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DIRMAP : A FORTRAN PROGRAM TO SIMULATE BEAM-BEAM LIKE 
INTERACTIONS WITH A TUNE MODULATED DIRECT MAP.

A SHORT PRIMER.

A. Dainelli

1. INTRODUCTION

This short note is intended as a quick manual for the use of a small 
group of Fortran programs which make possible a simulation of some peculiar 
aspects of storage rings with negative beams as the CERN Antiproton Accumu­
lator [1], [2].

The betatron motion of the particle in the ring is described in a rudi­
mentary fashion as a harmonic oscillator:

x''(θ) + vx 2 x(θ) = 0
 (1)

y''(θ) + vy2 y(θ) = 0

tune modulation and periodic kicks ( from beam-beam like interactions ) are 
introduced in eq. (1):

x''(θ) + vox2( 1-λcosvsθ )x( θ) = ξxΦ(x,y)Σnδ( θ-n2π) (2)

a Direct Map is deduced from equation (2) for both planes (x-px,y-py )j 
with the same notation as in reference [2]

xn+1 (n+1) = [ D1Xn(n) + D2(x'n(n)+(2/vs)ξxn(n)Φ(n)]/D

(3)

x'n+l(n+1 = [ D3xn(n) + D4(x'n(n)+(2/vs)ζxn(n)Φ(n)]/D

The Direct Map described in equation (3) has been translated in a For­
tran language code called DIRMAP ( a copy of DIRMAP can be found at the end 
of this note ) .
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2. OPERATIONS

Two different ion distribution can be chosen:

if the choice is the cylindrical distribution ( σx =σy ) then
lines 79/84 must be active 
lines 87.1/96 must be non-active

if the choice is the elliptical distribution ( Bassetti- Erskine potent. ) 
( σx >σy ) then :

lines 79/84 must be non-active
lines 87.1/96 must be active

Random kicks can be activated at lines 100/110

Lines 218/232 are used to calculate the maxima and the minima of Jx and 
Jy (actions) in every group of 100 sequential data ( turns or map itera­
tions ). Extrapolation of this maxima and minima can be done by means of a 
separate code ( ERT ) which uses extrapolation algorithms .

The input of the code are few parameters in lines 264/274 with the order 
defined in line 39 .

The output of the code are two sequential files :

MAPDAT : to be used with PHSPP to obtain Phase Space plot of the map.
to be used with LOLYAP to obtains the pictures of the signature 
of motion ( stable or chaotic ) [2].
In this second case two different runs with DIRMAP must be ini 
tiated in order to obtain two different output files 
( MAPDAT2 and MAPDAT3 ) .

MMDAT : to be used with ERT to extrapolate the maxima and the minima of 
Jx and Jy •

PHSPP and LOLYAP are two standard plot subroutines written with the GD3 
package which in order to gain in flexibility can be used separately from 
DIRMAP. the input is always the sequential output MAPDAT ( or MAPDAT2 + 
MAPDAT3 ).

The ouptut can be seen at CERN with the H TOOL TV command ( a picture 
library - with the H LIBALLO comm. - must be created before running PHSPP 
or LOLYAP ). To obtain an output on the Versatec plotter , remove the star 
in the last line ( //* EXEC GD3VT ) .

The complete procedure for the phase space plot ( under WILBUR ) are the 
following :
a. SCR MAPDAT

SCR MMDAT
b. change parameters or kind of potential in DIRMAP 
c. RUN DIRMAP

once the MAPDAT file is created ...
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d. create a library with the 'H LIBALLO’ command 
e. RUN PHSPP

after the run

f. H TOOL TV to see the pictures on the screen .

pictures can be deleted with SCR PLIB#PICT003 ( to delete picture #3 ); 
the complete library can be scratched with SCR PLIB .

The complete procedure for the chaos signature plots ( under WILBUR ) is 
the following :

a. SCR MAPDAT
SCR MMDAT

b. change parameters or kind of potential in DIRMAP ;
change in line 59 to obtain X=XO + 0.1E-05 ( or 0.1E-04 )

c. change the name of the output file to MAPDAT2
d. RUN DIRMAP ( output MAPDAT2 )
e. change the name of the output file to MAPDAT3
f. change in line 59 to obtain x=xo
g. RUN DIRMAP ( output MAPDAT3 )

after the two output files are created ...

h. RUN LOLYAP ( a picture library must be created before ) 
i. see the picture with the ’H TOOL TV ’ command .

In order to obtain picture of instability ( resonances ) over a finite 
range of horizontal tune , a different version of DIRMAP is available; the 
new version is NURALL. The most important change is a loop initiated at 
lines 49. Essentially NURALL executes a complete DIRMAP run ( up to 5000 
map iteration ) for each step in the chosen range .
The tune step must be defined at line 48 ( DNU= 0.2E-02 ).
The output file is RESPDAT and the input parameters are introduced as in 

DIRMAP .
Because of the unpredictability of number and strength of resonances in 

the chosen range, in order to obtain pictures like fig.7 two or more steps 
must be done.

The complete procedure is the following:

a. SCR RESPDAT
b. RUN NURALL
c. after the run , see how many steps of the range have been done ;
d. modify NUOX at line 296; the new value must be equal to the value of 

the last completed iteration;
e. RUN NURALL ( without scratching RESPDAT ! )
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repeat c,d,e until the complete range is covered ;

f. RUN READ to read the RESPDAT file ;
g. attach the READ output to line 76.01 of PRES ( Picture of RESonances );
h. RUN PRES ( a picture library must be created before ).
i. the picture can be seen with the *H TOOL TV’ command .

The synoptic table of the programs is the following :

DIRMAP________  PHSPP, LOLYAP, ERT
DIRSEX

NURALL________  READ____________________________ PRES
NURSEX

DIRSEX and NURSEX are different versions of DIRMAP and NURALL in which only 
sextupolar terms are used in the kick.
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