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GENEWTION OF A ktECTANGULAR BEAM DISTRIBUTION FOR IRWDLATION OF THE
ACCELEWTOR PRODUCTION OF TRITIUM TARGET”

Berbara Blind
MS H811, La Alamoe National LaboratG~y. Loo AlamcM. NM 87545

Abtrmt

.{ scheme hM teen developed to produce a =elkonfined rKL-
arigula.r beam-i trlenmty ih.etnbutlon of greatly ●nhurced un,fcr-

rmlt~ km i~idl~-pedd lntenmLy clmtnbutlone Such u Gmre-
=Ian Gr puibohc thalrlbutionc Wrthotrt beam acr-pmg Thte

t~mc empl~ys i gyntem of Ilmeu ~d nonlinear tramport-lmes.: ,-.
EIements TIM hnetr elements prepare the beam for the nonlm-
e~r foc-u~, ng and govern the “beuri SIZCM the target L1m;ormit~

is achiewcf wth .sctupola. and beam confinement :s uaured
-i~h duodecspoles The scheme - appbed to the tuget [*
.:.s for Lhe Accelerator ProductIon of T:iuum !APTI sywem
.\n mltls.lly Gauaaraa-dstnbuted beam of 1 &GeV prolotm =aa
shlped ,rito - r- ~~gtdar 4 m by 2 m kam spot of acceptably
uniform ]ntenmty ●t the tntlrrm-producuon tuget. The scheme
ebminate. -he need for nweeping the beam in a raster pattrrn
:= produce urufarm tuget duminatlon. Detade of the scheme
are dmcusaed

Intrcrductlon
l_-nl[OrFJt~get ,Uumrnatmn. ●llher StMIc or m ● tr.mewerage

senw. pr, vente tuget r.farzm,ge aad oputmzee ●fficiency ID h~h-
,,,tenmty ~ccelerator ●ymems ●uch u the An symem ‘ There.

(ritlrr m production m ach.reved by ,nwratxon or ●nergeuc pr~

mns =Itir s target compoaaf of lead PUS ~rrd LIAIpine. Neu-
lrono are produced by spakuon m the led arrd mterect wth

the Iithlum lo produce tnt!um. The APT beam. wrth 250 mA of

I ~.~e~ proLono. has 400 MW of beun power The mammum

~wer denmty dlo=ed m the prodtrctlon target u 100 W/cm’
i-hm dlctttes ● beun ht tha target of sppmmmwely-umform

,JtetIarLy cowering sn uea of 8 uiz The dewed hem footprint
II a rectangle 4 m =rde by 2 m brgh Dne to the huh beun In-
len~lty no beUTI cm be tolersted OIItdQ lh~ -S *W 1-

Lhe high-energy beam trmtport u not acceptabb G i beam
scrajnng It not an option

I.’n,form mrget dlumlnmbon ID ● tmteaverqa MW U

●chieved with ●ueep miigne~. whda etatic haarrr radietnbut]on
,s accornplmhd mth h beuhna contaiamg s cornbmstlon of
I,TeU ad nonl,rncw tr~ma~+lt~ alom~ta, hoactrfmb tailed

a t.~-m expan ~er 2 J For tb~ An geometry. ● t-rmenaron~

ruter tcm requlrm weep ~.ta with unkamble ti-WClfiCa-

!I.onn fm power and ma K altemmve ●pproach. ● ribbon
l.-am of un,form ln~nmty. ~ ~-- the tuget m the dr-
ier.ilcn orthngond to the nbbm. rqm- a oveep mqrneu with

4. filevable performance ●pedcatlone but mth s peti reactlwe

l~,~werOf 20 $f w ‘Jo -weep m~gnete ue needed tc. run lh~ tw~
I,mrnsl.,nd !Nun expander

Uearn-RAiatrlbutlott Mc.tlIwl

l-h~ m-thcd for prnducmR ● ribbon l-~m m -zplamed IrIrb
1~,1●lwwhere ‘ W,th an oclupole rma can dfecl the &am pha.=

●pace UQ* m mw truwveree plane In such * --Y that dun.~g
...t:.-r,ueni Lranapor\ the twsm fringee ●re fcrld~ ,ntn the ~-,r?

of the be- and ;he pealed mtemlty pro,ue u truraformed in~o
a profile of gremly ●nhuced unlformty. With ~he proper fncus
the other trannveree plane M not affected and ite tntenwly profile
reman- unchurged.

