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I%wcrful prolon linacs am being sludicd al 1.0s fl.liunos *S drivus
fm high-flux neutron sources ihaI can uansrnuic long-lived fission
pmlucls d uclinidcs in dcfcn.sc nuclear WMIC, and idso M
drivers of advanced fission-energy syslcms lhnl could gcrwriilc
dcctric ~wcr wilh no long-Imm wawc !cgncy A mnsmulcr fcd
by an HOO-McV, 14(>mA cw wnveniiwud qqwr linuc could
dcsuny W accumukud ‘1’c and ‘WI at [hc [)01:s I Ianfmd silt
wi[hin .30 ycm, A high-dlicicncy 1200MCV, 140 .mA niobium
suptvrfwkfucring Iitmc could drive an energy-pmducing syskm

gcncmling I -GWC clcclric power. Pmliminiwy design conccpls
for Ilw.sc dilfcrcnl high-p)wcr Iimux arc discussd, alon~ whh Ihc
principal hxhniwl iwwcs A Ihc Slillus of h! ldudogy 13iKC.
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currcnl prcmm beam. 11’tcprimary ncutmn spcctrurn is modcralcd
10 yield an imcnsc tlnmnid flux (1015 to> 1016 rtkrnz-s) in a ~

Mankct surrounding the tiu-gel, Material to bc convcrtcd ISmans-
portcd Ihmugh k ncuwon ticld by cominuously flowing

aqueous or mollcn-flr.uwhlc-salt canicr Icmps, Precision ctwmical

partitioning removes trammutcd material from Ihc caticr flow
while the residue is nmmcd to the Mankct for continued imadia-
lion. The Las Aianlos schcmc differs fmm olhcr mn.smulation
idcm in that it cmp!oys a fhcnntd neutron spxxrum. Ollwr
.schcmcs,bolh nmctor-based and accclcmtor-bed, have mlicd on
a~u.w qxctrum which is incflicicru for hum!ng fission products.
With k righi fritionid loading of aclinidcs, h hanmutcr can

gcncralc enough fixsion crncrgy to power the accclcramr. Mails
of the lms Akmms ATW schcmc and its advamag~ in comparison
wilh previously dc.scrilx2d systems am di.scuswd in scvcrat cOm-
panion pqmrs in llm.sc fmc.ccdingsm

If fcrlilc miucrixl (23Th or ‘[J) is added to the QO hhnkct,
Ilw ATW concept can hc configured iusan iwcdwalor+lrivcn
subilicill c(mvcrlcr/bunwr. Illc fertile malcriid is convcrlcd by

ncutmn capture 10 IMlc fuel (2”WI or *WIN), which is then

hunu~ directly in Ihc bhnkct tn produw pmr. Ih’diminary
smlics reported at this meeting’ suggcsl thm surh a sys[cm has

Ihc pticnlial 10 ~crmuc clccwici[y w c.anpxi[iv”: prices, while

producing crmugh CXLWKSncumms m cmmm iti own high-level
WiLSIC10 S[ilhlC or Sh(N1-liVCd plllducLs. l~iS (XlnCCftl (x]uld k%td

CVC1lIllillly 10 il IK!W SilfC fissi(m-energys ysknn fhCICd by ilhtdiull
fcrlilc rt’s(wmcs ml requiring no ofl”-site wawc mmurgcmcnt.

IXivcr ilCdCrWor rqui[cmcnls for a :Mmsc-wmlc Iramnuwr

illld for ill I Jd ViilK’Cd Clk’ ~ y pmdUd ions ywcm Ml! somt WtU

diflivcm. hwh in Irrnls 01’pwformiuwc gods and dcvrloprncnl
Ill’l’lIS. lkCiltlSt diSpXll (If ddi!ll.~ Wil!![CS iS il lK’ilr-[Cnll UHl-

ccm, WC uonsidm COIIV1”IIIIOIIJI”lillilC ILXMf)l(lgy il.%IIIC :Lppf@till’

design illllJfUiKll hw illl A’I’W, Ily c-onvcnliond WCnK’iUl il Iimw in
which 1111’rildiOtR’lptCIICy(Rln wxrlcmlin~ CilVililW ilrl” ldlti~:til’d

