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ABSTRACT 

MAGIC is a computer code for design study of storage ring lattices and insertions. 

The first version1 of this code was developed during the NAL 1973 Summer Study at 

ASPEN for the design of lattice insertions. Since that, time, the code has been 

extensively modified at SLAC for the design of storage ring lattices and has been 

used for the study of the PEP lattices. 

We have incorporated into MAGIC the experiences we acquired from the design study 

of SPEAR, the use of TRANSPORT2 and SYNCH3, and the use of the SPEAR control program 

RING. We hope that users will find MAGIC to be a useful and efficient code for 

lattice design and configuration survey. In order to save time, MAGIC finds an 

approximate solution using thin-lens magnets. However , as an option the user can 

obtain a tabulation of the machine functions and the values of the lattice elements 

for an equivalent thick-lens solution corresponding to the approximate thin-lens 

solution. It has been found that the agreement between the results obtained by 

these solutions is usually better than a few percent, except for the value of 

quantum lifetime which is more critically dependent upon the machine parameters 

than other quantities. 

Some of the salient features of the code are: (1) the input and output machine 

parameters are given in the Courant-Snyder notsticn” (G,n-functions, etc) ; 

(2) it is possible to design insertion lattices with fitting conditions specified 

at up to three points along the beam 1 ine; (3) i t can be used for design of two 

lattices in cascade with the first equal to either a periodic cell or an insertion; 

(4) any parameter involving integration of some of the machine functions over the 

magnets can be easily computed because the integrand is a &-function in the thin- 

lens approximation. 

For insertion design using a least squares procedure 5, MAGIC finds the values of 

the magnet strengths or drift lengths for the variable lattice elements such that 

the values of B, ~1, n, n’ at both ends of the insertion and Av through the insertion, 

or the transport matrix elements are matched to the desired values. For storage 

ring design, the program finds the parameter values of the variable lattice elements 

for specified values of C> 2nd n-functions at the interaction point and betatron 

tune v, as we1 1 as specs ‘fied matching ccndi tions of the 6 and n-functions and their-- 



, 

derivat ives at some desired points in the r ing lattice. 

_. 
For electron storage ring design6, the code also computes the synchrotron integrals, 

the partition constants and damping times, natural beam sizes and energy spread, 

luminosity for head-on colliding beams and the beam current value imposed by the 

beam-beam tune shift, transverse beam envelopes, chromaticities, sextupole field 

values for zero chromaticities, synchrotron frequency, synchrotron phase angle and 

RF bucket size, bunch length, quantum lifetime and momentum compaction factor. 
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1. GENERAL DESCRIPTION 

MAGIC has been written for the des ign of two types of lattices, insert 

A cell is defined as a special kind of lattice which has the following 

ion and cell. 

properties: 

(1) a=q ’ = 0 at both ends of the lattice; (2) the B and n values at one end of 

the lattice are equal to those at the other end. 

A lattice configuration is specified by a set of values of the machine functions 

such as f3, n, a, n’ and LIV at both ends as well as at the desired fit points along 

the lattice. 

For survey of lattice configurations, the user specifies two sets of values: one 

set {ri> for the initial configuration and the other set’Ivf) for the final 

configuration. In addition, the code defines N intermediate configurations 

corresponding to the N sets of machine function values as defined by 

{v,-l f {vi’ + k [vf - Vi]/(N + 1))for k = 1,2,..., N where N is a number specified 

by the user. 

To start fitting, the user makes a guess solution for the lattice element values 

corresponding to the initial configuration. Using the guess values, MAGIC first 

finds the solution for the initial configuration. Then using the initial solution 

as the guess solution, MAGIC finds a solution for the first intermediate 

configuration. This procedure continues until all the solutions are found. 

Since thin-lens’elements are used in MAGIC, only one value, X, is needed to specify 

an element. For a drift space, X is specified by the drift length, II, in meters; 

for a bending magnet X is specified by the angle of bend, R/p, in degrees, where R 

is the effective magnet length and p is the bending radius; for a quadrupole magnet 

X is specified by g!L/Bp in meter-l, where R and g are the magnet length and field 

gradient, and Bp is the particle rigidity. 

