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Abstract --- 

Tlidllstr-i~11 irradiators based on electron accelerators 
: ,,~llli 1-v t IllI t t try I,eam power 1~1, dist rihuted over ihe 
~‘:-uiluc t ex;m iurc plane cans istrnt wi :h the process 
I vc;rii r’tmc:it ci Tn practice, this is achieved by eittirr a 
c.t ;:I ii 1 <I:\? sys tern, or magnrtic scatn>ing For the, 
IPlf’l’T;?” t’:‘l scr! i r-rndi:it urs, ritlie:- d low- frequrncy 
, 5 it;,, ;<‘nrlr,c~r plai-es sp:>ts :2clo!;s t11i- product plane 01 
-i higl~ t requrlic;y (2 >(I Hz) macro-pulse scanner will sweep 
_ at-t1 hram pul:;<~ <i(‘,‘O$S Lhi> }‘1‘1:11. ?‘I>(. perfnrlllnnre of 
‘iott, i,l”‘t Xiii m;i~‘ro-puli;r 51‘.3111,?1 ‘i ii rnlhancrd Ly mudi 
f ,~1nl~, ttl:. n,,p,r~~1 ~~::.~itzt iofi Irt <‘r;m~z~ri~,;iic for sysr.i~m‘lt i <’ 
.-! f (JC, ‘2 , ir:vIildin;: llvstert>i;ii; a:><1 cd&,. CUTt-Erlt.s, syn“li~ 
rrniioi~:: ;lixtrl-tion of : l:ia l,i,arn ‘it tile &l;es of tllc scan 
;/at t is, I IS alplied to ~.los(~il-loo/~ conrr-01 of bo:ll Lhr 
.;t’,ir, ~.~ii!~h anti ri*nt~-aid. ‘l‘htsrmnl ITii’iiSUremeIlt s of pew:- 
di;tribut ion with a real-r.imr exposure-dose monit.or show 
I~POIII 1.1: Iliznt ion efficipncics of 85% are achieved rrla- 
: i;.c t 1 :i urli .‘orm di?itrihutiorl, ~lrdlnct irg scatter-in& 

i?l:‘LLA“‘-IO/i0 it. the LO Hei’ 511 ki; iwmlxr of a family of 
i~itl~ilit r-in1 ir-radi;i!or5 5asrsd on eli~ctron 1 iwar accel+t-.i- 
1 cl-5 li~~~i~lul,t~(. ‘1~2 Aromii Ent~r-~;v 01 (:.in3d,3 Limited. Th(~.ie 
r, c r e 1 < I’ ‘i t 0 r 3; a ri’ built f r- 0 111 mod1ular. standilig-wave 
‘,t*-uC’tult’S, oper-ate in a lcnlg-pulse modt, and ~wse n low- 
lil!ec:i(itl--olt age triode gun. Thi- accrlcrator is powerccl 
wit’? <* sirlgli~, mndl.ll;itt~~-sIiodr, 1.1 mz klystron [I] 
‘I‘!;,, rf ,j 5 ; : _> I.1 :2r:>vidi,s c: (lii’& 1 ““,’ cant t-01 of ttw 
,,c~el?I-;it i”C i‘irld dUrll+? thiJ pul’;c. rttc accclernti-d- 
!.L~.,,,, < (:I ici,t is 17i~a’;iili.d ai14 ;rv~~L’;i~;eti rlx,TeL- ii nnmb~~l- oi 

