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First Operation of a full-size 
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Abstract 

I IK- ICFIIII\ of 111~ c o~llnli~ilollitlg and lircl qw:~li(in ill I I I’ da full-G/e 
slll”r”)ll[t,ICtii~~ C-Y\ aI> 11wdu1r :11c 1cp~11c~l. II \I:IC c,pcmlril ill 111~ 
I;l\x,r;llcrr> at :I t~,i:tl :i~rclc~:~ling \~~lI:ly (>I .1? i\l\’ 111. p~Ii\Fr gclIu:nli~~ll. 

didrihulion arlil c~,n!rc>l~ :ttc 9inlll:ll (i) 1111. I I:l’ uqyr RI; y4rrn 
nl~c;dy in qw:liion I irlui~l lwlillln il: wppliril I>> :I I k\\’ tchigwdur 
\\illl lllr volM ho\ ill 11’~. klj\Iroll Ill~ltlr~l 3U 111 dl~l:llil liriln ltw cr!~I5I;lt. 
1111iinl trlx;r:slit,~ rxpciic~~cr on 111~ nwi~lrlalii~rl (I( I l:I’ hc:llll$, llipllct 

OI~CI nwdc rxAl:,ll:l,l, llw RI 211~1 cl~(~mGc c\ rlnn avrl umtrnls arc 

rlcwibc~il 

Introduction 

I,, lOi’ :, rLY:l,(.l, a,,<1 dc\i~l~,pnw ,‘!“g!:,n, \,:I< st;u(rd a! (‘I;I<N ICI 

tlc7igll ;m~l pod~wi~ ~~lI”.t~i\il~llt~lill~ (v ) c:t!iliv~ alloninp to upp:dr 
I II’ [ I] 1%) 1110 (ic’,’ pu lmm ‘I lit l,~l~~f rtvp rjf Illi dc\dqmclll v xc 

111~~ ~IC>CIIIC li,ls~ L2j 1rxt LIJ nt~l inct:+ll:~!ion 01 III<. filst cryo-rnr~lr~lr !<illl 
(~,t,r 4.fyll rdxilics julcr 111~. I.1 I’ ring IlrilIp (.oIIltllilsillill.d fIO\V. 011 

q jc.7:11 cjrf::lsis,ai,. (?\I’: ~CII’ d~inc 15 1111 lw ilnk :I[ iujrcllcw rllrrp.! (?(I 

CIL~\‘). CIIirirlg au ~vlvt:lliclil and nl 50 Cie!’ 

‘I Iri5 p):t1~7 <lrsc ~iIr\ tlw ii,cl:~llr~l 51 x1r111 :sIIcl v~pclicll(c jL;lill(‘il ~lrlllile 

Cl1ITlllliC’ic)llillP. 

lhe Global System Layout 

I igIll:. I ~llowc 111~ ~ll~l~.ll 1;1\0111 Ill- 11x ?\ c’;‘,!, I11 lrnnl is III:. ;I(~i~lr~l.ll~~~ 

IIIIIIIC~ will1 111~ c.1111y tr!o-tmd~~lr ~0111lrxlr~’ 10 111~ ;!a\c.pid~ c!\lvrn 
id tllr 111 lillw tr;rlt\frt 11m III the lwt kpo~~ml ic tllr kl!~rlron pll~n 

h:~t~\~~ip LIJ~~IC,TI r~>rtr~jl \!ilr,~j, :~,~il c ,)IcI Ivlr; rll tl,!. I( fripvl:u!irrll I>l:~tlt 

PiglIt? 2 ‘17~ c~ 1 ~,~~dtd,~ WIIII ~l‘,w eiiiifrr id /w/frrr~~ 11 n~r~/i,r firlc 

from klystron 

future cry0 module 

existing cr-yo module (4 cavities) \Y”.. -..<... ,&X ” i +-- -z accelerator tunnel 
cold box 

f:jgt~rc I: 7’he gkhd lay~wr of lhc ,sup rotwhfi~,q cm?ly ~lolion 
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J’!y Crvo-Module 

