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Disk Loaded Waveguides Versus 
Dielectrically Loaded Waveguides 

Ii. Steilligltc anti ‘I’. IVc~ilalld 

‘l’edlllisctle IIocllschiifc l);rrrr1st.;rtll 
S(~~lloi~~~trte~islr. 8. 6 100 I)ii.r~~istadl,. ~~c:rnlimy 

‘f’he wake lic,ltis of a t,l~irc-II of c,f~argc-ti prtidcs moving with tilt: 
velocit.y of ligh? Lhrol~gh a didrctric lodetf circular wavrguidc 

itl’? c~dclllnlc~~l. F’.,1. I III ' i~cilrlpli ;tl,ior1 t1w i~:c:i.hotJ of IiWk~ iLlliL1~ 

sis is used. Th(~ v~a,l~~~ f)otent,ial of monopole a.nd dipofc motit~ as 
wc~ll as the quality factor is cor~parcd wit11 a typic-a.1 disk loadcd 
S-Rant1 structllri~ (SLAC). I n au cq~~ivalcril. tiictl<dric slrul,turc 
thr I)c’ak W;lli(~ pc~tt'IL:idl is at>oilt, 1.5 1 illl(‘S snlall<~l l,hii.ri ill il Cilv- 
it+ st,ruct,lIrr, bllt t,hr q~~ality i’ador witli im assurrd loss t,sngcat 
of tall b _- IO ‘$ ii rluic.11 s~ri;illr~- t,tm. 11(~~,;~11z-c of !t.cW rrasult,s aili 
t)rcd clowr: fb1’01 li~:lls iu sliPlrs,trii si rlic3lirm. t,hcrr~ sf’c’i:is 10 I)I 
,I<! ii~j:‘wlll an< mIIp11r~YI to sti:lldwl~ll c “[‘,“? stl 111’1 lilt’s, 

IIit+<~tric~ li~ailrif wawguitlw 11itw ofi cn ‘t)~wi cwlsitic~rc~rl as 

an alt~:r:;d ii.<* to disk 10~~l~~il w;ivqyii4i~~ for particlr xrdt~ril 

t,ioli. 1111~ to tiicl’c,c-tric Io~s~~s llif~ li!diLllif. str~lc~t,rlrc~ SW’I~lS ?.‘.I t,t, 
;L(!:';lilt ;iglY,lli. lii~t~r~l I!, flic~l~~rl,ri:~ l,litiw hil\c iqpiii t)tcil ilii- 
russwl wit11 rcxsfiid ti, trm~vc:rsc~ wi~lit- iic,ld c,ffr& [ 1:. 

III 111.5 {‘<‘,“‘I \l’,’ i ;il4.(il;itt. l~ut.ll t I.ts l~.:ugilllcli:lid :il~i: t ridi+ 
wi‘se rvilkc, fields ii:id the qualit:; fitc:t.trr irl 3 c!ic~lcd rir struct ill’<‘ 
IVilll th,’ rLC’tlICNl I&f Ill(l(ft’ iiI!;ll~2~iS vt*ry fil,.~i~r’ i~;~ri~~~~iicwl~ ic iililn:l 

with w;lkc- ficalrf: c~LIc.II~;~~.~~~! irr lirrics ~I~IIIZLII~ 121. 
I”irl;illv i11(. 5 ,Illti\,rl< aw ~‘~1II1piircil II.I in ‘Lpi\ <iI flt~lc Ibhtiii~l‘ 

s f~Ml<l ‘t.l.lll~:1il.i’ ;1:. .I<.,1 l,y SI..4(‘. 

.MOLlC~ Aualysis 

First tli<b r~jctic~ (,I II cir(.uldi wai-qpi& co~:i~~~tl wit,h a tfi- 
elrt3 ric Illi3te~riirl its shown in fJigllrcs 1 im’ cal~~ulat.c~il. f’br i,llc~ 
solution of tlI(, rlioil~‘s it is il’iSI:lll<‘tl tlldt Ill<% c:(,lil~if)lit.iolls Of i.liY 
f’Y!?C CtlitrF;t% v;lli 5 1. I ‘l‘hth tirn<L lmrrnolaic 3310~1t~s r,llisl sat,idy t,llcT 
Maxwi~ll t~i~ii~l ioils ;r~hi(-l~ ci311 1~3 s~~lvd in ~~yliiltlri~~al ~~oc)~dil~~it.~*s 
1,:; il \~c.c’~i,r ])ot,~~rrt,isl X -: ~l,~L, - A, Fc4 i~ll’l 

I! rolrl. 0) 

.X sitt,isflfks t hc, 15 avc-cyliat IO*! 

