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The Effects of Temperature and RF Power Level on the Tuning
of the Water-(: ooled SSC Low-Energy Booster Cavity

C.bricdnchs
I An Alamos Nalirmal l~fxmirory

G, Hul.wy
Supcrcorrduuung Sqwr f%llirfcr Lihwawy

Atrslrurf
The SSC Low-Errcrgy Bousk’r (1 .EB) cavily mus[ rapidly

hum from 47.52 10 5’).78 MHz. Thr cavity tuner #111usc
trdnsvcrscly hia.scd krilcl I j m conlrol tic cavi[y rwmancc.

The hcrmal cxpansmn of a cavily ’s malcrials al feels iLs
rcsmancc. There arc IWO other known (cmpcralurc
mechanisms Lha[ affect rcsomrncc In lhc water-ccwlcd I.EB
cavi[y. Thc Saturation magnc[iza(mn of [hc ferrite IS 4 Iunctiorr

of Lcmpcrwrrc, and smcc rhc fcrrirr fxmrneabllity is dcpdcnl
on rhc WmWion magnclwuion, Ihc fcrrilc pcrmcabilily is aksu
lcmprmlurc dcpcndcnL IIIC fcrrilc woling waler is prc.sclll m
the nrncr rf frcld, hcncc drc water pcrrrrmivily, whi(h is vrxy
k!mpcralurc dcpcmlcnl, a;so ;!ffcuLscavi[y rrwnarrcc.

Whllc t,a.kinp data on tic SS~ Test CuvIIy m quantify
tic cffrm of tcmpcramrc on tic rcsmrarw, wc obwvcd [hal

Lhc rf power Icvcl UISO fnmurhcd tic rcsonanuc. II was
readily apparmrl from the dirts that the ~)wcr level irffculcd
[hc rcsrmamc much more strongly M tow virlucs of umrol

bias than irI high vtilucs. Irl (acI, when wc calcukuc un
tipparcm m~mfificd c-onr.rol-hiss II ficid [hat produces [he
ohscrvrd rcsonancc shill, wc rroliccd tin almost @’ccl,

[bough non-linear, ~orrclu[mn Irclwccn Ihc riitm of //rf [o
///li~J.$ 1111(I[hc tip~rcm mmllficd IM fil’hf, /l(Jpp.

“rhls paper will prcscn[ ;I .SCIof cquaii(ms to prcdicl [hc

rt:.sonancc shifts prmlucml I_wchimgcs III Wmpcralr.rrc and rf
ptjwm Icvcl. It will OIS(; Prl’scn[ ihr Icchrrlqucs, bolh

Ihcorr[ical unr.f cmplrictil, try whi~’i [im.sc wjuiIII(ms arc

dcri vcd, 1‘imrl1y, ,smnc of lIIC mcih(rds I’(K deal IIIg with Ihcsc

r(’s(Mliill(.(. shifts WIII hc diwus.wxl.

1. IN”I’ROI)[J(’”I”ION”

Wt. will i.{msidcr lhrcc S(Gl)ilrillC rl”lr([s 011 [111’ l’;lvily
IIIIIIIIK: lhc CIICCIS01”U’mpcr;llurr Im It’rrllc pmmhltly Md
(m l(~dln~ Willl’r Pcrmlllivlly, ;1s well :1slhC Cll(’l”ts (Ii d Ihc

lmJwI:I kwwl Im llw 11’rrllr pcrmu:itulilyl ‘I”hcw m. dlillm’lly

Wl)ilriIlr ~l”[(X”lS :lII(! WC Will Irr:ll Ill(’Ill S~l~;lrill(’ly.
Wr tlcrlvcd the rltccl lJI Ii. mpcr:llllrc 1111Irlrilc

Irr’rlllr:lllility irxml [hi- (irt.i 11101Ilw rl Iwrm(’:ll}llllv III IIW

Itml(11(’ IS ;1 Illllt”lli)ll (11’ Ifl(’ Sill:lrUlll)ll lllilgll(”ll/:llll )11 1)1 1111”

It’rrllt’, WIIIIII is Ifi Ium ,! Iunl’lltvl td lcmlwr:llllrc. “I”hc

‘Gdlll:lll(lll lIlilgll(’ 11/;llll)ll VS ICnl[rcl:llurr I’i ll\ll;llly ilvilllill)l{’

!1{}111111(’[(’11111:IIlillllll:l(’llll t”l
W(’ 1’0111(11(1(’;ll(” II{) (Iillil Iol 1111’(“11{’1 101 llmll)lH’lilllll(’ (Ill Ill{”

w;llrr lwIIll Illlvlly. W) mcd~lllclllrnl% w(’1(’ 1!1:1(1(’ ,11 I .(l~

/\lml(l i N;II IIMNII I Jlx)lm(ll y ml 111(’sllll(’1l’1 111(1111’1111~slq)(’1

‘Wlllh wlqml.lrll Frllll III IMIV!I 1)} II ,% Ih.llllllllllml ,11 lllrl~} 11111(1.

