© 1991 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of this work in other works must be obtained from the |EEE.

BROWN’S TRANSPORT UP TO THIRD ORDER
ABERRATION BY ARTIFICIAL INTELLIGENCE

Xia Jiawen , Xie Xi , Qiao Qingwen

Institute of Modern Physics |

Academia Sinica

P.0). Doz 31, Lanzhou , China

Abstract

Brown’s TRANSPORT ! is a first and second order ma-
trix multiplication computer program intended for the de-
sign of accelerator beam transport systems, neglecting the
third order aberration. Recently a new method was devel-
oped B! to derive analytically any order aberration coef-
ficients of general charged particle optic system, applica-
ble to any practical systems, such as accelerators, electron
microscopes, lithographs, etc., including those unkmown
systems yet to be invenled. An artificial intelligence pro-
gram in Turbo Prolog was implemented on IBM-PC 286
or 386 machine to generate automatically the analytical
expression of any order aberration coefficients of general
charged particle optic system. Based on this new method
and technique, Brown’s TRANSPORT is extended beyond
the second order aberration effects by artificial intelligence,
outputing automatically all the analytical expressions up
to the third order aberration coefficients.

INTRODUCTION

Among all charged particle optic theories, K.L. Brown’s
first and second order matrix theory (!} is the most suc-
cessful one, and the TRANSPORT program (2 based on
Brown’s theory has already been applied to most areas for
beam transport calculation. But with the development of
accelerator and other physical experiment technique, the
beam quality will be needed to be much finer. Thus in
beam transport calculation, the third and more high or-
der aberration would be considered besides the first and
second order approximalion.

Rencently a new method was developed® to derive
analytically any order aberration coefficients of general
charged particle system by artificial intelligence, which is
realized in IBM-PC 286 or 386 computer. Based on the
new method and technique, this paper extends Brown's
TRANSPORT up to third order aberration effects, and
gives out the analytical expressions of third order aberra-
tion coefficients for charged particle in a static magnetic
field. As the method in this paper is general, according
to practical requirement, we can extend Brown’s TRANS-
PORT up to any order aberration effects by. artificial intel-
ligence. In the future, if a numerical calculating program
is written based on these any order aberration coeflicient
-expressions, then, this new methed would have

0-7803-0135-8/913$03.00 OIEEE

enormous applied area. Especially, with the application
of artificial intelligence, pepole not only can calculate any
order aberration effects, but also can be further saved out
from the chore of calculations.

DERIVING THE THIRD ORDER EQUATION
OF MOTION

In K.L. Brown’s theory(!!, charged particle is moving
in the static magnetic field with midplane symmetry, and
in a curvilinear coordinate system {x,y,t), the component
differential equations of motion are derived!!]
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where
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Note that in this form, no approximation is made,and
the equations of motion are still valid to all orders in the
variables x,y and their derivatives. The magnetic scalar

potential is:
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In K.L. Brown’s transport theory, the equation of mo-
tion (1) is approximated up to second order. Now it is
approximated up to third order as follows:
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where it is enough for B; and D, to be approximated
through third order in x and y and their derivatives, and
for B, through second order by equations {4) to get the
following expressions.
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After some algebra, we finaly obtain the equation of
motion approximated up to third order in x, y and their
derivatives:
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OBTAINING THE THIRD ORDER
ABERRARION EXPRESSIONS

By the new developed method )] for general charged
particle system with general third order equation of mo-
tion:
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we have the general solution:
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where the first order aberration coeflicient is the wellknown
transfer matrix f7; (#),and the second order aberration co-
efficient is the tensor:
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and the third order aberration coefficient is the tensor:
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For Brown’s TANSPORT up to third order aberration
as discussed above, we have the following parameters from

the equation of motion (7):
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Inserting the parameters in {13) and (14) into expres-
sinns (11) and (12), we get all BRrown’s transport aberration
coefficients up to third order approximation. For lack of
space, only some typical third order aberration coefficients

are typed out by Artificial Intelligence in the following:
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with machine notation:
T(1;1,1,1)=T%, ,

T(4 1.2, 3) T123 1

[=f, dr.
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