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summary 

The design and perfcrmance of helix rescnntors 
operating a: rocm temperature are described. The 
res0nators are analogcus to A/2 ;ransmission lines 
sk.ort.e~i at both ends, and they oscillate at a frequency 
of 50 KHZ. if slightly flattened l,% in. diam tubing 
is ucd to construct the helix, the resonators combine 
high shun; impedance with adequate coolant flow for 
hi& duty factor operation. Calculated and measured 
shunt impedances fcr different resonator phase veloc- 
ities are given. The highest measured shunt impedance 
was 31 MR/m, for a resonator with a phase velocity 
equal to 0.:4 c. For a steadily applied field of 1.25 
M?J/~, and a water pressure of 1500 psi, various helix 
designs have cooling water temperature rises of lo-22 
., L. Two ccupling arrangements which provide 50 ohm 
resistive input impedance at resonance are described. 
'The rescnant frequency can be tuned by a threaded 3 in. 
&am copper ?lug mounted in the cylindrical wall. A 
facility f0r testing res8jnat0ra a; full power is des- 
cribed. 

Introduction 

me use of helix-loaded resonators for accelera- 
ting hea-pJr particles has been discussed in the 
literature . A res0nator of this type is formed by 
m0untir.g a s;nducting helix inside a concentric cylin- 
der , as shown in Fig. 1. There has been considerable 
recent interest in these resonators as low phase vel- 
ocity lina: structures. A heavjr ion accelerator has 
been proposed by the Los Alamos Scientific LzboratorJ 
based cn the use ;f 50 MHz half-wavelength helix- 
lsaded rescnators operating a3 room temperature. The 
resonator phase v?10citieS range from 2.3 to 8.4 per- 
cent of the velocity of light. Each ressnator will 
be izdeFen~2ectly phaseil tc ~:ptimize :he energy gain 
231 i-e-ml characterls;ics af differen; ion species. 5 

“G _ ;: . 1. Ci I<--ti'rminatr:d hc:lix rr7;n:litor. 

::&rlc performed under t:le aLlspices of tile I!. S. i?tOmiC 
Ener::y Commission. 

We report here the results of studying three 
resonator design problems. These are: (1) shunt 
impedance optimization with adequate cooling fcr high 
duty factor operation; (2) RF power coupling into 
resonators from a 50 ohm lice; and (3) resonant 
frequency trimming for alignment of a series of 
resonators. 

Calculating and Measuring Shunt Impedance 

For a given resonant frequency, the maximum shunt 
impedance Z that can be achieved in a helix-loaded 
resonator is a function of S (the ratio of the phase 
velocity to the velocity of light). We use sheath 
mociel theory6'7 to calc7iLat.s Z and 6' of an infinLtely 
long helix-loaded waveguide excited at 50 MHz. Curves 
and equations published in Ref. 3 are used to find 
those values of helix pitch s, helix radius a, and 
shell radius c, which prodlee the maximum value of 
Z(B') for each value cf 5' (the prime refers to the 
waveguide). 

'Our interest is in Z(e), where g refers to a x/2 
resonator. End effects in the resonator cause e to 
differ considerably from S', for the same values sf 
s, a, and c. We use the t:?ecry of Ref. 1 to calculate 
the length of resonator which will oscillate at 53 MHz, 
and to calculate 8. We then assign the previously 
calculated maximum value Z(@') to 6 for the rescnator.* 
The smooth curves in Fig. :2 were generated by this 
procedure. They show a bread maximum in Z:(B) between 
.03 < 8 c .05, with lower values both above and below 
this range. 

The crosses in Fig. :! depict the higghe;t mn-azure4 
s2ur.t kpedances cf 3 series of designs cosvering the 
ve:scity range cf interest. 'The measurements are mzlde 
by a perturbation method IT6 in which a sapphire bead is 
pLAiti dLVI,ir *lit? rSbUII.ILor ax;s. u 
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.$riditionai Guides for Resonator 3esign 