The value of a lattice element can either be a fixed constant or variable as 

des i red by the user. Constraints can be imposed upon some of the values of the 

variable such that CCX is an invariant, where the summation is evaluated over all 

of the variables to be coupled. The values of the constants C’s are specified by 

the us.er. 
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In order to distinguish the values of the machine functions at the beginning of 

a lattice from those at the fit points or end point, we use a subscript 1 to denote 

the initial values and a subscript 2 to denote the final values, corresponding to 

the beginning point. The subscripts i and f are used to refer to those for the 

initial and final configurations at the fit points and end point. 

The functions to be fitted and the desired values at the fit point are specified 

by the user in the order of the relative position of the fit points along the 

lattice; those for a fit point closer to the beginning of the lattice are specified 

before those farther away. Those for the end point are specified last. 

To compute the machine and beam parameters for an electron storage ring lattice, 

the effective lengths o-f the bending magnets in meters are required for the 

evaluation of the synchrotron integrals. In addition, sextupole field corrections 

corresponding to zero chromaticities can be computed. 

In addition to the lattice elements the user may specify points of interest such 

as the locations of an interaction point, fit points and sextupole magnets. Other 

required input values for the code are: status of the program flags; values of the 

internal constants; heading for each beam line; an instruction to terminate the 

input data. 

MAGIC can also be used to find the values of the machine functions at each element 

for an input solution without any fitting for either a thin-lens or thick-lens lattice 

via the flag status. In the input data the lengths of the drift spaces are the same 

for both cases. For the thick-lens lattice these drift lengths are modified 

appropriately by the code, taking into account the finite magnet lengths. 

As an example, the input data for a PEP lattice7 are given in the next section 

as well as descriptions for the commands in the code. 
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2. C OMMAN D’S 

. . The code is executed by a set of commands. The commands used for a storage ring 

lattice are described in this Section tc illustrate how to set up the input data. 

The function of each command is also described. 

There are a total of nineteen commands in the code. 

A command must be entered between column 8 and 10. The commands may be grouped 

into eight sets depending upon the task.: they perform: 

FlG 
NUM 
DRF, QUA, BBX, BBY 
FIT, INT, SEX 
REM, INS, CEL, VAR, CON 
FUN, VAL 
LUM, CLR 
FIN 

The first command in the input data must. be FLG and the last must be FIN. The 

names used in each command must be ente r?d between column 21 to 80 with five 

columns allowed for each name. Each nar 2 must be equal to or less than four 

characters and must be left-justified. If a name has a value, the value must be 

entered directly below the name on the line below in the same five colurnns,and 

also must be left-justfied. However, not a 11 commands have val ues . For the DRF, 

QUA, BBX, BBY, INS, CEL, VAR, VAL and LL‘!l commands, the user can use as many 1 i nes 

as he may choose for a command provided that there is no blank entry between the 

names. A blank entry terminates the input data on a line. For convenience, comments 

can be inserted anywhere in the input data. A comment is indicated by a non-blank 

character in co1 umn 1. These features can be seen from the example given in this 

section. 

5 



........................................ 
;;!S IS Afl FXAZPLE TO Sl+OIJ HOW TC SgT VP THE CCIMMANDS 

.. SY;-IP,OLS UStC IN THE COMMANDS ARC DtSC9IBEO 114 THE 
.................. ..SUBSEQ!JEti T FPiiS 
.................... 
.................... THIS IS THE INPUT UbTA FOF: A SURVEY OF PEP LATTICES . 
.................... A BR1.e !=t= GESCRIPTlflN l?F EACH COMMAND IS GIVEN 
.................... ANY NCXZERD CHARACTEti IN CLIL 1 DEFINES A CLiMMENT 
.................... THE FIRST CCMMPhC MUST PE FLG 
.................... THE LAjT COpMAN MliT aE FIN 
. . . . . . . . ..*......... 

. . . . . . 

..C,.. 

. . . . . . 

. . . . . . 

. . . . . . 

