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Nxr la-t 

‘I’lir siiigl+crll 352 iIll cavit’y for t,lie APS i-CL3 

t’ositroii storage ring has IKWI tmestetl up t.0 one Mega- 

volt gap voltage at’ 100 I<\\‘. 7’llrrlllal l11eaSllJ’rlllellt8S were 
rrcortlf~l lo tws11rt’ atlequabr coolilJg. Highrr Order RIotIes 
ww ~I:IIIJ~MY~ JJsiilg I)ol~li voltage aiitl corrwt~ coupled 
tla~r~pws. T11r cli\~~~pcw I~avr less t,11a11 2tllr frll~tleJJJrJltal 
ii~mlr~. Shggu 1~JtJJiiig of tlw high inotles 1ia.s Iww1 tlo~le 
ljy slighl Iy varyiilg dir higt~li of each ca.vit,y to shift, t.licln 

at)a~‘t ill ortlcr to IllirlillIixc~ tlleir cffwt. on un~lti-l)I~ucI~ ill- 
slirl~ilitiw. 

1. INTI~ODWTION 

Tlw I)rn1otyIw :~1l-cot~tw cn\-it,y for t,Iw AT’S Aorage ring 

11~s IWPII t~owc~~=~l t,o t.lrca uolllinal ponws of 32 kMr (i(k\‘), 

51) I~\\: (i.5 (if>\;) antI the wigiiicrriiig tlrsigil goal of Jt)t) 
IfLY. For tlw IllPRsIIr~~I sllllllt Jwistatlf~~ of 5 R’~PgOhJllS, IUO 
I(\\’ aw w(ltiiJwI Tar OJJP Rlrga. 

‘I‘lir~ acct+rat.ii~g cavity s11ntw is basically splwrical rritli 
:I ro1111~lf~1, sliglJtl~- rwiJ!ra~Jl IW~IIII pipe (SW Figurt: I ). 
‘I‘llis SIIiIl)t' is ctf?ivctl f1.0111 the ~~rOgJ’all1 11RhlJ*;L. alit1 is 

0ptiJiiiz~~I foi, lliglbcd s11~1~it. n%t~i~Jlcc or maxiJmllJJ volt.agc 
twr llJ,il, t”‘nw. 

.IIlt’ CilVi(v is JlJadt’. froll1 tllrt-‘t’ piPc-es of S0lif.l co])pc’r 
I)01 t rtl t opt IIW wit Ii all 0-riug vacuJJJ1J seal. ‘To do rf t.est- 
ilig. ii vaciiiiiii of ahout. IO-” ‘I‘orr wiliout. rf power is ACIP- 

(tll”t“. \\:ith t.hiS WrFlJlg~~Jllt~JJt, t,lie cavit,y coriltl Iw t.alte~J 
:~~)art ali~l t Itr ilisicle slia~w motlifictl for freqiiency t~wliilg 
illl~~/Or S~lllllt illlp~‘dilllC’t~ a~t~jllStJJlellt~S. l’lle 111’S cavit.ies 
will lw (‘-lwaiii wt~ltl~~l at tl14w ,ioiJits I.0 have a vaci1iJlJJ of 
1 (I- 1o liar shi~ilJg twsit I’OJIR. 

‘1‘11~ t)rotlrtct ivJr cavit,iw for 1 Iir sl~oriige ring will Iw I)rlilt 
xit II .7 spw:~~l ill higtl~ alwig ilie Iwnii~ axis l)y 0.3 I~IJI two 
c,avity or *:I t~ilii ww t~lif~ t.wrJJt~\- c;tvit,iw. ‘J’lJis will st~rcw~l 

(II<> Iiiglicr ortlrr 1110~IPs ;+JlCl tllrwl~~ l.dllCP cavit.\--l,LrJlcll 
iIldal)ilit~ic~s [I]. ‘I‘IIv I ~II~~~~III~~I~~ z-11 (acwlrrat ing) frc\ctuf,Jicy 
is iiot sliiflwl t,o first. ortlt~r sinw t IJP iJlcrrwsr(l ~~i:tgiJc~f i( 
l’f~il~l StcrlYYl ill t IIP hJ#‘r VO~llJllf~ is caiicdlr~tl I)y 1.1~~ Jx- 
tliifl ioii in sloJ~cd c,lwt.ric wcrgy al. accc~lfmt.ilJg gal). ‘1‘11~ 
I’ii~~tl~~iiic~i~t;~l iiio~l~~ is r+tilntxl I)y t,Iic pistoil t~tliiw to t~lw 

‘Lhk wpportd 1)~ tlw I’. 5. 1kpiwt1~1e11t OC EWIR’. OlTkc of 
Haaic. Sricwu,s;. IIII~IOI. t IIP ( imt ract LIT-:1 I- IN-EN( 238. 
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correct, freqwwcy. This t.uJwr lras less dli~t OII t Iw lti~lwl 
order lllorles. 

