
&IT-1 8 4 8  12 : 38pm From-APT/TPO 505 6677443 

Title: 

T-177 P.03/06 F-615 

Progress of Superconducting LINAC Engmeenng 
DE vel apment 

K.C.D Chan, LANL 
B.M. Campbell, LANL 
R.C. Gcnizlinger 
P-Balleyguier, LANL 
T.A. Waynrrt, LANL 
W-B. Haynes, LANL 
J.P. Kelly, ~ A N L  
R. Rusnak. T.ANT. 

Lntzmarional Conference LINAC '98 
Chicago, IL 
AUgUS;t 23-28, 1998 

S 

C-ernrnent ~urpo93s Los Alamos Nakonal La~orarory requests mal me prrbllsner iqenhb VIIS aniae a6 w m  parformeta uncier me 
auspices of me US. Department or Energy LOS nlamos NaUonal ~aborarory svongiy suppons acaaemic f r e e a m  ana Y researcners nghm 
publish. as an cnwtuuon. nowever, me LaPorarory Qass naenaorse the vlewpolnt of 8 publlce&on or guarantee iki iecnnicaicorrecmsss. 

Form836 (10196) 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, mom- 
mendation. or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



5 0 5 6 6 77443 T-177 P.04/06 F-615 Auu-lE-gE 12:39pm From-APTAPO 

PROGRESS OF APT SUPERCONDUCTING LINAC 
ENGINEERING DEVELOPMENT' 

K. C- D. Chan, €3. M. Campbell, It. C. Genrirlinger, P. Balleyguier*', J. A. Wqynen, W. E. 
Haynes, J. P. KeUey, B. Rusne, and H. Safa** 

Los Alamos Narional Laborarory, Los Ahmos, NM 87545 USA 

AbSnWr 
We iniriateJ a program ro dcrclop suprconducring 

(SC) RF for krgh-power proron linacs. Thew linacs are 
useful in accalerdror-dn ven uaesniurwon iccbnnlogies and 
the Accekmtor Production of Tritium (APT) RoJect. We 
are dzveloping mulricell niobium cavaucs with elliprical- 
cell shaprs a1 700 MHz. Theso civiucs, unlike most 
elliprical cavities for electron rLLwelrra~on. x e  designed lo 
accelrm prawns ar pel. Coaxial power coupIvrs are 
being developed IO mnsmn high (250 kW) CW RF 
power to rhc caviuea. "hc couplcri will be usd bo& at 
ambient remprracure and ar cryoga~c sempature (2K) 
Their purer handling WrJ thermal properucs wlIl be 
measured. The cslviws and powcr couplers will be 
inregnw inro a protoFype cryomadulc. The cryomotlub 
will be wskd and c h a m c t e ~ d  with RF under cryogenic 
condiuons rquiied for a high-power proton linac. This 
paper dcscnhes rhe sww of rh is  program. 

1 INTRODUCTION 
W c  hnvc a program io dcvclop SCRF proton linacs in 

Lo9 Alamos. Although this program has bcitn jaiaaced TO 

srlpporr the APT SCRF lime [l], the pchnalogy 
developmtnt can be useful for all SC proion Linacs wrh 
high CW power and cwent. 
The mzrir of using SCRF linuc for high-powcr 

applirauons, like eccelenrrm-dnven transmubuon 
rechnology applknrion, ha been described in RcF 2. To 
wws.sfully bud3 such a high-powcr pruion linac. we 
nuad to develop PcI SC mulrjcell cavities and power 
couplers that can uansfer high (250 kW) RF power 10 Ihe 
cqviries. Wc have to inregarc thc cavities and power 
couplers UI ~~yornodules for me xcclrration of beams. En 
rhis papa. WY will describe rhc issucs in &e development 
of cttviuus, power couplers, and cryomodules. Bwk of 
Ihz dos~gns of rhese componcnrs can be found in Rcf. 3 
and will he reperr~sd hac only to the cx icm of cnplaining 
die issues, 

2 CAVITY SHAPES 
Figure 1 shows the cell-shnpc used far the APT 5-cell 

caviries. Ir ts usually known w the elliptical cell stlapa 
and has been widely 4tQoptcJ in SCRF cavities wcclcrafing 
relxivirtic elecrrons. Fur proton linac, rhe lengths of the 

cells are reouced io mancam synchronism w i n  Lkr slowrr 
proton beams @=0.64 and 0.82)- The shoncr cell kngrhr; 
lead ro cell walls hac have smaller slopcs tbac could be 
prompr IO c.olltp~e under vacuuni presslrrc and ro 
mUlIipacKing. WL' have designed the APT cavllics Wlrh a 
IO-degree slop lur the cell wall. nus ls rhc optimum 
slope coosidcring minimizing peak clccrnc a d  magneric 
peak tkl& and maximizing mechdniral stability. This 
slop,  wirh a slighr incrcwc of wall thickness from 3 to 4 
mrn, allows us IO elunulatc rhe need of costly 3ulf;nrrs 
Jlat will o~crwise be needed to wirhsrtrnd the vacuum 
Load. Wo havc resred single-cell cavities 141. Results 
(Fig 2) showed die APT cavity field c3n be achieved W J L ~  

more rhao P factor of two margin with no limtrauons dw 
TO mulupwung, even in rhe case of p=O 48. 