.*.... 

. . . . 
FLG 

.*.. 
kUM 

. . . . 
CGA 

DRF 

Bi3X 

. . . . 
FIT 
I hT 
SEX 

. . . . 
REM 

. . . . 
I iv 5 

......... 

......... 

......... 

AM LINE HE 
P TGLERANC 

DB BB 

ADING 
E STUD 

c3tl 
D3 
03’2 

DC 
CC 

g 
CC 

IlFl 

Yoo 
Di 
4. 

T 

. .(fPEPCl) 

GDl QF2 

-*ogs:%o .78 
65 
4.39 Y!Sb 

32H DQ 
D3 D3 

QF 

:%” 
DC1 
.95 

Q2ti 

6 



. . . . . . . 
n*

 
C*

 
2*

 . . . . . . . l . . 

. l . 9 . . . 

n*
 

r* w*
 

* . . . . l . . . . 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
* 

I-.
 

. 
C.

 
. 

x*
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

c.
 

-fl
. 

De
 

C-
 

r-r
 

z*
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
l 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

c.
 

n.
 

D*
 

c*
 

r-0
 

2.
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

l 
l 

. 
l 

. 
9 

. 
* 

n 
A.

 
c*

 

0 
n.

 
D*

 

z 
7.

 
*w

e 

. 
* 

. 
. 

l 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
l 

m
 

3,
 

n I m
 

l- m
 

3 m
 

%
 

1 m
 

us
 

nm
 n U w v,

 
-I n P.

4 
-I 

c’ W
 

m
 11
 

D -I 1’
 

m
 

4 m
 W
 

cn
 



FLG 

FLG sets the control flags. The possible flags are: LB, LQ, ALL, SYN and THK. 

LB is used to read the bending magnet lengths if the user wishes to compute ‘the 

luminosity for an e+ e’ storage ring lattice. LQ is used to read the quadrupole 

magnet lengths. Both LB and LQ are needed if the user wishes to find thick-lens 

solutions. ALL is used to obtain print out for all of the configurations found 

by the code: ie, if ALL is omitted, only output for the initial and final 

configurations is printed. SYN is used if no fitting is required and the machine 

functions are to be computed directly from the input data values. THK is used 

for finding thick-lens solutions in addition to the thin-lens solutions. 

The input data for the drift lengths are the same for both thin and thick-lens 

solutions. IF THK is used the drift lengths are adjusted internally by subtracting 

one half of the lengths of the adjacent magnets from the input values. Drift 

length between two magnets is given by the distance between the centres of the 

magnets. The bending magnets are assumed to be rectangular magnets for the thick- 

lens lattices. 
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NUM 

NUM gives the values of two internal constants required by the code, STP and 

ESP. STP is the total number of configurations desired by the user. The rr,ax i mum 

acceptanle convergence value is related Co10 
-ESP . The larger the value ,~f E5P t3~; 

smaller is the acceptable convergence vaiue. The input data fp; t[le :;i’fi,.as ,,>f ST!’ 

and ES? must be integers. Typical values of ESP are 8 ;)r 9 cc r~“cspcr? i ~:g h-3 

convergence values of 10e6. The user shr>uld try different values cjF LSF: i;: or~~:er 

to establish the acceptable convergence value for a given problem. 
. 

9 



DRF 
BBX 
BBY 
QUA 

.I 

The set of commands which defines the lartice elements are: DRF, BBX, BBY and 

QUA. In the example quoted earlier, the drift lengths are DC,DQ,Dl,... with 

their values given as 4.28,1.0,10.5,...~1 , respectively. The horizontal 

bending magnet is BB with the angle of b?;nd equal to 1.875 degrees and effective 

length 5.56 m. The quadrupole magnets are: QFH with strength equal to 0.03 m-l 

and length 0.39 m; QDH with strength equal to -.027 m-l and length 0.39 m, etc. 

