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I. INTRODUCTION



INTRCDUCTION

SYNCH is a computer program for wse in the design and analysis of
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commands that can be accessed in a flexible way through input statements. Their
input and the results of the calculations they invoke are saved in an internal
database, so that this information may be shared by other related statements.
SYNCH dis the first accelerator program to organize its input in the form of a
language. The statements, which resemble sentences, provide a natural way of
describing lattices and asking the program to give information about them. The
organization of the program is modular, so that it has been possible to add new
capabilities progressively over the vyears. In this sense SYNCH may be
considered to be an open ended system.

A. Applications

The lattice description is made by statements describing the beamline
elements ~- drifts, dipoles, quadrupoles, sextupoles, other non-linear elements,
etc. -- and beamlines composed of these elements. Beamline statements may
refer to the superperiods, cells, transport lines, or substructures of these.
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linear transfer matrix. These matrices can be manipulated in various ways; for
example, they can be multiplied together to give matrices corresgponding to
particular beamlines.

Having generated the lattice of a complete ring, superperiod, cell, or
transport 1line, one may obtain linear properties, especially the betatron
functions, of the corresponding beamline; <c¢losed orhits and linear properties
corresponding to momentum deviations and/or magnet misalignments can be
determined; and particles with arbitrary initial conditions «c¢an be tracked

repetitively around the machine. One may also calculate emittances, damping
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times, and other properties of electron rings.

To design machines, the program adjusts the o : i
elements 1in order to obtain specified properties. For example, one may adjust
the gradients of the quadrupoles of a cell to obtain desired phase advances, or
adjust several quadrupoles or drifts of an insertion to fit it to the adjacent
cells and give a low beta value at its center.

Tarmoathe
1 €7 uj LIl

L1

The input for a SYNCH run consists of a user determined sequence of
statements, each containing a label or name, a command (operation, definition;,
and data. The data may be numerical or the names of previously defined
statements. Most statements either define parts of a machine, invoke
calculations, or both.

In order to scan systems over ranges of parameters, a set of statements can
be placed together in a subroutine-like block that may be called sequentially
with different parameter values. These blocks are also used by the fitting
commands.

C. History

The first versions of SYNCH were programmed for IBM 704, 7044, and 709
computers by James Eusebio and Garren in 1964-5, primarily for use in the

200 Batl MNacdmrn CEyidsr N Aid nak +a rha 1 Fi+4+ Tt
200 BeV Design Study. These did not contain the general fitting programs, but

instead partly analytic routines were included for designing long straight
sections of the type used in the Fermilab Main Ring (and later in the Tevatron).
In 1966-7 the program was rewritten for the CDC 6600 by Garren and Kenney and
later adapted to run on the CDC 7600.

With the aid of Barry Miller of IBM, the CDC 7600 wversion was converted to

run on IBM 360 computers in 196B. New facilities were subseguently added to the
CDC version by Garren and Kenney, such as a general fitting routine that uses
the CERN program MINUIT, and calculations of electron beam properties. Other

capabilities were implemented by Courant, such as polarization effects and
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thin-lens multipole calculations. The IBM version was also updated from time to
time, with the help of Barbara Wu, Alec King and others at SLAC. In 1979 the
current IBM version was me¢cmcuucu to run on a IUJLL5u computer uy K. Chiba of
the INS laboratory of the University of Tokyo. This same version was conmpiled
on a VAX 11-780 by Walter Trecziak of the University of Wisconsin. This version

is currently being updated by Kenney to correspond to the present CDC version.

D. Documentation

The first versions of the program were documented in Berkeley Internal
Report by J. Eusebio, A. Garren, and A. Kenney, SYNCH -- A Computer System for

Synchrotron Design and Orbit Analysis, UCID-10153, 1965. Since then, this
document has been informally wupdated and supplemented with addenda and notes
from time to time.

The present document is based on the above fragmentary documentation, as
well as on various extended comments 1in the program itself. The present

document has been written mainly by Syphers, with advice from the other authors.

- oy

AAG
MJS

Batavia
April, 198%
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COMPUTER ENVIRONMENT

A. Program Organization

SYNCH has been organized in a most flexible way. The wuser builds the
synchrotron structure by a series of modular input statements that correspond to
simple verbal statements descriptive of the accelerator. These statements

comprise a special-purpose language.

Each SYNCH statement contains three components -- a name, or label; a
command ; and a set of data. The name is an arbitrary set of characters which
can be used as data in subsequent statements to refer to the element defined by
the statement. The command is a particular set of characters that characterize
the nature of the elements described and of the calculations to be performed.
The data completes the specification of the element and provides input
parameters for the command. The statement, together with quantities calculated,
such as matrices, are stored for use by subsequent statements,

The SYNCH statements are executed sequentially as entered in the input
file. Any label or name that is refered to in a SYNCH statement (with the
exception of the BML statement; see below) must have heen previously defined.
If a user defined SYNCH subroutine is to be executed, the subroutine must occur
in the input prior to a CALL to it.

A SYNCH subroutine is a sequence of SYNCH statements 1linked together by
being inserted bhetween a SUB statement and an END statement. By including
statements in the subroutine to increment data, the effect of a FORTRAN DO loop
is achieved.

The beamline (BML) statement has as data a sequence of element names
representing a segment of a synchrotron. In this statement, the elements are to
be listed in beam order from left to right, i.e., in the order in which the beam

8



traverses the elements. Note that beam order is opposite to the order in which

the corresponding matrices are wsually written for hand computation. The
beamline statements merely create “lists” of elements; they are not
"executable" statements. Hence, a beamline may be defined prior to the

statements defining the beamline’s individual elements.

B. Program Control

1) Using the CDC Version at FNAL

The CDC version of program SYNCH is run as a batch job and may be executed
by typing the folliowing Job Control Language commands into the input file to be
submitted to SYNCH:

--— any other JCL commands or information ---

ATTACH, SYNCH/UN=LIBR
SYNCH
/E0S

~-= SYNCH input statements go here ---
/EOP

if the above information exists in an input file named SYNCHDAT, for example,
then the following command will submit the job to the CDC:

SUBMIT, SYNCHDAT

Here, the output from the program will be directed ¢to the CDC 1line printer.
Naturally, by defining one’s own output files and by using proper options for
the submit command, the output of the program could be routed to a disk file
which could then be examined from a user terminal and/or routed to a line

printer.



2) Using the VAX Version at FNAL
The VAX version of SYNCH may be run interactively by creating the following

DCL command file, called SYNCH.COM in this example:

& assign SYNCH.DAT for002
5 assign SYNCH.OUT forQ03
Copies of

$ run synch

The compiled executable file SYNCH.EXE must exist in the user’'s area.
SYNCH.EXE may be obtained from other users of the program via DECnet.

The file SYNCH.DAT contains only the input statements beginning with a RUN
The output from the run is sent to

and ending with a STOP statement.

@SYNCH <{return> while in DCL.

statement
3YNCH. OUT.
The program is then run by typing

. Input, Output
1) The Input File:
The data is read from the file as
All input data must be located in proper fields,
are

SYNCH input is of 80-column format.
“cards”, one line at a time.
properly justified. The rules governing the format of the input statements
described in Section IV, SYNCH STATEMENTS AND COMMANDS. No special characters
(such as TAB’'s) are supported, and extraneous blank lines cannot be dealt with
at the preserit time.
Any valid SYNCH statements may be included in the input file. The first
statement found in the file must be a RUN statement. The end of a SYNCH program
Any number of SYNCH programs (RUN --> FIN)
After the last program of

1s designated by a FIN statement.
sequentially in a single input file.

may be placed
the input file, a STOFP statement must be present.
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2) The Cutput File:

M o

The ocutput generated by SYNCH includes the input statements found in the
input file, re-formatted, and any output produced by the wvarious SYNCH

statements. The output generated by a particular SYNCH statement is sent to the
output file, or output device, immediately wupon execution of the SYNCH
statement. The echoing of the input statements may be turned off at any point
during the SYNCH program by inserting a NCPY statement. To re-enable echoing of
the input statements, the COPY statement is used.

11
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CALCULATIONS PERFORMED BY SYNCH

This section describes what calculations may be performed by SYNCH and more

importantly which SYNCH commands are necessary in order to perform certain types

of calculations. Detailed descriptions of individual SYNCH statements are left
to Section IV, SYNCH BSTATEMENTS AND COMMANDS. Details concerning the
mathematical methods employed by the program, such as descriptions of beamline
element matrices, may be found in Section V, SYNCH MATHEMATICAL FORMULATION.

A, Matrix Definition and Operations

MTIRTAITT - 1 - IS S L T [ N - _‘..___1... -

SYNCH allows the definition of many standard beamliine elements which act on
the particle beam. Linear transfer matrices are calculated for these elements
upon execution of their defining statements. The MAG statement defines a magnet
which could Dbe strictly bending, strictly focusing, or a combination of both.
This magnet 1s thought of as bending in the horizontal plane. A vertically
bending magnet may be defined through the use of the MAGV statement. The DRF

statement is used to define a drift region. Other elements include the

sextupocle nmagnet (SXTP), the n-pole thin lens (NPQL), and the delta-function

dipcle kick using the KICK statement. The MAG, MAGV, DRF, and KICK statements
generate matrices which act on a particle state vector containing a particle’s
position and slope in each plane and the particle’s momentum error, dp/p. The
effects of the SXTP and NPOL statements on these vectors are not linear and are
handled by separate subroutines in SYNCH.

e
1

The user ma

v
MAT, and MAP statements.
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Once defined, various operations may be performed upon the matrices of the
linear elements. In particular, MMM multiplies two or more matrices and stores
the result in a newly defined matrix; 1INV determines the inverse of a matrix;
ROT performs a rotational transformation upon a given matrix (The ROTZ command,
on the other hand, generates a rotation matrix.); EQU equates two matrices;
REF generates the matrix of the reflection of a beamline, and the "**" command
allows the repeated multiplication of a matrix with itself. At any time, the
user may print out the elements of a matrix by invoking the WMA command.

A particular sequence of beamliine elements, which may contain linear and
non-linear elements, may be created using the BML statement. This statement may
be used recursively, i.e., a BML statement may contain as part of its defining
sequence the names of other BML statements.

It should be pointed out that when defining various beamline elements, the
units wused are quite arbitrary, but should be consistent throughout the entire
SYNCH input. For instance, one could enter all lengths in meters, all field
strengths 1in kilogauss, kilogauss/meter, and so forth. In this case, the
betatron functions that are calculated by SYNCH will be in units of meters, etc.

B. Betatron Function Calculations

One of the primary uses of the program SYNCH is to calculate the linear
betatron functions which describe the amplitude and phase of the transverse

betatron cscillations throughout an accelerator and/or beamline. The formal
language of betatron motion used throughout SYNCH and the rest of this manual is
the language of Courant and Snyder (Reference 3). The reader is refered also to

Section V-C, Betatron Functions, for further information.

The values of the various betatron functions corresponding to a particular
matrix may Dbe obtained using the BETA statement. These values may be printed
out by use of the WBE command. Given an intial set of betatron functions, which
may be input directly by the user or obtained from a previously defined matrix,
the betatron functions may be tracked through a beamline by using the TRKB
command .

14



Perhaps the most commonly used SYNCH betatron function calculation is that
of the C¥YC statement. CYC generates the betatron functions at each point of a

o=k NaTs k] e o] AF s AT ar asmalavad S i d v i o trn liias -~ +ha
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functions in the process. A similar command, CYA, also saves the cyclic
matrices used in the calculation for use later in the SYNCH run.

C. Particle Beam Calculations

tron functions a

] 1@ beta ated as in the CY¥C statement, SYNCH may
be used to compute beam envelopes with the CYAE command. The user must input
heam emittances and the momentum offset of the beam, dp/p. The beam emittances

are input with the BVAL statement.

Ising the erate

For electron machines, emittance calculations may be performed using the

CYEM command. Here, electron integrals, rf output, and electron emittance
factors are computed and printed out.

D. Closed Orbit Calculations

Another important feature of SYNCH is the ability to compute the closed
orbit through a circular accelerator for a particle of any momentum. The
accelerator may consist of linear and/or non-linear elements. The wuser must
input an intitial guess for the closed orbit at the point in question using a
PVEC statement. Then, with the FXPT statement, the closed orbit at that point
is found and propogated through the entire accelerator. The transfer matrices
of the beamline elements are then linearized about this closed orbit and the
betatron functions from these new matrices are printed out along with the closed
orbit.

The FXPT calculation uses 7x7 matrices and hence allows for the study of
horizontal-vertical coupling of the betatron motion. The single-turn transfer

matrix for the point in question is thus printed out as well as the eigenvalues
and eigenvectors of the 4x%4 submatriyx rpnrpqpnf1nd b b motion. The eigenvectgrs

may be tracked through the accelerator.

15



E. Particle Tracking

In a rather straightforward manner, a particle whose 1initial state 1is
specified, may be tracked repeatedly through a previously defined beamline using
the TRK statement. The inital trajectory and dp/p of the particle is input with
the PVEC statement. The trajectory of the particle may be output at all points
in the beamline each transit or at specified beamline locations every so many
transits. The beamline may consist of linear and/or non-linear elements.

F. Non-linear Transformation Calculations

As was stated previously, the user may define non-linear transformations to
be used in the SYNCH program via the MAP statement. The SYNCH code has 10 dummy
subroutines labeled MAP, MAPl, MAPZ, ..., MAP9. Any or all of these subroutines

To access cne of the MAP subroutines, the user simply defines a beamline
element with the MAP statement as dictated in Section IV. Then, whenever SYNCH
encounters one of these beamline elements, the current particie state vector and
any other parameters specified by the user in the MAP statement will be passed
tc the respective MAP subroutine and the subroutine will be executed.

le



Example: HWriting a Non-linear Subroutine Named MAPk

The MAP subroutine names and arguments are fixed and are
MAPk (V,PAR)
where

k is blank or an integer, 0 ( k < 10

V is a subscripted variable of dimension 7 which contains elements of a

! K

particle state wvector (x, ¥, ¥, ¥v', —ds, dp/p, 1) on which transformations will
be made. At the end of the routine, the transformed values will replace the
original ones in the array V

PAR is an array containing parameters needed for the transformation. The
dimension depends on the transformation. The input variable m in the MAP
statement will correspond tc the dimensiocn.

mmym _ 1 S man e e . 2
1ION—-41iinN€ear ¢ I 1

A = 1 = I I I I o T B B B = Ve
a0 dil CAdllp/ e, wUlloluclh LILT LUl iuVUwlily

X = X
- ]
X' = x' - (3Ax" + 2Bxy + Cy ™)
Yy =y
Y¥' = y" -~ (Bx* + 2Cxy + 3Dy1 )
-dS = -ds
dP/P = dp/p

1 =1

where A, B, C, and D are four parameters associated with the transformation. We
arbitrarily take k=6 and give the MAP statement the name XMPL.

17



A MAP subroutine accomplishing the above transformation follows:

{17 DA
L

o]

)

SUBROUTINE MAP6(V,PAR)
DIMENSION V(7) ,W(7),PAR({4)

C Compute the transformed values...
W(l) = V(1
W{2) = V(2) - (3.#PAR(L)AV(L)AV{1l) + 2.4 PAR(Z2}*V{1)4AV(3)
1 + PAR(3)#V{(3)4AV(3) )
W(3) = V(3)
W(4) = V(4) - (PAR(Z2)AV(1)AV(1) + 2.*PAR{3)4AV{1)AV(3}
1 + 3.*xPAR(4)*V(3)#V(3) )
W(5) = V(5)
W(e) = V(6)
W(7) = V(7)

C Put transformed values in V array...
DC 2 L=1,7

2 V(L) = W(L)

RETURN
END

Having written this routine, the user may name the MAP statement
values of A, B, C, and D by including the following line in the input

XMPL MAP6 4 A B C D

and substituting the appropriate values for A, B, C, and D,

The paramaters associated with a MAP statement may be altered by
an INCR statement.

18
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G. Element Misalignment Calculations

The effects of magnet misalignments on the closed orbit of the accelerator
may be studied using SYNCH. There are two possible approaches to the problem.
One approach involves the MAGS command, which defines a magnet with transverse
misalignments. The BMIS command (Begin MISalignment mode) must first be issued
and the EMIS command will end the misalignment mode. In this mode, the new
closed orbit due to the misalignments is calculated using a CYC statement.

The second approach reguires the use of the MOVE statement. Here,
rotational misalignments about the s-axis as well as transverse misalignments
may be invoked. This method uses the FXPT statement to find the new c¢losed
orbit and may be used to study coupling effects of the transverse motion in each
plane.

For more information concerning these methods, see Section V-G.

As aids for misalignment calculations, the LIST statement and the RAND
statement were created. The LIST statement allows the user to generate a list

PR | om = =

of elements which can be used to substitubte successive calls for a particular
transfer matrix. The RAND statement generates a random number uniformly
distributed on the interval [-1/2, 1/2)

H. Orbit Correction Calculations

Using the ORBC statement, the correction of the closed orbit through an
accelerator with field errors may be calculated. The name of a FXPT statement
is used to define the initial orbit, while the name of a CYC statement provides
necessary betatron functions. The common beamline used in the CYC and FXPT
statements contains the name of the elements at which the displacements are
measured and the name of the elements which are used for corrections. The
optimized correction element strengths are calculated and printed out.

19



I. BStraight Section Design

Four SYNCH statements allow the user to design matching straight section
insertions to be incorporated in a previously defined beamline. The first
command, STRN, designs a normal matching straight section of a specified phase
advance. The second command, STRP, designs a straight section of the form
FD-0~FD or DF-0-DF which has a total phase advance of pi radians. The third
command, STR2 de51gns a Collins straight section of desired phase advance.

fFrw ~

tho ammand desions a four-slement antisvymmetyvirs straioght section
13 ol N wd [ S Ny W) IJ\-'I.MJ.&LI‘.’

T -

TR 1
LIV cne Icur i e WFIILLRCAL IRA Lo ARV S 4 Lementc QUil v LD Y s w e R L

In each command, the betatron functions at the ends of the insertion are
aither specified explicitly by the user, or obtained from a specified matrix
representative of a certain point in the bheamline.

J. Fitting Routines

Several fitting routines exist in the program SYNCH allowing one to
generate beamline elements which create desired values of betatron functions.
For instance, FITQ varies the parameters of specified magnets to create sgpecific
horizontal and vertical phase advances for a particular portion of a beamline.
Likewise, FITB may be used to fit other betatron functions to desired wvalues.
The S0LV command 1s more general in that it can vary any number of parameters
subject to constraints in order to generate desired values of several betatron
functions at once.

Each of the above mentioned fitting routines makes use of the goutine
MINUIT (see Reference 5). Direct use of all valid MINUIT commands may be made

by using the SMIN statement in the SYNCH input.

A complete list of all SYNCH commands organized by topic is given on the
following page.

20
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SYNCH Program Commands by Topic (p) generates output

P
it 4

SYNCH Subroutines SUB, END, CALL, REPL, INCR, MESH(p)

Mathematical Operations =, SUM, CALC (COS,SIN,SQRT,1/X,etc.), RAND

Beamline, Element DRF, MAG, MAGV, ROTZ, KICK, SXTP, MAP,
Definitions NPOI,, BML

AT A Alda e LD Aug s

General Matrix/Vector CRD, MAT, VEC

Definitions

Matrix Operations MMM, EQU, INV, REF, *%, ROT, INVZ, MXV,

WMA(p)
Betatron Function BETA, WBE(p), CYC(p), CYA(p}), TRKB(p)
Calculations
Particle Beam CYAE(p), CYEM(p), BVAL
Calculations

Fitting Routines FITB(p), FITQ(p), SOLV(p), SMIN(p!

Closed Orbit Determination
and Particle Tracking

Element Misalignments
Orbit Correction
Straight 8ection Design

Dutput Statements (n)
UUTpUL statements Lp)

PVEC, FXPT{(p), TRK(p)

BMIS, EMIS, MAGS, SHF7, MOVE, LIST

ORBC

STRN(p), STRP(p), STR2(p), STR4(p)
C

C, P, TAB, PTAB, PRNT,

r
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IV. SYNCH STATEMENTS AND COMMANDS
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A. BYNCH STATEMENTS

Chanyvantiong
Lonvenuions

A SYNCH program is made up of a set of SYNCH statements beginning with a
RUN statement and ending with a FIN statement. The statements in between are
composed of various parts: a label (or name}, a command, and assorted input

parameters which depend upon the nature of the statement. The purpose of this
section is to describe the statement associated with each SYNCH command. The
descriptions will include a Statment Diagram and a short paragraph about the
command and its uses. Some examples are included in the descriptions. However,
for examples of the more complex SYNCH commands, the user should refer to
Section VII. The list of commands found in this section 1is arranged in
alphabetical order. For a cross-reference of commands organized by catagories,
refer to Section III.

In the pages that follow, each description of a SYNCH command is preceeded
by a BYNCH Statement Diagram. The conventions used in these diagrams to
describe various types of elements, variables, and commands are as follows:

S5YNCH Statement Diagram Conventions

1) Each part of a SYNCH statement will be left or right adjusted in its
respective field.

and all labels other than those of "=" statements will be
-

=3
CL oo

o~
ct

S
1
4

3) Labels and data corresponding to symbolic floating point numbers (see
next page) will be written in lower case and followed by a period.

4) Integer variables will be written in lower case and begin with the
letters i, j, k, 1, m, or n.

(Note that SYNCH distinguishes between upper and lower case characters.)

23



General SYNCH Statement Format

LBL ||CMD | mm| nnj|--~ - ——— ~-- data --- - -—= -—-
e e I +-——= 2-——- == =3 -t - R e = S s Sttt = |
| - field not used
COLUMNS
1 - used for the following commands or options: C, ., P, and -
2-5 LBL - label or name (LEFT ADJUSTED) of the element or wvariable
generated by the SYNCH command; this name may be used as
data for future commands involving that element or
variable. A few symbols do have special meanings (such
as *, /, -, #, and +) and should be used with caution.
8-11 CMD - the name of the particular SYNCH command; LEFT ADJUSTED.
13-15, mm,nn -- integers, up to 3 dlg ts, used in conjunction with some of
17-19 the commands; must be RIGHT ADJUSTED.
21-80 data - input data for the particular command; the data is floating

point, alphanumeric, or integer depending upon the command:

Floating Point -- numerical flcoating point numbers, entered in
10-column fields 21-30, 31-40, etc.
Symbolic Floating Point -- label of a fleocating point parameter

E H

previously defined by an command; used in the same

10~column data fields (LEFT ADJUSTED) which normally would
contain numerical input.

