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ABSTRACT 

Prinoiple of oonstruotion of 
achromatic systems with a beam bend angle, 
varied in time. Magnet-optioai system of 
an industrial tomograph is given as an 
example. The system ensures achromatic 
defleotion of an aocelerated partiole beam 
in scanning on a long target. 

INTRODUCTION 

Bringing of charged partiole 
accelerator6 into medicine and many 
branches of industry forms a neoessity to 
develop new sohemes of external magnetio 
devices, meeting requirements to their 
characteristics. In partioular, it is 
importaLit in many problems, that 
transverse dimension of a beam during beam 
scanning along extended objeots should not 
change. In the famous scanning devioes, 
consisting of a beam transverse foousiw 
system and a pulse deP1eotin.g magnet, baam 
dimension in scanning. does change. Mainly, 
it is due to available pulse spread of 
particles in a beam and drift nf their 
average energy. 

Principle of oonstruotion uf scanning 
systems with achromatic prtipertias is 
under aonsideration in the paper. 

PRINCIPAL STATEMENTS 

llny electromagnetic deviue, 
defleoting oharged particle beams, 
produces different-fores effeot on 
particles, which differ in a pulse. 
Further movement in a drift space of axial 
no-rrtir-l&a* rli r+u,wnt y.aI "I"I-4" .I"** 3 UIIIcIIk.AIY yi +h I,i-llOc, p-Y‘- < yi 

relat.ion 1; 0 an HV M?dgf! pi3l~t.i cI.~t is 
~harncterized by a distaner;: 
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tl~t: f,iltpUt WI" thit; magnet, that is d3p/fj&) 
LO: it is ns~ssary to produce separation 
nf par-t ialea at magnet illput by meiii?s of 
previous optics 60, that linear and 
angular dispersion should change in 
awordanoe with the low: 

$3, (z!l= p/r/o -cJqwi 

&tj= -tgyccl 
(3) 

18 it possible to do it and with what 
expenses? Dispersion control by means of 
quadrupole lenses is possible, provided by 
presence of dispersoin in plaoes, where 
they 2x-6 placed.!mls mean5 * mat. S~tlCs ( 
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I-,receding pulsed magnet, is to contain 
bending magnets, producing 
dispersion.Since at yp-0 dispersion is to 
br or3,#) =@, and o;>;(t/=O, pulsed 
magnet is to be preceded by an aohromatic: 
magnet. i c fiys tern. Fu.r~Ll~e~mosr*e, in olrler* to 
ful fi?. tht! I:undition (3), it is suffioient 
I,II !tavti two cXjtlt,rVlled quadrupole lenses. 
BIII, pulsed quadrupolt-: lenses will distopt 
tn( )ri0ttixl*ge t ic beam. Ati k result, a 
brdnsvttrnr dimension 0 c :4 beam will 
~llahge, but it will take ylaoe due to 
LJ l;har reason. This effect may be 
illiminated by introduc)tion of t.wo 

aihi itiorlai pulsed qW&Pupolt: I6hs6tl, which 
ill?+ infitailad in places, where linear 
ti i,sptlr*Fi ig ,I) is absent. T;lw of gr*ndient 
I:ilatt~~ ill ~IlllhWl 1 t311SkX iri to satiefy 
Sii,l 1 it, i c-,1, II P i-our Wli.liit ions ~ two of wlliol-t 
.+ir-t? :~J*c4irl,?a~rrliil?t~ La1 <-,rie!,s. 

PT,ll%, itr ~krlirwl ~~~)nSi.tlal~;?tiljri tilt: 
!II~~,?~JMI I.ltt*rts ~,ir!. 1.1, 1~ ir ~-~l,i~ri~ <lj'ffj<ri.~l.l, 
t llw-* Alll.ll,br-n cd- Lllt: ~';iJJr:,' [ 1 1 havr l-c-~cul~l 
L~i~ittf.i~~l~r., *ir i fill hllOW t, c-1 make 
‘:t ,[I,*; i1l-!r*iit,1 r h: irnl"l ; r i t:i( L i Ollh . l-65 1; Llh 
~o~wibi+ai.~ tni( i rl s 1.x Lerrtan t.n UT t11tzse 

H1171rtirrti‘i* L . 

T,aL (IS assume, that opt icial system 
i1.x.s t.wr 1 i&at. ical r~~~~d~u~p~le I ~IIR~+S, Pild 
&t*d intlt 0P WhiOh differs in a eign only 

tic111 ~ttiri.c~ix rlf 11%n8ititjn ktwierl tllam has 

it jc1alif.I by 1,r,iir,xfonnai,iljtl in bvth pl.ane~. 
TiWfl, !l~l.t.lll.tl~ttj~,tt.~, inl~r-~~tiu~kd to11 a 

i,i*irrrsv*:*hr: I1s~vwm-9fit of tile monoenarget ioal 

11eAlll i1y t.lir; Pil*tit letiS 0t1 a way of beam 
Iltovt+rrrc?rd I will bc: fully compentralad by the 
hwew)tld 1 ail,z:. 