}*rll ii’!., l‘ll? su:l rlnissiiiri is adjusted to control thus 
( :I!-i-e-,: ,ditli ttLt locll ,:l:>s:,d bv ttlr prop,r;irnmabl c! 1 ogic 
cl),!: ,- 0 1 1 ix*- ( I’L c ) 50 f t’d.3 3-c I inG;rr <.O”) and 170” -bizrldi nr, 
Lc,irn iit 1 i:ri’rv .s;‘i.teni; 1LlX.? l,i~i~li tli~signed. Tt.e t,v;i I 
d~livrrv dt :;i;:~i:; inclu(lci static and ilyrinmic means t.1 
clI5-r-it~niic~ t tic, i r-t-3di:itoi- power oviai tli<. product cxposare 
}.I;.rlf~ .>I. A prot:,t.ypc, has been built in the 0” cow 
f iy,~lrat ion with analytical elements ir the beam delivery 
.c 1,’ c c i-m ) as shown iri Figure 1. It tias been operational 
fo1 l’.“t over one yi’ar. Tests have demonstrated sus- 
: <Ii Tlfd oprrat OrI a: f hi, ful: ln MPV rwrp,y and 50 kTd 
iivc r-:>p,c beam pwe~ 

‘I!!;, posr,‘l ci i ‘,I .-il)lli L,n at tt,c }~r<~<lwt c~s~osiirc’ p1,i:w mu: I 
:lC m<,t ch..*d t 0 ttie llecdl: <if tt1rz isrsdist ion proces: 
l’rod.~i~t s 41-i. :;rnsit ivi‘ t 0 factor:; such ss maximum arti 
mi3imil1 I-;idi;i:iorx &zz;r. :irld scat tcrillg etfo-t:; ‘I 1, i :: 
pnpt-r cle~,c:r~i /lP,S !IOV prescribed product exposure condi- 
: i<,lis cliii I).. a~,sli~-i~d wi t:l tllv .lid of on-lint mnnitoring 

, Ii:‘.“” I A I- t i I, : ’ ci ;‘i i’w of thp TMJ’EIA- 10/50 PratOt.y}K 

Dose Uniformity R~quirrment~ -__ 

Rrqr~iremerlts for dose rllli fi>rni t Y ic :I part ic-u:or [)I-o(l?zct 
IM;~;J demand prorrssilig with two-sided irrncliatioll, the 
addit-ion of external scn- Ltel-ing surfares to reduce edge- 
<>1 iects, or tiff addition of a matc~rinl I dyer to modify 
tiir depth-dose characreristics of the product The 
()llnlity Assurance (@A) for each product requires a dose 
~ISSU~~~~~CCI protocol. Achi?vin$ QA arid economy of opera 
tion with a minimum of false alar-ms demands good perfor- 
m.3jicr of ihe dosimetry di’\-ices and optimal adjustment of 
the process conditions The radiation power-densit\ 
t:lli for-mi ty speci ficnt ion for tllr ;.YFELATN pror otype is 
+5*. mcnsured nt 15 cm frow thr vacuum window over ii 
K;dttr of 80 cm. Ill? portioi: t>l. [tie tot;31 bt~arn [?‘:W” t11.1t 
lalls within this range is > RI% 

tl.ip.1 w t i-c. & ‘IJ~I 1)~: f 1 i’,: t 1 gr 

St at ic or dvniimic mnp,rirt.ii systems may be ard t<; 
cli:;[ rlbute tt1i. flectron bt?nm power wei the product 
(-sposurF plane. Lniile a static lens system can. in 
1~‘inciple, rl(.hi(xvf n coctrollrd de-focusing of the beam 
~c pr-wide a uniform b~nrn power distribution, achirvillp, 
1 his in pra<‘i ice l-t’qLir-c+, a c,ireful de:;ign asing drtailed 
knowledi;e 01 the tieam energy sp~~~trum and emir tance. 
II Y n n m i (- mngne t i c :,cdrincrs may ‘2sf either- ii slowly 
c2~3nt:i TIE, rn:ign t i <’ field ttl;it 1plai.~1s over-lapping beam 
s7ots at the “spos’:r”; plarx (:a spot r,canner-) or a fnstc41- 
“>“c;tt’r t hnt sl rws <*art? hew c;l”:! ;:<-I-05s the pli?nc. (3 
m.icri)-pu!sr SC‘flnwr) A spot sc:*r.*wr ir; o?~.rafion~L on 
: Iii’ pr-0: otype nccelprnt or and ii macro-prll se scanwt’ is 
~lndol- d<~VC liqmrr?r l3ort1 n st.stic. system and a n,iicr’o- 
p!11 >c scnni:cr oifvr- ii lowr minimiun dose tllall can be 
i!ilivci!-cati wit b a hp<,: s(‘azin~-. wlailtl l~rovidit!~, a speci- 
f ied urlifornnitv 

