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“TRANSPORT User Manual”
Third-Order TRANSPORT with MAD Input, A Computer Program for Designing Charged Particle
Beam Transport Systems, by D. C. Carey, K. L. Brown and F. Rothacker, October 1998.
Fermi National Accelerator Laboratory report number Fermilab-Pub-98-310, UC-414.
Stanford Linear Accelerator Center report number SLAC-R-530.
Reproduced for distribution with PBO Lab by permission.

DISCLAIMER NOTICE (TRANSPORT - Fermi National Accelerator Laboratory):

This material was prepared as part of work sponsored by the United States Department of Energy. The
Department of Energy, Universities Research Association, Inc., and their agents and employees, make
no warranty, express or implied, and assume no legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, nor represen
that its use would not infringe privately owned rights.

DISCLAIMER NOTICE (TRANSPORT - Stanford Linear Accelerator Center):

The items furnished herewith were developed under the sponsorship of the U.S. Government. Neither
the U.S., nor the U.S. Department of Energy, nor the Leland Stanford Junior University, nor their
employees, makes any warranty, express or implied, or assumes any liability or responsibility for accuracy,
completeness or usefulness of any information, apparatus, product or process disclosed, or represent
that its use will not infringe privately-owned rights. Mention of any product, its manufacturer, or suppliers
shall not, nor is it intended to, imply approval, disapproval, or fithess for any particular use. The U.S.
and the University at all times retain the right to use and disseminate the furnished items for any
purpose whatsoever.

TRANSPORT is a FORTRAN program maintained and distributed by the Fermi National
Accelerator Laboratory and the Stanford Linear Accelerator Center. TRANSPORT is
included with the PBO Lab software with the written permission of both the Fermi
National Accelerator Laboratory and the Stanford Linear Accelerator Center.
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1. Getting Started

This Section is intended as a quick start introduction for

running the TRANSPORT Application Module in the

Particle Beam Optics Laboratory. The remainder of thisis supplement describes the user
Supplement describes the PBO Lab user interface featungsface features specific to the
that are specific to the TRANSPORT Application ModulelRANSPORT Application Module.
Refer to the PBO Lab User Manual for more genergjfer to the main PBO Lab User
information on the PBO Lab user interface. Thg'na?#:';ggT;’geugsz??;i"e'rgzremsgfer:
“TRANSPORT User Manual” describes theg e «TRANSPORT User Manual” for

TRANSPORT program. a description of the TRANSPORT

Running TRANSPORT e

Execution of TRANSPORT is accomplished from the
Commands Submenu, shown in Figure 1, by selecting one
of the Write Input and Run Transport commands.

Commands

TRAMNSPORT ‘Wrike Input and Run Transpork “With Fitting

3
TURTLE ¥ Transport Plok Specification ‘Without Fitting
MARYLIE v The Commands Submenu for
_ ‘trite Input and Yiew . .
VEAEE 30 Y iew Transport Input File TRANSPORT is used to set various
Compute All AutoCalcs Run ‘Transport Input’ File Options and OUtpUt parameters for
Show R-Matri the TRANSPORT Application Module
Show Sigma Makrix

as described in this Supplement.

List Windows 3 Parameter Yariables
Parameter Expressions
Fitting Constraint Expressions
Skore Yariables

Opkions

Figure 1. TRANSPORT Commands Menu.

The Write Input and Run Transport command provides

options for running TRANSPORT with or without Fitting.

Both options will generate the native input and execute

TRANSPORT for the beamline in the Model Space of

the Document Window. The second command in thf§© Lab provides a group of

e : . ommands that can be used to
group opens the Transport Plot Specifications Wmdom)éenerate the native TRANSPORT input

. . independently from the execution of
The next group of commands provide options to separaig TrRANSPORT program. Using

the generation of input from the execution of TRANSPORThese commands allows the input
generated by PBO Lab to be modified

The next group of commands is for the display of diagnosti¢ectly before running TRANSPORT.

data, followed by a Submenu that provides access to user-

specified Named Parameters, Variables, Expressions and

Fitting Constraints for the entire beamline.
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The last command in the TRANSPORT Commands menu
Is used to access various options and output parameters.

To Run the TRANSPORT Application Module simply
select the command to Write Input and Run Transport
without Fitting from the Commands Menu as illustrated
in Figure 2. The native Transport Output file is
automatically displayed in a scrollable Text Edit Window
upon completion of the run. Use the Save As command
in the File Menu of the Text Edit Window to rename the
output file if desired. Both the Transport Input and Output
files will be overwritten on any subsequent execution of
the TRANSPORT Application Module.

Commands

TRAMSPORT v| Wirite Input and Run Transport  » RS sW laalgle] - . - -

T S| e R ShedTedien Selecting the first item in the TRANSEORT
MARYLIE S : Commands Menu generates the native
TRACE 3D | AL Transport Input for the beamline model in

Wiew 'Transport Input’ File

Compute Al AukoCalcs Run ‘Transpart Input' File the Document Window and then executes the
TRANSPORT Application Module

Show R-Matrizx
Show Sigma Matrix

List Windows 3

Qptions

Fie Edit Font
{ 8) *PARAM* “VARVY " 0.26500000E+03 LI
VARIED
1Transport Model: Example E — modified.pbol
4 2) #1ST ORDER= 1 1
{ 3) w#PHASS = 0.18750E+01
{ 11) =BEaM= “BEAHD " 0.08663 GEV
0.000 M 0.000 6.724 mm
0.000 29 .183 mr —-0.952
0.000 5. 894 mm 0.000 0.000
0.000 28 552 mr 0.000 0.000 0.934
0.000 0011 0.000 0.000 0.000 0,000
0.000 0.0l R 0.000 0.000 0.000 0.000 -0.121
{ 13) =DRIFT* “DRFTOL1" 0.17300 o
K
(14} =QUAD= “QUADDZ" 0.09600 H —265 00000 KG ~M ( -0.09903 H )]
K
( 15) =DRIFT* “DRFT03" 0.03975 H
"
( 16} =DRIFT* "DRFT04" 0.033875 H
)it
{ 17) #QUAD= "QUADOS" 0.09600 M 265.00000 KG /M { 0.13131 M )
)8
( 18) =DRIFT* “DRFTOE" 0.04274 H
K
( 19) =DRIFT* “DRFTO7" 0.04274 H
"
{ 20) =QUAD* "QUADDS" 0.09600 M —265 00000 KG M { —0.033%03 o b
)it
{ 21y =DRIFT= “DRFT03" 0.04574 H
n
( 22) =DRIFT» “DRFT10" 0.04574 H
K
(23} =QUAD= “QUADIL" 0.09600 H 265 00000 KG ~M { 0.13131 H )] )
K
{ 24) =DRIFT* "DRFT12" 0.04873 H
"
{ 25) =DRIFT= “DRFT13" 0.04873 H
{ 26) =QUAD= “QUAD14" 0.04800 H —265.00000 KG ~M { -0.21938 H )
0.959 M 0.000 1.908 mm
0.000 31 .505 mr -0 064
0.000 14 492 mm 0,000 0.000
0.000 13 .799 mr 0.000 0.000 -0.954
0.000 0.014 M 0.000 0.000 0.000 0000
0.000 0.0l R 0.000 0.000 0.000 0.000 0.609
#*TRANSFORM 1=
—0.78939 -0.13877 0.ooooo 0.00000 0.00000 0.oo00o0
—7.20819 -2.53398 0.goooo 0.o0000 0.00000 0.oo00o0
0.00000 0.00000 -1 62283 -0 18034 0.00000 0.o0oon
0.00000 0.00000 3.38897 -0 23961 0.00000 0.o0oon
000000 0.00000 0.oopon 000000 1.00000 0. 95688
0.00000 0.00000 0.oooon 0.00000 0.00000 1.00000
i} *LENGTH* 0.35892 H -
4] I

Figure 2. Executing the TRANSPORT Application Module.



PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

Figure 2 illustrates the selection of the first command,
which will write the native Transport Input file and run
TRANSPORT for the current beamline model. The
selected command is executed after the mouse button is
released. Following execution, the Transport Output file

will be displayed, as illustrated in Figure 2. Figure 2/is an example of the output
window that is displayed when the

. . . TRANSPORT run is completed. The
PBO Lab also provides graphic representations of d@{@ent of the native Transport

generated from TRANSPORT. The Transport Pl@jutput file will depend on various
Specification command in the Commands Menu can bggions and output parameters set
used to direct output to the Transport Plot file which i the user.

used by PBO Lab to generate interactive graph plots. Any

plot specifications will result in PBO Lab Graph Plot

Windows being opened automatically after execution of

TRANSPORT. A description of Transport Plot

Specifications can be found in Chapter 8 of this

Supplement. The user interface for Graph Plot Windows

is described in the main PBO Lab User Manual.
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2. TRANSPORT Application Module

This Section describes the PBO Lab Application Context and
Global Parameters that are specific to the TRANSPORT
Application Module. Refer to the Getting Started and User
Interface Chapters of the PBO Lab User Manual for more
general information on the PBO Lab user interface. The
“TRANSPORT User Manual,” included with this

Supplement, describes the TRANSPORT program in general
and each of the native TRANSPORT input parameters.

Set the Application Context pop-up for Green dots indicate which Parameters
the TRANSPORT Application Module are native inputs for TRANSPORT

BB PBO-Lab - Example B - Modified.phol

File Edit Wewl,Commands Tools Tutorial

ﬂ Islf=2s

oo Bl Bz 3 o

Tab Panels provide access to

Globalz I TracingsTracking I Floar Coordln&?s additional Global Parameters
Farieee Charde [ e ! = and Initial Floor Coordinates
Farticle Mazs |18?5.DDDDDD IMEV j 05110 222e+005 & for the beamline model
Beam Eneroy Ig_gggggg IMEV j 00010 1.00e+010 &
Beam Current Ig_gggggg ImAmp j 0.0000  1.00e-007
Frequency Igg_gggggg IMHZ j 30000 3.00e+004 @
Maximum Step Size Ig_m 0000 |m j 0.0020 10,0000

% f
- e |- - -
<a Drift fuad Drift Drift

BE&M  DRFT Q-1 DRFT  DRFT

Drift | Drift |

DRFT  DRFT

e ol
- - -| B |- - - | B
Dri £ Drift Quad Dritt Drift Quad

DRFT  DRFT @b-4  DRFT  DRFT  HFQD  FINAL

|1B Pieces

Figure 3. TRANSPORT Application Context and Global Parameters.

The Application Context pop-up in the Button Bar of theye appiication Context is used to
Document Window is shown in Figure 3. The ApplicatiOfentify native parameters with green

Context does not need to be set for TRANSPORT in ord#r indicators.
to execute TRANSPORT commands. However, the

Application Context is used to indicate which inputheApplication Context is also used

parameters are native inputs for TRANSPORT. Nati
inputs are indicated in the Global Parameters and in eg
Piece Window using green dots that appear to the right,@fdows will be opened.
a parameter.

\}8 activate any application-specific
buttons and in some cases, to
rmine which application-specific
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Beamline Global Parameters

The PBO Lab Beamline Global Parameters are described
in the Getting Started and User Interface Chapters of the
PBO Lab User Manual. This Section discusses the Global
Parameters that are used by the TRANSPORT Application
Module.

The PBO Lab Global Parameters 1 he native Global Parameters for TRANSPORT include
include native TRANSPORT inputssuch  the Particle Charge, Particle Mass, Beam Energy and
as the Particle Charge, Particle Mass,  Frequency. These parameters are indicated with green dots
Energy and Frequency, which are - yhan the Application Context is set for TRANSPORT in
global to the entire beamline model. -y o Document Window, as shown in Figures 3 and 4.

[ Tracing/Tracking I

Mumber of Macro-Particles |1ggg 1 10000

Mumber of Tracking Turns 100 1 10000

Cutput Distributions every [in Turns 10 100

[ Floor Coordinstes I
. Horizontal () Initial Location | gooooo -INF INF &
Hide and Show the Global ! [
Parameters from the View “ertical (v) Inttial Location ID.DDDDDD Im j IMF IMF 2
Menu or the Button Bar Longitucinal (z] Initial Locatiorlg_gggggg |m -l INF INF @
T Initizl * e (y-axdiz) angle ID.DDDUDD IDegrees - IMF INF
Initial Piteh (x-ans) angle |0.000000 |Degrees j INF IMF €
Initial Rall (z-awxiz) angle ID.DDDDDD IDegrees j IMF IMF 2
A
Globals I ﬁracingmacking\ I ﬁloor Coordinateh
Particle Charge |1 e 1 93 @ The Beamline Global Parameters

are accessed from three tab panels

Particle Mazs I 1875.000000 IMEV j 05110 222e+005 &
that float over the Work Space of

Beam Eneroy 2 000000 Me - 00010 1.00e+M0 & )

! ! = the Document Window
Beam Current I 0.000000 ImAmp j 00000 1.00e-007
Freuency I a0 000000 IMHZ j 30000  3.00e+004 &

Maimum Step Size Ig_m 0000 Im j 0.0020 10,0000

Exam Dri f{| O d| Final

BEAM  DRFT DRFT DRFT DRFT DRFT DRFT DRFT DRFT DRFT  HFQD  FIAL

| 16 Pieces

Figure 4. Beamline Global Parameters in the Document Window.

10
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The Particle Charge Global Parameter is not a native
TRANSPORT input. However, PBO Lab does use another
native TRANSPORT input, PREF in order to scale affithough the Particle Charge is not
magnetic fields to a “reference momentum?”, which i§natve TRANSPORT input, PBO Lab

. « " utilizes another TRANSPORT native
different from the beam momentum “PO”. Internally

. . Input parameter, PREF, that is used
TRANSPORT converts all fields by the ratio of PO/PREFR, scale all magnetic fields to a
and in the native Transport Output file, the scaled fieldgference momentum” which is
are printed. The use of PREF in TRANSPORT is describeitlerent from the beam momentum.
in the “TRANSPORT User Manual” included with this

Supplement. PBO Lab calculates an effective PREF and

writes it to the Transport Input file, handling all other

necessary conversions as well.

Several of the Global Parameters are also used for a variety

of PBO Lab calculations and displays, although they maygreen dot next to a parameter

not be native inputs for TRANSPORT. Additional Globakdicates that it is a native input for

Parameters are accessed from the Tracing/Tracking ffurent Application Context set
. . in the Document Window.

panel and the Floor Coordinates tab panel as illustrate

in Figure 4 on the previous page.

The Tracing/Tracking Global Parameters tab panel (Figure
4) has inputs that are used by both the TURTLE and . .
MARYLIE Application Modules. These parameters aré"¢ Tracking and Tracing Global
described in each of the Supplements for those Applicatifff e o 1o; Used BY the
Modules. The Tracing/Tracking Global Parameters are not

used by the TRANSPORT Application Module.

NSPORT Application Module.

Initial Floor Coordinates and
Orientation Parameters

Included with the beamline Global Parameters are a set

of Initial Floor Coordinate Parameters of the beam

reference trajectory, which are shown in Figure 4. These

parameters are used to specify the initial coordinates alided with the PBO Lab Global
the orientation of the reference trajectory. If theS®rameters are the Initial Floor
parameters are zero (default values are zero) thénrdinates and Orientation inputs
TRANSPORT assumes that the beamline will start at tHgt are used by TRANSPORT.
origin and proceed along the positive z-axis. Floor plots

are specified in the Transport Plot Specification Window

described in Chapter 8 of this Supplement.

11
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3. Beamline Elements

The PBO Lab Pieces implemented for TRANSPORT are
listed in Table 1 below. Native TRANSPORT inputs for
these elements are indicated in the Piece Windows. As
with the Global Parameters, green dots are found to the
right of Piece Parameters that are native inputs. (The
Application Context must be set for TRANSPORT in the
Button Bar of the Document Window.)

Table 1. PBO Lab Pieces supported by TRANSPORT.

Beam Bend @ Accelerator ? Eta

.. |0 Fa |F

oire | DMt o | Edge in | AlIGN fwa | PATAM Table 1 lists all of the Pieces that are
recognized by TRANSPORT. Pieces in

oo @ ] P . the beamline model that are not

ams | Quadrupole| | V| Lens caer | Kicker wec | SPecial supported by TRANSPORT will be
treated as zero-length drifts when

W < . @ [ PBO Lab generates the native input

1 Solenoid 43 | Plasma Leng | ¥ | ARMS waer | Marker for TRANSPORT.

?E RF Gap s%&%t Sextupole rém Rotate Final

=
Sector Beng @ Octupole sj;hé-?m Septum

Rectangularn
Bend

.1 Centroid [¢] Matrix

Makrix

The Piece Window user interface is described in the Getting
Started and User Interface Chapters of the PBO Lab User
Manual. However, several pieces have features that are
specific to TRANSPORT and those are described separately
in this Chapter. The “TRANSPORT User Manual”
(included with this Supplement) describes the
iImplementation of the other elements supported by the
TRANSPORT Application Module in PBO Lab. Many
Pieces also provide run-time Tutorials that are accessed from
the Tutorial buttons in the Piece Windows.

