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ACCELERATION: Type code 11.0

An energy gain is reflected in both the divergence and the width of
the beam, This element provides a simulation of a travelling wave linear
accelerator energy gain over a field free drift length (i.e. no externally

applied magnetic field).

There are five parameters:

Type code 11,0

Accelerator length (metres).

Energy gain (GeV).

¢ (phase lag in degrees).

v W N
1

A (wavelength in cm).
The new beam energy is printed as output,

The energy of the reference trajectory is assumed to increase linear-
ly over the entire accelerator length, If this is not the case, an appro-
priate model may be constructed by combining separate 11,0 elements. An

11.0 element with a zero energy gain is identical to a drift length,
None of the parameters may be varied.

Second-order matrix elements have not been incorporated in the

program for the accelerator section.

The units of parameters 2, 3, and 5 are changed by 15. 8., 15. 11.,

and 15. 5. type code entries respectively,
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BEAM (rotated ellipse): Type code 12.0

To allow the output beam from some point in a system to become the
input beam of some succeeding system, provision has been made for re-
entering the correlation matrix which appears as a triangular matrix in
the beam output, (See section under type code 1.0 and/or the Appendix

for definitions.)
There are 16 parameters:

1 - Type code 12.0

2 to 16 - The 15 correlations (r(ij)) among the 6 beam components -

in the order printed (by rows).

Several cards may be used to insert the 15 correlations, if neces-

sary.

Since this element is solely an extension of the beam input, a 12.0

element must immediately be preceded by a 1.0 (BEAM) element entry.

The effect of this element in the printed output is shown only in
the beam matrix. If the beam matrix is printed automatically, it is not
printed directly after the BEAM element but only after the correlation

matrix has been inserted.
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Qutput PRINT CONTROL instructions: Type code 13.0

A number of control codes which transmit output print instructions

to the program have been consolidated into a single type code:
There are two parameters:

1 - Type code 13.0

2 - Code number.

The effects of the various code numbers will be described below (not in

numerical order).

Several codes are available to control various aspects of the printed
output. Most type codes produce a line of output that advertises their
existence. Those that do not, usually have an obvious effect upon the

remainder of the output and thus make their presence clear.

Beam matrix print controls 1., 2., 3.

(13. 1. ;): The current beam (0) matrix is printed by this code.

(13. 3. ;): The beam (0) matrix will be printed after every physi-

cal element which follows this code.

(13. 2. ;): The effect of a previous (13. 3. ;) code is cancelled
and the beam (¢) matrix is printed only when a (13. 1. ;) code is en-
countered or when another (13. 3. ;) code is inserted. The suppression

of the beam matrix is the normal default.

Transformation matrix print controls 4., 5., 6., 24.

(13. 4. ;): The current transformation matrix R1 (TRANSFORM 1) is
printed by this code. If the program is computing a second-order matrix,
this second-order transformation matrix will be included in the print-out.
This matrix is cumulative from the last R1 (TRANSFORM 1) update. The
units of the elements of the printed matrix are consistent with the input

units associated with the type code 1.0 (BEAM) entry.

(13. 6. ;): The transformation matrix Rl will be printed after
every physical element which follows this code. The second-order matrix
will be printed automatically only if the one-line form (code 13. 19. ;)
of the transformation is selected. The second-order matrix will, however,
be printed at each location of a (13. 4. ;) element. The first-order

matrix will not be repeated.
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(13. 5. ;): The automatic printing of Rl will be suppressed and Rl

will be printed only when subsequently requested.

(13. 24. 3): The TRANSFORM 2 matrix, R2, will be printed by this
code. The format and units of R2 are identical with those of Rl, which
is printed by the (13. 4. ;) code. For a list of elements which update

the R2 matrix, see type code 6.