Yost spot .sc;irme:-c: 115~~ i3 (Ii>! lr-t iof. i~1tac.r mnsg,i tat csx,j i cti 
‘IV ii currtint -mode amp: i i it 1 pl-ok,r-nlrn,a,~ci to follow a 
t r i nngl t wave Cependiiri; or t tip gi~owtry, aT very low 
I r-cque~cies (1111 to 1 H.:) rt1c.si 5 <‘ ‘4 I I 1 If r ii II 5 f’ iiT1 iror: 
magnetic ci rcliit, As t :IP scan Lrrquencv is increased, 
i~cliiv-- ~‘lil-1 cr.t 5 in the migrwt (and to 3 lesser extent in 
: ill, v.ii:wJ,” 1’ e s s e 1 walls) mndif) I 111. magrw t rf2!5p”I,:,<~ 
:-t-l at ive t 0 the zfr~- frcqurncv liy:.trresis response. 
These fr-eqil~,r.cv-depexldr,:lt ~fiects a<‘t to deform tt;ca 
rn;ignc : i c indacticn waviaform r-r13ti.~(. ro the wilidi r I; 
ci:rrent waveform, prodjlcing 3 non-uniform scaiined-bran 
pov~r disrr-ibll:ion with pta;xks at tile ends of the scan 
p”tt”-n. 

To imp rove 1-t-r p<‘rf 0r:nance of ‘1 spot SCJII~~~, t Il<, 
map:let i c circuit may be for-m~*tl fro:r laminations or 
ferritc>s. increasing the effrct ive electrical resistance. 
and thus rtsdur ing eddy- cilr rrnt effects An alternat i-r<> 
tl12:. allows use of ii simple snft-iroil magnetic circ.uir 
t01- intrr’mrdiate s<onrling trrqwi~cii~s has bern dc\rel aped 
ICI,- IMPEIATM. 7%~ scan mngnet windint; iixrr-ent wavefo2-‘1 
i s di- f ornwd IO r’o!npelis.it <’ for the eddy-,‘urrfnt rff-erts 
‘Ylli !i npproarh inrrrasrs Il,r p!‘w~?- di!;qi;>at fzd in the iror; 
:how<‘v<, r / calG:ul;it iQrl.5 of fll<~ / t’mp”r<it UI,~ ri:;P p1-i,4ic: 
tliiit olllv small changes will ocrIII- ;o tllcz prrvit~abili t\i 
,ilic.i i’ond~ictivi ty due to hystc~resis arid eddy-dissipatioli. 
Closed-ioop conrrol of the scan width and (centroid iz1 11 
minimize ch:ir~g~.~ to tllr, scanrifd-tienm IHIWP~ density. 
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Characterization of a Scan Map.nrt -____ 

I‘t,c IME’ELkTM- lO/SI, pl-ototy&w spot -.ic.,n Imagrirt rrspo”“’ I” 
sinusoidal current excitation was measurrd as a functior. 
csf frequency O”f!C the bX>d of 1 to 50 llz. The magnet was 
mot1cIlr.d us.ing Maxwell’s eq?‘ations as a simple rylindri- 
~231 solenoid of equivalent cross-stactionnl area. The 
( i,,,l’-depc:,de,lce of- 1 t:r i,,,i?l~t i 01, WdS rrdllrt-(1 10 t.iw fo1-111: 

c - ‘“[I[~ ii -(L t[I’mf] ) 2 ~2~~“s(-~;itnil:P.r”.f)!i]..(I), 
2 I- r 4 2 

;.nd c - atar C( 1 c’)-” 5 - ‘T (2), whcrr 
7 

c = p3 in 1’ *= 8nd. _x = ler1rrl1, f - frequency [iI?. ] 
ON Y turns 

1 I . ,. 1 ,/ .\ 1 
-\ 

(h) /” I’ i\\ I 

“I,iyyc~t ic I~~lu~tion. 
,, ,’ 

