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ABSTRACT

Principle of construotion of
achromatic systems with a beam bend angle,
varied in time. Magnet-optical system of
an 1ndustrial tomograph is given as an
example. The system ensures achromatic
defleotion of an sccelerated particle beam
in scanning on a long target.

INTRODUCTION

Bringing of charged particle
accelerators into medicine and many
branches of industry forms a necessity to
develop new schemes of external magnetic
devices, meeting requirements to their
characteristics. In particular, it is
important in many problems, thiat
transverse dimension of a beam during beam
scanning along extended objects should not
change. In the famous scanning devices,
consisting of a beam transverse focuxing
sysiem and a pulse deflecting magnet, beam
dimension in scanning does change. Mainly,
it is due to available pulse spread of
particles in a beam and drift of their
average energy.

Principle of construction of scanming
systems with achromatic properties is
under consideration in the pape:r.

PRINCIPAL STATEMENTS

Any electromagnetic device,
deflecting charged particle beams,
produces different-fores effect on

particles, which differ 1in a pulse.
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Ream transverse dimension in the bend
plane will increase by A X
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TT une bakes a restangalar magtel as
a deflecting element, then linear and
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% H(\IA}"[".

Do (2) =prE)(1-cos ()

ra

Ds ()= L pré) ‘

Wheite P(fj aridl y(f/ are radius and banding
v”tup

Al le ol “rl BVt varticle
il se.

Tt us  formuilate a  auestion  as
Tollows. What is i1 necessary o do iu

order to obtain absenve of separation

the cutput of this magnet, that is ng/Z(/—,a/i)

=07 Tt is neoessary 1o produce separation
of particles at magnet input by means of
previous opties so, that linear and
angular dispersion should change in
accordance with the low:
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Ie it possible to do it and with what
expenses? Dispersion control by means of
quadrupole lenses is possible, provided by
presence of dispersoin in places, Wwherse
they are placed.Thils means, that optles,
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preceding pulsed magnet, is to contain
bending magnets, producing
dispersion.Since at =0 dispersion is to
be ft) =0, ana oa{l/f/=0, pulsed
magnet is to be preceded by an achromatic
in order to
fulfil the condition (3), it is sufficient
to have two controlled quadrupole lenses.

magnetio system. Furihermore,

Butl pulsed guadrupole lenses will distort

monoenergetlic  beam. A8 & reeult, a
beam will

will take place due to

dimension of =
vhahge, but it

other

bransverss

reason. This effect may be

i1liminated Dby introdustion of two

alditional pulsed quadrupole lehses, which

Ay installed in  places, where linear

dispersion is absenb. Taw of gradient

chargs  in pulsed Jenses Is ho salisfy

solution of four egquations, two of whioh
A ranseendenial ones.,

Thiss, I general  oonsideration  the
vroblean borns oul to be a ratbther diffioull

vre. Aathors of Lhe paper [1] have Tound

saTuhions, wirioh allow 1o make
GO0 Hlerah] e sTplificalions. It s
formmiiabe mA i sbalbements ol these
solatlons:

Tet us assume, that optical system
bas dwo jdealical quadiupole lenses, Pild

gradlent of which differs In a sign only
aad apaleix of Lbansition betweernn Lhem has
a Jdentity transfommation in both planes.
Then,  perburbations, introdused on  a
Limnsverse movenent of the monoenergetioal
beain by the fivst lens on a way of beam
wovement, will be fully compensated by the
second lens.

Thus, dispersion may be controlled,
ol distorbing a4 monoenergetical beam. Butl
this requires construstion of a bending
system with special properties. Example of
sl systems have been considered in
paper [27.

Under such condition it is Necessary
to have two pairs of pulsed quadrupole
#14,2 and 6?3,9 for dispersicn
of gradient change 1in them

solution of the system of

lenses
control. Law
st satisfy
equations:

8Dy (By2)+ 80y (@) =p () (1-cos 9))
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where ALy and A4y are changes of
linear and angular dispersicn at input of
the pulsed magnet, which are caused by the
influence of pairs of the pulsed lensesﬂﬂ
and 03[(/ .

Let us reduce oondition (3)
aenter of pulsed magnet. Then at angles of
beam deviation “P <30° necessary values
of linear and angular dispersion will have

(4)

to a

A view:

DlE)=0 ;  Dplt)=-9) s
IT one places a pulsed lens in a
sonfocal point with respect to a ocentre of
a pulse magnet, it will not disturb linear
dispersion ,,Qa in the magnet centre, but ,
dispersiom@

asontrol.

Thus, taking account of the statement
(1), it 1is enough to have a pair of
quadrupole lenses. But din this case
requirements are alredy imposed not only
but to all the
magnet-optioal scheme wholly.

Realization of these statements in a
conorete device is shown below (fig. 1 ).

will not Ensure angular

for the bending system,

SYSTEM OF INDUSTRYAL TOMOGRAPH
BEAM SCANNING

Tet's consider magnet—optical system
of industrial tomograph as an example of
achromatic systems of ©beam scamning.
Lay-out diagram of electromagnetioc
elements of a tomograph is shown in fig.1.
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Magnet-optical system includes the
following constant elements: quadrupole
lenses QL, forming a beam, wide-aperture
lens QIP and four bending magnets BN,
forming an achromatic bending system ABS.
Chamber angles of BM magnet faces and
distanse between them have been selected
so that half an ABS system has a minus
jdentity matrix and ths whole system has
an identity matrix of transformation in
both planes. Also, magnet-optical system
of the tomograph has pulsed elements:
controlling quadrupcle lenses IQL1,2 and
scanning magnet IBM. Transition matrix
between IQL1 and IGL2 lenses is minus
identity in both planes due ABS system
properties, and IQLZ lens is situated in a
point, confocal for a centre of IBM pulsed
magrnet. IQL1 and IQLZ2 pulsed lenses differ
in a sign of a field gradient only and are
switched on in synchronism with IBM pulsed
magnet. They are supplied from & same
source of current. Beam deviation control
is implemented by a syngle source.

In order to compensate chromatic and
spherical aberrations, constant SL and
pulsed ISL sextupole lenses, switched on
in sychronism with the pulsed IBM magnet
and pulsed quadrupole IQL lenses, are
introduced into the bending ABS system.

Fig.2 shows beam envelopes and a
trend of dispersion function in  the
magnet-optical system of the tomograph for
beam deviation by pulsed TIBM magnet

through the angles Bo, =20’ s j°2=o° s §P3 =~’20’,’

As it is seen from fig.2, in this case a
disturbance of the monoenergetical beam is

absent at the output of the bending ABS

system and dispersion is absent at the
output of the pulsed IBM magnet.
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Main parameters of electromagnetioc
equipment of the scanning system are given
in the paper [3}.

CONCLUSION

Theoretical and caloulational studies
prove possibility of construction of
non-complicated achromatic systems with &
variable angle of beam bend. Application
of such systems in large—sized product
tomography will allow considerable
reduction of exposure time.
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