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Abstract 

' I  11c ~nnin clli)rt of tlic sc. 111; corntnrrnity at ('1-RN was conccntratcd o n  tlic I,I;,I' energy upgrading prc1gr:irn 
with tl~r frrlr~ication, test, assembly arid install:~tion of thc first hulk Nb and two Nh sputtcr coated 4-cavity 
rnotl~llrq, cacli tnotlule cotitainirig four 4-cell cat itics. Iri total thc notiiinal installed voltage is 102 lLlV 
cottc.y)ontlitig to ntr accelcratitig grntlicnt of 5 hlVlrn \\'it11 hc:rm thc tlirrc modules wcrc opcratcd up to 75 
RfV so as to :11oid trips of tlic ititcrlocks tluling phjsics run, hccausc of incomplctc procrr;sing in tlir tutit~cl 
atid to cc>pc' nit11 the li~nitccl cryogenics ponrr  (I 2 kW) I;or tlic nominal beam current of 6 mA the bratn 
itidtlc.cd 111; po\\ct drpositcd in !lie c:ivity (hclo\v cut-off fscqucncy) cosrcsponds ncll to the tlicorc*tic:il 
cxpr( t:~tiorls of al>orlt 10\\". '1 lie average staridly 11c:lt loatl prr motlule amounts to 80 W, average tcclrnic;rl 
0-v:~lrrcs ftom 1 5 to 2.6 10'. 

'l'\vc.t~ty mote hulk NI, cavities (hcing assemhlcd to fivc 4-cavity modules) havc hccti ordcrctl at itiduslrq nntl 
arc h(-itig rcccivrd. I11e first stcps for the prodrtctioti in iritlustry of 42 fully equipped Nh sputtcr co:~tctl 
4-cavity niotlulcs (168 cavities) have star-ted ant1 the corresponding rcccption test arcas arc utidcr prcp:iratiori 
at ('IrRN. 111 :~dtlition a ncw I,I?I' t j p r  2-cavity module is undcr preparation to boost the SI'S lepton 
bcarns 

111 p:rrallrl tlic tlcvelop~i~cnt program progrcsscd, hcirig focusscd on the motlifications for thc crpostat, design 
ntld test of a couplcr with vat-iablc coupling stscngth ('varinhlc coupler'), irnprc>vcmcnt of existing and 
drvrloptncrit of a ncw 110M cor~plcr for Iiighcr hearn currcrits as wcll as irnprovcrncnt of cavity pcrformancc 
(gratlicnt and (2-valuc) and studying chrapcr scrics production tcchniqucs. 
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CIIRN status 

l. Introduction 

111 su r~~ tnc r  1989 the 1,111' rnachitie at CI;,RN has cntercd SUCL'CSS~LIII~ into operation, producing Z0 particles 
wit11 a single beam cnergy around 46 <;CV. Alrcady in thc dcsign stage of I ,lrl' it was planned t o  upgradc tlic 
heart, cnrrgy close to 100 <;CV lo produce If'' I V  pairs, the considerable increase of  acccleratitig voltage to 
he rralixcd by atlding supcrcondacting RI; cavitics. 

In thc Srarncwork of thr corresponding RBI) program individual prototype cavitics have been built and 
tcstcd sr~ccrssfully doring the Irlst ycnrs. Cavity cngiticcring has entered now thc final step towards the 
p l : ~ i i ~ ~ r d  rlnits for tile I JII' upgradc, cnllrct 4-cavity modulcs, cot~taining four 4-cell cavities with indepcndcnt 
hclirrtn t :~ t~k  and 111; snpldy, hi11 cotnrnoll insulation tank. 'l'hiq stcp was rcalizcd with the assemhly, test and 
rnncl~it~c insl:~ll:~tion of thrcc surli 4-cavity modulcs. tlic first one just bring utltlcr preparr~tion at the titnc of 
tlic last norksliop at KIIK. 

'l'hr: platiliccl ~~pgr:rtle [ l ]  \\rill take plncc in scvcral stcps, tlic first two alrc;\dy hcing achieved, scc also figure 
l<.igurc l : 

Iricl;rllatiori of one prototype 4-cavity tnodulc wit11 hulk Nb cavitic-s close to I , Ir l '  interaction point 2 
(1'2), irirlutling alrt::~d!. two cnvifirs tnndc by industry. 

Inslnll:~tion of 2 Silrlhcr rnotlulrs \\it11 sputtrr coatcd Nh/(:u cavitics rnatlc at C:I'RN (ncxt to lirst 
nlodrrlr) 

'l hc. firtr~rr stcps \\.ill  be : - 5 t ~ i o d ~ ~ l r s  (20 NI3 carritics) installrtl at 1'2, tnnkirig :I total o f  32 sc. c:~r.ities (spring 92) 

X modrrlrs (12 Nh/(:u cavitics) at 1'6 (opposite to 1'2) fillitig tlic iminrdi:ttcly av:~ilnblc space in 1'6 closc 
tcr t l ~ c  copprr RI;  with 32 c:lr.i~ics. In par:~llcl 8 rnotlulcs (32 cavitics) in 1'8 (spring 93) 

I 'r~rtl~cr X tnotlulrs (32 c:ivitirs) in 1'8. In pnrallrl 16 modulcs (64 cavities) in 1'4 (spring 94), yicliling a 
tot:~I of 192 installrd sc. 352 hlllr, cnvitics 

Adclitionnl nrw klystron galleries at 1'4 and 1'8 are going to hc dug and equipped correspondin Jy (work h:\s 
:tlrc.ntl!i stattctl in 1'8). 
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I'igtrrc 1. 'I'l~c plntlned I.EP upgrading 
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C1311N status 

2. Production, Test and Running of Cryornodules 

2.1 The First (Nb) Module 

'I'he ~~crfortn:~nc.e of tlic first four bulk Nb cavitics designed t o  form 1hc first 1,El' 4-cavity modulc havc 
alrcatly t)cc11 rcpo11cd[2J 'I'he niodulc madc of tliosc cavitics is fully equipped with powcr and higher ortlcr 
rnoclr (1 IOM) corrplcrs and frequency t u ~ ~ c r s .  'I'lic only connection of thc four cavitics' Ire volumes is tlic 
gas collector on top. I iqrrid licliutn supply on the inclincd module' is done equally wit11 ovcrPlow from tlic 
I~iglicr to l l ~ c  lower cavities ('Roman foi~ntain motlc') or wit11 overflow in the oppjsitc direction. 'I'lic latter 
sc~l~ttic~ti ha5 now hccn adaptcd as statidarcl sclicnic. /\ liquid Ilc manifold has becn addcd undcr thc cavitics 
(cotnti~rttiicatirig vcsscls) to case filling and lcvcl coritrol (modulc 3). 