,’ < \ 
8 = phase l:;g, r i: radius, p = pvrmittivity, znd 
p i permeability. 

Current I,/ \, 
I 

, i, 
31-b i t rnry uvi rx ] /.. ‘1 ‘\ 

\ %~ / 
Thf respor.sr data were fitted to this i‘unctio!i, as shown 
in Figure 2, 11s inp, X/N as the fitting parsmcrer To test 
the extrnpolat ion of t.hr funct-ion he--volld the frequrrl<.iixs 
measured, a prcdi ct.ion of the rcsporrs~ to a triangle wave 
Current was synthesized The rt~spcJnsc~ function wiii 
applied to the rlosrd-forni discr?tt? fourier transform 
iDFT) compo:~ents of a tl-iangle WRVE allri :.he indurti cn 
~;~~~~~iorrn WR:; synttlesi zd hy pi !-fol-minK thv irl~:i~r:;i‘ CFT 
‘The :-esulting waveform show! in FLgure 3 (4, i .i n 
r~asorlnble I iicsirnile of thr mc~:~i.urr:ti imagnr,t -r’spO:~Sc’ 10 
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w;1veform, ;3pplyinF, ttw invrrsc of the ~-espons~ iunct ioIl. 
.tntl comput ing the inverse DFT t.c synthesize the c~rre~~t 
‘da\‘<? IO I-,“. liowevrl-, the i IIVC’ I’:;<* I-f~‘;ponsc iI:iwtion Ii.13 .a 
6” i 11 that increases without tlourld with increnslng 
frequency This is I‘ot acci~ptnl~l~ 101. .k I:E”T synt tlrsis 
unless the prodwt of the invt-‘1-r;? rer;~~n’;~’ i‘llnct iali vi tll 
t !I<, component amp1 i t udr5 I-~~~uc~s toW<ari: t hi, nyq~~isr 
1 t-vqutt,i-y A modi f j cat i C-II of : tits I ~~sp~~z~s’ fuurt i (11~ ( il 
1 i i t cx I- applied in il-~qU@llCy .5pace1 is necessary t 0 
g”“““t’ ii useful result. Simplrs filter-s that !imit the 
nmplit\dr gain WF:.~ found to hc rffc-c-ti~~? 

:I t t-i an~,lc: r’urrenc vavcf on:! 
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Figure 2. Spot -Scan Yagner Induction 

To deliver an arbitrary exposure-p1ar.r power-density, an 
ilidu:tier, waveform lmay he specified Iusing b?am trar.spor: 
models, The process used to modrl th? t riCangle wave r?s- 
por,se is ttli,n iljvPrt.ed to pr~scribr the clll-l-c’ilt xinvvf 01.111 
nreded tn generate the specificAd induction. The prc,cr 
Ll il r C’ rrquilrs rr~mput iI1g tht, DFT (,i the de+ t red induct io-1 