V2/iT Pii = 0 (2) 

wit21 k - tiic := (u’vf~E. The Ilelrnholt,z equation (2) c&n he 
solved tq sq)a:aLiijll of \-itriahlcs, 

A,, ~ ((7 :qtll+l, (II'@) -I- C2 Z(,,,- I )( lie) ) cosmpr -jk 2 z , 

A, =. (PI %(,l,+.i,(l~p) - C2 Z ,,,,.. lj(li~)) sir17riyee3’“‘, (:3) 

wit,11 t,htx separatior: ~u~cliiio~i k’ = I<‘” + kz. Ilrrr % is a iinca 
conlhiilitt iijr (#I 13c~sscl fli:lc!loil:i. l’>,I IL, - k t!J(' 'i'cc:I)I' pd.rn~ iill 
tail I)<, writtt,li r.q 

,I, -~- ((Tiji (771i II-. (y,2!,‘“‘- l’r~~:re--:” -tl).,+(,.40-(711-1) 
>* 

-,b,z cos7ricpi , 

Fig. 1: lIic~lc.,tr!c. l~ntir~i circulid- ;r~.lvt~qlli~ir 
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(,( rItTc~riil; i fLL,im 1: , ( ‘:;il (~‘~+I!_., ‘,!,-!‘,’ “1 4 
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[,I l~:~j!~. , ii ,j:1\1 ( 1 / ‘“\C’ 1’!,,1,‘,C’ *lL.li 11/l, II‘*i.l’~ j~I,>~i,l,‘,<,‘~“- iI1 :-0:-I 
t iv<! x-(lh I’( liorl ilurl t.ll.rt Ihi> ‘; tl~~~~~~ll~lt~llr~~~ ;d t ll~, I,, ~~~~Iilp~~Il~~l~t 

ii. v,.s Ii’, b’<il \.I< ,‘I [/II, illIll ],OSi~.I.<lll <I( (.(‘I< IaLl, ,,, ilI.l\ M.11”~~. 

WiLli plmv \‘r~ll!~~lly ?);, C(,> (II+, ~:(~I<u.it, 01 l.gl~t. (L!I*I t IIt. lillcihr. 
c~c,IL:it.aIlt /-i ~ iii/i,” : i,,, 41, Of i[lt~r~Wsl 

In 1 Ii? inlIt’r qiirrr t.il+l wrtor poic~ritid as hll~wii ill f:q. ( ;) 
is IISCVI arl~f t,flr fir~lil r.cirilj~:a~e~nt.s <‘ali I)(> ~~IIIIIKLI.~~~~I Izitll : II<, 
contiitiori tllal l,hc~ c~li*ct.ric. iriltl Iriagrlc~tic ii?]<1 is firliic- L<)r ~1 :: 0. 
f~ilrt,lic7mo1~-- ( ‘2 1111141 Iif* ic’r*) i’01- 7)! I:- 0 

ii { /(.,$““) (‘,$” ‘I] $,iI, ,,>+. ( ,k*,:i;, 

!( ,p(:~.+l~ / (p-‘)] ,ip,J,+- (- r+,;, 

j$]2jril -I- 1 )p”’ -- , k,> z * <in 1,+5 i ( : (51 

l’hr clci:l,ric iirfd CR:, tie, ~dlcr~lalcti from tlir ma#[lc-i,ic ficltl 

1; ... -&[(:,&“‘+I + ((,,‘l”(;;;+ I) .,- (,‘2)e(4] , 

<‘OS I,+- ‘2 
,7 I;., i - 

(u 

;:,,[(~,!t cm’+,1 ((:, j wy 1) 1 qp”] 1) 
sin r,,p e 1 L..o ,: -1 

f L, 

3 I 
f- L,]C, 2(7n +- 1 ) p”’ (‘OS 7n$s f 

-,/co2 1 

i:il 
cr. ii;) 

with & :: Jpo/EO. 
III t,h(: outcyr r~q$orl I\: f 0, and f<q. (3) is us<d i;)r the lic~lcl 

repr.csrntai,ion. Using the boundary condition at p = il’, and lt1ts 
recurrence relations for the cylindric.4 functions 131, t,hr field in 
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I:ig. 2: :.oilgit.iicIirl.ll willit’ ;~otcwiial ill it Garlssih11 hr111(.!1 wii,;r 
ir --- ‘lrrllll for 711 7 0. n: -= l.l’,cm, & = 4.DSm and 