'I hc niodulc trst was tlonc in tlic 'string' tcst arca (formerly used to tcst thc 1,I'I' coppcr cavity string) alrc:tcly 
cq~~ippcd with R stantlard I hI\V 352 M1Iz klystroti, tlic 111; powcr heing distrihutcd to tlic cavities over two 
lrvrls of rnngic 'I'rc power dividers. An existing 450 \V rcfrigcrator (4.5 K) in tlic same hall proviclcs thc 
cooling. 

Aflrr cooltlowti :rnd fillitig low powcr tneasnrcriicnts tvctr clone, c.g. thc Q,,, of the main conplers using tlic 
S ~ < I C I T I  I~artcl~vidtli ar~d the G,, of t l ~ c  probc antennas froni tlic first mcasurcrncnt and tlic tratismission. I)uc 
to ni:~nuf;lc-tilritig tolcrancrs of the ~~ini i i  ccluplcrc ant1 ficld prolilc unflat~icss, tlic Q?,, of the four cavitics werc 
riot ccl11nl tvtt as  shown in tahlc 'l'al,lc 1 .  

I;xc.iIrtl it~tliritl~t:rllp, all cavitirs cxcrctlrd the spcoificcl 5 bIV/rn (sce tahlc 'I'ablc I) howcver, opcratcd as 
3-c.a\ily t~~crtlulc, llie tot:d vo1t:rgr of the modulr was .l2 hlV, corresponding to an avcraged field of' 4 7 
IL~V/I)I 'I liis \\'a9 ~ I I C  to t h ~  cornliioli Ill: power gcncrator and tlic cliffcreiit coupliiigs causing tlilTcrctit 
c.xcit:~tioti Icvcls, ttii~s the cavity tvitll the strongest cxcitalion (16) limitrd tlic ficld iricrcasc of the whole 
nlotlltle. 

- - - - - - - - - --W - 

I ilhlc I .  <:h;rractcristic data of cavities in rnoclutc l 
-- -- - - 

I 1:P u~iit nunihcr 
. - - - - - - - - . - 

Q ~ = , . M C  106 2.2 - . 
E o,,,,,,, /\l bV/i?t  (indiv. 5.4 S .  1 5.3 

exc.) 
L -- - p. - - 

Will1 tlic main cortplrr installed, the usual ~nctliod of Q-mcasurernent based on decay time could not  be 
npplirtl. 'l licrcfore a cryogenic cornpctisation nicasurcmcnt for the averaged (2 of the wliolc modulc was 
donc, tcplacing tlic RI; losses hy an cqlrivalcnt clcctric hcating, yielding valucs in the rangc of 1.3 - 2.2 10'. 
'I hc lack of precision was partly due to residual oscillatiotis of the rcfrigcrator loops. It should also he 
~nctitionrd that the ambicnt niagnctic field in tlic string arca was very inhornogcncous and could not hc 
compensated ucry wcll (the motlulc had compensation coils). 

'I'hc existing insta1l:ttion allows to rise the ficld in all cavitics sirnultancously, but tlic first tcsts and proccssing 
(RI: and I le) \trcre mainly donc individually by dctuning tlic inactive cavities. In this way the rcaction of t11c 
parlicular cavity could he ohscrved closc to its actual performance limit arid firltl could hc chatlgcd 
accorditiply. In this state of proccssing tlic cjrlcnch dctcctor, prograrnrncd to dctcct a fast fjcld dccap, oflcn 
triggc:rcd on instahilitics quite norrnal durit~g processing or on ficld variations causcd by thcnno-acoustic Ilc 
prcsstlre oscillations. 

1)uritig the tests of the individual cavitics as unit ('I-cavity module') no serious pn)hlctns of IIe prcssurc 
oscillatiotis were encountered. In the 4-cavity modulc, lio\r-evcr, thc thcnno-acoustic oscillations in the 
service pipes of thc Ile bath volurnc tnodulatcd thc cavity frcqucncy so strongly that thc tuncr rangc :it those 
motlulation frcquencies was excceded ancl for the first modulc a phase jittcr of up to + 10' remained in the 
worst case, two cavities being a factor 5 better. 

After this trst (1:chr. 1990) tlic modnlc was tmnsportcd to tlic PM18 acccss shaft, thc only one whcre objccts 
o f  this size can bc loweretl, and from there along the tunnel to its final location at 'point 2' (1'2) of  1,131'. 
'I'liis c~pcrntion was diflicrllt due to the tight spacc availahlc in the tunncl, sometimes only a few cm. 

----------p 

tlie I .liP rnacliinc piatre is inclitred by 1.12 25 
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l I 2 l !I(* f i ~  F I  4 cavity tnc>cl~tlc (Ir;~t,qporl;itiorr) 

' l  lic l i l ;  sy.qtern ~rscd in the turir1c.l to s~lpply tlic sc. cavities is very sirnil:rr to the onc for tlic copper c;~\.ities. 
rxtt-1'1 t1i:lt i r i  tlrc final stage 16 sc. cavitics are conncctctl to onc 1.3 MW klystron2 via 4 Icvcls of magic 'I'cc 
~'o\\.rr di\.idrr.s :~llon.i~ig a nlaxirrilrtn of 80 k\\r pcr cnvity. I t  is possihlc to dnuhlc the ritrrnbcr of klystr.ons for 
a liigl~cr hcnrii c11t.r-rnt, t l~us  using 8 cnvilics prr klystro~i with nn availahlc power of 160 kW per c:rvity. Also 
coritt-ols arc dt:r.ivrd from tlic t:xistinp systcrn nllo\ving :I rnaxirnurn of cotnpatihility nntl sitnilarity for 
cq>cr.:ltion. ( 'on~rol  of tlic sc. cavitics is possihlc from the loc;tl control in tlic klystroti gallcry or fi-orn tlic 
r r ~ n i r i  1 , I - I '  coritrol rootn 131. 