Aftpi. t.lir llighrr orth motles (IIOAI) w(w IIIP:ISIIIVV~ II+ 
ilrg low Ijower of ahoilt. one milliwal~t [‘L], tlw cavily \V:IS 
rvacuatetl aJid IiiglJ power was apt)lic~l to V~ICIIIIIII (.oilfli- 
t,ioJl tmh’ SiJrfacPS. ‘I’he cavity Was IJOt I)akt’lt ill :l 1~:1~‘1111111 
0veJi tluriug faI)rica.tion a.3 is the usrri~l ~~cow~I~IIY~. 

Figwr 1. Stnragv R iug C;wit.y 
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II. IN~~-IA~, 111~~~ Powsn OPERATION 

Since IIIC cavity was I>otlgllt, as t IIrw iilncl~inctl cot)pcl 
t)iecw. IV+’ cll+~ttlic;jll!. ~l~nnrvl 111~ irwirlv st1tfaf~s aiitl slm~~l 
t lw111 ill tlry iiit~rogtw Iwfort~ asstwhly. WfJ liavr 110 ovctls 
for V~CIIIII~I lwltilig aiitl so wlietl only 011 rf liratming of t.lir 
surf’aws for oritgassiiig. 

RI 1rcl1 mt.gassillg occ~~rwtl lwt WPPII 3 and I5 k\\‘, I)llb 
almvr ‘20 IcL\‘, ilwtly simll glowitlg c‘ot~pcr poiilts antI in- 
t~rviliit triit, sl~ark flaalws w\‘rw swn. ‘l’lw vaculiin lwlim~ 
nptbl!~iiig rf pmwr was al~311i 3 X 10-’ ‘I’, hilt, after sevcr:~l 
l1011rs of rllllllillg PVCII r7t pow~w aroun(l IO k\V, it tlrol~ptl 
iiito t,llt, i U-” rarige, 1 hiring rf colirlitioriing. lllr vacuiiiii 
IV&f: kf‘j’l, at. ill~ollt~ 5 x Jtr7, wit.11 wciirsioiis irp t,o 10-” 

wcli Liillc t~lw powrr level was i~icrcwwcl. This would k11l 

lm(.k t.0 5 x lo-’ ill nlwllt~ n Iralf-llollr. 

\\‘(a I’all tilt, Ci\Vify ilitrriuil~talil Iy over R tlll?e-lllolllll I)?- 
riot1 Iwfcw wavliing l,lw 100 I~\\’ lvmw goal. \\‘v had tmIic 

iin~ial occ:isioii:~l l~i~ol~lt~i~is wit,11 variolis equiplnwrlt conb 
prisiiig t IIF t.tA stand. 13111 w clitl have ali on-going lxoh- 
II’III tltlrillg t Itix t illw wit,11 I>rt’ilkiltg t11r crrmGc VRCIIIIIII 
Sc~:ll loc:lt~rYl iii t Iltx FVil\-Vgllitlt~. 

Ill. DRI\T I,oor~ 

\\‘t, WV~‘P llsillg ;I coul)lilrg Ic~p cIP\.PIo~)ccI at. (-‘P:RN and 
ustvl ii1 tlw 5-wll cavilirs at, I,P:l’ aiitl also at, LCSHF. So 
t.liis is ;I prow11 tl~sigii, wtdl tmt3t.vtl at I)otli Iale. ‘1‘11wf~ is 
II cyliiltlrical ccranlic vacu11111 sral arouurl t,lir wawguitlr- 
to-posl t.raiisit.iw wllicll is coiilwct~rtl t,o a sliorl. Icngt~h of 
wits, ,jlist loiig fworigli to wacl~ to Ilit: iusitb wvall 0T I Iw 
cavity ;il wliiclb a coplw ltar I’olvlls a IOO]~ Iwt~!wc~ll t,Ilr 

Cf‘ll11’1. :Illcl ollt~‘l~ colltlllcl.ors. 