15



Beam Piece

The beamline model must include a
Beam Piece in order to generate the
native beam inputs for TRANSPORT.

The native beam inputs for
TRANSPORT can be generated from
either the Semi-Axes or Twiss Beam
Piece Parameters.

TRANSPORT permits the use of the
Twiss parameter representation only for
the transverse phase planes (horizontal
and vertical) of the initial beam.

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

Beam Piece

PBO Lab uses the Beam Piece to generate the initial
Sigma-Matrix for TRANSPORT. The beamline model
must include a Beam Piece, usually as the first piece in
the beamline as illustrated in Figure 5. The Beam Piece is
used to specify the initial Sigma-Matrix for TRANSPORT

in two different ways, referred to as the Semi-Axes
representation and the Twiss, or Courant-Snyder
representation. The Semi-Axes representation is more
general and allows for the complete specification of any
Sigma-Matrix, including correlations between different
phase planes. The Twiss parameter representation is useful
for specifying initial beams in which the phase planes
(horizontal, vertical and longitudinal) are decoupled.
TRANSPORT permits the use of the Twiss parameter
representation only for the transverse phase planes
(horizontal and vertical) of the initial beam.

Set the Application Context
for TRANSPORT

BB PBO-Lab - Example B - Modified.pbol

Fil= Edit/\%iew Commands Tools Tutorial

’A
(a2 /s Ol

xanlelBl Bz 3 o

Maximum Step Size I 0.0

T N

™
#
o

£

] Globals 1 Tracing/Mracking | Floor Coordinates
'0_ Particle Charge 1 [ 1 93 @
i y Particle Mass [1875 000000 e = 05110 22264005 ©
Beam Energy |2.UDUDDD IMEV j 00010 1.00e+010 &
Bleam Current Iﬁ £ Initial Beam
Frequency ey o ﬂl Correlemonsl Comp From TWlssl AutoScale Plutsl et Plat Sca\esl

Elemert Centraid

Particle Distribution Type  [5.D Equivalent Uniform X, ¥ (mm)

Beam Parameters 3502

ES
e
“ &
iz
=
4 4

=y
Parameters Value Units Limits {mrad) %4
Horizontal {x} 0.0 &

ﬂHaleleamExtent(x) W m 00000 100000 @

ﬂHaleealevergence ) IW lm 00000 1.00E+00¢ @ 35,0201

EEmiﬂance (x-) IW W 00000 100.0000 P 00 [omsi

Wertical (w)

ﬂHaleleamExtent(y) W lm 00000 100000 &

ﬂHalf Beam Divergence (') IW m 00000 1.00E+004 @ 2 ([o)
[127E-005

I

Double-click the Beam Piece
to Access Beam Parameters

:j:jEmlttance [y ISg_gggB‘] 3 pi-mim-mrad ¥ 0.0000  100.0000 "
Longitudinal {z) (mrad)
oo

ﬂHalf Beam Extertt (z) W o = 00000 100000 @

ﬂHalf Momertum Spread (z) W W 00000 100000 @ \j

. Emitence (-7) IW [pmmrad =] 0000 10000000 -1 27E-0RS

Comments: -13.7474 00 [13747a
IEIEAMU

Figure 5. Initial Beam Parameters in the Beam Piece Window.
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Both the Semi-Axes and Twiss parameters are shown in

Figure 6 illustrating the Beam Piece Window. There isTae Centroid Piece can be used to
Button Bar at the top of the window, two tab panels f@pift the centroid trajectory of the
parameter inputs (Beam and Centroid Parameters) an%rljéﬂc‘t’orre'grtg’xﬁstgfttﬂs k:j;;rlfn”ece
set of dynamic phase space ellipse plots. The Centroid ap ’ '

panel of the Beam Piece is not used by TRANSPORT.

However, PBO Lab does provide a Centroid Piece that is

supported by TRANSPORT. The Particle Distribution Typ#he Beam Parameters pop-up is used
pop-up does not apply to TRANSPORT but the Beafselectbetweenthe twoindependent
Parameters pop-up is used to select between the Semi-ARggneter sets for Semi-Axes or
and Courant-Snyder (Twiss) beam parameter sets, ~ ~0\rantSnvderbeam representations.

[Open the TRANSPORT Correlations Matrix .[Compute Semi-Axes Parameters from Twiss Parameteri

Window with Semi-Axes Parameters Selected F or Compute Twiss Parameters from Semi-Axes
S— . A1 Frol I

Eletnent I d Eroid v
Particle Distribution Type |6.p Equivalent Unitorm M %, ¥ (mm) T . .
ransverse and Longitudinal
Biein Parameters Semides S 35.0201 g

Phase Space Ellipse Plots are
Provided for Beam Parameters

L1
4{ Parameters Value Units Limits {mrad) %7
Horizontal {x) 00
ﬂHalf Beam Extent (x) 0R72425 cm - 0.0000 10,0000 @ &
ﬂHaIf Beam Divergence (') | 29183400 tmrad - 00000 1.00E+004 @ 350201
o B BO00007E | [pi-mmme ] OB000 400,000 a0 0o a0 # Green Dots Indicate which

Vertical ty) Parameters will be used to
[t Beam Exent (1) 0w |em  v| 000D 100000 @ // Generate the Native Inputs
ﬂHalf Beam Divergence () [2a.551500 lm 00000 10064008 & < e Z (mm) for TRANSPORT

EjEminance -y 399013 IW[ 00000 100.0000 Iy

Longitudinal (z) (mrad)

ﬂHalf Beam Extert (z) 1145620 om - 00000 100000 @ 0o Auto-Scale Phase Space
ﬂHalf Momertum Spread (27 |1 psss00 < Percent | ¥ 0.0000 10.0000 & Elllpse PlOtS or Set the
=[]

IR

gEmiﬂance(Z-Z‘) 0.000120 pi-mm-mrad B oo P'Ot Scales Dlrectly

S SRR Ly BED LAY vt Comp From AxfE | ALDSCRIE PIOTE | et PIOT Soaes |
Commerts:

XD Elemert 1 Certroid \/ V V

e==—————|  Paricle Digtriowtion Type |5_D Equivalert Unitm B %, ¥ (mm)

Beam Parameters Courant-Sryder (PiMes) v IW
L ;::r;:::yaﬂ (T j —y Parameters Valul/ Units Limits (;:d) %7
iCe Horizontal (x) o
Selt between Semi ” or ﬂEm'rnance (X 0000 W 00000 1000000 @ &
Courant- Snyder (TWi $) Beam ﬂalnha horizontal 3114000 1000000 11000000 & _35.000097
Parameter Representations ﬂbaa ferzorta 0753600 I’"’rad :l' poomo oo e LT 00 [eoEaid

Vertical (v}

60.000000 Ipi—mm—mrad - 00000 1000000 &
alpia vetical g 1000000 11000000 @&
B 2620200 [28 322811

Phase (deg)

Jbaavemcal 157500 |,nm - 00000 1000000 @ Energy
. Longitudirval () (KeV)
The Tutorial Button Opens the _
B Piece Tutorial window ﬂEmrﬂance (z-2 4510000000 |pi-deg-kev = 0.0000 1 00E+004 00
WhICh Provides aVarlety Of, ﬂalpha longitudinel 4397400 IPhase-Energ ~| -100.0000  100.0000
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Figure 6 Semi-Axes and Twiss Beam Piece Parameters.
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The two different beam parameter
sets are independent, although one
set may be calculated from the other.

The green dots to the right of
individual parameters in the Piece
Windows indicate which will be used
to generate TRANSPORT input.

The Semi-Axes beam representation
includes a correlation matrix in the
beam description.

The Beam Correlations Matrix Window
is opened with the Correlations button
in the Beam Piece Window.

Correlations may be entered directly
as off-diagonal elements of the
Sigma Matrix, or by entering values
for the Reduced Sigma Matrix.

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

The two different beam parameter sets (Semi-Axis and
Twiss) are independent, although one set may be
calculated from the other. When the Twiss Beam
Parameters are selected, the Compute From Semi-Axes
button will calculate the equivalent Twiss parameters for
the current Semi-Axes parameters. When the Semi-Axes
parameter set is selected the Compute From Twiss button
will calculate the equivalent Semi-Axes parameters for
the current Twiss parameters. The Compute From... button
is in the Button Bar at the top of the Beam Piece Window.

When Semi-Axes Beam Parameters are selected,
correlations may be included in the beam description using
the Correlations button in the Button Bar of the Beam
Piece Window. The Correlations button opens the
Correlation Matrix Window shown in Figure 7.
Correlations may be entered directly as off-diagonal
elements of the Sigma Matrix, or by entering values for
the Reduced Sigma Matrix. The radio buttons at the top
of the window toggle between these two modes.
Corresponding values are calculated for the inactive
selection using the inputs from the active selection.

Radio buttons are used to select
between the Sigma Matrix or the
Reduced Sigma Matrix inputs

[1:] ] g
g Comrelation Matrix

[
' Reduced Sigma Matrix, r(i, i)
™ Sigma Matrix i, ) (mim & mrad)

Units Icm and mrac VI

Reduced Sigma Matrix, r(ij)
i: Diagonal j=1{x} 2{x") 3y Hy') 50

25220 cm

16435 mr [oo00000

28200 em [gooooo0 | Jo.o00000
18221 mr [pooooo0  [0.000000
02220 em [p000000  [0.000000
SO0E-0%  [o.000000  [0.000000

| 0.000000
| 0.000000
| 0.000000

| 0.000000
| 0.000000

& o o ha =

| 0.000000

Sigrma Matrix (i) (mm & mrad)
H i=1 2 3 4 5 []

|5 360454
| o.o00000
Jo.o0o000
|0 000000
| o.o00000
| o.o00000

Jo.000000
|2 720850
Jio.000000
Jio.000000
Jo.000000
Jo.000000

| 0.000000
| 0.000000
|7 952400
| 0.000000
| 0.000000
| 0.000000

| 0.000000
| 0.000000
| 0.000000
| 3.320045
| 0.000000
| 0.000000

| 0.000000
| 0.000000
J0.000000
Jo.0o0000
Jo.049284
| 0.000000

| 0000000
| 0000000
J0.000000
| ER A
| 0000000
|2 50E-m3

T S R VY

Figure 7. TRANSPORT Correlation Matrix Window.
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The Beam Piece Window includes dynamic phase space

ellipse plots for the current beam parameters. The top plot

shows the horizontal (red) and vertical (blue) transvers® Beam piece Window includes
phase space ellipses. The bottom plot is the longitudimakse space ellipse plots for the
(green) phase space ellipse. The axis scales for the pttagt Beam Parameters.

space ellipse plots can be calculated automatically with

the Auto Scale Plots button in the Button Bar at the top of

the window or the scales may be set directly by the user

with the Set Plot Scale button.

The Tutorial button in the Button Bar at the top of the

Beam Piece Window opens the PBO Lab Tutorial for the _ _ _
Beam Piece and leads to the Hypertext Tutorial shownlﬂ’fi;eag‘f PJEZ‘:UTIUTE;S‘:H‘:’;‘;"C')‘:]QZ .
Figure 8. The Beam Piece Tutorial provides a variety gat:del)i/ng beams in TRANSPORT.
useful information including descriptions of the beam

Sigma Matrix, Semi-Axes and Twiss parameter

representations, phase space projections, the beam

centroid and several other related topics.

s e T I| $oreelations | Comp From Tuviss| AutoScale Plots | Set ik 2eciac ||

Fill Beam Tutorial
Element 1 Centroid
Particle Distribution Type 6-D Equivalent Uniform -  zb
Beam Parameters Semi-dxes = [55.0201 h ¥ Arbitrary
®,y x~ Trajectory
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{mrad)
Horizontal (x) oo Yo
Xb
ﬂHalf Beam Extert (x) 0672428 om = 0.0000 100000 & Z Reference
5| Hlf Beam Divergence () [23 123400 rad — 00000 1O0E+004 @ P Trajectory
:gEmittﬁnCE (x-x) B2 PBO Lab Tutorial @ Red is used to refer to the =
Vertical &) Fie Edt Navigate Help ("horizontal”) direction
ﬂHSlf Beam Extent () . Blue is used to refer to the

2.0 Describing a Beam ¥ ("vertical™) direction

Aceelerator beams are composed of particles. Real beams are composed of a large number of particles,

typically many more particles than are possible to incorporate into a computer simulation. Conseguently, an
Longitudinal (z) approximation st be used to deseribe a beam for a computer model. Several different apprommations

ﬂHa" Beam Extert (z) have been developed to model beams, ncluding a mumber of approsmations that are also useful for analytic D escribing Traj ectories

studies. The Beam Tutorial discusses several commonly used approzimations for describing accelerator and Coordinate Systems

cams, and outlnes some of the characteristics of these approzimations that make them usefil for analytical
or computational modeling  The following topics address different ways of describing a beam and outline

ﬂHalf Beam Divergence (y')

. Green is used to refer to the
EEmlﬂance (S ]

z (“longitudinal*) direction

ﬂHalf tomentum Spread (2!

:j:jEmlttance (z-1)

Commerts: how to set up a beatn for use in computations by the PBO Lab leonstiiciybat prouide st S e el e D D ate
SEAND . The reference trajectory defines a rectilinear
2.1 Macro Particle Description = a curvilinear coordinate system in bending magnets.

2.2 Moment Description HyperText
221 The Beam Cenoid j ( /< = >
2.2.2 The Beam Sigma bdatrix

2.2.2.1 Phaze Space Projections =
2.2.2.2 Sigma Matriz with Centroids
2.2.3 Modeling Beams in TRANSPORT
2.2.3.1 The Beam Piece
22311 Semi-fxes Beam Specification
2.2.3.1.2 Courant-Snyder (Twiss Parameter) Beam Specification
2.2.3.2 The Centreid/Shift Piece
2.2.33 The RWE Beam Piece
2.2.3.4 The Rotate Piece
2.2.3.5 The Dispersion Ray

-

Topic: 1 of 1 Marked: [] <L | 3>

Sean:h...l Go Tu...l Mark | Back |Furwald|

Figure 8. PBO Lab Beam Piece Tutorial Windows.
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Marker Piece

The Marker Piece is a special PBO Lab Piece that is used
to specify application-specific Constraints, Diagnostics
and Stored Parameters at specific locations in the beamline
model. An example of the Marker Piece Window is shown
in Figure 9.

File Edit View Commands Tools Tutorial

D e|Ed < 0|e B B3| 2 o

ga Globals I TracingsTracking ] Floor Coordinates
?;n Particle Charge |1— e 1 93 @
Particle Mass I 0511000 IMBV j 05110 222e+005 &
FAY TRANSPORT
Beam Energy |100 000000 TRV 5 L ocation Marker L
ket N Application Context J
0 Beam Currert |o.000000 Imf-\mp Eneray ITRANSPORT =] o
=3y Frenuency |425 000000 IMHZ — Constrairts N
Fanm Maimum Size IW lm_ Transport  R11 + R22 = 0.000000, Tal = 0.000100 Open aTRANSPORT

Transport  R33 + R44 = 0.000000, Tal = 0.000100

Marylie T¥ =0.550000, Tol = 0.001000 LFI tti ng Constraintswi ndOW]

-y
Marker

Marylie T+ = 0.300000, Tol = 0.001000 _I T
- 1

1

Cpen Remove 1

_Osen | Jremave | !

1

B

SUBLINE SUBLI | Disgnostics '
h BEAM  CENT CELL 1 MARK CELL Transport  Beam (Sigma) Matrix Open aTRANSPORT
Fuotate - 1 Tranzport  Beam Centroid (if off axiz) . . .
A Tt Soetter ¥ ws ¥ DiagnosticsWindow
‘_T_. Turtle Scatter - ' va. Y / :
e i
M K| | Remove | :
'
— Store 1 !
Transport  r11=R11 Opg‘] aTRANSPORT
Transport  r22=R22 .
| . R Transport  £33=R33 Stored Parameters Window
The Marker Piece is used to Specify Transport  rdd=Rd4 /
Application-Specific Constraints and [
Diagnostics at the Location of the @Rm"ﬂ
Marker Piece in the Beamline Model PN—
IMARK fallowing CELL_1

Figure 9. Marker Piece Constraints, Diagnostics and Stored Parameters.

