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HIGH-~FUWNCE D~-LITHIUM NEUTRON SOCFtCE
FOR FUSION MATERIAIS AND ‘1’ECHNOLOCY ‘1’ESTING “

G. F. La~ T. S. Bhat@ R Blb4 F. W. Guy, R A Kxnkowaki,G. H. Neuachaefer,
N. M Schnurr, ~ O. &hriber, G. L V~t T. P. Wangler, and M. T. Wilson.

MSH817, Ia AlaIIMNNational Lalmmtoxy, k Alams NM 87546

Advances in high-current linear. wrcelemtor technology since the

design of the Fusion Mstarialn Irradiation Test (FMIT) Facilityl
hove incretned the attrmctivenem of ● deuterium.lithiurn (D-Li)
neutron murce for fusion matenalm and technology testing. Thin
paper diecuesm # new appmech ta such ~ eotirceaimed at meeting the
near-term requiremen~ of a high-flux high-energy International
Fusi~m Matwrials Irrmdimtion Facility (l FMIF). The concept employs

multiple accelerator modulet2 providing deuteron beams to two
Iiquid.lithium jet urgete onenti at right angles.g This beardtmrget
geometry provides much Is- het volumee thwn CM k attained with
a single barn and tmget ●nd pmduceo significant rezions of low
neutron-flux gmdient. A pralimirmry t~am-dynamico d?sign has
hee~ obtained for a 2S@rnA wfemnce accelemtor module. Neutron.
flux levels ●nd irrndimtion volumes were calculated for n neutron
source :I:cr-porsting two mcch nrcdulea, and in-rection of the beam
with the lithium ;et wu studied using t therrrml.hydmulic computer
simulation. coet eatimatea me provided for a raw of kkm currente
nnd a poeeible fmcility st@tg eequence M s~-ted.

According to ● recent inlamatiorml ~mwesment,4 the present
understanding of materials behwror m a fumon reactor radlallon
(.nvlronrncnt IB lnm.ifTlcient to guarantee lh? required performnncc
.1nd lmriurance of future rrmctor com~ente, The percewd need for
.! high flux malermlwteetmg neutron eourte resulted m the current

lrlt(,rn:ltlonal .Ener@.~ncy ( IEAI mltmtwe LO ●aroma tk~ wurce
rr.(lu]rvrnrnts ●nd bY evaluate the technol~es ●vmlahle for mertlna

them tn th~ near term s
This pn~r prewmua an ●ccclermtor.dnven eource concept lh~t In

iv, ,..d from FMIT, hut mhes ●dvsn~ of improv-mente m ‘hr trch
I1,,l,,kT ,jf’ high cumerct Ion ●ccalurmors8.7 LOofTer @ more ●ttractive
.In,i co 1 elhctlve fmclllly for fusion matarmln testing A m FM IT,
15 MI.V d-ut~mng mre ueed to gwner9te ● fumon Ilke rwutron ~prctrum
t’r,,m th~ thlrb m~t yl?ld 01 the L!(d,n) nuclear nlrlpplnF r~nctm:l
~h,, sprctrum, which peaks :,ear a neutrrn rn~r~ of 14 MPV, pro
,illrt,fi trtnmw dmpincements IIIpa) ●nd trm,lsmutatlojl prrxfuctm(i g ,
llr.l IIIm I in Irrad!atd mmtermln with rntlo- thtt hrnck?t th~ rnmplrtr
,:I17cPf,f tun)nn r nctor pnvtronmenln Hecauw the dmtiron •~rgy
,. ,l.i),l.tmhl-, tho dpw’l{e ratio could. In prtnmpk, k lulled IO ●tudv

III I** IIIIV vwlrurn d-pndmt ●ffprts
1 modulmr •rc~l~retor ●nd targm rnnfigurfitmn !- rnvl~a~rd. II=

hIIA I, In FIR 1, whlrh pmvld~s for ICI( rrll tlum ●nd vulumr flrx IIIII

lb I!IIt ~rmd)m( tallorlng, stegm) ●lpanmon of capahllltv, und
,,,l,r,vvd fnrllltv ●vallmhlll!v AlthmlEh many ■crl~rmtor IIVIIIUCI
. IIr III II UItIn nr~ posslh le. thlt pa~r fncumamm ● two mndul~ nou. rr,
.. ,11) ,,jlrh unit d~llv~rlns m 250 mA rw barn F;ach accrlvrator

F.18,11111,.would runs!st of Iwo 1)* Ik lnjec torn. Ivo rmlno frealurnr~

II IIIlr Ii Imlen I MFQI. ● he~m funnel, nmf a ~lrcglr drill tutw 111111(

1)11, ~hr rriwwww rwutnm -urr* ronhmn twn lithium IQ( tnrtict.