(LEFT ADJUSTED) in 5-colunmn

etc.

Alphanumeric -- names or labels
fields 21-25, 26-30, 31-35,

Integer -~ these are RIGHT ADJUSTED in 5-column fields 21-25,
26-30, 31-35, etc.

24



B. SYNCH PROGRAM COMMANDS

ACT -- Activate Execution of Certain SYNCH Statement(s)

e e lo-mtmmm 2o e R et S e T Al AT R
ACT m n Al A2 A3 ... Am

number of elements to be activated

P TV ot

\ b= =l .UCJ.UWJ
names of elements to be activated

Al,A2,...,Am

Activates statements which have been deactivated using DELE statement; if
=0, then the data field contains m elements which are to be activated; if n=1,

n=u,
then the data field contains only one name (Al say) which is the name of the
+ =] o tavt+h Al

+ Af m r\c-csr-1|+--|\'1g ctatomont o = 4 neor
o r J.H..\_-,J.luld.ln, WLI..'LJ £idow

AL nt \-ulsuc\...u 4 v o [ R = PR A Y1 AL A B S )

rr

)
)
N

See also, DELE

See also, use of “-" in column 1, Section IV-C, Miscellanecus Features,
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BETA

COMMANDS

-~ Betatron Function Definition

R IS S TSN TSRO DS UD RPN JV S VR up S, D GE—
BE BETA m M
et S I i e e T B i T e e Sty A .

BE is made equal to the m-th betatron function of the matrix M, where m may

be one of the values given in the table below:

m =1 mux m = 11
2 betax 12
3 alphax 13
4 gammax 14
5 x~-dispersion 15
6 slope of x-dispersion le

muy
betay

alphay

gammay

y-dispersion

slope of y-dispersion

The variable BE may be referred to in future SYNCH statements.
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BMIS

COMMANDS

Begin Misalignment Mode

T T T B S Y S r——
BMIS
e L et B T T - S, S TR 8

Begins the magnet misalignment mode; maghets defined by a MAG statement

after a BMIS statement and before an EMIS statement will have transfer matrix
elements M13 = M23 = (.,

See also: EMIS,

P Tty
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COMMANDS

BML -~ Beam Line Definition
e e B R B S St e B e T A =
NAME BML m Al A2 A3 A4 ... Ak
i e e sl P e It beh e Tt +o—-- R el < Bt e e g =
NAME arbitrary name

reflection option (see below)
names of elements

Defines a beamline made up of primary elements or other beamlines

Al,AZ,...,Ak entered in order as "encountered by the beam”. BML statements may
occur in the input file before the elements making up the heamline are
individually defined -~ +the BML command merely sets up a list of elements, it

does not perform any calculations.

Blank fields are ignored. The beamline definition may be continued on
successive lines.

N repetitions of a set of elements may be cobtained by placing bbN(b on the
left of the set and b)bbb on the right, where b = blank space (i.e., parentheses
may only occur in "4" or "9" columns).

Reflection is obtained by setting m = ~1, in which case all of the elements
will occur in reverse order. Note, however, that SYNCH will not reflect any of
the constituent elements, so all of these should be self-reflecting -- magnets,
drifts, or symmetric MMM's. As an example, in the following code...

.0BB BML 0 B B

OBB MMM .0BB

BBO REF OBB

*C BML OBE QD OBB QF
C* BML, -1 *C
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5 el o~
L1 Leall Uryder

Ancther Example -~- The

CELL BML
5TSS BML
SPRD BML

is equivalent to..

SPRD BML

COMMANDS

the beamline C* which is equivalent to QF O0BE QD
the correct reversed beamline is QF BBC @D BBO
following recursive set of BML's

QD 2{ Bl ) QF 2( Bl )

0 QDL LS8 QFL 0

STSS $( CELL )

0 QDL LS QFL O QD Bl Bl QF Bl

Bl Bl QF Bl Bl QD Bl Bl QF R1

Bl Bl QF Bl Bl QD Bl Bl QF Bl

B1
Bl
Bl

QD

where (D, Bl, 0, etc. are previously defined MAG’'s, BML's, MMM's, DRF's, etc.

Thus,

if a CYC statement is performed on SPRD, no matter which method was

used

to define it, output will be generated for each of the 35 elements listed above.
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COMMANDS

BVAL -- Particle Beam Definition
e el i i B e B R o R e < R e T 2
NAM BVAL n n pt. aw. epsx. epsy. epsl. sigl.
il B i e B e S e = kit Skl G Formm e e e ]
NAM = arbitrary name
m = kinematics calculation option (see below)
n = print option
pt = momentum or kinetic energy of particles (see below)
aw = atomic weight (multiples of proton mass; see below)
epsx = horizontal emittance
epsy = vertical emittance
epsl = longitudinal emittance
sigl = Dbunch length

The emittances of a particle beam is entered and saved for use with CYAE
and CYEM statements., If the kinematics option is selected (pt not 0), then the
input emittances are taken to be normalized emittances. If m =0, then pt
represents the particle momentum (GeV/c). If m is not zero (or blank), then pt
represents the particle kinetic energy (GeV). If pt = 0, then the values input
for the enittances are taken to be unnormalized and no kinematics calculations
are performed. The atomic weight is in units of the proton rest mass. However,
it aw = 0 (or blank), the electron mass is assumed.

For use in the CYAE statement, the value of dp/p needs to be determined.
In this case, the user should use sigl = 1, and then dp/p will be given by the
value for epsl. ( epsl = sigp x sigl )

The final values for the vertical, horizontal, and longitudinal emittances
and sigp (or dp/p) are saved for future use in the CYEM (CYAE) statement.
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COMMANDS

C -- Comment

e e e e e B e ettt B S O A St <
C e ~-- text --- ———=
—— - l-———+--==2-———4----3-—-—4———=fd G r e m e 7o ~8

Causes any text entered in columns 2 through 80 to be printed.

31



CALC -~

COMMANDS

Calculator Simulator

e e e A T B Sy Satalalt i B
NAM CALC m cmdl cmdZ2 cmd3 ...

R S ENEY

commands are entered as 4-character
printing is controlled by m:

Simulates a Reverse Polish calculator;
alphanumeric data;

m=0 - no print
m= 1 -- print stack at end
m= 2 - print stack every step

Allowable commands are:

+ - * / 1/X SQRT X*X YArX
EXP LN SIN Cos TAN ASIN ACOS ATAN
ABS EEX CHS X-Y X=Y P-R R-P X-0
PI RDN RUP ENTR
STO RCL CLX LSTX
XLEY XGTY
The final result of the calculation is stored in NAM. The stack is preserved --
it may be picked up by later CALC statements.
When issuing a 8T0 or RCL command to and from memory, one must issue the
name of a SYNCH "=" statement to be used as the storage buffer.
Example:
lhct = 22,
1b = 20.
ldrl = 0.5
ldrz = 0.0
CALC RCL 1lhct RCL 1b - RCL 1ldrl - STC ldr2
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CALL --

COoPY --

COMMANDS

In this example, the lengths lb and ldrl are subtracted from lhct and the result
is stored as ldrZ.

Call for Execution of a SYNCH Subroutine

e e B e et T e S AR r Ty
CALL m SBR
v +

The SYNCH subroutine SBR is executed m times; 1if m is ommitted, m is taken
to be 1.

Print Out SYNCH Input Statements

—m o — 1---—- - PR et S s Tl e - e TP Ry SR +-—-- 8

Re-enables echoing of SYNCH input statements as they are read in from the
input file. The command NCPY is used to suppress this echoing. "“COPY" is the
defauit mcde.
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COMMANDS

CRD -- Define Transfer Matrix

i R B L A e B L T +----8

R CRD Rx1l. Rx12. Rx13 Rx21 Rx22. Rx23.
Ryll. Ry12. Ry13 Ry2] Ry22. Ry23.

et TR l-mmmt = - P et B B ittt s EEUIEEES S L e e

Forms the matrix R representing the horizontal (Rx) and vertical (Ry) transfer
matrices with the elements given above; the third row is taken to be (0, 0, 1).
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COMMANDS

CYA -- Cycle Matrix Product and Save Cycled Matrices

————— e B e e A e At S e R e o R e e =
NAME CYA na
e e e e it B e B o B e < e B St <
NAME = arbitrary name
n = number of superperiods in the synchrotron
A = name of previously defined BML consisting of the

k elements B1,BZ,...,Bk
n is opticnal

Same as CYC (see below) with some exceptions. Cycled matrices are computed
for the beamline BML and betatron functions computed. The k new matrices and
lattice functions are saved for future use. If N is the first character of
NAME, then the names of the cycled matrices are of the form Nj where j is an
integer; as an example, if the following SYNCH statements were used,

L BML A B C D

3T CYA L
then four cycled matrices bearing the names T1, T2, T3, and T4 would be
generated and would be equal to ABCD, BCDA, CDAB, and DABC respectively; the
matrix TST could then be referred to in a later SYNCH statement as well, TS7T

being equivalent to Tl. (The author ter 1o nane

a CYA statement.)

A 11T e

o I'e) =% ~ m o ~l o fal
wt A it A ey LT SR Y= g By Y (=8 2 ALliy i L

The chromaticity calcuation found in CYC is not supported in CYA.
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CYAE -- Beam Envelope Calculation

s e T e T S - T 6-m b= T m o=

NAM CYAE m BL BEAM efact. epxco. epyco.
e e e At 3----t+----4----t-~--5-- -t -~ T ==t -~ -8

NAME = arbitrary nanme

m = (see below)

BL = name of previocusly defined beamline (BML statement)
BEAM = name of BVAL or CYEM statement giving emittances, dp/p
efact = eps/epsO

epxco = closed orbit equivalent emittance (horizontal)

epyco = closed orbit equivalent emittance (vertical)

Using betatron functions, beam envelopes along the beamline BL are
calculated from the previously determined emittances epsx,epsy and dp/p; efact
is the ratio of the emittance to be used by the CYAE command to the emittance
obtained from the BVAL statement; the displacements due to the betatron motion
and due to the momentum deviation are thus multiplied by sgrttefact); the
betatron and momentum displacements may be added together algebraically (m=1) or

in guadrature (m=0).
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COMMANDS

CYC -- Cycle Matrix Product

]2+ -3- -~ bt TR S R e e e 8
NAME CYC n A SX1 SX2 c¢x Cy.
e e B i R . Tt e e e S A 8
NAME = arbitrary name
n = number of superperiods in the synchrotron
A = name of previously defined BML
5X1,8X2 = name of previously defined sextupoles
CX,Cy = desired horizontal and vertical chromaticities
n is optional
This command creates k new matrices representing the c¢yclic products of
1 inky ] Dils - | T N TR [ T B NP Ty o P P e e T T el =
DL D4 p e s« g OB g EvalLrl WUl L uUliv i Lurls LRl — Y- ) alplia ,» CWIILInUl L el b LWV e Mlicdioo

advance/2pi(4)) and the cummulative path length s are computed at the end of
each element and printed out, as well as the tune of the entire synchrotron (n
superperiods), the machine radius, the total bend angle of the machine, and the
transition gamma; the horizontal and vertical chromaticities of the machine due
to magnets which are explicitly used in the BML statement are calculated and
printed {i.e., if none of B1l,BZ2,...,Bk are MAG's, then no chromaticities will be

This command also provides an option for adjusting the chromaticity of the
accelerator by varying the strengths of two families of sextupoies SX1 and $X2.
The beamline A may contain more than two families of sextupoles, but only the
two specified will be used in the computation. The printout of the CYC command
will list the chromaticities before the recomputations of parameters of SX1 and
5X2. To verify the computation, another statement involving the beamline A (or,

*)

-~ If any of the matrices Bl,...,Bk represent elements with phase advance greater than

pi, the integer part of the cummulative phase advance/Zpi will not be correct.
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CYEM --

COMMANDS

at least the sextupcles which were varied) must be run. (See BXTP for
discussion of sextupole element definition.)

Electron Beam Emittance Calculation

e S I S T e R L e e e D T = Bl e At -
NAM CYEM m n BL enerqgy. radius. freq. volt. kappa.
et TR e domm R e Rl R . s St T T TP +--—- R e ek TRl o)

NAM = arbitrary name

m = gutput option (see below)

n = number of superiods (see below)

BL = name of beamline (BML) or FXPT statement

energy = electron beam energy (GeV)

radius = machine radius (meters)

freq = rf frequency (MHz)

volt = rf voltage (MV/turn)

kappa = coupling coefficient LCsqgrt(epy/epx0)]

Calculates electron integrals, rf output, and electron emittance factors.

If BL is the name of a FXPT statement, then the beamline and n are taken to
be those of the FXPT statement. This procedure is used for the study of the
effect of perturbations due to misalignments. For this case, output options
include:

m= 0,1 - print only at start of beam line
m=2,3,4 -- print at every element

m = even  -- betatron part of sigma matrix

m = odd -- total sigma matrix

m = 2,3 - sigma matrix long output

m = 4 - Aij, Bij long output

m positive prints Rii, Tij ,
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DELE --

COMMANDS

where Rii = sqrt(S8ii)
Tij = arctan(8ij/Sii - £33)/2
Sij = sigma(i,j)
& negative prints Sij = sigma(i,j) for all elements

kappa is the coupling coefficient sqgrti{epy/epxC); 1if kappa=0 and BL is a FXPT
statement, then kappa is set to 1.0E-0B.

Delete Execution of Certain SYNCH Statements

i e B i s B e N T i S el A +----8
DELE m n Al A2 A3 Am
e L B e R S B b T SR SR SRR US, SRS -

number of elements to be deleted
(see below)
= names of elements to be deleted

S8
[T

Deactivates execution of specified SYNCH statements; if n=0, then the data
field contains m elements which are to be deactivated; if n=1, then the data
field contains only one name (Al, say) which is the name of the first of m
consecutive statements to be deactivated, beginning with Al; input data is
stored when a statement 1is deactivated; an entire subroutine CANNOT be
deactivated; a CALL to a subroutine can be deactivated; RUN and FIN should
never be inoperative;

See also, ACT

See also, use of "-" in column 1, Section IV-C, Miscellaneous Features.
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COMMANDS

DRF -- Drift Space Definition

METHOD 1:
————— T rls e B e T e e A i &
NAME DRF length
s e e e K i §4---- - B e e A 8
NAME = arbitrary name
length = length of the drift region

Defines a drift region of length "“length" designated by NAME.

METHOD 2:
e m ] m = - e St P L B e e B e R e e g
DNAM DRF m ldnam. ltot. D1 D2 D3 +e. Dm
—————— e B R e et B R e o B el e e =
DNAM = arbitrary name
ldnam = adjustable length of the drift region DNAM
ltot = total length of the drifts DNAM, D1,D2,...,Dm

This use of the DRF statement is used to adjust the length of the drift
DNAM to maintain the sum of a set of drifts and/or magnets at constant length.
If 1ltot IS NOT equal to G.0, ldnam is adjusted to make
ldnam + 1D1 + 1D2 + 1D3 + ... + 1Dm = ltot
If ltot IS equal to 0.0, ltot is stored as
ltot = ldnam + 1Dl + 1D2 + 1D3 + ... + 1Dm

If DRF is used in this fashion within a SYNCH subroutine, then on subsequent
calls lnam will be adjusted to maintain constant ltot.
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CCMMANDS

EMIS -- End Misalignment Mode

----- T T e Rt B e e = T e =
EMIS
B e e B o kil - Bl b --==7wm——t----8

Turns off the magnet misalignment mode.
See also, BMIS

S5ee also, MAGS

END -- Completion of Definition of SYNCH Subroutine

—————— e iC o e B - B e A g =
END
SR — . T - Rees fmmmmBmmmmdm e T o= +-—--8

The statements between a SUB statement and an END statement constitute a
SYNCH subroutine.
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COMMANDS

EQU -~ Equate Matrices

——— e m - 1---- R ity Sl Rt kbl Shel e e Bt T R S e g =
P EQU Q
e e e A Mt e e i - TR e O e ek o

The matrix P is equated to the matrix (

FIN -- End of Run

————— e e T B e B = e - It bl ks St -
F'IN
————— T B e = e - Ittt bl Attt it

Signals the end of a run; a further set of data, beginning with RUN, may
follow this command.
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COMMANDS

FITB -- Vary Two Parameters to Fit Two Betatron Functions to 3Specified Values

————— T T e . Tt O e T el ks sl =
NAME FITEB m n SBR MIR V1 V2 il i2desl. des?.
e e A e T S o e g < et sbshadey P 8
m,n = gpecify which betatron functions to fit (see table below)
SBR = SYNCH subroutine containing MIR
MTR = matrix from which to extract betatron functions
Vi, Ve = elements containing parameters to be varied
il,i2 = parameters of V1 and V2 which are to be varied
desl,des? = desired values of the betatron functions to which to fit

FITB iterates through subroutine SBR, which contains matrix MTE (an MMM
statement) to obtain desired wvalues desl,des2 of Dbetatron functions m, n,
respectively; the betatron functions to be fitted are specified by:

m or n function m or n function
2 betax 12 betay
3 alphax 13 alphay
5 dispersionx 15 dispersiony
6 slope of dispx 16 slope of dispy
7 sqrt(betax) 17 sprt{betay)

il,i2 refer to the i-th parameters of the SYNCH statements named V1 and V2;
see example, next page.
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FITB Example: Fit beta functions at ends of a standard FODO cell...

SBR SUB
gd = -90.
gf = 90.
QD MAG 2. gd 5000,
QF MAG 2. gf 5000.
B MAG 28. Q. 5000. 25. $
CELL MMM B QD B QF
END
C
betx = 99.
bety = 30.
FITBH 2 12 SBR CELL gf gd 1 lbetx bety

The above code would iterate through subroutine SBR, varying gd and gf until
the values of the horizontal and vertical beta functions associated with matrix
CELL were 99.0 and 30.0 respectively. One could also use the following FITB
statement to perform the same task...

FITB 2 12 8BR CELL QF QD 2 2betx bety

This method would only vary the matrix elements of QF and QD and the wvalues of
the variables gf and gd would not be changed.
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COMMANDS

FITQ -- Vary Two Parameters to Fit the Betatron Phases to Desired Values

et T ] 2= - B T et T e e el Rl kb &
FITQ SBR MIR V1 V2 il iZ2desl. des?
------ T L B e T e T e S el b S &
SBR = SYNCH subroutine containing MTR
MTR = matrix from which to extract phase advances (MMM)
V1,V2 = elements containing parameters to be varied
il,i2 = parameters of V1 and V2 to be varied
desl,desZ = desired values of tunes (phase advances/2pi)

Similar to FITB, FITQ iterates through subroutine SBR, which contains
matrix MTR, to obtain desired values desl,des2 of the phase advances/2pi through
the elements composing MIR; if MTR is defined through a CYA or CYC statement,
the values desl,des2 represent the tunes through n superperiods (see CYA, CYC);
note that only the fractional parts of the tunes can be derived from MITR, thus
FITQ will fit to the nearest tunes with the fractional parts specified.

Example:
SER SUB
gd = ~-90
gf = 90
QD MAG 2. gd 5000,
QF MAG 2. gf 5000.
CELL MMM C
END
C
nux = .4
nuy = S
FITQ SBR CELL gd gt 1 lnux nuy
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COMMANDS

FXPT -- Closed Orbit Calculation

B e e B R e e e < Rl sheE bt R it &1
NAM FXPT m n P BLIN nscl isav itr iflg itap
el. el. dl. dz. d3.

------ e T R e B | B o T e = B Al At stad bl =

NAM = arbitrary name

m = output option (see below)

n = number of superperiods

P = 1initial guess of closed orbit (name of PVEC statement)

BLIN = beamline

nscl = number of superperiods to close the orbit

isav = save option (see below)

itr = number of iterations to find closed orbit (default = 25)

iflg = ray trace option (see below)

itap = 0 {do not write to tape) or 1 (do write to tape)

el,e2 = convergence criteria for displacements,slopes

dl,d2 = displacements from ref. ray of neighbor rays for finding M4

d3 = displacement in dp/p for calculating linearized 3x3 matrices

Given a beamline BLIN which may contain non-linear elements, the FXPT
command calculates and prints the positions through BLIN of the closed orbit for
particles with momentum error dp/p. The beamline may be made up of any linear
transformations, SXTP, NPOL, and MOVE elements and user defined MAP elements.
The second card of the FXPT statement 1is ignored if no MAP statements are
encountered in the beamline.

Each non-linear element is linearized in a neighborhood about the closed
orbit and the betatron functions of the resulting linear system are calculated
and printed. A by-product of the closed orbit calculations is a 4x4 matrix, M4,
representing the beamline. M4 acts on column vectors of the form {X-Xe, X'-X'e,
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COMMANDS

¥-Ye, ¥Y'-Y'el, where {Xe, X'e, Ye, Y'e} is the closed orbit. This matrix as
well as its eigenvalues and eigenvectors are printed.

As a first quess for the closed orbit, one starts with the particle state
vector P (defined by a PVEC statement) which contains dp/p as its 6-th element.
The particle is tracked through BLIN until the i-th iteration where

abs(¥Xi - ¥i-1) < el abs(X'{ - X'i-1) ¢ e2
abs(¥i - ¥i-1l}) < el abs(Y'1i - Y'i-1) < eZ
or until the maximum number of iterations, itr, is reached (default: 1itr=25).

QUTPUT OPTIONS:

The integer m determines the output provided by the FXPT statement:

Option
0 m=20 matrix, eigenvalues, closed orbit, eta-orbit at location 0
1 m =1 option 0 and eigenvectors at position 0
P m = 2 option 1 and track closed orbit vector through BLIN
3 m=3 option 1 and track eigenvectors
4 m = 4 options 2 and 3 together

The integer n is the number of superperiods wupon which the fixed point
orbit is to clecse; 1if n is negative, then the reflection of BLIN is added to
BLIN to form the complete superperiod used in the closed orbit determination --
this feature will nct work if nscl is greater than 1;

if isav=1, the calculated equilibrium orbit is saved in vector P -- if
isav=0, it is not saved; the value of iflg determines the total number of rays

that are traced through BLIN:

iflg = 0 ¢losed orbit ray only
iflg = 1 plus 9 neighboring rays
iflg = 2 plus 4 rays of linearized equations
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The values dl1 and d2 determine the displacement from the reference ray of
the neighboring rays used to calculate M4; d3 is the displacement in dp/p for
calculating linearized 3x3 matrices.