=
%@

=
_ _ __ .
Drift Quad arker Orift Quad
Marker Piece

The Marker and Final Pieces may be
used to specify locations in the
beamline where a Constraint is to be
be imposed, Diagnostic data is to be
output or Stored Parameter data is
to be collected.

There are three scrollable lists in the Marker Piece Window
that display selected Constraints, Diagnostics and Stored
Parameters for installed Application Modules. The example
in Figure 9 has Constraints specified for both the
TRANSPORT and MARYLIE Application Modules.
Diagnostics have been selected for TRANSPORT and
TURTLE. Stored Parameters are specified for TRANSPORT
only. Application-specific windows, tailored to the particular
capabilities of each Application Module, are used to specify
Constraints, Diagnostics and Stored Parameters.
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The Open buttons in each panel of the Marker Piece

Window are used to open the application-specific WindOWs, appiication Context pop-up must
for the current Application Context. In order to open thg set for TRANSPORT in order to
TRANSPORT application-specific windows foropen the TRANSPORT windows for
Constraints, Diagnostics and Stored Parameters tvsstraints, Diagnostics and Stored
Application Context pop-up must be set foparameters.

TRANSPORT as illustrated in Figures 9 and 10 The

Application Context can be set in either the Document

Window or directly in the Marker Piece Window.

E Transport Fitting Constraints
Constraint Expression Yalue Tolerance
= + H H
Ri1+R2 [+ =] [os000 =[o.0ont The Application Context must be
[ Selest ac CETED set for TRANSPORT to Open the
(+ Beam Matrix " Correlation Matrix + | -1 * . . .
=l Constraints, Diagnostics and
£~ R Matriz Fey * ! I I i} .
Stored Parameters Windows
O TMatix  [Fea 2| |1 = cos | _smM | _Tam |
© UMatrbe  [Fed i|1 - i|1 'I SQRT| _LoG |
11 | 212 [ 513 | 514 [ 515 | s16 IHonzoma\ Bt Half Wicth () j B8 acation Ma,m,
S21 | S22 | S23 | 524 | S5 | SI6 Accept
Energf] [TRANSPORT |+
=31 | =32 | =33 | =34 | =35 | =36 IHorlzoma\ Beam Centroid Position (<) j
S41 | 542 | 543 | 544 | 545 | 546 Delete: [ Constrants
[acosterator Function Betas =l Transport | R11 + R22 = 0.000000, Tol = 0.000100 =]
551 | 552 | 553 | 554 | 555 | 556 Transport  R33 + R44 = 0000000, Tal = 0000100
<61 | =62 | 563 | 554 | 565 | s66 |Bgam Line Accumulsted Length j Warylie T = 0550000, Tol = 0.001000
Marylie TV =0.300000, Tal = 0.001000 _I
>
‘ Constraint Expression | “alue | Tolerance = Jl q
Open I EmOE
— Diagnostics
E Transport Location Marker _ Tranzport  Beam (Sigma) Matrix ;I
= Transport  Beam Centroid (if off axis)
 Print [ Misalion Turtle Scatter - X' vs. X
¥ Beam (Sigma) Matrix ™ Misalignimert Start, R1 Matrix Turtle: Scatter - ¥ ws. ¥
I R1 Transfer Matrix [ Misalignmert Start, R2 Matrix LI
™ Misslignment Tahle [ Reslign Reference Trajectory /Omlemwe
I™ Posttions and Sizes of Mearby Waists
™ suxiiary (R2) Transfer Matrix — Initialization g Transport Store Yariables - Stare
™ Beam Paramt.ﬂer.s in Acceleration Notation r Re!n.malfzs R1 8 R2 Trarapot TT1=R1T ;I
¥ Beam Centroid (if off axis) I Reinitialize Ausiliar: Storage Mame Transport  r22=R22
Tranzport  r33=R33
— Commert Matker |r11 |R11 Transport  r4d=Ré4
I Set Reference Marker With Label LI
[ Select Matrix
MARK following CELL_1 Open Emove
I ¥ Beam Matrix = Correlation hatrix @ |
£ R Matrix IReg - GeimiEns
MARK following CELL 1
T Matrix IREB I |1 =
U Matriz m i m i m [&
S11 | S12 | 513 | S14 | S15 | S16 IHDriZDFﬂE\ Beam Half Width (x) j
521 | 522 | 523 | 524 | 525 | 526 Accept
=3 | =32 | =33 | =34 | =35 | =36 IHDrlZDma\ Beam Centroid Position (x) j
Delete
S || SB|[SB SR ][S5 ][ IAcceIerator Function BetaX j _I
S91 | 952 | =53 | =54 | 559 | S56
SF1 | SE? | SF3 | SE4 | SRS | SRA IBeam Line Accumulated Lenoth j

| Heywword n

‘ Storage Mame

Figure 10. Location Specific Constraints, Diagnostics and Stored Parameters.
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Refer to the TRANSPORT Fitting
Chapter for a description of using the
PBO Lab Marker Piece for the
specification of TRANSPORT Fitting
Constraints.

Many of the Print options in the
Transport Location Marker Window
can also be selected in the
Transport Options Window for the
end of the beamline model or after
every element in the beamline.

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

Location-Specific Constraints

The Open button in the Constraints panel opens the
Transport Fitting Constraints Window as illustrated in
Figure 10. Refer to the Transport Fitting Chapter for a
description of using the Marker Piece for location specific
fitting constraints.

Location-Specific Diagnostics

The Open button in the Diagnostics panel of the Marker
Piece Window opens the Transport Location Marker
Window. This window, shown in Figure 11, is tailored to
the particular capabilities of TRANSPORT for generating
output for specific locations in the beamline model. There
are three panels in the window for selecting various options
at the location of the Marker Piece in the beamline model.
The Print panel provides a variety of diagnostic output
options that will result in location-specific data written to
the Transport Output file. The Misalignment and
Initialization panels have options for location-specific
commands that are used for misalignment and re-
initialization of the R1 and/or R2 transfer matrices.

The Transport Location Marker Window, opened from the
Diagnostics Panel in the Marker Piece Window, includes panels
for Print Options as well as Misalignment and Initializations

g Transpork Location Marker

— Prirt — hiizalign

[ Beam (Sigma) Matrix [ Misalignment Start, R bistriz

v R1 Transfer Matrix [ Mizsalignment Start, B2 hMatrix

I~ Misalignment Takile I Reslign Reference Trajectory

[~ Positions and Sizes of Mearky Waists

[T Auxiliary (R2) Transfer Matrix — Initiglization

[~ Besm Parameters in Acceleration Motation [~ Reintizlize R1 & R2 Transfer Matricies
[~ Beam Centroid (if off sxis) [ Reinitialize Auxiliary (R2) Transfer Matriz

— Comment harker
[~ Set Reference Marker With Label

IMARK

The Marker Label (Comment) is entered in the
text field at the bottom of the window

A check box is aso provided to use the Label asa
Reference Marker in the Transport Input File

Figure 11. Transport Location Marker Window.
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Location-Specific
Stored Output Parameters

The Open button in the Store panel of the Marker Piece

Window opens the Transport Stored Parameters Window

shown in Figure 12. This window is used to specify the

storage of TRANSPORT parameters at the location of thgfer to  Table 5 in the
Marker Piece in the beamline model. Stored ParametdfgNSPORT Fitting Chapter for a ist
are shown in the TRANSPORT Output file and can alSb"ANPORT keywords.

be used in Algebraic Parameter Expressions or in Fitting

Constraint Expressions. Refer to the “TRANSPORT User
Manual” for a description of

It is not necessary to know all of the TRANSPORhdividual output parameters that can
keywords, the Stored Parameters Window provides ugeptored.

friendly controls for selecting any applicable

TRANSPORT output parameters.

The symbolic name for The application-specific Keyword
Stored Parameters can be is generated by the user interface
specified by the user. when a selection is made.

g Transport Store ¥ariables

Horizontal Beam Half Angle
“ertical Beam Half Width ()

Heyweord

Starage Mame

V

TR&MN_R11 R11 wertical Beam Half Angle (v
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' R Matrix IREQ 'l
=
I l f I l Horizartal Be
i R i —
O T Matrix S B s “ertical Beam Centroid Position (y)
) _ _ “ertical Beam Centroid LAngle (v
U Matrix IReg j J I1 j L I1 j Longitudingl Beam Centroid Position ()
Longitudinal Bege—=—"—<fagle (z)

R13 | R14 |R15 | RIB IHorizontaIEleam Half Wictth () j

R21 | R22 | R23 | R24 | R25 | R26 Acceptl
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Accelerator Function Btak
T ~cceleratar Function DEtakx
Storage Mame HKeyword ‘apatar Function Etay

Yor Function DEta
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Floor Coordinate % Yalue
Floor Coordinate Z Yalue
“iewr Refeference Trajectory Angle

Reference Trajectory-Horizontal Angle
Met Rotation Angle sbout Trajectory
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A complete range of matrix
\_| elements can be selected with the
r .

adio buttons and the matrix panel

Figure 12. TRANSPORT Stored Parameters Window.
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To Store a TRANSPORT Output
Parameter, enter a unique parameter
name in the Storage Name input field
and select the Output Parameter with
the controls provided in the Stored
Parameters Window.

Copying Marker Pieces with Stored
Parameters will duplicate Parameter
Names and may result in unintended
consequences.

Stored Output Parameters can be
selected from the five different
matrices or the four pop-up controls
in the Stored Parameters Window.

Stored Output Parameters are saved
with the beamline model document.
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To specify a Stored Output Parameter, enter a symbolic
parameter name in the Storage Name input field at the
top of the window. Stored Parameter Names should be
unique. They should not be identical to any Parameter
Names that have been defined for special parameter
settings or other Stored Parameters. Note that creating a
copy of a Marker Piece will also copy any Stored
Parameters that have been defined for that Piece. This will
result in duplicate Stored Parameter Names on the two
Marker Pieces. The duplicate names will be sent to
TRANSPORT but the value for the first parameter will
be overwritten when the second parameter is encountered.

After a Storage Name has been entered, a TRANSPORT
output parameter can be selected from the five different
matrices or the four pop-up controls. To select a matrix
element, first select the radio button for the desired matrix:
Beam Matrix, Correlation Matrix, R-Matrix, T-Matrix or
U-Matrix. Then a matrix element can be selected by
clicking on the desired element in the matrix panel. The
R-, T-, and U-Matrices also have pop-up controls to choose
between Regular or Auxiliary matrices. The T- and U-
Matrices have pop-ups for the additional dimensions of
these matrices. The matrix panel is used to select elements
for all of the matrices and it will reflect the corresponding
elements when a matrix radio button is selected. After a
selection has been made, use the Accept button to add it
to the storage list at the bottom of the window.

In addition to matrix elements, there are four pop-ups that
may be selected from: Beam Envelope and Beam Centroid
parameters, Lattice Functions and Floor Coordinates.
After a selection has been made from any of these pop-
ups, the Accept button is used to add it to the storage list
at the bottom of the window.

All of the special parameter settings for a PBO Lab

beamline model, including any Stored Parameter

specifications, are saved using the Save or Save As
commands in the File Menu of the Document Window.
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Stored Parameters List Window

PBO Lab provides application-specific interactive ListI ‘i iod Stored

Windows that organize related data for the entire beamliﬁéO the user-specified Store
. . . utput Parameters can be accessed

model. The Stored Parameters List Window containsg g, a convenient List Window.

list of location-specific Stored Output Parameters. Figure

13 illustrates opening the Stored Parameters List Window

from the List Windows Submenu in the TRANSPORT

Commands Menu.

The Stored Parameters List Window can be used to quickly e iick an entry in the List
access Marker and Final Pieces with user-specified Stotgdqow to open the associated
Parameters. Double-clicking an entry in the window williarker (or Final) Piece Window in the
open the associated Marker (or Final) Piece Window bgamline model.

the beamline model.

To resize a column in a List Window, place the mouse _
.. . . e header at the top of the List

over the divider line in the column header. When the arrQ¥\,qow can be used to adjust the

turns into a cross-hair, resize by holding the mouse butt@@th of each column in the window.

down while dragging horizontally.

B2 PBO-Lab - Problem 3.pbol * M=l E3
File Edit View FeEGEGs-M Tools  Tutorial /
trite Input and Run Transport ¥ The Stored Parameters command in the
» 3 Specifica
Myl . TEINE 3 1 e Sl TRANSPORT Commands menu opens the Stored
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Figure 13. Opening the List Window for Stored Output Parameters.
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Parameter (Param) Piece

Param Pieces may be placed in the
Model Space or the Work Space.
Param Piece Parameters can then be
referenced from Pieces in the
beamline model.

B Example B - Modified

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

Parameter Piece

PBO Lab provides a Parameter (Param) Piece for user
specified model parameters. A Param Piece may be
inserted anywhere in the beamline model as illustrated in
Figure 14. AParam Piece may also be placed on the Work
Space and referenced from Pieces in the beamline model.
Each Param Piece can be used to specify up to eight user
defined parameters. The Param Piece supports Special
Parameter Settings that are accessed with the “S” buttons
to the left of each parameter in the Param Piece Window.

File Edit Wew Commands Tools Tuborial

ranseort =] B0 3<| 0] el B 288 ]

Globals I Tracing/Tracking ] Floor Coordinates
Farticls Charge [1 = ! =@ Double-Click the Param Piece
Particle Mazs |13?5 n00000 IMEV j 05110 222e+005 & Icon in the Document Window to
Beam Eneray Iz_gggggg IMEV j 00010 1.00e+010 & Open the Param Piece Window
Beam Current ID.DDDDDD ImAmp j 00000 1.00e-007

I80 R IM" EE Parameter Piece
|o.01 0000 '
Erergy
Parameters Value Units Limits
ﬂParametem Im 73000 -INF INF - @
s ] |_ gz | |— ﬂParameteQ ID_34BDDD A B <
- Drift fuad Farsm Drift Drif
< |Parameter3 0.000000 g
BEAM DRFT  GD-1 PARSM DRFT  DRF Jp eterd I Each Param Plece Supports Up to
5 arameter q H
5| [oooo00n eight user defined Parameters
ﬂParameterS I 0.000000
ﬂparameters |o.nonono NF INF &
. <|Parameter 7 ID.UDUDUD -IMF INF &
A Param Piece may bePlaced | J
_ g R MF INF &
Anywhere in the Beamline Model Parameter o000
Comments:
IPARAM DATA

Figure 14. Parameter (Param) Piece Window.

Refer to the Section on Special
Parameter Settings in this Chapter.

Param Piece Parameters require a
Symbolic Parameter Name to be
specified for each of the special
parameter settings options.

The S-Buttons open Special Parameter Settings Windows
(S-Windows) as illustrated in Figure 15. In the S-Window,

a Param Piece Parameter may be defined as a numerical
Value and used as a symbolic constant in Parameter
Algebraic Expressions. They may also be selected as
Fitting Variables or they may be specified by Algebraic
Expressions. However, unlike other beamline elements,
the Param Piece requires a Symbolic Parameter Name to
be specified for each of the special parameter settings
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options. A Param Piece Parameter will only be written to
the Transport Input file if a Symbolic Parameter Name
has been specified in the S-Window.

The Transport Tab Panel in the Specia
Parameter Settings Windows (S-Windows)
is used to specify a Param for Transport

E Special Parameter Settings - Parameterl

AL B2 = (REle= A Symbolic Parameter Name must be
IFEHNIEE VRIS [Param <& Defined in the SWindow in order to use
a Param Piece Parameter with Transport

RV
@ I Idarylie l Crptimizer I

' Parameter! = 0173000

g Special Parameter Settings - Parameter2

= Fitting “ariahle: [Farami

PARAM DATA - Parameter2 W
 Rlgebraic Expression: | Parameter “ariahle: [Paramz
" Import Parameter
Transport I Marylie I Optimizer

" Parameter2 = 0.346000

The Parameter Name for a Defined Param ' Fitting arisble: [Faramz
may be used apywhere in Fhe Beamline L & aigebreic Expression [Frarani 3
Model to Define Algebraic Parameter
Expressions for other Piece Parameters @ it ey

Figure 15. Param Piece Special Parameter Settings.

A Param Piece Parameter may also be selected asa@f using a Symbolic Parameter
Import Parameter in the Special Parameter Settingsne that is the same as a Piece
Window. Refer to the External Data Interface Section fgpmment. This can cause unintended
the main PBO Lab User Manual for a description of Impofgnseduences - when - running
Parameters. TRANSPORT.

The Special Parameter Settings Chapter describes the S-
Window in more detalil.
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Matrix Piece
The PBO Lab Matrix Piece is supported by the

B TRANSPORT Application Module and provides a means
to represent any arbitrary transformation matrix. First-,
Matrix Piece Second- and Third-Order matrix elements may be

specified directly in the Matrix Piece Window, which is
illustrated in Figure 16 below. Alternatively, PBO Lab can
use TRANSPORT to calculate the transfer matrix for a
selection of one or more Pieces in the beamline model or
for the entire beamline.