I)rli~irlg tlir~ coticlit ioiijiig. tlirrr of t,lw cwaniic viwuI1111 

wiIl(low I)Iw~c~; t ~VO CI~ ~)OWP~ I~VP~S IKTIOW ‘LO k\\: i\lltl OIIP 
at I Iw IO0 Ii\\. It~wl, ‘1’11~ first t.wo we nt t.ril)irI.ed t.0 a COIII- 

I~in;it.ioti of (~Iit,R:issiiiR/i~rCilig ali(l rnwliairical Stwss front il 
iilisaligiitd w;i\7giiiclf~ fla~ibf T b which lmlt~s t,o t,lw loop. l’lie 
t Ilirtl was ~tsvtl for several wvreks (probal)ly 20 t.o 30 horlrs 
iota1 rllnlling tillIf>) at. thr> 60 kW lrwl and so we colt- 
c-lritl~~l ii0 ~iior(’ cwwiiic l~rol~lc~iis woul~l Iw ~~i~ouilt~ered. 
II ~nn~x~~r. aft t‘r tmwriug t IIc cavity at. 80 k\I’ (SW F’igrlrc 2 
few 1 Iw coilit)iit r’r coilt.ivl diagrain of t.)-pical olwrat~ioii) for 
ill)CIllt :I11 llOll1. :1llcl ilt 101) li\Z: li>l I+5 illiiirltcs. Ill? ctwlnlic 
tli(l l1~Cilk. 

Siliiilav wrnniic fnilimis I~avt, occrlrrctl t4stwlicw (swT 

I;,r willlj~l~' [3]). \\ ‘fa wwp uli&r a t.inw const,r;litit, at that 
t ilIlt>. n~ltl knowingly wcrc‘ puslling to reach t.lw higl goal 
of 0w nI~~g:nvoit 011 t.hr a.cwlrmting gap. I rstimat~c tll(~ 
t da1 t iliic, tlw cavit.y was act.ually I)owf3~fd Iwforf, it rwclitd 
slnl)lr o(N%it hl \v;ts OVPl 100 l10111.8. As a coJllp”l~isoJJ. t,llc 
5-wll 1,151’ cavit if3 for Ihe Fhoster Syncllrot,roli t,akc ahlit, 
I2 Irmirs of wirtlitiot~irig to read1 20 IiN’, wit.11 only a fmv 
I~c~iirs iiiow to rc3clt 100 Ii\\’ otwatim. l’resuii~al~l~ this 
fast rf cr)il(liticmillg is clue t.0 the 150 tltge C: vacuum 
t~Vf’ilt~lll~‘llt ;lt. I.llP faCl,Ory. 

Figure 2. Coutrol Scrccm Showhg 90.4 kW Powt~ 
Into Cavity (Ilunhers at left margin) 
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,.,“..‘a.t”~.. IL,., N n..-. ,I.“, ZII I . . . . .” (“WJ 

Fipre 3. Cavity Tcull)c?raturc~s (cl~~grc~~s F) 
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At&r coiwtlt.iiig wit,11 hot.11 t,lIe tlesigliers alltl wet3 [4] 

of t~llrsr loop cor1plers. we co~~rlatlerl RP corltlit~ionetl t,he 
cavity too fast. and at’ va.cu11111 Icvds higher t,lian appropri- 

nlr. I\; tllwl IlRCtl il fnlll~t II loot, Rll(l pww-d t~lw miiy 
ktttatjitlg t III’ V~CIIUIII al 2 x IO-‘, wit.11 t.lw V~CIIII~II trip Ievrl 
wt. at, lo-“. \Yr also atltltd iimrc ri1liforru air cooliiig for 
t.lw ctwillic ni~rl Illoilit.orcd t,lw ceraldc lieat,irlg using t.mo 

infra-rwl hiitwraturr nlders, one 011 each side, t.0 coliviiice 

orirselv~8 tliat t IIP cooling wa.8 illiiforln. Again, we emplla- 

size t.hat. t.llis protot,ype cavit,y was not8 vacuI11n hkrtl at, 
15U”C,’ aiid we w.r~d ody rf powr for col~tlit.ioning t,lie siir- 

saws. 

IV. Long-t,Prul High Power 0prra.t.h 

\I’c t.lif’11 ~~owt~~~~1 t’l1f: ca.vit.y for nlmrt. IOU0 l~oiirs OVCI 
t Iit, iic~sl~ t’bw iiioiit~hs, most.lg I~rtween X0 alid 100 I(\\’ power 
hds. As dlwr coiiit~ow1~t.s wtw a.tltletl Lo or reillovtd 

1’rolii t.lit, Cil’L.itS., 1~11~ re-colirlit.ioiling ti111e was t.yl)ically 4 
10 6 lio1irs aftrr vacuiinl piiitipilig st.a.rlctl. For sta.rt,ing 

wit,Ii tlrr v:w~Iuiii illbact8, a half-honr was typical. 

For storage riilg opralioll, t.lirre will IK forlr groilps of 

foiir cavit,ips3 clacli group t~owrc~l I)y one oil+>-RI(~gawat 1, 
kl~st1~011, For tylbiral opratio~i at, 7 (.:rV (be~i11 currc‘ilt, 0L 
WI iii;\) RIICI 9.5 hIV t)+>r 11ii.11, mcI1 cavil.1 will 0tmat.e iit, 
,jilst. iiii~l~r tiO0 I~\‘/92 I~\\‘; f or T.5 (:c*v (but. IW~III rmlitml 
to 2110 Ill,\) illId 12 hII’ t)t’r tlirn, racll cavit.y will nilI at. 7.50 
kV/T,O I(\\:. ‘I‘lies~ arc t Iic’ two stpecifittl cavity operat.ing 
t)oiiit,s ill 1 IIC A t’S Ihigl1 Specificat~ion. 