In MAGIC the convention has been adapted that a positive value of angle is used 

for normal bend, and’a negative value is used for reverse bend. Also, for 

quadrupole magnets, a positive value of strength defines a radially focussing 

magnet, and a negative value defires a radially defocussing magnet. J’he max i mum 

number of elements in DRF, BBX, P,BY and QUA commands are 50, 20 1 10 and 40, 

respect,ivzly. 
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FIT 
INT 
SEX 

Besides the lattice elements defined in the preceding Section, the user may 

give names of some special points along the beam line. These points are defined 

by: INT, FIT ard SEX. INT is a command which gives the name to be used for the 

interaction point for an e+ e- Storage ring such as 52;‘: in the aliove example. 

Tiis command is required only if computation of beam p‘lrameters Is desired. The 

,k/alue of luminosity is to be computed using the values of math ine parameters at 

this point. FIT is used to give the names for the fit points such as FIT1 in this 

examp 1 e . The user may use up to three names in, this command. The end point is 

always assumed to be a fit point so that no name is needed for it. If the correction 

of chromaticities is desired, SEX is used to give the names of two types of 

sextupole magnets such as SD and SF in this example. 

The ‘strengths of these magnets X!k/Bp will be found to yield zero chromaticity in 

both x and y planes, where the field in the magnet B y is given by h(x2-y2). 

Unless the user is designing an e+ e- storage ring lattice. I NT and SEX are not 

needed. 

11 



REM 
INS 
CEL 
VAR 
CON 

,- This set of commands defines the elements in a beam line and specifies the 

variable elements. REM is used preceding INS or CEL to enter the heading 

for the beam line. There are two possible types of beam line: INS and CEL. 

INS is used for an insertion lattice.and CEL is used for a periodic cell lattice. 

No fit point may be used within a cell lattice. In the example of this Section 

the beam line is an insertion with one fit point. The beam line starts at the 

interaction point (;I;%*;) and d en s at a symmetry boint at the middle of a superperiod 

(centre of a QF magnet). The fit point (FITI) is located at the middle of the last 

cell at the centre of a QD magnet. One of the magnets QF and QD has been split 

into two halves; each half is labelled by a subscript H (QFH and QDH). The elements 

in the beam line must be previously defined in the commands for lattice elements 

and special lattice points. The first element is Dl, the second is Q3H which is 

half of 43, the third is DQ, the fourth is another Q3ii, etc. It has been found 

from experience that for strong quadrupole magnets such as 43 and 42, adjacent to 

the low-B interaction region, it is necessary to use two thin-lens magnets to 

represent each of these magnets with the thin-lens magnets located R/4 from the 

centre of the magnet. (DQ = ~12). The other quadrupole magnets are represented 

by single thin-lens magnets. 

VAR is used to identify the names of the variable lattice elements in the beam 

1 ine. In this example the variables are Q3H, Q2H, Ql etc. The order in which the 

variable names appear in VAR is not important. 

CON is used to define constraint between a subset of the variables by the equation: 

Ix 
cixi = 

lx 
CiXi (input value) 

i i 

where the C’s are constants in the input data and X’s are the values of the 

variables in the subset. In this example the first CON command is used to keep 

the value of QFH equal to l/2 of the value of QF. 

1.0 XQF - 2.0 XQFH = 1.0 x 0.06 - 2.0 x 0.03 3 0 

Each constraint must be defined by a CON command. 
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REM 

I NS 
CEL 
VAR 
CON 

Variable elements in the beam line with the same names are coupled internally 

in pairs. The tota 1 ntir.ber of constraints has been chosen to be 40. The 

maximum number of CON commands available to the user is (40 - >lC) where NC is 

the number of constraints used internally for coupling between pairs of variable 

elements having the same names. In this example the first Q3H is coupled to 

the second Q3H via an internal constraint with the value of C equal to 1.0 for the 

first Q3H, and equal to -1 .O for the second Q3H. The Maximum number of variables 

is 40 and the maximum number.of elements in a beam line is 200. Each time a 

variable name appears in the beam line it should be counted as one variable. The 

number of internal constraints for coupling between pairs of variables having the 

same name is equal to (the number of these variables) -1. 
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FUN 
VAL 

FUN is used to specify the machine functions to be fitted. VAL is used to enter 

the values of these functions at the fit points and at the end point.. A pair 

of FUNDAL commands must be used for each fit point. The f i rst FUN/VAL pai I- is 

taken to be the commands for the nearest fit point From the beginning of the 

beam line, and the last FUN/VAL pair for the end point. 