Energyl ‘ The Radio Buttons and Pop-up
Controls at the top of the Matrix
% R - Matrix T -Matriz k21 U -Matri ks |1 vl I: |1 vI : ) _
< Piece Window provide access to the
— R - Matrix Elements R (1,j) in meters and 1 /neters First-Order R-Matrix, Second-Order
B g=1 3 3 4 5 6 T-Matrix and Third-Order U-Matrix
1 [3292851  [1221010  [ooooooo | [ooooooo | [ooooooo | [0.202404
2 [soet411 | [-3292881 | [ooooooo | [oooooon | [o.oooooo | [-0.3&0086
3 Jonooooo | ooooooo  [-1ee0062 | [-2491757 | [ooooooo  [o.0ooood o R
4 Jopooooo | Jooooooo  [-oFo4e4s  [-1ee0062  [ooooooo | [o.oooo000 Y In(Z!IVIdU§I Matr!x Elements_ can be
5 [ossooss | [-0z02404  fooooooo | Jooooooo 1000000 o [-0.o0zo02F edited directly in the Matrix Panel
6 Jopooooo  Jooooooo  fooooooo | Jooooooo | [ooooooo  [4.000000
Comments:
IMAT

Figure 16. Matrix Piece Window.

Radio buttons at the top of the Matrix Piece Window are
used to toggle between the R-Matrix, T-Matrix and U-
Matrix displays. The R-Matrix represents the First-Order
The radio buttons and pop-up  transfer matrix R(i,j), displayed in meters and inverse
controls at the top of the MatrixPiece  meters. When the T-Matrix radio button is selected, the
‘S’V'”do"" provide access to the First- gacond-Order matrix T(i,j,k), is displayed. The elements
econd- and Third-Order transfer ¢ tha T-Matrix have an additional index that is selected
matrices. . . . .
with the pop-up to the right of the T-Matrix radio button.
The Third-Order U-Matrix U(i,},k,1), is selected with the
U-Matrix radio button and has two additional dimensions
that are also selected with pop-up controls located to the
right of the U-Matrix radio button. The pop-up controls
for the T and U matrices are only activated when the
corresponding radio button has been selected.
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A Matrix Piece can be placed in the beamline model or
on the Work Space by dragging the Matrix Piece ico } arbitrary transfer matrix can be
from the Palette Bar of the Document Window. The defatiﬁned directly in the Matrix Piece
Matrix Piece Parameters represent the identity matrixindow.

Matrix elements can be entered directly into the Matrix

Piece Window.

A Matrix Piece can be also be generated for a selection of

beamline elements using the Create Matrix command. After

making a selection of Pieces in the beamline model, use th@.ix piece can be generated for
Create Matrix command in the TRANSPORT Comman@Selection of one or more elements
Menu to generate a Matrix Piece on the Work Space tiahe beamline model.
represents the selected beamline elements. Refer to the Create

Matrix Command Section in Chapter 6: Displaying and

Creating Matrices.

The Matrix Piece may be useful for speeding up

TRANSPORT calculations for very large beamline

models. For example, in a typical fitting calculation (Refe¥Matrix Piece can be created for the
to Chapter 9: TRANSPORT Fitting) only a few Piece§ntire beamline after executing
will have Variable Parameters specified. The other staff¢"NSPORT

parts of the beamline may be replaced by Matrix Pieces

generated as described in the preceding paragraph.

A Matrix Piece can also be generated for the entire

beamline model from the Transport R-Matrix WindowThe Matrix Piece Window displays the
After executing TRANSPORT the Show R-Matrixtransfer matrices in units of meters,
command will open the R-Matrix Window and the Creat’ré;d;zlse?:gf 'trr‘]‘ﬂ;eAr,\TSengRs'T g‘j;a:i
Matrix button will generate a Matrix Piece representinglg Option. ’
the entire beamline. Refer to the Creating a Matrix Piece

Section in Chapter 6: Displaying and Creating Matrices.

PBO Lab provides an Output File Option in the

TRANSPORT Options Window that causeés‘f:tti:>;g';ffssrgiyaﬁzr“fget;nﬁﬂfcﬁ
TRANSPORT to generate thg transverse matrix . . -ion elemengts are in the
components in millimeters and milliradians. This mixe bamline, Special Pieces may need to
units representation will only appear in the Transpokt added to change the beam (PO)
Output File when this option is selected. The Matrix Pie@ereference (PREF) momentum. Refer
Window will always display the matrix data in meterso the following Section for a
and inverse meters regardless of the TRANSPORT Outgigtussion of the Special Piece.

File Option.
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Special Piece

The PBO Lab Special Piece is used by the
TRANSPORT and TURTLE Application Modules. The
Special Piece Window, shown in Figure 17, contains five
tab panels. The first four tab panels are used exclusively
for TRANSPORT. The fifth tab panel is used for the
TURTLE Application Module.

B Special - i - ;
The Special Piece is provided for the
Energy L. . i .
definition of location specific Special
( ssten )L por | puges | Ensions | rwte | Parameters that can be used to change
Parameters Walue Units Limits TRANSPORT System, Floor Coordinate,
g|System Length LENGTH]  [0.000000 |m =l -INF N @ Fringe Field and Expansion Parameters
< |Reference Traj. Mom [PO] 0000000 Gelic 00000 1.00e+007 &

= |Particle Mass [PMAS Energy
< | Titt to Focal Plane [F System w I Fringes I Expansionz 1 Tuirtle ]
=i Paramet Value Units Limits
SPEC =/ Horz Init Lacation [BEGIN] |g_gggggg |m j MF IMF
=/ Wert Init Location [YEEGIN] |g_gggggg |m ﬂ NP IMF
<l Initial (y-swis) anole Enerdy
5 Initial (x-axis) angle System ] Floor lQnges l Expanzions l Turtle ]
Parameters Value Units Limits
=|Horz(x) Halfnid [HeDTH] |D_DDDDDD |C,.n ﬂ 0.2000 07077 @
| Half Pale Spacing [HGAP] [0 ooo0ao |c:m v| 07000 1000000 &
5Ot Disp. Intecral I
|Fringe Fiele Int. K1 [F Eneray
5| Fringe Fielel Factor € System | Floar [ Fringes ]@W Turtle
5|Ent Pole-Face Curver | Parameters Value Units Limits
|Exit Pale-Face Curvs|  5|2nd Grder Field [EPS] ’W 12 -INF INF - &
5| 3rd Order Fisld [EPS3] ,W 14m**3 -INF IMF &
z|Exgess Field Fraction [RMPS1[ 0 noooon 0.0000 100000 &
| Sealing Factor [RHMS] ,W 0.0000 100000 &
<|wertical Dipale Factor [¥R] [0 oooooo -4.2700 42700 @
z|Wertical Gradient Factar [MP] ,W 0.0000 100000 @
| vertical Sextupole [EPSP] ,W Time2 -1.0000 1.0000 @

Figure 17. Tab Panels in the Special Piece Window.

The Special Piece is provided for the definition of location
specific special parameters that can be used to change
TRANSPORT System, Floor Coordinate, Fringe Field and
Expansion Parameters. Table 2 list the Special Parameters
and the corresponding TRANSPORT keywords.
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Table 2. Special Piece Parameters and Keywords.

Special Piece Parameter TRANSPORT
Keyword
System Parameters
System Length LENGTH
Reference Trajectory Momentum PO
Magnetic Field Reference Momentum PREF
Particle Mass PMASS
Tilt to Focal Plane FOTILT
Floor Coordinate Parameters
Horizontal Location XBEGIN
Vertical Location YBEGIN
Longitudinal Location ZBEGIN
Y-Axis Angle YAW
X-Axis Angle PITCH
Fringe Field Parameters
Horizontal Half-Width HWIDTH
Half Pole Spacing HGAP
Orbit Displacement Integral FINTO
Fringe Field Factor K1 FINT
Fringe Field Factor K2 FINT2
Entrance Pole-Face Curvature H1
Exit Pole-Face Curvature H2
Expansion Parameters
Second-Order Field EPS
Third-Order Field EPS3
Excess Field Fraction RMPS
Field Scaling Factor RNMS
Vertical Dipole Factor VR
Vertical Gradient Factor NP
Vertical Sextupole Factor EPSP

Special Pieces must precede any
element(s) to which they apply. Once
a Special Parameter has been defined
for a location in the beamline model,
it will apply to all succeeding
elements that are the appropriate
type unless reset to a new value.

PBO Lab will only use Special
Parameters that have been defined
by a Symbolic Parameter Name in the
parameters’ Special Parameter
Settings Window.

Note that the Fringe Field Factor K2
(FINT2) is no longer used by
TRANSPORT, but is included for
compatibility with older versions.

Refer to the “TRANSPORT User
Manual” for a description of
individual special parameters.

The Special Piece can be placed anywhere in the beamline
by dragging the icon from the Palette Bar of the Documethecial Pieces on the Work Space

Window and inserting it at the desired location in the beamlif
model. Special Pieces on the Work Space are ignored w

& ignored when generating
ecial instructions (SPEC cards) in
RANSPORT input file.

generating special instructions (SPEC cards) in the
TRANSPORT input file. Special Pieces must precede any
element(s) to which they apply. Once a Special Parameter
has been defined at a specific location in the beamline, it
will apply to all succeeding elements of the appropriate type

unless reset to a new value.
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Only Special Parameters that have
been defined by a Symbolic
Parameter Name in the parameters’
Special Parameter Settings Window
will be used by TRANSPORT.

Copying Special Pieces will
duplicate any Symbolic Parameter
Names and may result in
unintended consequences.
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A single Special Piece may be used to define multiple
Special Parameters for a specific location in the beamline.
Multiple Special Pieces can also be placed at different
locations in the beamline to redefine a single Special
Parameter. However, PBO Lab will only use Special
Parameters that have been defined by a Symbolic Parameter
Name in the parameter’s Special Parameter Settings
Window, as illustrated in Figure 18. Special Parameters
should be defined with unique Parameter Names,
particularly when the same Special Parameter is defined at
different locations in the beamline model, otherwise the
last non-unique Parameter Name and Value will be used
for each Special Parameter defined by that Name. Copying
a Special Parameter Piece will also copy any Special
Parameter Settings including Symbolic Parameter Names.
When a Special Piece is copied, care should be taken to
assign unique Symbolic Parameter Names.

B8 special

Energyl

System

I Floor l Fringes l Expansions l Turtle I

Parameters

Value Units Limits

ﬂSystem Length [LEMGTH] IU.UUUUUU Im
eference Traj. hiom [PO]

=rhilag Field Ref. Mam [PREF]

ﬂPanicle gz [PMASS]

ﬂTilt to Focal Phage [FOTILT] Ig_ngngno

Comments:

j -IF INF

0.0000 1 .00e+007

| 0051295 Gevic
| 0.000000 Gewlic

| 0.000000 [y

0.0000

j 05710

j -180.0000

1 .00e+007

2. 22e+005

LER B+ B+ B

|Degrees 180.0000

‘E Special Parameter Settings - Reference Trajectory Momentum

SPEC - Reference Trajectory Momentum

Symbolic Parameter Mame: | momertum

Transport I

Optimizer

Special Parameters must be defined by a
Symbolic Parameter Name in the Special
Parameter Settings Window that is accessed
using the parameter's "S-Button"

% Reference Trajectory Momertum = 0.051295

€ Fitting “ariahle: | momertum

" Algebraic Expression: |

= Import Parameter

momentLm e |

Figure 18. Defining a Symbolic Parameter Name for a Special Parameter.

Refer to the following Chapter for a description of the
Special Parameter Settings Window.
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4. Special Parameter Settings

Many Piece Parameters support application-specific

special parameter settings that are accessed with Rkfer to the Piece Window Section
Special Parameter Settings Buttons (“S-Buttons”) locatéyithe PBO Lab User Manual for a
next to each parameter in PBO Lab Piece Windows. TffPlete description of the Piece
S-Buttons open a Special Parameter Settings Window (“&ra0W user interface.
Window”) for the associated Piece Parameter.

To access special parameter settings, select the

TRANSPORT Application Context in the Documentccess Special Parameter Settings
Window Button Bar and open a Piece Window by doubl&{ndows with the S-Button to the
clicking the Piece icon on the Work Space or Model Spaé%‘bgu?f dgjvs”ed parameter in the
Then click on the S-Button for the desired parameter as '

illustrated in Figure 19 below.

Select the TRANSPORT Application Contextj

B8 PBO-Lab - Example B - Modified. pbol * in the Document Window Button Bar =1 E3
File Edit Wew Commands Too utarial
-
[ensrorr ] g E| 0| | | B 3< 0| @] 28 7] )
L i [ Globals I Tracing/Tracking ] Floor Coordinates
F Patticle Charge |1 e 1 e
ea
Particle Mazs |18?5.DDDDDD IME\,-' j 03110 2.22e+005 @
Bieam Eneray [2.000000 [ierv =] 00010 1.00e+010 Double-Click Piece Icons to
““““ Open Individual Piece Windows
EE Ouadrupole 1.008-007 p
Energ\;l Tutoriall 300e+004 &
Elemert I Fringe Field l Geometry ] Location I 10.0000
Quadrupole Strength [Field Gractert hd|
Parameters Value Units Limits
ﬂEffedive Length IU_UQBDUD [m =] 0.0100 01640 &
::;Magneﬂc Field at Pole Tip IQ.BSDDDD IkG j -4.2700 42700
. Aperture Radius Ig_mgggg Im j 0.0090 0.5000 ORFT-5 DRFT-3  HFQD  FINAL
/_ﬁ agnetic-Field Gradient Ig_ssgggg IkG.l’Cm j -4.2700 42700 &
% Quadrupale iciert K1 a1 710753 12 -1 B special Parameter Settings - Magnetic-Field Gradient
Rotation (Roll) Ancle -1
ﬂ GERAE D'm\,\mgrees [ | QD-4 - Magnetic-Field Gradient
+ Thin L Focal L h
,‘;é Mol el Lt ID'113582 Im Symbolic Parameter Mame: [wvarva
Comments:
IQI::""1 Transport I Idar ylie l TracesD I Optimizer
" Magnetic-Field Gradiert = 265.000000 kGin
% Fitting Wariakle: [earra
Special Parameter Settings are accessed with the " Algebraic Expression: | AR |
Special Parameter Settings (“S’) Buttons located
X N )  Import Parameter
next to each parameter in PBO Lab Piece Windows

Figure 19. Opening a Special Parameter Settings Window.
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Special parameter settings will be
inactive for parameters that are not
in the selected parameter set.

Special Parameter Settings Windows
contain tab panels for the installed
PBO Lab Application Modules.

Special Parameter Settings are
available for native TRANSPORT
inputs that are supported as Fitting
Variables or Algebraic Expressions.

All of the special parameter settings
for a PBO Lab beamline model are
saved from the Document Window
with the Save or Save As commands
in the File Menu.
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Many PBO Lab Pieces have multiple parameter sets that
can be used to specify input parameters. The different
parameter sets are accessed with a pop-up control at the
top of the Piece Window. The S-Buttons will be inactive
for parameters that are not included in the current
parameter set. For example, in the Quadrupole Piece
Window shown in Figure 19, the Quadrupole Strength
pop-up specifies the Field Gradient parameter set. Only
the three native TRANSPORT parameters for this set
(Length, Field Gradient and Roll Angle) can be selected
for special parameter settings. The native parameters are
indicated with green dots on the right edge of the Piece
Window. In order to select special settings for the Aperture
Radius parameter, the Field and Aperture parameter set
needs to be selected in the Quadrupole Strength pop-up.
Refer to the Piece Window Section in the main PBO Lab
User Manual for a description of multiple parameter sets.

The bottom half of the S-Window contains tab panels that
provide access to application-specific options for the
different PBO Lab Application Modules. Your S-Windows
will include tab panels for any installed Application
Modules. However, some Application Modules may not
support special settings for a parameter and therefore will
not have a tab panel in the S-Window.

When the TRANSPORT Application Module is installed,
there will be a Transport tab panel in the Special Parameter
Settings Window if that parameter is a native
TRANSPORT input and it is supported as a Fitting Variable
or Algebraic Expression by the TRANSPORT program.
Otherwise there will not be a Transport tab panel in the S-
Window.