(. 2. ‘L’ht, par”“&” 71 I. “- t tw ni1n1twr of used I!lotll5. 

ttrc* viil,~~ wgidrl is 

f7 -- [ 
\‘” l(2(.:;’ + WI rF’ o (,,!,I 5111 rr;p t’ ,+r’2c;, 

,- \“I y,;; f /ty’;f 1 + cos :riq c --Ik,L(y~ 
0 

-&;;ci,; s,,, ii,,; c .fK,2i*z ~ (7) 
dill, 

is; [ - ‘;y ( %q\.,,(:;i.‘] <‘,,s:rrlq CJk’ ;i:& 

I [Ii.&; - ~/:~(~fJ] $il, frlg r-jka~l;l 

-t-L -]i:(‘~~~c~os~rly (-JkOz(: (8) 
bb’i 1 

Wit11 

(‘f’ - 
1/m csli [ hY,.jli: h,,) .I,.,(1 i,p) ~ ,l:,,(K&,) ?I,,,( /izo;] 

( !‘i, IJL ( rli[ N:,,:l\.L1ll).I:,,(f~?~,) -- 

(XE 1,, ( + [ I\. ,,, I lc, fi.,l .I ,,, ( I<,2 iA 
(. 4,. 

,jj ~~~ i’““ ~,,(li,I:,,).J:;,(ci,c) ~ .1,,,(1(211a)-Ulr(1(2!))].(0) i 
.I allcl N arc- 1;3cwL:1 furlt.~.io~~ of 1 ltt: first itIi<l s~~~nti kind ~lci 
orticr 7~. 7’11~ prime ( ’ ) indic~i~trs t,hc different~iation of t,hc: I%sw~ 
fundions with r*3pd ‘C i hc-ir ar~,rtIr!c~nt~s. %” ailit %” = I/Y” 

an tb wkvc’ iirlydallc~% 

‘[‘lit. ur~k~~~,w~, i’i-ctc~uwy md cor.s:,a~~ts citii L>s. f<,llrl<i by rnai~~ll 
irig t,lirl i,aIl~t’rlLiiil ficltls al i, = R;. ‘I’lllls 1,!1? rigcmvatue eq~M,tion 
is fmululilt& in nml.:.iy fol31. 

%,) (11; 
27rL(:i ! I) j mmyo (\I:( 1;;’ -;<i:’ 1 (yi,i 

I? 
- “(r/t t 1)/i: 0 0 --ic:; 

F, 

- Iif -1 y” ; c:‘.; - K2 (JZ.’ 

--Xo2(7rt t 1)lL 0 rc; i:j:j 0 

= 0 

(10) 

‘Ih ractoy @--‘) IS t,t kr 11 into the c~orlstarlts c,, cz. ‘l’he rigc:11-- 
value rqui~Li(~n is solved nurncrically. 

Wake I’otelltial -.c 

Wher: the c~igenvalue and the constants of thr t,hr pth mode 
arc known, t !If: &md energy W’,, a.!lti thi: induced Voltagr V,, iLt 

,.‘i ‘.., 

._ Eunch 
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Fig. 3: I,origiti~dinal w;~kc~ l~tt~:~li:~l ~,f it C :d.l~ssiii~~ hu~ich with 
0 :: 0.3 IllIll For m = 0. Ii, = 1.15 (It,. N, = 4.06 CT,, ;tntl 
IT -: ‘L I‘hC~ p’L”“.rll”l>~‘I’ ‘71 k lill% rllirnt,c~r of wwd IIlcdc~s. 
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Fig. 4: l,osi II;I~~IIII~~C.I. b,, ii5 2 1ii~1.l i\,rl of :,IIc, iliwrd(~ rl~wrl< - 

for ,lL = 0. I<, = 1.15 ciii, Ii,, -= 4.&d G-11, md F, = 2. 

6~ .-- fii can siulply Iv cwI1pu1 v<I alit1 tllc- toss paranlt’t,w 

is &trrrrIird. ‘I’hc fac:t,or m is ttlv iLZiIllllLllill tiqxadalw of tlte 

1nodr. k,,,,. drscihcs thr c011pling of i hr dmrgeti particle to the 
pth-mode. 