I:ir,ur<’ 3 SFot-sc,ln !+l~:rl:~r 
(a) Induction due to Trialglr ::url-ent 

(b) DFT Syllt~hesized Current for Trinnglcz Induction 

A snmplc currvr,i ,tiavefar-m svnthesizcd wi rh t~his m~tb.oti 
usirly, 10’ points for- 5 Hz is plotted in Figure 3 (b). 
Krsni power disr rihur ior! measurements macir with such 
waveforms demonstrate that the method is successful in 
improving t7fi.e unifor:riry. Ixlspection of tllr ~~‘CSCI-ibed 
current waveform shapes stlows E.V~ dence of art i facts drw 
to: (i) t-he 1 imi t rd bandwidth, and (ii) the time- 
~~~x~~-siY~illty imI>lirir wltll tllr DFT. ‘Thrsr drtifacts. 
which are no: corisisient with phjsical intuit ion, 
compromise rnngnP t excitation by rrquiri:lr, additional 
dl-i\ie power to :.he rencrive load Th?s<- wav+?forms do not 
produce thr optimum uniformity. 

By examinirlg thr pi-escribed currcn! .uaveforms. it is 
possible ro develop guidelines for simpler models. SLlCh 
R model has been used to generat c elrpirical uavefonns 
t-hat improve scanning performance. These empit-ical 
w3vefcrms permit. ati,justinK t11e lwl .uice betwrt?n t hP 
“pranking” at the er~ds ot the pow-r distt-il):itior. and the 

“f !atn~sv through the ~:~lddir. In principle, a custw 
wivefor-m could bf drva,lopr:d to optimize, t ho .sc;ir1n+d-‘~e31~ 
power distribution for n px-!>cc’ss 

Feedback Stnbil izationof rhr Scan Pat:rrn 

On lligh-power ! inzrs, monitors 0i the beam posit ion at 
tt,e end of the scan must be either physically small or 
cooled to remove the intercepted beam power. Self- 
powered flux detectors (SPFD) are well-knovn for- monitor- 
ing photon fields in renct~or applications and may be 
<‘xi c~nded t.o acceleraror -based rlertron ir-adint.ors (31 
These robust detectors oper;iLe as simple electronic~ 
range-fiRding probes that are introduced into the edges 
of the scanning pattern. For our application, lnconel 
sheathed, MgO-insulated. tungsten centre-conductor SPFD 
have been used. The centre-electrode is nearly fully 
stopping for the inciden: 10 MeV electrons, a:id acts as 
n negative-current source when struck with the high- 
c~~ii’x-~,y beam The sheath and irisul a:.or provide 1 irni :.rd 
rcjectiorr of lov-energy electrons (neglecting secolidal-y 
imi ss i Pli) arid a self-shielding, geom~~t ry for rlrr’t t-n- 
rrnp.nrtic interference 
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To sense :.hl! edge of the sran pattern, the signal- 
conditi.oning electronics sample during each beam pulse 
o-:er the interval that the bran is ap;‘r”a::hing the probe. 
A digital canparator stores the maximum value detected 

for each SCzlll h;ilf-cycle. This value is transferzcd to 
Ihe I’LC for proc‘e:;sir:g. A fully s~;riclirOiwLis scarme~ is 
possible; howrvfr rilis would proti!lcr a stable, rippled 
do:.t~ unitol-:F- 13, pa: t +‘I:,. S i rw<’ :h+. !;,“‘t I,tli,l,l,Cr ilnd tilt. 
beam p,~:se are ~asynchronous , beat ing rffec t s occur. This 
llt.:y: fl-cqwnvy mll:,t he (wrlsi:lv~-(,c in t11<. design of thv 