The units of the tabulated matrix elements in either the first-order
R or sigma matrix or second-order T matrix of a TRANSPORT print-out will
correspond to the units chosen for the BEAM card. For example, the
R(12) = (x/0) matrix element will normally have the dimensions of cm/mr;
and the T(236) = (6/yS8) matrix element will have the dimensions mr/ (cm--

percent Ap/p) and so forth.

Misaligrnment table print control 8.

The misalignment summary table is printed wherever a (13. 8. 3)
element is inserted. Its contents are the effects of all previously
specified misalignments whose results were to be stored in a table. A
full description of the table and its contents is to be found in the

section on the align element (type code 8.).

Coordinate layout control 12.

One can produce a layout of a beam line in any Cartesian coordinate
system one chooses. The coordinates printed represent the x, y, and z
position, and the angles theta, phi, and psi, respectively, of the refe-
rence trajectory at the interface between two elements. Theta is the
angle which the floor projection of the reference trajectory makes with
the floor z axis. Phi is the vertical pitch. Psi is a rotation about
the reference trajectory. In the printed output the values given are
those at the exit of the element listed above and at the entrance of the

element listed immediately below.

A request for a layout is specified by placing a (13. 12. ;) card
before the beam card. If no additional cards are inserted the reference
trajectory of the beam line will be assumed to start at the origin and
proceed along the positive z-axis. The y-axis will point up and the x-
axis to the left. One can also specify other starting coordinates and
orientations by placing certain other cards before the beam card. For a

description of such cards see type code 16.0 (special parameters).
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The calculation of the coordinates is done from the parameters of
the physical elements as given in the data. Therefore, if effective
lengths are given for magnetic elements, the coordinates printed will be
those at the effective field boundary. The effects of fringing fields in

bending magnets are not taken into account.

General output forma:r controls 17

(13. 17. ;): The subsequent printing of the physical parameters of
all physical elements will be suppressed. Only the type code and the
label will remain. This element is useful in conjunction with the
(13. 19. ;) element which restricts the beam (0) matrix and the transfor-
mation (R) matrix each to a single row. The elements of these matrices
then appear in uninterrupted columns in the output, similar to the TRAMP

computer code used at the Rutherford Lab, CERN, and elsewhere.

(13. 18. ;): Only varied elements and constraints will be printed.
This element, in conjunction with the various options on the indicator
card, can produce a very abbreviated output. The entire output of a
multistep problem can now easily be printed on a teletype or other

terminal.

(13. 19. ;): The beam (0) and transformation (Rl or R2) matrices,
when printed, will occupy a single line. Only those elements are printed
which will be non-zero if horizontal midplane symmetry is maintained. The
second-order transformation matrix will obviously occupy several lines.
This element, in conjunction with the 13. 17. ; element and either the
13. 3. ; element or the 13. 6. ; element, will produce output in which
the printed matrix elements will occupy single uninterrupted columns.

For visual appearances it is recommended that, if both beam (o) and
transformation matrices are desired, they be printed in separate steps

of a given problem.

[N
)

Punched output controls 28., 30., 31., &2., 33., 3<4., ., 36.

If the control is equal to 29, all of the terms in the first-order

matrix and the x and y terms of the second-order matrix are punched.

If the control is equal to 30, all of the terms of the first-order

matrix and all second-order matrix elements are punched out.
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If the control, n, is greater than 30, all of the first-order terms
are punched and the second-order matrix elements which correspond to

(n-30.), i.e. if n = 32, the second-order theta matrix elements are

1]

punched out. If n 31, the second-order x matrix elements are punched,

and so forth.
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ARBITRARY TRANSFORMATION input: Type code 14.0

To allow for the use of empirically determined fringing fields and
other specific (perhaps non-phase-space-conserving) transformations,
provision has been made for reading in an arbitrary transformation

matrix. The first-order 6 x 6 matrix is read in row by row.

There are eight parameters for each row of a first-order matrix

entry:

1 - Type code 14,0

2 to 7 - The six numbers comprising the row. The units must be those
used to print the transfer matrix; in other words, consistent
with the BEAM input/output.

