t.he horizontal and vert.iral plant can brb rrracl~ morp than 50 
mm.mrad. Fran t,hca phase spare plot in t,hr lorrgit,ndinal 

As a result of t,he t.wo-se&or desigri. the electron beams 
exl)eriencc differently shaped fringca fit,lds wh~~n c,rlt,cxring or 
leaving the magnet (hill nr vallry). Obvionsly, t,hey also 
see different, EFR’s, which causes a non- 180’ bend. In 

order to compensate for t,his EFB difference (in t,hr order 

of a few iiiillimekrs) we will add an act.iv<a clamp at, Ihc, 
entrance of t 1~~ rriagnct. Orl)it iutegrations through a no 
merically generakd fitaId irlap and r~l(,~~lir(~TilelltS confirm 

the t,henrcxt.iral predict,ions and tiemonstrak f,he neressiby 
of the active clamp for a prfert 180’ bend 

x (mm1 2 (mm) 
(4 ” 

. , 
b) 

Figure 2: Accc@f1cr IJ~!,‘~~JI in ia) tllc horizontal p!aW 
(I)) thp vertical 1)/aifs itiltl (c) in tltc> Iorlait Iltliflnl ~)laIlf~. 



Figure 3: Ratlial and v~rtjcii/ mnfS I)carII rnvelopr in 
RTAI-Twefi te. 

5 ORBIT MEASUREMENTS 

III order to .ycrify the t,hmrc~t.ic;tl prrdictions on t,hra focus- 
ing propert,b=s of the, two-sector magnet, orif’ could rrmxmre 
tht field~r~a], of th? erlt.irr two-sector dipole Illagnct and 
use orbit, int,egrations through this measured field map to 
catclllatt~ thr triUl.Sf?r matrices. CKcf’~)t.iltlCt alld l>PaIll PIl- 

VPIO~P. This approach, howc~ver, suffers from the fact that, 
for accurat,c’ orbit integration, thr f~rltjrt~ fiel(l ~tiap needs 

t,o I)r measurc,d with a fine grid, wlkilc, nloht of the Inca- 
surc~rri~~Ilt data remains effectivc~ty IirIus*~d. 

As a quick and flexible alternative, one could use the 
Inensuring IlIactIinc to follow l.tro acl,ual ctcctrori orbits tlur- 
jug measurement. For this Irictliod, the measuring probe 
is locatcad c,ut.sitle thr rrlagnet i1Ild iriit,iat ctlnditions such a 
“velocity” and “energy” are scat. A l)rogram can IIOW repet- 
itivety mesure the local field and move the probe: through 
the median plane according to the equations of motion as 
ttiorigti it was following the orljit, of a real reference etec- 
tron. This >way, all the measurement poinbs contribute to 
the final result. Additionally, one can easily measure the 
local field gradient rectangular t.0 the orbit at each poirit. 
of t IIt, obtained “orbit” , so a first,-order transfer matrix can 
also be ralciIlnt~ed during the rricitsurcrnerlt 

The above method is applkd to check the ot)tirat prop- 
erties of our two-sector magne1.. Table 2 compares some 
resu1t.s of the nieasrrrenienk with calculations for half an 
orhit al lo.‘22 MeV. The act,ivr claml) that is required on 
ttie cavity axis is not. yet ronst,rIIcteti, so Ihe orhit,s havcx 
a predicted bending error of 30 nlrad. The rIIeasurements 
show a IIiuc11 targcbr value, which may he caused by the long 
tail of the fringe field that could not be measured entirely. 
The other paramekrs agree vf’ry welt. 

Finally. iii figure 4, the field gradient rectangular to thr, 
orhit as ljrcdictcd by c.alculaticXIs and as derived from mea- 
surements ii+ drawn. The graphs are not exactly the same, 
which is caused by the fact that, for our calculations, asim- 
plified edge field model is used which, however. does con- 

Table 2: &mparjson of various orbit parameters betWH3J 

computer cakulations and orbit measurements. 

parameter measured calculated 
orbit. length 11 1.0002 m 1 0.9984 m 
bending angle error 

II 

58.8 mrad 30.6 mrad 
radial matrix trace -1.82 -1.82 
vertical matrix trace 1.77 1.82 

serve physical properties of the real edge field (e.g. EFB 

value and focusing strength), hence the transfer matrices 
are (almost) equal. 

_ 1.0 --- . - T-- .--.~ _ r . ._- -,--. c -- T--.--.------- 1 

orbit position (m) 

Figure 4: Fk!t/,qratlifwt rectangular to t/w or/lit as tferivftl 
front rrwiisurcfrie~i ts (tfrawII) arIc{ as pre(lictetf (tlaslwd). 

6 CONCLUSIONS 

F’resent.ly, we have designed t.he optimum shape of t,tIe t,wo- 
sect.or nIagIlt%s for t.lrcx RThl-Twente and a t,wo-sector mag- 
net has been const,ructed Preliminary orbit mea5urement.s 
show that the ol~l.airred t1at.a agrees wit,ti thr prediclions of 
ralculat.iorIs. 

The opt,ical properties of thcx RTM-Eindhovrrl have been 
calculated, but. the acrel>t.aIice in the vert,ical plane is sen- 
sitive for deviations of the (simplified) fringe field model, 
so a more arcrrratr drsrril~tion using conformal rnal)ping 

is started 
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