1’1.~‘ closed- loop i‘or?t rol p;,rnmi’tt.,-s t I) ensure stable 
oprrntion. 

Scanned-Heam Power Distribution Th+?>ry?sI Monitor 

.An .irray of 73 fully stopping, warer-cooled, solid copprr 
rods , instrlment.ed at their mid-points with type J 
1 ticrnloc~oupli~!;, ha:; 11t<cr1 used t c monitor- the scanned-beam 
row’cr tiistri’lutions with the IMPEIA’“-10,150 prototype. 
1‘hc: I-od ti~ml,cratu~-cs arid t11e cooling n3nifold inlet 
t <-mper-ature ire sampled 1,~ n scanning data logger and 
trl~mc+t.et-~~d 'o ar, IBM-PC via an RS-232 link. The data 
~3r-e arqui red, displz-fed in real time, and logged to disk 
vi : 11 a HAS 1 i: l;~i~t;ua~,t: profirnlu Sihsc~qwnt-ly. the data 
i3r-e annlyzed wit.11 a spreadsheet. 

Ttlr I-elative tenyernture rises of the rods provide ;i 
C[il.Pct monitor of the scannrd-benT powel- distribution. 
To prevent dsmagi:le rhc: present ~~;~par-at us, the accelel-s 
tar txs been operatc>d at r~~ducrd aver-np,c powers of up to 
20 kW when tile nr-ray is i:lstal:ed Operation at redl.lcPd 
~<~wc~r- has been a.-hieved wi:h a shortrned beam current 
pulses 1engtt This maintains th? pulse repetition 
f rt’q”<‘ncy all<1 ~Eillli < ncrgy (‘oT-:i’h poaiirlg t-0 full pcwr, 
providing thr same uniformity with thr spot scanner at 
10 kh’ as dcllvered at 50 kX 

Scanned-beam power distributions measured on the 
T!lPEl,\‘n-10j50 protorypr ~sine, thp crinngle WBVE’. DF.1’ 
5vlirhrs ized wa~.‘c , and an cAmpirica1 wnvefoi-m are plcltteci 
in Figure 4. Since the power distribut.ion monitor has 
1 I,ritr-d spatial resolution, masimn rf n distrib~,ti0n miiv 
!>e located by shifting, the scanning waveform with an 
offset. The ir.tegrnl of the arm under tht- CUTVP is ii 
rreascre of the bran powr. For the three distributions 
c;tiawrl, t t,r t.ct ‘11 power- est ilnates obt aintd by summing the 
23 t r~:nperar_u:r rises are within +l%. These data were 
collected over n period of several hours. with accrlern- 
t or ol)cratiorl inrcrr~lpted to chang;c t h<a wsveforms. ThP 
:il vri under tile eiid purtions vlirr-e tile ,uniformit.y f al Is 
nut af specification corresponds to less than 15% of the 
total for- the mndi f-ird scan drive w,i:~r:forlns 

Tempera1 urt- 
Rise [K] 

-0 DFT Synthesized 
-Empirical 

0 20 40 60 80 
Distance along .scan pattern 

Figure 4. Scanned-Beam Power Distribution 

Macro-pulse Scnnr-ir~ 

A mavrn.pulsc magnetic scan:~~‘r could 1)~’ excited by ii 
transient pulse generator driving a resonant circuit, ~5 
n self-resonant circuit with d drivr amplifier, or ~3s a 
tuned- load driven on-~esonancc~ by a programmed-cur-rent 
amplifier. A pulsed irradiator rrust have the ncceler-ator 
operat io:, syliiliroi:ized tc tiii. un:*-k,- pulse, ~:ciitlni-f’ wi 1 t: 
high ;~recision. Orhex-wise, dose tini f-ormi ty roi~ld suifer, 
dlcl in i.1.v f’xt t i’.l~‘, Ii II i y,tr g’“w”l ir.r.i:fj;iri~I < ,~lillI 1,: 
dnmag~d hy ii misplacc~d 1~~x1, 

A rc~.sonant macro -pulse SCAI~ system s-gicllr-orlizrs t tie tre.im 
p~~lsii to the tilnr irLten,al near tlie zero-rr-ossi*ig of tll+ 
