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Abstract 
For t,t:v pro~>os< 6 Resonult. Wakc~ Ficltl Transformrr (RM”I’) 
(hltid~:r tlJc> ht,tls,w be>lJn ;Iri>rrr- liuac is ;JrJ c:sw:Jt i;ll part,. Apply- 
ing ths, prillc.it)lc of ,S/T~olr,Q I*‘r,i-i!,\siilg to tlir Ilc!llOW IWiIlrl hi\% t,tlC’ 

pia. itcI\~i~rlt.;lt,i~ ~)i ll~\,iiig !iclci free- drift.sp;~cc~s ;intl snlall trcins- 
vrrsf 1~rift11 (Ijlnf TIS~OIIZ-. ‘I’lic, prc~~~tctl 11~~110w bt~arri Icns consist:; 
(4 s;,c:cial arrnn(jt,~ric,nl, of perruarif~nt 1rqilc45: wl~ich nowatlity3 
can havc~ reJrJanq>JJt firlds of more thaw 1 .f! ‘I’da. Thr following 
i.PiLr,w~:I~s<~ hdl<,~,\~ l.:t’:l*,, dyllamics Cil[i iif, ;malyti~~i:ll~~ dcdicrilnl 
l)y th<* well known formalism of arrJplit,iJ(!v arid phasrfunctiorJs 
ill i, C’l,lJil,\‘iJl~ !‘l’;llW f,,l ii R’f~sI-~!JIW tJOll<W !~t~;ti~~ ring. (‘;Jlcnl;~- 

iio:Js c:orlwr~~iJ~~: a prclilrJiJl;:ry dcsigr! of t tic Ir!ls iir(’ prcscIlktl 
iogc~l!rr wii,h ttlf, IWIIIIS I’ICII:I 11~~ll~~w l)~ilrll tl-ac:kilq (tll~ougt. tltis 
ICJIS. 

Introduction 
‘LI’;Lkc, I~‘i~~l<l <LC c ~‘l<~iii<,~s IJCVI! Ilip,llly Cll<i1~,Yl tlullow 11(~;1111 C’IW 
tron rings t,o (~xci:,l~ c~li~cl*iirtlagtli~tii- wa\y:s, which itrrs spllally 

fonl~s(.cI irl I.(w,I~~LT,I ll;rkr I.‘icld ‘L;u::~,ij;,r.rnr I st~r~tioris pruVidir1~ 
hi+ grariirnts $01 tvl. hrallls [I:. III a firht t?q’c’illlrrll :rl scxt 
IL]) at. DESY tioli~,iv c~lt~i~llr011 t,c,ilnls wit,h 8 cli;;~ilc,tc*r of ?I0 cl11 
are accrlcTatr’d to at1 cwrg;; 0 f 7 hle’v’ in B 1ina.c wit,h four :i-cdl 
SOD ILlI ~~ori~t;~l~~i~il~lu(.i i]Jg tlriwr ciLvii,iw ,.. “I]. ‘I’lJ(l whole, t irlai, 
is rnourli~vl wi:t:iJl sc~lvJiiri~l;t! <xJil-i of il.7 rj.!j :il iti;tJIlC’kY tiJJJlli1lg 

with c~:lrwni i of iO0 1500 A ‘I’hc, l)~;i~ri i,q gcWc,ratcti in a spctci:ri 
gttn al:c1 p,llitl<~ti !‘y iii1 4xi;ll 11lag114~t.ic flc,lil ()I‘ *-Cl.:! ‘1’. T)I:c> tcb l,lic 
variation of thc~ Iurrgil~itliJJa: fielcl coinpoucnt, single electru~~s 
exf~utc~ a !~t~lic:;ll not io:l A~,I 1 hc~rcAfort~ ~,ht, I ;~di;~l thickJlc% of 
tt:*a l:rjlluw tir>;u-:i is i!lc1c,e,~~g itlong thr, liriiic llllt,il Ltlc p:Lrticlc5 
hit 1 hcs a[)eW lli‘<l iS.i( ill thcx Irlnl st.;qy tiles R\2”1 (‘ollitle~r lliu 
10 tidk7; s~ljivr r:8~11ii11d ;~i,g c:;lvi: Ic’Q an{ 1 IuIJ< clrivi’r S<‘C tiliJis whit-tl 
r~~;~kc~s this kitlc: of 1.llf1i~?:i)ic~ tJc3a:il tJ’wlrs~~oJ’t ilJJjmSSil)ll’ to 1151’. 
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Figarc, I : I’riJlc.iple view of ari axiJtKJtlJa1 symm&ic hollow t~earn 
lms. 