IYor thc sc-. c-:I\ ity oprrntion additiot~nl iritcrlocks n8crc necessary : 

/\ fact' (lttc11c-li drtcctor triygcring or1 the fa5t field decay of the corrcy>onding cavity (klystron off) 

' I  1irc.c Icvcls of Ilc gas pressure interlock (operational prcsstrrc hclow 1.100 rnhar) 

- c - r r t  klystrcm drive at 1350 rnbar 

- dump hr:rnr at 1600 tnbar 

Ilcam dump o r ]  I ,llc lcvel hclow 11OIL1 couplet cooling inlet 

' I  tic liquid Ile was supplietl hy a rcfurhisl~cd cxisting rcfrigcrntor movcd to 1'2 and n trntisfcr line distrihutioti 
systcrll designed for up to 3 rnotiulcs. 'I llc refrigerator dclivcrcd up to 800 W and \vorkeJ until now duririg 
311 1 ,l;!' runs, \\~itliout any serious failure. '1'0 prepare the rcfrigration of 3 modules, all atlditional turhiric 
was inst:~llrd in t he 1990/9 1 shut down, hoosting the capacity to 1 150 \V. 

\Vlicti opcr:~ting 111s module without heam, 30 lLlV total voltage could he ohtaincd cornp;ircd to 32 it1 the 
test ;Ircn, f~rrtlicr procrssir~g was tiot possihlc duc to the tirnc schedule. 'l'hc thcrtno-acoustic Ilc pressure 
oscill:rtiorl~ cor\tir\\ird to he a ptohlrm. N o  satisfactory Q-tneasurcrnctit could be made. 

1)uring the I i r~ t  1.1~1' tur~ning period tlic cavitics \vcrc not used, thus wcrc tlctutied by ahout -5 kllr., hnlf 1v;iy 
to tlir. rirxt 111:1cliine line. Iluring srvcr:~l rrt:ichiric dcvclopmcnt sessions (hll)) bearn-cavity interactions wrrc 

-- - - - - . . - - . . .. . . -.-. . .- .- - 
2 1 1 1 ~  I .[;.l' I h l W  klystrcrti has been bocizrrd I I ~  111 1 . 3  RlW wilt) only l~ i i r~or  modifications 

26 
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CISRN status 

1'ip111.r 3. I'l~r first rnodr~lc installctl i n  1.l:I' 

ex:~tnirrcd. I lie cl~atrgc of thr 1.IJI' syncl~rotron li-cqucncy with the total accelerating voltagc \{?as uscd to 
cotilittri tlic nccrlrrating volt:~gr of the tnotlulc ded~~ccd  from probc antenna calibrations. 

/\firr c-oninii~siotring tlic rnodulc was uscd for physics nrns, including accumulation, rnmpirig and luminosity 
run. 25 hlV total voltage, i.e. 3.7 ILlV/tn avcragc field, was considcrcd a safe opcratirig Icvcl. 

I lrr 11OR,l Innrling in tlic cavitics was dctcnnincd. I;or a singlc nominal 1,l'I' bunch 10.9 W polvcr per 
alrity wrrc cxj.rcctrd to bc coupled out for frcqucncics below bcarn pipc cut-off; WC measured (ancl 
cxtmpolafc-d) 12 C\' ii~ith a holomctric polvcr mclcr. 'l his confirms that thcrc is no large rcsonant built up of 
1 IOr\,l firlds nntl that extrapolations to possible higher bcarn currcnts can be made with confidcticc o n  
tlicorcfic:~l basis. 'l he problem of the wakc ficlds at frcqucticics above cut-off, however, rcrnairis still to bc 
cxamitictl, ~nctlinds of nieasuremrnt arid possihle treatments are under preparation. 

2.2 The Second (NblCu) Module 

'I'hc srcorrd 4-cavity rnodulc has thc sarne cryogenics ('Roman fountains') and mechanical dcsign as modulc 
I, lrut cavitics arc sputter coated (Nh/('u) and tlie 11OM couplcrs arc of typc Sac43 . Eight Nb/<:u cavitics 
were in the prc?tluction linc to asscrnblc two such rnorlulcs. 

'I'hc performance of the individual cavitics can hc found in tahlc 'I'ablc 2 : 

I 'Ihhle 2. NbjCu cavity perrorninrrccs in unit tcsts I 

-1  he first Nb/(:u rnodule was also tested in tlic string arca. As for modulc I IIc processing was applied, but 
one coultl not \vork at thc usual pressrlrc of  about 1 10 mbm. Fast break downs forced to reduce to  about 
3 10 "nhar, wlierc processing allowcd to reach 5 MV/m avcragc field within a few hours, using sitnultancous 

2 7  

I ,I :I' unit nu~nbcr 9 10 

production number L51 LA9 

moctule Pd 2nA 

6.1 7.1 

go 10" at 5 hiV/m 2.6 2.8 
p. 

Qc,t,n.rc 1 Ovs t r ing )  3.17 2.95 

I I 

132 

Pd 

5.4 

2.9 

3.04 

12 

LA7 

FA 

6.1 

4.8 

2.26 

S 

1 5 3  

Yd 

8.0 

4.8 

2.13 

6 

135 

Yd 
7.4 

3.8 

2.45 

7 

154  

P* 
6.5 

2.8 

2.82 

8 

L57 

Td 

7.6 

5.0 

2.38 

Proceedings of the Fifth Workshop on RF Superconductivity, DESY, Hamburg, Germany

SRF91A03



CLRN status 

proccssing of thc cavities in the final stage. Iluc to  the installation schedule we had to  abandon processing at 
this stage. 

'I herc was n o  dircct Q-mcasurernent, however, we could run the modulc at 5 MV/m in real CW, which for 
mndulc 1 quickly exceecled the production limit of the refrigerator. 'l'his allows the conclusion, that the 
0-vnlucs arc cc?tisiderably hctter than for module I .  Static losscs for the whole module were 90 W. 

Once thr module installcd in l,ISl', again tllcre was a longer pcriod of idling. Iluring special M l l  scssions 25 
h1V .nctr ohtained without bcani, thc limit being trips by thc quench dctrctor, sensitive to fast ficld dccay, 
wliicli is not nccessarily a qucnch. In this case cavities 9 and l2  showed ficld oscillations caused by prcssurc 
oscillations at al>oi~t I0 IIz which could not be cornpensated by thc tuning system. 'l'hcsc oscillations oftcn 
triggvritig thc quctich clctectors: pcaklpcak atnplitudcs of 10 mbar have bccn observed with frcqucncics 
I>ctwt.cn 2 and 4 llz. During filling of tlie module no prcssurc oscillations wcre obscrvcd as long as only tlic 
first cavity was hcing filled, oscillations startcd, as soon as tllc oi~crllow bcgan. 