Irom coplxr wd arc Willl’r cw)lcd. I%r iln energy pnxlucli(m

accclmulor. 0111111”[Mu-r Ililldo pIVlilllillill_y sludirs show Illill high

pnwrr rllicicncy will hr crilicalmiunl IM a mom advancml

:Iplmxwh would tn. Ilm hcsl solulion. I;or Ibis Iongcr. mngt hul
111)1(’llliillly Iliglwr illlpild il[lpliuilli(til, W1’ c(msidcr il (Irsign in

wtm-h Ilw higtl clu’~y pmi(m (}1”IIrc Iinnc is IIlildl- up (d’ super

~-(milmmlin~:(ni(lbiurm ] (“;wilirs wlnvr Itl: 10sS(’Sil~ nrgligildr.



MeV, so that current can be traled invcmely for bam crqy.
Below this energy IIE neuuou yield drops rapidly, and more bam
pwcr is needed. The tclations in fig. 1 provide inputs to a
simple cusl model that has ken U* to help select tlw Iinac
pamrnctcrs lhal would pnxiuce a minimum-cost A7W system.
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F@. 1. Enqy dc~c of neutron Yidd from kwl UWBCI.Also
hrw Imrn pmr and cmrcm for ~ifkd ATW smrcc sucngth.

A Mac for AIW will lx similar 10 the cuwcpi devclopd h] UIC
mcem smdy of an accelcrztor for pnxiuclicm 01 Irilium ( AIT).’
I]aramcmrs for APr were I tiX) McV ti 2so mA, CW. AI thal
high currcnl Icvcl much more RF ~wcr is dclivcrml to the hcam
Ihan is lost in Ihe accclt!miing stm’lums, rcsuhing in a high RI:
cilkicncy ncmly () II in the high-cnrgz potlion of the Iinac.

$incc tk f4Twkm ~)wcr rcquimmenl is (rely 1/5 10 1/4 Ihai
of AW’, Ilw currvnl, cncrgymand duly- fiitnr mdeolh musl hc re-
examined [0 drActminc the tm.u design sfmcc. I%wct-cllicicncy is
critical hccauw of the very him cost impac[ of ttw RIQ’power
sysIcm, “Ilis crilcrion could hmd 10cilhcr: 1) n bwcr cncwy
hi~h-rurnwl cw machine; or 2) a pul.smlhigh mm~y n:,w.h: ~’ wi[h
high lw:lk curnmt. III onlcr 10 otxnin u Iirsl wdcr quanliii Ivc
comparison of these Iwo possihililics. simple wwlcm[or cusl
lll(Mk!S hilVC kl] u“(MNIIUCkC1, ‘IIIC.SC lTl(MklK iL%WllllC~ L-(lllllll(lll

mtichilic iudii[rt-tun smtil:w 10 AlpI’. wilh du;d Rl:Q/lYll.W)

Ml b hrm inpr}s Iui..wlml inlo J “)(H)Ml 1/. (”(”1,. Ihxmml.scmtlsl
(Jl Ilk nm.dcmlor lwsl i:’ cmunincd in Ilm (”( 1., tlk-sc modds tn”xl
thr Iin;w Inml ends simply ;w Iixrd sums. :md 1001s ml ;d~[~lilhnls
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Fig, 2, AllV constructionCOSIand annual MM versusprotnn
cnrrrgy, for cw and pdsed Iinm makls.
that pmtmclcrim the CCL costs While k models are incmnplclc
in terms of slruaurd dct.ail, W principal cost factors am inc!udcd,
along with the uwml mulliphcm for contingency, project managc-
mcnl, El)&I, elc. RcsulLq me displayed in Fig, 2, which shou.;
the txtimalcd wnswuction com and annual cost versus beam
energy for cw ad pulsed Iinacs.