Special Parameter Settings are saved with the beamline
model document. The special parameter settings for
TRANSPORT include selecting a parameter as a Fitting
Variable or defining a parameter with an Algebraic
Expression or selecting it as an Import Parameter. Refer
to the Transport Parameter Settings Section in this Chapter
for a description of the different parameter settings.
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Creating a copy of a Piece with special parameter settings

will also copy those settings. For example if a Piece

Parameter is defined by a user-specified Parameter Name

and that Piece is copied in the beamline, then there wolglying pieces with special

be two parameters defined by the same Parameter Napagmeter settings will duplicate

Both instances of the Parameter Name will be sent Figameter Names and may result in

TRANSPORT but the value for the first parameter will benintended consequences.

used when the second parameter is encountered. This is

also true for the initial values of Fitting Variables defined

with identical Parameter Names. If there are duplicate

Fitting Variable Names then the initial value of the first

instance will be the initial value for all instances of the

Variable with the same Symbolic Name. Copying Pieces

that have Parameter Algebraic Expressions will duplicate

those expressions on the copied Piece but otherwise present

no difficulties. In some cases, it is desirable to use multiple

Pieces with parameters that are defined by the same

Parameter Name. However, if this is not the desired result,

the Parameter Name will need to be changed to a unique

name after making a copy of a Piece that includes special

parameter settings. An alternative to copying Pieces that

are to be represented with parameters that are defined with, .. .~ . o
. . . pying a Piece is

the same special parameter settings is to create an AllaS..te an Alias Piece that will

Piece. An Alias Piece will maintain a persistent link to th@aintain a persistent link with the

original Piece so that any changes to the original adi@inal Piece and will automatically

automatically reflected in the Alias. The Alias Piece algeflect any changes in the original

supports user specified deviations from the original Pietgce Parameters.

parameters without duplicating redundant data. Refer to

the Alias Piece Section in the main PBO Lab User Manual

for a discussion of Alias Pieces.
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The Parameter Name specified in the
top panel of the S-Window is
application-independent. The same
Parameter Name is used for all
installed Application Modules.

Using a Symbolic Parameter Name
that is identical to a Piece comment
may cause unintended results.
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Symbolic Parameter Names

The top panel of the S-Window (Figure 20) is application-
independent and displays the Piece Comment (Label)
along with the name of the selected parameter. The
Symbolic Parameter Name input field is application-
independent and provides for a user-specified Symbolic
Parameter Name to be defined for the parameter. When
required, a default Parameter Name will be generated if a
name has not been entered in the field at the top of the S-
Window. The same Parameter Name is used for all
installed Application Modules.

S-Window displays the User Specified Piece
Comment (Label) and the Name of the selected

The Application-Independent top panel of the
parameter (e.g. "Magnetic-Field Gradient")

A User-Specified Symbolic
Parameter Name is also defined in
the top panel of the S-Window

E special Parameter 5ettings - Magnetic-Fieid Gradient

Application-Specific Special
Parameter Settings for TRANSPORT
are in the Transport tab panel

Symbolic Parameter Mame:

QD24 - Magnetic-Field Graclient
’7 [ociza

Transport I Marylie I Trace3D l Optimizer

' Magnetic-Field Gradient = 265.000000 kGin

" Fitting Yarishle: |24

 Algebraic Expression: | AR

=

i Import Parameter

Figure 20. Special Parameter Settings Window.

Parameter Names can be used in
Parameter Algebraic Expressions
specified for other Piece Parameters as
described in the Parameter Algebraic
Expressions Section of this Chapter.

Symbolic Parameter Names used in
the beamline model sould be unique.
To define multiple parameters with
the same value, define one
parameter with a unique name and
define the other parameters as
Algebraic Expressions of that name.

A Symbolic Parameter Name is required when the parameter
Is selected as a Fitting Variable or Import Parameter in the
Transport tab panel. However, Parameter Names can also be
used for defining other parameters in terms of the named
parameter even though the named parameter may not be
selected as a Fitting Variable, i.e. the parameter is treated as
a numerical constant defined by a symbolic name. When a
Parameter Name has been specified, there will be a red “S”
on the S-Button in the Piece Window and the Parameter Name
may then be used in Parameter Algebraic Expressions for
other Piece Parameters.
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Transport Parameter Settings

The Transport tab panel in the Special Parameter Settings
Window has four radio buttons for specifying the
associated parameter as: a numerical Value, a Fitting
Variable, an Algebraic Expression or an Import Parameter.
These choices are exclusive. A parameter can only be
defined by one of these special parameter settings,
although the same Symbolic Parameter Name is used for
all settings and for all Application Modules.

The first radio button in the Transport tab panel is the

default selection. It indicates that the parameter is defined

by the numerical Value entered in the Piece Window, i.Byameters that have been given
there are no special settings currently selected for tfybolic Parameter Names are
parameter. The parameter may be defined with a Symbgéned with those Names in the
Parameter Name, although it is not required for thlgzsrﬁggr'Egls‘tnz'teb?éins(‘e"l’:iz d”;‘:
selection. If a Parameter Name is defined then that nam&yi.. variable or an Algebraic
will be used to create a symbolic constant in the Transp@ression.

Input file. The parameter will be defined with that

Parameter Name and the Name may then be used to define

Algebraic Expressions for other Piece Parameters.

The second radio button in the Transport tab panel selegts . Fitting Chapter in this
the parameter as a Transport Fitting Variable using fé%@,mememfor a discussion of Fitting
Symbolic Parameter Name as described in tR&iables.

TRANSPORT Fitting Chapter of this Supplement.

The third radio button selects the parameter as an _ _
Algebraic Expression. With this selection, the input fiel Z‘g:lt‘;ct)rr‘]e;f'F'f;‘;‘grr:]getséercz‘l’”e{)‘?;i
and pop-up to the right of the radio button are activategpres'zions J
The following Section describes the use of Parameter '

Algebraic Expressions.

The last radio button in the Transport tab panel selects the
parameter as an Import Parameter. This selection workseiper 10 the External Data Interface
conjunction with the PBO Lab External Data Interfacg .. i1 te main PEO Lab User
Tools. The import option is not specific to TRANSPORTyanyal for a description of the Import
but selecting an Import Parameter excludes that paramet@meter special parameter setting.
as a Fitting Variable or Algebraic Expression. Refer to the

External Data Interface Section in the PBO Lab User

Manual for a description of Import Parameters.
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Symbolic Parameter Names may be
defined for Piece Parameters, as
described in the previous Sections,
and used in Algebraic Expressions for
other Piece Parameters.

Parameter Algebraic Expressions are
not evaluated until TRANSPORT is
executed.

Symbolic Parameter Names are not
used for Piece Parameters defined
with Algebraic Expressions.
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Parameter Algebraic Expressions

The TRANSPORT Application Module supports the
definition of Piece Parameters using Algebraic
Expressions. Parameter Algebraic Expressions are
specified in the Special Parameter Settings Window. To
define an Algebraic Expression for a Piece Parameter,
select the corresponding radio button in the parameters’
Special Parameter Settings Window as illustrated in Figure
21. With this selection, the input field and pop-up to the
right of the radio button are activated. An algebraic
expression is entered in the input field, which will then
be used to define the parameter in the Transport Input
file. The pop-up to the right of the input field contains a
list of all the Piece Parameters in the beamline model that
have been given Symbolic Parameter Names in addition
to Location Specific Stored Parameters. A Parameter
Algebraic Expression can be defined in terms of these
Symbolic Parameter Names as well as other
TRANSPORT program variables and symbolic constants.
Note that a Parameter Algebraic Expression is not
evaluated when it is defined in the S-Window. Algebraic
Expressions are evaluated when TRANSPORT executed.

Symbolic Parameter Names are not used
for Parameter Algebraic Expressions

E Special Parameter Settings - Effective Drift Length

CRFT-3 - Effective Drift Lenoth
’7 Symbolic Parameter Mame: H/%

Transport I harylie l TracesD

" Effective Drift Length = 0.039750 m

i~ Fitting ariahle: [

- i+ Algebraic Expression: |2 * 02

i~ Impart Parameter

radio-button will activate the input that contains all of the Named

Selecting the Algebraic Expression A convenient pop-up is provided
field and pop-up control Parameters in the Beamline Model

Figure 21. Parameter Algebraic Expressions.
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Parameter Algebraic Expressions may be defined in terNaed Piece Parameters, Fitting
of user-specified Parameter Names, Fitting Variables, Stoieghbles and Stored Parameters may
Parameters and may also contain TRANSPORT symbdlft Used to define Parameter
constants including those listed in Table 3 below. Algebraic Expressions.

Table 3 TRANSPORT Symbolic Constants.

TRANSPORT Numerical
Keyword Value Units
Pl 3.12159265358979323
TWORPI 2.0*PI Parameter Algebraic Expressions may
DEGRAD 180.0/PI include TRANSPORT symbolic
: constants. Additional symbolic
RADDEG P1/180.0 constants can be defined by the user
E 2.718281828459045 with the Param Piece.
EMASS 0.510099906E-03 GeV
PMASS 0.93827231 GeV
CLIGHT 2.99792458E+08 m/s
MTOIN 0.0254
INTOM 1.0/MTOIN

Additional symbolic constants can be defined by the user

with the Param Piece (refer to the Parameter Piece Section
in this Chapter). User-specified Parameter Names should
not use the names that are reserved by TRANSPORT for
symbolic constants.

There are a variety of mathematical operators and functions
that can be used in Parameter Expressions. These are listed
in Table 4 with the TRANSPORT keyword or symbol.

Table 4 Operations for Algebraic Expressions.

Keyword- Operation Keyword} Operation

Symbol Symbol

+ Addition * Multiplication A variety of mathematical operators
- Subtraction / Division and functions may be used in
SIN Sine CcOS Cosine Parameter Algebraic Expressions.
SINH | Hyperbolic Sinef COSH Hyperbolic Cosirle

ASIN [ Inverse Sine ACOS Inverse Cosine

SQRT [ Square Root ALOG Natural Log

EXP Exponential
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All of the special parameter settings for a PBO Lab beamline
model are saved from the Document Window using the
Save or Save As commands in the File Menu. An Algebraic
Expression for a parameter will be saved with the beamline

Algebraic Expressions specified bythe  model document even when it is not selected in the Special
user are saved even when the  Parameter Settings Window. For example, you may define
parameters are not set to use the 3 narameter with an Algebraic Expression and run

expression.

[34]
Eial

|

TRANSPORT to evaluate the expression. You could then
update the beamline model and change the special
parameter setting to use that value instead of having
TRANSPORT reevaluate the Algebraic Expression on each
execution. The expression will still be saved with the
beamline model even though it is not active.

The Effective Drift Length Parameter

for the Drift Piece Labeled "DRFT-1"
Special Parameter Settings - Effective Drift Length has been &gned the &/mbo“c
DRFT-1 - Effective Dritt Length \ Parameter Name: "LD1"

Symbolic Parameter Mame: L X

Tranzport I Marylie l TracedD I Optitnizer I

The Drift Length Parameter for the
Drift Piece Labeled "DRFT-2" has been
assigned the Symbolic Parameter
™ Algebraic Expressic ’7DRFT_2 = [fifEEitye it LEng i P ‘ Name: "LD2" and it has been selected

& Effective Dritt Length = 0173000 m |

5 Special Parameter Settings - Effective Drift Length

= Fitting “ariable:

Symhbolic Parameter Mame: LDz

as a TRANSPORT Fitting Variable
|

Transport I arylie ] Trace3D l Optimizer I

= Import Parameter

" Effective Drift Length = 0.039750 m

E Special Parameter Settings - Effective Drift Length

{* Fitting “ariahle: LD2

 Algehraic Expression: |

= Import Parameter

DRFT-3 - Effective Drift Lenoth
’7 Symbolic Parameter Mame: |

Transport I harylie l Trace3D I Cptimizer

™ Effective Drift Length = 01925875 m

The Parameter Named "DL 1" and the

Fitting Variable: "LD2" are used to £ Fiting Varisble:
define an Algebralc EXpI’ on for the — % Algehraic Expression: [¢L01 + LD2)/2 ILD1 j

Effective Drift Length Parameter for

R ) " Import Parameter A
the Drift Piece labled "DRFT-3"

This Pop-up provides a quick reference
of all of the user-defined Parameter
Names for the entire Beamline Model

Figure 22. Parameter Algebraic Expressions.
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Figure 22 on the previous page illustrates a simple example
of a Parameter Algebraic Expression. The first S-Window
defines a Parameter Name: “LD1” for the Effective Length
of a Drift Piece. The second S-Window defines another
Drift Length parameter with the Parameter Name: “LD2",
which is selected as a TRANSPORT Fitting Variable. The
last S-Window in Figure 22 defines one more Drift Length
Parameter as an Algebraic Expression of Named
Parameters. The value of this parameter will be calculated
by Q ANSPORT using the algebraic expression: (LD1 +
LD2) /2.

Updating Parameter Expressions

Parameter Algebraic Expressions are evaluated when

TRANSPORT is executed. The resulting values are

presented in the PBO Lab Update Window following thgameter Algebraic Expressions are
execution of TRANSPORT. The Update Window, showf'3'uated when TRANSPORT is
. g . . . executed. An Update Window is
in Figure 23, provides options to individually updat€;maticaiy opened for modifying
selected parameters or to update all of the parameterg.@keter Expression Values in the
once. The Update Window also contains an update pas&hiine model.

for any Parameters used as Fitting Variables. There are

separate Update Buttons for Variable Parameters and

Parameter Expressions in the Update Window. Both the

' : Refer to Chapter 9: TRANSPORT
Variable Parameters and Parameter Expressions panpgfs » =P °

o : No f lanation of Fitti
have scroll bars to access additional entries that may dg;ra&egzna?hgxﬁp?;f\,@igdo\',\,_mg
be visible. Fitting Variables are described in Chapter 9:

TRANSPORT Fitting.

The Expression Parameters panel in the Update Window

has six columns. The user-specified Piece Label

(Comment) is in the first column, the second column

contains the name of the parameter as it appears in the

Piece Window. The third column contains the Parameter

Algebraic Expression. The Value column contains the

current numerical value of the parameter and the UpddtgParameter Algebraic Expression
column contains the new value computed by "% shecficaly updated in the
TRANSPORT, which will be assigned when the parametgf 2 " Vz’ntche;n; i
Is updated in the beamline model. If a parameter is NRLkmiine model.

specifically updated, then the original value will be

unchanged in the beamline model. The last column shows

the units for each parameter.
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Update All Variable Update Only Selected
Parameters in the List Variable Parameters

E Transport Update ¥arable & Expression Parameters

Fit Parameters Updste | Walues | Updste Sel ed Fit Yalue
Lahel Parameter Mame Parameter Variahle | Walle | Upciate | Unit |
SEXTOO0Z hagnetic Figld at Pole Tip BSEXTR 0100000 0438106 kG Scrolling List of

Click on a Parameter in the Parameter Values
List to Select it for Update W Before and After Fitting )

User Specified
Fitting Variables

. Update Any or All
Expression Parameters Update All Expressions | Update Selected Expression p Y

<& Evaluated Parameter

Lahel Parameter Name Parameter Expression | Walue | Update | Unit & \ Ex preSSl ons /
G G+ Effective Lencth Lallan 0.100000 0.100000 m

216+ Sperture Radius AQUAD 0.010000) 0.010000) m 4 Scrolling List of User h

_5.6515kG_ Ceritral Trajectory Lencth LBEMD 0.100000 0.100000 m SpeCIfl,ed Pararneter
L Algebraic Expressions )

Double Click a Parameter
to Open its Piece Window

Double-clicking a parameter in the
Update Window will open the
associated Piece Window for that

parameter.

Evaluated Parameter
Expressions

Figure 23. Parameter Update Window.

The Update Window is automatically opened after
execution of TRANSPORT. The Variables and
Expressions do not have to be updated immediately.
However, if the Update Window is closed prior to updating
any parameters then TRANSPORT will have to be run
again to access the Update Window. The Update Window
can be left open without updating parameters, in order to
examine other output results, and then parameters can be
updated in the beamline model by bringing the Update
Window to the foreground again. The Update Window
may also be used to locate the Pieces in the beamline
model with Variable Parameters or Parameter Expressions.
Double-clicking an entry in the Update Window will open
the associated Piece Window for the selected parameter.
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Parameters & Expressions
List Windows

PBO Lab provides application-specific interactive List

Windows that organize related data for the entire beamline

model. The Named Parameters List Window contains a

list of Piece Parameters that have been given Symbalig | ap provides application-specific
Parameter Names. Figure 24 illustrates opening th@eractive List Windows that
Named Parameters Window from the TRANSPORdrganize related data for the entire
Commands Menu. The Named Parameters List Winddgamline model.

can be used to quickly access Named Parameters. Double-

clicking an entry in the window will open the associated

Piece Window in the beamline model.