8 - Row number (1. to 6.)

A complete matrix must be read and applied one row at a time. Rows

that do not differ from the unit transformation need not be read.

For example, (14, -,1 .9 0. 0. 0. 0. 2. 3) introduces a transforma-
tion matrix whose second row is given but which is otherwise a unit matrix.
Note that this transformation does not conserve phase space because

R(22) = 0.9, i.e. the determinant of R # 1.

Any of the components of a row may be varied; however, there are

several restrictions,

Type code 14.0 elements that immediately follow one another will all
be used to form a single transformation matrix. If distinct matrices are
desired, another element must be inserted to separate the type code 14,0
cards. Several do-nothing elements are available; for example, a zero

length drift (3. 0. ;) is a convenient one.

When the last of a sequence of type code 14.0 cards is read, the

assembled transformation matrix will be printed in the output.
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Note that
1 0 ayl a2 amn a2
4
az) az» 0 1 azy az2
Hence, a matrix formed by successive 14. (3. 0. 3;), l4. - elements

is not always equal to the one formed by leaving out the (3. 0. ;)

element.

If components of a 14.0 card are to be varied it must be the last
14.0 card in its matrix. This will force a matrix to be split into

3
factors if more than one row has variable components.

If it is desired to read in the second-order matrix coefficients for
*%k
the ith row, then the following 22 additional numbers may be read in ).

9 - continuation code O.

10 to 30 - the 21 coefficients:
T(111) T(il2) T(1i13) T(il4) T(il5) T(il6)
T(122) T(i23) T(i24) T(i25) T(i26) T(i33)
T(i34) T(i35) T(i36) T(i44) T(i45) T(i46)
T(i55) T(i56) T(i66)

in that order, where i is the row number. It is
necessary to read in the first-order matrix row
which corresponds to the second-order matrix row

being read in.

As in the first-order case, full rows not different from the
identity matrix [i.e., R(ii) = 1, all other R(ij) = 0, and all
T(ijk) = O] need not be read in.

**) This feature frees the user from making repetitive, expensive,
second-order runs through a fixed portion of his system while
experimenting with other magnets. This is done by reading the full
matrix of this portion (obtained from a previous rumn) back into the
machine as a single "arbitrary matrix."
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Input-output UNITS: Type code 15.0

TRANSPORT is designed with a standard set of units that have been

used throughout this manual. However, to accommodate other units con-

veniently, provision has been made for redefining the units to be

emp loyed.

This is accomplished by insertion of one or more of the follow-

ing elements.

There are four parameters to be specified:

1_
2_

Type code 15.0

Code digit.

The abbreviation of the unit (see examples below).

This will be printed on the output listing. It must be enclosed
in single quotes and is a maximum of three characters long (four
for energy). The format for insertion is the same as for labels.
The scale factor (if needed).

The scale factor is the size of the new unit relative to the
standard TRANSPORT unit. For example, if the new unit is inches

and the standard TRANSPORT unit cm, the scale factor is (2.54).
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The various units that may be changed are:

Code Quantit Standard Symbols used in
Digit tty TRANSPORT Unit SLAC-75
1.0 | horizontal and vertical cm X,y
transverse dimensions,
magnet apertures and mis-
alignment displacements.
2.0 | horizontal and vertical mr 0,0
angles and misalignment
rotation angles
3.0 | vertical beam extent cm v
*
(only) ) and bending
magnet gap height
*
4,0 | vertical beam divergence mr ¢
(only)
5.0 pulsed beam length and cm L
wave length in accelerator
6.0 momentum spread percent (PC) 8
7.0 bend, pole face rotation, and degrees (DEG)
coordinate layout angles
8.0 length (longitudinal) metres (M) t
of elements, layout co-—
ordinates and bending
magnet pole face curvatures
9.0 | magnetic fields kG § B
10.0 mass electron mass m
11.0 | momentum and GeV/c p(0)
energy gain in accelerator GeV AE
section

%) These codes should not be used if the coordinate rotation (20.0) type

code is used anywhere in the system.
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Units are not normally restored at the end of a problem step. Once
changed, they remain the same for all succeeding problem steps in an input
deck until a 0 indicator card is encountered, at which time they are re-
set to standard TRANSPORT units. The units may be reset to standard units

by inserting a (15. ;) type code entry.