II’OIIC~ groiit) is id ot)wat~iollal. ody 3 RI\\! will lw avail- 

al)le. Iii t.his case, by iiicreasing Ilie gilt) volt.age t.0 1 RIV. 
1 Iif> I2 RI\’ tu~r t,ririi antI 200 iii14 IW~III currwt. can st,ill IW 
iiiaiiit airic-tl. 

Fignw 4. &mu Current vs. Cavities Availd)le 

Harmonic number 1296 
BF frequency 351.929 MHZ 
Peak voltage per turn 9.500 Mv 

Cavity parameters: 
Max voltage kAimated) 
shunt resistance 
Max power 
Quality Factor, Q 

1.00 Mv 
5.60 Mn 

89.2 kW 
48.6 10s 

operating values: 7.5 Gev 7.6 Gev 
200mA 212tllA 

Number of cavities 16 12 

vohge per turn 
vokage per cavity 
Power per cavity 
Total power 
Beampwerpercavity 

Eded) 
Bandwidth (loaded) 

Power lost (eouro3 to cavity) 
source power 

12.0 12.0 
760.0 looo.o 

50.2 89.2 
804.0 1070.4 
113.7 159.3 
163.9 248.6 

16.0 15.37 
22.1 23.0 
17.4 18.0 
2.90 3.00 

V. TIIERMAL SIW~IES 

Great.er diali extlectecl t,empr:ltum. espcially iit t lt(‘ 
large ports of t,ltc prtilwtw, wwc miclr~ut. At 1110 k\1’ it1- 
piIt., t.lir iiiilxiiittiill ~.VIII~WT:I~ iirr of 1 IIP c’cqrtm ~:IS I8 I” I,‘. 
at. i!j kM’, a 111aximu111 of 106°1T’. ~‘II(‘~.III(~~(,II~~~~~~ IM~:II 
t,he iiose cone recorded the lowrst hntmat iin”i: (XT I;‘ :III~I 
81’1;’ respectively) wit811 a posit.ive gradic:nt ra(linlly 011t- 
ward l,o he high k~iiperalures a.t t.lie twrts. (SW I“ig11u‘ 3.) 
The 75 kW ca.se has bee11 st,11tlietl a1lalyt ically. wit11 r.~s~~lis 
intlica.tiiig a itiaxiiwill of 28’C’ (Z 82’ I,‘) i~l~ovt~ t II+‘ ~~~f~l- 

ing water kmperat,iire, or approxirllatrdy 3X0(’ (z IOtP I’). 

cali lx extwrt~etl. ‘l’liese higIl t.wiqwrnt iiws ww at t ril)iitml 
I,0 poor I)razing of rooli11g l.iihes antI t’ort I1c~iltirlg (IIIV to 
grralm resistivity of shinless std. 

We tlecitletl tSllate nose cone cooliiig was sliflic.if~llt . 1,111 
port. cooliiig was not. siillicicnt,. J’rotliictio11 c:i\.it ic5 will 
inrorporate grea.t.r,r water cooli11g siirfnce AIM, irr~oi~cw-~l 

hazing t~c~cliriictric~s, ant1 copter t)lat~iirg of t Iir iiwitlr, SIII’- 

faces of I.lit shii1less stmed t)ort, flangrs. Srtt,l,lcllIr~11t,;ll c~f)l- 
ing of ~~CIIIIIJI flanges was ndtletl. ‘l’l~ fi11al coolii1~ S~IIVIIV~ 
is sliowir itr Figure 1. 

VI. I;lITFRE I’LMS 

‘I’lie lirst, I~ro~l11ct~io11 cavit.y will Ilr I’;t~lorj tr+tml :I( 
Simic~iis for frt~tiit~icy in .Iilirc~. t.llril will 1~ :ISWIIII~II~II. 
hketl, at1tl Ir>:rk-cl1rckrtl with tlrlivwy S~IIWIIII~VI I’or 11lirl- 
.111ly. Afkr full powc:r t,est,illg at I\I.~~~IIII*~. ~vr’ will ~Il,(.i(l~~ 
if we miiiit aiiy 111oOili~i1ti011s fiirl t 11~11 t IW f1111 t~~~~lr~cl i,lll 
r1111 of t.weiil,y will shrt, ii1 1 IIP fall. ‘l*li~ last c:i\-it ic3 :1rfy 10 
IW d~liveretl ill JUJW. 11)04. 
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