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Summary

The FORTRAN programme BEATCH deals with the particle
motion in BEAM TRANSFER CHANNELS. For a given beam trans-
fer channel it can compute trajectories of particles, beam
envelopes along a channel, the matching of phese-space
ellipses and momentum compaction, transfer matrices, beta-
tron parameters of a periodic magnetic lattice, and the
geometry of the central orbit of the channel. This report
describes the fundamental features of the programme and

provides the necessary information of its utilisation.
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Introduction

The design of beam transfer channels for cascade

synchrotrons, such as the NAL 1) and the proposed CERN 2)

Multi-GeV synchrotrons, or for storage rings 3), presents
from the computational point of view some new features
with respect to conventional transfer channels. Firstly,
because of the greater number of transfers undergone by
the beam, a good matching of the beam to the accentance
of the synchrotron is particularly important. Secondly,
such channels may consist of a strong focusing periodic
magnetic lattice, with sections at either end for matching
the input beam to the periodic magnetic lattice of the
channel and properly shaping the emittance ellipse of the
output beam. Thirdly, machines being linked by a trans-
fer channel may not lie on the same horizontal plane due
to the site configuration, and hence three dimensional
calculations for the transfer channel are necessary.
Finally, a description of the properties of the input and

of the output beam in terms of synchrotron parameters

is often required.

BEATCH has Tacilities for computing the geometry
of the central orbit of a three dimensional transfer
channel in cartesian co-ordinatcs, the trajectories of
particles with respect to the central orbit, the beanm
envelopes in both horizontal and vertical motion, the
horizontal and vertical transfer matrices over sections
or the whole of a channel, tihe horizontal and vertical
betatron parameters of any periodic magnetic lattice
within a transfer channel, together with a few auxiliary
facilities including routines for achieving the matching
of betatron phase-space ellipses at two points, and

momentum eonpaction natching ot a pre~deturnined point.

Any desired facility may be called by the usec of

appropriate control cards.
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2. DESCRIPTIOK QF THE PROGRAMIE

A beam transfer may be made up of any sequence of
quadrupole lenses, bending magnets and field free sections,
wnich will be referred to as elements. The programme BEATCH
can be used for a transfer channcl with a2 non-repetitive
sequence of elements, or for a channel with a repetitive
sequence of elements constituting a periodic magnetic lattice,
or for a combination of both. A data card has to be given
for each element of the channel., These data cards, stacked
in the sequence of the elements of the channel and preceded
by two other data cards (the first carrying a title, and the
second the total number of elements in the channel) form

a basic stack of cards specifying the channcl.

FPigure 1 shows the block diagram of BEATCH. The
programme is made to execute any or all of its functions
by means of control cards following the basic stack, the
relative "input" being supplied on data cards following
the appropriate control card. The programme consists of
a number of sub-routines which perform one of the functions
shown in Fig. 1, and which in turn call auxiliary sub-
routines. The control cards carry a two character code,
which identifies thc required. computation, follow=d by
a heading which is output at the head of the results for

_that particular computation. The two character codes used
arc shown as labels of the corresponding branches of the

block diagram ("b" stands for blank).

The particle optics computations which can be carried

out and the additional facilities provided are :

i) Tracking of particlcs relative to the central axis
of a channel. The momentum dispersion along a
channel is obtained by tracking trajectories of off-

momentum particles.,
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ii) Calculations of the beam envelope along the
channecl, '

iii) Calculation of horizontal and vertical transfer

matrices between any two clements of the channel.

iv Calculation of +the betatron parameters of a
b
section of channel having a periodic magnetic

lattice.

v) Matching of betatron phese-space cllipses in the
horizontal and vertical planes at onec or two

points along thac channel.

vi) Three-dimensional calculation of the geometry

of the central trajectory of the channel.

vii) A modification may be made to one or more sections

of the basic channel during execution of the
programme.

viii) One may obtain a new deck of cards which are
labelled and serialized. This dcck includes any
modification madc to the channel and the results

of previously executed matching computations.

ix) Comments may be printed, following the output

of any computations.

2.1, Reading in thc Paramcters of a Beam Transfer Channel

The programmc has been written for beam transfer
channels containing 6 types of elecments, each type of element
béing assigned 2 code number for identification. Table 1
gives the list of elements and their codes. Onc may in-
clude in the channel up to two sections represented by a 3 x 3
transfer matrix for thc horizontal motion and a 3 x 3 trans-
fer matrix for the vertical motion. The two sections are
characterized by two different code numbers (6 and T, see
Table l). In practicec 2 x 3 matrices are given,since the last

row of these matrices is (0,0,l).
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TABIE 1
Elements Code
Field free section 1
Horizontally focusing quadrupole lens 2
Horizontally defocusing quadrupole lens 3

Horizontal bending magnet with parallel 4
end faces

Vertical bending magnet with parallel 5
end faces

Transfer matrix 647

A date card is punched for cach elemcnt. It
contains an alphanumeric description of the elcment, the
code number for the type of element, and the paramcters
of the elementeg, viz., length, bending angle, magnetic
field gradient. These cards, stacked in the sequence
of the elements in the bcam transfer channel, carry all
the information relevant to thc beam transfer channel.
The programme assigns anordinal number to cach of the
clements. The maximum allowcd number of elements is

limited by dimcnsion statcments.

The structure of the programme allows for the in-
sertion of additional typcs of clements. However, be-
cause of the 3 x 3 matrix formalism which is uscd by the
programme, no coupling can bc introduced betwecen the beta-

tron motion in thc¢ horizontal and in the vertical plane.



2.2, Tracking of a Particle Trajectory

The tracking of particlcs relative to the central tra-
jectoryof thebecam transfecr channel is carried out in the
horizontal and vertical plancs by matrix multiplicétion
techniques. The programme uscs 3 x 5 matrices derived
from Penner 4), assuming bending magnets having parallel

edges and angles of cntry and cxit equal to half the

bending angle of the megnct.

The horizontal input vector of a particle (x,'x',
Ap/p) is multiplicd by the matrices of successive elements
along the channcl to give the vector of the particle at
the exit of each e¢lement., Similarly for the vertical
input vector (z, z'y Ap/p). The symbols x and z denote
the horizontal énd the vertical displaccment with Tespect
to the central trajectory of the channel. Their derivatives
with respect to the longitudinal co-ordinate are denoted
by x' and z'. The tracking may be forward over the whole
beam, forward over a scction of the beam, reverse over

the whole beam, or reversc over a section of the beam.