Table 1 kLs vahcs of W kcy model pammctcm (or each kind
of Iinac. Avcmgc wcclcmting gnulicnt for the cw Iinac wzq
chmcn as 1.() MVm. a viduc tlml is close to minimizing con.sm,lc-
[ion COM, hut sligh[l y abve ItM annual cost minimum. Tlw
pulwd Iinac duly faclor wiustaken as 0.25 at 16(E) McV, which
would require 240 mA pmk currcrm 11’c costqtimi?cd gmdicnt
for iI pul.scdmitchinc with tlmt duly factnr is tilmul 1.5 MV/m. An
RF systcm ( insmlled) capiial cast of $qxtit[ wiLsiwiumcd for a
cw machine, Imcd on ahmt 1152-MW power mmhdcs. For iI
pul.scdmwhine, wilh Ihe hiflll duly f.wtor and pd.sc Iungth IhaI
would h! rcquirtxl to kcrp peak current al or How AH’ Icvnls,
Itw capilal cmt (per avcmgc wait) was dmhlcx!, bcd on
prelim inmy uomlmisons of cw d pulsed RF systcm COSIS.

‘1’ahlt 1

ATW !.inuc (’osl Model Paramctrrq

(’(V. Icd t-slalr grwllcnl (MV/m)
I)uly fwllrf
RI: 11111!C;lp[ilt U)sl ($/:lvg. Wilu)
(“( “1.q ,K.lllm (.os1(MK/m)
(.( ‘[. shun[ Impcdnnm, LIVR, ( MdmI/111)
( .tIsl d rlmu It. powrr ($/l Wll)
“1’iinc(MI Irw.li{m
Numtwr Id [qmrailn~ suiIi
l’[Iwm (Inl”u-rwtmdikmwy (lf/:w)



Figure 2 shows tha[ wnstnxtion cOSL~for a cw Iirhc mimmi~c
near 7(X) McV, while annual COSL%minimizz closer to IO(KI McV.
Amu.d costs arc dominauxl by electric power (at $0.05/watt) and
the capiml charge (at 10%/year). The position of the annual wst
minimum is remarkably inscn..itivc to moderate variation of tlm
principal modl’1 paramcLcrs, Fifky-pmccnt changes in accelerating
gradicm, average CCL shunt impcdancc, C’CL struclum COSLand
RF pwcr unit wst shift the cost minimum Icss Umn 50 MeV.

For a pulsal Iinac the energy cannot lx dccrcascd much below
14!)0 McV witlmut incurnng exccssivc pk cuncnt levels in W
CCL (> 3(NI mA; or duty factors greater lhan 30%. FIgurc 2
shows that at 14(XI McV the construction cost of a pulsed Iinac
would h significatrdy I@hcr than for an MX)-MCV cw machine,
but he annual cost is nearly h same as that for a cw systcm,
wiL%n lhc credibility of k model. This cost rcsulL which on

balance Iavom the cw syslcm but not ovcrwlwlmingly, Icaves the

real choice to technical con~iderations. A cw Iinw would simplify
RF mntrol &wcL~, climinale modulators and energy storage from
k RF rystcm, ,andpcnnit suktantially Iowcr peak currcnt~ in lh
wcclcralor, wil.h Iowcr rcsullam beam-losses. ~.sc are impor-
tfint uIvantagcs. Wc thercfom pqxxsc hat a Iinac for the ATW
@icalirm slmdd b a cw machk, whh cncrpy and cumcnt
.selcctcdm II(X) McV and MO mA.

ATW AUELEBMf)R POINT QLSKLN. . .*

A hst qpmach to a pcim design for u cw A’IW could lx
hwed on [lx AIT mchitccn,n’c? and would MUMwmsisl of a hcam
launcher (comprising Iwo dc injcclom, two 350-MI [z RFQs, and
Iwo .150-Mll Y. Illls) funneling hums al 20 McV into a 7(X)-Mlh.
C(”l.. Figure 3 skclctws W wnfigumtion. For lhc hcam
paranwlcrs sclwtcd huvc, cad Icg of Ihc ATW Iwwn Immchcr
would pmvidc a 70-mA Ixxun,.

