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In thiD po.pC?):, o.n op timization of S-band 
trave lli IlC-I':a vC? (';" :;) und standine;-Vluve (svl) 
s truc t ureD is mc:c.e usine; the maximized e ne rgy 
~ain as a criterlon und th e structure leng t h 
a ':ld r f input pm'/er as parameters. It is shown 
tha t the D';G.ximiz cd enerGY gains in both 
struc t u r es are cOl~,;->o. raol e over the beam cur
rent ran~e b einG considered . Dispersion of 
the, op ti;ni zed 1 0Vi Oeo.l":l current Til structure 
should be hieh. Uslne: the measurement data it 
has b een found tha t these st~lctures would'be 
of about 1m or hic;her in lenc;th . This conclu
si on is illustratC?d by a nwnber of linacs 
, .. ,hi ch are curr ently in 'opera t ion or unde{
desicn . 

Compare 3 0n o f CD'~~,r,_W:l T,'; and em Structure s 

Bot" the 'i' :, and :.; ';: s tructures are suc
cessfully used in pulsed electron linacs. 
Studie s and operational experience accumula
ted to date make possibl e a comparison of 
their potentialit i es . 

m'! 
The ':lonnali ze d enerGY Gain rln ~ \ in the 

conv entior.al T" :::;truc ture of constant impe
danc~ de3i~!l is eiven by the Vlell-knm'ffi for
mula : 

TW Y2. - TW -L' 
Wn = (2/rJ ' (!-e-L) -i (1- ire) (1) 

n 

The condi t ion fo r nax~ energy gain 
wi th respect to L, while in .1 kept constant, 
is found to be: 

(4) 

where:i(:.:e'l) is tl1e enerGY gain, 
ieA) i s til() ;l E:ak bea.r.1 current, 
r (;,;S2 /r.1) i:; Le s tructure shunt 

i:.,~)()Ctancc , 
l'(: .. ·,'!) j S t,,(: r f in llu t power, 
feu ) :L :J t ,;c: ,;trll c ture lrm Gth, and 

1: ~!] t:,0 d :;!l0TlsionlNJD attenuation 
p arl1.iM: te r of t h e at ruc ture . 

17\', , ~ 

.i n l, j a nd '[ v alue:!'; :;" tLa fyjnc: e q.(4) will be 
'.1' ,'1 . ' -

r( ·r( ·I."~I·d Lu 1l :: :' ; ,1' \Jp t. i lHa I. .i n uIH.l l v t.l l\t(~: ... 

By nnLl loc;y \V .L tll the \-il1ove equat i ons the 
no:n:mlized enere:i co-in -':In '''' in the standing
vlave s truc ture o:,o.y o e VITi tten2 : 

where 

SW SIN( SIN SIN) -12 W n = W . ~ff -e· p ,(6) 

. SW::: . S~ ( 5lN .-t'j sw) '/2 
Ln L reJ! P , (7 ) 

reffS';/ is the effective shunt im:;edan c e, 
ft l S the coup lins coeffi ci ent of the :J~ruc

ture to feedine waveGuide anci the rest dE:!1o
ta tions are quite analOGOUS to thODe in ti'".e 
TW cas e. 

Similarly, the c ondition of maximum"." 
energy gain with resp ect to 13, ,wh ile in"'" 
kept constant,is eiven by: 

SW { SW 2 12J2 
j30pt = {in /2r f .. ( Ln 12)] (8) 

Substituting eq.(8) into eq.(S), one 
obtains: 

Fie.1 2 h ows the normalized enerey cains 
nt optimnl Land fo vulue!) plotted nca ina t the 
normnli zed b eam curre nt fo r botil the 'l",'} and 
SW struc tures. 'i'nngentn to these l i nea repre
sent the beam loading characterictics. 

, 
,~ . '.--j t...-

:,2 

!,<' 

{',f! 