Input for the tracking routihe requires the
ordinal number of the initial and of the final eiements
of the scction to be tracked; the horizontal displacement
(x) and slopec (X'), the vecrtical diéplacemcnt (z) and
slope (z') of the particle where 1t enters the first
element stated, and *p/p.(if the first number cxXcceds
the sccond number, the programme carrics out a'reverée
tracking betwecen the clements corrcsponding to thesc two
numbers). The tracking routine allows for indepcendent
scaling of the strengths of onc set of focusing quadru-
poles and of onc sct of defocusing quadrupoles. Thesec: -
quadrupol@s arc indicated by a spccial control codec on
the clement card., The c¢ffcet of stecering clements in

the channcl can be included in the tracking.
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The tracking routine also has facilitics for con-
verting thc ce~ordinates of the trajcctory following the
last clement of the tracking scquence into normalizcd
co-ordinntus 5) (Sce¢ also the Appendix). Thesc co-ordinates
are such that betatron motion is reduccd to civcular motion
in the normalizecd phasc-plane, Thereforce, normalizcd co-
ordinates represcnt a convenient way of describing the motion

of particles in a strong focusing lattice.

Tracking output lists, for cach clcment, its
description and parameters, thc horizontal displacement
(X) and slope (x'), the vertical displacement (z) and slopc
(z') at the cxit (in the dircction of the tracking) of the
element togethcer with the magnitude of any horizontal and
or vertical abrupt deflcction (or "kick") introduccd at
the entrance of that element. If rcquired thc normalizcd co-
ordinates and the normalized amplitudes of oscillation
following the last clcment arc also computcd, for both

the horizontal and the vertical motion.

2.3 Beam Envelope Calculation

The becam envelope dimensions and the slope of the
bcam cemittance c¢llipses arc computcd at the cxit of cach
clecment, The beam emittance cllipsc is cxpresscd by complex
numbers 6) (Z-values) and transformed through: cach clement
by matrix multiplication usihg the transfer matrix of that
clement. The beam dimensions arc computcd for given hori-
zontal and vertical emittances. The routine may also be
used for investigating thc effects of gradicnt crrors
in the quadrupole elcements on the becam envelopc.

Input for the routinc rcquires the horizontal

and vertical Z-valucs at the cntrance of the initicl

clemcnt and thce horizontal and vertical bcecam cmittances.
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Altcernative to using these unnormalizcd Z-values as in-

put, the ellipscs may be spcecified using horizontal and
vertical B and o velucs 7 and giving the normalizcd Z-
values'S};’ Inside the routinc, only unnormelizcd Z-valucs
arc uscd for thc computations. BRElements other than the

first and last onc may be spocificd to start and respcctively
cnd the computation. A given number of gradicnt crrors

may bc introduccd.

Output lists the initial half-width and half-height
and for cach clecment, its description and paramcters, the
nalf bcam-width, half beam-hcight, horizontal and vertical
unnormalized Z-valucs, and the length of the becam from the
becginning of the channcl up to the exit of the clcment.

If f and o valucs have been fed in, then the output lists
the normalized Z-valucs (horizontal and vertical) and
their inverses, at the cxit from the last clcment of tho

computation, togecthecr with the B and a valucs.

2.4. Transfer Matrices

The 5 x 3 horizontal and vertical: transfcr matrices
between two clements within the transfer channel arc
computcd by this routince., Input rcquiios the ordinal
numocr of the clement from the beginning of which the
transfer matrix is requircd, and thce ordinal numbcr of
the clcment at the c¢nd of which the transfcr matrix is to
finish. Output lists thc ordinal numbcr of these clements

and thc matriccs.

2.5. Betatron Parametcrs of a Periodic Magnctic Lattice

TFor o scction of the becam transfer channel which has
a periodic lattice structurc, this routinc first calculates

thce horizontal and vertical transfer matrices from the be-



ginning of one period to the beginning of the ncext. Then
from each of thesc matrices according to Courant and Snyder7)
it calculates the betatron amplitude function B, « = -(dp/ds)/2
and the betatron phase advance p per period. The Z-valies for
the acceptance ellipses arc also computed from the values

of B and a. Input recquires the ordinal number of thé‘first
and last elements in the period. Output lists the ofdinal
nunmber of these clements, the transfer matrices, tho.B4values,
the o-valucs, the phase advances”and the Z-values for'both

the horizontal and vertical motion.

2.6. Betatron and Momentum Compaction Matching

This subsidiary programmc uses the strength and
longitudinal postion of a number of independently variable
quadrupole magnets,designated matching quadrupoles, %o
match a) the transformed betatron phase-space cllipse
of an input becam to acceptance cllipses at up to two
matching points in thc channel, and b) the momentum
dispersion at one point to a rcquired momentum compaction
at that point. For Maﬁching in betatron phase-space, the
input and thec acceptance elliﬁscs are cither specificd in
complex numbers or coﬁpuféd by ‘the programme using a
procedure similar to that described in Section 2.5. A trans-
fer matrix is required between matching quadrupoles. This
matrix can cither be comﬁutod by the programme as in Section

2:4. or be recad in directly.

Momentum compaction matching is acanicved in con-
junction with the tracking programme. The tracking programme
gives the normalized amplitudes of oscillation in the
horizontal and vertical planes (with-rcspcct to a specified
equilibrium orbit) of an off-momentum particlec at a pre-

determined point. Ideally, these values should be zero and
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the matching process uses the strengths of matching quadru-
poles to find a minimum in these normalized amplitudes of

oscillations.

The matching programme develops a function,F, which
is a combination of horizontal and vertical betatron mis-
match factors for both matching points and horizontal and
vertical momentum compaction mismatch factors. For both
the horizontal and the vertical motion, the programme takes
as betatron.mismatch factors the amplitude of‘beat os-
cillation of the beam size with respect to the matched beam
size; as momentum compaction mismatch factor, it takes the
final, normalized amplitudesof oscillations of the trajectory
which is tracked. Weighting factors are given to each of
these mistatch factors in order to determine the prominent
factor to be matched. L weighting féctor or zero for any
of the mismatch factors eliminates these from the matching
process thus reducing the number of fequirements to be

matched.

The function F is determined for initial parameters,
i.e. position and strengths, of the matching quadrupoles.,
This function is minimized using the general purpose mini-
mization programme MINUIT 8). This programme incorporates
three different minimization methods,; each of which may'be
used alone or in combination with the others depending bn
the behaviour of the function. These methods are outlined
below. For more details the reader is referred to Ref. 8).

i)~ L. Monte Carlo -search of the minimum. The function

P is computed for random volucs of the paramcters,

chosen according to gaussian distributions centred

at the initial values of the parameters. Although

this method is very slow,; it may be used to determine

the starting points for subsequent minimizations,

in particular when the function is expected to have

several minima.
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ii) A minimization using the Rosenbrock method . This
method is based on a scarch of the minimum in each
of +the orthogonal dircctions of the parameter space,
followed by the definition of new orthogonal directions
until the improvement on the minimum is smaller than
a presct value. This method is rcasonably fast even

when far from tne minimum.

iii) A minimization based on a variable matrix method
by Davidon 10)9 which proceeds toward the mimimum
by making successive approximations to the covariance
matrix. It then converges simultaneously toward
the minimum and toward the true covariance matrix.
This method is extremcly fast close to the minimun,
but is slow and unrcliable, for badly behaved functions,

far from the minimum,

The maximum number of matching parameters is fixed
by dimension statements. Strengths and displacements of
different quadrupcles may be dcnoted by the same paramcter,
so that they remain equal throughout the matching. Minimun
and maximum values may be assigned to the strengths, as well
as to the longitudinal displacements of the quadrupoles. Also
the matching process may be requested to determine the maxi-
num beam sizes at the matching quadrupoles for each set of
parameters sct by the minimization programme. If these
exceed spccified upper limits of the beam size, the mismatch
factor is artificially incrcaescd, so that different sets
of paramcters arc sought by the programme. Following thc
matching programme, the bcam envelope through the scquence
of matching quadrupoles is obtained for a beam of specificd
horizontal and vertical cmittances. Computations following
a matching programme take the matching quadrupole parameters

computecd by the matching progremme, if so specified.
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The matching need not be used with a complete beam
data stack, i.e. separate matching computations can be
carried out by reading in data appropriate to matching only.
However, momentum compaction matching can only be carried out
if the matching data has been preceded by appropriate tracking
data. Out of all the routines, the matching routine is usually

by far the most time consuming.