We iave a number of empirical. guides for obtain- 
icg ;arge Z in helix-13aded resonators: (11 ,Ciae- 
tertinzted hellces, as shown in Fig. 1, have Z's about 
tvice as lcge as enA-tedraTed helices (which etien3 
to :ize end Aates). (3) The spacing between the ends 
of tlie helix and emI plates should be > 3 s. 
'?I '\ 2 I T,cr 3 i .C:, tke pitch sho.dd be tile miriimun 
,i-lne csqa:ib1e witi ti;s r.ext requireDent. (4) 'The 
~:itc? should be > 1.5 d, where d is the thickness of 
7p-e ieiix ticirzg in tile axial tirec:icn.3 (3) The 
sneli radi,1s shotid be greater than three t&es tke 
>elh rndius . (6) 70 obtain qxmetrical axial field 
,distributions, the helix sho.iLd be accurately centeret1 
in tke cuter shell, and to maintain high Z:, chr helix 
should be il*z~d with szmi.1 errors in t>e twc-;o-turn 
spscizg. In the fzture we may study ~rograrrrmed varia- 
ti,:ns in Fitct to acbtain higher Z valces. 

Csolins the Eelices _- 

In orrler to actieve 6 < .:5, helices Lust be 
wound with a small pitch and a large radius. If l/4" 
ism round tubing is used, the shunt impedance is Low, 
'~e,:;~llse tie spacing bekdeen turns is small, and this 
increases the reluctance for the radial magnetic field. 
Cms.ller ,-dameter tubing redu#zes the coolant flow, and 
rierce the .iuty factor f,or high power operation. 'rie 
have fcund tha; winding helices of flattened l/4" 
<~Li.:,g acX:ves both a high shunt impedance and nk?- 
^aY.e ~:ocliIlg. 21 order 50 increase the sFacisg 

c;etween tu.rns, the helix is wound mth the major 2x1s 
zr? The '<~&ir.cr rae:ti. 0 

We have made stunt iqedance measurements on 
22ven different telices, which were installed s2ccecs- 
L;-elJr in the same shel:, ts form a resonatcr with 

13. 'Ihe 'beiices srere Ider-.i,z,al exce$ frir the 
13~555 sect,i.oc of -:he copper tubing. We al30 calci;L- 
,..:+2d tile reiative flow of cooling water in the seven 
i.&ic,es , ad t;Ae ;eiqerature rise for an axial elec- 
trie field of 1.25 XJ/m. The pressure head used in 
,,te ,:nLc.dat;lons vas 15X ;Isi, ;y;-l the length of 
f-.ibir.z URS 6GO cm. 'Tile res;llts of the sh.&t impedance 
.:t?:~s“r9me",s 1 c :r.a t,11+ c,oi'- ALLg salculations are given 
i:; .- 'InO-=i 1. 

;Yt:e 1. )kasurei sk:m-i, impedance, an? talc-Jlated 
rc2.:ltive cc,sLant flow RI: -i t smnoe r 41; x-c! 2-j. s e for se-~2 n 
III:f.dzerl;, r,e;ices lr, -22 szme res~onutor l!; = .3i ani 

= .78 1:x: . 'ihe -Eli -;hickness 'of th+ copper tubin,g 
-Jas . ; 715 33, ;~-,,-j -;ile .:,2,;iznt :sqvrat-17-m rise i e fcr 

-21 :;.~;a; ,+I.zctric flai,i *of ;.?J bn'./z. 

::iG.:; :'i li al Axial :Jh;xit Ye; at 1 -,-s-j 'Tcx . 

.: _ Z" Lilxrl. -' ‘IrEll. imlzei. IL:ol3ct L -J i J ,? 
% > I i 1 ,:l;t:,; '?_.I f' ; p‘ : -A A ' :;lr :y '8 7: a;.,+ I ____ \ :5 1:. i.m :B 

_. ' r,'lr; -i. ,(, .:. . :*-/' _ ; ,^, - ., i _. i . ,~, :.5,: 

:. ,,' _f :- I .r;-;j --' .',3> I.0 . : l.?i 7 ? I- 

I,'b I':.:it .r::.; ,5 32 13.5 1. :r 17 

.I.,-i *'L _, .t A_'i, .r,f,, ,- .;7,; l‘, .; 1. j 3 182 

:, .4 1; :i, ,-. . ,-+,. .a. / J L'i . 'J 1. 'y i' , 

,, -1 ;‘;:ti - ,- .>jl I:.: 1.. 0: .- . ,)-: .L.. 

._ , ,j.~,. -,'L :-;I, /‘ : 
^,. - . _ r ,- . ,> i i,,.lJ .2.>3 ,. 