·Fig.1. Comparison of :naximlUU va lues of nOI'r. IU-
Ilr." ,"" '/ 

Ii zed energy c ain!] C:'n " and \'10"; ),v e r
[luR .. noJ~ .:" LL\: ,~d oenlll curren t::; (J.n . ,' und 
.I,,'H/) .rU l· til" ']",; Hild ;;~'1 ;ltl'U c tlll 'I'; ; 

ClD l.i.d ,: 1I1: ;('U) . (;,-11,:u11\I, , 0) 11:; 1'I(:r" ,,,,,<i,, 
at optimal values of [ and J3 ct k =1. 
In addition, the non-normalized energy 

C""r ("'1 (7\·11 
ratio , .. ,..J>, j';1 L I. versus in J. \ is p l o tted 
by a dashed line fork=1.3J. 
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It i s ',':ortll',"'ri.le to ma;;e a conparison of 
the 1":;' and ~ -.';' structures eyuluating, under 
SO:.1 e condition.:;, t> ... ci.r hormalized energy 
G2.ins at t:-~e SC-;:lG accelerat ed beam currents. 
':Che se concii t:i.07]S l'. r e : (i) optimal '[ and J3 
-,alues , (ii) tile sxne lenc;th of the structu
res, (iii ) the S~Je rf power ?s available 
fr~:-"-L an rf ~,~urc,~. 1.:'1 .... e nO=U-ile,lized quanti ties 
, ~ {/ d' ",1 -, t 1 t 1 t 
~n an .L'1 , Del,nc a,;en a equa curren 

( \"" Sri ~ 
i ,L. : =i ,arc 1'e l a t cd iJy : 

SW TIN if. ,svv_(rCJf P )12 ,TW",r ,rw (10) 
I. n -~' p!>w 'Ln -KL n 

Let us e v: d :.o. '0 the po.rruneter k uSinc; 
the de. ta. ol' : ;- iJ ll nu :Ii cr.u:::urcr;.cn t !J . 

" t' " "'" t t CVI ' ;.' or ~j il)~ - d I lo!le ~ .I ;.."! "rue ure s Torf ~s 

n : ,u llt 0~ ;:,0/1.,. " "'('1' a ll, it VI :ill he shown 
t'l[lt the optil"l.L;, ', ';, "trut.:'!;ure(eq. (4» should 
be h iCh-disper!1ive at 10'11 bec..m currents ha
ving the ratio 0/ A of aDOU t .1 or less 
I':here a is a disc hole radius and.it is the 
free-spa c e '.':a-,'elencth. The 7[ /2 mode rTW va
lue was lCle8.sureci to be 60 j,; n/m at a/A =.1 
a:oci .r\. = 1 0 c:::. 

FUrther, for t he s~e rf source used, 
the power level (! t tile input of the G\"! struc
ture is diffe::-ent from tha. t in the T'.V case 
because of direct n0~er los~eD in an rf iso
lator inserted in ~he C~ feeding line to 
el1.':1ina te tr,e re f lected pOVier flow during 
t!:e t!'ansient::;. ~::es e losses may amount to 
30;~2. On the othe;:;):o.nd, for,",1;he T:l structu
::-e,o:::e can ta!( e 1" ":::: ?s 0::- P"'" =::.9 Ps I'Ihet
he::- a ~:lystron or ~e.cn~ ;t:,ron arc l,jsed. There
fo::-e, one nay a::;"une ?"" ~ .8·pT". fukine 
into accotL'1t the aoo'.'e difference in shunt 
1.'llpedances ,Vie obtain k=1,33. 

A dashed L n e 'in FiC.1 represents the 
::-atio (\,P'/(i :;':: )/:; '1':'(1 'r":i» as a function of 

i T','i at k=1.~3 and i:::;',r: i T':i Under above rea
l~stic assumptions,one can see that the SW 
struc ture provides h iGher enerc;y gain at 

i n'r';/ < .9 (vill ic l" e.[;. ,corresponds to L < .2A 
u t 1'/ e = 3 j.~:i k, ) . 

