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E!!ERGY VA.R2ABLE DELTERO!’4 I-WAC FOR MAPLS RESEARCII XVXT’RON SOURCE’

R.A. Jalneson
Accelerator Technolog/ ~vwlon, MS H81 I

Los Afarnm Nahonal IAxxatory
Los Alamo% New MexKu 87545, USA

Basic research m new maten.als and matenais technology IS
a key national resource, and several countnes are tdung plans for
advanmd capabliittes, including intense nes.mon sources.
Advances m high-mtenwty Iirwar accelerator technology can
prowde efficient drivers for such sourc-. Aspes3s such as energy
vanabd]ty, untfcrrrruty of target duse dtsmbuhon, target

bombardment from muihple dmxtsons. hrsescheduirxf dose
patterns, and other features can & prowded, opemng new
opportum tIeS In the expirnental program. These conwderanons

are dmmswd m the mntex.t of a 2J-40 mA contmuousamrrt,
35-MeV compact deuteron lInac faclhty, as a subset of destgru
with much larger (250 mA) current capabdtty The Posslblhty for
a current. upgradeable faclllty IS bneflv descnhed.

Advanced neutron sources ●re needed for bmc and ●pplied

m~:rnals research. 1 The neutron spectrum produced from the C-LI
reaction has been fudged useful for mrmy materials research
problems, espmmsllv for fusion reactor maienals. !%lier
programs, Including the [OS Alarnm Mewn Phywcs Facflify
I LA\l PF) and the Fu$lon Materials Irradiation Test (FMIT)
t~ctl. tv prototype, demonstrated key features of the requmd
high-lntcnstty ●ccelerator and target technology. FMIT was to be
dn tnwnatlonallv funded D-LI neutron $ourca based on a lf.XhnA,

j5. Muv cw ~+ linear acm]crator, WIffS a mfedals test Vrjluijw

chdr~ctcnzcd as 60 dpa/vcar m 10cm3 (1.0 x 1015 n/cm2,s) ●nd 6

dp.~1 V1’~?In ~(~ cm3 ( I (1K 1014 n/cm2sec), Cchswatng cJi~lcsn
,Ivcr :hc ncarlv 10 years since FM[T cancel latmn has kn fnrmaed

bv !;w IFA FusIon f’owcr Chrrdinabng Comnuttsw on studies for an

lnturn.rtmn~l Fusion Nfat,!rtals Irradlatum FacWty (IFM[F)2 that
w(Iul L\ ho~tully ~ovIdc larger flux ●nd test volume than FMIT
~f~wld hdvc, wlthln a ~lmtlar cost !mundary, by tmng recent

k,chnlcal dvancc$ [n the near term at least, Ihe D.LI •ppro~cn
IS the (mlv approach wtth ● suff~ctcntly demonstrated technology
10 proceed qmckly to m operating facdity Indeed, ●dvance
durtrrg the l~st dcc~de In accelerator technology allow the
c(~ntldunt pro~mal of ~n lFMIFbaecf on 2S@mA, lS-MeV

wcrl,:r,~tor/ target rnodulm, ~ Two $uch rmsdulea, otlenmd at 9@
r~,l,ltlvu 1[} the test v Iumc, are !hown to prowde a test volume 18
{in],< l~rger than !3,1T (for the wme ●verage uncwllwfecf neutron
tlui)

rhc cow of tuch ~n lF?v41Fmd tlte mmplicatiorw uf

!nt~,m,]tlt~nisl funding have led to wnous planning m @an4 for a

m,~rcr.t!~rm low. 10 Intmrnediate-fluence f~ctllty that would

ddrvw lnanv areas of hmIc matcrtd! research as WCII as aspect~

(It (u!lor :n.9tertals development, ‘f%e shate# propuaa an

Fnwgy 5ell~ttve Ncutrcrn Irrmfhitkmt Tc*t Facillty (fiSNIT),
tt~uplmj with t highly nrodem@d fost laboratory using modular.

tvpe hof CCIISI\fC)[)ULAfl) and the Small S~mum Tmt
I’whnqw (SSIT’) Although the dmm,rorr :wrrent of the fXNIT
tnlght h (mlv 20-40 mA (fo rtducc costs), the comt itlon of
\f( N) L,’LAB ;nd SSV t! vxp@vted to ,~ffw$t MWW of the
dls,ltfv~ntn~c of reduced Ilux,