A test partic~l<~ followiii~ al ii distiL11(.e 3 behind a point, c-hargr 
q WPS a longi~~udinal walk<* pot tmtid, which is written as an infi- 
1111,~~ sum [I], 

sli> 
\y,,,,[.s) - 2qp’ x k,, ,,L cwi F2.k (12) 

,“I (’ 

WC- iii>ll*lJr ill;,1 hlil ilk- iriiiilt, X-i~~irg~. ~LIICI t,l~ par1i< 1~1 t,r;~.e,l 
al the speed of light and at tllr radias kj along tlic axis. For an 
;irbitr;try chargc~ tlistri?,utimi I’q. (12) cm be usc~l as C?Wcn’L 
function lo calculate the iougitudinal wake potential 

6 

Iv;,~(.s) = 
! 

xiz) ~~‘hz(~ - s) d 
I 

_ 

Y 
--a 

I% a Gaussian bunch with t,hc total charge (I and the standard 
deviation g, H<i(s) is giveu by 

Gil = -2 i’=, & ,,,, L j . --3L txP ~-~(~)2)cos~~.(.r-.s)~r. 

(1‘1) 
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Fig. 5: I.~,r,l’ltllillllil (a, i!ll(l 11’:11 ‘ii’<‘,‘hl’ (:I; \““iik<, po:..r1ti iI III 
i’ (iit ,i!:ii:, l~llIl( h v*it11 I? .- .P!,,:! I‘III. ,,! I. I:, 
1 5 111 ti,: l.l!,<, ,I/ ,/I111 -- :I 

Wit,h t 11~ Iongit,~ltlirl;ll wskf: pot,c*r~ti;~l t 11~1 i I :~~:SVVT‘SC W& pi 
t,c’r.ti;tl (‘ilT1 t,c f<illlld 

iv,:,‘(s) = - 
i 

* v[~;,‘,,(.~ 1 (,,, 

iI:, 

(15) 

mm 

Ar~ot,l~er ~nt~y~tin(: pitr’;tlmtc~r of dn dc:r.c~lc~r;lt irig si.nic~t,urc~ is 
t.t,t, c~llillit’. f:lc*,ir I‘) 

(1 _ Y!‘1; = ‘ZiSi), 
* 

P Vdi21,~ 1 

vJtr(hrfv II’ j5 i,h~i htmd cy,~srg~; :altl I‘ t,h!b 111’ pow<‘r loss 1bc.v Ilnii 
Icrlgtti. 12.1 xitl Qt., rcyrrsrnt. ttlcs ponvr 11)ss in t,llc% tliclvc~t.ril~ 
rfmti~rial arid ~II ttlra Irv~l;j!lic \v;ill r~~~~x’f~t~~~d~’ 

i”or nlll1rric.id wsult s tliv ir~finitc~ ilull in I%[. (12) Ilillst~ kr(’ 

ll~l.lll<~Hi (VI. ‘l’llm?forc~ 1.lLC i’onvt’r;“““” ‘-1 f t lip xzirrlittlial 5y:1md 
rit. wakr potcmtial c,f a C:nussi:lrl hrlrlcll vcit,b CT :- FII~ITII (Fi?. 
2) arlcl 0 (J.~ir:~*ri (Vie,. :i) is I)vo~~~!ll ,I :xxthlmrisi~n ilc~t,u:tr~n 
tt1c l\VO r;~lil.r” SlloLvh t t1;d.t for il Rilliill<‘l. liiulc~h r,-lor~ 111~.,d<?- ha\t~ 
jr, II<, I-q$Iyl,Y( [I, l$. *f (I],< IN?? p<L,<L:rl(‘tPr~ of 1 hc?W IllO(li’S 
i~rt> hli0w11 iii 2. fjlrlil ion of t t!tA frer~Il?ncy, ‘I‘hc~ Viilllc’s Of t,il? IOSS 
p;“.;Llrlt:t~‘l~:i :it~r[.L~.lsc Ipiic~ i’iis:, ~ivliii~11 is i,hr tcii~o~~ for tllcb f:ocd 
corlwrqcyrc of llie calullittiun of t,hc: walce poterltmial. For il 1)1111(‘11 

xvit Ii 0 :. 3 rrin~ c,rily 15 ilnflt3 rid tw nscYi. 

‘1%~ rcwlts i\‘fT<’ co111parrd with [i’] ant1 with oili: i~xc~tyt~iiirl 

w,;; p;Wl ill?l’r’.‘Il11’11~ WHS f~,l:Iltl 
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i-1.::. j ii:;~A”~~~.~~~~~~~~. 