The 15.0 elements are the first cards in a deck (immediately follow-
ing the title card and the O or 1 indicator card) and should not be in-
serted in any other location. They produce no printed output during the
calculation, their effect being visible only in the output from other

elements.

Example: To change length to feet, width to inches, and momentum
to MeV/c, add to the front of the deck the elements

15. 8. ' FT' 0.3048;
15. 1. ' IN' 2.54;
15. 11. 'MEV' 0.001;

The scale factor, 0.3048, multiplies a length expressed in the new unit,

feet, to convert it to the reference unit, metres, etc.

For the conventional units listed below, it is sufficient to stop
with the unit name (the conversion factor is automatically inserted by
the program). If units other than those listed below are desired, then
the unit name and the appropriate conversion factor must be included. If

the automatic feature is used with older versions of the program, there

must be no blank spaces between the quotes and the unit name.
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SPECIAL INPUT PARAMETERS: Type code 16.0

A number of constants are used by the program which do not appear as
parameters in elements of any other type code. A special element has
been provided to allow the designer to set their values. These special
parameter entries must always precede the physical element(s) to which

they apply. Once introduced, they apply to all succeeding elements in

the beam line unless reset to zero or to new values,

There are three parameters:

1 - Type code 16.0

2 - Code digit.

3 - Value of the constant,

A number of such constants have been defined in this manner. All have

a normal value that is initialized at the beginning of each run.

Code digits for spectal parameters

1. €(l) - a second-order measure of magnetic field inhomogeneity in

bending magnets, If

) -
8BGO = B(O) |1 - n) 48" - J
L (Oo) Po
is the field expansion in the median (y = 0) plane, then
€(1l) is defined as
2
1

e(l) = Bﬁg;)

(where py is measured in units of horizontal beam width -
normally cm). This parameter affects second-order calcula-
tions only. Normally the value if 0. It may be varied in

second-order fitting.

3, (M/m)- Mass of the particles comprising the beam, in units of the
electron massy normally O, A non-zero mass introduces the
dependence of pulse length on velocity, an important effect

in low-energy pulsed beams.

4, W/2 - Horizontal half-aperture of bending magnet, in the same units
as horizontal beam width, normally 0 (i.e. effect of horizontal

half aperture is ignored).



5. g/2 -
6. L -
7. Ky -
8. Ko -

- 103 -

Vertical half-aperture of bending magnet, in the same units
as vertical beam height; this parameter must be inserted if
the effect of the spatial extent of the fringing fields upon
transverse focusing is to be taken into account. (See type

codes 2.0 and 4.0 as a cross reference) normally O.

Cumulative length of system, in the same units as system
length. It is set to zero initially, then increased by the length
of each element, and finally printed at the end of the system.

This element allows the cumulative length to be reset as desired.

An integral related to the extent of the fringing field

of a bending magnet. See section under type code 2.0 and
SLAC-75 page 74 for further explanation.

If the (16. 5. g/2. ;) element has been inserted, the program
inserts a default value of K; = % unless a (16. 7. Ki. 3)
element is introduced, in which case the program uses the K;
value selected by the user. The table below shows typical

values for various types of magnet designs.

A second integral related to the extent of the fringing
field. Default value of K, = 0 unless specified by a

(16. 8. Ky, 3) entry.