The second line from the bottom of Table 1 is 
considered 50 be the best ~c~promisc betb-een hlgi: 
sh.unt impedance and small Temperature rise. 'I3 e 
highest meas.ured shunt impedance, 31:.:a?/m, (see Fig. 2 
was for a. resonator c-,ctainlng a helix wsurd with :his 
srsss sectisn. The ether mess-Jred si:unt imne knees 
in Fig. 2 are for 3;/lc' in. diam roiL'.S CAini. 

Helices cf flatten* #1 L/4 53. Type 334 stslx-Less 
steel with .035 in. waii have been womd on a mandrel. 
&rind winding, the major axis . cf :;ke tubing ~.s malt- 
zained precisely radial -3jr a gul.de. Straight sectlcns 
,:I' ;ke fl.a:tened SS tubir-7 .. ha--Fe beer. ;;r~:ss:ire testesi, 
and do not change shape up tc TI,OCO ?:si. ;:t 3 ,,:cJo psi 
the ntinsr .axis bulged .OdC5", ani this distcrtion 
:emaiceE <after the press-ur? was rele,iserl. '91: i-.~?ll~:es 
are copijer plated after winding. 

Coupling ;;ver irto t:<e Ressnators 

?or rescnator testing, R? Fewer at 50 KHz will be 
delivered via a flexible l-7/8 in. 50 chm coaxial 
cable. The cable will terminate at a standard EIA 
flange mounted outside the resonator. Fig. 3 shows 
two cc.upling configura:icns which have a 50 ohm 
resistive input iqedance. In the first cocfigixdion 

(internal -oupling)), El passes through an 812 pfd 
capacitor, uld is conducted by .zopper tubing through 
a ceramic insulator in thz wall of the resonator. Tk 2 
point A at which the side arm attnches to rho helix 
tubing determines the inr-ut impedance. 

In a secord confi~lration (eternal tcsunling) , ,ii;e 
ec2 of the helix tubing is bruugh: thrxgh isle L‘cs'3n- 
aTor wall via a ceramic insulator, and grounded outside 
the rzsor:ator. 'The Z? passes through a 60 pfd za~ac- 
ii;or to a -lamp A on the tubing, w-hish can be m~vei 
to ,azhleve tile ccrr*ct input inFedl~.nce. In this 2,3n- 
fig-Aration The adjustment is made outsiLk the riXnat';r 
and the vacuum in the resonator is not dist.zbed. 
Since ecuallv " 2;igh shLir.t, Impeda2cos -Jei;t ,:btair.ed -dltl-. 
both configuratians, tile method 'of exter:.:il c,zuplir.g 
L-ill b'e used for initial resonatcr pc*wv'r tests. If 
gre,ater sjm2et-qi is requi;-2i, an i~ier.tlczl <cc1;p:~i.:.,~ 
scheme can be aTtached ts both ends b;f the re;;nator, 
md Irlven in the pnsh-p'lz:i ml>&. 
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;:lec:har.: call i y Tunics the Resonant Frequency 

Ic &vise a satjsfactorJ method for mechanically 
tucin~ 2 resonatcr , we :lave installed 3 in. ,diam 
zapper FlU$ 3'~ several pzsi:ions in the shell. 'i'he 
plugs vere ttreaded, and the volume of the res,snator 
xdd be chmgesl by screwing tl!em in :or 3~:. The most 
;atisfaztsry lccathn for a plug <s on the cylindrical 
wall .m&iway bexweer. t,lie enes, where it p?rrurbs the 
d2wr~ raA..lal electric fieli:. In this lmzcation , the 
effec: Gf the OkJg bon the axial eiectric field ar,d the 
shxt impel3r~ce is minimizet.. The freqzrcy shifted 
4 ts 7 x2 per mm 2i' dimlacenent along the rescnator _ 
ralius. 

iiigh Power T?st Facili-y 

A faciitty for testing prototype rescnators at 
full power is r,earing completion. The final stage of 
'he gecemtcr sup2lyir.g R? power consists of a 35 kW 
;;nGie power amplifier. The facility will provide 
::soling water at 16OC psi, and a frequency control 
Imp. In the 13:ter, a phase-sensitive detector leeks 

oscillator frequency to the natural frequency cf 
resonator. 
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The rescnatoz- was used to test tke rela:ixv effrs;s 
cf tubing wizh cLrcular ar.d no:;-circ,&ar cross 
sections, and the design was not op:iTized to 
cbtaln the hi.ghest values cf 2. 

187 