;1! !hl- .%IIIWII 111)11111 IIIIK $III14VI sIIIIII. I I Jllllllllhll\

Glhdcr (SS010 dc[crmmc Wc pcrmnilvily and Q of tx~lh
distilled tind dc mnizcd wawr m Ihc trrqucncy riingc (II
inlcrcsl.

Wc do not have a [hcmy [o prcdicl LIWc Ifcct ()( rf p.nvcr
Icvcl on uavlly mnin~. Wc huvc cmplricully dcrlvcd [hc
prrxiiaions so rhat ticy fiI our mciuurcd dau. WC I(n)k rhc

dau using drc SS(.’ TCSI CavIIy. Wr U.scdlow-duty l’yclt’s

while LaJurrgLhIs data m oufcr 10 avoid mixing [L’MfWrill Url’

cffccLs with ~wcr-level cfft’m. Wc rcmrdd h Irrqrwnc)
anr.ffrqucncy shift vs. rf ciivlly-gap VOIUKC for gap volkrgcs
fmm 1 kVu) I(W k.V al various frmrc hm ~.urrcnt lcvLsls from

10510240 wnpcrcs. Wc used Ihc tiw lo c;llu.rl:llc tl~” uml

///)U,t m Ihc i’crnlc, then r.rscdlhc.sc quan[ilirs I() prodUL’Lm :1

consislrnl cmpirictil Iormula Wiu mawh(’s [hc nw~surl’d
frcqucnuy shlfl.

II. ‘lI:MPERATURE l;l;}:l!(”l’ ON
PERMEAIIIIJ”I’Y

m 40 0 am 1;1) 111) ,!11

Tarrpuatum - clogra, C

Wr u.wd l.urvr lIllIIlg lr(hllqIIcs III {lt.IIvi. o lIIIIt 111111111)11

IIIJIL”IN’S [1)(’ (’III V(”, W(’Ihl’11 Wllwlllll(tl llll\ 11111(11011 Ill It) Ill{’

CqIInlI(MI (lrl III IIlg d Pcrnw:ibllltv I’h(’w’ rIllll’\\lllll\ ,11(’

)/Iv(’11Ix’ll}w’



The spacing hclwecn Lhe pole picccs of (hc [uning
magnet in [hc LEB waler cooled cirvily is 16.9 cm. This

~pacing conlams 12.5 cm. Or fcrvlc. The rrla(ion of I: to lhc
tuning currcm is given by lhe following cxpn?ssion:

+,,.q 1/ x 1 = I{,m, A I,a, + llm, ~ /=,, ,

H
where / is tic luncr trim currcm and n is [hc numtwr of turns

in Uw bias magncl UOII. Now

!{b, = R,,, -B& , IIa,, - ?iNfp a,,

and
lX, = 12.5 cm, I-, = 4.4 cm,

Smcc B is continuous, B .. Bfi, = i?ti,r . SO

and finally
B

Pf,, ‘- ~- ,
“1

The ctivIty rcsonam frequency as ir funcli{m of ferrite

pcrrncubilily cm hc cidculti[cd using cirhcr Supcrlish or imy
01 I.tw muwuission Iinc codcs121.

II 1.T1lMPI;RAI”[JRE Ef:ITWT ON WA”I”I;R
PERM1l-l’IVITY

I’crmillivily of dc .ionizcd waler as u Iurrcllon nf
lcmpcmlurc IS shown in I:ig, 2, This dala wus obtmncd from
nwmurcmcrrls pcri’ormcd tit 56 Mll?., The Pcnniltivi[y is

Iilwtirly dccrcmin~ wilh Increasing lcmpcra[urc, ilIl(l cm hc
~’illculalcd IIsing lhc lollI)wIn~ cmpiriuul cxprcssltm:

1’ = 4).41M x ‘/” + W),51Q.

m

l?!

;1) ;% :1) :* a) ,i~) !fl

Tampa,lurw - d81jM C.

The cavily rcsonam Irequcncy as a tuncmm nf waler
pcrml[llvl(y can bc ralculawd by lhc samr mclhods
mcn[ionui in Scclion 1[.

[V. EFFE(T OF POWER LEVI:]. ON
T(JN ING

Wc first noticed [hat power Icvcl had an apprccial-rlc
cffc.c[ on k cavity rcsunan[ frequency while wc were ~kmg

data on I.lic cffccls of Wmprdturc on Iuning. Since lhc Iurwr
and cavny wc were Lcsling were subsu.ntially dlffcrcnl from
tic I.EB tuner design, wc [CII i[ WM Imp)[ tant 1(} bc iddc U)

make a prcdiclkrn regarding tic strcngti d this effect in the
LEB caviiy. After first noticing [his cftczl, wc observed Ural
i[ was much mnrc pmounccd al tic I(lwcr lunlng lrcqucncics

Ihan lhc higher orrcs, or mom signilicaruly, it WJS much more
prorrounccd al Iowcr values of comrol bias (him w higher
lmcs.