This 'J'.'i enersy e;ain margin obtains its 
18;; ma): imum value at zero beam loading. On 
the contrary, the T:: structure becomes prefe
ra ble for hiGh bca~ currents showing about 
18;; enere;y gain r,18.::-c;in over the SW one. 

To J~o.ke tile conDarison of the structures 
nore Cld CC]1l:' to, th e) d ifferclncc in their filling 
tj lll e)S :.; ilOlllJ 1)(' ; n'.'o l ved into analysio. At 
1 0'." pca:, \J<'IUlI ,;tl!TI 'n t, the fill i nc; time in the 
:; ;: "lrur:Lllr'" ;;J 1v,, ::"r t hnll that in the '['IV 
();jl' !Ul(!, ~')ll;:"'lll('r\ L Ly t Ll1(~ I1.I/{!rtt{:(~ bf'lUrl C\lr

!'(' n t "L", /t "/ 1l i l :d ·L , · rfll" lI;H: \V .i.II l)(! h :i CltC! r J.n 
tile lu t tl'r ';/1;; ". C"lc;ulntion:J were made tit 
:j ,e op ("rati!l(: I'ro"lu<,ncy, f =3.2 Gil?, and the 
rf puls(> ,hll.:'.l!;;" !I , ~1'f=J. 2 sec, to ohoVi thnt 
c:.t ro. e :! V(~n i. t ~,:.c' 0T1 ercy ~n.in in t he ~ '\'I ' 
" t ructur'e ':' s ""l:; of aiJout 10/~ hieher than 
tLCl t ill. t :~c '1' ,',' ()~ ' ;( ~. 11'huc, enerGY eains in 
j)ot;n st:::-ucturc,;.; «;:" 0 co~nl)c.ral.lle a t any value 
of L • 

Til e optj,,';, lc o:,c:ratin[; conditions for a 
;:",: s tructu;:"e c::n e~l s ily b e obtained by adjust
:'n.:; o.n c.r,propr ,;rtt e /3 opt-value for a rated 

beam current. The)B opt-curve as a function 

of i n
TW is shown in Fig.2. 

1.5 IS I 
! 
i 

'" ",';; r'J5. r~ 

-_ -- .. OJ{) 
Q2S" 
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Fig.2. 

% J • 

"':I.-.7f t.-

Optimal values of (' and / 3 (solid cur
ves) versus normalized beam current 
(in) plotted at k=1. E~e dashed lines 
reprenent the T';: structure parameter 

(a/A) versusi T':/ found at '[ ont. 
f=3.2 GH z and a¥ various e values. 

To perform an optima l T'o'! structure, it is 
necessary to provide o.n optimum attenuation 
parameter r opt,in accordanp,e. with eq.(4). 
The dependenc~ of roo t (in ~,,) is also plot-

ted in Fig.2 (note th~t L opt=1.26 at inT','i=O). 

By definition 

L= Yl,j e. 
2f

3
,Qo 

( 11) 

where Qo is the unloaded qua lity fac tor, and 
V; is the Group veloci ty Vlhicll is str~~ly 
dependent on the structure parru!leter a/.it • 

~ubstitutinc; [ opt in50 eq.(11) and 
using the measurement data, one can plot a 

family of a/.t\ c urves verous :i. n TV! I',i th e. as a 
jJnrllrneter. 'nle s e curves shOI'ffi by da"hed li
nes in 1"ie.2 were cCllculnteu for :1[/2 mode, 
f=3.2 Gil z,andt/fi =.038 v/he re t is the 
structure disc thickness. 

In most of the existing T':! linacs the 
structure parameter a/lL is not less than .1. 
This choice is mainly made l.l eca use of an 
enchanced sensitivity of high-di spersion 
waveGUides to frequency variations , tuning 
problemrJ and d llll[;er of vol t a ee breal':do':m at 
hi[;h fields. I t is oeen 1'1'0;;1 1'ic .2 tha t ,at 
n/JI.>.l,the 10'.'1 cu rrent optimal '1'1'1 structu
I'e would tJ(' of ahout 3 III :in 1ell[;th. 