13otIi rnodulrs tcigi*thcr wete operated at 54 hlV, tltc litnit hcing givcn by fast (10 ms) ficld variations in 
tnorlr~lc 2. this one hcing slightly higher cxcitccl dnc to thc adaptcd higher Q,!rxc,MC. With bcam both modulcs 
togctl~ct ncrr  c~prtatctl at a safc lcvcl of 40 bIV, tllc voltagc of thc sccond modulc hcing also conlirmctl with 
bcat~t. No attrtnpts wrre rnatle to force Iiiglicr field Icvels cturing luminosity tuns. 

2.3 The Thir-d (NblCu) Module 

0rigiti:~lly the t n o  Nbj<'rl tnotlrtlcs wcrc plflnncd to hc installcd together hut onc cavity showcd at 5 ILIV/rn 
onl) n 0 v:~luc or 1 10' wlien riimsurcd as unit, much lo\vcr than thc 3. 1O"as hare cavity. 'J 'o  itnprovc this 
i ;~lr~c. ,  firltl thc origin o f  the t lc~atlat ion ;iritl an atlrqunte trrnfrncnt, it \fr :1~ tlccidcd to delay tllc third tnodulr. 
I t  \\as liiu~itl out that a sil~ir~lc rinqing with rtltrnprtrc \vater could rccovcr (even improve) the Q-valuc 
tiic.:r~r~tccI for tlir hnrr cavity an(1 nlicn rrasscmhlcd as unit, tlicre was no dcgrada~ion to be ohscrvcd any 
rnorc. 

bloctule .l is ncarly idetitical to trloclrilc 2, however, it is the first 'Right' niodule (i.e. the main couplcr is 011 

thr right side o f  tl)c cavities) and thcrc is a lower liquid collcctor for all Ilc-tanks, thus thc l l c  lcvcl in all 
tanks is (al-rout) the same. 'l his fact proved to bc very 'hantly' (luring proc-cssing, whcrc a cavity 'run dry' by 
ptoccssing hat1 not to he filled by a slow scqucncc of overflowing vcs~els. '1'0 sinirtl;~tc thc c ~ o g c n i c s  
cotiditions for the surface test as close as possible, thc inclination of the 1.1:I' tunnel was rcproduccd with the 
rnc>tlrilc support. 

.l'hc 'string' test w:rs donc as for t l ~ c  othcr modulcs, we found again a sigr~ificant scattcr in coupling strengtl~ 
for the main couplers (see tat)lc Table 2 on  p a p  4). I'roccssing up  to 32 MV (4.7 MV/m average) went 
strsigllt Forward with RI: proccssing brit high radiation lcvel (scvcral kliad). 'I'hcrcforc l ie  proccssing was 
started mostly in individual rnc>clc, protiucitig lcss radiation. As for rnotlrtlc 2, we could not work with the 
usual Ile pressure, hut had to pu1~1p dotvn to 2.5 10 mbar. 'l'he only nlodification hctwecn thc unit tcsts 
and tlie 4-cavity module test is the prescnce of the IIOM couplcrs (wc havc also donc 'standard' Ilc 
processing with rriain coupler using a tetrode atnplificr) i.e. WC conclude that the obscrvrd break clowns in thc 
gas have to takc place thcrc. 

At thc cncl of thc proccssirlg we ohtaincd D6 MV (5..3 klV/m). A rough cryogenic conipcnsation 
mcasrircmrnt was done to cstimatc the avcragcd Q-value of thc module and 1.9 1OV was found, a valuc quite 
in contrast to the IIf; determined Q-values of the individual cavitics. A similar cffcct was also obscrvccl with 
the hcatcrs in thc tunnel for the other 2 modules. ?'his diffcrencc is not yet understood. 

I'ulsing tlie klystron was madc available for tnodulc D in the test area. Iluc to technical constraints of this 
first systrm, only one cavity co~lld bc monitored. l'roccssing the wholc modulc 'l s o n ,  4 s ofT' for about thc 
last availahlc hour, starting at the CW limit, thc peak ficld of thc motiitored cavity coultl be incrcascd I y  
about 10"/0. Assuming that thc othcr cavities follow proportionally, an averagc field of 5.8 MV/m was 
nhtaincd in pr~lscd mode, to hc checked in CW in the tunnel. 

'I  herrno acoustic pressure oscillations wcre found also in this module and could bc rcduced to an  acccptablc 
Icvrl by siniple rnoclifications of thc dead volurncs of the hcliurn pipes concerned. WC havc dctermincd thc 
ftcclucncy prcssurc dcpcndcncc and foutld for all four cavitics 8 IIz/mbar with a very low scatter. Since some 
cnvitics show higllcr pllasc jittcr tha11 othcrs, wc cotlclutle that the pressure oscillations can vary from cavity 
hatli to cavity bath in the same motlulc. 
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Wllcri itis~allcd in 1,1'I', one of tlie beam valvcs, closing both module ends during transport, was stuck closcd 
arid tllc cavity vacuum had to he hrokcn in tlie tunncl to rcplacc this valve, the opcration happened without 
apparcnt inciticrit. 

1;irst tcs19 without beam wcrc done and all 3 tnodulcs could deliver a total voltagc of 75 MV. With 
circr~lnling brntn of  3.8 m h  tlic satnc voltage \vas achieved, but duc to pressure of thc physics community to 
g( a rnaxitnr~tn integrated lurnitiosity in I.,El' there was no extcndcd running of the thrce modulcs with 
hcam. 

I 
- -- --p 

I ahlc 3. <ilo\,al Performal~ce or Modulcs 
- - 

Module numbcr I I I' I 2" A I 31A 

2.4 Oufstat~ding Problems of the LEP modules 

E ,,,,,, A!l,7/m(string) 
- - - -- - - 

'I'cclrtiical ()-value 100 (I d<I' ring) 
. - - - - - p 

Standby losscs W 

'l'hcrr a still scvcral problem arras \vlicrc irn1,rovcrncnt is dcsirahle or cvcn ncccssary: 

Alrc:ltly \l ithol~t hrarn thcrriio ncor~stic oscillatiotis l~ct~vccti 6 ;u~d 10 11z cci~sc cavity frcqucncy 
o~cill;~liot~s. sl~on'ing up as phase oscillations o f  tlic cavity voltagc with amplitudes of about 10' and 
c-orrr.;po~~~lit~p voltage oscillali(~~is. ' I  hcsc cannot he cornpcnsatcd by thc tuning systc~n. 

4.7 

1.5 

75 

It is tliflicult to stvilcli o n  again a unit \vitli circulating strong bca~n,  tlic bcarn induccd voltagc 'confusing' 
tllr lrlllcr loop. Switch (311 procedures have t o  he dcvclopctl. 