“Ilw (“(.7, wmld hc iI 1-km-long INX)-MCV side-wuplcd Iinnc.
wrying 140-nlA cw cun’cnl . 11 would I’c divided inln six
.w’clionsmcm% made up of modules cmsisling of n accclcriling
wk. a quwhqx)lc magnet, and a diagmmlic Wlion. ‘[k numhcr
[n) or coupkd cells p mmhk illcmwcs fmm 21010 a,, Itw
Iwn[on cnrrgy incrcmcs from 20 McV 10 II(N McV. ‘IIIc avcmgc
uwdc~iting gridicm is mlativcly low I MV/m w rninimi?c RI:
slnwtum pjwrr Ins.w”s.:Illd Ilk (‘(7, ilrWIIUlt is lilr~:C (.1 WI 107

cm) 10 ;Ichicvr it very high riuio of il[R’flUN 10 rms ham sil~ ([) K)
22). ‘Illis high relit) ti:xurus Ihc cxlnvncly SIllilll Irwxional hvilnl
IclS,Ws(~. I () ‘/hi ) nqui ml I[w llilIl[lS .(MI lilililllCllWICC. ‘Ik (”( 1.

u;wi[im ii~ S(UIICWII;II IIION rflicirnl IhiIIi IIHWCin [tw Al’l” design,
Iwovidillg :111RI; (*I lick.il(’y t)l [l.-/(l. 11(’(”:IUW()[ Ilk hnwr Ix’:lnl
t“ulnmmiit~l sm;dlrr l~;li]l sizr ill A’I’W, slnidl(.r (‘(’1. aprrlun%
III;Iy Ir Itdmlblc, whit-h ltmld push 111(.Itl: clliricnry up 10{).”)$.



sition to a CCL suucture a: tk low energy of 20 MeV, possible
use of emiaartce fihering, ad Wong transverse fcwsing are
similar to hose in the APT study, and are discusacd in Ref.6.

CCL m H, 140mA)
mm~ .“

..&k& .> .. . .“’:”’: ‘. ‘.. “

Mlauo a40 I
m Mav

cmmum

Fig. 3. Refcrmce cw Iinac concept [a AIW

Fnqmcy (MHz)
Energy (McV)
synch,phase(de@
Ridialaperture(cm)
Ran current(mA)
bngth (m)

Table 2
ATW Linac Parameters

SCL
350 350 7(XI
().1 tO 2.5 2.5 m ::0 20LOW0
-Yo10-37 -(W IW40
0.4100.3 ; 1.4~ 3,5
150“n140 140 l-to
3.4 11,3 1015

Accil, @. (MV/rn) 1.1 to 3.1 I.0 (avg)
COP power (MW) ().4x2 I .3x7 47.6
Beam pmw (MW-) 9,2X2 I .2X2 108.9
Total pnvcr (M W) I .2 5.(I 156.5
Bcarnklading ().33 f).4il 0.70
No. 0( klystrons 2(1-MW) 6(1-MW-) 82 (2-MW)
Acccl. strwturc 4-VW 2pA Sidcullr@l
T emilL (x mm-mmd) 0.2 I w 0.24 ().29 to ().61 0.65 m ().72
L cmin. (10 6 cV-see) ().() to I .s :.7 m 3.2 3.2 to 4.7

l-or [he mminal ATW cumem spxificaion, furuwling is m M
akmolute N!!UiRrnLYIL A c,ummtof i40 mA could & oblaimxl
from a single 350MHA RFQ and D’Il., which would simplify the
acccicrator fmnl end. 1hvcver, iumlcling allows a significant y
Imver cmimtmc in tlw C(Z for I* siic Id cmrent. ad rcduccs
Ihe charge-per-lnmh by a factor of two. This can lx tmmlatcd
into ,smidlcrcavity qmnurcs ad imprnved CCL RF cffkicncy.
Tlw CWS[of RF pwcr [both capiml ad operating) d[]minaws h
Imnsrnutcr facility cost [0 sad a dcgm Lhatthm is a pmmiurn in
designing for w high an Allcicncy w+practical, ‘I%is factor alone
iqqmars 10oulwcigh tlw cxnu complication introduced by fund
ing. In iddili(m. Ihe ion-source curmm dcm,and would he
rcduccd hy a f~c.lorof two m a funneled sytcm.