'1'111D :::.i LIIHL .io!l lIn;: :.; i Cl l.i.r.i.c!'.lltly c llunLc~ J 

with ~lte re t.: 0nt pr,,(;re'-J;'; ill aCt.:elc r lltor t 0ch
no laCY • At pr(' sent, i t !;eeu ~; aui te realistic 
to move dOl'm the .07 :;tructurc !)(lrDJll eter thuc 
outa i nine; nn e!3!3(m tinl incre o.'-J e in the sflUnt 
impedance. Howe ver, t h e avai l able experimen
tal data show that the further reduction of 
the Q /.it parameter wou ld not influence the 
shunt impedance while tile wavecuid e tuning 
appears to b e con1e a oerious problem3 • 

Improved performances of the hiGh di s 
perSion linacs have been con firmed by a num
ber of machines designed and fabricated at 
NIIElo'A. Table 1 shoVis some Trt structures 
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\';iL; ',U/JI < .1 \'ill; " I, "1"1' 'l'J0(lin linuc::J for 
ld '-'\!:,:n .l :lI l d ! lh I I J:: :, !' i :lL apl'l. i. catiullu. ~ome 
hll;; j \; c!t.'u':L \'L t",!'i;;t,;I.:;; of ~jtructurcD I and II, 
of the ;;.'L.J(~ .,{;,; "Ji'll : .~~ d , nrc C:Lvcn in 1,'ig.). 

Y[j2 ;;Iel! ;)1:.11';;.(,;-,-0;; '1',: G'l'ImCTUR,';::; UGED AT 
NII~l"'/\ L1::: ... C:;4 . :L,l ?O':;~h IS AVAIlJd3LE FROM 
:,:AGrr;';T20:: : l' =)-C ;,;'11, f=3.2 Gilz, t rf=3 sec 

Total 
Length 

4/).. 
Rated 

(Bunoher rl Ra'" P ... 
..... 1n < ... in InpUt ... ....,. -- Linac 

,.,. ... Cella) Cdl) Pown Ga'n Current lIodel .lpplication .. MeV • 
1 • 2 •• 5 .0921 5 .1 WE-5-500D radiography 

11 .2 •• 5 .0725 8 .1 LU&-B-2000D radIography 
III .8.1.1 .105- 19.6 .0)5 WB-15K medicine 

.09n 
III 15 .17 W&-15-15000D radiography 
III 15(8-22) .17 LllB-15A. acUvaUon 

III )0(8-40)- ,035 LUE-22A 
Malyai. 
activation 
analysis 

• 40 lIIeV .narsy p1.b 18 obtainN by wotold. ace.hretion 
witb th_ bMm ncirculaUon .,..t..:ll.. 

2ach structure Dec-inc with an identical, 2i1. 
lonG, bunch i nc; se~ti on and ends in a colli
n.ear rf load. 

100 

Q 

"LA 
Variation~; of phase velocity VP'f), 
the T':: structure parameter (a/A),and 
the accelerating field gradient (E) 
through the disk-loaded waveguide 

To detennine the voltage breakdown level 
both structures 1m'Ie been tested at rf input 
po;·:ers up to 8 1.:':1 and under normal vacuum 
conditions. In ctructure II operatinc; in the 
T:: node, a 20 ;,~! I:e. averac;e energy gradient 
,'las :::easured "'/11ile a r:::axi::n.u!l accelerating 
cradient of 30 : .. Cflr.; a :J.d a maximum surface 
electric field of ~O :3/n were obtained in 
the first ~ain ,", cceleratinc; cell. Structure I 
has also been te::;ted in the standing wave 
mode c.t rf innut :)o'::er UD ,to 3.8 UN (the 
20 dB available i~olator-was not sufficient 
to e:lZure stable o)e ra t; on of the magnetron 
at hic;her power level::J)5. In this case a ma
xilT.urn electric f : eld exceedinG 50 I.c:l/m is 
necesso.ry to prd<i u ce nn enerc;y c;radient of 
10 ;,:'1lm. 