PCP~I~IPI~~ rnuy,~, 1.9 uGth remnant nt firlds of up lo 1.2 T mri be u.wd 

to f0cu.s hollotl~ tH’a?lL.i. 7’hc aTicllly sy’nmceic armngerrmt pl‘oLitlcs 
a ,s]xrd soli7izoc! ~Ir‘fli.c,!PrlOid jitld, ?Phir/h acts lib a if iLS wifh fokal 
lenyfh 5 10 n, (11 /d!ow bcc1m rrmJir:.s L200 Iv1<-v. Thr fqfmtion o/ 
mofion ,is dc~sr-n’b~d in tht ru~uuiny fwmr on the rrdiua p 7’hr riqht 
picture strums 11~~ lad mimhntcs (r,6rj En ths fmmc. r’i,lir foys, 

firing itw inrtc r mnyne /.Q. cm bc SWTL. In both p,ir~turc:s thr tlzrc~ctior~ 

of polurimlz~~~i iJ,f iilr- prwu~nwi t nraynf~ts is g7crcri !q the wwws. 

‘NW Str,ifc id I,,xI~;~~ AC ~k~at~,r (‘rnkr, SLAI :, (‘alifm nia. i SA 

‘l’l~c alternat,lve is, to ha.vr LS!7.0ug l+bcasszng for l~ollov~ bcalns 
as descritd hy counar1t an<1 Slnyd<!r [3] f OJ so Jc I’ 1 t warns in storage 
riligs a.~~ti hw~spimt~ line-. ‘I’lit~rc~f(sre it is ~~i~wssiuy i 0 c-o:lst.,ru& 
il 1~11s wil,lJ i: fiel~l gra(livlit. prcbporl,ir,rJal to Ihe ctisl;~nc:c‘ cif (tit, 

[j:~rlic~lt+ ro:)~ a rt~f0~r:ti.t~ rin(; as shoic~rl ill fig,irr, I, ‘I’lli< AiJlrl ill 

fmsitlhfc~LJl ,‘. ’ < tw jjro-.id(d !jy pr~rJJrnll~9ll rilii~,rlrt s wtiidl IIowa 
days have ~~TIl;ilJ<~JJt fields oi J,Joi’<’ 1 h;iII 1 .? T. Thr l”o~“‘W’l il<-\\ 
type of hollo\Y tEarI lenses allows r?. ~OCitl lC~l~t.11 Of l?SS tztlM1 10 111 

vvit.h tiotlvw Itc:arn c~riiqiw of uJ6iw t,t:nil 200 hl~>l’. 

1 Design of a Hollow Beam Lens 
‘l’:rlC> ;ttl\‘;ut,;ig,% <if IJSi,,# },PrrllirIl!~Jli. rnrt~lwt ic. nG~.tcY-iali iire wdl 

t<JJkJ\‘i:~J iJl a~c~dc~~&o: ptJ?;4i-s, c~spWially fvr wigglc,rs ;111<1 uilclli 
1ator.s which twcolrlo more anal rl1orc imlX~rt ant for tllr next, gc’11- 
c!ratiorl of syllclllmon lighl, souI‘(‘(:s. A Stro~lg rrJ;l~iirt.ic~ field 
ptYdllcY~tl ty small [)ic’cc’s (81’ rii~n’ eitrtll Cohitlt, (ILlC(:) is ltle f’s 
seljtial Ic~i~t,urc~ for 1 tit- corJslruc(.ioir of tll(, l”.<~])Os!‘(t Ic~ll3. 1Vtlc,r1’ 