WC examined Ihc mlio of I{rf [o //hl(J,i iln(l dcwrmimxl
that for any value of this ratio, ihcrc IS a unique fwh~r liuu

opparcndy modif’ics //hi(J.$. Af[cr applying lhls i“uclor I(J
/l/,~h$, a ncw Value of [crrilc Penrrwahilily may IX! L“ilk’UliUl’(1

using lhc expression for P given in Scclion Ii ot (his pti~r
The non-linear t’urmion fork clumgc l’ac(or hill nmlch(ss[hc
measured Ma is shown in I:IM, .3. “lhu in’ak VJIUIS(JI //L- is

Used.
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This expression yields a fairly gmti ci)rrclahon wllh tic

rnctisurcd dau, but i[s prcdiclcd frcqucnc} shifl is

consisl.cmly m he low side.
Ra~cL [ban accept ~ slight error on th~. It)w side, wc

clcc[cd U) modify the exprcsslml, Ilul,p ill Lhc afmvc
cxprcssiim can bc readily rccognif.cd m [hc vcch)r sum 0[ 11~

irnd 111)1{1,$,witi, Ihc two quamitics ‘MY’ up:iri. “1’husimplest
way 10 lll(M!lfy lhC CXprCSSli)Il W llliprtWC ILS ~11 10 lhC ddlil IS

10 mcrcmc d’rr angle twtwccn the’ two ~c~’u)rs, The vector
addwon Is llluslr~wd in Fik. 4

L.. ,b)

“1’hc twst [i! U) [hc dut,a [~t.urs when [hr :irrglc is

incrctiscd from W)” It) 92, H”, “I”hr USC [)1 ~J2X“ rrsulls In

caccllcrrt c~wrclatlt)n wilh lhr dald, id II(I low Sk errors

ilppcirr Ill ItIL’ rqtlons wtwrr lhC shill IS IiUg[”.

Al Iirsl il SCCIIISlh:il :1 I’rcqucncy shift (II” llsss llMII 2’%
would m)l Iw {)t),~t.t”ll[)ll:ll)l(.in :1 ~“lrcull (Icwgnd 10 rapdly

tune over il 25% rwl~c. “I?lc prt)tdrni is cuuwxl by u wvcrc
mm Ilnctirl[y [hat 1:111ICSIIII l’n)m Ilw I)hlmrlt)lllt’rlt)ll. II Ihc
{’;lvlly drlvln~ Ircqucnl’y Is swCl)l from fwhnv rCSollilll(’1” 10

iitM)vI. wwmwwc, sly Ii-om -(I 10 +6 dtl.UIm imlpliludu Icvcl

%Iliili’lt”ll[ly lJrKC 111prtHhlL’C SIKIIIII1’WII Shl~l, IIIC L’ilvll V

Impwlmlcc WIII ;lv,Il:Inrhc lust ullrr rcsfmmltx’ IS rrc)vuvl,

‘1’lllh1“1I\’Cl tU’Clll%h(’illl~(’ //~/ ~tilrl~ (l(X’l(”ilSlll~ t’;lllslll~ [11(’

rt.sl)mlll~.r It) IJIIII Ixwk IIW;Iy I’rr)m Ilw drlvln~ lIcqIImI\”y, ml

;1 11111:1Wily (’(MIIIIII(III IKl”lll%. S11(’11;111tncurrrm~ (’illl lMm

prcvcnwd by lhc application of’ sul’frcicnl arnpli[udc lccdh+ck.

A good prcdlclion of the cxpcc(ud shlt[ is, [hlmrcf’orlh
important to @ fca.lkk dcslgncrs.

A compulcr simulauon of’ tic avalmlchc clfc~i dc.wrlh’d

afu)vc is shnwn In Fig. 5
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V. .N(:KNOWI.IIIX; MI: N’I-S

Mwry pwplc in fwh [hc rf and mcrhnnwid unglnccnng

dcparlmcms at SS(’ mmlc signil’irtinl corrlrlfurlitms III
twinging Urc RI: hvIIy “I”CSIStand on Iinc. Wc w~mlIl
particultirly lik~! [[) lh:mk I;rcd Wmdchmry ;or iis~i~[ittll’c III

tllc rrwawrcmcnLs, aml Ychuda Gorcn Il)r his imunpt.s to i III(1

a Ihcorclicud basis I’tw [hc (rcqucncy dIIl[ vs :IINPIIIIKIK

plwrromcm)n.

V1. RIil~lH’’lllN(’l’3

IIIW.ft.SInyIhc, “I’,(; . Iln}phy, K. I). (’:wlilll, ~’,(”, llw(lrl~h~,

1).1,. (;rlshi~il), (;. Sptil(hk, iuld 1..(’. Wilkcrwm. “RI:
(“;IVIIICS WIIII ‘l”rtins~clwly llIfiswl Ilrruc ‘1’unlng,” //’/I
I’nm NM*I’. 5’(I. .!2 {5), p. M 1. ( I’W5)

121 (“,(”, I:ricdrlths. “AllillyllC Ilvilllliltl[)ll 1)1 III(’ I Ahll’1’ II
lkrn)slcr ( ‘;IvIly I )cwglll”’ ///11( Irwr.i Nm i ,\I I .\2 I $), l}

)X4I ( Iwf).