::';truct ure" l, e I,' been l ubricuted wi th 
"t a ndarcl :;, (lchi n '! I',: :tnd brazinc techniques 
de 'l e lopcd (,, 'l d ll ! :f',: li t i JI ] ~;,"A. No ~i(',n of 
'/(d L,'l.-r' lJI't'!li:iI()'.'.'!1 :!.'~:: iJ('{ "rt d(,L(~(;tl'd 'jf! hoth 
: ~L l'\.l(;L\lr (': ; 1.1\'1_': ' j l )! I ;' : rUtl : : (1XC(Jl) L fur occu:;ju
TIul ::J)l c~rkil\~ dU l' j : :i~ the preliminury rf condi
tion::'n :..; . ';.'j:u::J, '! 01 L't :";(! breo.kdovm te::Jtu, tOGet
her w::. t !1 lonc;-te~! operat ional experience of 
;;IIZ?A ni~c-d~s?ersion linacs,lead to conclu
sion that optinnl lov/ current T'ii structures 

of JIl lC!n[~th or Lon j 'I'J' 'lroc tJl'();ll)C'C: L:~v (': 1'0:-
\1:10 (:Jp.c 'll uhl<.' ). j 11 LIIl'. ;P ;;Il:;\~;j t ile p o tCil

tinlltlc:...: of tIle 'j\J l..lnU ~ 'I'" :..;tr\lc-~Ur(~~; are 
cOllljlnrnblC!. 1I0\·/,'v 0 r, 'Lile ;; \1 10\'1 curr<:llt 
utructure rCIIlIl .i, ll :: l'rt'fcrnble wllell it :;ilould 
be very COl!lPn.c '~ or y;hcn the ~)C(lill recirculu
tion system is uGed • 

A new series of electron linacs for in
dustry and medicine is now under development 
at NIIBFA. A 5 1.:1'1, 2.45 GEz lov:-potential 
klystron has been specially'designed as an 
rf power source . Bo th the T\'; and G',',' s truc t1;l
res are intended to use. To con?are the ma~n 
features of these structures so~e design pa
rameters of the linacs are listed in Table II. 

TABLl;; II 

DESIGN ?.ARA.l~T~RS OIll SO~.~ T';! .A:::D 31,'; 
LmACS U=2.45 Gl1Z) 

10£&1 
Rated Zero (~n:::r .;~ OpH .. l 

Poak P"" Rated CUrreDt 
+MaiD (Main Sbunt .... ..... ~_rgy Energy 

'l'yp_ 0_!1.) Cdl) X-p.dance Current Current Cain Cain Application 
Kg/II A • Y.V YeV 

'" .25+.85 .07' 62 .47 .2) 9.0 11.2 radiography 
SII .1 5+.85 7' .2) .23 9 .5 1 ). 9 radiography 

"II .25 .... 15 .074 62 .47 . 5 6., ~6:~J radiation 
SOlI ,15 •• 85 75 .5 .5 6.1 technology 

'!"Illl • 25.1.)5 .01 • 62 .19 .05 15.8 16 .9 medicine 
SWIll • ".1,45 75 .05 .05 17.6 20.0 lrIedic i ne 

Beron parameters in ':'able II Vlere culcu
lated at the 4.5 r.~:i rf input power for the 
T::i linacs and at). 6 ;,~:: for the G':: ones. T'ne 
:3lJunt ilaoedances of the T':: structures are 
given for aYt!2 operutional mode. A choi~~ 
of an on-axis coupled structure for the .em 
linacs was made as a reoult of extensive 
desieD and experimental work done at NII~?A, 
].loscolV Inot i tute of Physics und !::neineerinc, 
and 11 t the UC:'::!?' Academy Ina ti tute of I':uclcur 
Heseurch. 
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