' I  llc fist clucncll clctcctor oftcr~ trigpcrs because of rcsidual oscillations mcntioned abovc. 

5.0 

2.5 

90 

A rclinlllc Q,,-rneasurcmeiit iri the tunrlel has not been possihlc. 

5.3 

2.6 

75 

' 1 ' 1 1 ~  cryogt-~iics plant has gained in stability but further i~nprovcmcnls of control softw:lrc arid automatic 
pr occdurcs are necessary 

.i'he tc-c11nic:ll ()-values, ioclucli~~g all dynamical losses, wcrc tlctcrrnincd by cryogcnics compensation 
rnens~r~~t~rnct~t, yielding thc  tint:^ givcti in tahlc 'l'ablc 3. 

2.5 The SPS modules 

~\ltc:ldy at the time of the KEK workshop a unit with the bulk Nb cavity '1.17P2' was opcrated in thc SI'S to 
i~nprc~vc Irpton injection from thc SI'S to 1,l.I' [53. This cavity was driven by a R17 fccdback systcni with a 
40 k\V rrtrodc, annihilatitlg all bcarn induccd ficlds during tlie proton part o f  thc SPS supcr-cycle and 
switching to acceleration for the following four Icpton sub-cycles. 

'I'his systrtn wclrked so wdl without any special attention, that it was dccidcd to  try a doubling of the voltagc 
in rc*placing this unit by a 2-cavity modulc made frotn staticlard 1,111' type Nb/Cu spullcr cavitics. 'I'hc risk 
of thi.; tlccisiotl was linkecl to tlic fact that a ncw rcfrigcrator could not be ordcrcd on short noticc, but the 
old one Iiad on paper just cnougli powcr to cool such a moclulc opcratccl in pulsccl !RI; tnodc. 

Otic cavity (1 /18) hntl to hc dcvii1tcd from tlic in house I ,!;l' production line, thc sccond (1,46) was our 
rcf~rrbishrd first full tcst cavity. 'I'hc asscmblcd 2-cavity modulc was teslcd as thc staritlard 4-cavity nlodr~lcs 
in tlic 'string' trst area. l'roccssing allowcd to incrcasc tlie CW field to 5.2 rcsp. 4.5 MV/m, howcvcr, 1ic:ding 
with tlicrmal run away it1 thc IIOM couplers typc 2 was observed and CW operation had to bc stoppcd. 
I;ortunatcly, in tlie SPS the accclcration duty cycle is vcry short and in such modc the modulc could vcry 
well he opcratetI. 'l'wo indepctitlent RI; fccdback systems wcrc uscd in the SIDS tunncl to drive thc cavitics 
and hearn measorctnents confirmed pulse peak ficlds of 5.5 rcsp. 4.5 MV/tn, i.e. thc module delivered 17 MV 
to tlic lepton hearn. 

N o  teclrtiical ptoblcms werc encoutiterrd, but during rcal opcration the cryogcnics supply revcalcd in fact just 
suflicicnl and caused a few operational delays, e.g. whcn refilling after powcr failure. 'I'lierefore the SI'S crew 
dccidcd to renounce sorne supercondnctitlg MV, hut win morc operational flexibility and in autulntl 1990 tlic 
2-cavity modulc was removed from the tunnel, scparatcd and the resulting unit (cavity 1/48) was reinstalled 
after a short trst. Actually it runs without prohletns at 4.5 MV/m. The total operation time of 
superrondr~cting cavities in the SI'S ( i t .  1,171'2, 2-cavity modulc and L48) cxcceds 20000 hours. 
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I ' i g i ~ ~ c  4. 1 l lr 2-cavity rnodrlle it1 t l~c SI'S 

I t  \\.;IS tlccidcrl to acld twginnitig 1992 a ticw 2-cat it? rnodulc \+it11 a srp:tratc rcfrigcrator, :~lrc;itly ortlcrctl. 
'I  hc 2-(-a\ ity tnodule is under prcparatio~i, madc frorii tlic old hulk Nb cn\ ity 'I ,I.1'2' and NbiCu cavity 1,46. 
' I  he tlirec inqtnllc-tl sc. cnvitics will rn;~ke it possihlc 10 rcmovc somc 200 b1llz coppcr cavitics, thus reducing 
tlic ocerall rnnchirir irnpcdaricc t o  prcparc for the frlture I ,I I(: beam. 

2.6 Future s~~perconducting LHC cavity 

Ilic plnnric(i large hadron (:ollidcr I,II(' [h] nceds lcss than 16 MV accelerating voltage, hut a stnnll 
~n:~cIiitic irnpcd:ince is pri~nordial. ' I  hcrcfore it is cnvisagcd to use 8 superconducting singlc cell cavitics at 400 
h.1II7. operated at up to 5.3 MV/tn, which accelerate both \>cams in t l ~ c  same gap. Such a cavity has hccn 
dcsigricd [7] arid a prototype is urider construction at Cr'RN for testing with a high intensity proton hcatn in 
the SI'S. 

3. Orders and Reception of Cavities from Industry 

3.1 20 bulk Niobium Cavities 

'I'he 1,61' energy upgrade foresees after the thrce 4-cavity motlules already installed, 20 cavitics ( 5  modulcs) of 
bulk Niohiurn, allowing to  operate 2x16 cavitics around 1'2. I 'hc manufacturefl dclivcrs tlic cavitics as unit 
witl~out main arid IIOM couplcrs and - aftcr rcccption tcst at < X R N  - these cavitics will bc asscrnhlcd to 
4-cavity  nodules undcr the respotisihility of <:IIIIN. 

'Ilie first of those cavitics have bccri measurcd and (after somc initial start up  dificultics) cavitics fulfilling thc 
spccificatinns coticcrning the Q-value at 5 hlV/rn and generally largely surpassing 5 MV/m, start to arrive so 
that the assetnbly of the first tnodule will start soon. 
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Table 4. Nb cavilics (will~out main- or l10M cor~plers) From 
111dustry r- 

P-- 

3.4 7.05 

I., 1 3 1 71519 1 (2.) 6.3 

I)r~c to the strorlg itiIiotnc>gcrrcous stray magnctic field of tlic big dctcctor 1,3 closc to our first tnoclulc, we 
li:rvc 10 ;~.;k to 11111 t l o ~ ~ n  the m:rgnrt \vlic*n wc arc cooling do\\n this rnodl~lc. 'l'hercforc wc havc rcplacccl thc 
r .orn~'rn~;rfio~~ roils for the c:ivitics frc>ln intluqtry hy a rnorc cxpcnsivc internal high pcrrncnbility sliiclding, 
Ivitry nldr to c'opc also with inhornogcncous fields and \vIiich does not ncctl operators to  sct and check 
ru~r.c.tiIs I t  shor~l(l \,c rc~narkctl that \VC havc lnaclc scvcr:il attempts to provokc tlic '100 K elrcct' [8] in 
kerpine llrc trrnl3crnturc during cooltloivn on prrtlictcd dangerous Icvcls, I)ut it could never be obscrvetl. 

