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Abstract
Practically modern accelerator facility can be consid-

ered as a composite machine. Therefore it is necessary
to consider special matching channels to joint all accelera-
tor components together. For such channels advance vari-
ous requirements, which can be formulated in the form of
criteria sets. In this paper considered a global optimiza-
tion concept allows to find appropriate solutions sets. This
approach is demonstrated on the problem of modeling the
matching channels for NICA accelerator complex.

INTRODUCTION
Matching channels modeling is an important problem

for accelerator design. Such matching systems (see, for
example, [1]) are part of any modern accelerator complex
and realize beam lines transportation with lattice functions
matching.

Known that a beam particles motion has a nonlinear na-
ture and described by large number of control parameters
with corresponding criteria set. Therefore, beam evolu-
tion modeling can be formulated as an optimization prob-
lem. The choice of appropriate mathematical tools for both
dynamics simulations and optimization procedures plays a
significant role.

In this paper matrix formalism [2] used as an instrument
for beam lines modeling. This formalism allows to design
different transportation systems from linear to nonlinear
models. This step-by-step concept is well represented in
the paper [3]. Also, in this paper evolutionary algorithms
used as an optimization tool for beam lines design (see, for
example [4, 5]). The efficiency of this approach is con-
sidered on the matching channels modeling problem for
NICA (Nuclotron-based Ion Collider fAcility) accelerator
complex [6].

BEAM LINE MODELING
Usually, on the first step a researcher considers linear

approximation of motion equations:

dX

ds
=

∞∑
k=1

P1k(s)X[k], (1)

where X – vector of the phase space, X[k] = X⊗ . . .⊗X.
The symbol “⊗” means Kronecker product, s – the global
reference orbit, P1k(s) – matrix of the k-th derivatives.
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Solutions of the motion equations (1) can be written in
the form:

X(s) =

∞∑
k=1

R1k(s|s0)X[k]
0 , (2)

where R1k(s|s0) – beam propagator. This approximation
case and nonlinear motion equations presented in [3].

In this article considered envelope formalism description
of the beam in the terms of envelope S(s) – matrix dimen-
sion n × n. The most popular form of this matrix is de-
scribed in terms of rms (root–mean–square) values [7]:

S(s) =
∫

M(s)

f(X)XX∗dX, (3)

where M(s) – a current phase manifold occupied by beam
particles, f(X) – a distribution function.

The transverse manifold occupied by beam particles can
described by S(s)–matrix (i. e. rms-envelope matrix). Be-
sides the rms-envelope matrix we can introduce another en-
velope matrices (see, for example, [2]). For all forms of
envelope matrices can be written from (3) in the following
form of the matrix dynamical equation :

S(s) = R(s|s0)S0R∗(s|s0),

where S0 – the initial envelope matrix, R(s|s0) – beam
propagator, which symbolic presentation described in [5].

This matrix contains information about the main charac-
teristics of the beam and allows to represent different func-
tional types. The matrix formalism mentioned above has
the following advantages:

• All calculations are realized with two-dimensional
matrix which allows to use all effective algorithms of
linear algebra (including parallel algorithms in con-
trast to the tensor calculus).

• The most optimization criteria can be written in terms
of the elements of the matrices (from nonlinear equa-
tions (2)) without phase coordinates.

• Allows to use symbolic algebra methods and store rel-
evant information in the form of standard symbolic ex-
pressions [9].

Thus, for each control element construct a sequence non-
linear matrices R1k(s|s0) from (2). These matrices can be
evaluated in symbolic forms and kept in a special data base
or knowledge base. This matrix sequence corresponds to
standard control elements (such as dipole, quadrupole, sex-
tupole, octupole and so on).
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MATCHING CHANNEL
REPRESENTATION

This article discusses optimal parameters searching for
the different matching channels types. Introduce the fol-
lowing types of matching channels, depending on the ge-
ometrical properties and functional performance require-
ments of the beam inside the channel and in particular at its
exit:

• Initial matching channels. Realize primary trans-
portation of beam particles into the accelerator [1].
• Complex matching channels. Realize beam particle

transportation from one accelerator component to an-
other.

The first type describes the matching channels of initial
injection into the accelerator. The beam characteristics de-
scribed by its weak conditions on the lattice functions. The
main functional requirement for this type of channels is
continuous particles injection.

The second type of channels include other channels,
which main objective is to transfer from one component
of the particle accelerator complex to another with more
stringent conditions on the lattice functions. Also there are
some control elements in this type of channels, which al-
lows to improve the beam properties.