soJJJe part, of ttic: rlqnctic JJratrrial liar lo lw fix4 wit,hirJ Itus 
tt1<: 11&w 1,eam. ‘[‘tlr~ gd to h~lV<~ i I;c Sii,ll<’ foe-ussing clrarac 

t,rris!,icx for particles iridcpcndwt if Cl~ey arc‘ il.hOVr Or helow tilt’ 
rtzfc~rc,lJw tri~jd ury, which is givc,rl t)! it cylil-ltlu :P:~!I r;itli:ls 0) 
i:la~nis for t,liis gwr:~etry (axnpar(’ fipr(‘ 1). 

Analytical treatrmut 
T]IC s~call~d Ilaibn,A c-c)llfipllr;tt,i,)rl 141 is sj l,wo~lilrlc,ilslr)il,LI 1110 
l\(h] $,I :L l{r:l ’ tlrvi,~ I,~,I 111,~llj IIWI t,o c als~nY;~tc~ i tit, ri:;iqii<4 ic. fi(*:cl 
r0lupncut,s of 23~ iliitlldnlo;~. A.5 s11ow11 in tigcrc 2 t.llc ilir~c~t.ioll 
of polarisa.tic~Jl is ctlimgiYl tjy IliJJcsi,y tic (, ~“r<‘r fl~otrl l,lwk 1.0 t,1oc;< 
\r;llic]l ui\-r$ ;I strc)Jig t.rdrlsv(Tsc~ Ili;~gtlt~t iv fit,ld ill l,li(~ rJlicl(lll? iif D 

t11r gap of t11t, IlIldlJlilt.oJ. ‘LtJr ~~ornplr~u ;JrJ;ttylii~;il fornJlJl;LI :L? 
c!xpress t t(c: frc~ld is givc,JJ 113: 

H’i() -: I lo,,.,,, c;, Ci,S(ll k () (11 
v=l, 

c,, = 2 ‘cxp -nkii(l --- ex~~-“k1’)siJl(JJ7i~tJJ)!(JJiij~lJ). 

Wilt1 13” 7 13, i 11, 1 i f = % + i y. m I. nutnh of t,lod:s pvr Iwrioll, 
Y = index, il = v.1n and c,, T- ihe cocffirirJli,s of f,hc s(trich t.liibt i~rc’ 
constan for a chc,scn gw’:“‘! ry, 

-- t;‘ig11rr 2 : llu;badl 
-wJJlioiJra! ioJJ wilh 1’ , /_ ..~ .I . ..-_I , 

L. 
strot1g HI on Lllf! 

hram axis. 
1~007. aPlcJtyticn1 calru- 
lUtrO,~S fhf cor‘figuTa- 
tzor~ E.F ihoi~yhf to bc 
infinitrly lony in r- 
direction. One pm-ioci 

is dcuidcd into four 
blork9 Il’l!h a shift in 
tile rlimctiora of polaT- 
%mficm by 90”. 

Molbach-co!lfiguratioIl 

ShiftiJJg dir 1iWcY @ Of ttK: @WJJlC’i,Y>~ IQ’ tlitlf a l”“iOd WJd 

estirJiat irJg the J,itdiiJs p to tx> nlucti grratrr tlJn11 two t.iJrws h 
ill order to have oJJly a srr~all lord dcvirdim f~‘o~n thr cartmiari 

frarJJc ii1 x dir(:cd.ioJi. the same ca.lc.nl;diotJ give i: s!rOJlg 
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Figure 3: Hol- 
low Beam lens with 
longitudinal rnag- 
netic field on axis. 
7%~ whoir str,wiurf is 

y 
11 . ..f (+-It -- : 

I 

in 1111 middle oj it&t 
yap, 7‘hc i71nc 7’ pl’i is 
dlql< rl btJ hi!!/ ti p’ tied 
compared to Halhh5 

i.l_il’~~~--,.----irl-. , 

cor&w~tio7i. 
+= inner part shifted by X/i --- 

Ic!n~ili~dinal rt;;~grlczt.ic fir~ld in the gap of thc~ hollow beam icans 
at, radiIIs (1. 