The rne*ho.d cur be sppkd to both truuveree planee WILh

the tppropnaLe h.near trmlport. Lk resulm In B fddaf honzon-
cd and s folded vertlcd beun phaneopace arem at the tar~et
Both the honzontd ud the vert]cd mtenmty prcfile IS r~]a-
Llvely umform Ud Lhe contoum of theIntensity dm~nbtitmn are

rectugk
An acceptable beun dtetnbutlon M the tmget can noL be pr,>

duced =rth a etngle octupde Due to the Z-V couplrng caused
by the octupole. ●uf% ●ttempte reerdt m s beam tith drstorted
recturgulm mtenmty contowe that dtaplay big Iobee ]n ~he car-
nem of the diatnbutiort. u dlttatrsk In Fig 1 for s Gauaman
Input distribution Here. .U for d figures of thrs type. ● itipirt

dmnbuuon contamrng 10’ puticke WU transported through
the Iwarn ●xpmder rrmng the beun traneport code PATEi~ and
the resultlng dtatnbutlon uu rhuactenaed by IU z and ~“pr~
Jectlon- and by Ite 10%. M%. and 90% contour-lrn~. .

I

L!_L

Flg 1 Bcim Inteamty dmtnbatwn obtmned from * Gauaamn
Input beam Md ● beam ●rpander wtth s mngle octupole



Adding A quaciropole alter the octupolu nerves to reduce the
length of the final drift. Care must be taken when placing quad-
rupoka. Depending orI position and polarity, a quadruple will
enhance beam fol-+.ing, negate beun folding, or not affect beam
folding.

APT Beam-Expazider Specification

Table I lists the elements of the-APT beam expuder, de-
signed to produce ● sufficiently uniform rectangrdu bemr with
lhe rquired 4-m by 2-m footprint. This beam cxpuider repr~

senta one of many poeeible cornbinstiona of magnetic ●leruenta
and dnf~ to achieve this goal. The poletip fields of dl mag-
nets Me kept at or below 1.5 T, md the drifts ● re kept short,
Even then, it is not unique ud further optimization is desirable
before tuilding the syotem.

TABLE I

APT beam expander to produce n urdform rectangular
beam with a +m by 2-m footprint. The drl~ lengths
between elemerzta, and the element effective Iertgtha,
bore radii, and pole-tip fields are given.

E
ty e of element

first octupole
drift
focueing quwirupole
drift
second octupole
drift
defocusing qrtadrupole
drift

length [m] rO m 0, [T]
0,50 0,020 0,768

6.50

0.50 0,100 0.712

2.19

1.00 0.134 0.914

15.50

200 0.356 1.499

10.50 4

The first octupole mmipulstw the horizontal beam phase-
space arch. Once the beam is folded, the focuoing qudrupoie
dccreuee the horizontal beam sise and increuea the vertical
beam size ● t the oecond octupole while not affecting beam fold-
ing. The second octupole manipulates tha vertical beam ph~
space area. The defocusing quadrupde acb.ievm the Iwge foot-
print at the target,’s very thort dhtancc ●way.

In high-intensity wcelerator nystema with bigh!y energetic
particles, it u impmcible to dimension nonlinear bearrrline ele
mcnta m that they have ● ●tbatuttial ●ffect on the beam in the
significantly .populsted beam fringes, and, At the oame time, do
not ncrspe the insignificantly-popuked far tiinga of the beam.
‘rhe APT beam expmder was daigrted to clear 7U (where e ia
the rmo bemrr rnise) of - Gatiaa-diatribnted input beam. The

radii given in Table I UQ thm nec~ry to accept this beam.

APT OutpubBeam Characterhtlcs

The dimensiorro of tho k footprint st the target are fixed
I,y the beam-expander configuration md the input-be~m u-
matrix, kut (he beam diatribatioa St the target depends on
the Input beam distribution Consequently, there ● re different
,Jptlmml input-beam ~-msiricee for different input diatributiorm.
f“h~ng- in input-besm emitt~ce alao do not change the foot-

print dimermiona but do af[rct the intenmity distribution, Arhi-
triuy ( hangw In Input-beam u matrix kd to mitmstched in-
pu~ b~arno, c~uming Ubitrary final footprint dimensions and in-
trnnlty riutribuliorm Chmges in rxtupcde strength aITecl bulb
foutprirrt dimenniono and intmoity rliotnbution In ~ prdlctahle
Wav

Norztlnal Beama

A Gauaaian beam dhtnbution provid= the mcmt realiatic sim-
ple model for the distribution from the Coupld-Cavity-Linac

(CCL) planned for APT. A p~mbolic distribution, although of-
ten considered in beam transport crdculationn, In not a good
model for the CCL output beam, With an initially paraboLic
distnbutiou one c- achieve easentidfy uniform bear-r-m,while,
with an initially Gauaaiam distribution, one can not. Figurm 2
and 3 show the beam distributiorm at the targ-t for the nominal
Gauaaian and for the nominal pu~bolic input bemrrr, respec-
tively,

II●
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Fig. Z. Beun intensity cl.ktriiution At the t-get obtaid’ from
the APT beam expander and the nominal Gauasian inp~ beam,
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Fig. 3. Beun intensity dhtnbntion At the tuget obtained from
the APT beun ●xpander and the nominal p~dxdic input beam.