I:igure 2 shows tlrc cryo-mi~drllc [3J ’ dc it iq iflsfnllrd in thr acc~~l~~ator 

t~mnrl. Ahovc tlw module ttw waw guide hds mn hc cwn, hcrr 
ctmnrt:tcd to a N-type trardion AK Iwv lxwrr mcacr~rrcncnls I’his 

transition is rcpl:mtl nom by R llrnild<~ wnw gllidp p:u?, comw!ing to the 
magic ‘1‘~ of the Iwin RI’ nys~cm !CJ hc swt~ or\ top ‘l’hr clraigllt cird11 
pip on lop is tlbz lnitill hclilim Lra11~fw liar, 0,~ lo1) ldi (lx flrsihlr lines 

towards Ihc cryogcwic drm~s of Ilw c;\‘L ilicr call Iv w11 

‘1 Ire mod~~lc [J] itwlf cousis1c of font idcwtiwl rlcmw~c Ixlltcd toyrthrr 

to form one common cryosl:rl. l,:wh elrnxwl conrists of a v. solid 

niobium 352 MII.T 4-cdl c:l\i~y quippal \\ittl tdm~r~ tank [?I, 

pouw-couplet 141, two highrr ordu ~no~lc (I lO>l) couplets 141, tlltlinl: 
system [S] anti the sltppvrtiriy cr)i~rt:\t franc. ‘I hi, inwlntiotl $ncw1m 07 

cnch clcnvxt is dowt lx a ?t:Cntcsr s1ccl ckin wwIitig llw cr)o\lal all 
:~round leak tiglttnrss is n~~~~r-rtl by Iargr 0-linp. ‘II1r CllCl’( of lhr 

module arc CIOCC~ by lids !\itll t r)opc’rlic l~at1ciliouc lilt Iw~m pipi 
connedion ‘I’wo of the imlivi~hlnl caiilicc 11avc hrrtl Iwill at ( ‘I:RU, lw) 
if1 idrlstry. 7 hc :wwml+xl rndulc TL:~C tArtI r7] Idorc inctall:Ac7n iu 

the tunllcl. 

Ibr cost and comp~lit~ilily rcwonc (1~ ftqww! of lllc cr rniilicc iq 

itlcntical to the c-siding rr~ppu cavil) c!slcm. I tdilrc th hjd d h 
RI’ Imits for both cavity lypr$ v rvry simil:tr J\ rir~,c/r- 1 \i\V kl\stron 

[6] protcctrd I>\; a c.irccll.~lol ?\ill lid IO kc caiiliv7 /II ~sr:~llcl. ‘I ilr RI 
pow-r is ~r;ctivmllrd 10 tlw c:t! ilirsc 1x1 \VR27rlll n :aw wlidc~. Ihr ~plitli~~p 
txing tl011e i\itli ul:rpic ‘I (~cL: Oil k\\’ of RI’ pblicr is nr;~ll:rl>lr 1x7 c:lril! 

Irexing somr rcsvfl c for- gr.ulicnt~ or ofttvl~l~ higlwr 111:111 tlw 1 l;l’ <lr+v 
(2x3 tnA, 5 hlV/m k:i\ing 8 5 r\lt’,(aiil>) %b fnr rrnly follr cavili:\ arc 

cc~nnectc<l to thr kl>cfror~. 

‘I he klystron itvll IhaY cimil:~ co~~lr!ll loopy a\ fvr the copp,c~ ICI‘ c\~tcw 
L7]. It is oprmld at wnut:lrit 11~11 IF? nt~l RI Aivr, the powc~ hcinp 

c~~nirollcd via the 7wtlulding ;lr1wlc. Aflu witdlirlg !,n the RI: aI lo\\ 
prnvrr and toc,kitlg <I[ the Illrwrq tlw OIII~OI lv>vv~ ic c~~t~tt~~ll~~~l I>! n 

\~~ll:rpc loq’ lrG:,p llic TC:I’;II 9111~1 01 111v fivl~l~ ii) Ilv ftllti rn\ilil,5 .i5 

control sip11at. 

I’hc luncr of thr .r. cavitic5 rh;irlg~ IIw c.lvil,b lr11pl11 via 

Illngl:tieto\lriclillrl ;itlrl Ihrlmll r.lpanGw 01 10di in lllc 911ppor1 frxmr [5] 
It i\ drivvri 11~ :L [-h,l$r rlctrc~lvr itill\ :m inicrmdxilv f~qwnq of ?(I kll/ 
a- uwd in thth rrirltng 111: s!clrul. 