The names of the functions are: BX, BY, AX, AY, EX, EY, EXP, EYP, XNU and YNU, 

for the functions B x’ y’ B ax, ct , nx, T-I 
Y y’ $9 $9 Aux and Av , respectively. 

Y 
The names used in VAL are the same as those used in FUN but with a subscript I 

or F added to those names; I refers to the value of a function for the initial 

configuration and F refers to the value for the final configuration. 

In addition to the machine functions the user may specify fitting conditions 

for the transport matrix elements: XIJ and YIJ for the (ij) matrix elements. 

Simi larly, the names to be used in VAL are XIJI, XIJF, YIJI and YIJF. 

If fitting of the machine functions is desired, the user must also enter 

the value of these functions at the beginning point of the beam line. These 

values cou Id be entered in any of the VAL commands. The subscripts 1 and 2 

are used to denote the values of these functions for the initial and final 

configuration, respectively. 

Since a periodic cell lattice has some special properties the possible machine 

,functions to be used are: BX, BY, EX, EY, XNU and .YNU. Furthermore, only ane 

pair of FUN/!/AL is needed if the CEL command is used for the beam line because no 

fit point is allowed. 

In the example chosen here STP = 3, so that only one intermediate configuration will 

be found by the code. The variations of betatron tune values and beta values at 

the interaction point are: for the initial configuration tvx = 1.06, Av = 1.06 and 

8, 
= 7.0 m; for the intermediate configuration Avx = 1.065, Avy = 1.055 znd 

$X 
= 6.5 m; for the final configuration Avx = 1.07, Au = 1.05 and B, = 6.0 m. For 

Y 
all three configurations e = e = n’ 

X Y 
= 0.0 at the fit point and at the end point; 

n = -1.4 m and B 
Y 

= 0.06 m at the interaction point. Since the value of any function 

not speci f ied in the VAL rcmmands is set equal to zero internally by the code, then 

at the interaction point ax = Q 
Y 

= n’= 0.0 by default. 
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FUN 
VAL 

Furthermore, if the input value for XNUI, YNUI, XNUF or YNUi is given by 

Av = k.xxx the integer k is ignored, eg, XNUI = 1.06 is taken to be XNUI = 0.06 

by the code. Thus, it is possible to find solutions having tune variations 

between two adjacent integers, n C 1 > Av > n, by making a single run of the code. 

To find solutions with tune variations crossing an integer it is necessary to 

make success ive runs. For example, consider the case 2.4 3 Av 
X 

? 1.5. These 

solutions can be found by making two successive runs. The first run for 

2.4 :: Avx 2 2.0 and the second run for 1.999 >, Avx ‘, 1.5. The solution for 

Avx 
= 2.0 obtained by the first run should be used as a guess solution in the 

second run in order to be sure that all the solutions belong to the same family. 
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LUM 
CLR 

LUI-I is used for computation of natural beam size and luminosity for an e’ e- 

storage ring. In each run, the energy of the beam can be varied for different 

. . configurations: PI and PF are the beam energy for the initial and final 

configuration in Gel],, respectively. More than one luminosity and beam size 

computation can be made for each configuration depending on the value of NLUM. 

N I N’S is the number of beam 1 i nes as defined in the INS command which makes up 

the storage ring. DNUl, and Vl are the value of beam-beam tune shift and total 

RF voltage in MeV to be used for the first luminosity computation. DNU2 and V2 

are those for the last computation. H is the RF harmonic number. NB is the 

number of bunches in one beam. 