2.7 Beam Geometry Computation

The geometry of the central orbit of the beam trans-
fer channel is computed in the cartesian co-ordinates, X, ¥, Z,
used for geodetic measurements, where Z is the altitude. This
computasion may be carried out forward over the whole beam,
forward over a section of the beam, reverse over the whole

beam or reverse over a section of the beam.

Input requires initial co-ordinates, "gisement" (de-
fined as the angle formed by the central trajectory with
the I-axis, measured in clockwise direction in grades, where
100 grades = 90°) the intital vertical angle (the slope
measured in radians with respect to the X, Y plane) and the
ordinal numbers of the inital and of the final element in
the channel between which the geometric computation is re--
quired. The required co-ordinates and gisement for the end
of the beam can also be fed in so that the accuracy of the
position of the end of the beam can be noted. If the first
ordinal number stated excceds the second, a reverse geometry

computation 1is carried out.

The output gi&es the initial co-ordiantes and slopes
including the initial horizontal angle (the slope measured
in an anti—élockwise dircction in radians with respect to the
X,2 plane) and the required'final co-ordinates and slopes.

Then output lists for cach element, its description, length,
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horizontal or vertical bending angle, the X-co-ordinate,
Y-co~ordinate,;altitude, gisement, horizontel angle, hori-
zontal length (i.c. horizontal projection of the distance
from the entrance of the initial element) and the becam
length (longitudinal distance from the entrance of the

first olement) at the exit of that clcment.

2.8. Modification to the Becam Transfer Channel

Modifications to the original beam transfer
channel may be intfoducod without altering the basic
stack of cards. The first card following the control
card specifies thc number of groups of successive elements
to be changcd. This is followed by the appropriatc number
of groups of data cards. Each group consists of a data
card giving the ordinal number of the first and last elecments
to be changed, followed by the data cards, in sequence, of
the ncw elements to be inserted. The length of the beam

may be increased.

2.9. Summary Print-Out

A summary of the most significant information re-
lating to a beam transfer channcl may be obtained on one
page of print-out following calculations involving all ghe
three sub-routines for tracking, bcam envelope, and gecometry.
Output lists thc relevant initial conditions and for cach
element its description and paramcters, the x, x', z and z' co-
nrdinatcs of the last tracked trajectory, the half-width
and half-height of thc becam cnvelope, the X and Y cec-ordinates
and altitudce Z of the central trajcctory, and the beam length.
Also listed is @& classificd summary of the elements uscd in
the channel, quoting thc total number of field frce sections,

of horizontally focusing quadrupolcs, of horizontally de=
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focusing quadrupoles, of horizontal bending magnets, of

vertical bending magnets, and of tr nsfer matrix elements.

PROGRAMMME ULI. ISATTON

The programmc requircs a control_data card for
each desired operation to bc carricd out, each control
card being followed by thce appropriate data cards before
the next control card is insertcd. The first'two“coiumns'
of a controi card éontain two control characters which
indicatc the opcfation'to be carried out (Fig. 1).‘ The
last 78 columns cdhtéih a’hoéding or a sub-hcading, as

cxplaincd below.

A control card having blank control characters
dofines the start of a basic stack of data cards representing

becam transfer channel, and any number of control and

fo)

associated data cards may follow such a basic stack. Further-
more any number of beam transfer channels may be included

by following the data for computations on a preceding
channcl by a new blank charactcer control card and the stack
of the data cards for thc ncw beam transfer. channcl. A

typical stack of data cards would be :

. bb Control Card for channel data
]
| Element Data
]

MO Control Card

Cards

for a modification of the channel
| Modification Data Cards

TR Control Card for tracking of a trajcctory
i Input Data Cards for tracking

BE Control Card for beam e¢nvelope computation

1
' Input Data Cards for bcam envelope computation
1
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bb Control Card for new channcl data
i Element Data Cards o |

TR  Control Card for tracking of a trajectory

E Input Data Cards for tracking
Mh Control Card for bectatron and momentum compaotion
Input Data Cards for matching matching

Control Card for beam cnvelope computation

]
}

|

40

|

' Input Date Cards for beam cnvclohe computation
|

B Control Card for Gecomectry computation

]

E Input Data Cards for geomet?y

U Control Card for a Summary Print-Out

ST Control Card to stop cxecution

The last 78 columns of the bb control card contain
in alphanumeric format, a heading which prccedces the out-
put of any subsidiary programmc. The last 78 columns of
control cards for subsidiary programmes, for cxamplc, the
tracking progremme, contain a sub-heading, which is printcd
after the heading. The heading is always printed at the
top of a new page. Table 2 at the cnd of this section

gives a summary of data cards.

3.1, Recading in the Heading and the Paramcters of a Beam

Transfer Channel

The last 78 columns of the blank character control
card contain in alphanumeric format & hcading which will
be printed out on any output concerhing the channcl. Data
cards for describing a bcam transfer channel arc rcad in

the following order :

a) FORMAT I5

A card with N, number of clements of thc channcl,
The maximum value for the standard version of the

programme is 400. It is assigned by DIMENSION statements.
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FORMAT A8, I2, F10.4, F10.7, F10.5, 110

N cards describing the elcments of the transfer
channel. These cards must be introduced in the
order in which the-elements are traversed by the
beam. Each element is given an ordinal number
I=l....N by the programme. FEach card describes'one

element and contains in sequence
ELEMENT the name of the element

CODE the code number describing the type of
element., The code number of each type

of element is given in Table 1

L the cffective length of the element, ex-

pressed in metres

ANGLE the bending angle (horizontal if CODE=4,
vertical if CODE=5) given to the central
trajectory of the channel expressed in
radians. A scaling of these deflections
may be successively applied (see point e

below) :

K the quadrupole field X = |dBZ/dx|/(BZr),
expressed in m-Q whe re dBZ/dX is the
magnetic field gradient of the elecment and
BZr the magnetic rigidity of the particles.
A scaling of these quadrupole ficlds may be

successively applied (see point e below)

M an integer number the use of which is ex-

plaincd at point e below.