‘The .Rrlrigcption Systrm 

1 ,iquid helium for cavity cool~~~p in pt~xl~~~~xl in ,111 r\i\liilp Ilr li,l\l~~li~r 
moil~ficrl 37 rcfrigc~:ilot wilh KIN \\’ tvvlin~ p~~\bu :I( 4 5 K [K] I ht. 

piston cornprcw3r i7 i5lst;dlcd 31 thr slu ix-v, 111: u~ld box in thr kl:cttrlrl 

gnllrrj, both hcirlp ~~m~~rctcil by l\rv \v:un3 11~ pip\ aloof lhv 511 II, ~lr,cr 
pil A 30 m long rigid traldcr liric IC:MIC hrl tllr c0ld !YJX into 111~. 
accclr-mtor turn~~l :md ((1 the si‘ cavil& 

‘1’0 keep n maximllrn of opwa!io~tnl flcxibilit~ for this pilot inclnll:lfiotl. 
each cavity 1x15 one inlrt fvr liquid hctillnl, ow r>ullrt fbr cold pa” 1 hr 

connecticw brtwce~~ traosfrl lirir in:u~ifold7 ard cl~‘oclat i< dwr I>) 

llcxiblc transfer Iincr. 1 hc fltw in r:~rh of thrv liner is ronlr-olld hy a 
cc~ld vdve All helium htlkc :UP cwnrwtcd 011 Ihril- lop 111 ~hc C-ommon 

gas cclllcC?or so hll - tluc Irl (IlC I 4 “:, incliwllior~ of I 1’1’ !hr mcr~lrltc 

can he oprrntcd likr ‘reman folmtnitls’. ‘I o keep rllr rcfrigrratirln lwd 

constant, hcatrrs arc instnllcd it) the lvli~~m t;lr,kc tr~np~w~~inp Ihc 

vnryinp RI’ lod 

‘I hi< rcfrigwntioil 5) strm mucl lw very wlinhlr ci1lc.e lllr cnliliri Il:l~.r II> 

rrm:tin s~~f~c~i-ontl!lclii~~ civxi if !hq arc‘ owl> idling ‘l’c nclriwc this p:‘! 
and to saw tnar~porr~cr, comlvrss~v, cold I-ou :ud cavity lwlium t:unks 
wcrr rq~lippcd nitI1 au indu<lri:d yr~lccr5 ~0~~11~~1 s!‘\i~~rrl ‘I he wfiu;1rc- 
iw dc~~t~pd IW (-r;itN W~WTC IIOIV WC~:II td1~7 drigi7nlcllc run 

cr~rllimlo~lcly 0wr inrwltl~ will:(nlt Ivwc!,< c of rlprrolcll~ 

‘I hc Intrrlork System includc~ ~111 p~:~mcl~r nl~~xl~ IIWI in lhr 
Inboralory test [ ‘1. I’nrlirulnr nllrnlioll ivns piwn trr quuwh dctrrlion 
willb circulating IXIUI sincr trnt~srnitling fxwrr illlo a qurnrhctl cavil> 
ccwld lrd to dcstr~~cli~m ‘I’hrrcfotr n thrrr tcvcl sys~cm is applirrl ‘I hc 

first (fast) level IISL’S the prrmanct~t sampling of all individual cavil)- 
voltages If one of the field Icicls dccrc:~sc~ taicc by 876 within 21) mr a 
quench is arsumrtl and thr 111’ drive is smitchctl ofi‘, hut no hram dump 
ih forced. 

I w drii~ionnl (slow) intcrlwk Ir~~ls arc ronnr~~c~t to the tlrli~lm 

prrw~~o in ttlc cqostat If thr RI; gwrtation cootitltw ;tfwr a ~IKWI~ - 

stow qlKw+r~ no( rccognixtt hy tlw f:nt clr*lrclor li:l\c txxv ohs~~vc~t its 

lhr Inlx~~;tlcvy 1Jic tic prcscurc bill rice amt :rt an iwr~av of 200 1711’:1r 
lhc CVI.I~II~ itl!rtlwk ICVP! switdwF off thr lliph VOII:I~V r$ 111~ L.1) FI~O~I. 

Al<0 illr cilrrllnlln6: hrnln gPnc‘i:~lv~ 111‘ firlilr in 1tw / .I\IIITC 
d0l.S 1101 lYY~I?nlc TC 

If III:, c :I> ill 

:tgaiu aftw swilrllillp 0lT ltic RI poncr Illis i9 3 
dnngr1011~ silunlicw. ‘l’hrrrfrlrc :I lllit~<l Irvrl at 2‘31 mlui Ilc I>~<~TcII~I’ 
incrcav fwcw :t twrn dllmp in \?iilrlling oil 311 II I: c!niio119 ill 1 1.1’. 

