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Abstract 

A method of Seam intexity redistribution in a 
transport channel containing linear and nonlinear ele- 
rents to provide uniformed irradiation area at the 
target is discussed. Linear elenxznts (qxadrulples) 
are used to prepare a large heam spot at the target 
and nonlinear elements (or.upoles, dodecapoles, etc.) 
are used to improve the be?x~ uniformity. A kinematic 
relationship b&Keen the final beam distribxtion vs. 
initial Seam distribution a?3 optics cbanr.el parame- 
ters is given. 'I"ne flattering of a Gaussian beam is 
discussed. 

Intro?ztion 

A uniformed irra?iacix zone at the target is 
often required when particle beams are applied. A par- 
ticle distribution of an arcelerated txam is usually 
approximated by Gaussian distribution. A useful method 
employing nonlinear optics to improve the hewn distri- 
bution uniformity was cor.ni<ered [l-63 . The method is 
based on nonlinear transverse velocity modulation of 
pxticles which force the peripheral particles to mOve 
2ster to the axis than t!?e inner beam particles. 
IUring the drift after mo<.zlation the beax halo is 
eliminated and the hounc'ariss of the beam b?mne more 
rranounced. The method 1s zqlied sequentially to both 
transverse planes. A supe-Tsition of independent den- 
sity transformations in tzxverse x and y directi- 
ons results in a rectangular beam spot at tne target 
with high uniformity (see fig. 1). 

Equalization of a Zaussian Edam 

The one Gimensional ;roblen of kern intensity re- 
?istriBztion \ms considered in ref. [L?]. ?!o-'UlatiOn Of 
transverse velocity of the Seam at z = 0 

+ a2X0 
2 3 n-1 v = “x0 

+ a3x0 + ‘cYo + . . . - anxo (1) 
x 

transfoms the initial dis!ributian of particles 
P$,) = dN/dy, to distritition p(x) at any z as 

1 
p!x) = P(X,) 

1 Cd2 + 2c$xo + . . . + (n-lb(&-' 
(2) 

where "(" = +,z/v , 
Particle dis t 

vz is a longitudinal Sam velocity. 
ribution p(x ) of an accelerated 

km is usually approximated by Gaussian fxunction 

2 2 4 k ?k 
+I xo "0 (-1) s 

pge>rp(-,)=pO(l---i+ti*... 0 1 (3) 
24’ 24- @A :‘ric ! .42x 

ii:.zre the value of ZA is ~~i;ally assqed to e?;al a 
trx.sverse size (radius) '35 the Sean. Fro- eq.. (2) ._ /a,.., .c I__ ,, ,tion =-.n=+ -pat- -- --__ . 
23ifom distribution 

x, cl 

J 
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Fig. 1. Projecticns of computer simulation using code 
EEA??Al74 [7] into real space (x-y) for an initial 
(upper) and final (lorier) beam distribution in a non- 
linear optics ctauel. 

p(x) = P (4) 

at the tarset are: 

~,=~-l, 
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To provide rectanSL;??r distribction the numerator 
and denaninator in KY. !2, !w.ve to be the sax functi- 
on of x0 and can be distir.~~is:?ed by constant value 
mlv. 'he number of lenses in a transport c:~annol is 
limited that means the trzc?.tion of series in denomi- 
later. Let us see ho% the :?atter!ing of initial Gaus- 
sian beam depends on truncation of the seizes in qua- 
Lions (2) and (3). 

The expansion (3) coxists of the terms with even 
3owe~ of "0 which corres:&nd to optical elements uith 
ik+? (i-=1,2 ,...) planes of synwtry or lenses with 
4k+4 poles (B-pole, IZ-pole, l&pole, 2O-~le. etc.). 
ictu$lly the pure octupo?e field, being procortional 
to X6 , 
x?ich 

corrects the secon; tern in expansibn (?), 
is proportional to ~(3 . Sinilar?y the-field of 

ideal IZ-pole lens, being ?ropxtional to x6 , corrects 
the tqhird term in expansion (3), which is proportional 
‘0 x0 , etc. 