FXPT recalculates matrices for the elements to correspond to the new closed
orbit calculated. In particular, the magnetic rigidity brho, the 3-rd parameter
of the MAG elements, will be multiplied by dp/p, the 6-th element of P (a PVEC
statement}.

To calculate closed orbits, etc. as functions of dp/p, the FXPT statement
should be put in a SYNCH subroutine with an INCR of the o-th PVEC parameter.
The MAG statements should not be included in the subroutine {(or at least should
not be modified by it).
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INCR -- Increment an Input Parameter
R il M e e R | e e R et ol el R e o
NAME INCR m 0 TYP R
B T IR el e e e B st T e = T e e g =

Increment the m-th parameter of type TYP in statement labeled ¢ by an
amount R; the type of parameter incremented is specified by:

TYP = F floating point number {default)
=1 integer
= KA integer corresponding to parameter mm
= KB integer corresponding to parameter nn

R must correspond to TYP: if TYP = F, R must be a floating point number,
otherwise R must be an integer; F may be positive or negative.

Example:
oD MAG 2.0 -50.0 brho bo $
INCR 2 QD F -.05

Here, the second parameter (the gradient) of the MAG statement QD is incremented
from -5G.0 to -50.05.

INCR changes only the input data, not a corresponding matrix,. The matrix
will be updated only if it is re-executed, such as in a SYNCH subroutine.
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COMMANDS

Invert a Matrix

B L DT B T T T AT -
P INV F
T —— +mmmm 2-—=—tm—= =3 - 4--—- - T R el A -

The transport matrix P is defined to be the inverse of the transport matrix
F; i.e., the 3%x3 portion of P representing horizontal motion is equal tc the
inverse of the 3x3 portion of F which represents horizontal motion, etc.

See also, "Symbolic Entry for Inverse of a Matrix," MISCELLANEOUS COMMANDS.

INVZ2 -- Rotate a Magnet 180 degrees and Reflect It

S 1-m - y SR c PR SETR RS S T gL 8
NAME INV2 A
e mm e m b mm 2 e B s S (v 8

A is the name of a previously defined magnet; this statement 1s equivalent
to the following example:

A MAGV len grad brho b0 el el
K ROT A 180.0
NAME REF K
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KICK -~ Dipole Kicker Magnet or Field Error Definition

i e e e et B T B e T e T e A et =
NAM KICK m C 0.0 brho. bk.
B i T T R i et L . B R B e < Radea R s sty - |

Defines a kick in the center of a DRF or creates a field error for a MAG
element; the kick or field error deflects the beam vertically upward {+y} if
m=1, horizontally inside (-x) if m=2; brho is the magnetic rigidity and bk is
the field strength of the kicker; the kick angle is theta = (L)(bk)/(brho},
where L is the length of element C; 1if L=0, then theta = (bk)/(brho}.

C must be a 7%7 matrix.

If C represents a zero-length drift region, then the kick is taken to a
delta-function kick, changing only the slope of the particle’s trajectory. If C
represents a drift region of length L, then KICK turns the matrix for C into the
matrix for a zero-gradient magnet, neglecting any edge focusing effects. If C
represents a magnet of length L, then KICK converts the matrix ¢of C fto represent
a magnet with a field error dB/B, where dB = bk.

r.

T le T mls & o

o

i

e

Tos o
ue

-
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LIST -- Define Set of Elements

B T T i---- e 2=t T N Bk LT R N 6-——- - 7--——+----8

Q LIST Al A2 a3 .. Ak

e e e et et Rl e e e T e e et At AR R s
Generates a list of elements Al,...,Ak which will replace the element Q on

successive calls for that element. Thiz command is sometimes useful when

generating an accelerator lattice made up of misaligned elements.

Example:
QF MAG L K 1.
oD MAG L -K 1.
eFl MOVE QF x1 xpl vl vpl
(0] MOVE QF xZ Xp2 V2 yp2
| I I I ! I |
QFr25 MOVE QF X25 Xp25 ¥v25 yp25
oD1 MOVE QD X26 Xp26 dyZ6 vypaih
I | I I | | |
QD25 MOVE oD x50 Xp50 ¥50 yp50
C
.C BML QFL .B QDL .B
.SP BML 25( .C ) .88
C
QFL LIST QF1 QF2 OQF3 Q@QF4 QF5 QFe QF7 QF8 QF9 QF10
QF11 ce QF25
QDL LIST QD1 @Dz 9D3 @D4 QDS ODs QD7 QD8 (0D9 QD10
QD11 . oDZ5
C
FXPT 2 1 PV .SP 1 0 10 0
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In this example, the beamline .SP will be made up of 25 standard cells and a

T ey o+ o i camrtin Wharn +ha VDT ~ArAammand 3o smnlamambad o moaamTadeas esd 17
&\.Jll'-j D LLddlNLLy D= g W VN L P Y Fulle Ll LLY 4 4L L L S LRIl PR P Ay} J.l“t—ll-cl“‘:llhc\-l' il WU QARIN L LIS Wil L L

use the list of misaligned quadrupoles in place of the elements QFL and QDL when
calculating the closed grbit.
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MAG -- Magnet Definition

i e e i s R e = e . B T e g =
NAME MAG length. gradient. brho. bo. el. ez.
——— 4l i e B T B it T R ey e g =

The transfer matrix is calculated for a magnet of the specified length,
gradient, magnetic rigidity Brho, reference bend field Bo, and entrance and exit
angles el, e2 (degrees); gradient = dBy/dR, evaluated at Ro, the reference
orbit.

If a 5§ is present in either field for el or e2 (LEFT ADJUSTED), then the
magnet 1s taken to be a parallel-faced rectangular bending magnet which bends
the beam by an amount theta -- in this case, el and e2 are calculated by the
program to be el = e2 = theta/2Z.

Positive entrance and exit angles represent magnet faces with normal
vectors pointing away from the center of curvature.

The three quantities B’ (the gradient), Brho, and Bo can all be scaled
together, leading to other possible formats for the MAG statement. Hence, one

could also enter the second through fourth magnet parameters as mnultiples of
Bwvh~

That 1c
o] AN 410N e ldd . LWy

D it Sttt TS Y’ DR S ) Y S S

NAME MAG length. K. 1.0 l/rho. el. e2.
i R A it bkl et -t ——- +-——-b6-——+-——--F----t----8

Here, K = gradient/brho focal length)(l / magnet length! of the

= 1 /
equivalent "thin lens" quadrupole.
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Likewise, one may also define the magnet through multiples of Brho/length.
The input parameters then become

e TR (PR P, P R - Tl e el < ittt TR e 8
NAME MAG length. q. length. theta. el. e’.
————— B M e A B il J D e R e < T el At Sy 2

Here, the length of the magnet is entered twice, but using the bend angle theta

as an input parameter may be useful in some instances. The parameter q in this

case is the "thin lens" guad strength g = K x length = (1 / focal length).

Yet another acceptable format is to enter parameters in terms of BO,

- i e B el 3= i D e T e S T mm 8
NAME MAG length k rho. W, el ez
------- e s A R - T = Rt ] SR il At bt Ry o

where k = (dBy/dR})/B0O0 (dBy/dR evaluated at Ro}, rho =

= radius of curvature, and w
= vrelative horizontal curvature = curvature x rho (typically = 1.0}); w is
positive if the center of curvature is in the negative x direction.
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MAGS -- Magnet Definition with Errors

T e I ek IR C T Ry S = I e o el it =

NAM MAGS m MG kxin. kxout. kyin. kyout. db.

e i e A s e e e e R i = T i Attty S 2
NAM = arbitrary name
m = gee below
MG = previously defined magnet
kxin = radial displacement of magnet axis at magnet entrance
kxout = radial displacement of magnet axis at magnet exit
kyin = vertical displacement of magnet axis at magnet entrance
kyout = vertical displacement of magnet axis at magnet exit
db = dB/B or 4B (see below)

Given the previously defined magnet MG, new transfer matrix for a
magnet, NAM, 1s calculated; NAM has the same magnet properties as MG but
relative field error dB/B and misalignments; 1if m=1, then db = dB/B and the
statement defining MG should be of the form

MG MAG length k rho 1.0

If m=2, then db = dB and the MAG statement defining MG should be of
form

MG MAG length gradient brho b0

The MAGS command is used in conjuction with the BMIS and EMIS statements.
resulting closed orbit is found using a CYC statement.

See also, BMIS, EMIS

See also, MOVE
See also, Section V-G, Magnet Misalignments

56

new
has
MAG

ctr
-

The



MAG

MAP

COMMANDS

Define a Vertically Bending Magnet

e e et e e R S B Rl T p-———b- -t =74 -—--§
NAME MAGV length. gradient. brho. bo. el. ez.
e e I i s R . B il T B - T el e SRR -

Same input definition as MAG (see above); the matrix formed for NAME is
equivalent to:

R+ ROTZ 90.0

R- ROTZ ~-90.0

Bl MAG len grad brho kO
B1V MMM R+ Bl R-

- Non-linear Transformation Definition

e 2---- e e S ST B L LT
NAM MAPk m PML PM2 PM3 ... PMnm
e Lommmbm = y SRR IR, Y PP U, JSS U

The MAP statement allows the user to use non-linear transformations, some
of which are already encoded in the SYNCH code, others of which the user may
install. The element NAM operates on the particle state vector

V = ( X, x’.- ¥ _‘.f'.- _(i5= dP/P.- 1
through the subroutine MAPk (k=1,2,...,%) with the parameters PM1l, PM2, ..., PMnm
being passed on to the subroutine.
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For more detailed information on the use of the MAP command, see Section
ITI-F, Non-linear Transformation Calculations.
MAT -- General Matrix Definition
----- el B s A e e B s ATt TR S S PE  Mumji iy R A ——" -
NAM MAT m n All A2l A3l. Adl. AS51 A6l
A7l. ... Aml.
Al2 AZZ A3Z. Ad?2. .
... .. Am?2.
1 | |
Aln. aAzZn A3n. Adn. Abn. Abn.
A7n. .. Amn.
N T I R i, T o T T PUy¥ SYNpUIIY - UG G PR TSP - |
Defines a matrix NAM, m X n in size; elements All,...,Amn are flecating

point numbers; the first row of a new column of the matrix must begin on a new

card.
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MESH -- Loop Through Subroutine Variables

————— e R e I e e e T el I - SR SPREI [ PpRN AR |
NAME MESH k SBR
ml Al minl. maxl. incl.
m2 A2 min2. max?z. inc?2.
I J | f |
mk Ak mink. maxk. inck.
————— e R R i Rl R B T < Rt S s et - |
k = number of wvariables
SBR = name of subroutine containing elements Al,.. LAk
ml,..,mk = position of floating point variable in defining
statement of element Al,..,Ak
Al, .. ,Ak name of element containing the variable

minimum value of variable
maximum value of variable
increment of the variable

minl,..,mink
maxl,..,.maxk
incl,..,inck

[ TS

The MESH command loops through the subroutine SBR for all values of each of
the k variables between the minimums and maximums provided; the variables are
incremented by an amount inc each iteration; the mesh is formed by a series of
locops: the first variable forms the outer loop, while the k-th variable forms

the inner loop.

See example, next page.
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EXAMPLE :
SR SUB
OF  MAG 2.0 0.5 1.0
0D  MAG 2.0 -.05 1.0
.C BML OF 0 oD QD © OF
C CYC .C
END
MESH 2 SR
2 QF 0.5 1.0 0.1
2 oD -1.0 -0.5 0.1

The above code will produce a CYC print-out of the cell C for all of the
combinations of the gradients of the magnets QF and QD from 0.5 to 1.0 kG/m for
PF and -1.0 to -0.5 kG/m for QD.

MMM -- Matrix Multiplication

~~~~~ it e e e B e A R B B et st e =
NAME MMM m gl Q2 Q3 Q4 . Qm
e e B A e B e B R R et it B—— e e - 8
NAME = arbitrary name
fm) = number of matrices to be multiplied
Q1,02,....,9m = names of previously defined elements or beamlines

m is optional

Multiplies the matrices Q1, 02,...,0m together and stores the result in the
matrix NAME. If m is negative, then the list of elements or beamlines will
represent one-half of a symmetrically relfected beamline and the matrix for this
total beamline will be stored in NAME.
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MOVE -- Perform an Element Misalignment
B e R e LR R e - B i - e 7-——-+----8
NAM MOVE A vC
e e B Rttt P 3--—- L R e e e o 7-——=+---~8

Defines a new element, NAM which represents the element A which has been
misaligned according to the vector VC which contains
vC = ( hx, dhx, hy, dhy, hs, theta-s )
where hx, hy, and hs are translations along the x, y, and s axes (in meters),
and dhx, dhy (radians) are rotations in the x-s and y-s planes, and theta-s is
the rotation about the s-axis (radians). VC must bhe defined wusing a VEC
statement.

When using the MOVE statement, closed orbit calculations are to be made
using the FXPT command. (If magnet misalignments are studied using the BMIS,
MAGS, etc. statements, then the closed orbit calculations are done using a CYC
command. This method does not allow for coupling between the horizontal and
vertical motion., The MOVE command does allow for coupling.)

Alternate format for the MOVE statement, not using a VEC statement:
i e it At T R e B et T D - Tt e Al Tl IR

NAM  MOVE A hx. hy. hs. theta-s.
e e Sttt SR SRR Ry SO — fmm e Pem oo +--~-8
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MXV -~ Matrix-Vector Multiplication

NCPY -~

e i Stk ol e R G e e e e R < R S e e <

VE MXV M VI

e e e e e e e S e T < R e e -
M previously defined matrix

VI
VF

previously defined vector (result of PVEC statement)
resulting 7-component vector

Honon

The 7-component vector VF is defined to be the result of the matrix M
operating on the 7-component vector VI. If M is not 7x7, it is converted to 7x7
before the multiplication is carried out.

Prevent Print Out of SYNCH Input Statements

—mmmbm ] e e il i B R 4----t+-—--B-rmrdmm e~ T -} ——--§
NCPY

Rl T Fomm e e e e B L T R T - Bl e ey =

Disables echoing of SYNCH input statements upon execution. To re-enable

echoing, use COPY statement.
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NPOL -- Define N-pole Magnet Matrix

e e B e s s S | e ettt T T Pl e 6--——+-—m=T et -—--§
NAM NPOL n j length. coeff. brho.
e e +-—=--2-—=-+-——-3 - R Sttt < St Ty e T Y <
NAM = arbitrary nane
n =  order of perturbation in Hamiltonian; m = n-1
J = 0, 1 for normal, skew n-pole thin lens
length = effective length of element
coeff = Taylor series expansion coefficient of median-plane
expression of field
brho = magnetic rigidity

Defines a thin lens n-pole magnet. The magnetic field is taken to be of
the form

ti

j=C: B = By + iBx C(coeff)m / m!] z4*m

z = X + iy

j=1: B = Bx - iBy L{coeffim / m!] z*4m ,

Elements corresponding to variocus values of N are:

2 quadrupole
4 octupole

3 Sextupocle
5 Decapole

o
Wil

etc.
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~- Perform Closed Orbit Correction Calculation

it e B i Rt e B S e R hatad < R S S Y =
ORBC m n FX CY MON COR deltam. deltax.
——— - l--- -t s il e e s Lt < ettt ey e +--~-~8
m = 0, 1 for horizontal, vertical correction
n = print option (see below)
FX = name of FXPT statement defining initial orbit
CY = name 0f CYC statement with identical beamline
MON = name of elements in beamline where displacements are
assumed to be measured
COR = name of correction elements in beamline
deltam = assumed measurement error (deltam/2)
deltax = tolerable range of final residual orbit errors

The ORBC command calculates optimized correction element strengths
necessary to correct a given closed orbit through an accelerator with field
errors.

The FXPT statement used must have a 1 in column 55. This tells the program
to write the closed orbit information to Tape 12.

The CYC statement used should have m = 12 or m = -12 (i.e., right justified
to column 15}. Again, this writes betatron function information to tape.

There should, of course, be many MON’s and COR's throughout the beamline.

The maximum number of iterations will be abs(n). If n is negative, all
intermediate 1iterations as well as the matrix relating orbit displacements to
correction elements is printed out. If n is positive, only first and last
iterations are printed and matrix print is suppressed.
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P -- Restore Page

e e B i s Rt e B s T itatal - ety SRSy SRRPPN PP
P - ———— text —— ————
U TpU VU S F TR P— IS SRS S U S,

Causes the next line of print to begin on a new page; the text (in columns
2 through 80) is optiocnal -- if present, it will be printed at the top of the

rnew page.
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PRNT -- Print Element Parameter
~~~~~ et 2-—t---3 -t et~ He e e T p e e ]
PRNT m n Al AZ A3 . Ak
s e B R e B e s bl T S el +-—-=-8

Prints out the m-th parameter of type n of each element or variable listed,
Al,AZ,A3,...,Ak.

Valid wvalues of n:

n =1 floating point number
2 alphanumeric characters
3 integer
4 {not used)
5 internally calculated floating point number
Example:
QF MAG len k brho

PRNT 2 1 QF

The PRNT statement will cause the second parameter of QF, k, to be printed.
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PTAB -- Print Tables Cenerated by TAB Statement

B e R e i T s st T e - e T T -
PTAE m TL T2 T3 ... Tm
et S RSy SR - . s T Ty e +----8

m = number of tables to be printed ( <11 )
= name of TAB statement that generated a table

Frints the tables that have been generated by a TAB statement.

See also, TAB
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PVEC -- Define a Particle Vector

e e e 2ot R L Bt s T S o e Jumwst———-B
PV PVEC m n x1 xpl. yl. vpl. ~-dsl dp/pl
X2 xp2Z. ¥2 ye2 -ds2 dp/p2
| I | I i |
xm spm. ym ypm. ~dsm dp/pm
s T R Domere bmm K R R i T e T ey B

Define m number of particle vectors; if m is left blank, it is taken to be
1; if n = 1 or blank, the 7-th component of the vector will be 1; 1if n=0, the
7-th component of the vector will be 0.

NOTE: When incrementing with the INCR statement, it must be remembered
that 7 wvalues are stored for each vector. Therefore, if one wished to increment
the tirst parameter of the second vector of the statement PV above, the INCR
statement would ask to change the B8-th parameter of PV.

Generate Random Number

e e B T T h T L eama—— 4---- L Satatetet - TS TSN SR [ROV S |

R RAND m n x. y. Z.
e el I At S R T i - el A b ST

The floating point number R is set equal to x + g*y , where g 1is a
uniformly distributed random number between -1/2 and +1/2. If m and n are
positive, then the random number generator is run m#n times. (If mnm=n=0, the
random number generator is run once.)
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If 0 ¢ z ¢ 1, then the random number is reset with seed value z. (Both of
these features operate BEFORE the number R is computed.)
REF -- Matrix Reflection
e T e e s T B T ;T pup 6-——- Hme - R et -
R REF P
e T A e e B i ettt T e L T

Produces a new set of matrices R which represents the reflection of P;
i.e., 1if P represents horizontal and vertical transfer matrices through a
sequence of clements Al,A2,...,An, then R represents the transfer matrices
through the sequence An, An-1,...,42, Al; i.e. 1if the horizontal (or vertical)

portion of P is represented by

(a b e) (d b -de+bf)
Px = (c 4 £ ) , then Rx = ( ¢ a -ce+af)
(0o 0 1 {0 0 1
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COMMANDS

Replace One Parameter With Another

e e e e e e TR T SISy (PR SuyRu . (U S 8

NAME REPL m 0 TYP R
R lommmdm e = 2o em e B T DS SRS SRR - SUPRpU S DU

Replace the m-th parameter of type TYP in statement labeled ¢ with the
value R; the type of the parameter replaced is specified by:

TYP = F floating point number (default)
= H symbolic floating point number
= T integer
= KA integer corresponding to parameter mm
= KB integer corresponding to parameter nn

R must correspond to TYP: if TYP = F, R must be a floating point number;
if TYFP = H, R must be a symbolic floating point number; otherwise R must be an
integer; F may be positive or negative.

Example:
QD MAG 2.0 ~50.0 brho bo $
REFL 2 oD F -50.05
Here, the second parameter {gradient = -50.0) of the MAG statement D is

replaced by -50.05.

REPL changes only the input data, not a corresponding matrix. The matrix
will be updated only if it is re-executed, such as in a SYNCH subroutine.
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ROT -- Perform a Rotation Transformation
SRt T e e I LT e 4---- L i T e B et -
NAME ROT R theta.
- L= mm 2 mm o e B T (RO SIp - Sup N Jomm—t----8

Ferform a rotation transformation of theta degrees on the matrix R and
store the result as matrix NAME.

See also, ROTZ.
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ROTZ -- Define a Matrix Representing a Rotation about the z-axis
et S e G S B e T [ et R R 8
R ROTZ theta

e T B Rt R B e bt B R B T -y el Attt +----8

R represents a rotation about the z-axis of theta degrees; if x and Yy are
the original coordinates and x1 and yl are the coordinates after the rotation of
coordinates, then

x1 = % cos(theta) + y sin(theta), ¥1'= x'cos(theta) + y’'sin(theta)
yl =-x sin(theta) + y cos{(thetal, yl'=-x'sin(theta) + y’'cos{theta)

and R is given by

{ cos({theta) 0 sin{theta) Q ¢ 0 o)
( 0 cos(theta) 0 sin(theta) 0 0 ¢ )
{-sin(theta) 0 cos{theta) 0 0 0 o)
K = | 0 ~gin(theta) 0 cos(theta) 0 0 G
( 0 0 0 0 1 Q 0 )
( 0 0 8] 0 0 1 0 )
( 0 0 0 0 0 Q 1)

NOTE: 1In order to obtain proper results when using the ROTZ instuction,
matrices must be declared as 7x7's (see statement SIZE).
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RUN -- Start of Run

SHE'7 -

T B S S e T e 4-- B
NAME RUN --- ——-- e text - c——m oo
N U, DR D it i A it

Signals the start of run NAME where NAME is the name or riumber of the run
(up to four alphanumeric characters); arbitrary remarks may be written in the
data region (columns 21-80); NAME, RUN, and the text will be printed on the
output.