‘I lwc c\icl~ :lrwl!~~ idircc/ q~~cwh iulrllwk I IK 11 I. p:~n~‘r ic CA ~IL,IILYI 

oiF in cnv vf :t w\,ity vncm~m (c g k;tk) atwo,< IO L n11vr Ill WCL of ;, 
C~II~W~~ K~Q jr d~~~tt~~l hIIn its c:tii(!, WI:W 31~1) ll:~p~:dlt~b! ihr c:Id! 

KKNL~~ :md 111117 ~tipp~itlg tInis itltcdo~~k 

I)ipilal (‘nrrtrol 

‘I tir cwbtrrd i)clrm d Ihr TC-. C:II ilicc ig au inlqztl p:11 I 1.1 IIw cuiclillg 17 I 
~\9(rli1 ‘1’0 :I tnrpr rxlrnl u5c ivnq m01lr ofc\idir,g c‘iIllilvrtc~~l AF lor 1h( 

u~~~p~~r wvilirs C;ICII major pier d rtfuiprnrnl hnc he ~II c’qllitunrrll 
~~~r~tr~~llct [“] (I:(‘), providiltp Ilw illtL,rfncr tvliwcn 111~ cq~tiptru~~t ;t1111 
rhr I<KY\l d:11;1 ,,,:1,1npcr ‘Ihr PC.7 Cal, K-all Hlld VI IllC cl:IlIlT 01 Ill< 
:\~wi,!id cr:llv iin ;I nr~mlw~ of dipilal rind :~t~~lrbp link,: I’(‘F arc’ 
iwfnlld for r:wh cnvily, lllr u~mmw crytvt:d and RC h thr. <~xiT.lillp 
cj 2~t’111 - 10~. RI; pflljrr c~T~rrn. slmr dhv:ll~ :Itlri 11:111~~~ :,,,’ hd lo hr 

dc~c~l~~pd 10 lhr ~JXTI~I rcq~Cr~~mrtlt5 of ttlc rc 13i ilit,\ I lw C/:11:1 
mvxp’r dlwc (:I? rCrr itlr wpp~‘~ 131 ilic.9) rillwr 1~11 I ~1ttd d 111~ 111, 
~ldiott \‘i:l 7 11~111 h vrt‘i’n or rvi(jlc rip~wticw fnw 111~~ Ill.lill ~-iml~ol 
rwm \.i:l 111~. I l:I’ ~~mlrr~l nctvolk 

Iristatlatiorl in the Tunnel aud Rtlr>ning In 

Ss,. (x\ilirs 811~1111~1 n?w1 lv cyp~~v~l 111 ‘~lrl.l!’ 1~11111~1 :vit I I,i,t~.f~)r~. il 1’. 

17 10 of Ilw inrtntlnlinn sc%rmr III:II 011ly \!l~olr ~r!rl w1v1.11 ‘9 c\.~.~~~lr.,! 
:111cl vl(>9(.d \\i(h 1~1; ~.otnIri~rlulc(i \ ;lIxc\ (71, tu,1h ~.n~lq >.\ill lw 

II~O~IXUIC~I rIonl 111~ tcql ~~p.2 31 thr 9111r~1(~c illlrl 111~ ~~~~~~~~~ I III 
al :lil,rldr sp:w’ IO nww Ihos~ 4~lr1cl~llltc5 :1/0111: 111r tllllllrl ic al (clt,lili 

~I:IUT (WI! :I rh c.crllimrlrrs I31p~f ~IKUI ih~ IIU~I~~~ 

,\I :i wit,y \:1c11,11,, ill- I * IO i Irll~nl :1 flld <~l101~10~1,1 \,:1’: Il<Hlr I (it> 
pnncr 111: ~rlr:i~ur~rnrul~ of aut~w113~ couldillp< awl I1:11Ivwc..ioll\ ;(I 11~. 

twvl”‘r:‘lrllc sllil\rCYI 110 diffrr~wc to lh! I:ll~~lr:trnr\ Illl’:lclll:.llll’lll~~ I II? 
W~NIIIC !\a< kryt ~014 Gee thrr~. IIK v:w~~~nn vf ihv ~11141 IYI ily hritlkp ill 
fhr III ” r:l!,fi’ 

11~ no.nill.7l !oll.rg: LIC 14 \IY p:r 1110~1111~~ .%I 5 \I\. 1’1 CC>VICI ni’l lbr, 
old:lirwl, 5iln-<. on:’ trl 111~. cavIli:\? il:li cv ilrcl ;~\Ic~III .‘rl”,, ~irruls~r Ih:rit 