r 11.II IIVI m !I(Y”. wtth ●arh tmg=l twwlvln~ on- Iwnm An Impllmi III !hr
li~llro !OM1rllrr~n( roulii k o~pmrfrd to IIHHImA hv ndrtIIIH!*,, nwrl
, vn!,,r r,mdulr~ ,,r rdlwc,d to ‘2.%4)mA hv FIIm Inn IIn# ,111. I(FLJ 11,,111

,1, h 111,,,1!11.
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.
construction of en improved D-Li neutron source, with higher per-for.
manc~ at lower effective cost. Theaa advnncen include: a comprehen.

. give emittance-growth theory; better bebm-dynamics slmulntion

. codes; development of the beam-funneling concept for current multi-
plication; tbt uee of high accelerating-structure frequencies, per.
mnnent-mapet quadrupoien (PM Q), and rnmped accelerating
gradienh w control beam-emittance growth and halo growth: and the
use of high-order opticm in beam transport systems to manl~ulate
beam profiles.

The 250-ti accelemtar mdule proWaed m the bulldircg block of
our refererveasource concept in Aetched in Fig. 1, which ❑lm tabulmtes
frequencies, currents, ●nd energies selected for each component.
Preliminary beam dynamics simulation~ have been carrlad out for
this module and are diecumed below,

-r, IUW,andFunnel

Becmma of beam IOU inherent in the RFQ bunching process, about

140 m.4 of D+ mumt be irqected to obtain 125 MA at the output Tnls
requirement could k met by a duopigntrorv Ion oource similar w one

operating ●t Chalk Riv?r Nuclen? Leborat.my. 8 The sel-ted RFQ
frequency ( 175 MHz) i- more than twice that of FM IT, allowlng n
Iaige reduction m trmraveree ~tructure dlmenmiona, }iigh.power (() 5
to t O MY CW) tetrodes ❑re commercially avallahle to prowdr thr
accelerating onn~.

Beam brhavior m the RFQ waa timulat.d wdr the code PARWIZQ,
using ● 10QO-mcperparticla Il;put diatributimr uniformly flllmg a fcwr-
dlmerrsiorcal tranavarwe phme.apnm hyperellipsod Th@ IonWtudl
nal distrlhution was that of a continuo~s beam with zero energy
spread Figure 2 shows the radial dlstnbutlon. phaae width, ●nd
energy spread of theee p~rtlclea ●- thr beam traversr: the RFQ
Table I Iista Important RFQ parnmaters not dmp]ayed lrv Fig 2: the
trorrrnverse (T) and Iongrtudirml IL) beam ●mlttances mhown nrr
normnllzed rms valuea
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Tabte LRFQP

Mean apartura 1.2 cm RFpo wer (copper) L)3MW

Tank diama~r 30 cm powar (berm) 04MW
structure IengLh 5.4 m RP powar (toml) 07.MW
Surface flald (peak) M .MWm Out?nlt mmttanca(T) O 27x mm. mr
Transmlmion ‘99,3% @Qut cmlttance(L) 0.46m mm.mr

separately through four P.MQa and a 175-MHz buncher to lhe he~m
combining ●lamenta, which consist of a Iarge-eperture Clefocuslng
PMQ and a t75.MHz rf.deflection cavity. The hunchrr from rach
ltFt/ are separatd by t809 in phaee, and are klck~d onta u :ommon
Iongrtudinal azla by the rf daflector. An ●d{jttlonal four PMQs urid
two 350-MHz bunchero provide a mx.dimenmonnl phar.e.npticr mntch
(mm the funrml intn the llTL.

The tJTL consists of two 3M.MHz tenks oprrmtlng ns ll!A ,Irur
turrs The focumlng pat~m of the dnfl tutm quadrupolvs ,. FOF()
1)01)(), and their field gradient m ramped from 120 to l{)!) T m w lth

Incrvoslng Icesm ene~, The accelerating fmld In the flrw tunk IS
rnmped from 3 m 4 MV/m, while In the wcond thr field IS hrld ri)n

~tnnt at 4 MV/m R.adio-frquency ~war would he suppllrri hy I M“,$’
CW, 350. MHz klyatrnna now ●vailable from several manufnciurvr%
Thr frequency m mom than four hmes that of FM IT, and the Mcrvlur
:Itlng ~adlent m thrw tmfour time~ hlghrr, rrsultmg In n muck ~III,W
rnmpnct ●ccelerator Improved control of beam halo~ lmnrl Iwnm lo~s,
ISe~pec~d with the higher fmqumwy stncctura