Define a 7x7 Shift Matrix

R e EL TS s T 4—==-8
SM SHF 7 R17 R27 R37 R47 R57 R67
S JUOURIR ST, SRRy, PSS SR SRR y S

Defines a 7x7 shift matrix, SM, of the form:

R17 )
R27 )
R37
SM = R47 )
R57 )
R&67 )

)

OO OO O
OO O OO
OO O-O O
OO OOO
SO OCOoO O
OO OO0 O
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CCMMANDS

Define Size of Matrices

e L e D PR PR S SR TR B fom 8
SIZE k
T e S R e Femm- s - e o pom T~ §

Defines matrices used in SYNCH as either 3x3 pairs (k=3) or as 7x7's (k=7);
as most matrices used will be 3x3 pairs, this is the default; some statements
require 7x7’s, such as ROTZ, for example; if 3%x3 pairs are used, they are
assumed to operate on particle state vectors of the form

( x ) (v

( x') , Cy')

( d) (d)
where ¥ = the particle’'s displacement, x’' = the slope of the particle’s
trajectory, and d = dp/p; 1if 7x7 matrices are used, they are assumed to operate

on particle state vectors of the form
(

~

N

( )
where h = -ds = -(change in path length from reference orbit); 7x7 matrices are
most often used in SYNCH for calculations of closed orbits due to magnet
misalignments or for off-momentum particles.

74



COMMANDS

SMIN -- MINUIT Access from SYNCH

e L T B e s T o e A Attt shahalet
NAME SMIN m STAT1
STATZ
|
STATm
ek S 1---- e l Aatttel et e Rl B e T T e R el Rt +----8
This command allows the user to make calls to MINUIT; upon execution of

the SMIN statement, the m MINUIT commands, STATL,...,S3TATm, are performed;
input has the same structure as MINUIT commands, but shifted to start in cclumn
21, with five words of floating point data per command.

EXAMPLE:
FIT SMIN 4 PRINTOUT 2.
SEEK 500.
SIMPLEX 1500. 0.1
END RETURN
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SOLV -- Betatron Function Fitting Using MINUIT

e e B e el ket 3--—- e St +--=-H5-—= B ~ S e e e =

SOLV m n SBR TB ipsl ips2 itr itol
BNM1 OPR1 4jpll jpl2 jpl3 jpl4 jpld jplebfitl. sigmal.
BNM2 OPR2 jp21 jp22 jp23 jp24 jp25 jp2ebfit2. sigma?z.

| | I I I I ( I |
BNMm OPRm jpml jpm2 jpm3 jpmd jpm5 jpmébfitm. sigman.
VR11l VR12 VR13 VR14 VR15 ipmlbdlol. bdhil. stpszl.
VR21 VR22 VR23 VR24 VR25 ipmZbdioZ. bdhiZz. stpsz?2.
I I ' | I I I | |
VRnl VRn2 VRn3 VRn4 VRnS5 ipmnbdlon. bdhin. stpszn.
R e B e e B e S - 5-—-- - 6-—~- 4o mm]m———t-—~-B

m = number of constraint lines

n = number of variable lines

SBER = subroutine in which TB statement is located

TB = name of TRKB statement found in subroutine ZBR

ipsl,ips2 = start,end positions to be used in TRKB statement

itr = maximum number of calls to MINUIT (default = 1000}

itol = exponent of desired tolerance on FCN (see FCN below)

BNM = names of betatron function constraints (see table below)

jp = location of BNM in TRKB statement

OPR = "QUM", "DIF*, or “blank" {see below)

bfit = desired value of betatron function

sigma = desired tolerance on betatron function being fitted

VR = name of SYNCH variable to be used in fitting process

ipm = parameter of VR's to be varied in the fitting process

bdlo = lower bound of the ipm-th parameter of VR’'s

bdhi = upper bound of the ipm-th parameter of VR's

stpsz = step size used when varying ipm-th parameter of VR's
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The ipm-th parameters of the SYNCH variables VR are varied through various
MINUIT least-squares minimization routines 1in an attempt to fit the betatron
functions BNM to their desired values, bfit; the functions BNM correspond to
locations Sp in a beamline defined in a TRKB statement, TB; a "fit" has been
accomplished when the value of the function

FCN = sum{ C{(value - bfit) / itoll**2 3 / m
is below 10*xxitol; if the value of FCN does not reach 104%4itol within itr calls

to MINUIT, execution of the 80LV statement is halted; the default MINUIT
commands for the SOLV statement are:

PRINTOUT 0.
MINIMIZE 1000. 1.0
END RETURN

Valid BNM‘s are given by the list below:

0X,QY phase advance/2pi

BX,BY beta function

AX ,AY alpha function

GX,GY gamma function

X ,Y momentum dispersion

bBX,DY slope of X,¥

S cumulative path length
THET cumulative bending angle
AXAY equivalent to A¥X, X, and AY

The OPR parameter allows one to fit to the difference or sum of the
betatron functions at different locations if desired. If OPR equals “3UM" or
"DIF" the sum or differences of the values cf the last five betatron functions
with the first one on the constraint line are made to be equal to bfit.

See the example of a SOLV routine in Section VII, "EXAMPLES OF SYNCH RUNS. "
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STOP ~- End of Job

g B T Y T aet et - S e e T
STOP
e e Tt R e B T i o e o T e A e =

Signals the end of the entire job, or set of runs

See alsoc, FIN
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STRN -- Design a Matching Straight Section

et T I e e Sl G e T e R e e et
NAM STRN ™ POS MQ

mu. 1t. grad. rho.

x-beta. y-beta. x-alpha. y-alpha.
T S B A e Rl S e e R T - Rttt S e

Designs a matching straight section with phase advance mu to be inserted at
the point in the accelerator whose betatron functions are given by the matrix

FPOS, or by the values entered on line 3 (depending upon m; see below); the
previously defined magnet MQ is given a gradient, grad, and radius of curvature,
rho, and an initial guess as to its required length, 1t. The 1length of the

gquadrupole 1is wvaried wuntil the desired phase advance is obtained. The final
magnet length and necessary drift length of the straight section is printed out.

If m = 1, the betatron functions are given by the matrix P05 and 1line 3
should be omitted. If m = 2, the betatron functions are read in from line 3.

The transfer matrix representing the final straight section 1is stored 1in
NAM.
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STRP -- Design a pi-type Straight Section

e e e e At aaitC EE e S i B i B < B A et =
Q STRP m n CELL bo. bqg. aper. ltot. lsep.
Rl IE T e Sk e T e S BT A e Sy

Calculates the parameters and transfer matrices for a pi-type straight
section which may be inserted into a previously defined cell, CELL. The
straight section may be either DFDF or FDFD. The wvalues of the Dbetatron
functions alpha and beta at the beginning and end of the pi-SS§ match the

corresponding quantities at the points of insertion in the cell. The type of
straight section to be generated is determined by m: m = 1 gives DFDF; m = 2
gives FDFD.

in addition to CELL, the user must input bo, the magnetic field strength at
the magnet center line; bg, the magentic field strength at the pole faces of
the guadrupole magnet; aper, the aperture of the vacuum chamber through the
cell (semi-diameter); ltot, the total length of the insertion; and l1lsep, the
distance separating the F and D (or D and F) magnets.

The integer n determines the point in the cell where the straight section
is inserted, as shown in the diagram below:

Position: 1 2 3 4 5 6 7 8 9 10 11
| I | f ! | ! f | | |
Matrix: f QS QD |1 QT {JQF |1 98 | Q5 11 QD || QT | OF || 9% |
I ! J | | | I | I |
Length: |lerd {lmag {lsep| 12 | 1ldrf I 12 |lsepjlmag |lend|

(lend = 1ldrf/2)
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COMMANDS

Qutput includes: betatron functions, magnet lengths, m, n, drift lengths,
maximum aperture of the insertion, maximum drift length in the insertion, all

input data. The matrices for the guadrupoles (QF and QD), the matrices for the
drift spaces of

lengths ldrf/2 and lsep (05, QT, respectively), and the total
insertion matrix () are computed and stored.
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STR2Z

COMMANDS

-- Design a Collins Straight Section

R e il e P P e R o T it b-—-—+-—-—--7-—m-d-=--8
Q STR2 m CELL bo. bg. aper. mu/zZpi.
e R I e Tl P SORTP B - e e -~ — B - e = e e AT RS Aup—— - |

Calculates the parameters and transfer matrices for a Collins straight
section which may be inserted into a previously defined cell, CELL. The values
of the betatron functions alpha and beta at the beginning and end of the (S8
match the corresponding quantities at the point of insertion in the cell. The
type of CS5 to be generated and the point of insertion is specified by m: if m

i1, the (585 will be inserted at cell position 4 (see below) and it will be of
the form DF; if m = 2, the CSS will be inserted at cell position 10 and it will
he of the form FD. The quantites bo, bg, and aper have the same meanings as in

STRF. The desired value of the phase advance, mu, is entered in wunits of 2pi
radians.

Position: 1 2 3 4 5 6 7

| | | I | t t

Matrix: | QE [} QDI O0S | 9S8 || QF || QE |

| | i ! I i

Length: ilend |lmag| ldrift |lmag|lend |
8TRZ computes and prints out: the betatron functions; the input data;

the drift lengths; the total S5 length; the maximum aperture, Aq; GRAD =

HBg/Ag. The following matrices are calculated and stored: QF,0QD,058,0E, and ©
{the total straight section matrix).
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STR4 -- Design a Four-element Antisymmetric Straight Section
e e B e B S B s B o el At P
K STR4 P Q MG mu/2pi. lend. lmag.
e i B i A e Bk el i e B - B e B et o

Calculates the parameters and matrices for a straight section which will
replace or be inserted into a previously defined structure. The name of the new
straight section is K, a one character symbol. P is a previously defined matrix
which gives the initial position of replacement K. ( is an element previously
defined by a MAG statement. The outer elements KOF and KOD have the same magnet
parameters as (, except that their length, lmag., is given as input for K. The
end drift length of the straight section is given by lend. MG is a previously
defined MAG element. The inner elements KIF and KID will have the same magnet
parameters as MG, except that their length, 12, is calculated internally.

Position: 1 2 3 4 5 S) 7 8 9 10 11
I | | I | I ! [ | | I
Matrix: | KE |l KOF ]| KT |} KID{| KS | KS {{ KIFj! KT || KOD|| XE |
| I | | I I I I I | !
Length: flend {lmag | a | 12 | L | L { 12 { a |lmag |lend|

K will replace a section of previously defined structure starting at P and
running to the next anti-homologous point. (In a synchrotron periodic
structure, if the profile parameter k is an odd function of the path 1length §
about some point So, then So+5 and So-8 are anti-homologous points if k(So0-3) =
-k (S0+5).)

The following elements are generated and saved: K (entire insertion
matrix}; KIF, KID (inner elements); KOF, KOD (outer elements); KE (end drift
space); KT (drift space between inner and outer magnets); and KS <(half the
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inner drift space). The lengths of all elements are printed out as well as the
betatron functions.

SUB ~- Begin Definition of a SYNCH Subroutine

~~~~~ i S e e B e Ao T e e all AT IO SRR =
SBR  SUB
e e B et e S B e A, P

The statements following this card are taken to be the defining sequence of
a SYNCH subroutine named SBR. the subroutine SBR may only contain the following
SYNCH statements:

DRF, MAG, MMM, MXV, REF, SHF, INV, 4%, SUM, =, CYA, CYC, BML, CRD, MAGV,
EQUL, TRKB, VEC, SHF7, MOVE, TAB, CALC, END.

See also, END
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SUM -- Scalar Summation
e B A G B et T e B e o e e it p . |
NAME SUM m summandl. summand?. summand3. SN summandm.
i e e el e R T S B e TR - R s Y =
NAME = arbitrary name
m = number of values to be summed
summandl...m = input values: floating point numbers or
symbolic floating point names
Sums the m floating point values listed and places the sum in the floating
peoint variable NAME.
SXTP -- Sextupole Definition
e e R AT AL R P R S e e el e e el Attt o 8
NAME SXTP length. dZb. brho. exac.
e R R e s B i el S e S o At e~
Defines a sextupole that acts at a point; it represents the effect of a
sextupole of strength 5 = (length)(d2b)/(brho) acting at the point (length/2);
d2b = B’" , where ' = d/dx, and brho = magnetic rigidity; if 1length=0 on the
input, 1length 1is set to 1.0; exac 1is an option to call for an exact

calculation, using elliptic functions, according to a method of B. Autin, CERN.

It is exercised by setting exac to a non-zero value, but is only obeyed if the
particle trajectory lies entirely in the horizontal plane and if the length of
the sextupole is not zero.
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TAB -- Tablulate Values to be Printed

~~~~~~ e B e A B - S ek ils TEECEIS AP QUIpRp g SN YR U R
NAM TAB m n S1 52 33 c.o. Sm
————— e B e A i Rl B i satabot < T R EE SEPRE -GS Sy SUSOON R
NAM = arbitrary name
m = number of columns to be printed ( <11 )
n = print option (see below)
$1,...,8m = name of element to be printed

The guantites S1,....,38m are saved until a PTAB statement is encountered;

These quantites MUST be defined scalar quantites or CYC outputs as described as
follows:

It 5i refers tec a CYC statement, then § is the first letter of the CYC name
and is tollowed by a number from 1 to 6; the element name should really consist
of only one letter; the number refers to the CYC output as follows:

1 betax max 4 nux
2 betay max 5 nuy
3 x~-dispersion 6 transition gamma

it n=0, then CYC output is printed as usual; if n=1, then CYC output is omitted
(assuming that at least one of the elements Si refer to a CYC statement).

The table being saved can hold up to 100 entries; thus, when this limit is
reached, the table will automatically be printed.

No more than 10 TAB statements may be operative at one time.

See also, PTAB
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TRK ~-- Track Partic

- ——— - ..__l_

m
n

v
BLIN
MAT

Vo
ntr
iof
isav
imod
ipr
ipl
imax

The m
non-linear
given by U

iof =

3}

iof

The vectors

COMMANDS

les Through Linear or Non-linear Transformations

s s i R - e e L it - Eol R e T - 8
m nv BLIN MAT VO ntr ief isav imod ipr ipil
Amax. dxmax. ymax. dymax.
———t———— P s R e B e B - Sl S T by REpEISU A,
= number of particles; these are stored in V
= input option (see below)
= name of PVEC statement containing initial particle state
= name of the beam line through which to track
= name of martix which gives betas at print positions
= name of reference particle vector (PVEC statement)
= number of transits of BLIN to be made by each particle
= output frequency (see below)
= save tracked wvectors (if =1)
= tracking mode (see below)
= print option (ipr=0: print; dipr=-1: noprint)
= plot option (ipl=1: plot; ipl=-1,0: noplot)
e dymax = scales for phase plots (mm, mrad)
(note: second card must always be used)
particles are tracked through the beamline BLIN, which may contain

elements, ntr times. The actual particle vector being tracked is
= VO + V. The frequency of the ocutput is dependent upon iof:

00001 implies output at each position of the beamline each transit
Or00p implies cutput at the p-th position every r-th transit.

V0 and V may be input in different formats according to n:

87



COMMANDS

{ x, dx, y, dy, -ds, dp/p } (meters,radians)
{ x, dx, y, dy, -ds, dp/p } (mm,mrad, dp/p in o/oc0)
{ ex, psix, ey, psiy } (mm-mrad, degrees)

o

n 0 v
n 1 vV
n 2 v

If imod=0,1 then will track with stored matrices and MAFPS; if imod=2 then
will track saving only the cumulative matrix in the storage of TRK; if imod=3
then will not save matrix upon tracking.

TRKB -- Track Betatron Functions Through a Beamline
e e B A e e Rt B T el - T et L
1B TRKB m n BLN MTR ipsl ips2
nuxQ. betax0. alphax0. gammax0. Dx0. D'x0.
nuy0. betay0. alphay0. gammayC. Dy0, D yo.
B e B e e R T S = T - Rt R RS [N U FUR -
m,n = specify how many elements of beamline BLN may be used in the

TRKB statement (from element ipsl to element ips2)

BLN = name of beamline (BML) through which to track betatron functions
MTR = name of matrix from which to extract initial betatron functions
ipsl = begin tracking at ipsl-st element of beamline BLN

ips2 = end tracking at ips2-nd element of beamline BLN

Obtains betatron functions from matrix MFR and tracks them through the
specitfied portion of beamline BLN, printing the values of the functions at the
end of each element of BLN; if the "MTR" field 1is left bhlank, the initial
values of the betatron functions are cobtained from the second and third lines of
the TRKB statement as shown above; if MTR is specified, the second and third
lines are ignored and may be left blank; every TRKB statement must consist of
three lines, however, whether or not MTR is specified; it should be pointed out
that a BML statement 1is recursive (see BML) so that if the beamline BLN is
composed of many other BML’'s, then the total number of elements in BLN may be
quite different than the number of elements specified in the BLN-BML statement
itself.
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-- Vector Definition

e e e e . it Tl TR I S eyu _ T G
NAM VEC m vl. V2. v3. .
e il B S ek e S Il R R S

Defines the m-column vector with components vl, vz,

8%

————— e T
vm.

_._,_m..+.ﬂt_._7 ____+._..___.-8
. VIN.
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WBE -- Write Betatron Funictions of Matrices
i T e e e L B - [T TR Y SUUPU RIS, JUPRSORY |
WBE m n Al A2 A3 Am
i S B . L R TR PR 3-——-- R Ry i el T STepp. 6-—-- F-re—T - -—--§

The betatron functions for the m previously defined transfer matrices

labeled Al,A2,A3,...,Am are printed out; each matrix can be represented as
( cos(mu) + {alpha)sin(mu) {(beta)sin(mu) Al3 )
A = 2 -L{l+alpha**2)/betalsin(mu) cos(mu) - (alphalsin(mu) AZ3 ;
; 0 0 1 ;

If n = 0, the WBE statement will print beta, alpha, mu/2pi, D, D’, and W for
each plane, where

D = (1/2)C Al3 + (inv(A))13 J3/C1 - cos(mu)l,

D" = (1/2)0 A23 + (inv(A))23 1/CL1 - cos{mu)l,
and

W = sgrt(beta).

If Jcos(mu)| > 1, then all betatron functions will be printed as 0.0
If n =1, then mu will be determined from
{ arccos(trace/2), if ltrace| ¢ 2
mu = {
{ arccosh(trace/2), if ltrace} » 2

and trace/2 = (All + A22)/2 will be printed out in place of W = sqrt(beta).
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WMA -~ Hrite Matrices

el e et e B s ST TSP SRy Ammm = T 8
WMA m Al AZ A3 Am
R e I S 2oemm e R e e S - P 7---- tmm e

The previously defined pairs of transfer matrices (or 7x7 matrices, if SIZE
7 has been issued) labeled Al,AZ,A3,...,Am are printed out.
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Equate to Fleoating Point Number

USE 1:
R e e A e E e e R A = it st L e r TRy <
NAME = float.
I e R e e B el s ETIEPS SRRpRPY - QPN R, [ T
NAME = arbitrary name
float = floating point number

The variable NAME is given the value "float," which is a floating point
number; NAME may now be substituted for a fleating point variable in any SYNCH
input statement and the value float will be used; use of the symbolic floating
point may not be carried more than one step -- see examples below.

Example: acceptable

g = 1.5

F MAG 2.4 e | 36.8 1.0
Example: NOT ACCEPTABLE

g = 1.5

h = g

F MAG 2.4 g 36.8 1.0
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USE 2: Arithmetic Operations

e e R i e B | G B e e < Rl S PP 7 g
C = operandl. operator operand2.
e 2--—- e R T R T St - TR I, [ S

C = arbitrary name
operandl, 2 = floating point numbers, or names of scalers or matrices
operator = identifies operation to be performed

operator may be +, -, *, /, or ** indicating operation of addition,
subtraction, multiplication, division, or raising to a power, respectively; if
operandl,2 are symbolic, they must have been previously defined; operandl, 2

must both be of the same type -- scalars (but could be one symbolic and one a
floating point number), or matrices; matrix operations work only for operator =
s — *

¥ 14

-- Matrix to a Power

R 2o m R et - T PTG S M- +---=8
B HA k A
e T i e T B o T el - Tt it e ey R ———

The transfer matrix B is defined to be the transfer matrix A raised to the
k-th power.
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- Comment

e T e s ettt ISP SRR RSSO SUNG U, S,

. — e text - -—--
B e R e e e B - L [ WPy - U e 7---- +----8

A period in column one causes any text entered in columns 2 through 80 to
e printed.
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C. Misgcellaneous Features

symbolic Entry for the Negative of a Symbeolic Fleoating Point Number:

It a Symbolic Floating Point wvariable (V, say) has been previously defined,
the negative of that variable can be used in a SYNCH statement by denoting it by

~V.

Example:
grd = 10.0
QF MAG len grd brho b0 $
oD MAG len ~-grd brho b0 [

Here, magnet QF will have gradient 10.0 and magnet QD will have gradient -10.0
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Symbolic Entry for Inverse of Matrix:

If a matrix has been previocusly defined, its inverse may be used in
computation by preceding its name with a slash (/).