ESNIT’, or the larger IFMIF, would be configured to pro}nde a

Inore tlexlble expertmenral facdlty than earner dewgns. s Some ,)t
the capabdltses that could be prcmded rrught suggest new
errpenmerttal techruques to materials maearchers. As Its name
implies, ESNfT wdi provrde energy selectw}ty, t-ypcally m
discrete steps. Neutron Intensity can afso & varied. The target
chamber could be wmdmted by more than one beam, from dltfercnt
angles, provrding many posmbdities for tadonng the flux
dwmbution. The dermty d!smbutson oi the deuteron beam at the
target coufd also be tmlored u~mg advanced techmques In

?t’UgtWtiCOpnCS ~ffOrdlng further mntrcd of the target chambw
distribution. Final:v, the ●ccelerator and assoaated beam-
tranqxrt element> ●re all csaentsally electromc devrces and
therefore can be conrroiled and modulated m trme-varymg
psttenu under computer control, opung tfw Pos.slbdity for wudv
of ratedependent effects.

The cried sources provide crusty detmls of the m .tenals
research needs and facdity mqumments. We discuss bncffy hem
some aqrects of the deutercm linear accelerator system.

Wlule detailed design work has not been fu,tded, ESNIT and

IFMIF requtrementa fall wtttun the envelope of extenmve work al
Los AImnos during the 19S05 on the neutmf particle barn program
and remrtly on design studi- for Accelerator Production of Tntlum
(APT) and Amelerator Transmutahon of Waste (ATW) Tlwe
latter two ●pplications requwe w proton currmt5 of up to
2W300 mA ●t 1.5 G# Oetmled mtrwepfual dewgn work on the
accelerator for APT/ATW ftm been completed, ●nd APT was
!mngently revrewed by the Energy Research Advrsory Board ot

the US Department of Energy.7 Thetr findhrgs Include the
followlng:

● The mmnnummwave RF imac approach IS thr rrw;t
advanced acctlc ator technology for apphcatlon to the productmn
uf tnttum,

● The continu u~wme RF Iinac approach for APT IS
technically sound. While ●n mtegrsted accelerator svstcm ha!
never been built and operated at AfT condition% the acdcrat<w
feawbdlty and engineering development IMues could be $oIved
with an ●dquate maearch, mmponent and systems development.
and englting derrumatratfon progmn

● 8eam transport IS a mature dhctpllnw The hlghaergv
transport system requlws sortw mmponent cfevclopment and
teattrtg. However, beam tranapoti IS not expected 10 be a
wgruficant problem m mt APT development program,

o An mtttal 4-vQar period would be required for adl~ltlw
Including R&D, system optlmiution, conceptual dewgrr, and
Jeqpr of the first secttorw (up to ho MeV) of the accderamr

!v$tem, with prallel acftvities such that cwrstmctton O( an
tm@weting demonstratftsn muld be completed m 2-25 more vvarq

“1%11rewew h of rna~r tmporfm+m m ~saessing the prewni *I.IIv
of the art of high-brlghtneas, IOWJOM accelerator tfewgtt Wh~t
.sre some of the key fedtures?

LMhMcwum l-whYm-LQMJ!mdcJJ22Y

. .

‘ Work Iupptmfd by the (JS [Mpmnwnl of f?rlrr~y and with

Ihc II OIPIIJIIIY of the lqwr AImrIIt f!ncrffy Kcwmrch Inuilutc



enough that ‘hands-on” mamtenancet IS pm.wble over the I](e of
the faahfy At deutemn energses up to 3H0 MeV, tfus me.ms
that no more than a few mA/m of barn 10ss(or a fracaonal loss of