3.2 160 Spcltter- Coated Cavities 

'1'0 nc.llic1 c tlic 1 lil' energy t~pgr:itlc, tlic main bunch of cavitic~ will bc of Nb/Cu sputter coatctl typc arid tlic 
ordrr \$:IS sliatctl by thrcc I'uropcan firms4, two of thcrn having alrcady dclivcrcd l iil' type cavitics to 
N .  I hc. tlrign ficlil was asked to bc 6 MV/m with a Q-valuc of 4 10'' at this ficltl Icvcl. I;or thosc 
car itifs ('ITRN nil1 receive the harc spl~ttcred cavities to chcck thc sputtcr-cd Iaycr, avoitling a costly asscrnbly 
of a c:r\ i t y  wit11 Jrfcct into a 4-cavity rnoclulc. 'I Iicsc barc cavitics will bc sent hack to thc m:inufircturcr and 
('1;IIN ill recrivc fin:rlly fully cqi~i j~prd  4-cavity tnodulcs, only the power coupler will bc mor~ntcd with 
rrd~lcrd corrplirlg (somc 109, allo\ving to control thc spcrificd Q(E) curve. '1'0 do  these tcsts, ('ISRN is 
actuall) inst:~lling a Iargc test arca in the SIL.118 hall. 

'I'o gr~:rtantce for some vital cotnponcnts (c.g. special stecl ingots for vacuum flangcs, Ni tubes, lieatcr wirc, 
rectangular copper wire for thc tuncrs, vacurlrn tight fccd-through, low loss RI7 cablcs) the quality and 
uniforlnity for all mnnufacturers, ('IIRN has ordcrcd thosc cotnponcnts uritlcr its own responsibility. 

All tlircc conttactors arc preparing the ncccsmry installations likc clcctron beam wclding apparatus, 
cliernislty, clean rnclms and sprrtter apparatus, first harc coppcr cavitics havc bccn produccd and first Nb tcst 
filrns have bcen sputtercd. All this activity dcrnands consitlrrahle attcntioll from (:I'RN cspccially during tlic 
hcgitlning to allow a smooth trat~sition t o  production. 'I'hc first prototypes of bare cavitics arc cxpcctcd this 
sumrncr, tlic first full rnodulcs bcginriing 1992. 

3.3 Couplers 

Also thc fabrication of thc main arid l l O M  couplers will bc clone in industry5 and a scparate contract has 
bccn placed. Il0h.i coupler typc 5b [4] (scc figure Figure 7 o n  page I I )  will bc uscd, giving satisfactory 
results 011 the t!fro Nb/Cu modnles in I ,17P. 

In t l ~ e  meantitne a power coupler wit11 variablc coupling has bcen developed and conditioned up to 180 kW 
and therefore it is highly probable that thc cavitics will bc cquippcd with thosc as soon as possiblc. 

- -- 
4 ANSAI.I)O ( I ) ,  C.:I'IICA (F), Sll ihllrNS (former 1N'I'BlIAl'Oh1) (I)) 

SICN (1;) 31 
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4. The Cavity Reception Test Areas 

I*igrwe 5. ~krtch ol'the trst nrca urldcr constrnction 

.I'he tight schrtlule for tlic 1 ,l'IJ upgradc asks for a stnootli and fast cxccution of thc ricccssary acceplatice 
tcsts O S  ca(.itics and 4-cavity moclrtlcs. 'I'lic actual mcasurcmcrit capacity is not adcqrralc at all and thcrcforc a 
now t(.st facility is untlcr preparation in the. hall SIL118, uscd for the l ,t3P installation bcforc. 

Work i s  unclcr n:4y for 

4 (possibility to upgradc to 6) intlivitlually radiation sliicltlcd cryostats for the check of tlic bare cavitics, 
allo\ving to proccss cavitics while other ones arc hcing prcparcd for measurcrncrit or bcing clis~nountcd. 

'I'wo indcpcnclent bunkers t o  llo~tsc a 4-cavity rnoclulc cach for tlic final acccptaricc tcst, includirig ficld 
:ind (-)(I!) ~rrfonnance. 'l'licse tests will hc done with 300 W solicl state aniplificrs, one pcr cavity, 
ailowing to process each cavity just at its pcrfonnancc limit. 

A cotnmon control room housing tllc low power RI:  cquipmct~t as syntlicsir.cr, power mctcrs, lock 
systrm as nrll as thc corltrol computers e.g. driving tlic tcmpcraturc rnappitig systcrn available for thc 
prototypes and special cases or piloting the cavity processing. 

A cctitral 6 kW refrigerator with 25000 1 I,llc dcwar serving thc diffcrerit clictits indcpcndcntly. 

A clcnn room (class 100) I:~rg cnough for a full 4-cavity modulc allowing clean mounting of tlic rnair~ 
couplcrs and to respond to possihlc cavity acciderits 

Iligli purity watcr installation for cavity and couplcr rinsing. 

'I'cst bcnches for processing of the main couplcrs before installation onto thc cavitics. 

After tlle succcssfitlly passed acceptance tcst the main couplers will be rnountcd with strong coupling for thc 
beam it1 tllc clcatl roorn (fixed conplcr) rcspcctively tlic variable couplers pushed to 'bcam' position. 'I'o hc 
also ready to Incasure a cavity in this state in cxccptional cascs (c.g. vacuum accidctit), a mobilc 50 kW 
tetrode arnplificr will be availahlc. IJefore being irlstalled in the IsLP tunnel, each 4-cavity module will he 
testetl in its final corifiguratioti with thc fccdcr arrarigcmcnt as in I,RI' with one common powcr source. 
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5. Modifications, Improvements and Future Aspects 

5.1 Cavity and Cl-yostat Modifications 

1)uc to orrtsidc constraints (!,l l(: project [63), tlic tlomcs of tlic cavities had to  bc turned axially from 32" to 
45". '1'11is dccision came too late for the first 32 cavities, liowcvcr, all Nb/<:u modulcs frorn industry will bc 
rnatlc likc this. 