FORMAT 10X, 6F10.5

If there is an element having CODE=6 (see Section 2.1.)
one must provide two cards containing the elcments (from
left to right and from top to bottom) of the lbrizontal 2x3
transfer matrix of this element and the elements of its

vertical 2x3 transfer matrix, respectively.
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a) Similarly for thc clcuent having CODE=7.

c) FORMAT 4F10.5

A card with the quantities FH, FV, FF and FD. The
role of thesc quantitics is the following : for -
bending angles of the magncets wherc M=0, the values
rcad in on the data cards arc multiplied by FH for
horizontal bcending magnets and by FV for vertical
bending magnets., If M#O, the values read in remain
unchangecd. Similarly, if M=0, the K-valucs of the
horizontally focusing or defocusing quadrupoles lenscs
read in on the cards arc multiplicd by FF or FD

respectively. If M# 0 the values remain unchanged.

3,2. Tracking of a Trajcctory

The last 78 columns of the TR control card contain
a sub-hcading which is printed immediately beclow the heading
of the transfer channcl 1in the tracking output. The
programme Compﬁtes the transfer matrices of the c¢lements
of the transfer channcl and carrics out the tracking by
matrix multiplication methods. Dircctly after the TR control

card the following cards arc rcad in :

a) FORMAT 7F10.5, 313, Il

A card containing in scquence the quantities

- X, X! the initial horizontal displaccment and
slope of the trajectory, cxpressed in
mm and mrad rocpcctively

- DP the particle momentum deviation Ap/p (ex-
pressed in‘o/oo) with rcspect to the central

trajectory (DP=O) of thc transfer channel.



Z, '

FF,FD

I1

I2

NKICK

INORM

- 18 =

the i1nitial vertical displacement and slope
of the trajectory, cxpressed in mm and mrad

respectively

(See Scetion 3.1.) to be used for the tracking.
Thesc valucs of FF and FD will rcmain unchanged
for succcssive calculations for cxample when
working out becam cnvelope or matching computations.
If the data card has a zcro or blank in the field
for FF the previous valuc assigned to FF will re-

main unchanged. Similarly for FD.

tracking starts at the point whcre the trajectory
c¢cnters the clement Il. If on the data card I1=0

or blank, the programme will put Il=1

the tracking ends when the trajectory comes out
of the cloment I2. If on the data card I2=0 or
blank, the programmc will put I2=N. In the casc
where I2 < I1 the programme carries out a back-
ward tracking from thc cntrancc (for particlcs

going backWards) of the element I2, to thc exit

(for particlc going backwards) of the clement Il

at the cntrance (with respect to the dircction
of the tracking) of some elcments, onc can give
to thc trajcctory horizontal and vertical kicks.
NKICK gives the number of points where the kicks

are given (scc point bbelcw)

in the case whecrce the channcl transférs a bcam
into a strong focusing lattice (for cxamplec into

a synchrotfon), it may bc uscful to cxproess the co=-
ordinates of the trajcctory at the cend of the
transfer channcl in normalizcd machince units

(scc Appendix). This is donc when INORM=1. If
this is not requircd onc should put INORM =0 or

blank.
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FORMAT I5, 2F10+5

NKICK cards, each of which contains the ordinal number
(I) of an element at the entrance of which a kick must
be given, the horizontal kick and the vertical kick to

be given at this point (expressed in mrad).
FORMAT 8F10.5

If INORM=1 there must follow a card containing in

sequence :

B,: B; @ for horizontal motion (BETAHN, BETAH, ALPHAH),

B, B, o for vertical motion (BETAVN, BETAV, ALPHLV),
the horizontal momentum compaction function « =AX/(AP/?)
and its azimuthal derivative a‘Edap/ds (LLPHAP,DALPHAP).
The functions o and aé give the displacement Ax and

the slope Ax' of the equilibrium orbit of particles
having ﬁp/p=l. The quantities Bn’ B and ap are given

in metres, whereas o and aé are given in radians. The
quantities listed above must e given at the exit from

element I2.

The output produced by the tracking routine consists of :

i)

ii)

iii)

iv)

v)

vi)

heading

sub-heading i.e. the last 78 columns of the TR-control
curd

the matrices CODE=6 and CODE=7, if these have been
given

the valuecs of FH, FV, FF and FD

DP and the initial co-ordinates X, X', Z2 and 2Z' of

the trajectory

for each element the output gives I, ELEMENT, CODE,

the actual ) K, M, the actual */ bending angle .(LNGLE)

%) i.c. the value on the element data card multiplied by FF, FD
FH and FV according to the type of the element.



the cc-ordinates of the trajectory at the exit from the
I-th clenent (X,'X', Z and Z'), the horizontal (XKICK)
and the vertical (ZKICK) kicks given to the trajectory
at the entrance of the I-th element and the longitudinal
distance (BEAM IENGTH) from thc cntrancc of the first
element of the transfor channcl to the end of the I-th
clement. BEAM LENGTH is mcasurcd along the central
trajcctory of the transfer channcl and is given in

metres

vii) in the casc where INORM=1, at the exit from the clement
I2btho output gives the normalized co-ordinates (XN, X'N,
ZN, Z'N) and fhe normalized amplitudes of oscillations
(AXN = ./ XNZ + X'N2 and AZN = JZRZ + Z'N2 ) of the
trajcctory with rospect to the trajectory having hori-
zontal displacement ALPHAP * DP (cxprcssed in mm),
horizontal slope DALPHAP % DP (expressed in mrad) and
zero vertical displacement and slope. The valucs of
BETAHN, BETAH, ALPHAH, ALPHAP, DALPHAP, BETAVN, BETAV
and ALPHAV arec also printed. The above displacemcnts,

slopes and amplitudes are expressed in mm,

%5+3., Beam Envelope Calculation

The programme computcs thce shape of the beam emittance
ellipses and the beam dinmensions at the cxit of cach élcment
of the channcl. The shape of emittance ellipses is described
by complex numbers ZH and ZV (for horizontal and vertical
motion réspectivoly) as defincd in Hercward's papcr 6).

The computations arc carried out with the valucs of FF
and FD previously storcd in tracking or in rcading in the
channel., Directly aftef the BE control card there arc

the following data :
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a) FORMAT 8F10.5

For the horizontal and vertical Z-values at the.
entrance of the first clement (ZIH and ZIV) there is

a card which contains RIH, XIH, RIV, XIV, BETALH,ALPHAH,
BETAV and LALPHAV,

RIH and XIH are respectively the rcal and imaginary
parts of ZIH. In the case whecre the horizontal
normalizecd Z-value (i.o. Z-valuc cvaluatcd in a
normalized phasc-planc) at the exit from clement I2
(sce below) is required, the horizontal B and o valucs
at this location (BETAH, ALPHAH) must be given. If
not, then thoée fields must be left blank. Similarly

for vertical motion.

b) FORMAT 2F10.5, 3I5
A second card contains the gquantities
- EH/PI,EV/PI +the horizontal and vertical becam cmittances
divided by m, cxprecssed in mm mrad
- 11 the ordinal number of the clement at tha .

ontrance of which computations start

- I2 _ the ordinal number of the element at the
exit of which the computation has to be
stopped. If I1 or I2 are not spccified,
I1=1 and I2=N

NMOD the gradients of NMOD elements are modified
with respect to thegfadients assuricd in the
preccding calculation (scc point ¢ below)
After thc beam envelope calculations, the

gradients arc resct to their original value.