-l@/m for a 30 rrsA hnac) can be tolera~.
Our dewgn pnrwsples maure that hlgh~rrent opsrahon IS

combmed wwh excellent beam quahry based on fundamental beam
phP1cs.8 We must stan with a hsgh quahty 75-IIM keV Ion source

having low emsttance, and presewe that enuttmm through the
following atielerahon and Lransport to the target. Up to about
2 MeV, we use a radm-frequency quadruple (IQ) for bunching

and !mhal accelerafson. ‘flte RFQ9 is a suprb preaccelerator for
mamtantng Ixam quahty urder hlghflrrerct, $Patiarge
domtnatmi condmon% Following the RFQ, we use ● drift tub
Iircac (DTL) or short secnons of separate ca~ Its= up to the
3S-40 MeV final energy. Both the RF frequency and the
traruverse/ Iorqqtudinal focustng strengths am kept ●s htgh as
poswble, wlthsn other curwtramta. This nunmuzes tb charge per
buwh with gtven phase advance per focwmg period, and keepa
the beam we mall. (Whale space-durge forces are increased In
a small beam, the spattal extent over which the beam thermal
energy IS dlstnbuwd is smaller, and the latter dominate.) In the
DTL or separate cavity secbon, we dewgn for large ratios of

aperture to Iratwversebeam sue ●nd Iongrtudirul buckef sszc to
beam phase length, artd rnAy uae a ramped actekrattng gradien! to
help Insure thm We mamt on god ahgmnerrt, gmd ched-kmp
control of accelerator field ●mphtude ●nd phaae, and extensive
dtagnoshcs for beam control and mamtenartce of the oprattng
regrew. Even so, sonw halo and JpIll may occur, but acttvatlon
effects can be Imuted m a variety of wap, mcludmg use of rad-
hdrd clectromagrret quads (this sets an upper hrn]t on the DTL
frequency) and Ictcalumg Iowex ●l selected qmts umng erruttance
filters Our faclhtv design work has also ddreaaed rmny details
of the operational, maintenance, failure mode, and safety
reqcmcments of accelerator. based factory Inatallatiorm

We have ●lso carefully cumpared the expected performance
~Jtour 25@mA CW/ 1S CeV<lass proton Iinac desqps wsth the

c~pmencr of ‘ .AMPF, preserrtlv the most mtm opemtaotul
tamhtv at I mA average/O.8 CeV. The detmled comparison IS
beyond the scope ot this paper, but la wrtsmnzed m Table 1.

TAdc 1. Cttmkxf Comparison of LAMPF w AIT

A \ cragc current lmA 2somA
f’mk currvtw 17 mA mmA
Ptsrt]clus pr bunch* 0,5 x 10’J 2.2 x Id
RF buckets ftlled (In hlgh- 1;4 ●u
~wvrgv wctwn)
A@v~twn !n\Rem/hr) 4- ~lu)
Ihurn low (nA/m) ()2 g
l’r,~dl~,n~l kIw. /m*** ~ ~ 10.7 ~2 x Id
Apcrt~irc/rnas Mam <w td ?0

——
“ lhc curqxLumn of -44 m parmks per burn’h IS the meanusgful
c<tr;lpOuuon m mrm of (undarncntal beam Phywm, rxttter than Cfte
,Ippmmt lac!of of 250 m avcrags &an currenL
.* [:(~ept ((X a fcw h~ ~nq, APT k a f~CU of 2.3 MfvXJWge hau.~

II I{ mx a Inkd mwhme An addicmttal f-cm of abcsw \ L! needed; by
uwt~ large apertutvrms beam me mtm, wc beheve much larger factor!
WIII h ausmcd,
““” AfT nrcd! 10 UIIVM Iowcr k~tsunal Ius!htr IAM LAMPF to rrtmrr
hiiftd$+~ttmwtcenom’c A fwwr of l(~) dKmIldbe ,schtevabie

.. —,-.

+ ‘I{lmdt.t.in “ VI rcmow rnatnlcnance, q 10 mRem~r..

uncnni!rd!ncd hgnds. oni 100 mltem/hr... handon,n, Ilmli(.d
J,t CII ~lmc, I RcmAr-. htttdt wr with carefully controlled.

vcvv lImIIed iwe$!, zlt) Rcm/hrrc mote malnlcntnce

tcqulrcd

Havrng thts (Inn basis tor relation to an existing txtorv land ILI

other machmes such as the Iugh-bnghmms 100-mAf7-\~ck’ L,).
Alamos ATS and the CEkN Ilnac) IS important In cwtabllsh:ng thi,
credlblhty O( the present state of the art,