The values of luminosity and beam size are normally computed for the optimum 

coupling8case assuming equal beam-beam tune shift values for both radial and 

vertical motion. it is possible to compute these quantities for input values 

of coupling constant by adding Al and A2 in the LlJtl command. Al is the value 

of coupling constant for the first computation of luminosity and beam size and 

A2 for the last computation. 

in addition, the effects upon the value of beta-function and betatron tunes for 

different off-momentum particles due to the sextupole corrections can be computed 

by adding the names DR and NDR in the LUM command. These effects will be computed 

for particles with energy deviations Ap/p equal to k(DR) for k = -NDR, . . . , 0, 

. . . . NDR. NINT is the number of interaction points in a storage ring. If NINT 

is used in the LUM command the limiting value of the linear tune shift imposed by 

the change in momentum compaction value due to beam-beam interaction9 is computed. 

The data values for NINS, NLUM, NINT, NDR, H and NB must be‘integers. 

CLR is used to compute the values of na and no’ at every element along a beam line, 

where u is the standard deviation value for a Gaussian particle distribution and 

n is any integer. The val ues of (J and CI’ are those obtained by the LUM command. 

The value for n is given by NSTD which must be an integer. 

It is also possible to compute nu and ncr ’ for input values of CI and Ap/p 

at the beginning point of an insertion. For this case the names SIGX, SIGY and 

SlGE are added to the da:a in the CLR command, where SiGX and SiGY are the values 

of r~ in cm and SIGE is the value of Ap/p. The values of aA and 0’ are assumed to 
Y 

be zero. 
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The following table gives a summary of some of the conditions imposed, or the types 

of names allowed, in each command. 

‘COMMAND CONDITIONS 

FLG LB,LQ,ALL,SYN,THK 

NUM STP ,ESP 

DRF Maximum elements 50 

QUA Maximum elements 40 

BBX Maximum elements 20 

BBY Maximum elements 10 

FIT Maximum elements 3 

4 

INT 

SEX 

REM 

INS 

CEL 

VAR 

CON 

FU:: 

VAL 

LUM 

CLR 

FIN 

Maximum elements 1 

Elements 2 

1 per beam line 

Maximum elements 200; 2 per run 

Maximum elements 200; 1 per run 

40 per beam line 

40-number of internal constraints 

BX,BY,AX,AY,EX,EY,EXP,EYP,XNU,YNU,XIJ,YIJ 

Same names as FUN with subscripts 1,2, I ,F 

NINS,NLUM,NB,NINT,PI,PF,DNUl,DNU2,Vl ,V2, 
Al,A2,H,DR,NDR 

NSTD,SIGX,SIGY,SIGE 

1 per run 

Integer values must be used for STP,ESP,NINS,NLUM,NB,NlNT,NDR,H and NSTD. 

Each time a variable name appears in the beam line it is counted as one variable. 

The number of internal constraints for coupling between pairs of variables having 

the same name is equal to (the total number of variables in the beam line - the 

total number of elements in the VAR command). 

As an option the user can use ten columns for each input data value in the 

DRF,BBX,BBY and QUA commands. For this option a non-blank character must be 

used in column 12 of the lines containing the names of those elements whose values 

requ i re greater accuracy. The names of the elements in these lines must be less 



than five characters, with the first element name between column 21 and 30, the 

second between column 31 and 40, etc. Each element name and value must be left- 

justif ied. This feature is needed when SYN is used in the FLG command to get a 

tabulation of the machine functions for a known solution. Whenever SYN is used 

the beam 1 ine must be defined for one machine superperiod. 
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3. CASCADED BEAM LINES 

The commands for two beam lines in cascade are described in this Section via an 

example. In the example of the preceding Section, solutions are found for 

configurations having different desired values of betatron tune shifts for one 

half of a storage ring superperiod. Alternatively, it is dossible to use the 

code to find solutions having different desired values of betatron tune shifts 

per periodic cell. This can be done by using two beam lines in cascade. 

In this example the first beam line is used to define the elements in the cell. 

The second beam line is used to define the elements in one half of a superperiod 

beginning at a symmetry point and ending at an interaction point. The desired 

values of tune shift per’ cell are found by varying the values of the strengths of 

QFH and QD in the f i rst beam 1 i ne. The desired values of 6, and By and ax = a = 
Y 

n’ = 0.0 at the interaction point are obtained by varying the strengths of the 

other quadrupole magnets in the second beam 1 ine. 