PS/7222
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c) FORMAT I5, F10.5

NMOD cards cach containing the ordinal number of a
quadrupole lens and its gradicnt modification DK/K

cxpresscd as a fraction of the nominal gradient K.
The following output is produced :

i) heading
ii) sub-heading, i.c. the content of the last 78 columns
of the BE control card
iii) +thc matriccs CODE=6 and CODE=7, if thcy have been
given
iv) PFH, PV, FF and FD
v) ZIH, EH/PI, zIV and EV/PI
vi) for each clcment the output gives I, ELEMENT, the A
- nominal K, DK/K, AWGLE, thc half betatron beam width
WH, thec half betatron becam height WV, ZH and ZV at
sthe exit from the olgment and BEAM LENGTH
vii) in thc casc where B and a-valucs have been read ing
the output gives the normalizced Z-valucs (ZHN and ZVN)
and their inverscs (YHN=1/ZHN and YVN=1/ZVN) at thc
cxit from the elcment I2, as wecll as the B and a-valucs

at this point.

3¢4. Transfer Matriccs

the MX control card is followed by a card (FORMAT 2I5)
containing two integers I1 and I2. The routine gives the
horizontal and verticael transfcr matriccs AH and AV from the

entrance of the clement Il to the ¢xit of the elecment I2 =2 Il.



3¢5 Betatron Parameters

This routine computés the botatron parameters of
a periodic latfico. The LA control card is followed by
a card (FORMAT 2I5) conteining the numbers I1 and I2 = Il
of the first and of the last clement in the period. The
routinc works out the horizontel and vertical transfer
matrices from the entrance of I1 to the exit of I2. From
thesc matriccs it deduccs the betatron functions B and a(7),
the betgtron phasc advance p and the Z-values for both

the horizontal and the vertical betatron motion (6).

3.6.  Matching

.6.1, General Description

S|

Let us consider threce locations 1, 2 and 3 situated
in this azimuthal scquence in the chahnel and another
loaction_4 situated anywhere downstream from 1.

At 1 the becam has assigned horizontal and vertical emittance
ellipscs and dispersion according to particlc momentum,

The routine detcrmincs the strength and the location

(callcd "matching parameters") of a nunber of quadrupolcs
("matching quadrupoles") such that the sccond of the
foliowing conditions and optionally all of thc othcrs are

satisficd
i) at 2, thc emittance ellipscs have an assignecd shape
(betatron natching)

ii) et 3, thc c¢mittancc ellipses have an assigned shape

(betatron matching)

iii) at 4, the beam has an assigncd dispersion according

to particle momentun (momentum compaction matohing).
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Since cach of thesc conditions implies four constraints,

in order to be satisficd it requires at least four avail-
able matching parameters (i.c. strengths or locations of
matching quadrupoles) upstream to the corrcsponding point.
The computer time required increascs rapidly whcn in-
creasing the number of parancters. Hence onc should handle
the minimum number of paramcters at the same time :  when-
ever possiblc onc should group the matching quadrupoles

in different groups such that cach group 1is used in
connection with only some of the points i) to iii).
Matching is thcn carried out using cach of thesc groups
scparately. Lect us consider, for cxample, the case where

4 coincides with 3, wherc all the conditions i), ii) and
iii) have to bc gatisficd and wherce in the scction from 1
to 2 there is a sufficient number of paramofers to satisfy
condition i) and in the section 2 to 3 therce is a sufficient
nunbcr of paramneters to satisfy conditions ii) and iii).

In this case it is convenient to usc the quadrupoles from
1l to 2 only for matching at 2 and to use the quadrupoles

from 2 to 3 for the other matchings.

The matching is carricd out by rncans of an itcrative
procedure. At cach step the programme MINUIT &) calls:
a sub-routinc FCN (belonging to BEATCH), which givecs béck
tﬂe valuc of a function F to bec minimiged, corresponding
to the current parameters. The function F is.definod as
the sum of six mismtach factors (AH, AV, AHM, AVM, AXN
and LZN) described below, cach of thenm multiplicd by a

weighting factor (FAH, FAV, FAHM, FAVM, FAXN and PAZN).

The mismatch factors arc defined as follows

i) If at lcast onc of the two weighting factors FAHM
and FAVM is diffcrent from zcro, at point 2 thc sub-
routince FCN compares the cmittance ellipses, obtaincd

with the current paramecters,; to the requircd cmittance
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ellipses. Then it works oﬁt the betatron mismatchz
factor on the horizontal plano(AHM).ahd on the
vertical planc (AVM). Following Hereward 6 these
nismatch factors arc defined as the radius of the
circle ciréumscribed to the normalized emittance
ellipse of arca mw. This factor, called A in Here~
ward's paper, gives tﬁe maximum beam size in the

periodic latticec.

ii) At point 3 the betatron mismatch factors in the
norizontal plane (AH) and in the vertical plane

(AV) are computed in a similar way.

iii) The momentum compaction matching at point 4 is ob-
tained as follows. At each step the routine re-
peats with a new sct of parameters the last tracking
exccuted by the programme (Section 3.2.). The initial
co~Brdinstes Sspecificdin the last tracking must be
such that the trajectory has zero amplitude of beta-
tron oscillation with respcct to a given trajectory
(equilibrium orbit in the case where Il is the first
element of a channel which transfers the beam out of
a circular accelerator). At the exit of I2 (point 4)
the sub-routine works out the normalized amplitudes
of oscillations AXN and AZN with rcspcct to the traject-
ory having horizontal displacement and slope ALPHAP % DP
and DALPHAP * DP and zcro vertical displaccnent and
slope. A pcrfecct momentum compactibn natching is
achieved if AXN and AZN are zcro. The computations
of AXN and AZN are carried out if at least one of the
two weighting factors FAXN and FAZN is different from

ZCYT0.

One may assign maximum allowcd valucs WHMAX and WVMAX
for the half betatron width and for the half betatron height,

respectively, at the matching gquadrupolcs, in which case the
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horizontal and vertical beam emittances divided by n(EH/PI
and EV/PI) have to be given and the beam size is computed
at each step. If WHMAX and WVMAX are set cqual to zero

of left blank, the beam size is computed only when matching
is finished. In order to save computer time, whenever
possible FLHM, FAVM, FPAXN, FAZN, WHMAX and WVMLX should

be zero.