C .  

-\ 

b.. . 

rtunlpcr 7R2-r 
Figure 1 ; illusrrdon of w.64 caviry design. 
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Figure 2 .  Typical test results of a w.48 cavity 
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3 POWER COUPLER ENGINEERING 
DESIGN 

Figurc 3 I ~ Q W S  an ill~srrigiou of rhc APT powvr 
rouplcc Because of The high bean power, cwh of thls 
couplcr s d s  TO &liver 210 kW of CW ~ W C F  ru rhe 
barn. This power level has bees achievd only rcccncly 
by 4 wvcguidc-qpe coupler and has not bai trclucrcd by 
coaxlal-type couplrr as chosen by APT COUP~CF [SI In 
&lition, since the Am-linac is rqukej  Lo y~dJc;E  
rrrrium with  high availability OVZF 40 y ~ a s ,  II IS 
impomnt for the ,d" coupler to optrid& rchably at such 
u high power level. 

Tunlng Sleeve 

Figurr 3: fllustrarion of APT power coupler. 

B a d  on experience from oihrr laboratories, we hare 
chosen a coupler design 131 with features to enhance 
reliabilily. Usually. RF windows we [he pnmary SOIS- 
of coupler fulurc. In our design, wc use warm RF 
window with two ceramic p i c w  for redundancy, no WT 
line of sigbr to Ihc beam, and window diagnosucs to 
derecr signs of h l u r r  onset. These windows, fabricated c 
complete usmnblies by klystron industry, haw been 
designad and will be teswd IO 1 MW. 

The APT coupler consists of rhrcc sections; RF 
window assembly, rransirion, and coaxial coupler. To 
rmnimize reflea4 power dunng operation. exrensive 3D 
elecrromagneuc modclrng has been donc to BWWI a g d  
march betwcn sccuons. The modeling produn: s d  
wirh h e  design of separate componrne und benchmarlung 
the srrnulations by building md measuring some of these 
componenrs. Finltlly B fully inregrawd mdy has b w n  
perfomrtd. As n result, 3 coupler has becn cksrgntd that 
tias an cxcrllcnr power tmnmiiwun at a d  araund che 700 
Miiz opcrjuun frrquency. We haw ulso minimized the 
elccuomgnrtic inreracrions ktwcrn the RF window 
tisscmbly wirh the mnsiuon and coazial coupler sections. 
The transmission of the coaxial coupler sccrjon i s  
maximized by acljwrlng Lhc lengrh of P quarter-ware stub 
and the shape of tr tuning sleeve. The RF window BS u 
complere ~ssembly has also been sirnulami cxrrnsivrly 
e lm respect la thermal performance LO minimize themdl 
succss. 
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There are two features in rhc coupler thar can 
potentially teduce thc rcbabihty uf che coupler: bellows 
and coppcr plating. First, two bellows will be UW in  a 
coupler. unr u) allow the joiuing berwem tho RF 
windows and the transition secrions a d  one dore LO &e 
11p of the inner conductor for changing rhc Icnglh of chc 
inner conductor and consequently rhe coupling lo rhr 
caviuws. These bellows can work Wd Md ywld afra 
rcpc;ntod dongariop and compression and them1 cyclmg. 
Bcllow made of BeCu i s  ideal for our ttppbcanon but 
ihcir availabilisy is expecred IO be limrred brcaux of the 
roxiciry of machiniug Bc. Wc arc studying options 
irrcluding coppcr alloys, elmformed copper bellows, 
md copper plated or spuneepd stainless-stccl  bell^^. 
Secondcopper plaring wJ1 be urrd on the inside surface 
of the stainless-steel ourer conductor. Swinlcss sced I >  

chosen as s ~ ~ c n r r a l  makrial lor the outer conductor 
because of its loq thcnnal conducuviry. U n f ~ r ~ u r ~ a l y  ii 
also has high RF resisriviry and RF hear loss. Coppa 
b s  low 4ectrical resistivity an4 RF hwbng- Cmxr-  
platccl rtuinlcsr steel will offer borh l o w  RF kiss nnd low 
heu usmsfrr at 2-K rempemure. To mainwin reliable 
perfomawe, it is impoflanK ular plaung has low 
ourgarring rare and good aacsivewss co rrSzlnlczY swel. 
The plaring process i s  n& to prodwe these 
performance and dlicl;ness uniformity consistently . There 
are rhree ways to acchleve copper plarinp, plarinp with 
UBEC (Ulva Bnght Electroplated Copper), plaung with 
OFE (oxygen-free elecrrolyric) copper, and plating wlth 
vacuum sputtering. We plan IO do outgassing and 
adhesive tests on plating samples produced using these 
pluring mrrhods. We also will cons~uc\  rouplcrs wth 
these plating mcthods und tcsw hem aT high power. 