Assuming that the transpr-, channel consists cf 
;l;adruples to extend the :%a~ and octuple to improve 
the uniformity of the Sez,. The final distribution is 

p(s) = 
pc cp( - +A" 

(: L&*)(1- x32? 
(6) 

7-x denminator Of eq. (E. ~;als Zero if x0 ==?>A. 
It rnsults in peaks at tts boundaries of the final 
distribution (see fig. 2'~). Adding a dodeca;ole gives 
tie function 

P(X) = 
PO exP( - 4/Z&? 

(l*d,)(l- ++A2 - +aA4) 
(7) 

without any Frculiarities ~~za~~se the denorrinator in 
e,-. (7) is always poslti:-2 (see fig. 2~). Zqxession 
'7) results in a more Zlarzened dis:ributioc tkan 
c-r;. (6). id&q 16pole if35 results in ~a;is in the 
final distrioution functix a5 ~11 'because the deno- 
r.inator of the function 

p(x) = 
p. exp( - x;/:ri2: 

2 2 (8) 
(:+&,)!l - 5/2A - :->,>$ _ >:;,&) 

or;li31s z-?TO if Y (, - _ _. '-1-3 i (see fig. 26). - + ' 7::zC 
'iie arzlys~s shows t-5;'. the final Cistribution 

is characterized by the peals correspondir.~ :o zero 
values of denominator in E. (2) if the tighest multi- 
ple consists of 8k poles c-1,2,...). on the contrary 
the fin-1 distribution is mm flattened if the multi- 
ple series is truncated by a Bk+4 pole elemnt (h-=1, 
Y,...). The portion of the 5lattened particles is 
increasing ~notonously viii the rise of the highest 
m!tiple rxxkr. I" fig. 3 the nu&er of flattened 
.zrticles versus the highex wltipole order is ?re- 
ented. 

Farmeters of m~:-Li~=le lenses 

9qs. (5) give the vz,luas sf nonlinesr optics coef- 
ficients to provide extended uniformed iiistribution. 
Ir. ref. [S] the coefficients hwe detemined via len- 
585 D3rmstors. It is cor.v*nient to use the isfinition 
25 strer.gt!-l S" Of an n-t!? order multi;x?lc_ cE length 
'n Tar 3 222n h-if3 pirtlclc r:;iEity :F.o:[?:: 

where PO IS the pole-tip field, R is the s?e-tip 
radius. 

A si@e ccnhination of two magnetic ,uadm@es 
at L distance Setveen them results in an extended 
beam vith the coefficient of linear mod~~lation 

d, = S; L z (10) 

The strength of hig'ler order multiples !&ich provide 
for a uniformed particle distribution is the following: 

dn S” = --p (11) 

The eouivalenC electric pole-tip field of 2~pj:e lens 
is EC = vzaO . 

The recpired nmber Of ampeere-turns ?:I at the 
pole of Zn-pale magnetic lens is obtained using 
Stokes theorem: 

(12) 

Selecting an integration loop along the circle betwe- 
en neightaxing poles and neglecting the magnetic 
field inside the core tha left hand ir.tqral fornF2e 
azimuthal component of mnonetic field BQ-B0(r/3.) . 
sin(nQ) is 

3/n 
-A.- 

I 
BS 

roe 

BQRG ='j- 
PO 

The right hand integral is equal ta 

arm eqs. (13) and (141 it follows that 

(13) 

(14) 

(15) 

The pver consuqtion of the lens is 

(16) 

wht?re g is a specific resistance, h is an averqe 
length of 0p.e turn, S is a cross section of the xin- 
ding at one pie. 

The nonlinear optics mthod for improving the 
beam intensity distribution was discussed. The kine- 
,matic relationship between the initial and the final 
distribution via lenses parameters was given. The fe- 
atures of the Gaussian beam transformation into rec- 
tangular distribution wefe considered. Major consi- 
derations relating to selection of lens przeters 
to FroviCc- ix a __l_\l_A ---I.'-& sistri>Jtisn aL t:ic tsrgst 
iiere Aiscusia?. 
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Fig. 2. Transfomtim of initial Gaussian distribution (a) into flattened distribution usin: 
different czv3inations of nuitipole'lenses: (b) - octupGle; (c) - octupole + dodecaxle; 
(d) - octuxle I dodeca@e 4 16-pole ( see eqs. (6), (7), (8)). 

Fig. 3. Portion of flsttened particles vs. WxLer of 
poles of the :lighest multipole in tra?.spxt 
c'lanne1. 
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