The section of the channel which is involved in
the matching is called the "matching section" (it could
also consist of all the channel). The matching section
is made up of "matching quadrupoles™ and "interquadrupole
sections" as specified below. In azimuthal sequence one
has location 1, an interquadrupole section, NQUALD matching
quadrupoles each followed by an interquadrupole section
and location 3. Location 2 is described on data cards
as a quadrupole having CODE=0 (all thec other quantities
on the quadrupole data card are in this case irrclevant
and the length L is set equal to zero). The position'of
location 4 is specified by the tracking routine. The
total number of parameters (NPAR) and of quadrupoles
(NQUAD) are given. Their maximum values are fixed by
dimension statements and are ecqual to 15 in the standard

version of the programme.

Bach matching quadrupole has two variable para-
meters, namcly the gradient K and the displacement S
(taken positive is forward directed along the beam)‘from
a position which is defined by initially assigning the inter-
quadrupole scctions. Each matching quadrupole is characterized
by two parameter indices : the gradient index KP > O and the
displacement index LP =2 0., The actual quadrupole gradient
and displacement arc represented by thce KP-th parameter and
by the LP-th parameter, respectively, which are wvaried

in order to minimize the function F. The initial



valucs of the parameters arc part of the data rcquired by
MINUIT. Quadrupoles having the same KP arc given the sanmc
strength and quadrupoles having the same ILP arc given the
samec displacemcnt. Onc can in this way, for cxample, dis-
place rigidly & dcublct of quadrupolcs in order to achicve
matching. Quadrupolos having ILP=0 arc kcpt in a fixed
position. The minimizing programmc incorporatcs facilitics
which allows lowcr and uppcer limits to the values to be

assumed by the paramecters.

If onc gives the ordinal number IQ of thc quadrupolc,
then after matching the IQ-th clcment of the transfer
channcl is given a gradicnt cqual to the computed gradient
ng (OUT )" for that quadrupolc, is azimuthally displaccd by
the computed displaccmcnt "S(OUT)" and at the seme time its
M=valuc is sct cqual to 1, such that thc gradicnt is not

modified by FF and FD,

The interquadrupole scctions are made up of elements
of fixcd locations and- -strcnghts. In the computations thcy“
arc representcd by transfer matrices. If onc gives the
ordinel number Il and I2 at the first andlast ¢lenents
of an interquadrupole section, the sub-routine computes the
transfer matrices for zcero momcntum deviation, and if
momentum. compaction matching is also rcquircd, for momentum
deviation DP. Alternatively, instcad of specifying Il and I2,0ne
can givce directly thce clements of thesc matricecs, to be

uscd for both thce valucs of nmomentum deviation.

For the description of clemcnts cof the matching sectiéh
onc can thereforc refer to o transfer channel pfeviously
introduccd, or onc can dcscribc them completely in the
natching routine. In thc first casc the conputed valucs
for thc parametérs can be used for further corlputations on
the transfer channel. In the sccond casc the matching is
completely separated from the other computations which arc

performed.



b)

3.6.2. Input Datae
The following data must bc provided

date cards requircd by MINUIT (sce Ref. 8)

FORMAT (8A10) Title Card - Any BCD characters, serving

as a title for the print-out

FORMAT (I10,A10,4F10.5) Paramcter Cards

Col., 1-10 Parancter Number as referenced
in FCN

Col., 11-20 DName for the parameter

Col. 21-30 Starting value

Col. 31-40 Approximate crror or step sizec
(if zero, paramcter is constant)

Col. 41-50 TLowcr bound on parameter\if both
blank

Col. 51-60 Upper bound on paramoter/not bounded

Onc blank card signals cnd of parameters cards - Note :
paraneter cards must be in order of increasing paramcter
number, but they nced not include all paramncters numbers
if some numbcrs arc not uscd by FCN.

Points b) to h) refecr to data rcquired by FCN

FORMAT 8F10.5
A card which reads in FAH, PAV, PAXN, PAZN, FLHM, FAVM,

WHMAX, WVMAX

FORMLT 8F10-5

a card which contains RIH, XIH, RIV, XIV, BETAIH,
ALPHLIH, BETLIV and ALPHLIV,

During the matching computations, thc progremme mekes
usc of unnormalized Z-values. There are thrce ways of
feeding in the horizontal and vertical unnormalized Z-

values at location 1, namcly ZIH=RIH+i.XIH and ZIV=RIV
+1ZIV :



g)

They can be read in directly on thc data cards, in
which case BETAIH or respectively BETAIV must be

ZCTro.

They can bec read in as normalized valucs and converted
by the programme into unnormalizcd véluos by using (sce
Lppendix) the spccificd values of the radial and vertical
betatron functions at point 1 (BETAIH, ALPHAIH, BETAIV
and ALPHAIV).

The third way is described at point d below,.

FORMAT 2I5

If the previous card is blank then one reads in a
second card with the quantities Il and I2 2 Il, which
are the ordinal numbers of the first and last elements
of a period of the magnetic lattice. The Z-values are
computed by means of these two numbers, a procedure

similar to that described in Section 3.5. .

FORMAT 8F10-5
FORMAT 2I5

If FAMH or FAMV are different from zero one reads in
1l card or 2 cards, as described at points c) and a)

above.

FORMAT 8F10-5
FORMAT 2I5

The data for the Z-values ZOH and ZOV at location 3
are read in as described at points c) and a) above,

even when FAH or FAV are zero.

FORMAT 2F10-5, I5

The horizontal and vertical beam emittance EH/PI and

EV/PI (expressed in mm mrad) and the number of matching
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quadrupoles NQUAD (including location 2) are read

in, If the interquadrﬁpole sections and the matchihg
quadrupoles are identical and in the same order as
after a previous matching (including quadrupoie dis-
placements given by the matching routine) where the
elements have been defined, it is sufficicnt to put
NQUAD=0. ©No further cards are in this case required
by the matching routine, except those required at

point i) below.

A sequence of cards describing, an interquadrupole
section, a matching quadrupole (or location 2), an
interquadrupole section, etc. There are a total of
NQULD matching quadrupoles and NQUAD + 1 interquadru-
pole secctions. The sequence ends with an interquadru-

pole section.
Interquadrupole Section, FORMAT 2I5, 6F10.5

For an interquadrupole section one reads in a -card
containing I1l, I2 and the elements (from left to

right and from top to bottom) of the matrix AH., If

I1=0 or I2=0, AH represents the horizontal transfer
matrix of the interquadrupole section; the vertical
transfer matrix must be given on a subsequent card,

with the same format. If I1#0 and I2#0, thc trans-

fer matrix is computed by the programme, as described

in Section 3.4 ; no further card is réquired to describe

the interquadrupole section.

Matching quadrupole, FORMAT A8, I2, 5F10.5, 3I5

For a matching quadrupole one reads on a card the

name of the quadrupole, CODE, L, SMIN, SMLX, KMIN,

KMAX, KP, LP and IQ. The physical boundaries for the
parameters K and L are actually set in the MINUIT cards.
The values SMIN, SMLX, KMIN and KMAX are simply output in

the print-out produced by the routine FCN (see below).
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i) MINUIT "command" cards (see Ref. 8) which determine

the method of minimization.