E® PBO-Lab - 4-cell achromatic.pbol *
File Edit Wiew

ools  Tukarial

Write Input and Run Transport  # @ ‘
»  Transport Plot Specification
MARYLIE » i ) | Floor Coary
TRACE 3D 8 :?r'te,TI“D“t a”tdl“'ewtl o P 5 The Named Parameters List Window is opened
o= Mew Transpork Input’ File
Compute &l AutoCalcs Run ‘Transport Input’ File 05110 2.27e+00 from the TRANSPORT _Commands Menu.
e E— ooo10 1 o0eent The List Window contains all the Named
eam Enen =l I 0e+ . .
¥ ohov Sigma Helrix Parameters for the entire beamline model

Beam Current = 00000 1.00e-00)

Make a Matrix Piece
Freguency 3.0000

List Windows Marned Pararmet4rs

An "X" in the Fit column indicates

that the Parameter has been selected

as a Fitting Variable. Clicking in
this column toggles the Fitting

il i . I“ - Variable selecti
i g o

BEAM  CEMT CELL_1 MARK CELL_2

Macimum Step Size

Parameter Expressions
Eitting Constraint Expressions
Stored Parameters

Options

A Param Piece can be generated for any\ =&
selected Parameters in the List Window

using the Create Param Piece Button

|Parameter Variable| Fit |/ Walle | Unit [ =]

LDRIFT

Double-clicking an entry in the
Parameters Variables window will - |————>l|auspos | ApetweRadiie [ Actap [ | ootoomo] m |
open the associated Piece window

SB00 | WearcioPesiengh | Brero | | sesie] e |

SEXT10 Magnetic Field &t Pole Tip BSEXTP2 0145665

Figure 24. Named Parameters List Window.
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The header at the top of all List
Windows can be used to adjust the
width of each column in the window.

Both Parameter Variables and
Transport Fitting Variables are
contained in the Named Parameters
List Window.

A Parameter (Param) Piece can be
created for selected parameters in the
List Window by using the Create
Param Piece Button.

List windows include entries from
Pieces in the Model Space and from
the Work Space.

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

The header at the top of all List Windows can be used to
adjust the width of each column in the window. To resize
a column, place the mouse over the divider line in the
column header. When the arrow turns into a cross-hair,
resize by holding the mouse button down while dragging
horizontally. The List Windows themselves can also be
resized to accommodate the number of entries and desired
column widths.

Any Named Parameters that are selected as TRANSPORT
Fitting Variables are indicated with an “X” in the Fit
column of the List Window as illustrated in Figure 24.
Named Parameters can be easily selected (and unselected)
as Fitting Variables by clicking in the “Fit” column of the

List Window.

A Param Piece can be created for selected parameters in
the List Window by using the Create Param Piece Button.
To create a Param Piece, select a parameter by clicking
on the entry in the List Window. (Hold down the shift key

to select multiple parameters.) Then use the Create Param
Piece Button at the top of the window to generate a Param
Piece on the Work Space of the Document Window. PBO
Lab will automatically enter the Parameter Value in the
Param Piece and the Symbolic Parameter Name in the S-
Window for each parameter selected in the List Window.
The Param Piece is described in the Parameter Piece
Section of Chapter 3: Beamline Elements.

List windows include entries from Pieces in the Model
Space and from the Work Space. This provides quick
access to all Pieces that have special parameter settings.
Pieces on the Work Space that have special parameter
settings will also be included in the Transport Input file.
This allows Pieces in the beamline model to reference
Named Parameters from the Work Space in the definition
of Parameter Algebraic Expressions.
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A List Window is also provided for Stored Output

Parameters that have been specified with Marker Pie®&8Lab also provides a List Window
at specific locations in the beamline model. The Storési'ocation-specific Stored Parameters
Parameters List Window supports features that are simifaf® beamine model. The Storec
to the Named Parameters List Window and is opened frgfff - oo s PO 8 Cescroed
the List Windows Submenu in the TRANSPOR¢ction in chapter 3: Beamline
Commands Menu. Refer to the Stored Parameters Ldsients.

Window sub-section in the Marker Piece Section of

Chapter 3: Beamline Elements.

PBO Lab also provides List Windows for Parameter

Algebraic Expressions and for Fitting Constraingzg | ap aiso provides List Windows
Expressions. These windows support the same featuigSarameter Algebraic Expressions
as the Named Parameters and Stored Parameters adstitting Constraint Expressions.
Windows and are also accessed from the List Windows

Submenu in the TRANSPORT Commands Menu.

Figure 25 illustrates the Parameter Algebraic Expressions

and Fitting Constraint Expressions List Windows. As

with the other List Windows, the window itself, as welbouble-clicking an entry in the
as individual columns, can be resized. Double-clickingrameter Algebraic Expressions List
an entry will open the associated Piece Window fd¥indow will open the associated
Algebraic Expressions and the associated Marker Pigge Window for that parameter.
Window for Constraint Expressions. Refer to Chapter

9: TRANSPORT Fitting for further description of these

List Windows.

E Parameter Expressions I [=] B

Lakel | Parameter Mame | Parameter Expression -~ The Parameter A|gebra|c Expreg ons List
PIRTVENGY || e B e i LDRIFT Window provides access to all of the Parameter

Expressions for the entire beamline model
B*LDRIFT-LSEXT-LQUAD-LBEND/2 The Fitting Constraints List Window provides
access to all of the TRANSPORT Fitting Constraint
Expressions for the entire beamline model

S*LDRIFT-LSEXT-LQUAD-LBERDYZ

g Fitting Constraint Expressions
Conzstrairt Expression
[ R33+ Rad )0 2* COS( 030%2*F1 ) )

Figure 25. Parameter Expressions and Fitting Constraints List Windows.
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5. TRANSPORT Menus

Application-specific commands are accessed from

Submenus in the PBO Lab Commands Menu and View

Menu at the top of the Document Window. When th blr;‘:zt?(;’; n;?):jjlze(aZFivAeT:saZiT
TRANSPORT Application Module is installed, both the 2> %5 "0 20 0 ieation
Commands Menu and the View Menu will contaifygqgyles) are found in both the
Submenus for the TRANSPORT application, in additioBommands and View Menus of the
to any other installed PBO Lab Application Modules. Thigocument Window.

Chapter includes an outline of the TRANSPORT Menus,

as well as references to other Chapters in this Supplement

that provide more detailed descriptions of specific menu

commands.

TRANSPORT Commands Menu

The TRANSPORT Commands Menu is illustrated in Figure
26 and contains several options for specifying output and
executing the TRANSPORT Application Module.

Commands for Executing TRANSPORT
and Setting Up Plot Specifications
Commands
TRANSPORT ‘Write Input and Run Transpart  »

3 .
TURTLE »  Transport Plot Specification SedpaErzte Con;]m_zla_nds for Gleneratllznlg
MARYLIE 3 - - / an iting the Transport Input File
‘Write Input and Yiew .
M Wiew ‘Transport Input’ File and Executi ng TRANSPORT
Compute &ll AutoCalcs Fun 'Transport Input’ File
Show R-Matrix [ Commands for Displaying the ]
. . h i i - i i i
Commands for Displaying User S S'Qma.""at.“x TRANSPORT R-Matrix and Sigma Matrix
Named Parameters, Fitting Make a Matrix Piece
Variables, Stored Parameters, List Windows » Command for Creating a Matrix Piece
from a beamline selection

Parameter Expressions and Options )
Fitting Constraint Expressions
Set Additional TRANSPORT j

Options and Output Parameters

Figure 26. PBO Lab Commands Menu for TRANSPORT Module.

The TRANSPORT Commands Menu is divided into six

groups of commands. The first group contains the twoe Write Input & Run Transport

primary commands for specifying output and runningg™mand ah“toma“ca”y creates i”ld

TRANSPORT. The second group provides three additiorfgfe* e Tatsport nput e
. . .,_Which contains all the inputs required

commands for setting up and running Transport Input fil§g.7g ansporr

These are described in the following Execution

Commands Section.
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TRANSPORT is executed from the
Commands Menu using the Write
Input & Run Transport Command.
TRANSPORT reads and executes an
input file that is generated by PBO
Lab for the beamline in the Model
Space of the Document Window.

The Write Input & Run Transport
Command provides two options that
can be used to run TRANSPORT with
or without Fitting.

TRAMSPORT

TURTLE

‘Wwrite Inpuk and Run Transport  » T W T}
Transport Plot Specification

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

Execution Commands

The first command in the Commands Menu is used to run
TRANSPORT and the second command is used to specify
plot data output. The Write Input & Run Transport
Submenu provides two options that can be used to write a
Transport Input file for the beamline defined on the Model
Space and execute the TRANSPORT program.
TRANSPORT reads and executes the instructions
contained in the MAD (Methodical Accelerator Design)
formatted input file that is generated by PBO Lab. Figure
1 in the Getting Started Chapter illustrates an example
using one of these commands.

The Write Input & Run Transport Submenu includes two
options for running TRANSPORT as illustrated in Figure
27. The first includes fitting and the second excludes
fitting. The only difference between these two options is
that PBO Lab will include the FIT instruction in the native
Transport Input file for the first case and will exclude the
FIT instruction for the second case. This allows any fitting
variables and constraints that have been defined by the
user to remain part of the model, without actually having
to run the fitting procedure every time TRANSPORT is
executed. Refer to the Chapter 9: TRANSPORT Fitting
for a description of setting up and executing a
TRANSPORT fitting problem.

‘Without Fitting
A

3
3
MARYLIE 4
TRACE 3-D 3

Wigw 'Transport Input' File

Compute All AutoCalcs

‘Write Inpuk and Yiew

Run ‘Transport Input’ File:

Shaow R-Matrisx
Show Sigma Matrix

Command has options for running

Make a Matrix Piece

TheWrite Input & Run Transport
TRANSPORT with or without Fitting

List Windows 3

Qptions

Figure 27. Write Input & Run Transport Submenu.
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The Transport Plot Specification command opens the

Transport Plot Specification Window, which is used @ piot specification command is
select a variety of TRANSPORT output parameters th@td to set up options for different
will be written to the Transport Plot file. The Transportypes of graphic output and must be
Plot Specifications are discussed separately in the Pitprior to running TRANSPORT.
Specifications Chapter.

The second group of commands in the TRANSPORT

Commands Menu contains items to assist the user in

directly editing the Transport Input file. With these

commands, the native TRANSPORT input may be

generated from the PBO Lab beamline model without . _
automatically executing the TRANSPORT applicationT.hgTra”Sg"gt'”E“”"e mfg:ﬁggg;‘?
These Comm.ands ?‘re USqu| for implem.entin\agrilll rsezv;andy;x:mf:ihe edited file
TRANSPORT instructions which may not be directlye ors and alit) when the Run
supported by the PBO Lab user interface. Changes maggsport input’ File command is
to the Transport Input file are not retained in the PB&lected.

Lab model data and the Transport Input file will be over

written with subsequent Write Input & Run or Write Input

& View commands.

These commands can also be used to evaluate any

incompatibilities between TRANSPORT input files that

were not generated with PBO Lab. For example, an older

TRANSPORT input deck can be pasted into the Text EARC Lab will not generate a new

Window that is opened with the View ‘Transport Input’ Filé"Put file when using the Run
. . ... Transport Input’ File command.

command. After saving the new Transport Input file with 0 - Transport Input

the Save command in the Text Edit Window, this file Cafle will be used to execute the

then be executed with the Run ‘Transport Input’ FilgkansporT program.

command. PBO Lab will not generate a new input file when

using this command, instead the current Transport Input

file will be used to execute the TRANSPORT program.

Any incompatibilities will be noted in the Transport Output

file. The input can then be corrected before Importing the

file into PBO Lab in order to build a PBO Lab beamline

model from the native TRANSPORT deck.

Text files can also be edited by using the Open Scratch File
Command in the View Menu of the Document Window.
This command opens an empty Text Edit Window. The
Open Command in the File Menu of the Text Edit Window
can be used to open any existing text file.
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When a Transport Input file is
generated, the previous input file is
overwritten.

When TRANSPORT is executed, the
previous output files are overwritten.

If the Transport Input file does not
exist, then the Run ‘Transport Input’
File command will not generate any
output.

Some of the PBO Lab commands and
beamline construction tasks may
require a Transport Input file to be
generated, thus overwriting any
existing file.

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

The different commands that generate the Transport Input
file and execute TRANSPORT result in a rapid data flow
which is transparent to the user. Each of these commands
involves a few well defined steps which are summarized here.
(1.) Eachtime they are selected, the following PBO Lab
commands write a new Transport Input file for the
beamline in the Model Space of the Document
Window, together with the Options settings, Plot
Specifications and Fitting Constraints:

Write Input & Run Transport
Write Input & View

The first command will automatically write the
input file and execute TRANSPORT. The second
command will write the input file and display it in
a Text Edit Window.

(2.) The following PBO Lab command will open the
the most recent Transport Input file without
generating new input from the beamline model:

View ‘Transport Input’ File
(3.) The following PBO Lab command executes the

most recent Transport Input file, created by either
(1.) or (2.) above:

Run ‘Transport Input’ File

The Transport Input file is not updated with any changes
made from the interface, this command simply executes
an existing Transport Input file.

Other PBO Lab commands or beamline construction tasks
may also cause a Transport Input file to be generated, thus
overwriting any existing file. For example, creating a Matrix
Piece from a selection of Pieces in the beamline model
will cause an input file to be generated, overwriting any
existing file. This input file is executed by TRANSPORT
and any existing output files are overwritten as well. All
this is transparent to the user. When the Make Matrix Piece
Command is selected, the Matrix Piece simply appears on
the Work Space of the Document Window.
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Matrix Commands

The third and forth groups of commands in the

TRANSPORT Commands Menu contain commands for

creating and displaying matrices. The first two commands

in the third group are used for displaying th&ommands for Creating and
TRANSPORT R-Matrix and Beam Sigma Matrix. Thé)'Sp'ay't”? Matgf]es o gescf”fﬁ_d
forth group contains one command that is used to creati%?élfmeeztm Apien ot
Matrix Piece for a selection of beamline elements. These '

commands are described separately in Chapter 6:

Displaying and Creating Matrices.

List Window Commands

The fifth group of commands in the TRANSPORT
Commands Menu contains commands for displaying user
specified Named Parameters, Parameter Expressions,
Storage Parameters, Fitting Variables and Fitting
Constraints for the entire beamline.

The List Windows Submenu provides commands to open

several PBO Lab List Windows as illustrated in Figure 28st Windows organize related data
Each of the List Windows organize related data for all & 2! of the pieces in the beamiine
the Pieces in the beamline model and on the Work Spa8?¢ and on the Work Space.

TRANSPORT
TURTLE
MARYLIE

Wirite Input and Run Transpork  #
Transport Plok Specification

~ » R

‘Write Input and View
- \Wiew 'Transport Input’ File
Compute &ll AutaCalcs Run 'Transpart Input’ File

TRACE 3-D

Shiaw B-Matrix
Shio Sigma [Mattis

Make & Matrix Piece

Mamed Parameters
ot Parameter Expressions
Sha Fitting Constraint Expressions

Stared Parameters

The List Windows Sub-Menu is accessed
from the TRANSPORT Comands Menu

Figure 28. List Windows for TRANSPORT are Accessed from the List Windows

Submenu in the TRANSPORT Commands Menu.
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List Windows are provided for Stored
Parameters, Named Parameters,
Parameter Expressions and Fitting
Constraint Expressions.

The TRANSPORT Options Window is
described in Chapter 7: TRANSPORT
Options.

The TRANSPORT Submenu in the
View Menu of the Document
Window contains several commands
to open TRANSPORT I/O files.

Hide Palette Ear
Hide Global Parameters

TRANSPORT
TURTLE
MARYLIE
TRACE 3D

Tools

Open Scratch File
Physical Constants

Input File
Qukput File
Plat File
Punch File
Data File
Builiary »

- | v v v R
|
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List Windows are provided for Stored Parameters, Named
Parameters, Parameter Expressions and Fitting Constraint
Expressions. The Stored Parameters List Window is
described in the Marker Piece Section of the Beamline
Elements Chapter. The Named Parameters List Window
and the Parameter Expressions List Window are described
in the Parameters and Expressions List Windows Section
of the Special Parameter Settings Chapter. The Fitting
Constraint Expressions List Window is described in
Chapter 9: TRANSPORT Fitting.

Options Command

The last group in the TRANSPORT Commands Menu
contains one command. The Option Command is used to
access TRANSPORT Options for the Order of Calculation
and Output Result in addition to parameters for specifying
data to be written to the Transport output files. These
commands are discussed separately in Chapter 7:
TRANSPORT Options.