Kl: imwcr fbr he A’IW RI:(Js A IJII”. would k pmvidcd hy
cxisling. uomrncrcidly iiv:til~hlc, I NIW cw .35(}MI 1~kl ysnwns;
righl luhcs arc ncrdml. For Ilr (‘(7, il would Iw ncccssmy m
develop a M*W high power Rl: iunplificr mtx al 7(X) Mtl/.. In
m-dcr u} rrdut.c {.il[rilal costs aml impmvc sysmrn rcli~hilily, ‘WC
Im]pusc il lx)~r ICV1?I(}1 2 hlW lmr unil {w ~rcatcr.
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Accelcralor technology improvements in llw past fcw years and
advances in undmtanding of higlwurmnt team Whavior pmvidc
high cmfidcmx that a mahinc of IJE ATW power level can now
lx built and o~nucd. llw major Icchnical concerns for a high-
fnmvcr proton Iinac am 1) beam-loss zdvation of machine cOm-
pncms, Uucatcning hanckm maintainability; 2) RF sywcm
c~lcicncy and capital costs; 3) reliability and longevity of
cc.)mponcnts;and 4) qxxability of an integrated cw systcm.

TIM APT point design smdy addressed W alx)vc lcchnica.1
iswms in detail S for a 4 x mom powerful machine. 11iwludcd
complctc Ixam simulations wilh matching errors, a machine con-
figumtion layout, engineering assessment of critical cmqmtwm,
ad an analysis of off-mmnal mtiitions and hamhgcl safely
issues. ‘l%c design codes have &n Ixnchmarkcd in the rclcvam
cmgy and charge- lcnsity regimes through simulation of high-
curmnt behavior on the bs Alarms NPB Accdcmhx Test Stand
(ATS), and by an end-to-end simulation of LAMPF that prcdicw
measured cmittarbcc values as well as beam 10SsIocaliom and
tipproximmc mabmitudcs.

A numhcr of accdcmmr systems have opcralcd al or IWar ATW
-Icvcl parameter wducs. Exis[ing ion source dtxigns appar
capable of delivering k nccdcd pnxon curmru witi k dcsimd
brighmcss. Pcrfonnancc rcquircmcms arc not a~ demanding as
t.lmsc for 11’IcNPB program, A 267-MHz (M-McV proton RFQ

a: CRNL has opmlcd at 70 mA CW,’ and pik H- currcms of
I(X) mA have hccn dcmonw’acd in a 7-McV rampxl-gradicnl
425-MIIz Dll iIt Los Alarms. Beam hnncling in lhc rclcvam
currcru and frequency range hm Imcn successfully demon..watcd AI
[m Alamo!!? A couplcd+lvily wxclcrating $lruclum al NI.SI” has
opcrilcd cw wilh a I -MV/m griicnl, al 4 x k AI’W fmqucmy.

l{x~rimcc with cxis[ing rc.sciirchIinms um[ hiwc cqwr~td for
ycam with high avuilid)ility as hcam “fiihwics” his pmvidcd a
strung foundation for making cxlripdalion! m 11’K:AI-W @or-
mancc regime. Ilccausc of iL$high avcr~gc ‘mnvnl ( I mA),
opcrwionid cxfwkmcc aI I.AMIJF is cspcciidly relevant, ad id.so
directly addnsscs l.hc impmlanl hcam-hm iswc For rnos[ of Ilw
1.AMPI: (’(-1, lcI@I, IJICIxmm loss fmction is cslimawd to hc
< 2X I () l/m, imd ?wliii[ion Imwls af[cr shuldown d low unlirni[cd
ilCCC** hii[dk OIi tniiil]i~tl:lll~c. IWWISC dl ( ‘(’1. Rl: h~k~ts
conltiin chmgc in Ihc A’IW roIwq)I and Ik duIy fiuxor is 1.(),
comp;wcd wilh I. AMI’I-”s 1111.4 huckc[ tilling w.nl O.oh duty
lwlor, Ilw dlurgc~wndl i’] AV”W is only 2.5 Iimfs glViUIV than in