I+*(() = B,,,, 2;;: c, sin(n k,t), 
U=O 

(2) 

with the same coefficients c,,. ‘The corresponding geometry is 
prc~rit~d in iigure 3. Splitting the funct,ioi~ into the rtaal and 

thr irrtnjz,inary part Icads to i,hc* com;~on~ts of magnetic field H, 
anti 13, ( = 13, itI this caw): 

13, = +B,,,, ~~~;l~si~~(nk~)~co~h(nky) (3) 

13, 2 -I&,, 2 c, cos(n k z) sinh(n k y) 

A taylor t,xpalLsion of f.Il~ two series displays the required ficicl 
chiLrirc:tcrislics for small distances from the: middle of thr aper 
t,nre ilyl < 11). 

B, a +B,,,,, sin(u kz) (41 
Ii,, SC --L:,.,,,, coqn k z) k y - 

R, is inilc:pel~drnt of 1’ and R, is proportion;~l to thus tiisianc.c* 
from I’. 

Numeric Field Calculation 
A very similar gvornt+,r)’ wit II the, radius 0 - ,5 rni was cal~~ulat.rti 
wiih PROFI [s] to optimixcl thv ~hapc of they diffyrvnt &Id corn 
ponc7ii s b~si+~ t hr- rerrr~sli~t~ t,rajcct ory wit,11 radii];; p and cs- 
prr:;tllj, 11115 f,lLld aro~~rld tl~r f,nt.rklll.c and c,xi( of 111<3 nlagrirxl. 
A compromise is rnadv, choosing a git;, of 0 fl cm, hrtwcrrl a 
I;~rr~r apc~,~~r’r for t II<. I~ollow bc~al~i wit lrili t,lltA Iells anti t hrb car 
rt~il~uding ~l~.~~r~it~~l f~:Id strrr1gt.h in Ltlc% gap. Iron is tnou~~t.(rl 
iLt,ov(* and IW‘OW t,Il<b tonfiglll~ation, bill, is lnainly usrd to rc%urn 
tllp flux. Only at the rlArance of thr aI~rt,~lrr iron blocks 01 
tiiffc:rent size arc inserted to form a radial symmetric ma.gnrtic 
field with rc:spe~:t lo p. ‘I’he result can be sern in a contour plot 
from l,h? rnagrictic vector potential in figure 4. The polarisatioll 
is iridic;W:cl try arrows and shiftfd by 90” from block to block 
as in thca two tlilrl~nsic~nal Inotl<~I. 7%~ lollgth of Ihc rnagrict is 
F-10 cm a:ltI ttiv nmsinlun longitudinal field 011 As, which will 
gives I,S 1.i~ focllssing strm~gth, is: 13, r” 11.85 T. 
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I“igurt- 4 : (‘olltonr lines of the magnetic vec.tor pote~ltial. 

In figllrp 5 th(x firlti componpnt,s F3, and R, on the rcfrrcncc 

trajrctory and with different displnccmrnts are plotted. To reach 
thr symmetric shape for the radial magnetic field different. block 
sizes and remanent field strength’ must be chosen in the upper 
and inner part of the lens. Therefore thr geometry has to be 

H,/m d4clrQ 0,23j ~:R=O_IIDoJ si:..; 5 B ; , 
.6 -1 

IRf1=0.0*;0, BR!H=O ,i.Ol 
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Figure 5 : Magnrt.ic field components B, and 13, along x 

varied until, with R=r, the radial magnetic field is zero along 

the entire path in the lens and the focussing force vanishes on the 
reference trajectory as it is expected. The longitudinal magnetic 
field increases with tha distance from p and leads to a symmet,rir 
focllssing error whiclk is I(% ovc.* an aperture of’ 3.1 5 mnl. 