The umulatson code PARMILA wmsrun with 104)0superportwll.s Ii,
,. IUIIIIIIQ the DTL ham dynam~a ●: 250 MA The Input phew \pHcI.
,I}strlhutlon IS thnt of a uniformly f’.lled olz. dlmercslonal hwpvr
[Olllpsold whnee rma d~mmvslon~ match those ohtalned rrorn thr 14F(/
,,,,[put NO Partlclea km tmo dlstnhutson WPM.lost from In!rrrrptmll
Iw thr drfi tubs Figure 3 -hews the beam s radial dlnwnmmn mmlt
lruvvrm~s the DTL, ●long with Its phase width ●nd •nrr~ ~prvlld
rnhle I I lmta Impo-nt ~L parameters nnt mmihrsned dnsvP
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T’mw U un~

‘ Tnnk dl=rnebr Su cm OUtp ut omitti.a (T) O.10Emm mr

so 0( dnhtic ~ ut ●rcut@ncw I L] O :11 mm-mr

DI-IR.tu.tnapnuca 2.0 cm RFpo m? [q pal 33MW

TOUI lon~ 13 In pwar \b) ao.WJ

Beam loding 71s FtFpn -r I d) 113M’W

The HEBT w-Illconmst of n Pnahc focumng system WILI-ImtIetmt
one bend, SJJLhal hck. mgle neutrono from the mrgnt ctnke a shielded

[lump raLhor thin- the umler-amr A Ipur Ilne ●nd ● high.power hram

.Lup WIII ba neaded LO p-rmll accelert Lor tuntn# be fors k~m II

twitched w the u~t. Spa Ial ●loments mll tu ln~M Inta the llE13T

o increase the tmsm t ener~ spread ta I O MeV I rrns I and w liat~n

,,nd widen Lhe transverta dlt Lnbutlon Them manlpuln Lionn ar.

requlrrd LO maintam, w%cwnt]y low pemk power depo#l L)on drn~ltv

III Lhe Iithlum JOL

Iloti lnLamal ●nd onemal forces can b usd m &mbn lhe requlrrfl

beam rne~ nprmd [f tho Pnodic fmu~lng fiyfitam tL LIIr rnd of he
DT[. IS continued lnt. Lhe HEBT, lon~tudlnal npace-c}.~rgr (orcro

WI II Incrente the rmt elera spread of a 250 mA ham rrom 70 (U

‘~I)b kev wlthln five meters A 2 WI, J50. MIIz •nor~ dispersion

,.nv I[} placed near the end of Lh@ IIEBT can prov!de an sddltlnnnl
$(tOkrV rn~rgy spremd Ptellmlnmfv calculatlont chow Lha f?nn)
lIIIIty of using non Iinoar OpLICS IaLuwloI$ In Lho liEBT LOohtaln ●

*IIIF, fist. honzonml piano hmm &n~]ly pruflb ~t Lhs I]ihlum tir~t
rnlhcr than ha (;auu Ian dl~rrimu~ ●Murrd (or F?dtT In ●ddltlon
10Iowrnng Lhe powor d@pslLmm In tho ta~, t.hls feuture provd?~ m
more uniform neuuon fluz dlntrrbulnon In be ted volume
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~smg thr 3-D flux map-. It was posmble m ●stlmaw thr avnllable
lest volume expo66d to ● ~Iflc mveragw neutron flux (In dw slmpll

fylnR Ilmlt of no part~rbat]on introduced by wst ssmple~ or [hv
Ilthlum Jolt), ThIm volume 1- plotted m Fig 7 ad r function of tots!
beam current for differant imverage) wall loadm~ The bamrvLarget
g@On’ItLC’yIS u @ven m Fig 5 Test volumes rstlmatad for PMIT are
~hown for comparmort.
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T* RL m-~r Y
Total cumenL 125mA MOMA womA 11X61MA
Conmumort 107 M MM m .M X34 M
Eloctnc powor 53!Wyr 8.7 !WyT 174 .Mlyr 348 My

Total OpOCW~ 13.9 .* 198 Mtyr 32.7 M@ 545 My

,.onvrmtlonal ●tiRF power .converclcn •~lcmncy .0 +ti I, and n Ilnr

source ●s aconommal ●s thst for FMIT ($0 03SlW. hj ,+ plot of the
construction COG1●otjmama na a Ikrtctwn of toLwl deuu. ron current

rrveds *ml CJwweCO*Wmcalemppromnsuly as IId,0 62
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