1.AMI’I’. ‘Ilnv’ufmc, CVCII though k tivcrigc hum pwcr is 140
[imrs gll?illl?r ill AI-W, IIw ham ‘.lylliUniC!iin a well Um.lclslmxl
rilllgc. ( ;ivcrl IIK Very lilrgC il[~flllft! 11)killI1-SilC riilio in lllC

ATW (‘(”1. ml Ihr high qwdil y inpul hcam, wc can k CM idcnl
t)f ilt-lli~vill~ IIW low Irnclionxl tnm:ul] lt~S..( 1/10 Ih;U (d”1.AMII;)

Ildl’d hw 11:111(1S011 lllililllt”ll:lll(”~



High pwcr cw RF tulx?s(klystnms) in h 0.5 m 1.OMW
class am available at fnqucncics near 350, 5(X!, and 1000 MHz.
Opating lifetime information for 1-MW cw Lutxs is sparse, but
vcmlors m confident Uiat 50,CNX)hours is a reasonable expec-
tation The tutx longevity is somewhat addressed by LAMPF
opciating statistics, which show h average Iifctime c: lhc 1.25-
M W peak-power 805-MH~ klystnms (up to 12% duty factor) as
> 50,(MX) hours, with many luks surviving for > 80,WK) houm.

Major lcvcragc for reducing h cost of an ATW Iinac muld
come from reducing k unit capital cosls of the CCL RF power
sys’wm, and/or fmm dcvclopmcnt of hlghcr efficiency RF gencr-
alm. The capital ca.1 (pr watt ) of insmllcd RF capacity is cx-
pctcd to scale inversely as the square root of the module output
power, .s0rhcre should he an advaruagc in going to Iargcr mbcs
dum the 1-M W cw gcnerdors rmw available. A snmllcr number
of tub should ah improve ovemll acc.clcmtor reliability. Candi-
dalcs for ATW usc arc the klystron, klystrodc, and rhc magnicon

The klystron, which opacs by velocity mcxhdaticm of an
electron Ixam, reprcscms mature high-power mchnology, lMlcl-
opncnt of a rww I -MW cw klystron for Scrviu at 7(XJ MHz
would b WCII within the explored design spare and a straigln-
fmwan.1 cmcrpisc. It is Lhought that 2 MW is probably the
pmcxical upper power Iimi[ for klystrons at this frequency. The
klyslrodc, a rchwivcly new dcvicc, pmduccs RF power Lhrough
ampliwdc (grid) modukuion. Pushed by SDI program requirc-
mcnLs, high power klysmmlcs (up 10 ().5 MW) arc king
dcvckwd al ATW-rclcvznt frcqucncics. ~ power limit is
lhoughL 10he ahoul I MW, due 10 grid healing, bul the tutx has
he iIdviuM~gc Ofcompacl.nmandrclains high cffrcicncy (().7())
over a Iargc OULpUl range. Alll’mugh lhcrc is m Iifclimc data for
rhc ncw high pwcr u.dws, cx~ricncc wiih Ihc 5(> I(I() kW
klystrulcs widely used in LCICViSioII lrammiucrs is goal. The
rnagnicon, a ncw RF Me invcmcd in the USSR, produces RF
power by using cimulilr dcflcclion 0[ Itw clcclron lm.rn LOprnducc
a rmlaling clcclromagnclic wave.’ U may hc capable of g~’ri@!
4 MW cw al very high clficicncy. I Iowcvcr. a cw high pwri
vcmion Iwr lxxn dcnmnsmucd and a signilicanl dcvclopmcnl
progmm wi II tw nccdcd m assesslhc pmmi.sc of this Irchrwlogy.



possible. l.nitial studies using a cust model similar to that for
AIW suggestthat theseobjectivescan kst lx achievedwith a
Iinac whose high-emxgy section (shove 20 MeV) cmsists of
supenxmiucting RF (SCRF’ =It fating cavities. The W-W
beam ~wer efficiency could lxs 0.6S. The lxst that can be
achieved with a cmventional macn.ine is about 0.45. SCRF
niobium cavity techrmlogy, developed over the past 20 yems, has
mdd a high level of maturity, culminating recendy in major
(electron) accelerator projects at stweral high+wgy physics
laboratories (CEBAF, CERN, KEK). Standard acderating
gradients tievable within the acderad.ng structwcs are in W
range 5 to 8 MVhn, and cavity fabrication costs, iniLaUy high.
have come down to S2(XX/m, with funk decrcaw~ anticipated.