Typical values of K, and K are given below for four types

of fringing field boundaries:

a)
b)
c)

d)

a linear drop-off of the field,
a clamped "Rogowski'" fringing field,
an unclamped "Rogowski" fringing field,

a "square-edged' non-saturating magnet
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Model Ky KZ*)
Linear 1/6 3.8
Clamped Rogowski 0.4 4.4
Unclamped Rogowski 0.7 4.4
Square-edged magnet 0.45 2.8
12. 1/Ry - Where R; is the radius of curvature (in units of longitudinal

length, normally metres) of the entrance face of bending magnets,

(See figure on p.

13. 1/R; ~Where R; is the radius of curvature (in units of longitudinal
length, normally metres) of the exit face of bending magnets.

(See figure on p.

The pole face curvatures (1/Ri) and (1/R:) affect the system only in
second-order, creating an effective sextupole component in the neighbourhood
of the magnet. 1If the parameters are not specified, they are assumed to be
zero, i.e, no curvature and hence no sextupole component. Either parameter

(or both) may be varied in second-order fitting.

*) For most applications K, is unimportant, If you find it is
important to your result you should probably be making a more
accurate calculation with a ray-tracing program (see References
at the end of the manual.)
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Tilt-to-focal plane (16. 15. a. ;) element

s/

Very often it is desired to have a listing of the second-order
aberrations along the focal plane of a system rather than perpendicular
to the optic axis, i.e. along the x coordinate. If the focal plane makes
an angle o with respect to the x axis (measured clockwise) then
provision has been made to rotate to this focal plane and print out

the second-order aberrations. This is achieved by the following pro-

cedures:

Alpha is the focal-plane tilt angle (in degrees) measured from the

perpendicular to the optic axis (a is normally zero).

The programming procedure for a tilt in the x(bend)-plane (rotation

about y axis) is:

16. 15. o.

3. 0. 3 (a necessary do-nothing element)
13. 4.

16. 15. =-a. ; (rotate back to zero)

3. 0. 3 (a necessary do-nothing element)

16. 15. 0. ; (to turn off rotation element)
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The programming procedure for a tilt in the y-plane (rotation about

Xx—axis) 1s:

16. 15. a. ;

20. 90.
3 0.
20. -90.
13. 4o
16. 15. =-a. 3 (rotate back to zero)
3 0.

16. 15. 0. 3 (to turn off rotation element)
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Inttial beam line coordinates and direction

When requesting a beam line coordinate layout via a (13. 12. ;)
element one can employ any coordinate system one desires. The position
and direction of the beginning of the reference trajectory in this
coordinate system are given on elements 16. 16. through 16. 20. Such

cards should be placed before the beam card, but after any units changes.

Their meanings are as follows:

16. 16. X0, Yo, and zp, respectively, the coordinates of

16. 17. the initial point of the reference trajectory

16. 18. in the units chosen for longitudinal length,

16. 19. 8o and ¢y the initial horizontal and vertical angles
16. 20. of the reference trajectory in degrees.

When specifying the initial orientation of the reference trajectory
via the two angles, one must give the horizontal angle first. The
meaning of the two angles is given in the following figure. Any of the

above five parameters not explicitly specified will be taken to equal

zZero.

The initial coordinates may be varied in first-order fitting. Their

values will affect only the beam line floor coordinates and not any beam

or transfer matrix element.



- 109 -

REFERENCE
TRAJECTORY

N
X -

SPECIFICATION OF INITIAL ANGLES Oy AND ¢p FOR BEAM LINE LAYOUT.
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SECOND-ORDER CALCULATION: Type code 17.0

A second-order calculation may be obtained provided no alignments are
employed. A special element instructs the program to calculate the second-
order matrix elements. It must be inserted immediately following the beam

(1. element).

Only one parameter should be specified:

1 - Type code 17.0 (signifying a second-order calculation is to be

made) .

To print out the second order Tl matrix terms at a given location in
the system, the (13. 4. ;) print control card is used. For T2, the
(13. 24, 3) print control card is used. The update rules are the same
as those for the corresponding first-order R matrix. See SLAC-75 for

definitions of subscripts in the second order T(ijk) matrix elements.