2 Hollow Beam Dynamics 
771~ axia!ly synmv~t,ric arrangc:ln~nt of pvrrnanrnt, magnc+s shoW1 
in fig. I Icads to a special solrnir?d a7ztisol~Loitl conlbirial ion. 
Solving the equations of motion in the frame (r, 6, zj under t,he 
;tssumI)t~ion of a thin 1~s: 

7 71LQ ti, = 0 (5) 

‘7 lll(J if, = -q 1’8 lJr -i- yJ 71l(, v; / 7” 

-J rn,1)q = -(I Ii, 13, - y 711~ ?I, ug / t 

l.hc: net azimuthal rotation vallislles if going through the whole 
magnet, [6]. 

Ali N ~ q& ,A z 
2 7 rn” vz 

(6) 

This is verv inluortartt. brcausr the inner 111S(:-r>ic~ces could be 
”  .  

fixed uith t,;tgs at i.11~ entrance and the exit without, loosing 
a significa.rll portion of rloctrons. Particles with 1’ not, equal 
zero are always focussed towards the axis because the focussing 
strength is proportional to (~/0,)~ and therefore independent of 
t tir sign of I?,. 

f = -f z 2 (jdz [&]‘)’ (?,I 

A tracliillg cali~ula?,ion throllgil t iota magtlctic fj:cl<I of ttir: lens iLv 
<:itl<~ul;ltt~tl with I’ROFI is pres~~Itt& in fipllrlc 6 ?(I!) part iclc5 
wit,h an energy of 200 McV and a charge of I ,0C! arc uscvi. It, fol- 
lows f1.om t hr cnlcliliitiorr ( Lhal. t hr kinrtic csi~c:rgy i3 high enougll 
to overcome space charge force. The blow up in the focal poini. 
is affrctrd by the field <‘rroTs in thr lens. 

Amplitude Functions for Hollow Beams 
The azimuthal motion of particles in the hollow beam ring can 
be neglected, because the locations of particles in this direction 
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Figure 6 : Tracking through the lerx with WAKTftAl<. 
From kft to riqht 6’Oi? pn~ticlrs CAW t~wked thouyh th? mngnrtic fielrl 
of the lrns (see fL/, 4). The mom~utum is 200 MrV,/c anri tht m&l 
t1~ickne.s of the hnllou~ bmrri is lcm In thf pictw tiw aperture o/’ 

p f 1 cm ib show,~ ulor.y n .r/mi,qhi section of 15~~. The kn.rcs WC 
markrd by KzLx 
are not rll;lIlged 10 ilIY(. 4.11 dcr l,\’ lh? It%s. ‘I’lli~r<!forr only t.lr(, 
radial coordiilat~: has to 11(x wgnrdcd. 

.A, I~ollow bf’i~n linac willi the propc~s<,d magnrts c,orlsists oi 
driftspaccs and forussing lenses. ‘1’0 dcterminc~ the trajectories 
in V, a matrix rrI”~serlt,at,ion of thi. 5 ~~III~~IIP~I in t,hc fran-ic, 
T,6.Z L s (see lig. 1) can I)rc calculated ar.tl is cornI)lc!(~ly <Lila 
logw to thit out’ ~II~\VII frown iolicl l)c&,:li:: ill c;irtrsian coorc!i 
nates 

(, 15 ) L ( A f ) ( :I’; ) tlrifspacr (h) 

( ;; ) = ( .i2 1 y ) ( ::; ) l(‘IlS 

The rncaning of tlic sy~nbols is: 