Tk simple ATW Iinac cost model waa exteded to acmmodatc
a supccmducting CCL. While RF pwer 10= in the accdcrat-
ing cavities become very small, there are Signifi= mfri~ration
requirements cohandle them as well as the ambient twat leaks.
Table 3 liststhe relevantpanuneters, including rdiigeration as-
sumption.., included in the model. The suuctum gradiem was
chosen as 5 MV/m, even thoughcostsappearedm IM somewhat
lower at higkr gradients, in onler to avoid an exmsively large
RF drive power per unit length. SCRF (CW) Ii.m cm’tsuuction
and annual costs am compared in Fig. 4 with COSLSfor a room-
tempemtufe (RT) cw linac as a firmion of &m energy.

.
.

.
.

m .“
●..

~cl’
.?. OOO”

-’t t
WloI -*. --— ● . - !

Ula lam IW -

Prdal ErlmQy (Mv)

&mLd Cs9t
m

375 ,
1

3W ,
.

.

, .

[ ‘

-22s m .“
..

m I ,, .“”
. .

J

275 ,
0

.w m

m
Za ,~=

❑an,, tl,, n,l
,, ,1 I

ml-... ———+-- I
w la I%M .’WO

~olaI E- (MDV)

Fig. 4. Consuuct.kmcost and annual cost versuspotnn cnrergy
((X supcrcomkling ad Iwrn-lernpcratum cw Ii- mnkts.

TIE umstruction cost and annual cost dcpcndencx on beam
c~igy for the SCRF Iinw appear 10 have considembly Ixmder
minima thun those for a room-temperature system, and k cost
optimum is tit higkr crmrgy. Ibis effect is due to h eliminati[m
of cavi~y RF power consumption in the CCL, which is only parLIy
nffscl by the refrigeration mquircmcnts. Ttw cast comparkwm
suggest that a sqmxmducting Iinw for energy production cmuld
he 2!5to .30% ICS*expensive m build ad operate than a room-
Icmpmature systcm. Bccausc SCRF cavities can o~mte cw at
higkr gmdicnt.. than RT corer stmctures, a supmxmlucting
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CCL can h much shoncr than its mom-tcmpaturc equivalent,
even if the SCRF Iinac has a higlur output energy. Anot%r
WkUWIge of a supemnduct.ing CCL is that

Table 3
Energy-Production Linac Cost Model Parameters

CCL real estategradirm (MV/m)
CCL stmcuue gradient (MV/m)
Duty faclm
RF unit capital cost (S/avg, wau)
CCL structurecost (KS/m)
RF suucturc losses(W/m)
Rcfngcramr CffiCkXIC)’

Cost of elmtric power ($/kWh)
Time-cm f~tion
Number of oprating sMf
Fbwcr convcrsicmcffiiiency (rf&)

M
1.0
1,3

H
:CN3
72,5tXl

0.05
0.75
m
O.(MI

SLTiE
3.0
5.0
I.0

%
20
O.an
0,05
0.75
2m
MO

Ixxarn qmtums in coupled SCRF cavities can typically ix much
Iargcr @in those in RT cavities of the same frequency, allowing
lower beam losses. Since ncgl,igiblc RF power is lost in SCRF
cavities, tiwm is no design imperative to reduce apm,wcs in otir
to maximim W shunt impdance. On k contrary, apertms arc
made lmgc in order to provide MIcquate on-axis coupling for tk
fundamental accelerating RF mde ad to preventtra~ing of
dc-ctivc beam-cxcikd high-order mates.

A pnssiblc accelerator for driving an energy-producing systcm
might have an architecture as skctchcd in Fig. 5. Table 4
summarims .somc M k cx~tcd machim pararnctcrs.