ESNIT neuryon P* energy se.lectlon should bv p$slble In .ct

least thrsx steps, e.g., 5.10, and 14 h4eV, ~lh corresponding

deccteron erwqp~ m the range of 10 to 35-40 McV 10 Such steps, ,,r
more If dewed, would be made by spllttrng the .iccelerator
stmcrure mto appmpnate sIXlons. This IS usually done anvwav to
accommodate to the RF amphkr system. The beam would’be
accelerated to the dewed energy aruf transported through the
rwnairwrg deactivated sectsons. We have deaded to use
electromagnets m our high ●verage current apphcatlons. rather
than permanent magnets that ●re rather eawlv radlatmn.
darmged. El~romxgne*s are partwularly appropriate [w the
energy +lective feature because thecr strength can be computer
controlled for ophmum focusing at different beam energy and
current levels.

The deuteron beam density dtwrtbutmn at thv molten LI
target IS Important h~r target kugn and wll also Influcncu the
test volume characteristics. To dmtnb!Jte heat through the Lsrix,t
depth, an energ-~ dqrersmr cavtty could be added at the hnac I:\It
as m FM IT, to rapidly !weep the beam energy o~cr a mail ran~u
A more complex symem using two or thre@ harmorucallv rei~tcd
RF frequencwa could be used If h@rer urufmrrutv were nveded

The add! bon of higher-order nonlinear demerits to the
transverw beam-transport system maid pmvrde more unllorm or
tailored beam dmtnbutlon over the target and test volum{s U\lng
a mrnlxmtion of qudtupoks, caupoleY and Amdtwapdc
dectrmnagneta, a peaked dlwnbutlon can b transtormvd {ntu J

rmtangcslar uruforrn dlstnbutlon m two dmwrmoms I I The nwth(xf
“wraps back” the tall$ of a Gmsswan dlsmbutmn Inm the ccntr.il

core. Containment of seven mandard dewatmn! O( thv lnltl~l
gauwtan has been ●chieved m wmulatmt studws

Ilw Jlslrlbuiit,li taliunllK sy>hmi requwes further c!vIAIiid
dewgn i.. be able to handle the wide energy range dIwus Md abtI\ r

m14kic.AuExm.U

In a modularwed IFMIF sv ,t!tm, or wrnllar wdwt.d{~wn
wnaller on% It would be natural to d:llvcr the neutrons lrtlm

sepnrate thrgets to the test chamber tmm dltfcrcnt dtrt~tl{ln$,
affurdmg vanuus optmrs for the duse dmtrtlmtmn m I“hvchambvr

Separating a 2(WO mA ESNIT+cale machlrw mm mudukw wtlu M
Introduce probablv unwarmnted e~pmw. hlt other rncthods 01
pruvtdmg multlpic beam! ar. prmwble and wouhl hI wudKd

$pecthcallv for thts ●pphcattun

,.. . ,~MMr.cuLtkAKtLwuktLm “.LIU



Figure 1 shows one conceptual demgn for al ESNIT ophrruzec
at the deslgr! current o! 2S rm% Tfw use of fugher frequency

CO~S would nadt m some cost savtng and SOmeWha ISS
length and RF power recpmrement than the current- upgradeable
concept shown m F}g. 2. which IS essenftally a partial lFMIF

module capat4e of IM mA. We would rsmmmend the wrent
u p~adeable approach.

[m- m nm L) I 031. — 031 ● ~
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Fig 1 conceptual vanable~nergy 25-mA D+ hnac optwruzed for
dcslgrl Lllrrent.
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FIg 2. Conceptual vanable-errer’gy M mA D* Ilnac upgradeable
I(1 125 mA,

T’hutcchmml Lfewgn of an F’jNfT deuferon Ilnac neutron
w!urcc with a ffmlblc range of energy varrabdtty and perhaps

,Iltracttvc dcnsltv distnbutkm tailoring IS feasible The factllty
,~wId ~ ~urycmt upgradcablc, DetaIlrd dedgn work could txg!n

tmmd)atclv 10 flesh out the concepts ●nd to deterrrurw the cost.
An ctwrgv-wdwtlvc mtrmse neutron wmrcr, embodied In the ESNIT
iw~yw>sal, II an attractive capability for materials researchers,
JIM II ~hould be pcwble to prowcfc Ihls capabditv within
rc(ls.m~t~lc co~t and tlrrw constraints
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