I = 1cr;gt11 of ttw soL%oid clrLfisole7loitl 
K = SC/(21JC) .H, 

p.1 = l/f : f = focal lrrlgth 

The anology is also valid for the well known nlnplitud~~- and 
phase fur~cticm (,)3(s), d(s)): defined by (:oura~~t and Snyder in 

1%5?. The t.wo c~i#tzlvrctJors. /:alculatcd from thr solution of Ilill’s 
diffrrcllt,ial t~ll~lt ion i~i‘f’: 

\/‘E-Jj cos(,$4 - $52) 
,~z)?. sin(Ad) + o: cos(A&~) (!I) 
&T skl(cj - 40) 

(Lt) = ( V~.cw(L!.$j-n bin(A4) ) 

With: 

B(s) = amplitude function in s 
E = cmittance of the holllow beam in T 

a(s) = --: p(sj 
4(s) = @” + Jo” l/,8 dz phasefunction 

In the casr of hollow beams they are given on the beam radius 
p alid they ~H\IP azimuthal symmetry going at, a given point s 
once around tl:c reference ring with radius il. 

M’illi 0~~ concepts, tlescribc*tl in t,he last scctiou, it is I><js- 
sible to calculate the P-funct.ion along a normal cell of a rcso- 
mnt, Il’akc Fitld Tmnsfmmer linac including the lenses and the 
driftspaces for superconducting cavties and transformers. The 
liriac can I)(, nlountc~d b>, a series of stic,h r~ormal cells. For the 
first calculations a hollow beam radius of 5cni is given and the 
half-aperture in the lcnsrs, where t,hr D-function has its maxi- 
mum, is t,akcn to be I cm. Also in the: caviti<is the hollow beam 
may havt= qui-,r large dimensions, whcrca.s in the transformer 
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smaller radial diameters are required because of the thin slots 
in the disks. A possible layout for a normal cell is presented in 

!I 
,(-:lYq 1-i-7 1 I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I ! I I I I I I I I I [.--LLIE 
I___I__J~~,~~~lc~~)L”.‘iLLl~...I.I.LIIIIli(--~-~~~~ 

liol,ow Iem suprricdortmg If”S IYOkP F%Pid 
Beilm cavtry nanJ,omrel 

___i____----. ~m~~w=zp.~.. z 

P :m 
16 I 

Emitto?ce F = 
5,lG ‘7 ‘n ~0’2 

8 ..‘--+\-/P 

I 
10 20 7 / 171 

L..-. . -... ..-.------ --. ---- .! . . .._- 

ETigllrr 7 : S(sctiorl in Ihr, l.oll~~w 1~~11 ciriv<zr iill::<. 

The cY,illdcT ilmsr,Ft\ 0, f .s,-lx m! rlcir?riiri ,Yll.< like L/i<’ ,,I,< iiD il!a!‘rYl/l!/ 

yivell zn lhr JilTI yictwe. 7’hr: r~oTn~bpollciit,g~po71fli~iy mdzal /~-firiic~//o:l of :irc 
/iollow bpafrl 011 the cyliricic7~ with mdius ii 7s given /rho. 

3 Conclusions 
‘The prcsentcd hollow ILean ~CIIS provides the possibilit,>- of S1r.o~~y 
Fi)cu.s~s~ng for hollow beam r:nergic:s of a ft*w hundred hlc\J. ‘I’hc> 
focussing characteristics permit the bran] transport over quite, 
large diet.ances and rnable$ the design of long syctiollr: in t,hc 
proposed RWT- collider. T11e lenses, which can bc build with 
well known tccllniqucs usc,d for cxaniplc~ for Ill~(7-u1~tlul;il ors, arci 
cheap compared t.o the energy conslulling solenoid-beam t r;tns- 
port syslcm iri the l)FSY cxp(‘rinleut,. C!nnt~rol of l.hc radial 
thicknc~s~ of the hollovl~ beam is >l second advartt ag’ and ncc~s- 
sary for the next, stage of IincLilr colli~l~r cxpcriIn?nts 
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