111~ 0111~~. lhlir I!IC prrform:~nrr litnil of Ihi- ra\il> al :\I~~~II! 5 .\ \l\:rn 
linlitrd tllc lirld iuclcaw of thr nh~11c morlr~lr dllr In 111~ conun0~1 111: 
pwu:~ior. 011~1. inslallcd in Ilw nrt.c.lcr:llor, itw titll~, lirt r!(u Ivirlg \\:I- 
irr! litnilct! 111~ 10 lhc I I:l’ ~d~dulc. lwt 90 h 30 \IV v(‘ic ~~lit:~irnd 
(12 2lV in 1111, I:~tvu;ilory) Irl 11~. fx~nwt~l 25 hlL’ ic wt1ci~lrr(x! :I wli 
vpcrnliwlnl lrvd fur Ihir riind~~lr- 

.2 ()-tllr:~~urrt,,~~~l n-ill1 RI‘ ic 111): powilrlr \\illl 111 Iit\ ~i71lpl~~ mo~~i~lul 
ami (~r~qvviic diTTc,tcwrr mwculrmr~~lt of lllr 0, r’,r~~< d I.I.wtrlv ic 
ciw~id~~td llvl plwiv rnnl1gh ill lllr :~rl~~nl wl13p 

‘I 0 qw”lC IllC wily on rcso,l;l,ll‘~. lhc Iruling ph:tccc hnvr 10 Iv 
:4iljr15lrd AF :dr~xly ohsrrvcd in tlir I:~hor;rt~~ry trct [ 11 dew mcrhnn~~nl 

cwill:llirrnc Or llir cavity (a rctv 1 II) dtivrli 1,~ Ihcrlrl 11 09~ tll:3li<nl~ ill il~(, 

Ilc par pipin@ p rirwils for c~nnirig cx\ilic% will Iv improvcll ill tlric 

rqw t C-oulil not Iv crmplctc~l! c~~~~~pc~~~nlr~l I>!’ the IIIMY II \i:vi al90 

ohsi~~~cd tll:i( 111r wmtw~wliol1 Ilc:I(w5 dtiicv s\ ill7 50 II7 liw purr 
imhwd lOi) II/ fnrdvwid cnvily ovill;~IIr~o~ lv ht-ll 01 Iwhhl~ iv:t\c7 

Ilrnlc.rr arc cqwalrd no\v wilh IX rurrcril rl&irinlirip llwsc (cohw-rtl,l 
wcillnlions cctrnplctc,ly A &dual twin* phase jittu ()r nlwrit & 2” 
rrmninrd for two cn\ltwr while Iwo ~ltws did rid nllw4 1hc wnc pain in 
11~ Iwlcr srr~0 100p (cxcilaliw Or dr ctrcill:3liot~~ ad ul3 10 3. IO 
~cmninrtl nl clti\ine frrqurncic~ brtn-rcn 4 :~nd IO Ilr 11~~ ph;~w jittcl d 
+ 2” is cwsidwd rccrplnldc fiv I l:I’ sinw Ihc c:lvilk rlwillnliorl< :~f( .- 
sl:tlislicrlly iwlqwtdcli~ nnrl the rctnliw ficl~l error will ih,tlr:w u ilh IIM 
sq11:uv r00i d lhc r~tm~tvr of cnvilirr. ‘1‘1~ ji!tw d imp 10 -t. IO” fcrr IIN 

111 II 01hc1 cavitiw dwc not pcrtuth (hc trpcr:~tioll d cnvilv and ncrvlrr-niw 
lwl IIRC IO hr improved hcforr rhc incfnllation of ~wtc cwiticp. 
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I:u~;~lly with heam the phasr of lhr cc. Inodvlr wilh rvsprrl lo the othrr 

c:l\‘iIies was adjuslrd ty InaxitniCilg lhc syrd~!oirori fwq~lrtlcy. 

Operational Experiences 

~‘avi~~OprraCo~~ Jy&& Jkanl 

l)llring ttlr fir,t itay~ nflcr lhr i\irlfcr shlll~lo~~\ll (blnrcll IWl) Ihr moclrltr 
was idling, no unrxt~~?ccl occu~rc~~ccc IdrIg tlc!rctctl ‘I 0 awid nlq 