Tililfd) Alsptii*sion may be controlled, 
r~,l. elist.[ij-hirig ;i nt0tlo~r~tt.t~~etlo;li beam. But 

this Lbtj+&wti ~untsL~~atior~ of a bending 
.5ybtein w i th 5$reci41 properties. Er;aq~le of 

nisi.ilc siy i5 ir~irii; havz beer1 e:onsidsred in the 
popt!L~ i2 j _ 

'J;der Sikh condition it is neoessa-r-y 
tu have two pairs of pulsed quadrupole 
lenses gd,,? and &9 for dispersion 
control. Law of gradient change in them 
mast satisfy solution of the system of 
equations: 

As-! @) + A& f&q) =p@) /hV yfr) 

da@?2) * A4x$)= - gy 
(4) 

where Oaf and 63; -are changes of 
linear and axtiar dispersion at input of 
Wit: pulsed magnet, which are oawed by the 
influence of pairs of the pulsed lenses&& 
SiIld &'? - 

I,et UH reduoe oondition (3) to a 
oenter of pulsed magnet. Then at angles of 
Lsam deviation y <30* neoessary values 
of linear and angular- diapersion will have 
?t view: 

z?o~r/W ; a,‘fr/=- Ipftl (5) 
If one places a pulsed lens in a 

ttonfooal point with ~-E?speot to a nentre of 
a pulse magp31,, IL will not diets-b linear 
4ispersioll 20 in Lhe magnet centre, but 
will tic> t hlifSLll% angular dispersio 4' 
t:oi1 tLbol . 

Thus, taking aooount of the statement 
(l), it is enou.t@ to have a pair of 
i~uidrLlpol e lenses. But in thi6 case 
I*e~/uirements are alredy impofied not only 
fill* the bending system, but to all the 
tl++net-opticral acheme wholly. 

Realization of these statements in a 
cmw~ete device it; shown below (fig. 1 ). 

SYSTEM OF INDUSTRYAL TOMOGRAPH 
BEAM SCANNING 

Let's consider magnet-optioal system 
of industrial tomograph as an example of 
riohromatic systemi of beam scanning. 
Lay-out diagram of eleotromagnetio 
elements of a tomograph is shown in fig.1. 

FIG.l. 
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Magnet-optical system includes the 

following constant elements: quadrupole 

lenses QL, forming a beam, wide-aperture 
lens QLP and four bending magnets BM, 
forming an achromatic bending system ABS. 
Chamber angles of BM magnet faces and 
distance between them have been selected 
so that half an ABS system has a minus 
identity matrix and the whole system has 
an identity matrix of transformation in 

both planes. Also, magnet-optioal system 
;if Ihe tomograph has pulsed elements: 
oontrolling quadrupole lenses IQL1,2 and 
soanning magnet IBM. Transition matrix 
between LQLI and TQL2 lenses is m Inus 

identity in both planes due ABS system 
properties, and IQL2 lens is situated in a 
point, confocal for a oentre of IBM pulsed 
magnet. IQLI and IQL2 pulsed lenses differ 
in a sign of a field gradient only and are 
switched on in synchronism with IBM pulsed 
magnet. They are supplied Prom a same 
source of ourrent. Beam deviation control 
is implemented by a syngle source. 

In order to compensate ohrWiatic ar~(7 
spherical aberrations, constant SL and 
pulsed ISL sextupole lenses, switched nn 
in sychronism with the pulsed TRM magnet 
and pulsed quadrupole IQL lenses, are 
introduced into the bending ABS system. 

Fig.2 shcws beam envelopes and a 
trend of dispersion func:tion in the 

magnet-optical system of lhe tomograph for 
bezatn tleviati0n by pu 1 se d IBM magnet 

:hror@ the angles 3 =2cp, yp=cp ,g 40: 

As it is seen from fig.2, in this cast- a 
disturbanoe of the monoenergetioal beam is 
absmt at ihe c,utyut> ijf the bending ABS 

sys tam and dispersion is absent at lht? 

wtput of the pulsed TRM magnet. 

Main parameters of electromagnetic 
equipment of the scanning system are given 

in the paper Clj1. 

CONCLUSION 

Theoretical ard calGulatiana1 studies 

prove possibility of construotion of 

non-compioated achromati(> systems with a 
variably: angle of beam bend. Application 
of such systems in large-sized product 

tomography will allow considerable 

reduction of exposure time. 
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