For example, for NICA Project one of these channels
connects the Booster and Nuclotron [8] (see Fig. 1), where

TOP

Li

L1

L2

VBM

TBMi

Ln

Ln-1

Q1-2
Q3-4

Q5-6

SIDE

Figure 1: Booster–Nuclotron matching channel.

Qi – quadrupole lenses, V BM – vertical dipole magnet,
TBMi – horizontal dipole magnets, Li – free gaps between
control elements.

The general form of matching channel types described
above is shown schematically in Fig. 1 in terms of the ma-
trix formalism, where i – schematic representation of i-th

input output
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channel lattice

matrix formalism lattice presentation
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Figure 2: Matching channel scheme.

control element of channel lattice, Rjk
i (s|s0) – matrix for-

malism lattice presentation.
The main problem of matching channels is to transport

the beam particles without energy loss. It requires to use
various mechanisms of global optimization research in the
problem parameter spaces.

OPTIMIZATION PROCEDURE
Recently, the beam lines modeling by evolutionary

methods attract more interest among developers. In most
papers on this subject are considered simple beam lines [4]
consisting of a small number of controls. However, even
in such small systems the process of searching for the op-
timal solutions is complicated by large number of control
parameters, which requires to solve the global optimization
problem [5].

In general case for both matching channels types integral
functional can be represented in the following form:

J[A] =

sT∫
s0

∫
M(s)

g1(A,X, τ)dXdτ+

+

∫
MT

g2(A,X, T )dX,

where M(s) – a current phase set, occupied by beam parti-
cles. The function g1 describes the functional criteria distri-
bution inside the channel, function g2 – the terminal beam
requirements.

Often, the first integral is represented as a finite sum in
the form:

J[A] =

p∑
i=1

αiJi[A],

where Ji[A] — partial functional responsibility for certain
characteristics of the beam, αi — weight coefficients deter-
mining the contribution of a functional, i. e. its importance.

Consider linear model restrictions in matrix form:

• focusing point to point: r12 = r45 = 0;
• dispersion restrictions:

‖r13, r23| ≤ εx, |r46, r56| ≤ εy.

Nonlinear model restrictions can be divided in two types:

• geometrical aberrations (i.e. spherical aberrations);
• dispersion aberrations k-th order (k ≥ 2).

Additional functional conditions are used in the case of
intense beam, which can be described using a set of dis-
tributed points, occupy the given volume; a distribution
function f0(X) = f(X, s = 0) and other functional re-
strictions.
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COMPUTATIONAL RESULTS
In this paper consider computational results obtained us-

ing the developed software package GOA (Global Opti-
mization Approach [5]), which allows to create different
structures. Computational process divides into three stages:

• Initial stage. Construction of the linear approximation
of the control particles beam structures relying on de-
velopers personal experience and preference [1].
• Mathematical modeling stage. Calculation (or extrac-

tion from the special data space) linear and nonlinear
matrices correspond to the lattice with functional re-
quirements and constraints.
• Optimization stage redefine the functional require-

ments and constraints in term of GOA (Global Op-
timization Approach [5]). Realize computational pro-
cedures using GOA for preliminary results evaluation
and implement appropriate solution selection.

The third step is performed accordingly for linear and non-
linear models. Construction of transport channels (match-
ing channel) is realized in graphical module of GOA pack-
age (see in Fig. 3), where red and blue curves correspond to

Figure 3: Global Optimization Approach.

the maximum values of the envelopes matrix in the x and y
planes.

Figure 4: Appropriate solutions.

For example, considered simple transport structure con-
sisting of two quadrupole doublets with non-zero distance

between the lenses [5]. This structure has a set of appropri-
ate solutions in the space k1 × k2 of lens gradients (see in
Fig. 4)).

This optimization complex allows researcher to make
the modeling process flexible and manageable. The corre-
sponding applied software allows to find appropriate solu-
tions sets and will demonstrate on the problem of modeling
the matching channels for NICA accelerator complex.

SUMMERY
In the paper there is described the global optimization

approach linear and nonlinear beam lines based on the ma-
trix formalism. GOA is an universal program complex.
This approach allows to solve different problems of search-
ing for a set of optimal solutions. The corresponding addi-
tion possibilities (for example, graphical presentation) per-
mits an investigator to research appropriate solutions. This
ideology implies to use distributed and parallel technolo-
gies for necessary computing and will be integrated in the
virtual accelerator concept.
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