Table 4
Parameters for an Energy-Production Linac

Fqumy (MHz) 350
-y (McV) f). I to 2.5
Rwlid apcrtm (cm) ().4 II) ().3
Bc.amcumm (mA) 75 U) 70
lzngfh (m) 3.4
Acccl. wA. (MVim)
(%~r pnvcr (M W) ().4%2
[lam ~wm (MW) ().?X2
‘rd p)wcr(MW) I .2
Rl; cllicicnry 0,3.!
N(J. d klysuwus I (1-MW)
Acccl. slruclurc 4-WWK
kkfrigcr~hx pvcr (MW)

350
2.5 m 2(I
(-).U
7(-)
11,3
1.11011
I .3X2
I .2x2
5.()
().4U
4 (1-MW)

-17 JA

ScL
7(M)
20 to I 2(M)
Ioto Is
140
515
l.() (avg)
().(W5
165,2
165.2
I .()()
117(2-MW)
axis<[wpkd
5.6

“Ilk tiillll lwmclwr fhr Ibis mfichiim could tw a mum. umqxx-
illUrC IUIUKIC(I SYSICII1 i(klltitill [0 Ihilt dC.SCIil’d for ATW, ‘IW
uwplcd cavi[y linw, from 20 McV [o 12(N) McV would consisl (d’
mulliccll suIx*rc(mducl ing niohiurn CilVililmS,wilh Ilk numhrr (tf
(x)[ipk%l WIIS pm IIIodulC il~n-ilsing fmm 2 IO i]h)ul 5 iLSik
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energy increases. If an average packing factor i>f 0.6 can lx
achieved (as dt CEBAF), and assuning a structure graiient of
5 MV/rn, the real-estategm!ient would be 3 MN3n, which leads
m a CCL lenglh of only 0.5 km.

Beam performance for the supcmh,rcting linic should be
very similar to tit estimated for h ATW I.irw. ‘1’ransverseand
longitudinal emittarxx am deterrnti essmually ir “k bmn
launrhrr. Only a small gm~ is anticipated in the ‘XL. The
ratio of structure aperture to .m~ hum size in the SC’RF CCL
could & 2 x larger than for h RT machim, with tkc mwhine
apturc limit ombably determined by k qudruplc Imrea.

Fi~. 5. Superumduuting Iirm for ewrgy production.

llw SCRF cavities for an ernxgy-production Iinac would be
cooled at 4.2 K by a rcfrigera!icm system comparable in scale la
how now in use tit CERN, DESY, and KEIL Estimated residual
R:: Iosscs in Ur nhhium cavities (at 5 MV/m) will be abut 20
Wm. Thrs hltl d hC SliNiC ht?~ 10ti tO ttE CryOStitt (dtill ilblYJ[

20 Wm) mr.st k rejected at room Icmperature by tlm ~frigerarhm
plant, v%icll would require about 6 MW of ac power, assuming
an ovemil clTrciency of 0.0022. This is to he compared wilh Ltrc
N] MW of w pwcr saved by eliminating CCL RF power hses.

Witi a 140mA cw beam, the CCL RF pwer inpn rcquirc-
mcnt avcragm7fY)kWm; at the 12(XI MeV pint W implies a
700 kW power coupler feeding each 5dl module. This high
power a)upling rcquircrrwnt cms.tilutes orw of W techrmlogy
challenges for devclqmmt of a mqmconducting Iimc TIE
practical Icvei that k% hen reached is I(IO kW pr feed (at XMl
MHz). hut ComelI Univcrsi[y is mw developing a 5(X)-kW
cnuplcr (ah al 5M) Ml [z). Addillonal arczs that need 10 he
,tidms.scd in an R&D program Im high-power S(7RF Iinacs
include the .semsi[ivily of niobium cavitim to radiatitm darnagcg

cavily Q-dcgradatimr due to ad.smlwd residual gas Iaycrs,handlin~
of hearn<xcimd high-order RF rnodcs and olhcr conlml ismc%
ad dcvclopmcnt of cawti y designs Wpropriale for tne Iwgc mngc
of proton vclocilics in [he Iinal ‘ v/c = 0.2100 W.
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