The values of the BEAM (sigma) matrix components may be perturbed
from their first-order value by the second-order aberrations. In a
second-order TRANSPORT calculation, the initial beam is assumed to have
a Gaussian distribution. For exact details the reader should consult
the Appendix. For the beam matrix to be calculated correctly, there
should be no elements which update the R2 matrix. If a centroid shift is
present, it must immediately follow the beam (type code 1.0) or beam

rotated ellipse (type code 12.0) card.

Only second-order fitting may be done in a second-order run. See
the section on type code 10.0 for a list of quantities that may be con-
strained in a second-order run. If a beam constraint is to be imposed in

second-order, there must be no centroid shifts present anywhere.

Second-order matrices are included in the program for quadrupoles,
bending magnets (including fringing fields), the arbitrary matrix, sex-
tupoles, and solenoids. They have not been calculated for the accelera-

tion (type code 11.0) element.
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SEXTUPOLE: Type code 18.0

Sextupole (hexapole) magnets are used to modify second-order aber-
rations in beam transport systems. The action of a sextupole on beam
particles is a second and higher order effect, so in first order runs

(absence of the 17.0 card) this element will act as a drift space.
There are four parameters:

1 - Type code 18,0

2 - Effective length (metres).
3 - Field at pole tips (kG). Both positive and negative
fields are possible (see figures below).

4 - Half-aperture (cm). Radius of circle tangent to pole tips.

Other orientations of the sextupole may be obtained using the beam

rotation element (type code 20.0).

The pole tip field may be varied in second-order fitting, It may
also be constrained not to exceed a certain specified maximum field.
(See the explanation of vary codes in the section on type code 10.0).
Such a constraint allows one to take into account the physical realities

of limitations on pole tip fields.

See SLAC-75 for a tabulation of sextupole matrix elements. The

TRANSPORT input format for a typical data set is:

F—_ Label if desired (not to exceed
18. L. b. a. ' ' ; 4 spaces)



- 112 -

*9IHLO HOVA Ol 10ddSA¥ HIIM FAILISOd H¥V LVHL SINIWHTH TIOAILTIAW FIVOIANI SHILINVIOL IANOVHW HHL
*SINIWATA AT04NIXAS ANV AT04N¥AVAD ‘TT04IA ¥04 (SIXV X) ANVIAAIN DILANOVH HHI 40 NOILVYISNTII

370dN1X3S 370dNYAvNO 310dI0
N
\ S N S
m m ;M
A
X 0 X 0 _ X 0 5
e A
AN

£ A
N N !
N S N
S




- 113 -

SOLENOID: Type code 19.0

The solenoid is most often used as a focusing element in systems
passing low-energy particles. Particles in a solenoidal field travel
along helical trajectories. The solenoid fringing field effects neces-

sary to produce the focusing are included.
There are three parameters:

1 - Type code 19.0

2 - Effective length of the solenoid (metres).

3 - The field (kG). A positive field, by convention, points in the

direction of positive z for positively charged particles.

The length and the field may be varied in first-order fitting. Both

first- and second-order matrix calculations are available for the solenoid.

A typical input format is:

;—————— Label if desired (not to exceed

4 spaces)
19. L. B. '
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First-order solenoid matrix

Solenoid R matrix

Definitions: L effective length of solenoid

K = B(0)/(2Bpy),where B(0) is the field inside the
solenoid and (Bbo)is the (momentum) of the central

trajectory.
C = cos KL
S = sin KL

For a derivation of this tranformation see report SLAC-4 by
R. Helm.

Alternate forms of matrix representation of the solenoid:

o 2 _1— l 2 ~
C 2SC sc S 0 0
-KSC c? -KS? SC 0 0
-SC —-%sz c? %sc 0 0
R(Solenoid) =
Ks? -SC -KSC c? 0 0
0 0 0 0 1 0
0 0 0 0 0 1%
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Rotating the transverse coordinates about the z axis by an angle

= -KL decouples the x and y first-order terms, i.e.