3.6.3. Output
The output of the matching routine can be divided into

two parts which give

a) MINUIT output, giving information (such as the total
no. of steps required etc.), concerning the minimiza-
tion process. If the minimigation was unsuccessful

no further output is given.
b) FCN output. Starting on a new page one finds :

- Thé description of the matching section, preceded

by the heading and sub-heading.

- Mismatch factors,; weighting factors, maximum allowed

beam size and beam emittances.

- Matching section after matching. This part of the
output gives the computed gradients and displacements,
the horizontal and vertical half betatron beam sigze
(WH and WV) through the matching section as well as
the. Z-values (ZH and ZV) and the betatron functions
(BETAH, ALPHAH, BETAV and ALPHAV) which describe the

emittance ellipses.

3.7. Computation of the Geometry of the Channel

This sub-routine calculates the co-ordinntcs and the
slopes of the central trajcctory of the channel with respect
to the cartesian co-ordinate system X, ¥, Z used for geodetic
measurements. The co-ordinate Z will also be called ALTITUbE.

After the GE control card two further data cards are requirecd :

PS/7222



- %2 -

a) FORMAT 5F10.5, 2I5
This first data card gives
- The initial X, Y, Z co-ordinates.

- The initial "GISEMENT", defined as the angle formed
by the central trajectory with the Y-axis, measured

in the clockwise direction in grades (lOO gradcs = 900).

- The initial vertical angle (VERT. ANGLE), which is
the slope with respect to the X, Y plane, measured

in radians.

- The ordinal numbers (Il and I2) of the first and last
elements for the geometric calculation. If on the
data card I1=0 or blank, the programme sets Il=1l.

If on the data card I2=0 or blank, the programme
sets I2=N. If I2<I1l, the programme computes the
geometry in a reverse direction along the beam line
(N.B. In this case the initial gisement must still

be given as for the forward direction of the beam).

b) FORMAT 5F10-5

The second data card gives the requifed final X, Y,
Z‘co—ordinates and the recquired final gisement and
vertical angle. These are not uscd by the programme
but simply output in order to permit a quick estimate

of the accuracy of the geometry of the channel.
The output consists of

i) heading

ii) sub-heading,; i.e. last 78 columns of the GE control

card

iii) FH and FV



iv)

3.8
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the initial and the required final X, Y, ALTITUDE,
GISEMENT, HOR. ANGLE and VERT. ANGLE. - The HOR.
ANGIE is the anglc (in radians) formed by the
central trajectory of the channel with the X-axis,

mcasured in the anti-clockwise dircetions

I, ELEMENT, L, ANGLE, X, Y, ALTITUDE, HOR. LENGTH
(horizontal projection of the distance from the
entrance of the Il-th c¢lement) HOR. ANGLE, GISEMENT
and BEAM LENGTH at the exit from eachvelement.

Modification of the Transfer Channel

The last 78 columns of the MO control data card

contain the heading for the modified transfer channel.

Directly after this MO card must follow :

a)

FORMAT I5

A card containing NMOD, the number of groups of
elements to be modified. Each of these groups
consists of elements having conseéutive ordinal
numbers, In order to modify only the factors FH,FV,

FF and FD, NMOD=O.
FORMAT 2I5, FORMAT A8, I2, F10.4, F10.7, F10.5, I10

NMOD sets of data cards., Each of these sets
describes a group of eclements to be modified and

consists of

a card (FORMAT 2I5), containing Il and I2, which

arc respectively the ordinal numbers‘of the first
and last clements of the group. If I2=I1 or I2=0
(in which casc the programme puts 12=I1) the group
consists of the element I1l. In the casc I2>N, the

total number of elements, N, is incrcased to IZ2.



c)

e)
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(12¥Il+l) cards of the type described in Section 3.1.
describing the elements of the group to bec modified.
Thesc cards must be in the order in which the. elements
are traversed by the beam.

If, among the modified éléments9 there is a card
having CODE=6 its horizontal and vertical transfer

matrices must be given as described in Section 3.1.

Similarly if there is a card having CODE=T7.

A card containing FH, FV, FF and FD as described in

Section 3.1.

Summgry Print-Out

The sub-routine prints out parts of the output

obtained from the last Tracking, Beam and Geometry cal-

culations, as described below,

i)

ii)

iii)

iv)

heading of the transfer channecl

elcments of the horizontal and vertical transfer
matrices of the elcments having CODE=6 and CODE=7,

if such elements exist

DP and initial co-ordinatecs X, X', Z and Z' of the

last trajectofy which has becn tracked
7zIH, EP/PI, ZIV and EV/PI

I, ELEMENT, L, K, ANGLE, X, X', Z, Z2' (co~ordinates

of the last tracked trajectory with respcct to the
central trajectory of the channel) WH, WV (horizontal
and vertical betatron half beam size), X, Y, ALTITUDE
(co-ordinates of the central trajectory of the channecl

with respcct to the geodetic reference system) and

BEAM LENGTH



vi) the total number of ficld free sections (8S), of
horizontally focusing and defocusing quadrupoles
(QHF and QHD), of horizontally and vertically
bending magnets (HBM and VBM), and of transfer

matrix clements (MAT). LA

3.10. ’Sérialiéing Labelling and Punching of a Deck

This‘foutine is uscd to puncha labelled énd
serializcd deck of cards describing the last transfer
ohannél which has been recad in. One can assign new
values of the scaling factors, FH, FV, FF and FD. 1In
this case the programme modifies bending angles and
quadrupolc gradicnts punched on data cards, such that
when multiplied (if M=0) by the new scaling factors they
give the same actual gradicnts as the previous deck having
different gradicnts and scaling factors punced on the

cards.

The columns 61 to 70 of the SE control card con-
tain the label, which is punched on columns 61 to 7O of
thie cards describing the elements of the transfer channel,
Columns 71 to 80 of the punched cards contain the ordinal
number I. After the SE control card one must have a card
(FORMAT 4F10+5) containing the required values of FH, FV,
FF and FD. The punched element cards havc thc same format

as when reading in a channcl.

3.11, Comment Cards

The contents of the last 78 columns of the CO
control card arc printed immediately after having skipped

a line,
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Conclusion

The programme BEATCH has bcen extensively used,
for the design of the transfer channels which lead the
proton beam delivered by the CERN Protron Synchrotron to
each of the CERN Intersccting Storage Rings or to the
new Experimental Hall, The programme has been currently
run on the CDC 6400 and 6600 Computers and is in-
cluded in the CERﬁ Prbgfamme Library.
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APPENDTIX

Normalized Systems of Units

Denoting by s the distance along the equilibrium
orbit and by x either the radial or the vertical component
of the displacement from the equilibrium orbit, the general
exprcssion ofythe betatron oscillation in an alternating

gradient synchrotron is :
x(s) = a ./ B(s) cos [¥(s) + 8] , (A1)

where B(s) is the betatron amplitude function, ¥(s) = J(ds/B)
is the betatron phasc function and a and § are arbitrary

constants. ‘In terms of thc "normalized" displacement
x= JB, /B x - (&2)

and of thc longitudinal co-ordinate Y, the betatron oscillation
is rcduced to a harmonic oscillation. Bn is a constant
which has the same dimensions as B, such that X has the same

dimensions as X. Bn also acts as a scaling factor.