\\'c kq>t tlic rnodular structure of tlic units to prodircc niodules of any numhcr of cavities and also tlic 
pos.;ilrility to opcti tlic cryostat williout welding, tlius tlic stccl skins for vacuum tiglitncss wcre kcpt. l'lic 
c-ha~~gr of tlic cavity crids conccrris only tlic cut-off tuhc, liowcvcr, thc fccditlg R F  system has to  hc modificd 
consitleral~ly. 'l l ~ e  rcsultarlt (rotated) positic~n of tlic IIOM couplcrs would hide tlicni partly bclow thc 
longilrrdi~lal girtlrr of the exislirig cryostnt, making thcm inacccssiblc. To rcsolve this problcm and to allow - 
for 111c al~cacly proposed current incrc:~sc in 1 ,IiI' - 1 iOM couplcrs with fixed coaxial Iincs, the cryostat framc 
mas rrdrsignrrl \\fit11 t\vo longitutlinal girtlcrs and correspondingly two tnctal shccts and 0-rings for Icak 
tigl~tr~css (src fiprrrc 1;igirrc 6). ' I  lic cryostat flanges arc mntle from alurninum and Ilclicoflex (R)  metal 
g:rckrts \ \ i l l  I>c rlsetl to join thc indivitlunl 'cryostats' to n rnodulc. 

' l ' l ~  i n ~ ~ r r  slrilc.ture of tlic ctyost;~t has also hcrri motlificd. Mcasurctncnts have shot\~ti that rcplacing tlic gas 
cooled i:~tli:~tior~ sliield hy morc lagers of srrpcrinsulation lctl t o  only 2-3 \V additional cryogcriic losscs pcr 
c.:wily, hilt sar-ing the constn~trlion nrit l  nsscrnhly cost of tlic shield and its pipcwork. '1.0 rctlrrce the risk of :I 

1 l(% g:].; Ir:~k into tlic insrrl;~tio~~ v:tcui.rtn? coppcr pipcs arid hr;~zings were rcplaced by stait~lcss stccl pipes atitl 
t ~ ~ o s f l y  ;111to111aric '1'1G \vcltlirip. '1'0 covcr tlic lower rncclianical strcr~gtli of the coppcr cavities, thc I lc 
tlisc.l~at.gc. s:~S:.lj lit~c \vas iticrrnsrtl f ro~n  SO rnln cliamctcr to 80 mm and equipped with a 'tliffuscr' outlet to 
:~cllic\.c t ~ ~ : ~ x i i n ~ ~ r n  tliscliargc ccnp;~c.ity. 

Dbl Q-. l&. d%.sAd 

E"&. i t d r  - .d. I*" .,".l 
a..- ,> , 

I'igurc 6. Ne\v cryostat design wilh cor~plcr at 45 dcgrcc 
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5.2 HOM Coupler Improvements 

'I'l~c I IOM cnuplcr[9J type 1, as used on niodulc I, was not wcll adapted for sputter cavitics due to a lateral 
111: outlct and lateral positionirig pins. IIOM coupler 2 [9] showcd good RF performancc operated on tlic 
SI'S '2-cavity module' in pulscd mode. 'I'hc sevcrcr coriditiotis in 1,I'I' (including tlie option of even higlicr 
beam current) triggered - in collaborafinn wit11 tlic A I S  group in Saclay - the development of coupler type 
Sa, \~liicli )lad evctl bettcr RF pcrfonnancc and a much reduccd risk of overheating. 'l'hc only drawback was 
tli:it tlic liquid lirlium was scparatcd from tlie hc:ltn vacuum only by tlie RI: window, considcrcd a11 
utihcnltliy situation. Coupler Sb \t7as tlic outcomc of a corrcsporiding modification, rctnoving the wintlow 
prot3lrm in kccpirig the good RI7 pcrforrnanccs of Sa. '1.0 cope with tlic powcr coupled out for a high 
it~tcnsit y hcntn, a power splitter and t ~ v o  cablcs inside thc cryostat can bc uscd. 

I ' i p ~ ~ r e  7. I he I lOhl cor~plcr typc 511 

5.3 T11e Variable Main Coupler 

A m:titi couplcr with variable coupling strcngtll ('variable coupler') is irscful for the forcsccn operation 
schcmcs of l ,I<[', high energy bcarns or high iritcnsity bcarns. Sucli plans have pushcd to thc dcvclopmcnt of 
such a co~~plc r .  It allows also to conipcnsatc the fluctuations of thc coupling constants obscnred on  the first 
tlircc modules. 'I'he coupling rangc obtained was from 2.5 1 0 '  to 2.5 10" tlius allowing evcn to dctcrrnine Q,, 
with suficietit precision in the tunnel. It was conditioned up to a (:\V powcr of 180 kW for one wcck ancl is 
undcr tcst on a col(l cavity. 

5.4 Monolitt~ically Hydroformed Cavities 

0i1r cavities are actually produced from half cclls madc by spinning, being clcctrorl beam weldcd to 4-ccll 
cavitics. '1'0 reduce the length of welding scarns (only cut-off tubes) arid with it the cost, monolithical 
Iiydrofbrrnir~g of cavitics from tubes m:~de of coppcr was tricd with success [IO]. Starting with srnallcr 
cavitics, 352 MIIz single cells wcrc forrncd from SI: and 0I;IIC coppcr. Finally even a full 352 MIIz 4-ccll 
cavity tvas made from a single tube o f  SI;, typc coppcr, but all tests for full size 352 Mllz 4-cell cavitics witli 
tubes of OF1 IC copper did not succced. 

'1'0 tcst the sut-fhce quality of coppcr trcated in this way, two of such 352 Mllz single cells have bcrri 
sputtered witli Nb as for tlie standard 1,171' cavitics. -1'hc Q-valuc of the first cavity at 5 MV/m was 5 10' and 
tllc peak field 1 0  MV/m, the second cavity had only a vcry low performancc for reasons not yet understood. 