-KS C 0 0 0 0
1
0 0 C ES 0 0
R(-KL) °~ R(Solenoid) =
0 0 -KS C 0 0
0 0 0 0 1 0
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COORDINATE ROTATION: Type code 20.0

The transverse coordinates x and y may be rotated through an angle o
about the z axis (the axis tangent to the central trajectory at the point
in question)**). Thus a rotated bending magnet, quadrupole, or sextupole
may be inserted into a beam transport system by preceding and following
the element with the appropriate coordinate rotation. (See examples
below.) The positive sense of rotation is clockwise about the positive

z axis.
There are two parameters to be specified for a coordinate rotation:

1 - Type code 20.0 (signifying a beam coordinate rotation).

2 - The angle of rotation a (degrees).

The angle of rotation may be varied in a first-order fitting (see

type code 10.0).

Note

This transformation assumes that the units of (x and y) and (6 and ¢)
are the same., This is always true unless a 15.0 3.0 or a 15.0 4.0 type

code has been used,

x%) See SLAC-75"), page 45 and Fig. 4, page 12 for definitions of X, y,
and z coordinates,



Examples:

For a bending magnet,

specify a rotated magnet.

FExample No. 1

A bend up is represented by rotating the x, y coordinates by -90.0

degrees as follows:

y—————- Labels (not to exceed 4 spaces) if desired

20. -90. ' !
2. B(L). ' !
4. L. B. n.
2. B(2. '
20. +90. ' !
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the beam rotation matrix may be used to

b

3 (returns coordinates to their initial

orientation)

A bend down is accomplished via a +90 degree rotation.

20. +90. ' !
2.
4,
2.
20. -90. ' !

.
2

b

A bend to the left (looking in the direction of beam travel) is

accomplished by rotating the x, y coordinates by 180 degrees, e.g.

20. 180. ' !
2.
4,
2.
20. -180. '
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Example No. 2

A quadrupole rotated clockwise by 60 degrees about the positive 2z

axis would be specified as follows:

20. 60. ! ' H
5. L. B. a. ' '
20. -60. ' v

AN Y/
where C = cos Q,
S = sin a,
0 = angle of coordinate rotation about the beam axis,
blank spaces are zeros.
e.g. for o = +90 degrees, this matrix interchanges rows 1 and 2 with

3 and 4 of the accumulated R matrix as follows:
_6- 0 1 _5. FE}II) R(12) R(13) R(iz; -—i(Bl) R(32) R(33) R(3Z;
0O 0 0 1 R(21) R(22) R(23) R(24) R(41) R(42) R(43) R(44)

-1 0 0 O R(31) R(32) R(33) R(34) -R(11) -R(12) -R(13) -R(14)

_9 -1 0 _EJ —5541) R(42) R(43) R(%ﬁL -R(21) -R(22) -R(23) —R(Zil

(The rest of the matrix is unchanged.)
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STRAY MAGNETIC FIELD: Type code 21.0

1 - Element No. 21.0

4: horizontal deflection

2 - Code No. n. n

n = 2: vertical deflection.

3 - <BL> mean value of Ide.

Fa
|

* < o BL> +: Gaussian random number generator;
affects beam first moment.
-: uncertainty in jﬁdz - affects beam

second moment.

Uses the misalignment element (8.) to calculate an angular deflection

Bdz
(Bp)

equal to

This type code is not functioning in the present version of the

program.
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SENTINEL

Each step of every problem in a TRANSPORT data set must be terminated
with the word SENTINEL. The word SENTINEL need not be on a separate card.
For a description of the form of a TRANSPORT data set see the section on

input format.

An entire run, consisting of one or several problems, is indicated

by an additional card containing the word SENTINEL. Thus, at the end of

the entire data set the word SENTINEL will appear twice.
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