I il i 4.ui: 1 .o; 10” J.il!) IO” 7.s!) 

I;;‘il’j,l;;I I:;; I;;:: ~;:~;‘;;zJ;;;;: 1 
Fig. (i: I ijrlll)c~~~s:ti!l c)f 1 tbi’ l”‘.lk \v;llic~ I)o‘,‘llti.il Will iii i,t.(’ i iii-ii7 

siarl I)llrlcti hild t,hcs cl~P,lit>, i“i( tou IJO/ !viv’ll 1 hc> (lit‘l(‘L.t i.iC 
<t[lil jllf. SI.:21’ <t1u< Illi‘~‘f’ril II’, I rl, lli, I;111 (5 Ill. “. 

A ~ i.‘i !I7 I /!hll 

bilr r iir:11~ar:sc,11 v;it 11 t.t,c, disk lch~tlml strllr,t iiT<’ t.ili, i:lllc.l’ I‘ik 

(I:il> ( il, I. I.5 4711) ;illcl t iit’ ~PY~‘IP:IC;~ of 1 tjv ii(.i.cl( i.;Ltilig cllcxl~ 
(,:‘ ~ Ii (Gll:i,) m’f’rr (.ilost~n quid to T iit, flisk licrlv ;tr:cl tlic> f?clC~‘li~‘>’ 
of t kc Si.A(’ CcL\‘it,j’ st,rll~‘tllrc‘. I’ur~tl~‘I.lllmx~ t11c: Wl;lti\c~ p~‘“lL”- 
t i\,it,y i-va?: s~~lrcl,~~l in 01~ilt~1~ tii 11;ivr~ silliildl Ius5 I>;~rdIhc’tc~l.s fov 
t.hcs ;I( wl<~riAil!j; ~r~,dr. l~i)!~ t.tiv c;tlcldnt.ic~ii OF : hc, ritl:~lit!, f;!c,tol 
;I rdist,ic Ius:: tangent of t.a.Il h I x it)-” RIICI in I ~mci~lc-1 ivit,\ of 
PC -. 5.X x I()’ I /!lrii wcri% ~~ssur11~~1. ‘I’iw r(+ar~t7lc~<~ u;ill;~~ Imt c*rlti;Ll 

ilill i q”“1it.y f’,rt,t 01 or t trv Sl,r\( - s+ rlla~t 111‘~’ \I’<‘Ti’ c ;11r~rllat ITI wit t1 

t,ilv prograrll 7’13(.!1 [3]. In Fig. 6: a t;tl)tr of l,hc* vi~lIi(‘s Of tt.c, 
pmk w&: pc~te:rit.i;tl wiihirl t.hr (:a:shim I.tunc-ll RII~~ i!~ c~lladit.!. 
f;ict,or is sho~i. ‘I-hi% w;tkc~ ])ot,r~llt.iat cif t tic di~~loctri~~ sl ruhiirc is 
.ilmrlt, 1 .5 t,irncas smi~ljrr tt1.311 ~II ii disk loa.ticd strrlctllrr~. tiilt, ttlts 
s~rj;dit.y f;irtr,r ii iftcill :! 1;111c~ s~li,illi~r tc)o ?‘t:r,rt~l’c,:~v / tl!l dci\~~~l~ 
: agcl o!’ t.hv smilh ivak<l pot,rrllial dhr~s 11’1 see,,, tt> wrr~~wsatr~ 
t.t.c i11<Tuwd Illhit’S. 

/!I Sjii,~~-,~r, Ijri\,.kic vc81l1I1,xlIiic aI IcITI. I’)+) 

j?] nt. liosill[: cdl’ t \J: (;<ii; j,,)~j~rjt,lcl’ircll :iIrlj tri~ll~\:ClX’ i\‘iltif’ 

lii>ltl effri.\:; ir. 4iic,lr*il 1 ii Si 1.114.1 ii[‘<‘!L jl~l:~jt~!~,J’~~. 911 II!), 

I ‘PO) 

:i] n1 !ll,r,lrtlcwt? ?llli! I. !\. il<~::lill. IIdIl~llrcH,k >I’ h1i.i li(‘lllil 

1jVil l~illl( iir,r,s \~1,111111~~ f\M’: 5-1 I ‘.,s. th~~‘;rrl 111~‘311 0:’ (11,111 

r~i~‘r~‘t’, W;i~llir.gto;l, i).( ‘.. i!Hd. 
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