infl~rrwc on 1 ITI’ cq~~~lion otl c:l~itiv I\CTC tlr~~~rwd iy ahou~ -5 kli7 
usilrg thr Itrcrm;~l I~III~Y I1 Iakcc ~tl(~~~f ffj IF rrlir~tl(~s lrr IrtI~nr 

~c\cr:~l machine d~~~lopnrr~l pcrilul? \\CIC ricliic:strd lo SC. cnvitirs \\iltl 

hcam lhc lirld [>I-otv c;dihralir~rI WF chcckc(l hy wilchitlg ofi lhc 

module :rud ~~I7w ving Ihc chmgi ill S! Idlrolrorl frcqucw~, A 

compatir~~~~ to similar Ic’sts for the ~‘opprr c:l\ilirT codirmctl the twohc 
Inr2~s~lrcnlrllls, CR. ;a1 2s RI\’ !. *4”6 so rat 7 2 Ill,A haw hccn 

nccumulnlccl with 7 ci,ptwr slalionr awl Ihc v. claliml, each giving IC 10 
i\lV. lniliillty the m;lximlim cilrlcnt wwwd 10 hr limild by fatv qIIrwh 
iirl~~clor trips. ‘1 his XS;I? II w lo tcun il,~Iuccri siprulq awl uac rlll~d by 

rmcwlhit~p nwi dri;cviili/ing thr tlclcc.iot 

Arcclq~afio~l unrirr. .RgnoIc (‘ontr~~t 

lo :uoi(l qId~Ici Ivtulri~II IccvwIIwF lhc roulpillp of lnngtld5 :lIld 1~1’ 

rwllagc is rhr ill n qd~rolwu5 \v:y Iu~lvr r-~mqwlrr r~onlrr~l. C;rJ far il 
w:w pog7ihlc lo r:9mp 2.45 mA l~~t:~l CIIITC~I (clic:lldii~R ltlr fad qllrIIcl~ 
dclfc tots 11) avoitl fnlsc ilippiug of 111~ 5~. morllilc trncliog 10 ham II>?< iI1 

rnrti<,r lrdsl b?tll Itic 5~. mo~!ulr iwhdcd n nw m:lhilllllfll I ,i;l’ wvIg, 
01 511 <ic\’ iw~ ot,l:liIw~l, ttlr CC rwvl~llr contrihlllnl 10 \IV a( thr ~larl 

ol‘thr *31111,> ;Incl 25 hl\’ XI 11X. cud 

111~ cqogwir suppI) sytc~11 had iIliti:ll sl.lbillly pr~~ldrmu vilh cwlidcd 
wr~~~ol t~w~~~ nrIirq 011 plcw~~c ad tc\vly ill 111~ iwli\lm lanks, ttw toot> 
wttsitit~it~ tn~lr,g hifla ac ~,TC l>r~fT~v ‘~~IIIII’L,T Il:lll 10 Iv kept sr~lnll for cp:wr 
rcawns (~arrf~~l ttlning awl Ilsinp I Ic-hnlh Ilwlrrc c~~r~lrc~lle~l tq lhc ICI, 
Irvcl (f+wI forw uri) IxI 10 miI~h l~l11.r FtnlGlil! (Jnr 1111 rlll, 1101~ Yfd! 
RI 25 ‘111’ I Ilis I~fli,~l~lh~l. \?III 1~ t~t+!r:nlc! I I<’ I’00 \!’ rwlin~ pi,wrr ill 
:,1,1,1 T,,,, ,<, hr rrc:d~ 6,1 i,:\ lo 1 111~~1t111(.\ 

Ili~lwr !)rtlcr ~ltnlc hlraswrnwntr 

i\lrn~urri~w~Ii ot iricrItiliv<l modern c :3u tv 11~1nr it) lhc t:llwr:ilor> 17111 
ukillil ltw IY~IH to Lrd tw~~it~l~~ d:luy~~u5 md~ :rl~<l d~IrImiw ltlc lr,l:d 
Jq~~~~1.~1 h(.wr po\vrl i, \rr\ ~r~~po11~11~1, tyrc ial/\. iii \ic\\ d III~~WI 
hrx ru~li‘nTF. (‘:tlrul;di~u~s \,;I11 lhr :wl11:11 Ouwil icnylh of 31 mm II:\\< 
IWI~ tide 1 IO] >i~+li~qz ;I tosy f:ir101 of kl - Il.‘:2 V&C‘ for 111~ 
cl(~rlr!~rr~;igi~cf~r fiddi lr3pi~d irt 111~ c:liilirc t&w 111: wdr frqrwv! 

