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Iatroduction

The program package DeCR { Design Cyclic Accelerators ) Is designed to
solve a variety of problems involved in the develcpment of cyclic accelera-
tors ant charged particle storage rings [1]. The package is convenient 1In
usage, tt offers wide possibilities for data display, has a flexible control
systew and a sufficiently high-level input language. The package i5 arranged
on the block-functional principle, which ensures integrity and a high reli-
ability of the package, simuitealously excluding the dublication of
functions, AL} software components are made to a certain standard which
ensures their compstibility, One of the principal advantages of the package
15 its extensibelity with the existing possibility ¢f adding new
package-contral commands, new types of amagnetic lattice eleaents or new
aodzls ¢l the elemert types described previously. A application eodules are

written in the FORTRAN 77 language, the prugram size is 15000 lines, the

nusber of subprograes is 190, the working memory being 2 megabytes.

The functions of the package.

The proposed version 2.2 of the DeCA package has been aimed at
siaulating sultiturn processes involving many particles (1000 as a maxisuel.
it consists of three independent functioral blocks and the systea part, Biven
the latter, any combination of the blocks can be used independently.

The system blocks of the package provide the package contraol, diagnostic
sessage printing, input of the magnetic lattice, inclusion of perturbations
in the magnetic elesents installation {geomelrical coordinates and fields)
and data display.

The functional blocks of the QeCA version 2.2 perfora the {following
operations:

1. Geosetry of Accelerators (G6AC} block: calculation and plotting of
space coardinates of the lattice elements [2].

2. Reference Trajectory Linear {REFTL) block: calculation of forusing
tunctions and reference trajectory coordinates in the linear approximation
{23:

- aeplitude functions and their derivatives:p x'%x’?ﬁ’?z;

dispersion functions and their derivatives:Y&,Yi,j;,%é;
r H Mg
betatron phase /ny N

- betatron freguency: Qx’ UZ;

synchratron frequency and the sosentus coapaction factor: Qx,cx;

'

energy losses per turn and the synchronous phase: E],qg ;

[

chrosaticity: {l?{ 1;

eaittance and partial dasping times:§ x'zi{rl;
- reference trajectory coordinates: x,x",z,2",s,&/E.
The block aakes the correction of the reference orbit by the Hereward-

Batonier sethod,

Two models can be used: with and without taking into account synchrotron
oscillations.

3. Modelling Dyramics af Particles [MOP) block: sisulation of beas
dynamics »ith calculation of nonlinear fields to the 5th order in the thin-
tens approximation, and of the second-order aberrations in linear elesents.
The block ran also efficiently be used to simulate such processes as:

- beam injecticn {includirg wultiturn injection by weans of pulsed
eiesents);

- particle sotion in a cyclic lattice (including the analysis of the dy-
namiz aperture);

- beaa extraction from the ring (including the chrosatic extraction}.

To save the coaputer tise, using it most efficiently, the block alse
allows for:

-simulation with and without taking into account synchrotron
oscillationsg

- folding the groups of linear sagnetic elements into a single elesent;

- garrying out a long-tera simulation as several separate sessions,

To make the sisulation wsore realistic in terms of real physical
processes, provision is made for:

- initialization of particle coordinate values (1) in an explicit form,
or {1i} by distributing thes in a phase &-dimensicnal ellipsoid oriented in
space in a particular way, or (i1i) by cosbining the both methods,

~ the employsent of aagnetic elements with variabie parameters ({ields,
angles, etc) which can be changed in actordance with the assigned law during
one or sore turns of the beam; these are: pulse lenses, kickers, RF-cavities
{with a varisble amplitude), etc;

- representation of the beam as one or several bunches distributed in
the ring (this procedure is used on simulating with pulsed magnetic elesents

when the pulse length is comparable with the duration of the turnj.

i

-

e package offers the following types of output data display:

- tatles and plats af the focusing functions and the reference orbit
voordinates for an arbitrarily chosen part of the lattice;

- phase aaps of the beas in any phase plane for one or several elements
{the largest nusber of mapping azimuths being 14);

- tables and plots of the tracks of individual particles for the chaesen
turn (the greatest nusber of the mapped particles is 4);

- lables and plots of the envelapes and ras size of the beam for the
chosen part of the lattice;

- binned distributions of lost and extracted particles ({in turns or
lattice elesents),

The time intervals of data accumulation and display are set up by

independent control parameters.



Lomputation exampies.

The DaCA program package has been used to calculate physical paraseters
of the 3 GeV electron pulse stretcher ring PSR-2000 [3]. Figure { shows
anplitude and dispersion focusing functions of cne period of the lattice for
operation conditions with oscillation frequencies Qx=ﬂ.]l ,01=7.17. Figures 2
and 3 show the coordinates of the perturbed reference orbit before and after
aaking the correction, respectively. The ras errors in installation of the
aagretic elements were found to be 0.1 em and 0! amrad, Figures 4 and 3
illustrate the process of the chromatic beam extraction fros the PSR-2000.
They show the RF separatrix and the beaa phase eap in the X-X' plane. Figure
6 presents the binned distributions of the beas extraction in turn., Figure 7
contains the infarmation on the dynamic aperture of the circulating beam with
the sextupole fields present in the lattice, This information is presented as
a phase plane K-I, where the initial coordinates of the particles
left in the ring, and also of lost and extracted particles are marked in a

particular way. The beam envelope, rms size and 2lso the cocordinates of the

cos of the beam per 100 turns are presented in Figure 8.

Package development.

As mentioned above, the DeCA progras package can be extended if need
shoud arise. In the subsequent versions aof the package we intend to add the
foliowing functions: calculation of synchrotron radiation paraseters,
simulation of spin-orbital motion of the electron beam, optisization of the
sachine paraseters,
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Fig.1. Aaplitude and dispersion
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Fig.2. Coordinates of the perturbed
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Fig.3. Coordinates of the perturbed
reference orbit of one lattice period

after introducing the correction.
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Fig.5. Beam phase map {X-1 plane) 100 turns for one period of the
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