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introductkon 

Tte pra9:a~ package DeCI: ( Des~q” Cyclkc Accelerdtws I IS designed tu 

solid a ,,a:;ety o! problens involved 1” the develcpnent of cycikc accelera 

to-s mc charged part:cle storage rings [ll. The package ks coovenkert I” 

“sale, I! offers u1de posslbklities for data display, has a flexible control 

systea and a wfficlently hlqh-!evel Input lan)uage. The package ks arranged 

o” the block-functional prmkple, nhlch ensures knteqrkty and a hkqh rell- 

abklkty o1 the pdrkaqe, slnuite?lously exclud1”q the dublkcatio” of 

‘u”:t:nrs. All softrare coepo”e”!s are made to a certain standard mhlch 

ens:,i~s thelr conpat:bklity. One of the princlprl advantages of the package 

:5 1ts ex+enslbelkty wkth the exlstinq poss1bkllty cf addknq “er 

package-:o”!roi connands, new types of llaqnet1c 1att1ce eleeents or “e” 

mOeIs cl the Pieinert !y?es described previously. All applmtkon ilodules are 

rrlt!en in !he FORTERH 77 laoq~aqe, the proqrae skze ks 15000 Iknes, the 

“.;;ber of sub~rograes IF 190, the “orkkn~ .eeory belnq 2 eeqabytes. 

The funcf1o”s of the packaqe. 

The proposed version 2.2 of the DeCA package has bee” amed dt 

;:aulatknq oultlturr processes 1nvolv1”q nany pdrticlea (ION as a ea~k~uol. 

:t consists of three :ndepe”dent functiora! blocks and the syster part. Given 

the latter, any caabinatio” of the blocks cd” be used independently. 

!he s,:ster blocks oi the package provide the package control, dlapnortlc 

message pr:nt1nq, input of the edgnetic lattkce, knclus~on of pevturbatkans 

1” the naqnetic eleeentr lnstallatlon fqeooetrlcal coordinates and fkeldsl, 

a”3 data display. 

The functional blocks of the DeCp versko” 2.2 perfore the folloukng 

operations: 

I. Geawtry of Accelerators (6RCf block: calculation and plotting of 

space coardknates of the lattice elements [Z]. 

2. Reference TraJectory Linear (AEFTLI block: calcuidtio” of focusing 

functions and reference trajectory coordinates k” the lmar approskratia” 

(21: 

aeplktude functions d”d their derlvatlves: !&Pz~P;; 
- dksperslo” funrtkons and their derivativesly~,\y;,~~,~~; 

- bctatroo phase: 
r q”z; 

- betatron frequency: OK, Oe; 

- synchrotron frequency and the rorentue corpactio” factor: Ox,u; 

- energy losses per turn and the synchronous phase: E,,? ; 

- chraaatic1ty: $C z; 

- eolttance and partial ddepknq tktes:Ex,+‘Cl; 

- reference trajectory coordinates: x,x’,z,~‘,s,d/E. 

Ihe blsck aakes the correctkon of the reference orbit by the Hereward- 

Eacon1er aethod. 

Two models can be used: wkth and without taking Into dccount synchratro” 

oscilldtlons. 

1. hodellinq Orrae~cs of Particles IHDP) block: simulation of beae 

d,fnankcs “1th calculat:o” of nonlmar fkelds to the 5th order 1” the thin- 

lens approxmt1on, and of the second-order aberrdtlons in Ianear elerents. 

The block can also effickently be used to slruldte such processes as: 

- bean i”jectkcn i1n:lud1r9 rultiturn injectlo” by leans of pulsed 

eiecentsi; 

particle motion I” a cyclic lattice ilncluding the analysts of the dy- 

“all: dperture); 

- bean extraction fro8 the ring i1nclud1”p the chroeatkc extractionl. 

lo save the computer tioe, using it most efficiently, the block also 

a110115 for: 

-slnulation wkth and without taking into account synchrotron 

osclllatlnns; 

- faldlnq the groups of linear eagnetlc elements into a single element; 

- carrying out a long-terr sirulatm as several separate sessions. 

To mate tne skaulation more realistic in terns of real physlcal 

processes, provksion is rade for: 

- knkt1alkratlo” of parttcle coordknate values (ii k” an explicit fore, 

or 1~11 by distr1butknq thee in a phase b-dlnenslonal ellipsokd orkented in 

space 1” a partkcular uay, or (1111 by ccebknknq the both eethods; 

- the employrent of aaqnetic elerents ukth varkabie parameters (fields, 

angles, etc) which cd” be changed I” accordance with the dssipned law during 

one [lr #ore turns of the beam; these are: pulse lenses, kickers, RF-cav1tkes 

Ini!? a variable aoplltude), etc; 

- representatlo” of the beam as one or several bunches distributed in 

the ring fthls procedure is used on slmulatknq r1th pulsed mdqnetlc elements 

rhe” the pulse length 1s comparable with the duratkon of the tbr”). 

The package offers the follorln~ types of output data dksplay: 

- tables and plots of the iocus1n9 functions and the reference orbit 

coordknates for an arbitrarily chose” part of the lattice; 

- phase “aps of the bean in any phase plane for one or several elements 

(the largest number al eappinq aziruths being 161; 

tables and plots of the tracks of k”d:viduaI particles for the chose” 

turn (the qreatert “umber of the mapped particles is II; 

tables and plots of the envelopes and res size of the bean for the 

chosen part of the Iattkce; 

- bknned distributions of lost and extracted particles 11n turns or 

lattice elements). 

The tlee intervals of data rccueulation and dksplay are set up by 

independent control pardeeters. 
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Co8Dutrtlon exa1llles. 

The DeCA program package has been used to calculate physical paraeeters 

of the 3 6eV electron pulse stretcher ring PSR-2000 [31. Figure I shows 

aeplitude and dispersion focusinp functions of ace period of the lattice for 

operation conditions with oscillation frequencies Qx4.11 ,0z=7.17, Figures 2 

and 3 show the coordinates of the perturbed reference orbit before and after 

eakinq the correction, respectively. The rms errors In installation of the 

ragretlc eleeents were found to be 0.1 n and 0.1 wad, Figures 4 and 5 

Illustrate the process of the chroeatic beas extraction free the PSR-2000. 

They show the RF separatrix and the beaq phase eap in the X-K’ plane. Figure 

6 presents the binned distributions of the beae extraction in turn. Fiqure i 

contains the inforaation on the dynamic aperture of the cmulatinq beaq with 

the sextupole fields present in the lattice. This inforeation is presented as 

a phase plane X-2, uhere the initial coordinates of the particles 

left in the rmg, and also of lost and extracted particles are larked in a 

particular ray. The beae envelope, rqs size and also the coordinates of the 

ces of the beae per 100 turns are presented in Figure 8. 

Package develooment. 

As ue?tioned above, the DeCR prograe package can be extended if need 

shoud arise. In the subsequent versmos of the package re intend to add the 

foliouing functions: calculation of synchrotron radiation parameters, 

simulation of spin-orbital qotion of the electron beaa, optieization of the 

eachine parameters. 
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and dispersion and dispersion 

focusing functions of one lattice focusing functions of one lattice 

period far oscillation frequencies period far oscillation frequencies 

p+-$+*~,~~,+*,-- Qx=8.31, $=7.17 of PSR-2000. 

i7: P r; 

Fiq.2. Coordinates of the perturbed 

reference orbit of one lattice 

period. RR5 errors of magnet element 

installation are 0.1 wa,i’.l wad. 

Fig.3. Coordinates of the perturbed 

reference orbit of one lattice period 

after introducing the correction. 
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