current waveform FOL- ttlis region, tlw deviation of the 
sinaoidal current from ia 1 itwar’ r-am;, 1 imi t.s the useful 
rritrgr to (iPpI-“Sirnnt:c,l)r +3R” for a iDa, -5% terror in the 
: rliiuc t inIl. Moreovvr, for r11v IYl’FIATn- lflj’,O ,,~<,f otypi., 
if the scanner f I-rcluerwv equals a pzlse re,)c t i t ion 
frequency (PRF) of- 750 II:<, the ph,isv winded for ii 700 /:s 
p.a.sr length corre+ponds to -+9” A’; ‘I consc~qu~ncc rtica 
pt-nk current in thr :rngne-r circui [ is 0.4 t imcs tlint used 

t:> drflrct IhC bPnm t-0 IVhl~ lnrgrsr angle. If ttlc scan 
I rt~qucncy is n higl:cr trLimoi:i I‘ 0:. 
length ii great-pr), 

Flii, 1’r.F (or tilt- palsi, 
the phase window is greater and tl:c 

peak amplitude is reduced. 

I:1 3 nlallllFr iir:alo&y,rl‘; t 0 ttic spot -s(‘ii,, magner resporisr 
i-haract.rrizar ion nnd romprnsnt rd-rir-ivc syr.tt:rsis drscrib- 
rd above., there are npportunit irs :o drvelnp other macro- 
}>?I1 se sc:11, drive opt ions. For emq11e, the error 
obtained h)i syrltehasizinC: n t I-inliglr wave with only this 
fir-st three DFT components is lrss rhzn f?$ for lt86”. 
tl.ivil~~~ develuprd ii :, ilww.zv;J r-t~~;i>Onsv for ii m;1;-rc-p11lsr 
scan magnet and vr~<:uuz! <ass:tvnt,ly, t hc amp1 i t-lidF- and phase 
nf each flequellcy cw,p:““‘n: m,iy t,1. comp?n‘;atrd. A 
suitable curre*lt w:lvefoI-:r! may bv synthc;izcd 

If tilt- Inng”et cirl,uir is s(~t-l~5-iuili’<l tc be> li'SLSil\'t. at 
tile, furld‘imr:,t al t htz r<‘cI(‘t j V<’ i:rpc~danct~ at the harnollics 
will make ttri? currenr--sourc,,-amplIfir,- requi rewnts 
l!i,l riu1r1i. HUW<.L’(. I- , if tt1c ‘T’<‘&“‘.’ is rilrlcad wi :h ii mori~ 
complex circuit arranged to Levis ii :.t.si:;: ive inI~ed,inrii a[ 
each of the three frequewiei;, <.IIC- 111;sv >;implify the drive 
problem. Such ;, system lla5: ‘ii:v&llr ‘ii;t’” fur- lc,r,g-pul 5e 
oprr-ation ap~roaclling cw. l‘t1 i b ;ipp~-oart. wi 11 iii* (.;f,,l u,it - 
ed for the IMPEIAT’Y inacr’<,- ;“‘I St’ sriii~~w~- l:iaini; (ii-vi~lopt~d. 

rtri scanned-bean p”wc L- distribution of 3 high-power 
industrial irradiator has beer. impr-crved by controlled 
-ragnet excitation. This development has been facili:ntrd 
by on-line monitoring of the distrihutiorl These methods 
rray be applied to optimize the disrribution for irradin- 
tion processing requirements. Related approaches are 
being considered in the development of a macro-pulse 
scanner. 

Acknowledpements 

The authors acknowledge the contribut ions mndr to this 
work by R.W. Davis, .J XirK~own and M.P. Sinpson. 

References 

[l] .I. Urigrin, N.H. Drewell, N.A. Ebrahim, J-P. Lahrie, 
C.B. Lawrence, V.A. Mason, B.F. k%ite, “IMPELA. An 
Industrial Accelerator Family”, 1988 EPAC Conference 
Proceedings, World Scientific, (1989) 1515-1517. 

[2] V.A. Mason and R.W. Davis, “Beam Delivery Systems 
for Industrial Accelerators“, 1988 Linear Accelerator 
Conference Proceedines, CEBAF, Va. (1989) 553-555. 

(31 J. McKeown and R.T. Jones, “Important Aspects of 
Linac Beams for Food Irradiation”, m, B24/25 (1967; 
976-981. 