Since the first beam line is a CEL command, the values of B and n for the beginning 

point of the lattice are not needed in the VAL command. The values of machine 

functions at the beginning of the second beam line, however, are given by those 

found for the end point of the f i rst beam 1 ine. The values of the machine functions 

are matched between the two beam 1 ines internally by the code. 

In general four types of lattice are possible: a single cell, a single insertion, 

a cell and an insertion in cascade, and two ,insertions in cascade. For the multiple 

beam line case, the elements in both beam lines must be defined in the same commands 

at the beginning of the input data. The first beam line is defined by a REM command 

followed by INS or CEL, CON and FUN/VAL commands. The second beam 1 ine is defined 

by another REM command followed by the corresponding INS, CON and FUN/VAL commands. 

The first beam line can be either a CEL or an INS command, but the second beam line 

must be an INS command. For the case of two insertions in cascade, only one 

insertion can have fit points. The ame values of STP and ESP are used for both 

beam lines. In the output, tabulations of the values of the machine functions for 

both beam lines are printed. 
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4. OUTPUT 

The normal output for each configuration is: convergence value; values of the 

transport matrix elements; values of B,c~,T), T-I’ and Au at each element 

(BX, BY, AX, AY, EX, EY, EPX, EPY, NUX, NUY); element values (2 in m for a 

drift space, g!Z./Bp in m-l for a quadrupole magnet, 2/p in degrees for a bendins 

magnet) ; location of an element from the beginning of the beam line (LENGTH); 

val ues of Av/(Ap/p) . 

Additional output can be obtained using the LUM command. The normal output 

computed by the LU!I command is: 

NOTATION PARAMETER 

l,J,J,J,J, 

bL/L)/bp/p) 

L 

TO 

JX, JY, JE 

BXk, Byi’:, ETAXn, ETAY ;‘: 

E 

A 

DNU 

uo 

SIGE 

BRHO 

TAUX, TAUY, TAUE 

SIGX(O), SIGY(0) 

Synchrotron integrals 

Momentum compaction factor 

C i rcumference 

Revolution time 

Partition numbers 

Machine functions at the interaction point 

Beam energy 

Aspect ratio 

Beam-beam tune shift 

Energy radiation/turn 

Energy spread 

Particle rigidity 

Damping times 

u 
X 

and ay due to betatron motion with 

no coupling 

SlGX(C), SIGY(C) 

SIGX(T), SIGY(T) 

LX,LY 

u 
x 

and oy due to betatron motion with 

coup1 ing 

u 
X 

and ay due to both betatron motion 

and energy spread 

Luminosity at the x and y tune shift limit 
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NOTAT I ON PARAilETER 

NX,NY,IX,IY 

FRF/FO 

VRF, FRF 

PHIS 

NUS, FS 

DE/E 

SIGZ 

TAUQ* 

Number of particles per beam and bean 

current values at the tune shift limit, 

RF harmonic number 

RF voltage and freque.ncy 

Synchrotron phase angle 

Synch rot ron tune and frequency 

RF Bucket . 

Bunch length 

Quantum 1 ife time 

If sextupole magnets are used in the beam line the output will include the strengths, 

U/BP, of the sextupole corrections in mM2 where the field value, B 
Y’ 

is given by 

x(x2. - Y2). In addition, if DR and NOR are used in the LUM command the output will 

include the variations of beta and betatron tune values for particles with different 

momen turn. 

The output computed by the CLR command is: the number of standard deviations 

n(NSTD) used in the computation; the values of ux, (I 
Y 

and Ap/p at the beginning 

point of the beam line (SIGX, SIGY, SIGE); the values of nax, nax’, nay and nay’ 

at each element in the beam line. 

..-,. -.- 

. 
*The va! ue of .TAUQ is very’ sensi t i ve to the values of DE/E and TAUE; a few 

pe.r-cent error in the values of these quantities could lead to a much larger error 

in the value of TAUQ. 
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