TRANSPORT View Menu

The View Menu in the Document Window contains
Submenus for any installed PBO Lab Modules. The
TRANSPORT Submenu is illustrated in Figure 29 and
contains several commands to open input, output,
diagnostic and auxiliary files for the TRANSPORT
Application Module.

TRANSPORT Input File generated by PBO Lab
and used to execute TRANSPORT

Standard TRANSPORT Output File

Plot Data File generated by TRANSPORT
and used by PBO Lab Graph Plot Windows

TRANSPORT Punch and Data Output Files

Submenu for Auxiliary Files

Figure 29. PBO Lab View Menu for TRANSPORT Module.
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The View Menu commands do not execute TRANSPORT

or cause new 1/O files to be generated. These commangds .. vienu commands do not
simply open the existing input, output and diagnostic fileS.c,te TRANSPORT or cause new
that have already been generated from a previousties to be generated.
TRANSPORT run.

Each of the View Menu commands opens the associated

file in a PBO Lab Text Edit Window. These windows

provide standard editing capabilities and typical File, Edit

and Font Menus. The Save As command in the File Menu

of Text Edit Windows can be used to save any of the fileg save As command in the File
using a different name. Since these files will be overwrittéMenu of Text Edit Windows can be
with the next execution of TRANSPORT, they should bied to save any of the files using a
saved with a different name if the data is to be retainétjferent name.

Renamed Text Edit Windows can remain open for

comparison with other results. However, if the file is not

renamed and the window is left open the new data from a

subsequent TRANSPORT run will overwrite the existing

data in the open window.

There are five native TRANSPORT I/O files that can be
accessed from the TRANSPORT View Submenu. These
include the standard input and output files, in addition to
the plot, punch and data files. The Transport Input file is
the native input that is generated by PBO Lab for the
beamline on the Model Space. The Transport Output file
is the main output file generated with the execution of
TRANSPORT. The Transport Plot file is the raw data
generated by TRANSPORT and plotted by PBO Lab. The
Transport Data file is an additional diagnostic output file
that is provided for PBO Lab Professional users. This file
may be used to add diagnostic write statements to the
TRANSPORT FORTRAN source code. The Transport
Punch file contains user-specified output data that is
selected in the Punch File Options tab panel in the
TRANSPORT Options Window. Refer to the Output and
Punch File Options Section in Chapter 7:
TRANSPORT Options.
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The Auxiliary Files Submenu contains
commands to view several Auxiliary
input files that can be generated by
TRANSPORT. These files are not
generated unless they have been
selected in the Output File Options
tab panel in the TRANSPORT Options
Window. Refer to the Output File
Options Section in Chapter 7:
TRANSPORT Options.

Hide Palette Bar
Hide Global Parameters

TRANSPORT
TURTLE
MARYLIE
TRACE 3-D

»
]
»
4
3

Tools

Input File
'thput File have been generated by TRANSPORT
Flat. File
Punch File
Data File
Auxiliary

(Open Scratch File TRANSPORT
Physical Constants LATDEF
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The last command in the TRANSPORT View Submenu
Is itself a Submenu for several Auxiliary input files that
can be generated by TRANSPORT. The Auxiliary
Submenu is illustrated in Figure 30. Table 5 lists the
different Auxiliary files that can be generated for a
beamline model. These files are not generated unless they
have been selected in the Output File Options tab panel in
the TRANSPORT Options Window. Refer to the Output
File Options Section in Chapter 7: TRANSPORT Options.

If an auxiliary file does not exist (has not been previously
generated), then an alert will be given. If an auxiliary file
has been previously generated, it will be opened with the
associated View command in a PBO Lab Text Edit
Window. Any of the Auxiliary files can be renamed with
the Save As command in the File Menu of the Text Edit
Window. Auxiliary files are named with the root name
“Auxiliary.tout”. Each file type is then given its’ own
extension which is appended to the root name. If a file of
the same name exists when a new file is generated, then it
will be overwritten with the new file.

Table 5. Auxiliary Files Generated by TRANSPORT

Keyword Description

MAD Methodical Accelerator Definition Input Filg
TRANSPORT| TRANSPORT Input File

LATDEF Lattice Definition Input File

STRUCT STRUCT Input File

ACAD Autocad Input File

The Auxiliary Submenu provides commands
to open several Auxiliary files after they

MAD

STRUCT
ACAD

Figure 30. View Menu Commands to Open Auxiliary Files.
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6. Displaying and Creating Matrices

There are three commands in the TRANSPORT
Commands Menu that are used for displaying and creating
matrices. These commands are separated into two groups.
The first group has two commands for displaying matrix
data from the last execution of TRANSPORT. The second
group contains one command that is used to execute
TRANSPORT in order to create a Matrix Piece for a
selection of beamline elements in the Model Space of the
Document Window.

Show R-Matrix

The Show R-Matrix Command in the TRANSPORThe Show R-Matrix Command
Commands Menu opens the R-Matrix Window shown i#isplays the R-Matrix for the last
Figure 31. This R-Matrix Window displays the transfefxecution of TRANSPORT.
R-Matrix data at the end of the beamline for the la - ,
TRANSPORT run executed. No specific options se_tting%}nlggmti?a;u&bféff fozxa:c!);
are required to generate the data for the R-Matrix WindOWmparing results from multiple
However, the Show R-Matrix command will be inactiverRANSPORT runs.

if TRANSPORT has not been executed.

Creatlng a Matrlx Plece Matrix Pieces may be used in a

The Create Matrix Piece button in the Button Bar of tHgamline model to replace entire
R-Matrix Window is used to generate a Matrix Piece frofff2mine segments with a fs'”g'eh R-
the R-Matrix data. The Matrix Piece is created on the _\/Voﬁgrt;g;t_represemat'on or that
Space of the Document Window as illustrated in Figure
31. The Matrix Piece represents the entire beamline mo@@! output File option in the
from the previous TRANSPORT execution that WasANSPORT Options Window that
displayed in the R-Matrix Window and may be used ifuses TRANSPORT to generate the
place of the individual beamline elements. This may speggfisverse matrix components in
up calculations for very large models that have particulfi ™ s #1¢ millradians does not
. . effect the R-Matrix Window, which
sections where the parameters are fixed so that Matfji,.vays display the matrix data in
Pieces can be generated and used to replace the indivighdals and inverse meters.

beamline elements.
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Tools  Tutarial

‘write Input and Run Transpork B

TURTLE *  Transport Plot Specification
MARYLIE > ; o )
TRACE 3-D p riteInputandView [ The Show R-Matrix Command Opens

Wiew ‘Transport Input'
Run 'Transport Input' |

the Transport R-Matrix Window

Compute &ll AutoCalcs

Show Sigma Matriz

List Windows

plitane The Create Matrix Piece Button

Generates a Matrix Piece on the Work
Space for the Current R-Matrix

g Transport R-Matrix

Create hMatrix Piecel

— R-hatrix(i, j) in meters and 1/meters
- Waker q (H 1 2 3 4 5 (]
BEAM  CEMT CELL_1 1 0833355 0.000021 0.000000 0.000000 0.000000 0.000344
2 -0.000115 1.000040 0.000000 0.000000 0.000000 0.005237
3 0.000000 0.000000 1.000002 9.45e-007 0.000000 0.000000
4 0.000000 0.000000 -0.000005 0999535 0.000000 0.000000
5 -5.19e-003 §.52e-010 0.000000 0.000000 1000000 -0.050444
L3 0.000000 0.000000 0.000000 0.000000 0.000000 1.000000

Double Click the Matrix Piece
to Open the Piece Window

HMatriz E Matri e

Erergy

5 R - Matrix 0T Matrix &t |1 vI O U-Matrix & |1 vIi: |1 .[

— R - Matrix Elemerts R (i, j)
it j=1 2 3 4 5 6
BEAM - CENT cRLL 1 [o9gggss  [ooooozt  fooooooo | Jooooooo | [ooooooo  [o.o00944
2 [.opoot1s | [1ooooso0  Jooooooo | Jooooooo | [ooooooo  [ooosze?
3 [ooooooo  Jooooooo  [1oooooz | [9.seoor  [ooooooo  [o.oooooo
The Matrix Piece may be Inserted 4 [opooooo | Jooooooo | [-oooooos | [ossssss | [ooocooo | [o.oooooo
into the Beamline Model by 5 [52e.009 [sse-010 | Jooooooo | [ooooooo | [1oocooo | [-o.0504sa
Dragging it to the Model Space /= 6 [ooooono | [o.oooooo | Jooooooo | [ooooooo | [o.oocooo | [4oocooo
Comments:
IMAT

Figure 31. Creating a Matrix Piece from the Transport R-Matrix Window.
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Show Sigma Matrix

The Show Sigma Matrix Command in the TRANSPORT
Commands Menu opens the Output Sigma—MatriT>§] Show Siama.Matrix C g
Window as illustrated in Figure 32. This window displayg.lszlay: tvf\lle ;?ngaE;_MZS?X foc;ThrzTgst
the Output Sigma-Matrix (Beam Matrix) at the end of thg.cution of TRANSPORT

beamline from the last TRANSPORT run executed.

There are no specific option settings required to generate
the data for the Sigma-Matrix Window. However, the
Show Sigma-Matrix Command will be inactive if
TRANSPORT has not been executed. An unlimited
number of Matrix Windows may be left open for
comparing results from multiple TRANSPORT runs.

There are two panels in the Output Sigma-Matrix Window.

The top panel shows the TRANSPORT Reduced Sigma-

Matrix and the bottom panel shows the full Output SIgma-... i, the “TRANSPORT User
Matrix in units of meters and radians. The first column Qfznuai” for a description of the
the Reduced Sigma-Matrix display, labeled: Diagonaligma matrix and Reduced Sigma
represents the half widths of the beam ellipsoid in eachneftrix formulation.

the six beam coordinates. The remaining elements

represent the correlation coefficients between coordinates.

Creating a Beam Piece

The Button Bar at the top of the Sigma-Matrix Window

provides an option for creating a PBO Lab Beam Piece

from the TRANSPORT Output Sigma-Matrix data. The

Create Beam Piece button will generate a new Beam Piece

and place it on the Work Space of the Document Windowe Sigma-Matrix Window provides
as illustrated in Figure 32. The Beam Piece Parametepgtton for creating a PBO Lab Beam
will be generated for the Sigma Matrix data and Phagese from the TRANSPORT Output
Space Ellipse Plots will be displayed in the Beam Pied@ma-Matrix data.

Window. The Beam Piece can be used in the beamline

model or simply left on the Work Space for comparison

with subsequent TRANSPORT runs.
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File Edit Wiew

ITRANSPORT write Input and Run Transpork  » @I
= TURTLE »  Transport Plot Specification

MARYLIE 3 l Floor Coordinates

'ITR_ACE I 5 ‘irite Input and Wiew

- iew 'Transport Input' File
Compute all AutoCalcs Run ‘Transport Input’ File: { The Show Sigma Matrix Command
Showi R-Matrix: w Opens the Transport Output
\ Sigma-Matrix Window

{000 3.00e+004 & -l

Transport Output Sigma-Matrix

1 93 @

Beatn Energy

Bearmn Current

List Windows 3

Frequency

The Create Beam Piece Button
Generates a Beam Piece on the Work
Space for the Current Output

[-3:]
— [

Create Beam Piece

— Reduced Sigma Matrix, r(ij)

i H Ik 1(x) 205" 30w ) 5(z)
Sigma-Matrix
T T H Diagonal
o P b T e e e T
S P R ==
i SUBLINE Marker 1 3.9998 mm
0135341
2 04010 mr
BE&M  CEMT CELL_1 MAERK
3 40000 mmm 2000300 0.000000
4 01013 mr 0.000000 0.000000 0159800
I3 00127 M -0.000025 -0.007 336 0.000000 0.000000
3 0.2700 R 0.0000654 0.014136 0.000000 0.000000 -0867713

— Sigma Matrix (i) in meters and radians

File Edit View Commands Tools Tutoriél i I 1 2 3 4 & 6
> =
ITRANSPORT :I il QIB ﬂl EI EI@I&I = 1 0000016 5472008 0.000000 0.000000 -1.802-009 £.582-008
2 547008 1 02e-008 0.000000 0.000000 1 39e-008 3.85¢-007
3 0.000000 0.000000 0.000016 6.475-008 0.000000 0.000000
4 0000000 0.000000 6.475-008 1 03e-008 0.000000 0000000

pog -1.39e-008 0.000000 0.000000 0.000351 -0.004592
s 3.85e-007 0.000000 0.000000 -0.004392 0072300

Double Click the Beam Piece to
Open the Piece Window

E Initial Beam

Tutoriall Correlationsl Comp From Twissl AutoScale PIatsI Set Plot Scalesl
Element I Centroid and Current
Particle Distribution Type IB-D Ecjuivalent Uniform j ¥, ¥ (mm)
Beam Parameters ISemi-Axes j ID'1 28
®,y'
Parameters Value Units Limits {mrad)
Horizontal {x) o0
BEAM  CEMT :
ﬂHaIf Bieam Extent (x) |0_399934 |Cm =] 00000 10,0000
ﬂHaIf Beam Civergence (x') |0_1 00395 |mrad j 00000 1.00e+004 @ 04216
E,jEm'rrtance () [o:4002e5 fpi-mm-mract = 00000 1000000 ~4,3000 00 |4_3000
’— Vertical ()
ﬂHaIf Beam Extert (v) IMDDDm |Cm =] 00000 100000 &
) z (mm)
ﬂHaIf Beam Divergence (v IU_1 01297 Imrad j 00000 1.00e+004 o IM
E}Emiﬂance (y-v") I 0399982 Ipi-mm-mrad j 00000 100.0000 7
(mrad)

ﬂHaIf Beam Extert (z) |1 70448 |Cm j 00000 100000 @ 0.0
ﬂHaIf Momentum Spread (27 I2?.DDDDD1 I% Percert j 0.0000 T0.0000

; q -324.0000
}jEmrﬂance (z-z" |1274_295537 Ipi-mm-mrad j 00000 Fo00 0000
Comments: -22.4894 oa |22.4594
IEIEAM

Figure 32. Creating a Beam Piece from the Output Sigma Matrix Window.
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Make Matrix Piece Command

The Make Matrix Piece Command is used to create a

Matrix Piece for a selection of pieces in the beamline

model. Using a single Matrix Piece to replace a statif. create Matrix Piece Command
beamline segment that contains many pieces Calked to create a Matrix Piece for a
significantly speed up calculations for large models. Thisection of pieces in the beamline
command is similar to using the Create Matrix Piegeodel.

button in the Show R-Matrix Window. However, this

command operates on a selection of pieces in the beamline

model, unlike the R-Matrix Window button, which always

creates a Matrix Piece for the entire beamline. The MaK&atrix piece can also be created
Matrix Piece Command in the Commands Menu is al$@ the entire beamline model from
different because TRANSPORT is automatically executei R-Matrix Window. Refer to the
to compute the R-Matrix for the beamline model selectioffiow R-Matrix Section in this
When creating a Matrix Piece from the Show R-Matrik"aPte"

Window, the R-Matrix data from the last TRANSPORT

execution is always used. Refer to the Show R-Matrix

Section in this Chapter.

To create a Matrix Piece with the Make Matrix Piece

Command, first make a selection of pieces in the beamline o

model and then select the Make Matrix Piece CommandTﬁf“?ate a Matrix Piece first make a
.1 L selection of pieces in the beamline

the TRANSPORT Commands Menu. TRANSPORT Will b€ 1o/ and then select the Make

executed to calculate the R-Matrix for the beamline selecti@futrix piece command in the

A Matrix Piece will automatically be generated and placedansPorT commands Menu.

in the lower left corner of the Work Space as illustrated in

Figure 33. The Matrix Piece can then be used to replace the

original beamline selection in the Model Space.