FExample:
A MAG .9 280. 13373, 0.
B MAG .9 -280. 13373, 0.
P MMM A /B

Here, the matrix multiplication will be P = inv(B) x A.
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Internally defined matrices:

a) Unit matrix:

(L = (1 0 0 O 0 0 0O
(01 0 0 0 0 0)
(0 0 1 0 0 0 0)
(¢ 0o 0 1 0 0 O
(0 0 0 0 1 © 0}
(00 0 0 0 1 O
(0 0 ¢ 0 0 0 1)
b) Symplectic matrix:
(s) = {0 -1 0 0 0 © 0O
(L ¢ 0 0 0 0 Q)
(00 0 -1 0 0 0}
(0 0 1 0o 0 0 O
(0 0 0 0 0 -1 0)
(0 0 0 0 1 0 0O
(0 0 0 0 0 0 1

The parentheses must be included when refering to these matrices.
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Inputing Initially Deactivated SYNCH Statements

A SYNCH statement can be initially placed in the deactivated state (see

DELE) Dby having a dash (-) in column one cf the statement line. The statement
will not be executed unless it has been activated by an ACT statement {(see ACT).
Whole SYNCH subroutines can be bypassed until needed by placing a "-" in front

of the CALL statement, for example.
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99



SYNCH MATHEMATICAL FORMULATION

A. Primary Element Definitions

The coordinate system employed by the program SYNCH is a curvilinear system
of right-handed orthogonal cocrdinates x-y-s where s = the longitudinal position
along the reference orbit, x = the horizontal (radial) displacement from the
reference orbit, and y = the vertical displacement from the reference orbit.
+The reference orbit itself follows an isomagnetic line through each element.)
The trajectory, or state of a particle traversing through this coordinate system
is represented by the vectors X = (x ,x’,dp/p), and Y = (y 'y dp/pr, where x° =
dx/ds, y' = dy/ds and dp/p is the momentum error with respect to the reference
particle. Most accelerator or beamline elements can be represented as a pair of
3x3 watrices Rx and Ry which act on the above particle state vectors:

Xout = Ekx Xia

Yout = Ry Yia
( R11 R12 R13 )

where the matrices are of the form R = ( R21 R22 R23 )
( 0 0 1 )

L det(R) = 1 1

For some types of calculations one may wish to investigate coupling hetween

herizontal and wvertical motion. For these cases, a 7x7 matrix is used to
describe each beamline element. This matrix, M, acts on the particle state
vector X = ( x, x', vy, y', -ds, dp/p, 1 ):

Aout = M Xyn
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The matrix M for a non-rotated magnet, for example, would be of the form

( Rxll Rxl1l2 0 0 0 Rxl3 0 )
( Rx21 Rxz2Z2 0 0 0 Rx23 0
{ ¢ 0 Ryll Ryl2Z2 Y Ryl3 0 )
M = { 0 0 RyZ2l Ry22 0 Ry23 0 )
( M51 M52 M53 M54 1 M56 0
( 0 0 G 0 0 1 0
( 0 0 0 0 0 0 1

{A 7x7 matrix is used in order to facilitate magnet misalignment calculations --
see Jection V-G.) Bending magnets are assumed to bend in the horizontal plane.
It the matrix for a magnet which bends in the vertical plane is desired, then a
rotational transformation of coordinates 1is made before entering and upon
exiting the magnet. (See below.)

For simplicity, the 3x3 matrices for the various types of elements will be
introduced under the assumption that the appropriate 7x7 matrices can be derived
if necessary.

Linear Elements

DRIFT REGION -~ length L

OO
T

e

2
oo
O =
oo

i01



MAGNETS -- -

B = t(dB/dR) at Ro
Bo = (By) at Ro
k = B'/Bo
where Ro is the reference orbit (D
&
kx = k + l/P ky = -k
Kx = |kxip] Ky = \ky/pl

Q@x J?G? ﬂ §§y MGG7,£

The transport matrices for motion through a magnet are given by

Rx
Ry

E2x Tx Elx
EZ2y Ty EZy

where El1 and EZ are edge-focusing matrices. The T matrices for various magnets
as calculated by SYNCH are shown below.
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HORIZONTALLY (RADIALLY) FOCUSING COMBINED FUNCTION MAGNET:

Tx

VERTICALLY FOCUSING COMBINED FUNCTION MAGNET:

Tx

Ty

( cos (bx

(

(—‘JKXlsin @x
(

{

0

{ cosh @x

{

(KX sinh @x
(

({ 0

{ cos @Y

(

{ -JKy sin @y
(

(

0

A
Jx, sin q>x
cos ®x

0

]
75 sinh by
cosh @_‘y‘

0

ﬁ sinh @x
cosh ®x

0

1
%y sin ‘Py
CcoSs @y

0
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K,‘P
\ .
1
0
G

i _
Kx(a( cosh @x 1

JT‘I?—G sinh @ X
1l
0
0
1
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HORIZONTALLY BENDING WEDGE MAGNET ¢ kK = 0 )

( cos "/p p sin 2/(; Pl - cos 1/(: Yoo
( )
Tx = ( - _(1"— sin ‘/p cos I/P sin j/p )
( )
( 0 0 1 )
{ 1 2 0 )
( )
Ty = ( 0 1 0 )
( )
( 0 0 1 )

Note: Rx = Tx ; Ry = Ty (el = e2 = 0}

For rectangular magnets, el = e2 = 82
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HORIZONTALLY (RADIALLY) FOCUSING QUADRUPOLE MAGNET

( cos $x “j,—:l:'—; sin ®x
Tx = Enfﬁ‘ sin ®x cos ®x

C o 0

{ cosh @y J'I—*"E: sinh @y
Ty = EJE; sinh @y cosh @y

(o 0

VERTICALLY FOCUSING CQUADRUPOLE MAGNET :

( cosh ®x —,ﬁ::;'sinh ¢ x
Tx = Efff(?sinh ® x cosh @x

(o 0

( cos @y F:;_-‘":sin &y
Ty = E—J’I?)? sin @y cos éy

: 0 0

105

L . - )

R . I S

.

et T T



EDGE FOCUSING MATRICES

( 1 0 0 )
( )
El = ( * L ctantel) 1 o
{ (" )
( 0 0 1 )
( 1 0 0 )
{ )
E2 = { * Ltan(e2) 1 0 )
( P )
( 0 0 1 )

where + is used for x,
- is used for v.

Thus, the total magnet transfer matrix is given by

Ex
Ry

EZ2x Tx Elx
E2y Ty Ely

ROTATED MAGNET

The matrix for a rotated magnet is obtained by altering the coordinate
system through the magnet via a rotational transformation. To perform this
calculation, 77 matrices are used. In the 7x7 mode, a rotation of the
coordinates of © degrees about the s-axis is represernted by



{ cos® 0 sine 0 (M 0 0 )
{ 0 cos 8 0 sin® 0 0 0 )
(-sine 0 cos B 0 0 0 0 )

Rg = ¢ -siné 0 cos8 0 0 0 ) .
( 0 0 0 0 1 0 0
( 0 0 0 0 0 1 0 )
{ 0 4 0 O 0 0 1)

If Rg represents a rotation of € degrees and R.g represents a rotation of

- O degrees, then the transfer matrix of a rotated magnet 1is given by
M = R.g Mo Rg , where Mo is the original magnet matrix. Thus, a vertically

bending magnet, for example, would be represented by the matrix
My = R_gqoMh Rgqq

KICKER MAGNET

The effect of the KICK command is to introduce a delta-function kick in the
center of a previously defined =zero-length drift region, or produce a field

error in a previously defined magnet. If the element was defined as a
zero-length drift, then the specified slope (x' or y') will be changed by the
amount & . The corresponding matrix (shown here for vertical deflection) would
be
{1 ¢ 0 ¢ 0 © 0}
{0 1 0 O 0 0 0
(o0 ¢ 1 ¢ 0 0 0
R = (0 0 0 1 0 0 &
(0 ¢ 0 0 1 0 0
(0 0 0 0 0 1 0
(0 0 0 0 0 0 1
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If the original element was a magnet, then the KICK statement will alter
the transport matrix to represent a magnet with a field error of dB/B. This is
accomplished by changing the R17 and R27 elements of the transport matrix from 0
to (L*L/2p)(dB/B) for R17 and from 0 to (L/@ )(dB/B) for RZ7.

On the other hand, if the element was previously defined as a drift region
of length L, then the KICK statement turns the drift into a zero-gradient
magnet, neglecting any edge focusing., The transport matrix for this new element
is

horizontal ¢ 1 L ¢ 0 0 L&e/2 ~L B&/2 )
kick: { C 1 0] 0 0 e - & J

{ 0 0 1 L 0 0 0 )

R = {0 0 0 1 0 0, 0, )

{ -B ~L8e/2 0 0 1 Le" /3 -L87/6 )

{ 0 v ¥ 0 0 1 G )]

{ 0 0 0 0 0] 0] 1 )]

vertical { 1 L 0 0 0 0 0 }
kick: ( 0 1 0 0 0 0 0 }

( 0 0 1 L 0 -Le/2 Les2 )

R = | 0 0 0 1 G -8 e )

(0 0 e Lers2 1 L %3 -L &%6 )

( 0 0 0 0 0 1 0 )

( 0 0] 0 0 0] ] 1 )

Non-linear Elements

Several types of accelerator elements cannot be represented as matrices
which act on {(x, x'), {(y, ¥') in a linear fashion. SYNCH supports many of the
common non-linear elements and the user may define his/her own subroutines ¢to
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deal with elements which SYNCH does not suppcrt (see MAP ROUTINES below).

SEXTUPOLE MAGNET

The effect of the sextupole on reference ray V is to replace ' and vy’ with
x'-P and y'+0, where

V=1(x, 2, v, ¥, ds, dp/p, 1)
and - 2
= 5 (x" - yz )/ 2

§xy

X o
1

S/(1+dp/p)

v ow
it

= LB""/Bp

The effect of the sextupole on rays near the reference ray, V, is given by the
following 7x7 matirix:

(1 0 0 O 0 0 0)
E—gx 1 §y 0 0 P P i
Eo 0 1 0 o0 0 0;

T = E_E‘;yO Sx 1 O—Q—Q; .
:-p o 9 0 1 0 oi
Eo o o0 0 0 1 oi
Eo o 0 0o 0 0 1;



N-POLE MAGNET

The effect of a thin-liens multipole kick of n-th order can be acccmodated
by SYNCH wusing the NPOL statement. The wuser may input the order of the
al

multipole, n, the effective length of the ement, L, and its Taylor series
expansion coefficient, Cm, where m = n - 1. The magnetic field is then computed
to be

B = Bx + 14By = (Cm/m!)z**nm, where z = X + 1%y,
or

B = By - i*Bx = {Cm/m!)z*4m, for skewed elements.

A particle being tracked through such an element is then subject to
over the distance L.

oF
o
=
[#1}
|
=
]
=
o8

110



MAF ROUTINES :

-

In order to track particles through non-linear synchrotron elements not
explicitly supported by SYNCH, the wuser may insert into SYNCH up to ten

ol dmmaner FranafFarmobdan cuhrmiib oo Mhneon ciihrmiibdimons mmea meameosd MAD MA D
divsl L iLlicTaAar LCEGlioLl U lla L Ll LA/ L VUAL LLIT O . AT O RLAMED WL LIIT O Al T LIAIHITWU VLOAL LD L,
MAFZ, ..., MAP9. These subroutines are merely dummy routines. All routines MAP

through MAP? may be replaced by the user’s own subroutines. For more detailed

information concerning the implementation of a user written MAP subroutine, see
Section III-F, Non-linear Transformation Calculations.

B. Beamline

A beamline is defined as a particular sequence of accelerator elements

tdrift regions, magnets, etc.). In the SYNCH beamline statement (BML), the
elements are listed in the order in which they are encountered by the beam.
AN~ 5 PRy I -~ Lol 2= raTra e o -~ Flhm ~AwmAarr 3 eslh o s~ M~ a1l A v Rla wea b g e
LIlL 2 WULWATL 42 il I SVTL oo L wLllT WILWWC L Lil wildwll WIICT wislllll wWiL 1L LT LLICT ULl 1A

multiplication on paper. The program, of course, sequentially multiplies the
beamline matrices "on the left.”
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C. Betatrcon Functions

Given an accelerator made up of p periodic sections (superperiods), each
saction being composed of N elements, the 2x2 transfer matrices corresponding to
one passage through one superperiod may be calculated (neglecting coupling) by:

Mz = Rux(NJRx(N-1)Rx(N-2) ... Rx{2)R,(1) ,
M{ = Ry(N)Ry(N-1)R(N-2) ... Ry(2)Ry(1)
Here, the matrices are taken to act on the vectors (x, x') or (y, ¥y’ ). These

matrices are submatrices of the corresponding 3x3 matrices used earlier in this
section. The elements of these submatrices may be parameterized as follows:

( a b ( cosp + & sinum (3 siq}L )
M = { } = { }
(c d> ( ~C(1 + &? )/ @ 1sinm cosM - & sing )
where &, @, and are the betatron functions as defined by Courant and Snyder
(see Reference 2). Thus, the values of the betatron functions at point 0 of the

accelerator (i.e., at the entrance to element 1, exit of element N) are given by

ji = arccosl (a + d)/2 1

(3

H

b/siqy

T4
it

(a - d)/(Zsin/u.)
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The parameter represents the phase advance of the betatron oscillation
ftor one passage through the superperiod and can be denoted as w = 27 2V /p,
where p is the number of superperiods in the machine and 2/ is the tune of the
accelerator., The amplitude of the betatron oscillation is proportional to
ajﬁ’ . The slope cf the function 3 is given by df2/ds = -2¢&, The betatron
oscillations which a particle undergces while traversing the accelerator may be
expressed as

x(8) = AgAffs) cosC A(s) + @1
yis) = AyJfs) cosl ~(s) + @41

where Ay, Ay, @y, and @y are arbitrary constants, and ~(s), -H(s) are the
horizontal and vertical phase advances of the betatron oscillations from the
arbitrary s=0 point in the accelerator.

To calculate the values of &, @, and ¢ for all points in the machine,
SYNCH computes the matrices representing a single pass through a superperiod
starting at the end of each element. Once the single-pass transfer matrix, Mo,
for point 0 has been found, the values of @B(i) and (i) at the end of the i-th
element can be found from the matrix

M: = R(i) M;, R™ (i) i=1,2,...,N

Here, R{i) is the transfer matrix for element i. The phase advance through the
i-th element is given by

/A(i) = arctani{ R1Z2(i) /liﬁ(iel)Rll(i) - Xti-1)R12¢i)1 3

Thus, the phase advance fyrom point 0 te the end of the i-th element is given by
i
iy = 2 Mk
k=i

The tunes of the accelerator are thus given by Vx = p ~x/27w, ¥y = p ~y/21.
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The third row and column of each 3x3 transfer matrix is used to compute the
closed orbit for an off-momentum particle, If M is the matrix for one complete
revolution (i.e., through p superperiods), then the particle state vector Xeq =
{( %, x', dp/p ) representing a closed orbit must satisfy Xeq = M Xeq , from
which

et
Xeq = (dps/p) [ (M13 + M 13) / (2 - M1l - M22) ,

-1
(M23 + M 23) 7 (2 - M11 - M22) ,

1 1
The dispersicn function, DX{s), is given by
Xeq = (de/piDy Yeq = (dp/piDy
X'eq = (dp/piD, Yeq = (dp/p)D;
Thus,
D= (M13 + M13) / (2 - MLl - M22)
D' = (M23 + M 23) / (2 - M1l - M22)

Hence, the dispersion function can be calculated at the end of each element in
the accelerator wusing the 3x3 matrices corresponding to the matrices M;
described earlier.

It must be stressed that in the above treatuwent of betatron function
calculations, coupling between horizontal and vertical motion has been
completely ignored. This is true for all SYNCH computations of B and «
functions. However, accurate wvalues for the machine tunes and dispersicn
functions may be obtained by wusing 7x7 matrices and performing a FXPT
calculation. This method is further discussed under Closed Orbit Calculations
later in this section.

114



Other machine parameters calculated by SYNCH are the transition energy and
the natural chromaticities. The transition energy 1is that energy of the
particle beam for which the period of revolution about the machine is
independent of particle momentum. This energy is given by E = Y+« Eo, where Eo

4 tha vact mace ~AF +ha Avrhkhit+dno rnavtri~lae M mavramataoar o Ial-N]
15 The Yrest mass ol Lnhne VLMLl pRL LLIL.LES. L LI FAL qine el t Cad

transition gamma, is found from the relationship
Ye = l/sqrt(ol ),
where here, X vrepresents the momentum compaction factor which is defined as

o = (dC/CH/(dp/p) ., C = the machine’'s circumference.

By tracking the vector ( Dx, D'x, Dy, D'y, 0, 1, 0 ) through a superperiod
of ideal length 8o, where D represents the momentum dispersion function, the
change in path length for a particle with dp/p = 1 can be found. The resulting
vector at the end of the superperiod will be ( Dx, D'x, Dy, D'y, -dL, 1, 0 ).
dence, the value of the transition gamma will be given by

Y¢ = sqrt( So / 4L )

Since it could occur that K ¢ 0, the complex root of ¥ is taken. This root
is displayed at the end of the CYC cutput.

Chromaticity is defined as the change in the tune of the accelerator per
unit change in dp/p. It can be shown (see Reference 3) that due to errors, k,
in the field gradient function K = B"/Bp (i.e., K = Ko + k), the change in tune
can be found by

.
AV = gr\kpds
If K = Kol{l - dp/p), then the chromaticity can be written as

i
QQ.: -~ m SKﬁﬁ ds . (due to quadrupcles)

Likewise, an expression for the chromaticity due to sextupoles can be obtained:
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5; = ﬁ% SK'DX (3 ds . (due to sextupoles )
In & similar fashion, chromatic effects due to the edge focusing of the bending
magnets c¢an be taken into account. SYNCH attempts tc calculate the total
machine chromaticity due to these three effects and displays the result at the
end of the CYC output,. The chromaticities computed are due only to magnets
which are explicitly listed in the beamline used in the CYC statement.

Another method for studying the machine’'s chromaticitic properties would be
to perform a FXPT calculation for variocus values of dp/p and look at how the

total machine tunes behave.



Tracking Betatron Functions Through a Beamline

If the 2x2 matrix M represents the passage through one periodic section of
the accelerator, then M may ke written as
M= 1 cosm  + J sin .
where I is the identity matrix, and J§ is given by
(o 3
J = {
(=7 =)

Let R represent the transfer matrix from peint 0 to point 1, Jo the above matrix

with betatron tunctions evaluated at point 0, and J the above matrix with
betatron functions evaluated at point 1. Then the two J-matrices are related by

J =R Jo R .
If R has the matrix elements
{ a b 3}
R = { ),
{ ¢ a

then the betatron functions at point 1 in terms of the betatron functions at
point 0 are given by the relations

K = (ad + bciKy - acp@, - hd v,
3 - a*@. - 2abe, + b ¥
1 ~o o b -
2 2
¥ = d°¥, - 2cd &, + c?fB,
2 S A + arctanl b / T a By - b o, 13

Using these relationships, the betatron functions can be tracked through a
beamline given their initial values.
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Dispersion functions are tracked through a beamline using the relations
D =abDo+bDo+e
D' = ¢ Do+dD'o + £
where € and { are the 1-3 and 2-3 elements of the 3x3 transfer matrices.
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D. Particle Beam Envelopes

Particle beam envelopes are calculated by SYNCH using betatron functions
computed by the program and beam emittances input by the user. The beam
emittance is defined as the area of the x'-x phase space ellipse which contains
some certain fraction of the beam {99%, say). The user may input his/her own
favorite value of the beam emittance for the machine in question. If @ and ¥
are the familiar Courant-Snyder functions (see Reference 3) at a particular

longtudinal 1location 1in the accelerator, then the phase space ellipse
representing the beam will have thelform shown in the figure below:
X
JE5 +
e
+ - X
1EB

Here, the area 15 represented by € , where € 1is the beam emittance. The
beam size, ¢, as measured from the reference orbit, is thus given by

c = Jep

If the beam has an average momentum error of dp/p, then this ellipse will be
translated along the =x-axis by an amount D(dp/p) and translated along the
X’ -axis by an amount D’ (dp/p). D and D’ are the dispersion functicn and its
slope. The c¢lesed orbit may not lie on the reference orbit, if magnet
misalignments and errors are taken into account, and so the beam ellipse may be
displaced even further. The total beam envelope displayed by the CYAE command
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is given either by

T

1]

€ER C 1+ ~N €E.re ] + | D dp/p t
' = €7 L1+ éo/e 1 + | D dp/p]

or by

1

N eq + (D daprp)? + e g

L]

o = N e¥ + (D' aprp)t + A€

depending upon the option chosen. Here, €.o 1s the equivalent emittance
representing the closed orbit:

€ .o = (Xco)? 'R -

P

The calculation is performed for both planes.

For electron machines, the CYEM statement may be used for determination of
beam emittances, rf integrals, etc. (See CYEM in Section IV-B.)} For these
calculations, SYNCH follows the conventions of Morton (Reference 4), The user
is refered to this paper for more information.
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E. C(Closed Orbit Calculations

To calculate the closed orbit around an accelerator composed of various
linear and non-linear elements, SYNCH begins by tracking an initial "first
guess" particle state vector through one complete revolution. This initial
vector will be denoted as Vo, wnile the particle state vector atter one
revoluticn will be called Vi%. Next, all of the transfer matrices of the
accelerator elements are linearized about this initial single-turn trajectory,
generating new transfer matrices, R . For details of how the wvarious element
matrices are modified on this step, the reader is refered to Reference 2.

One may now track a particle vector, ¥, in the neighborhood of V (i.e.,
X =V + 2, vwhere 2 ({ V )} around the machine. Let Zo be the initial difference
vector (¥Xo - Vo) which is input by the user. After cne revolution, the wvector
21, the difference vector from V1, will be given by 21 = T Zo ., where T is the
linearized single-turn transfer matrix found by T = Ry Ry-y .. Rz Ry

For the trajectory to be a closed orbit,

1 = V1 + 41 = Xo = Vo + Zo
or,
Xo = V1 + TZo = VI + T (Xo - Vo
oy,
-3
Xo = (T + I) (V1 - Vo} =z Xeq
where I 1s the identity matvix Hence, the vector may be used as a new

Lo i v P Ly O R A L L. i Le

t t
“best guess" (Vo) for the closed orbit, a
|

may be repeated n number of times until
some tolerance.

T
eraticon described above
Y = Zo(n) is less than

Once the final vector Xeq is found, the closed orbit throughout the machine
1s given by the last tracking of the particle. Also, the betatron functions

about this closed orbit may be extracted from the matrices T and R{ in the
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manner described earlier in this section. Again, the computations of R and
functions ignore coupling between horizontal and vertical motion.

Generalized momentum dispersion functions may also be extracted from T and
ki - since TD =D , where D = {( %, ¥', v, y', 0, 1, 1). This computation cf D
gives the change in the closed orbit from Xeq per unit dp/p.