01 tlx I~wrn pip, 11~ lot:11 rwp slIiptwl adI fI(rm thr hcom hciIl1: 3 
times hrglwr. 

I’or R siliglr hutrcl~ - :II\S~IVY cxll;~p~hl~~d lo 11~ nominal clrrrcnt uf 0.75 
Ill/\ (66 IlLi IO9 w ,,IGr rYtwI”l p[‘r car-it) A /rdrJr~icl, ic ,‘“,’ CT 
mctr1 r~,!!rlcrlcil dlrcrli> ClIll<l 1tic C:IT ilg irlllic:flrtl in fact I 2 \v 
I’r~rll~vIrrlnrc for 2~4 twnrtwc it rhovrct lhnl irdivid~wl bunch powcr~ 
c 1111ld tY Xldcd I’lwIdvri~ cvut~li~s C? iv cniily) :wd cnldei: (2 prr 
couph) :uc well sui~cd lirt Ihc dcsipi c IIIICYH d 2x3 lnA, howwrr, :m 
itlrlwv lo ~,g. 2~36 twnchcs of 100 fi(‘ civ~llot Iv srItywIlrri. 

A xxi1 for sharp rcw~i:wc~c ill lllr rpcc‘lra Icw:dcd wf’ hi&(, md~, 
alw visilrlc in llw Iat~r~ralw~~ lril [.\I lhir morl~. malrhcs rv~~li ir, 
rIC~tIlcll~~~ 10 :3 ‘hln t+~ rnid~ prdi~ Id tq ~nl( lllalion [ II1 

Remaining Problems 

A rk prd~l~r~ rrm.Cn to he 901~ d ill ihc war riltrrrr. ‘l’h mcrh:u~ical 

osciil:~liwls of svmc caGlicr not cr~mtwl~mlc~tt lq 11~ liming sytcrn haw 

lo br ernminer! ad lhc Ivmaining tdwsc ji1lc.t lo hc rrdllccd I’his 

proidrln Inay atw IO Oc tiilkcd IO the fwl qw~~h dr~ccIor gir ing 
s~mwiimcs traps which swm not IO bc rwt. t~uIihcrmore lhc cIyopcr,ic 

y~lcm has to bc fine trmctl lo allo;v R Iargcr frcrdorn of opcmlion ami to 

prepare lhc arriwl of Iw\v In~drrlcs. I~irIntly, molt cxprricncc has to hc 
g:lirwi ii1 ‘slandarri c~pcrali~~lI’. artumrll:rting aId ramping maximIlm 
pcls?lhle hcam CIIrITrltR. I‘or poscihlr higher twnm currrntq ltlr qiwlion 
of I IOhi tosses above ttw cut-ofr frrctlwllc-~ JIRS 10 tv c~wnlinrtl 

Conclusions 

I hr fitd rdt ~r)-0-t~~d& !\iltl f0I1r $c. ,352 Ml17 4.cdl mvitirc wv 
op~r:~lcri in Ihr I 1!1’ rotlidrr. ‘l.hr rndutr was Ilrrd l~~gcthrr with tlw 
roppcr ravilicc IO accrtcralc 11w hcnm up lo 50 Cic\’ iu synchrtwluc 
opcr:\lioll \\ilh 11~ oltwr acrctcr:dcw rcunpwrt~~~. 

311 \I\’ tot:11 rwtl;~y wcrc oh~nirlvrl, 25 \iV iIre a snfc crpcr:Ilir~m~l tcwt, 
fhc.cc wllng~s trcirIf: codiml~d try hcnrn vll’iv~s nliirrly IlOhl 
rnra~~~irmml~ pi01 rtl IhC ccwptirlp whrmr ndrquAlr for thr I l;l’ dvcipi 
c~ur~~~l 01 2r I m 2 ITMpilc lhr rcry lirnild lirnr :Ir;ril:Itdc lhc- tmul~tl~~ ir 
I1(.:311\ rqwraliiul:ll 311~1 5vlil hr irIlrpr;rl~~~t a? cl;~ll(innl I t:I’ uttiipmctll ill :f 

nrnr iillurr 
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