111 ricw of  thc interest for lo\v cost cavities at frcqucticics around 1500 MIlz, mono- and tnulticells using 
extn~tled 0171 IC copper tubes (on tlic niarket) wcre produccd with 3 forming and thermal cycles resulting it1 

a mechanical tolerance of about 10 ! Spiittcring of tliosc cavitics was chcckcd for single cells with good 
results (sce also tlie chapter on 1500 Mllz cnvitics) but rcrnains to be donc for 352 MIlz 4-cell cavitics. 
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5.5 New Types of Sputtered Films 

oric of tlic advantages of sputtcr coatctl c:tvitics is that onc can rathcr casily changc the matcrial to bc 
spattcrcd, oncc the technology tcstcd out. Niobiurn nitridcs and its dcrivativcs (e.g. Nh E N) arc possiblc 
rnatcti;rls with highcr 7; than Niobium[! I ]  Cavities at 500 lllllz wcre spt~ttcrcd with this typc of laycr giving 
vcry higli Q-valucs at low field but a much stccpcr slopc of thc Q(I7) curve than tlic purc Nb sputtcr laycr 
[I123. 

5.6 Sputter Filrn S t ~ ~ d i e s  at 1500 MHz 

Sm:illcr m\:itics allow a rnrlch f;lstcr turn over of rncasurcrncnts and in the sarnc tirnc future rnachincs arc 
pl:ult~ctl wit11 frcqucncies highcr than 1.1scd now for 1,l:I'. .l'licsc cavities allow thus to study metliqds to 
rctlucc. clcctrot~ loading, o\,t:titi liigll gratlicnts in a rcproclucihlc way arid observe properties of hydrofornird 
:~rilics. 'I'trrrcfort. a sinall tcst stand for 1500 hl l lz  cnvitics wns built up and nln in. At CI'RN thcrc cxistcd 

only :I dc!sigti for such a sputtcr tlcvicc, Ivlt the AI ,S group at Saclay have rcalizcd it for their R&l l  work ancl 
I1:ivr slv~ttwcd a fcw tcst cavilirs (produced hy hydroforining at <:IJRN) with a Nh filrn using (Il'lZN 
trrlir~!ilrlpy. 'l'lir lirst rnrasorcrncnts L131 arc sutntnarizcd in tahlc 'l'ahlc 5:  

.............. -. . -- . - ................... -- .. P -----P -- 

I I  5 .  1500 h l l  lz spnltcr slr~tlics 
...................... ..........-...... ... 

............... .... --p. .. p 
I:;nax M V/m 

. -~ 

A I 10. 5.8 
... ......... . -- - 

20. 14. 
-. -- - .- . . ~  . ----..--.-p .................. 
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.pp -- 

c -  loading 

e - loading 

A 2  2. 3.2 
. . . . . . .  -. ....... .. ..... -. -. ..... .-p ........... -- 

13 1 8. 5.5 
................... ..... . 

132 10. 
-- 2.4 . ............. .... .......... 

133 6. 4.0 
...................... ....... ..... .. 

e loading 
, . - . - - 

-- 
Q-switch 

Q-switch -. 

Q-switch 

Proceedings of the Fifth Workshop on RF Superconductivity, DESY, Hamburg, Germany

SRF91A03



C I X N  status 

References 

C .  Wyss, "'Ille 1,1?J3 Energy IJpgradc I'rogramtne," Proceedings I'AC91, May 1991, San I;ratt.risco or 
(.;I:'RN/AC-1.200/91-03, 199 1. 
C. Arnarrcl et al., "Stattls report on supcrconducting Nb cavities for LEP," in Y. Kojima, editor, 
I1t.oc. of ilzc 4th I~f70rksItop on RI; Srcpc?rcondtlttc~i\*iiy, 7'.strktrha, p. 19, 1989. 
( i .  (:av;~llnri and E. <:iapaln, "Supcrcontlucting cavity controls in 1,1IPIw C/:'RN/GI.'IRI; 88-47, 1988. 
It. Ilachel, "C'ouplcrs and Windows: Ilptlatc o n  Recent 1)cveloprncnts and New Ideas (review talk)," 
7'iti.r cntfet~cncc, 1 99 1 . 
1). Doussartl et al., "Ixjng tcrrrl test of a 1;l;I' prototype sc. cavity in the CIiRN SI'S," I'roc. of Nor. 
,.I cc. (..'onj:. C=lticogo, 1989, 1989. 
'I'lic I .l I(: study group, "1)esign Study of the large Iladron (:ollidcr (1.A I<:)," CiiRN 91-0.1 (pink 
l~ook), 1991. 
\.'. Riidcl arid I,. Verolino, "<;cometry of a supcrconducting 400 M1 Iz accclcrating cell for the I ,I IC," 
(.'/<Rhi-Sl,/RfiS/N~te 91-11, 1991. 
11. nc~ilin, "0-lJcgrad;\tior~:: l~xpcrioncc at IJiffcrcnt lal>oratorics, I'ossiblc llxplanatioris and Cirrcs 
(1.cvicw talk)," 7'lri.r confit-cncc, 199 1 . 
( i .  ('avallnri, I~.IIa~l?cl. 1'11. 1,cgrndrc nntl W. IVcingartcn, “Coupler 1)cvclopmcnts at (CIIRN," in K. 
Shcp:trd, editor, 1'r.o~. (?/the .lt.d JI.'ot~k.r/toy or1 RF' Str/1crcorldtrcfi1*i!1,, Argotme, p. 565, 1987. 
S. I)rrj:tt.tlin, .I. (icncst, (.:. Ilauvillcr, 1I. .I:tggi, 13. .Icatt-l'rost, "Ilytlroforrning mo~lolithic cavitics in 
t hc SO0 M1 IZ range," 1'1~ncccditt~y.c Il'A c,' 90, 1990. 
C.:. IJcr~\.en!~ti, "Supcrconductiriy coatings for RI: nccclcrating cavities - I'ast, prcscnt and fi~turt.," 
7'lri.r rot!f;.t-olce, 199 1. 
( '. I~rt~vcrtuti, S. (:nlntrotri, hi. Ilar~rr,  hi hlinistrini, atitl (;. 0rl:tntli and W. Wc:ingnrtcn, "(1Vlil'i)N 
atitl Nlil'i Coatitigs for Sr~pcrcclndl.~cting Accclcrating Cavities (postrr)," 7'11i.r C O I ~ ~ ~ ~ C ~ I C P ,  1991. 
I'h. I3crt1~irtl, 1). I3lorss, 1'. 13osl:tr1cI, \V. Il;trtung, C. llnuvillcr atid .I. Martignnc atid W. Wcingartcti, 
"Srr~crcontlucting Niohilltn Sprrltcr (:ontctl <:avitics at 1500 Mllz  (postcr)," 771i.r cotfit-cnce, 1991. 

Proceedings of the Fifth Workshop on RF Superconductivity, DESY, Hamburg, Germany

SRF91A03