The program also calculates eigenvalues and eigenvectors of the 4x4
submatrix M, the single-turn matrix which operates on ( %, x', v, v’ ). The
eigenvalues and eigenvectors will contain any coupling informaticn and hence
will provide the user with accurate values for the "eigen' tunes of the machine.
The eigenvectors may be tracked around the accelerator as an output option of

the FXPT statement.
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F'. Particle Tracking

The procedure for particle tracking with the SYNCH program is rather
straight forward. The options allowed by the TRK command allows one to track a
particle through a beamline consisting only of linear elements, or to track a
particle through a beamline consisting of linear and non-linear elements. In
the first case, the single-turn transfer matrix corresponding to the location of
interest 1s computed and wused in the calculation. In the second case, the
trajectory of the particle through each individual sub-beamline (previously
defined BML cr MMM) and non-linear element obviously must be computed upon every
passage.
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G. Magnet Misalignment Calculations

SYNCH provides two methods of generating magnet misalignments. One method
employs the MAGS command which must be used in conjuction with the BMIS and EMIS
commands. In this procedure, the user may specify transverse misalignments, but
not rotations about the s-axis. If this method is used, then the orbit
distorticns brought about by the misalignments 1Is shown in the CYC output in the
columns usually containing the momentum dispersion functions. The second method
employs the MOVE command. This command allows both x and v translations as well
as rotational misalignments about the s-axis. In this procedure, the FXPT
statement i1s used to compute the new closed orbit of the machine. Historically,
the BMIS procedure was develcoped first for SYNCH and thus will be discussed
first below. The second procedure, developed in more recent years, 1is perhaps
the one more commonly used today.

The BMIS Method

One way to perform magnet misalignment calculations, is to think of the
2lement matrices as acting on the particle state vector (x, x', 1}y CL or (v, y¥'.,
1) for the vertical plane 1. The diagram below suggests that the coordinates
relative to the element’'s centerline must be transformed in the following manner
when entering or exiting a misaligned element:

entrance to X == X - a
misaligned

element : X' == x' - 8
exit from X == X + b
misaligned

element : X' ==> x' + 6

124



Thus, 1if the coordinates are transformed upon entrance to and exit from the
magnet by the "shift" matrices

¢ 1 0 -a) (1 0O b
51 = (0 1 -8&) . sSo = {0 1 e ) .,
¢ 0 0 1) { 0 0 1)

then the transfer matrix for the misaligned magnet is given by M = SoMcSi, where
Mo dis the original 3x3 matrix representing the aligned magnet with Mc(l,3) and
Mo(2,3) set to zero.

In this manner, the same procedure used to calculate the closed orbit for
an off-momentum particle in an aligned accelerator may be followed to calculate
the closed orbit in the misaligned accelerator. Hence, CYC is used.

The MOVE Method

The other procedure for studying the effects of misaligned elements 1is to
invoke the MOVE command and calculate the new closed orbit using FXPT. This
method requires the use of 77 matrices and allows the study of horizontal and
vertical coupling. Again, shift matrices are employed as well as rotation
matrices to handle rctations about the s-axis. The appropriate 7x7 shift
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rices would be of the form

+
-

ma

etc.

N o T e S N

OO0 A D00

OO —~HO OO

OO OO0

DA DO O O

L I N N
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VII. EXAMPLES OF SYNCH RUNS
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EXAMPLES OF SYNCH RUNS

This section provides sample runs of SYNCH programs. The individual
programs have been run on a DEC VAX11/780. Both the input file and the output
file produced by the SYNCH program are presented.

A. Standard Tevatron Cell
B. Fitting of Tunes in a Phase Trombone

C. Misalignment Calculation



TEVC RUN Tevatron Stendard Cell

»

C This particular SYNCH trun calcuvlates the betatron
C functions through a Tevatron standard FODO cell.
c

c

c

e e e e e
C
C Lengths in maters, Ffield strengths in kG, kC/m wtc
Cc
C Magnetic Rigidity at 1 Tev ...
C

BRHO = 33387. 702
c
C Bend FPield strangth ...
Cc

BY = 44, 274664
c
C QGuadrupole gradients . . .
C

GF - 7460 32094

eD = -760. 320%6
Cc
C Magnet lengths .
c

BL = & 1214

Gt - 1. &7854
C
Cc
C
c Drift Definitions
c

0 DRF 0. 2794

0o DR¥ 2. 294156

000 DRF G. 4443
C
c Magnet Definitions
c

B MAQ BL c.o BRHO BY )]
GF MAG oL oF BRHO

@D MAG aL ¢D BRHO
C
c Standard Cel)l Beamline Definition
C

HC BML 00 B 0 ] o ) 0 B 000
C

CELL BM- HC aF HC GD
C

P Computation of Betatron Functione

c

cyC CELL

P

C Define half-cell matrices in order to print out betatron functions
C only at the ends of ths guadrupclss

c

MHCF MMM HC ar

MHCD MMM HC ab

C

C Define & new "beamline™ made uvp of the above two matrices Frint
C out betatron functions at the ends of the quadrupoles



CL

BML MHCF MHCD
cyc cL

STOP
FIN



=EEmTZOa=

*

»

»

»

*

»

[P

*

*

»

*

*
% # BRHO

*

*

-
*® BY

*

'

*
4 eF
%% D

*

*

*
[ ERY BL
% QL

*

*

*

»

*
#UF 1]
ErY [s]&]
2 (5182}

»

*

-
TS B
- QF
[T ab

-

»

*
£ 2 HC

*
* 45 CELL

*

SYNCH RUN TEVC Tevatron Standard Cell

£ T

=== o e ok Lol 1

This particular SYNCH run calculates the betatron
functions through a Tevatron standard FODO cell.

Lengths in meters. field strengths in kG, k@/m, etc

Magnetic Rigidity at 1 TeVv ..

= 0 0 s/ 33387 702

Bend field strength

= 0 Q 7/ A4, 274644

Quadrupole gradients

= 0 Q /7 7460, 32054
= 0 O /7 -74&0 320546

Magnet lengths

= o Q s/ 61214
= o) Qo 7/ 1 67894

Drift Definitions
DRF 0 o // 0 2794
DRF 0 O /7 2 29416
BRF 0 Q // O, 4445

Magnet Definitions

MAC o o /s BL C.0 BRHOD BY L
MAG Q o /s GL GF BRHO
MAG o 0 s/ 4L ¢b BRHO

Standard Cell Beamline Definition
BML Q G s/ GO B o B [n} B o B o000

BML c o 77 HKC aF HC QD



Caomputation of Betatron Functions

LA cyc o Q /7 CELL
POS S(M} NUX NUY BETAX (M} BETAY (M) XEG{(M) YEQ(M} ZEQ (M) ALPHAX ALPHAY DXEQ DYEG
0 0. 0000 0. 00000 0. 00000 29. 04507 97. 80421 2. 26773 0. 00000 0. 00000 -0. 58154 1.87141 0.04412 (. 00000
1 00 2. 2942 0. 01201 0. 00391 31. 956858 87. 45278 2. 36903 G. 00000 0. 00000 -0 68733 1. 76572 0.04412 0. 00000
2 B 8 41745 0. 03B&9 0. 01627 42. 09963 &9, 33821 2. 66393 0. 00000 0. 02039 —0. 96935 1.484467 0.09223 0. 00000
3 0 8 4970 0. 03974 0 01591 42, 54492 &8, 72917 2. 47852 0. 0o0oDo 0. 020379 -0 98222 1.47180 0.05223 0. 00000
4 B 14 8184 0. 05964 0. 03317 D6, 39604 S2. 43232 3. 02311 ¢. 00000 0. 04350 ~—1. 256425 1. 19036 0.04035 0. 00000
5 0 15. 0978 0. 08044 0. 03403 37. 10640 91. 77095 3. 03997 Q. 00000 ©. 04350 -—1.27712 1.17748 0.06035% 0. 00000
6 B 21. 2192 0.07540 0. 05573 74. 46B16 39. 07971 3. 43425 0. 00000 0. 046975 -1 55915 0.89371 0. 06847 0. 00000
7 0 21. 4986 0. 07600 0. 05690 73. 34301 38. 58278 3. 45338 G. GO000 G, 06%7% -1, 57202 0. BB283 O. 06847 ©O. OGO00
8 B 27. 6200 0. 08744 0. 08574 94. 31512 29. 50044 3. 89735 . 00000 0. 09955 -~1.85405 0. 40083 0. 0745% 0. 00000
T 00d 28. 0645 0.08817 O 0883s 97. 97247 2B. 97542 3. 93140 0. 00000 0. 09955 ~—1.87453 ©. 58032 9.0765% 0. 00000
10 GF 29. 7434 0. 09087 0. 09748 97. 97247 28. 97530 3. 93310 ¢. 00000 Q. 09955 1. 87453 -0. 58024 -0. 07457 0O. 00000
11 04 32. 0396 0. 09477 0. 10972 87. 60695 31. 88317 3. 76189 0. 00000 Q. 0995% 1. 76874 -0 484617 -0. 07457 0. 00Q00
i2 B 38. 1610 0. 10711 0. 13644 &9. 67928 42. 01003 3. 33029 G. 00000 €. 12830 1. 48671 -—0.96811 -0. 06645 0. 00000
13 0O 38. 4404 0. 107746 0. 137351 68. 85210 42. 554461 3. 31172 0. 00000 Q. 12830 1.47384 0. 98100 0. 044643 0. 00000
14 B 44. 5618 0. 12398 0. 15747 B2. 53477 56, 28955 2. 92982 a. 00000 0. 15340 1.19181 -1 25258 -0.0%333 0. 00000
1% 0O 44 8412 0. 12483 0. 15826 51.87238 36, 99873 2. 713532 0. 00000 0. 153460 1.17894 -1 27556 -0.0%833 0. 00000
16 8 50. 94626 0. 14652 0. 17325 39. 16540 74. 33796 2. 98131 0. 00000 0. 17587 0. 89691 -1.53690 -0. 03021 0. 00000
17 O 51. 2420 0. 14764 0. 17384 38. 46780 73. 21153 2. 36728 Q. 00000 0. 17587 0. 88404 -1 54977 -0.08%021 O 00000
18 8 97. 3634 0. 17663 0. 18331 k7. 371186 6. 13030 2 268474 0. 00000 O 19553 0. 60201 -1.B8506%9 -0. 04209 0. 00000
19 000 57.8079 0.17904 0. 18504 29. 04507 97. B04&b 2. 266038 0. 00000 0. 19953 0.58154 -1 .B7115 -0.04209 (. 00000
20 GD 59. 48468 0. 18833 0. 18874 =29. 043507 97. 80421 2 26773 0. 00000 0. 195523 -0. 58154 1. 87141 0.04412 ©. 00000
CIRCUMFERENCE = 59. 4848 M THETY = 0. 06494248 RAD NUX = 0. 18835 DNUX/ (DP/P) = ~0. 21240
RADIUS = 9. 4576 M THETY = 0. 00000000 RAD NUY = Q. 18874 DNUY/(DP/P) = -0. 21294
{(DS5/8)/(DP/P)}= 0. 0032870 TeAM=( 17. 44210, 0. 00000)
MAX IMA -=- BETX{ 10) = 7. 97247 BETY( 19) = 7. 8045686 XEQ! 10} = 3. 93310 YEG( 20) = 0. 00000
MINIMA -—= BETX{ 19} = 29, 04307 BETY( 10) = 28. 97530 XEGQ! 19} = 2. 256405 YEG{ 20) = o. 00000




*
#* Define half-cell matrices in order to print out betatron functions
» only at the ends of the quadrupoles. .

*

L2 2] MHCF MMM o] O // HC aF
*u MHCD MMM ) 0 /7 HC ap

* Define a new "beamline" made vp of the above two matrices. Print
* out betatron Ffunctions at the ends of the quadrupoles. .
*
e cL BML o O s/ MHCF MHCD
P cYcC o o s/ CL
POS S(M) NUX NUY BETAX (M) BETAY (M) XEGQ{M) YEG{M) G (M) ALPHAX ALPHAY DXEG DYEQ
o 0. 0000 0. 00000 0. 00000 29. 04507 97. 80421 2. 26773 0. 00000 0. 00000 -~0. 5815 1.87141 0. 04412 0. 00000

1 MHCF 29. 7434 0. 09087 0. 09748 97. 97247 28. 97530 3. 93310 0. 00000 0. 09955 1.87453 -0 58024 -0.074%7 0. 00000
2 MHCD 5% 48468 0. 18835 0. 186874 29. 04507 7. 80421 2. 26773 0. 00000 0. 19553 -0.58154 1. 87145 0.04412 ¢ 00000

CIRCUMFERENCE = 59. 4848 M THETX = 0. 06494248 RAD NUX = 0. 18835 DNUX/(DP/P) = 0. 00000

RADIUS = 7. .84676 M THETY = 0. 00000000 RAD NUY = 0. 18874 DNUY/(DP/P) = 0. 00000
(DS/8)/(DP/P)= 0. 0032870 TeAM={ 17 44210, 3. 00000)
MAXIMA ——= BETX{ 1) = 97. 97247 BETY( 2) = F7. 80421 XEGH 1) = 3. 93310 YEQ( 2) = 0. 00000

MINIMA —-—— BETX!( 2) = 29. 04507 BETY( 1) = 2B. 97530 XEQ( 2) = 2. 24773 YEG( 2) = 0. 00000

*
*



TRMB

RUN

SYNCH Example to Illustrate Fitting

In this example, the phase advance through
a "phase trombone” is Ffitted to wspecified values
The phase trombone consists of 4 standard-sized
cells with full bending. but the quadrupoles are
powered separately. The idea is to match the
Courant—Snyder parameters at the beginning and
end of the trombone to those of the standard cell
but to make the phase advance through the trombone
any value one wishes.

Phase Traombone:

Adjust quad power supplies A.B.{,D.E to make
phase advances from middle of GD to middle of QD
desired values.

SRC

GD

Lengths in maeters, Fislds in Tesla, Tesla/meter
646712. 8
6 Q
11118. 8
1. / RHO
&60-degres Standard Cells

. 164656666467
- 1666665647

1.0

. 003
-. 003
16. &6
2.9

(Note: LQ is the half-quadrupole length)

Bending Magnets . ..
LB 0. BR RHI

Standard Cell Guadrupole Magnets

LG WF BR
La KD BR
C



END

0 DRF 0.9
o0 DRF 29
0ac DRF 50

Beamlines

Standard Cell
. BB BML B D B [n] B o B 0 B
.08B0 BML 00C BB 0OC
BB MMM . BB
08O MMM . OBO
FD BML GF . 08B0 ab
DF BML QD . DBO GF
C BML DF FD

Phase Troamabone
. TR BML. QD 0B0 QFA GFA O0OBO GDB GhB OBD &GFC

GFC OBO 4DD aGDD OBO OFE GFE

OBO GDD Gbh OBO QFC GFC

OBO GDP 4GDB OBD QFA GFA OBC GD

Fit the Cells ...

FITG SRC CL KF KD 1 1MUX MUY

CELL C€YC c

Fit Phase Trombone . ..

Determine Desired Phase Advance Through

the Trombone. ..

MUXT = . 2%
MUYT = . 9%

Trombhone Guadrupole Magnets
KAA - KF
KBB = KD
KCC = WF
RDD = KD
REE - KF
TRMB S5UB
GF A MAQ La KAA BR
aph MAQ LG KBB BR
GFC MAC La RCC B8R
GbD MAQ LG KDD BR
OFE MAQ LG REE BR



TTR

TRRB

END

soLV

FIN
STOP

0o 30 TR [} 30
115 95190 0. 0. 00B&243 Z. 24716 0.0
344. 95041 O. 0.0028990 0.0 0.0
(NOTE: The last two lines in the TRKB statament

couvld have baen left blank and a CL could
have been appropriately placed in line 1.
The program would have then retrieved the
values of the Courant-Snyder paramasters
¢rom the matrix CL )

g 1 TRMB TTR 3000 -2 1
AX 135 0.0 . 0001
AY 1% 0.0 . 0001
DX 1% 0.0 . 0001
ax 30 MUXT . 001
ay 30 MUY T . 001

KAA KBB WKCC HKDD HKEE 1 —-. 004 +. 004 . 00001



SYNCH RUN TRMB

* 8
*5H
5 i
L2 2 ]

L 2
*n

*+4%
-5 &
%
*%%
#3434

%%

L L 2 g

EE R P AN B E X E R R SRR R R h R R Kk ok kN

L I B B B

SRC

=E=oEr - ===z mm=

SYNCH Example to Illustrate Fitting

In this axample. the phase advance through
a "phase trombone” is fitted to specified values
The phase trombone consists of 4 standard-sized
cells with full bending., bhut the quadrupoles are
powared separately. The idea is to match the
Courant-Snyder parameters at the bheginning and
end o¢ the trombone to those of the standard cell
but to make the phase advance through the trombone
any value one wishes.

Phase Trombone:

Adjust quad power suppliss A.B.C.D.E to make
phase advances from middle of GD to middle of GD
desired values.

Lengths in meters, Fields in Tesla, Tesla/meter

- [+ 0 // b&6712. 8

- G g /7 &0

= v} e s/ 111118. 8

- v} [+ IV / RHO
&0-degres Standard Cells:

= o O /7 . 1LbbbELLLT

= 0 © 7/ . 15bb66LLLT

- o cvs/ 1.0

= ¢ o /7 . 003

- o] o s/ -.003

= o] 0 /7 16 4

- 0 o s/ 2.9

(Note: LG is the half-quadrupole length)

Bending Magnets . .

MAG c o // LB 0. BR RHI

Standard Cell Guadrupole Magnats ...

suB 0 Q 7/

=



L 22 aF MAQ (] O /77 LG wF BR
[T ap MAG (4] o /7 LG KD BR
ad cL MMM 1] o s/ <
[T END 0 Q /7
»
*
»
FT ] 0 DRF o o//7 0.5
P 00 DRF 4] 0o/ 2.9
- ooc DRF o 0o/ %50
*



e X
Lt 1
*a#
L2 2
4 ¥
L4 L
3 %

L2 2 g

[ ]

* Beamlines
#*
*
* Gtandard Cell
*
. BB BML o] g/ B 0 B a] B D B 0 B
. 0pon BML [+] 0o // OOX .BH DOC
BB MMM o) ¢ s/ .BB
DBO MMM Q o // .0BO
FD BML 4] Q /7 GF . 0BO GD
DF BML 0 o // @b . 0BO GF
C BML o] Qo /7 DF FD
*
* Phase Trombone
-
. TR BMiL_ 0O o /7 GD OBO0 GFA GFA O0OBO GDB GDB OBO QFC
/7 QFC OBO QDD GDD 0OBO GFE GFE
/7 ©OBD 4€6DD aGDD OBD GFC GFC
// OCRO GDB QDB OBO GQFA GFA OBD QD

-




Fit the Cells ...

[T 1 FITO [4] 0 // SRC CL KF KD 1 1MuUX MUYy
PARAMETER REPLACEMENTS MADE BY FITTING
1 OF KF = 0. 002034033492 1 OF XD = -0, 002034156078
.
[rys CELL cyC o 0 s7 C
POS G} NUX NUY BETAX{M} BETAY(M) XEG (M) YEG(M) IEG (M) ALPHAX ALPHAY DXEG DYEQ
0 0. 0000 O. 00000 ©. 00000 11593190 J44. ?T041 2 247146 0. 00000 ¢. 00000 0. 00000 0. 00000 O.00000 O. 00000
1 Qap 2 S000 0, 00342 O 001146 117. 4B644 340. 40149 2. 261446 C. 00000 0. 00000 -0 61441 1. 73219 0.01145% 0. 00000
2 DocC 7. 5000 0. 01001 ©. 00338 123. 94423 323. %7321 2. 31872 0. 00000 0. 00000 -0 47514 1. 67344 0.011453 0. 00000
3 B 24. 1000 0. 029446 0. 01248 149 393346 271. 25075 2 52121 0. 00000 0. 003&1 -0. 87010 1. 47604% 0. 01294 0O. 00000
4 0O 24. 5000 0. 02999 0.01277 130. 446840 26%. 77319 2. 92769 0. 0000 0. 003461 -0.87598 1. 472462 0. 01294 0. 00000
5 B 41 2000 0. 04393 O OR3%2 182. 78703 224 . 12080 2. 73494 0. 00000 0. 00795 -1.07093 1.2774% 0. 01444 0. 00000
6 0O 41, 7000 0. 04639 0. 02388 183. B&0B9 222 84550 2. 76217 0. 0000 0. 0075%% -1.07680 1.27177 0. 0t444 0. 00000
7 B 58. 3000 0. 05945 0. 03695 222. B4&T74 183. 85978 3 01422 0. 00000 0.01186 -1.27174 1.07680 0. 01393 0. 00000
B 0 %8. 8000 0. 09981 C. 03738 224 12142 182. 78%92 3. 02218 0. 00000 0.01184 -1, 277462 1.07093 O0.01%93 0. 00000
9 B 75. 4000 0. 07056 O. 05334 26%9. 77413 190. 467468 3. 29901 0. 00000 0.016%7 -1 47255 0.8759% 0.01742 0. 00000
10 0 75. 9000 0. 07086 0. 05387 271. 249461 149, 594646 3. 30772 0. 90000 0. 01457 —1. 47842 0.87008 0.01742 0. 00000
11 B 22 5000 0.07978 ©. 07332 323. 546875 123. 94449 3. 50932 0. 00000 0.02174 -1.57334 0. 467511 O.0189¢ 0. 00000
12 00C 7. 5000 0. 08217 0O 07992 340. 59370 117. 48703 3. 70389 0. 00000 0.02174 -1. 73206 0.461638 0. 01891 0. 00000
13 GF 100. 0000 0. 08333 0. 08333 J44. 94429 115 95257 3 72756 0. 00000 Q.02174 0. 00000 0. 00000 O.00000 O 00000
14 GF 102 5000 0. OB44% 0. 0B&675 340. 39370 117. 48703 3. 70389 0. 00000 0.02174 1. 73206 -0.4614638 -0. 01891 0. 00000
1% 00C 107. 5000 0. 0B&B9 0. 09333 a23. 56875 123. 94449 3. 60932 0. 00000 0.02174 1. 47334 -0. 67511 -0 01891 O. 00000
14 B 124 1000 0. 09381 0. 11280 271. 24961 149 59446 3. 30772 0. 00000 0. 02490 1. 47842 -0.87008 -0. 01742 0. 00000
17 0 124 46000 0. 09411 0. 11333 269. 77413 130 4467468 3. 29901 0. 00000 0. 02490 1. 47255 -0. 87393 ~-0. 01742 0. 00000
it8 B 141. 2000 0. 10684 0. 12928 22412142 182. 785392 3. OR218 0. 00000 0. 03161 1. 27762 ~-1.07093 -0.01%93 0. 00000
i1 0O 141 7000 O. 10721 0. 12972 222. B44&74 1B3. 85978 3 01432 0. 00000 0. 03161 1. 27174 -1. 07680 -0. 01593 0. 00000
20 B 158. 3000 0. 120268 0. 14279 183. B&0B? 222. 84610 2. 76217 0. 00000 0. 03592 1.076B0 -1.27177 -0. 01444 0. 00000
21 O 158. 8000 0. 12072 0. 14314 182. 78703 224. 12080 2. 75494 0. 00000 0. 03592 1.07093 -1.27765 ~0. 01444 0. 00000
22 B 175. 4000 0. 1346467 0. 19369 130. 446840 26%9. 77519 2. 927469 0. 00000 0. 03984 0.97998 ~1. 47242 -0. 01294 0. 00000
=23 0 179 9000 0. 13720 0. 15419 149 %9336 271. 25075 2. 52121 0. 00000 0. 03984 0.87010 -1.4784%9 -0 01294 0. 00000
z4 B 192. 5000 0. 15465 0. 14311 123. 94423 323. 37321 2. 31872 0. 00000 0. 04347 0. 67914 -1 47346 —-0.01143 0©. 00000
2% 00C 197. 5000 0. 146325 0. 14551 117. 48444 340. 40149 2 26144 0. 00000 0. DA3A7 0. 61441 -1.73219 -0.01143 0. 00000
=26 ab 200. 0000 0. 166467 0. 166467 113. 95190 344. 95041 2 2471&6 0. 00000 0. 04347 0. 00000 0. Q0000 0. 00000 0. 00000
CIRCUMFERENCE = 200. 0000 M THETX = 0. 01492967 RAD NUX = 0. 16667 DNUX/(DP/P) = -0. 18347
RADIUS = 31.8310 M THETY = 0. 00000000 RAD NUY = 0. 164467 DNUY/(DP/P) = -0. 18370
(DS/8)/(DP/P)= O 0002174 TOAM=( 47 82970, 0. 00000) 4
MAXIMA -—— BETX({ 1I3) = J44. F4427 BETY({ 1y = 344 73041 XEQ( 13) = 3. 72736 YEQ( 26) = 0. 00000
MINIMA -—— BETX( i) = 115, 93190 BETY( 13t = 115 93257 XEGQH{ 1) = 2 24716 YEGQ( 2b) = 0. 00000




Fit Phase Trombone

Determine Desirad Phase Advance Through
the Trombone. .