00 S[ml 10

Fig, 4 z projection of the b~am intennity dlstrlbulu)n IJIIIaInP(l
from the A})T beam expander with a wak, nom)nn.1, AIIdm!r,)ng
first oc(upole md (a) the ncmlnal f;~uatlkn and (II) Itlr IIrIIIIIIIml

pkrabolk input Imam.
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13eam-Proffle Dependence on Octupole Stren&th

The dependence of the z projection of the beam-intensity
distribution on the ~trength of the first octupoie in the APT
beam expmrdcr is illustrated in Fig. 4, both for the nominal

Gausaian and the nominal parmbolic input beam. Only half
of the symmetric distributions ia ohown. Very weak octupoles
only influence the far fring- of the beam, resulting in an output

beam which is similar to the input &am except for the kiln of

the distribution. Excessively strong octupolti fold the beam
near the core, producing an output beam with large spikes at
the distribution edges.

Mismatched Input Beama

Failure of an accelerator quadruple cauzea ● doubling of
the transverse cmlttances of the CCL output beam, lnetead
of the nominal beam, a larger beam paza- through the beam
exprmder, and therefore the distribution at the target exhibits
large spiken at the edges, characteristic of a beam oubjected
to excessively strong octupoleu, The footprint dimensions are
unchanged. Incred beam 10ss in the beam ●xp-nder occurs.

Failure 0[ an rf module cauws a shift in the ●nergy of the CCL
output beam by up to +10 MeV. The resulting mismatched
beams have different but acceptable target distributions and
footprint dimensions.

Beam Jitter

Beam jitter ia ● problem becuzse the rms beam siz- and
divergences at thr tuget s.re orders of magnitude luger thur
those ● t the exit of the CCL. Jitter of the beam centroid by one
rmn at the ●xit of the CCL would r~ult in jitbcr by one rma at
the target without octupola and thaa in only olightly lean with
octupolen, since three are dimensioned to have little effect on
the core of the beam. Unhs severe, jitter dots not a.kt the
footprint di.mertoiona. On the -fher bud, jitter h~ noticeable
ekcte on the beam intetrnity distribution.

Jitter control :00.1 rms k feuible, aad 0.1 rrm of jitter can
be tolerated for APT, The ●fiect of * puticulaz cue of 0.1 rma
jitter is given a- ● n example in Fig. 5, [n Fig. 2, the same
input beam traverses the beam expmder with its centroid on
axrs, The rnymmetric contour- and projections of Fig. 2 have
become skewed In Fig. 5

I
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Flg 3 fbam int~nsity dintrlbution ● t th: Largel o~tuned from
t hr A P’~ t~~am •xpand~r ●nd the nomlnaf {lausalan inlurt beam
with ● 0 I rms rrntronl nhlft.

Halo Control With Duodecapoleur

Octupolea dimensioned to cause beam redistribution have the
desired ●ffect on the particla in the near bemn fring~ but an
undesirably large effect on the partich iu the far beam fringm.
Thti results in intolerable beam Icm downstream of the oc-
tupolea. Addition of ●n appropriately dirrrenoioned duodecapole
to the octupole counleracto this effect.

The duodecapoks to be added to ●ach O( the two APT beam-
●xparrder octupolea is specified in Table 11,

TABLE II

Duodecapolea to be added to the APT beam-expander
octupolea for halo control.

type of element I length [ml I r. m I Bp [T]
first duod~apole 0,50 ] 0.020 I 0.538
second duodecapole I 1.00 I 0.134 I 0678 I

In Fig. 6 the beam footprint at the target of a Gaus.sian-
distributd input beam populated to7U isnhown for the APT
beam expander *bout and with duodecapoka. Withou~
duodecapolet, the fu fringa of the originaf diattibution have
been folded into the core and actually pro~rude born the oppw
site distribution edga. With duodccapoler the halo particles
to 7& Me totafly conttined in the core of the beam.

Elim:

-15.0 Xbl 15.0 ‘ -1s.0 X[nz] 15.0 ‘

Fig. 6, Beam footprint obttinm-1 with the nominzl Gaunnlan
input beam poprtldecf to 7e and the APT beam expmrder [a)
without duodecapoles and (b) with duodecapolea
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