4 COUPLINC COEFFICLENTS OF POWER 
COUPLER 

For rhu m o u n t  of power needzd IO awderwc Ihc beam, 
wc nccd to ohmin an external-Q (QJ ot'2.5x10S. ' I l u s  QL 
will br provided by two couplers, each havlng a Qc of 
5x\OS. We have invesugacd Jlffrrrnr coupler geomerr). 
ro provide Uus Q. Fksults 161 show rha1 w 1  n e 4  to 
expand the: kamtubes for rbe p . 6 4  r8vitiies from 6.5 an 
LO 8 cm. Lower coupling can fcurhcr bc aclurwd by 
slightly expoding h e  up of the covptes cenrrr conductor. 
We have also ex~,nrt;d the s i d a r d  kyn-loading ttre~ry  
for b a r n  lading wirh multiple couplers [7J Rr&cI4 
powers rcsultcd in different failure scenarios and when the 
IWU couplers are nor exactly i&nrical were calculated. 

5 OPERATING TEMPERATURE 
T h e  caviry operaring rempzmrure 8s chosen to bc 2.15 

IC [8]. This remper8turc was chuscn for w o  reasons. 
First, we evaluated the toriJ cryoplsnt cost, including the 
capiral COST and opcmung cos, os a function of The 
oper&ny wmpbrarrrr. The toral cost has a minimum 
around 2.4 K c a ~ d  by a u&vR k t w c c n  higher 
cryogenic efficiency ai higher remperarwe and lower 
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surfact resisimce at lower temperacure. The rnininium t s  
broad wirh the [otal cost imrea4 by 3% opcrhung at 
2.15 K. Secora. w e  decide to o p r m  ai rhc wmpcrawre 
regime of slrpefiuia for better hclium hcacuansfer 
propmy and better n w g w  agwnar quench. An operating 
remperarure of 2.15 K IS zhe highosr icmpcranue rhar we 
can confidently conuol the LHe tempersrure so rhar h e  
LHe remarm superfluid. 

6 HE4T LOADS AND POWER COUPLER 
COOLlNG 

We aie designing our componmnrr and rryomdulcs ra 
nia.simize cryogemc cfticacncy and to minimize cryogenic 
power rcryuucd. Table 1 shows a rypical surnxnary of 
~l.crmrc.J hear loads presented to rhe cryogenic sysrcm for a 
p=O 82 cryomodule. Such a cryomodule will b v c  four 
caviuus and eight power couplers. In this cwc, hobs at 
rcrnovccl by LHe and an interniediate uuiperaure O f 4 5  K. 

65 4 

Tublr 1 - Typical hear loads of J Bd.82 cryomorlwle 
1 3.1S-KIW) I 45-K IW,, 

The major hcal loads are trom rhe RF losses in the 
cavilies. The Qo u r d  to calcula~e this loau is 5r10Y. The 
second major hrat load is rhe powcr couplrr. Power 
couplcrs are p r i m q  rhermal connccnons ktwccn room 
ccmprarure and 2.1% tempenitwe They arc a h  major 
hrat sources becwsz of rhe RF loss in the couplers. 
Depending on cooling schernc, the RF loss per coupler 
can amount KO 200 W. It IS ~mporranr to prevznr rhis 
loss fmm reaching the 2.15-K rcmpcrarurc. Wd hovr 
drveluped a Thermal model to explore a wide range of 
cooling schemes ana opcriring condinons. This model 
includes beaL aaaskr mechanisms like conauclios, 
riiditurun, RF heating. and cooling by foroz4 convecuos 
W c  uunsidcred cooling of rhe outer condrccm wirh single- 
and two-remperature rhznnd mtcrsxpw and wirh a counw- 
flow heat dxchangtr. R r ~ l r s  [9] showed rhar rhe power- 
couplcr hear loads could be rzcfuczQ IO 16-W uc 2.15 K 
using counter-flow heat exchanger- Results from rhe 
model also showed lhat the Inner conducior could h 
coolzd using room-Emperatore gaseous helium. 

7 CRYOMODULE ASSEMBLY 
For high-perfomlancc of SC cauiucs and power 

coupler, i r  is importanc to niwnwn clcun asscmbly of the 
cryomodule. For our powcr coupler design [IO], with rhe 
absence of a cold RF window IO s e d  off the cavity, we z e  
required IO tlssanblc the powcr couplers wirh the c;lvi[ics 
in rhc c1;lcranrmrn (Class-100) environmenr. Figure 4 
shows rhe assembly [her d l  bc wcmblcd in rhe 
cleanroom. After rhe cleanroom. wo \rill rocacc thr 
assembly rhrough rha axis by 90-drgre [o tdcllrtare rhe 

insrallanon of superinsulations, magnetic shields, LHe 
rubrngs, and insrrumenration. M e r  rhar. we will rnsttlll 
all the LHe and vacuum cotmectious mJ the two  Endcap 
and rest for vacuum. 

Figure 4. Pw of qomodulr  msrmbled in a Class-100 
WDORl 

8 SUMMARY 
Wc =e development SC RF caviries, couplers, and 

cryornodules ro accelemw high-inreesity prolan beams 
Issues idenGfie4 during chis JEvdopmcnt haw k e n  
idenrifid and dtscnbcd In  h s  p w .  
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