L2234 MUXT = (4] o/ .95
L L2 HUYT - 4] o /sf .93
*
* Trombone Quadrupols Magnets
*
* - KAA = 0 Q /7 WF
L2 KRB = o] o // WD
LAt KCC = 0 0 7/ NWF
Hn# KDD = o] 0 77 WD
e KEE = o] Q // WF
*
*
*

T aQF A MAG 0 o s/ LG KAA BR
L e L] QDB MAG o o /7 LG “BH BR
- GFC MAG o) 0 /7 LG wCC BR
L1 2 QDb MAG 0 o s/ LG KDD BR
i QFE MAQ 0 Q s/ LG HEE BR
Yy TTR TRKB 0O 3 vrs/7 TR 0 30
» rt 11%. 95190 O, ~ 0.00B6243 2. 24714 [+ M)
* 7/ 344, 93041 0. 0. 0028990 0.0 00
LA END o} 0 s/
»
* (NOTE: The last two lines in the TRKD statsment
L could have been left blank and a CL could
- have bsen appropriately placed in line I
- The program would have then retrieved the
- values of the Courant-SEnyder parameters
+ from the matrix CL.?}
*
L 4
*
i S0V ) 1 // TRMB TTR 3600 - 1
» /7 AX 13 0.0 . 0001
- rr  AY 13 0.0 . 0001
- f7 DX 135 Q.0 . 0001
* fr ax 30 MUXT . 001 ‘
» // QY 30 MUYT . 001
» /7 KAA KBEB KCC KDD KEE 1 -. 004 +. Q04 . 00001
——— SOLV --- BETA-FUNCTION FITTING
FIRST CALL TO TRMB
POS 8 ax BX AX eX X DX ay BY AY ay Y DY
0 0. 00000 0. 00000 115 93190 C Q0000 0. 00B&Z 2. 24714 0. 00000 0. 00000 344 75041 O 00000 0. 00290 O 00000 0. 0D000

1 QD 2. 50000 0. 00342 117 4B&44 0. 61642 0.01175 2 24146 0. 01145 ¢. 00114 340. 60149 1. 73217 0. 01173 ©. 00000 0.00C00



2 o8O 97. 30000 0. 08217 340 99604 -1 73206 0.01174 3. 70308 0. 01691 0.07992 117. 48734 O. 614638 0.01173% 0. 00000 0. 00000
3 GF A 100. 00000 0. 08333 344. 94443 0. 00000 0. 00290 3. 72753 0. 00000 0. 08333 11%. 95250 0. 00000 0. 00842 O©. 00000 0. 00000
4 aF A 102. 30000 0. OB449 340 9%940% 1.73206 0.01174 3. 70388-0. 01891 0. 08675 117. 48739 —0. 6146379 0.01175 Q. 00000 O. CODOC
9 0BO 197. %0000 0.1632% 117. 48678 0. 61642 0. 01173 2. 261446-0. 01147 0. 146551 340 &0433 -1. 73221 0.01173% 4. 00000 0. 0O000
6 QP8 200. 00000 0. 16667 115 93224 0.00000 0. 00862 2. 247146 0. 00000 0. 16667 344.9%331 0. 00000 0. 00290 0. 00000 0. 00000
7 QDB 202. 30000 0.17008 117 48680 0. 61642 0. 01173 2. 26146 0, 04145 0. 164782 340. 60438 1.73220 0.01175 0. 00000 0. 00000
8 opo 297. 30000 0. 248084 340. 37703 -1. 73206 0.01174 3. 70389 0. 01891 0. 24658 117. 48833 0. 4614639 0.0117% 0. 00000 C. 00COD
9 GFC 300. 00000 0. 25000 344 943463 0. 00000 0. 00290 3. 727546 0. 00000 0. 25000 11%. 95388 0. 00000 Q. 00862 ©O. 00000 0. 00000
10 GFC 302. 30000 0.2%1146 340. 39703 1. 73204 0. 01174 3. 70389-0. 01891 0. 25342 117.4883% -0. 61639 0. 01173 0. 00000 0. 00000
11 apo 397. 30000 0.32992 117.4B6B0 0. 61642 0. 01175 2 26147-0.0114% _  0.33217 340. 60438 -1 73220 €. 0117% Q. 00000 0. 00000
12 GDD 400. 00000 0.33333 11%.9%224 0. 00000 0. 00842 2. 24717 0. 00000 0. 33333 344, 95331 0. 00000 0. 00290 0. 00000 0. 00000
13 aDn 402. 30000 0.334753 117. 48678 0. 614642 0. 01173 2. 25147 0. 01143 0. 33449 340 460433 1.73221 0.01173 0. 00000 0. 00000
14 oBOo 497. 50000 0. 41531 340. 39409 -1. 73204 0. 01174 3. 70390 0. 01891 0. 4132% 117. 4873% 0. 6143% 0. 0117% 0. 00000 ©. 00000
13 GFE 3500. CO000 0. 41647 344, 94453 0. 00000 0. 00290 3. 72757 0. 00000 0. #1464 11%. 95290 0. 00000 €. 00862 ©. 00000 ©O. 00000
156 GFE 302. 30000 Q. #1782 340. 594604 1.73206 0.01174 3. 70390-0. 016891 0. 42000 117. 48734 —-0. 41438 0. 01175 0. 00000 0. 00000
17 0OBO 997. 30000 0. 49636 117. 485644 0. 414642 0.01173 2 26147-0. 01143 0. 459804 340. 60147 -1. 73219 0. 01173 0. 00000 ©O. 00000
ie ann &00. 00000 0. 30000 11% 93190 O©.00000 O.00B62 2. 24717 0. 00000 0. 30000 344. 935041 0O.00000 0. 00290 0. 00000 0. 00000
19 QDD &02. 30000 0. 30342 117. 4B&44 0. 614642 0. 01173 2 26147 0. 01147 0. 30114 340. 6014% 1. 73219 0.01173 0. 00000 O. 00000
20 210 &97. 50000 0. 58217 340. 594604 —-1. 73206 0.01174 3. 70390 0. 01891 0. 97991 117. 48734 0. 41438 0.011753 0. 00000 0. 00000
=21 oFC 700. 60000 0. 539333 344, 944463 0. 00000 0. 00290 3. 72737 0. 00000 0. 38333 115, 95290 0. 00000 ©. 00B62 0. 0000C 0. 00000
22 aFC 702. Q00 0. 56449 340 359505 1. 73206 0.01174 3. 70390-0. 01891 0. 58475 117. 48739 —0. 614639 0. 01175 0. 00000 0. 00000
23 u): ) 797. 30000 0. 66323 117.48478 0. 41642 0.0117% 2 26147-0. 01143 0. 64531 340. 60433 -1.73221 0.0117% 0. 00000 0. 00000
24 apn a800. 00000 0. 466467 115 99224 0.00000 0.00862 2. 24717 0. 00000 0. bobss 344, 93331 0. 00000 0. 00290 0. 0000C 0. 00000
25 GDB 802 30000 0. 47008 117. 48480 —0. 415642 0. 01175 2 26147 0. 01143 0. 44782 340. 40438 1.73220 0.0117% 0. 0000C ©. 00000
26 OoBOD 897. 30000 Q. 74884 340. 39703 -1.732046 0.01174 3. 70387 0. 01891 0.74658 117 4883% 0.46143%9 0. 01175 0. 00000 0. GOCO0
27 QF A 200. 00000 0. 75000 344 94345 0. 00000 0. 00RP0 3. 72734 0. 00000 0.75000 11% 93368 O0.00000 €. 00862 0. 00000 O. 00000
28 GF A f0=2. 3000 0. 75116 340. 39705 1.73206 0.01174 3. 70389-0. 01891 0. 73341 117 48835 -0. £143%9 0. 01175 0. 00000 0. 00000
29 0RO 997. 50000 0.B82992 117 484680 0. 61642 0.0117% 2. 261446-0. 01143 0. B3217 340. 60438 -1.73220 0.0117% 0. 00000 0. 00000
30 QD 1000. 00000 O #3333 115 93224 0.00000 0.00842 2. 247146 0. 0000 0. 83333 344. 95331 0. 00000 0. 00290 ©. 00000 0. 00000
CONBTRAINT FUNCTION POSITION VALLUE - FIT VALUE ERRDR TOLERANCE
1 AX 13 0. Q000017 0. 0000000 0. 0000017 0. 0001000
2 AY 13 0. Q0Q00A% 0. 9000000 0. 0000047 0. 0001000
3 DX 13 0. 0000000 0. 6000000 0. 0000000 0. 0001000
4 ax 30 0. 8333318 0. 9300000 -0. 11464682 0. 0010000
] ay 30 0. 8333291 0. 9300000 ~0. 11466709 0. 0010000

FCN = SUM((ERROR/TOL. )##2)/ 3 =

0. 54447 13E+04

N



HREERRBREE R R E SN
* D306 MINVITE +»
» VERSION 1.75 *
# DATA BLOCK ND. 1| #

BN N O3 R T AN 0N T R T3 O
T YEEY RN SYYYY IR RIS LA IS PR LS RIS I IS I A ST IR LIS LIRSS EARS SIS A2 AL L L
T I N0 N OE B 6 R AR 3 6 S T 36 B OE B I OE 36 36 O O O

ENT. STEP SIZE
0 29034E-02
0. RF0ISE-OR
Q. 29034E-02
Q. RF0IBE-02
0. 29034E-02

00000 C. 00000
00000 0. 00000
LT, 0 10e-01

INT. STEP S51ZE
. 00000E+00
0. 24251E-04
0. 10309E-03
Q. 39502E-04
0. 20432E-04

1 KAA 0. 002034 0. 000010 -0. 4000E-02 0. 4000E-02
2 KBB -0. 002034 0. 000010 -0. 4000E-02 0. 4000E-02
3 Hee 0. 002034 ©. 000010 -0. 4000E-02 0. A000E-02
5 KDD -0. 002034 0. 600010 -0, 4000E-02 0. 00DE-02
s KEE 0. 002034 0. 000010 -0. 4000E-02 0. 4000E-02
s ryrryyrrrer sy y s FTII A S AL AL ALY AL SR ES RS LI AR R Y 2R LS SIS TS S AL 2L ] ]
FCN VALUE CALLS TIME EDM INT. EXT. PARAMETER VALUE ERROR INTERN. VALUE
0. 5444715E+04 1 0.111 0. DOE+00 11 KaaA 1 0.20340E-02 ©. 10000E-04 0. SIF45E+00
2 2 HKeB t -0.20342E-02 ©O. 10000E-04 0. S3349E+00
3 3 MCC 1 O.20340E-02 O. 10000E-04 0. 53345E+00
4 & KDD 1 -0.20342E-02 O. 10000E-04 -0. $3349E+00
5 5 KEE 1 0.200406E-02 0. 10000E-04 0. B3345E+00
R 2 22 22 L % 2 4
e 1aseaPRINTOUT 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 0.
X222 22 2 )
4 3 0 W0 M EN
#x5  DusEsMINIMIZE 3000. 00000 0. 01600 0. 00000 0. 00000 0. 00000 0.
W 0O 3 3 %N
5TART SIMPLEX MINIMIZATION CONVERGENCE CRITERION -- ESTIMATED DISTANCE TD MINIMUM (EDM)
SIMPLEX MINIMIZATION HAS CONVERGED
FCN VALUE CALLS TIME EDM INT EXT. PARAMETER VALUE ERROR INTERN. VALUE
0. 4379707E+04 466 0.58% 0. S1E-02 1 1 KAA 1 ©.1B730E-02 O 13947E-05 0. 48788E+00
2 2 BB 1 -~0.213561E-02 O. 13B74E-05 -0. S4334E+00
3 3 uce 1 0©0.21808E-02 0. 55S57E-05 0. 575664E+00
4 A4 DD 1 -0.22100E-02 0.30737E-05 ~0. SB336E+00
5 5 KEE 1 0.20147E-02 O©O. 10B51E-03 0. S2B41E+0D
ERRORS CORRESPOND TD FUNCTION CHANGE OF 1. 0000

CONVERGENCE CRITERIA

START MIQRAD MINIMIZATION.

COVARIANCE MATRIX IS NOT POSITIVE-DEFINITE.
MIGRAD MINIMIZATION HAS CONVERGCED

ESTIMATED DISTANCE TO MINIMUM (EDM)
OR EDM . LT. O. 10E-01 AND FRACTIONAL CHANGE IN VARIANCE MATRIX

.LT. 0. 10E-06
.LT. Q. 40E-01

FCN VALUE CALLS TIME EDM INT. EXT. PARAMETER VALUE ERROR INTERN. VALUE INT. STEP SIIE
0. 92404698E-03 2012 2. 292 0. S4E-0O4 1 1 KaA 1 0. 22380E-02 0. P2511E-03 0. SP40D3E+00  ~0. 5564FE-O05
2 2 NKBB 1 -0 21940E-02 Q. 44797E-05 -0. 56B46E+00 -—0. 2B74BE-07
3 3 KCC t 0. 22722E-02 C. 73090E-02 O. 60413E+D0 0. 6B8478BE-O3
& 4 KDD 1 -0 25%37E-02 0. 13381E-04 -0, 6954%E+00 -0. 10980E-04
5 5 MKEE 1 0. 24012E-02 0. 82303E-0% 0. 44388E+00 0. 10276E~04
ERRORS CORRESFOND TO FUNCTION CHANGCE OF 1. 0000
HERRERRRRE
#a%  JnsanEND RETURN 0. 00000 Q. 00000 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000
SR RS
LAST CALL TO TRMB
POS S ax BX AX ox X Dx ay BY AY QY Y DY
0 0. 00000 0. 00000 115 9%19C 0.00000 0. 008462 2 24714 0. 00000 ¢. 00000 344. 75041 O. 00000 0. 00290 0. 00000 O. 00000
1 ap 2. 50000 0. 00342 117. ABLA4 0. 515642 0.01175 2. 26144 0. 01145 0. 00116 340 50149 1. 73219 0.01175 0. 00000 0. 00000
2 08B0 f7 50000 0. 08217 340. 59604 -1.732046 0.01174 3. 70088 © 01891 0. 07992 117.48734 0.461638 0. 01175 O. Q0000 D:-00000



3 QF A 1C0. 00000 0. 08333 344. 30%21 0. 17569 0.00299 3 723518-0. 00190 0.08333 116. 10200 -0. 0396& 0. 00B&4 0. 00000 0. 00000
4 aF A 102. 50000 0. 0BAS0 306. 8504F 2. 073560 0.0id64 3. 6F44i-0. OZ2H7 0. 0B674 118. 089352 -0. 73905 0. 0i309 ©. 00000 ©. CO000
- 0BOD 197. 30000 0. 17841 96 01394 0. 38779 0. 01364 3 B7355-0. 01322 0.14110 376. 87879 -1. 76294 0. 01309 0. 00000 0. GO000
& aDnp 200. 00000 0. 18310 B4. 30993 0.09687 0. 01197 1. B&616-0. 00511 0. 1621% 381. 53786 0. 04804 0. 00263 0. 00000 0. 00000
7 aDBp 202. 30000 0.18781 835 034634 —0.38801 0. 01334 1. B&7935 0. 00494 0. 14320 376. 20270 2. 07644 0.01412 0. 00000 0. 00000
a8 0BO 297. 30000 0. 39312 281. 07394 ~1. 47470 0.01334 2 49162 0. 01240 0.24088 109. 10308 0. 73513 0. 01412 0. 00000 0. GOOOO
9 aFC 300. 00000 0. 29453 28%. 47988 -0 07933 0. 00352 2. 70366-0. 00294 0. 24457 107.03792 0. 09484 0. 00943 0. 00000 0. 00000
10 QFcC 302, 30000 0. 29993 281. 85971 1.32053 0.0117% 2. &7716-0. 016824 0. 24827 108. 14549 ~0. 54004 0. 01194 0. 00000 0. 00000
11 DBO a97. 50000 0 39220 9B. 79968 0. 40427 0.01173% 1 29891-0. 01078 0. 33379 318. 545339 -1. 67469 0. 01194 0. 00000 0. Q0000
12 QDD 400. 0ODOO 0. 39624 98, 62527 —0.25370 0. 01079 1. 28232-0. 00252 0. 33503 321.82713 0. 354901 0. 00333 0. 00000 0. 00000
13 apD 402. 30000 0. 40023 101. 56392 -0. 92803 0. 01833 1. 28530 0. 00371 0. 33428 J14.894%4 2 38920 0. 02130 0. 00000 0. 00000
14 (2 1] 497. 50000 0. 47411 443, 26076 -2 66871 0.01832 2 18282 0. 01317 0. 44743 53.20889 0. 365379 0.02130 0. 00000 0. CO000
15 GFE 500. 00000 0. 47300 449 945612 0.00000 O. 00222 2 19930 0. 00000 0. 47500 52 29996 0.00000 0. 01712 0. 00000 O. 00000
146 GFE 502, 50000 0. 47389 443. 26077 2. 64871 0. 01032 2 18282-0. 01357 0. 482%4 53 20889 -0. 36337 0. 02130 0. 00000 0. COO0O
17 080 597. 50000 0. 54977 101. 56394 0. 92803 0. 01833 1 2854618-0. 00571 0. 461372 31489447 -2 38920 0. 02130 0. 00000 0. 00000
18 QDo 400. 00000 0. 38374 98 42329 0 25370 0.01079 1. 28220 0. 00251 0. 41497 321, 82706 ~-0. 34901 0 00333 0. 00000 O. OOLOO
19 anD &02. 50000 0. 55780 98 99971 -0. 40427 0. 0117% 1 29878 0. 01077 0. 415621 318 54332 1. &746% 0. 05194 0. 00000 0. 00000
20 0Bo &97. 50000 0. 43407 281 83978 1. 52054 0.01175 2 67676 0.01B24 0.70172 108, 14568 0. 54004 0. 01194 0. 00000 0. Q0000
21 aFcC 700. 00000 0. 45347 285 47993 0. 07933 0. 00332 2. 70324 0. 00294 0. 70543 107. 03731 -0. 09484 0. 00943 0. 00000 0. 00000
22 aFC 702. 50000 0. 43680 281 07401 1.47470 0. 01354 2 469142-0. 01240 0.70912 109. 10307 -0. 73513 0. 01412 0. 00000 0. 00000
23 o8B0 797. 50000 0. 74219 B85 03433 0.28881 £ 01354 1 85772-0. 00474 @ TBLB0 D375, 202745 -2 07544 0 01412 0 00000 O 00000
24 apsp 800. 00000 0. 76690 B4 30994 -0. 09687 0. 01197 1. 86793 0. 00311 0. 78785 381. 33793 -0. 04804 0. 00243 O©. 00000 0. CO000
25 apa 802. 50000 0.77159 Bé 01393 0. 38779 € 013464 1. 89332 €. 013522 ¢. 786889 376. 47885 1. 968294 0. 01309 O. 00000 Q. 00000
24 oBO 897. 30000 0. 855%0 338. 85538 -2. 073465 0. 01564 3. 49410 C. 02269 0. B&326 118.0895%4 0.7390%5 0. 01309 0. 00000 0. 00000
27 aF A %00. 00000 0. Bb&b4T 344, 50510 -0. 17369 ©. Q0299 3. 72487 0. 00170 0. Bb667 11b6. 10202 0. 03966 0. 00864 ©. 00000 O. DOOO0
<8 GF A F02. 30000 O. BAT7B3 340. 59593 1.73206 ©. 01174 3. 70358-C. 0ioT1 0. 87008 117. 48737 0. 61638 0. 01175 ©. 00000 . OOCO0
29 0Bo 997. 30000 0. 94698 117 4B643 0. 614641 0. 01173 2 26141-0, 01143 O. 74884 340. 60131 -1.73219 0.01175 0. 00000 O. OO000
30 QD 1000, 00000 0. 95000 1193 93189 0.00000 0. 00862 2 24712 0. 00000 C. 95000 344 95044 0. 00000 0. 00290 O. 00000 O. 00000
CONSTRAINT FUNCTION POSITION VALUE FIT VALUE ERROR TOLERANCE

1 AX 13 —0. 0000002 0. 0000000 ~-0. 00D0O002 0. 0001000

2 AY 1% 9. 0000001 0. 0000000 0. 0000001 0. 0001000

3 DX 13 -0. 0000006 0. 0000000 -0. Q0000046 ¢. 0001000

4 ax 30 0. ?500004 0. 9300000 0. 0000004 0. 0010000

9 ay 30 Q. 7499982 0. 9300000 -0. 0000018 C. 0010000

FCN = SUM((ERROR/TOL. )#%2)/ 5 = (. 9240698BE-037




™

[T s FIN s] 0 // CORE USE SUMMARY MAX IMUM USED UNUSED
STORE (ELEMENT STORAQE) 17280 {(LMAX) 2837 14443
720 (MAX) 157 543

INFF (ELEMENT DEFINITIONS)

END OF SYNCH RUN TRMB
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RUN
Calculation of Closed Orbit for a Synchrotron with
a Misaligned Element.