Aécording to Eq. (A2)9 at ény particular azimuth
thephaSe-plane(X, x' = dx/ds) lincarly transformns:into

di/d¢).- In matrix

i}

the "normalizcd" phase planc (X, X'

notation :

/vi ~\“\ x \
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The matrix N is expressed by :

N = Jg (44)

where a = - (dp/ds)/2. The determinant of N is Bn. The

inverse matrix of N is

(a5)

The matrix for the transformation of the phase=
plane (i, i') from an azimuth sl to an azimuth s2 is

expressed as :

-

//cosY sin¥y
= \ (46)

=
I

12

-sin¥ cosY

where Y = Y(sz) - Y(sl). This shows that on the normalized
phase-plane particles rotate on a circle centred on their

equilibrium orbit.

The transformation of the complex numbers Y = 1/Z
which describe the emittance ellipses (6), from the un-

normalized phase-plane (Y) to the normalized phase-plane

(Y¥) is

T-3Y-1iu« (A7)
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where B and o are the betatron functions (7). In the
normalized phase-plane an emittance ellipse which is

matched to the betatron functions of the lattice is re-

presented by a circle., Therefore it is characterized by

¥ = 1.
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TABLE 2. DATA CARDS

DATA FOR READING IN A CHLNNEL (SECTION 3.1)

CONTROL CIRD
N CLRDS

ONLY IF LMONG PREVIOUS CARDS LN
ELEMENT HAS CODE=6 OR 7

TRALCKING (SECTION 3.2)

CONTROL C.LiRD

NKICK C.LRDS
ONLY IF INORM=1
BELM ENVELOPE CLLCULATIONS (SECTION

bb,
N

ELEMENT,CODE,L, LNGLE, K, M
[ 2x3 HORIZONTAL MATRIX
| 2x3 VERTICLL MATRIX

CPH,

TR, SUB-HELDING

X,X',DP,Z,%',FF,FD,I1,I2,NKICK, INORM
I,HOR.KICK,VERT.KICK

BETLHN,BET/H, LLPHLH,BETLVN,BETLV , LLPHLV , LLPHLAP , DALPHLP

3.3)

HE/DING

FV, FF, FD

CONTROL C/LRD

NMOD CLRDS
TRANSFER MATRICES (SECTION 3.4)
CONTROL C.RD

BETLTRON P.RLMETERS (SECTION 3.5)
CONTROL CARD

BE,

RIH,XIH,RIV,XIV,BETLH,LLPH.H,BETLV, LLPHLY
EH/PI,EV/PI,I1,I2,NMOD

SUB-HEADING

I,DK/K

MX,
I1,

L.,
I1,

SUB-HELDING
I2

SUB-HELDING
I2

FORMAT

L2,18,7L10

I5
18,12,710.4,F10.7,
10X, 67105710+ 55110
10X, 6F10.5

4F10.5

L2,018,7L10
7F10.5,313,I1
15,2F10.5
8F10.5

L2,18,TL10
8F10.5
2F10.5,315
I5,F10.5

L2,18,TL10
215

L2,48,7L10
215



TLBLE 2 (Continued)

MATCHING (SECTION 3.6)
CONTROL CARD

* ¥ *

Z-VALUES, ZIH,2IV LT LOCATION 1
C/RD 1 (Z'S GIVEN)

IF CZRD 1 IS BLLNK THEN READ
CARD 2 (Z'S COMPUTED)

Z-VALUES, ZMH, ZMV AT TOCATION 2

ONIY IF FLMH OR FLMV # O

CLRD 1

CLRD 2
72-VLLUES, ZOH, ZOV LT LOCATION 3

CLARD 1
CA.RD 2

CLRDS FOR INTZRQUADRUPOLE SECT,

C/{RD FOR MLTCHIMNG QU/DRUPOLE
INTERQU.DRUPOLE SECTION

MH, SUB-HELDING

INSERT FIRST LOT OF DALTAL CLRDS FOR MINUIT + % =% SEE REFEREI'CE &

PLH,FPLV,FLXN  FLZN , FAHM ,FLVM,, WHMAX , WVMAX

RIH,XIH,RIV,XIV,BETLIH, ALPHLIH,BETLAIV, ALPHATV

I1, I2

EH/PI, EV/PI, NQULD
(1) 11, 12, LH MATRIX,
AV MATRIX,
(1) NAME,CODE,L,SMIN,SMAX,KMIN,KMAX,KP,LP,IQ

(2)

MATCHING QUZDRUPOLE (2)
MATCHING QUZDRUPOLE (NQUAD)
INTERQU.LDRUPOLE SECTION (NQUAD+1)

¥ % % INSERT MINUIT 'COMMAND'!
GEOMETRY. (SECTION %.7)
CONTROL CLRD

DLTLA CLRDS % % ¢

SEE REFIERLICE 8

GE, SUB-HELDING

X,Y,%, GISEMENT, VERTICLL ..NCGLE (INITIAL),I1,I2

X,Y,%, GISEMENT, VERTICLL LNGLE, (FINLL)

FORMAT,
L2, L8, TL10

8F10.5
8F10.5

215

8F10.5
215

8F10.5

215

2F10.5, I5
215, 6F10.5
10X, 6F10.5

L8,12,5F10.5,7%

42,18,7L10
5F10.5, 215
5F10.5

I5



Read Transfer Channel Data

TR Tracking of a trajectory

BE Beam Envelope Computation
Transfer Matrices

LA Betatron Parameters

Matching

Geometry

Modification of the Channel

Summary Print - out

Serialize , Label and Punch a Deck

Read and Print a Comment Line

Fig.1: Block Diagram




T/BLE 2 (Continuead)

MODIFICLTION OF CHLNNEL (SECTION 3.8)

FORMLT
CONTROL CLRD 1o, SUB-HE/DING L2, 48,7410
NMOD : 15
THEN FOLLOW NMOD SETS OF DATL
11, 12 | 1 sgp 215
(12-11+1) CLRDS : TLEMENT, CODE, L, LNGLE, K, M OF DATL 48,12,710.4,F10.7,F10.5
ONILY IF .AMONG PREVIOUS C/RDS AN (2x3 HORIZONT AL MATRIX | 10X, 6F10.5 110
EIEMENT H.S CODE=6 OR 7 12x3 VERTICLL MATRIX 10X, 6F10.5
FH, FV, FF, FD 4F10.5
SUMMARY PRINT-OUT (SECTION 3.9)
CONTROL C.RD sU A2,A8,TAL0
SERILLIZING / DECK (SECTION 3.10)
CONTROL CZLRD ' SI (LLBEL IS IN COLUMNS 61-70) L.2,18,7L10
FE, FV, FF, FD 4F10.5

COMMENT (SECTION %.11).
CONTROL CZLRD C¢, COMMENT L2, L8, T410