The calculation will be performed vsing two different
methods —— 1) using BMIS and CYC
2) using MOVE and FXPT

Lengths in meters., field strengths in k@, kG/m, wetc.

Magnetic Rigidity at 1 TeV ..

= 33387. 702

Bend Field strength

= 44 622553

Guadrupole gradients

= 760. 32054
= ~760. 320586

C Magnet lengths .. .

=
BL
QL

AHOoOO"

MDFN

CE

sNeRe!

ago
oo
a

I
[e]

CELL

OHAGaan o} s ReNgl

= 6. 1214
= 1. 67894

Magnet dafinitions

Magnet Definitions

suUB

MAG 3L 0.0 BRHUD BY $
MAG GL GF BRHO

MAG qaL )y BRHO

END

Drift Definitions

DRF 0. 2794
DRF 2. 29616
DRF 0. 4445

Standard Cell Beamline Definition

BML o0 B ©O B ©O B O B 00D
BML HC GF HC  GD
————————— METHOD 1:

Begin the Magnet Misalignment Mode. ..

BMIE



Ly

ARC

(2N s NeNoNe]

MHC

MHCF
MHCD

o o0 an a0

aoOaon

M54

MSC

RNG

GO0 o0 OO0 On00n

g

[sNaRale]

MHC
MHCF
MHCD
ARC
MSC
RNG

vC
GFM

CALL 1 MDFN

MMM 76( CELL )

Define half-cell matrices in order to print out betatron Ffunctions

only at the ends af the guadrupoles. . .

MM HC
MMM HC aF
MMM HC aD

Define a new "beamline” made up of the above two matrices.

BML MHCF MHCD

Define the misaligned element and a corresponding
"misaligned” standard cell

MAGS 2 GF 0.0 0.0 -. 010 -. 010 0.0
BML MHC MSQ@ MHCD

Define a ring made up of the above standard cells with one
quadrupole being misaligned.

BML 10¢ € )} MSC f( C } ARC

Calculate the Closed Orbit using CYC. {In BMIS mode. the
ctlosed orbit will appear in the columns marked XEQ. YEQ in
the CYC output.) MNote that in this CYC output, each line
will correspond to the end of a quadrupocle. Also, the "tynes”
at the end of the CYC output will be incorrect because the
phase advance through the matrix ARC is greater than 2pi.

See Section IV — CYC.

CYC RNG
EMIS

————————— METHOD 2:
CALL 1 MDFN
MMM HC
MMM HC aF
MMM HC aD
MMM 760 CELL ]
BML MHC GFM MHCD
BML 10¢ C )} MSC gL C } ARC

Re—define a misaligned quadrupole magnet using the MOVE command. .

dx dap dy dyp ds dphi
VEC =} .0 00 -Q. 010 a0 c.0 0.0
MOVE QaF vC



2R NeNoNsRaNe] Daon

)

PV

Look at the magnet matrices ...

WMA 2 ar GFM

Now the closed orbit may be calculated using FXPT. ..

Provide initial guess of closed orhit for the FXPT rouvtine:

¢

{ x, ', y y'.
PVEC 0. a. o 0.
FYXPT 2 1 PV RNG 1 4] 10 4]

STOP
FIN

ds
0.
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SYNCH RUN MSMG

B e T T T T e e Y e e Y L SsmNms oo oy B ——
* Calcuvlation of Closed Orbit for a Synchretron with
* 3 Misaligned Element.
»
*
*
* The calculation will be performed vsing two different
* methods —- 1) using BMIS and CYC
* 2} using MOVE and FXPT
*
*

L2

L2 2

&
% 4

4%
L2 2]

*

RHO

om

t*#tlhrqgtt*ﬂ)ﬁt*tmtttm#t*“*

Lengths in meters., fieid strengths in k& kB&/m: etc

Magnetic Rigidity at 1 TeVv

= 0 o s/ 33387. 702

Bend field strength

= o] 0 s/ 44 622553

Guadrupole gradients

= o] 0 // 760 320546
= 0 0 /sFf -760. 32056

Magnet lengths

= 0 0 /7 61214
= 0 0 // 1. &67B94

Magnet definitions .

Magnet Definitions

8
I
¥

LE L

L2 2

ELL

* 0k T ok % x 000 % * %

MAG 4] 0o s/ BL 0.0 BRHO BY )
MAG [¢] 0o // QL 6F BRHOD

MAG 0 o /7 aL eD BRHO

END 4] 0 7/

Drift Definitions
DRF 0 Q /7 0. 2794
DRF o Q // 2 298146
DRF Q 0 // 0.4445
Standard Cell Beamline Definition

BML ¢ 0 /s/ 0O B ) B 0 B 0 B Do

BML 0 Q /7 HC ar HC ap



* %

it

L 22

¥
*4F
%%

*

W #

3% %

W* %%

LI B B N

=

*%***l*ﬁ**#
(]

n
'3

r4
5]

ok B ok ok ok ok k% kD ok ok koK

MHCF
MHCD
MHCF
MHCD

MHCF
MHCD
MHCF

--------- METHOD 1:
Degin the Magnet Misalignment Made. .

BMIS

CALL 1 0 // MDFN

MMM ¢ 0 s/ 76( CELL )

Define half-cell matrices in order to print out betatron functions

enly at the ends of the gquadrupoles. ..
MMM ¢ 0 // HC
MMM 0 0 // HC aF
MMM o 9 2/ HC ap
Define & new "beamline” made up of the above two matrices.
BML V] G // MHCF MHCD
Define the misaligned alement and & corresponding
"misaligned" standard cell
MAGS 2 O /75 GF 0.0 0.0 -. 010 -. 010
BML o O /7 MHC MSG MHCD

Define a ring made up of the above standard cells with one
quadrupole being misaligned.

BML 0 9 7/ 10¢ C ) MSC ?C C ) ARC

0.0

Calculate the Closed Orbit using CYG.

{In BMIS mode, the
closed orbit will appear in the columns marked XEQ. YEQ. in
the CYC output. ) Note that in this CYC output., each line
will correspond toc the end of a quadrupole. Alse, the "tunes"
&t the end of the CYC output will be incorrect because the
phase advance through the matrix ARC is greater than 2pi.

See Section IV —— CYC.

cYeC ) Q /7 ANg
=] PSIX BETAX ALPHAX XEGQ DXEG PSIY

€. 0000 0. 00000 29. 045075 -0. 58154 0. 000000 0. 00000 0. 00000
279. 7434 0. 09087 7. 972458 1. 87453 0. 000000 O. 00000 0. 09759
59 48468 0. 18835 2%. 045075 -0. 58154 Q. 000000 0. 00000 0. 18875
a9. 2302 Q. 27922 97. 972458 187453 0. 000000 O©. 00000 0. 28643
118. 9736 0. 37689 29. 045075 -0. 58134 0. 000000 0. 00000 0. 37749
148. 7170 0. 46754 7. 972458 1. 87453 0. 000000 ©. 00000 0. 47518
178. 4604 0. 56504 29. 043075 -0, 58134 Q. 000000 0. 00000 0. 56624
208. 2038 0. 65591 7. 972458 1. 87453 0. 000000 0. 00000 0. 66393
237. 9472 0. 75339 29. 045075 -0. 58154 0. 000050 0. 00000 0. 75499

MHCD

. 801547
. 974208
. 801567
. 974208
. 8015467

. 974208
. BOL567
. 974208
. BO1547

YEG

0.
0.
-0,
-0.
~0.

=0.

-0.

-0,
0

024159-Q.
00&63-0.
00313-0.
00997-0.
024654 0.

01412-0.
01680 0.
00063 0.
01393-0.

DYEG

00060
00033
00022
00059
00043

0001
00054
00050
00002



? MHCF 267 4906 0. B4426 97. 972438 1. 87453 0. 000000 0O. 00000 0. B5267 28. 974208 -0 58022 0. 013465 0. 00047
10 MHCD 297 4340 D. 94173 29. 045075 -0. 5B154 0. 000000 0. Q0000 0. 94374 27. BO15467 1.87136 0. 02726-0. 00056
11 MHCF 327 1774 1. 03260 97. 972458 1. 87453 0. 000000 0. 00000 1. 04142 28. 974208 -0. 58022 0. 01088-0, 00014
12 MHCE 35&6. 9208 1. 13008 29. 045075 0. 58134 0. Q00000 O, 00000 1. 13248 97. 801367 1. 87136 0. 00654-0. 00040
13 MHCF 3B&. 65642 1. 22095 97. 972458 1.87433 0. 000000 0. 00000 1. 23017 28. 774208 -0. 38022 -0. 00548-0. QO0Q59
t4 MHCD 416 4076 1. 31843 29. 045075 -0. 58154 0. 000000 0. 00000 1. 32123 97. 801567 1. 87136 -0.0223% 0. 00026
15 MHCF 444 15310 1. 40930 7. 972458 1.87453 0. 000000 0. Q00000 1. 41891 28 974208 -0. 58022 -0. 0149%9-0. 00031
14 MHCD 475 9944 1. 30677 29. 0453075 0. 58154 0. 600000 0. 00000 1. 50998 F7. BO15&7 1. 87136 -0. 02332 0. 00060
17 MHCF 505 6378 1. 59764 7. 972458 1. 57453 0. 000000 0. 00000 1. 40746 28. 974208 -0. 58022 -0. 00578 0.000354
18 MHCD 535 3812 1. 69512 29. 045075 -~0. 58154 0. 000000 O, 00000 1. 49872 97. 801547 1. 87138 0. 00484 0. 00018
17 MHCF S65 1244 1. 78599 97. 972458 1. 87453 0. 000000 O, 00000 1. 79641 28. 974208 -0, 58022 0. 01065 0. 00058
20 MHCD S94 8680 1. 88347 2%9. 045075 -0. 58154 0. 000000 0. 00000 1. 88747 97. 801567 1. 87134 0. 02695-0. 0004656
2 MHC &2 9328 1. 97164 F7. 972458 -1.87433 0. 000000 0. 00000 1. 97583 28. 974337 0. 58030 0. 01410-0. QD044
22 MSG &24. 6114 1.974034 7. 9724358 1. 87453 0. 000000 O, 00000 1. 985164 28. 774208 -0, 58022 0. 01410 0. 00044
23 MHCD 454 3548 2.07181 29. 045075 -0 501548 0. 000000 O 00000 2. 07622 97. 801567 1. 87134 0. 024685-0. 00058
24 MHCF &84, 0982 2. 162869 7. 972438 1. B7453 0. 000000 0. 00000 2. 17390 28. 974208 -0. 58022 0. 01002-0. 00018
2% MHCD 713 B841s 2. 260146 2%. 045073 -0 58153 0. 000000 © Q0000 2. 264%56 97. 8015467 1. B7134 0. 00438-0. 00034
26 MHCF 743, 58350 2. 35103 97. 972458 1.87453 0. 000000 0. 00000 2. 386265 28. 974208 -0, 58022 -0, 00458-0. 00060
27 MHCD 773. 3284 2. 44851 29. 045075 -0 58154 0. 000000 ©O. 00000 2 45371 7. BO15&67 1.87136 -0 02357 0. 00031
28 MHCF 803 0718 <. 53938 97. 9724058 1. 87453 0. 000000 0, 00000 2 55140 28. $74208 -0. 58022 -0. 01496—0. 00026
29 MHCD 832 68152 2. 63685 29. 045073 -0. 58154 0. 000000 O 00000 2. 64246 97. 801547 1.87136 0. 02207 0. 00059
30 MHCF  Bé62. 55846 2. 72773 7. 972458 1.87453 0. 000000 ©. C0000 2. 74014 28. 974208 -0. 58022 0. 00465 0. 00040
31 MHCD 892 3020 2. 82%20 29. 045075 -0. 58154 0. 000000 O 00000 2 83121 27. 801547 1. 87136 0. 00499 0. 00014
3d2 MHCF 222 0454 2. 91607 97. 5972458 1. 87453 0. 000000 0. 00000 2. 92889 28. 974208 -0. 58022 0.01146 0. 000546
33 MHCD 951 7888 3. 01355 29 045073 -0. 58153 0. 000000 0. 00000 3. 01995 7. 801567 1. 87136 0. 02732-0. ¢0D47
34 MHCF 981. 5322 d. 10442 97. 972458 1.87453 0. 000000 0. 00000 3 11764 28 774208 -0. 58022 0. 013258 0. 00002
35 MHCD 1011 2754 3. 20190 2% 045075 -0. 58154 Q. 000000 0. 00000 3. 20870 97. 801567 1. 87136 0. 01352-0. 00050
36 MHCF 1041 0190 3. 29277 F7. 972458 1. 874983 0. 000000 0. 00000 3. 30638 2B. 974208 -0. 58022 -0. 00151-0. 00053
37 MHCD 1070. 7424 3. 39024 2%. 045075 -0. 58154 0. 000000 0. 00000 3. 39745 97. 801567 1.87136 -0.01717 0. 00011
38 MMCF 1100 5058 3. 48111 97. 972458 1. 87453 0. 000000 0. 00000 3. 49513 28. 974208 -0, 38022 -0 01439-0. 00043
39 MHCD 1130 2492 3. 57859 2%. 045075 -0. 58154 0. 000000 ©. 00000 3. 58617 7. 801567 1.871346 -0. 024641 0. 00059
40 MHCF 1159. 99264 3. &6944 97. 972458 1. 87453 Q. 000000 ©. 00000 3. 68388 £28. 974208 -0 58022 -0. 00930 0. 00022
41 MHCD 118%. 7360 3. 76674 2%. 045075 -0 58154 0. 000000 0. 00000 3. 77494 7. 801567 1.871346 -0.00246 0. 00033
42 ARC 5710. 7328 4. 0B129 2%. 045075 -0. 58154 0. 000000 ©. 00000 4. 11972 7. B01 5467 1. 87136 0. 02419-0. 00060

POS S PSIX BETAX ALPHAX XEQ DXEG P51Y BETAY ALPHAY YEG DYEQ
R= 08. BF135 THETA= & 28318525 GxX= 4. 0B129 QY= 4, 11972

MAX IMA BETAX( 3B8)= 37, 97246 XE@={ 42)= 0. 00000 BETAY( 42)= 97 80157 YEQ( 33)= 0. 02732

MINIMA BETAX( 2= 29 04507 XEQm{ 42)= 0. 00000 BETAY{ 3)= D2B. 97421 YEQ@( 7)= -0 00043

CONTRIBUTIONS TO CHROMATICITY (DNU/(DP/P)) FROM MAGNETS EXPLICITLY IN CHRX = 0. 0000, CHRY = 0 0000

3T EMIS



L 2

*H*
*# &
N W
4%
*
* %%

x K % %

MHC

MHCD

call

MMM
MMM
MMM
MMM
BML
BML

[=RagaNeRolel
CO0OQOCO
~
~

ME

MDF

HC

HC

HC
76

THOD 2:

N

aF
ap
{ CELL

)

MHC GFM MHCD
} MSC ¢ C

10

« ¢

} ARC

Re—-define a2 misaligned quadrupole magnet uysing the MOVE command. .

VEC
MOVE

TRANSFER MATRICES

ELEMENT

GF

GFM

dx dxp dy
1.3 /7 00 0.0 -0. 010
] Q 7/ GF ve
Look at the magnet matrices ..
2 o // GF aFM
X DX/DS
0. 96807335 1. 66103516
-0. 03782588 0. 9680753%
0. 00000000 0. 90000000
0. 00000000 0. 40000000
0. 00000000 0. 00000000
0. 00000000 0. 00000000
0. 00000000 0. 00000000
LENGTH = 1. 47894000
0. 26807535 1. 646103516
-0. 03782588 0. 76807535
0. 00000000 0. 00000000
o. 00000000 0. 00000000
0. 00000000 0. 00000000
0. 00000000 0. CO0000000
0. 00000000 0. 00000000
LENQGTH = 1. 67894000

dyp

000000

d
©.0

. Q0000000
. 00000000
. 03224803
. 03864378
. 00000000
. 00000000
. 00000000

THETA =

CO0O=00

. Q0000000
. 00000000
. 03226803
. 038464398
. 00000000
. 00000000
. 00000000

THETA =

Now the closed orbit may be calcuvlated using FXPT..

s dphi
0.0 0.0
R{I.J)
DY/DS -DS DP/P 1
0. 0000000 0. 00000000 0. 00000000 0. 00000000
0. 00000000 0. 00000000 0. 00000000 0. 00000000
1. 694696015 0. 00000000 Q. 00000000 0. 00000000
1. 032246803 0. 00000000 €. 00000000 0. 00000000
0. 00000000 1. 00000000 0. 00000000 0. 00000000
0. 00000000 0. 00000000 1. 00000000 0. 00000000
0. 00000000 0. 00000000 0. 00000000 1. 00000000
0. 00000000
0. 00000000 0. 00000000 0. 00000000 0. 00000000
0. 00000000 0. 00000000 0. 00000000 0. 00000000
1. 696956015 0. 00000000 C. 00000000 0. 000322468
1.048326803 0. 60000000 0. 00000000 0. 00036644
0. 00000000 1. 00000000 0. 00000000 0. 00000000
0. 00000000 0. 00000000 1. 00000000 0. 00000000
0. 00000000 0. 00000000 Q. 00000000 1. 00000000
0. 00000000

Provide initial guess of closed orbit for the FXPT routine:




)

&

dp/p

o

ds

(o)

o

S

&

~- 0






CALCULATION OF THE EGQUILIBRIUM ORBIT AND BETATRON FUNCTIDNS OF S
INITIAL REFERENCE RAY DEFINED BY #PV

X = 0 00000000 DX = 0.00000000 Y = 0. 00000000 Dy = 0. 00000000 DS = 0. 00000000 DP/P = 0. GODOOO0O 1. 00000000
ITERATION = 1 XD= Q. Q0000000 DXD= 0. 00000000 YO= 0. 02419259 DYO= -0. 00059762
ITERATION = 2 X0= 0. 00000000 DXD= 0. 00000000 YO= 0. 02419259 DYO= -0, 00059762

2

7X7 MATRIX FOR &

0. 588084639 14 19863142 0. 00000000 ¢. 00000000 Q. 00000000 0. 31012432 G. 00000000
-0 02252253 1. 156565138 Q. 00000000 0. 00000000 0. 00000000 0. 04450932 Q. 00000000
0. 00000000 0. gO0Q0000 2. 00878975 b6, 82241806 0. 00000000 -0 03727390 0. 015528%4
0. 00000000 0. 60000000 -0. 03145116 -0. 54841109 0. 00000000 0. 00039429 ~0. 00016447
-0. 033146015 -0. 27326333 0. 00000000 0. 60000000 1. 00000000 -18. 97781347 Q. 00000000
Q. 00000000 0. 00000000 0. 00000000 Q. 00000000 0. 00000000 1. 00000000 ©. 00000000
Q. 00000000 0. 00000000 Q. 00000000 Q. 00000000 0. 00000000 0. 00000000 1. 00000000
EIGENVALUES DOF THE 4X4 SUBMATRIX
OX.. LMDI = ( 0O 87234889 0. 48884814 ), C(1) = 1. 00000000, MUiIL) = 0. 51076891 RAD, Gi{1) = 0. 08129140
. LMD1 = { O 87234889 -0.48884816 )y, C(2) = 1. 00000000, MUIZ) = -0 51074891 RAD. @G(2) = 0. 718708480
0Y.. LMD3 = { 0 73018933 0. 68324486 Y. CE) = 1. 0Q000000, MU{3) = 0. 75219731 RAD. G{3) = 0. 11971592
LMD3 = ( 0. 73018933 -0. 68324484 Y, Cta)y = 1. 00000000, MU(4) = -0. 75219731 RAD, @ia) = 0. 88028408
EIGENVALUE = 0. 87235889, 0. 48684816 ), EIGENVECTOR = (, 5. 38934827, Q. 00000000 )
{ 0. 10790458, 0. 18555119 )
{ 0. 00000000, 0. 00000000 )
{ 0. 00000000, 0. 00000000 )
EIGENVALUE = ( 0. 87236889, —0. 48884816 ), EIGENVECTOR = {, 5. 38934827, 0. 00000000 )
4 0. 10790459, -0. 185%53119 )
( 0. 00000000, 0. 0000G000 )
4 0. 00000000, 0. Q0000000 )
EIGENVALUE = ( 0. 73018933, 0. 68324486 ), EIGENVECTOR = ¢, 0. 00000000, 0. 00000000 )
¢ 0. 00000000, Q. 00000000 )
{ Q. 88746749, Q. 0000000 )
4 =-0. 18922807, 0. 10111748 )
EIGENVALUE = ( 0. 73018933, —0. 683244B46 ), EIGENVECTOR = {, 0. 00000000, Q. 00000000 )
{ 0. 00000000, Q. 00000000 )
{ 9. 88946745, 0. 00000000 )
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ET DRBIT 2. 28545231 0. 04444080 —Q. 05799741 0. 001432568 0. 00000000 1. 50000000 0. 00000000
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CONTRIBUTIONS TO CHROMATICITY (DNU/(DP/P)) FROM MAGNETS EXPLICITLY IN S CHRY = 0. 0000, CHRY = . 0000



Status of VAX Conversion -- June, 1985

At the time of this writing, the VAX version of SYNCH is in the process of
being upgraded to have the identical features of the current CDC version. The
differences between the two versions as they stand today are described below.

The CDC wversion allows the names of statements and Symbolic Floating Point
data to be expressed as five alphanumeric characters. At present, the VAX
version will only support four-character names.

The following SYNCH commands do not exist in the current VAX version:

BVAL NPOL ORBC RAND

The following SYNCH commands have either different options or different
formats in the current VAX version:

CYC:

The CYC statement does not support the chromaticity correction option in
the current VAX version.