The original selection of pieces in the beamline model

that are used to create the Matrix Piece are not changed

or replaced automatically. Drag a copy of the originahe original selection of pieces in the

selection to the Work Space before deleting these pie®esnline model that are used to

in the beamline because they can not be re-generated ffoiffe @ Matrix Piece are not

the corresponding Matrix Piece. The Matrix Piece cdfpdified- The Matrix Piece will
. . . appear on the Work Space and can

then be placed in the beamline at the location of tlﬂ%)n be used to replace the original

original pieces. This command can also be used to genekatgion in the beamline model.

an R-Matrix through a specific location in the beamline

model for comparison with other results.
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EH PBO-Lab - Untitled.pbol *
File Edit Wew Commands Tools Tukorial

ITRANSPORT -MH Tools  Tutorial @

IR R Wite Input and Run Transport  »
TURTLE b Transport Plat Specification l Floar Coordinates
HARVLEE ' ‘Write Input and Vi 1 a3 . . . .
TRACE 3D Yo " E.T'”"” a”tl 'ewt. i Make a selection of Pieces in the beamline
- View Transpart Input' File 05110 22704005 o
Compute All AutoCalcs Run 'Transport Input' File mode! and use the Make Matrix Piece Command
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eam Energy -Mat A .
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Beam Current
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List Windows
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WT101 SROT  SEMGrid | DRFT

Maximum Step Size
Options
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BO-Lab - Untitled.pbol *
Fle Edit Wiew Commands Tools Tutorial

The Make Matrix Piece Command generates a
Matrix Piece for the beamline model selection and
places it in the lower left corner of the Work Space

Drag a copy of the beamline model selection to the
Work Space prior to replacing it in the beamline
with the new Matrix Piece

(Use the View Menu Command or the Button Bar

E Matrix Piece

Drift

Drift ‘ Drift ‘

— K E Energyl
Drite | |Restar & R _ patrix T -Matri k1 - © U-Matrix ke |1 vl I: |1 .l

AB
Bl
Hatriz
MAT

FT DRFT DRFT  CRFT DRFT — R - Mattix Elements R (i ,j)inmeters and 1imeters
B =1 2 3 4 5 6
A 1 [oszses7o | [7eag0ze  [ooooozz | Joooooss | [o.oo00000  oodo0s4
2 [.onzaze4 | [og2ea  [ooooms | Jooooosr | [o.ooo000  [oooset?
| 3 [ooooox | Joooooss  [1415ea3 | [sasizes | [oooo0oo o004
4 [ooooo1s | [oooooso  [oozstse | [1.0747es | [ooo00000  [oooeet?
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o N
Drag a copy of the Matrix Piece from the Work
Space and replace the original selection of pieces
in the beamline model )

Figure 33. Creating a Matrix Piece for a Beamline Selection.
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PBO Lab provides an Output File Option in the
TRANSPORT Options Window that causes
TRANSPORT to generate the transverse matrix
components in millimeters and milliradians. This mixed® MatrixPiece Window displays the
units representation will only appear in the Transport Outp{jfisre Mmarees It units ormeters
File when this option is selected. The Matrix Piece WINdOW,, qjess of units selection for the
will always display the matrix data in meters and inversgtput File in the TRANSPORT

meters regardless of the TRANSPORT Output File Optiooptions Window.

The Matrix Piece Window is described in more detail in
the Matrix Piece Section of Chapter 3: Beamline Elements.
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7. TRANSPORT Options

PBO Lab provides several options for specifying

parameters which direct TRANSPORT to write data Q) of th :

the Output and Punch files. TRANSPORT options algg,ec;\,tvitﬁ :hz:hésal:n?iiz 3222“2 3:2
include parameters for setting the Calculation Order aBgtument window when a Save, or

Output Result for TRANSPORT runs. The Options save As command is executed.
Window is accessed with the last item in the TRANSPORT
Commands menu as illustrated in Figure 34.

B2 pRO-Lab - 4-cell achromatic.phol *
M Tools  Tukorial

File Edit ‘iew [

ITRANSPORT I

‘Wite Input and Run Transport ¥ E‘Ell

¥ Transpork Plot Specification
MARYLIE v - : | Finor Coordinstes
TRACE 3D > ertel Input and Vlewl . ) o o
= iew 'Transport Input' File
Compute &ll AutoCalcs Run ‘Transport Input’ File 05110 22724005 ©
Beam Eneroy Shaw R-Matrix 000M0 4 00e+010 &

Showe Sigma Matrix

Beam Current

0.007 Y
The TRANSPORT Options Window is
Opened from the Commands Menu

List Windows 3
- 3.00

Freguency

Mainan Step Size %l

B8 Transport IZIplionsv

Calculstion Prirt At Prirt At Output File Punch File
- E E E Order Every Element Last Element Options Options
; SUBLINE — Calculstion Order
BEAM  CENT CELL_1 " Tero Order
" First Order
' Second Order ¥ Apply Second Order Path Length Correction

 Third Order

— Output Result
= Certroid Cutput Only

€ Firzt Orcler (R) Transfer Matrix

% Second Order (T) Transfer Matrix
= Third Grder (il Transfer Matri

Figure 34. Opening the TRANSPORT Options Window.

TRANSPORT Options are presented in a single window

with multiple tab panels for (1) calculation order andl ,\sport output may also be
output result, (2) printing matrices after every beamlingqcified at specific locations in the
element, (3) printing matrices after the last element, (4gdamline using Marker Pieces as
various format options for the Transport Output file, andkscribed in the previous Section.
(5) printing matrices to the Transport Punch file. All of

the TRANSPORT Options are saved with the model file

using the Save or Save As commands in the File Menu.
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The TRANSPORT Calculation Order
and Output Result are set in the
TRANSPORT Options Window.

The order of the Output Result can
not be higher then the Calculation
Order.

The options in the Order of
Calculation Window are saved with
the Document using the Save or Save
As commands.
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Calculation Order & Output Result

The TRANSPORT Application Module integrated with
PBO Lab can model optics problems up to the third order.
The first tab panel in the TRANSPORT Options Window
illustrated in Figure 35, is used to set up the Calculation
Order and the Output Result matrices for TRANSPORT.

The Calculation Order represents the order to which the
transfer matrices are calculated about the reference
trajectory. Calculating to Zero Order simply traces the

beam centroid through the beamline elements. Tracing
the beam centroid has meaning only when the beam
centroid is displaced from the reference trajectory with a
Centroid Piece after the Beam Piece in the beamline
model. The Output Result selection determines the Order
of the transfer matrix to be written to the Transport Output

and Transport Punch files.

g Transport Options

Calculation Print At Prirt At Cutput File Punch File
Oriler Every Elemert Last Element Options Options
— Calculation Croder
" Zero Order
" First Order

% Second Order
€ Third Ordler

¥ &pply Second Crder Path Length Correction

— Output Result
= Centroid Cutput Only
= First Order (R) Transfer hatriz
' Second Order (T) Transfer Matrix
= Tird Groler () Transfer Matri

Figure 35. Calculation Order and the Output Result.
The Order of the Output Result can not be higher then the

Order of Calculation. Output Result options higher than
the specified Calculation Order will be inactive.
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The Calculation Order tab panel also includes a check
box to specify the use of a second-order path length
difference correction. This second-order path length
correction option corrects a long standing calculation error _ _

his correction only applies to the

in TRANSPORT that has only recently been identifie@.econd_Oroler oath length with
The error involves the second-order path length differeng€, .y or third-order calculations.
for beamlines that use radiofrequency (RF) accelerat@g path length correction is on by
elements. The second-order path length option corregisuit.

this historical error in TRANSPORT. Transverse results

for magnetic systems will be identical to the original

TRANSPORT. However, for beamlines with

RF accelerator elements the new path length correction

will change (correctly) the second-order transverse results.

Print Options

The tab panels illustrated in Figure 36 may be used Tt@ Marker and Final Pieces may be
specify Print Options at the end of the beamline model ¢fd to specify output at specific
after every piece in the model. However, it is also possilféations in the beamine. Refer to

. .p . . . .the Marker Piece Section in the
to specify output at specific locations in the beamline usiRg, i e elements Chapter.

the Marker or Final Pieces.

g Transport Options
Calculation Prirt At Prirt At Dutput File Punch File
Order Every Element L&zt Element Cptions COptions
— Print Selection &t Every Element
v Beam (Sigma) Matrix ‘
[V Beam Centroid Data EH Transport Dptions
I~ R1 Transfer Matrix - - - - -
. Calculation Prirt At Prirt At Cutput File Punch File
[T Aux. (R2) Transfer Matrix Order Every Element Last Element Options Options
[~ Reference Trajectory Cords
[~ Beamin Accelerator Motation — Print Selection &t Last Element
[V Beam (Sigma) Matrix

[Output Options may be Specified After each} ¥ Beam Centraid Data

Piece or at the End of the Beam Line Model [¥ 1 Transfer Watrix
| [T Aux. (R2) Transfer Matrix

I~ Reference Trajectory Cords
[~ Beamin &ccelerstor Motation

Marker or Final Pieces Could be Inserted
in the Beam Line to Request the Same
Output at Specific Locations or at the End
of the Beam Line Model

/

Figure 36. Specifying Output after every Piece or at the end of the Model.
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E Transport Options

Output and Punch File Options

The TRANSPORT Options Window is also used to set up
several parameters for specifying and formatting data to be
written to the Transport Output file and to the Transport
Punch file. In addition, the Output File Options tab panel
includes several options for generating Auxiliary files.

The Output File Options tab panel, shown in Figure 37,
includes two options panels, one for Transport Output File
Options and another for selecting among a variety of
Auxiliary Files that can be generated from TRANSPORT.

The File Options panel provides selections that effect the
content and format of the Transport Output file. The

Transport Output file is the native text file generated by

TRANSPORT and displayed by PBO Lab automatically

after TRANSPORT is executed. The options provided are
those most frequently encountered by TRANSPORT users.
Note that the Output File Options effect the Transport

Output file only, not other PBO Lab display windows.

Calculation Prrirt At
Order Every Elemert

Print At Cutput File Punch File
Last Element Cptions Options

— File Options
¥ Echao Input Fils

[~ Prirt During Fitting

[~ Prirt During & After Fitting

[~ &0 columns Beam Display

The Output File Options tab panel includes
various content and format options for the

[¥ Use (mm) and (mr) units for Transverse Beam hatrix Transport OUtpUt File and selections for

fiesEes) S generating a variety of Auxiliary Files

— Auxiliary Files (with fitted results)

[ ACAD - Autocad input file

[ MAD - Methodical Accelerstor Desion input fils
[~ TRANSPCRT - Transport input file
[ LATDEF - Lattice Definition input file

[~ STRUCT - STRUCT input file

Figure 37. TRANSPORT Output File Options and Auxiliary Files.

The Auxiliry Files panel includes several different input
files that can be generated by TRANSPORT for the
beamline model in the Document Window.
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The different Auxiliary files that can be generated include:

(1) Methodical Accelerator Definition (MAD) input file,

(2) TRANSPORT input file (created by TRANSPORTRefer to the “TRANSPORT User
not PBO Lab), (3) Latice Definition (LATDEF) input file, Manual” for a description of the
(4) STRUCT input file, and (5) Autocad input file. Thesgxiliary files that can be generated.
files will be generated when TRANSPORT is executed

for the corresponding selections in the Auxiliary Files

panel. Once these files are generated, they can be viewed

in Text Edit Windows using the PBO Lab View Menu

commands in the Document Window. Refer to the

TRANSPORT View Menu Section in Chapter 5:

TRANSPORT Menus. All of the files use “Auxiliary.tout”

as a root name with their own extensions appended to the

end. For example if the MAD option is selected, a file

named “Auxiliary.tout.mad” will be generated. If a file of

the same name exists when a new file is generated then it

will be overwritten with the new file.

The Punch File Options tab panel, shown in Figure 38,

provides options for writing transfer matrices to the

Transport Punch file. The Punch file is a secondary data

file generated by TRANSPORT that can be viewed in Texte punch File Options tab panel
Edit Windows using the PBO Lab View Menu commandsovides options for writing transfer
for TRANSPORT. As with the other TRANSPORT [/Qmatrices to the Transport Punch file.
files, the data will be overwritten each time TRANSPORT is

executed. You can save previously generated output by using

the Save As command in the File Menu of the Text Edit

Windows used to view the files.

P2 Transport Options

Calculation Print At Prirt At Cutput File Punch File
Crder Ewery Element Last Element Cptions Cptions

— Witite Punch File Transfer Matrices Before and After Fits
" No Data Printed

(' First Order Matrix

— Second Order Matricies (if 'Output Result! is higher than First Order):
v &l Matrix Terms
I~ xandy Terms Only

[ = Terms Only

| = T @iy Additional output can be directed to
r y Tems only the Transport Punch file from the
Iy Terms Only Punch File Options tab panel

[~ z Terms Only

[~ 2 Terms Only ‘

Figure 38. TRANSPORT Punch File Options.
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8. TRANSPORT Plot Specifications

The Transport Plot Specification Window is used to define
the type of plot data that will be generated bxny Plot Specifications will be saved
TRANSPORT and the Graph Plot Window that will bt the beamline model when the
displayed by PBO Lab after TRANSPORT is execute(?;‘lz;’egirnstg‘efe[) (izm‘;?];“vraiggw's
Figure 39 shows the window that is brought up when the '
Transport Plot Specification Command is selected in

TRANSPORT Commands Menu.

‘Write Input and Run Transpork  »
Transpork Plot Specification

The Transport Plot Specification

3 . .
MARVLIE o ok o Bl Window is Opened from the
TRACE 3-D p VTS TTRUE And viEw TRANSPORT Commands Menu
— ‘Wiew ‘Transport Input’ File
Compute All AukaCales Run Transpot] - 1 =
Beam Energy Shicvs R-Tatrix
Show Sigma i1 [ Plot Selection — Envelope, Centroid and Lattice Functions v=. Length -
(Bt ChiE — | " Matrix Elements vs. Length & Enwelope Functions ve. Length
List Windows
Freguency = © Envelope, Centroid and Lattice va. Length IHDriZDntaI Beam Half Width (x1 j
) ) Options £ Floor Coordinates ITop Wiewy VI
Meaimum Step Size —ererre—— " Certroid Functions ws. Length
% Final Elipse Plots
£ ho Plots IHorlzontaI Beam Centroid Position (x) ﬂ
= Lattice Functions vs. Length
[T LR EE o, L IAcceIerator Function BetaX j
% Beam Matrix " Correlation Matrix
o J i R Matrix IREQ 'l
— Final Ellipse Plats
BEAM  DRFT Qb1 DRFT DRFT
i Feg = i1 -
T Matriz I k] l I I Set ;I
U Matrix IReg j i |1 j i |1 j
elete |
I 511 512 513 S14 515 516
Delete All |
52 522 523 524 525 526
53 532 533 =34 535 536
541 542 543 S44 545 546
=91 =52 553 =94 =99 =96
SE1 S62 S63 S64 565 SE6 ;I

Figure 39. Opening the Transport Plot Specification Window.

The Plot Specification Window is used to set up a variety
of different graphic output plots. TRANSPORT can only
generate data for one plot type in a given run, so one of
the available plot types must be selected using the radio
buttons in the Plot Selection panel in the upper left corner
of the window. Four plot types are available: (1) Matrix
Elements vs. Length, (2) Envelope, Centroid and Lattice
functions vs. Length, (3) Floor Plots, (4) Final Ellipse
Plots, or No Plots.
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In order to activate the Plot Selections
panel so a different plot type can be
selected, all plot variables for the
current plot type must be cleared
with the Delete All button.
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The Matrix Elements vs. Length selection uses the matrix
controls to select specific matrix elements (Figure 40). The
Envelope, Centroid and Lattice functions vs. Length panel
is used when the Plot Selection is set for this plot type. The
Floor Plot type has an adjacent pop-up to specify Side View
or Top View. The Final Ellipse Plot type and No Plot
selections require no additional user input. The last panel
in the lower right corner of the Plot Specifications Window
Is used to select up to four different plot variables for both
the Matrix Elements vs. Length and Envelope, Centroid
and Lattice functions vs. Length plot types.

Envelope, Centroid and Lattice Functions
vs. Length Panel -
Select up to four Plot Variables from the different Envelope,

Centroid and Lattice Function pop-ups in this panel, use the Set

Plot Selection Panel -

Select the Desired Plot Type
Any Previously Selected Plot
Variables Must be Deleted
Before Changing the Plot Type
(Use the Delete All Button)

4 Matrix Elements

Select the desired matrix, Beam,

Sigma, etc. then pick the desired

element in the matrix panel, use

the Set Button to add the element
to the Plot Variables list

_— " Final Elipze Plots

vs. Length Panel - LSl 7 i |__,Reg = i|__,1 = St 7

Button to add the selection to the Plot Variables list

— Plot Selection —
%' atrix Elements vs. Length % Envelope Functions vs. Lenoth
" Enwelope, Centroid and Lattice va. Length IHDrizgma| Bieam Half Wicth () j

" Floor Coordinates ITop Wignne Vl _ .
) Centraid Functions v, Lenoth

€ Mo Plats IHorizontaI Beam Certroid Posttion (x) j

! [Lettine: Funstions vs: Lenoth

— Matrix Elements vs. Length
¥ Beam Matrix " Correlation Matrix

R Matrix IREQ 'l

IAcceIerator Function BetaX j

— Mattix Elements vs. Lencth

€ U Matri |Regj i|1 =l i|1 = s11
Delete | gég

SHIEEIERIENIERED s34 | Four Beam Matrix
Delete All Elements are Set as
= | =22 | =23 | o4 | =25 | o6 |

N Plot Variables for a
[7o0 0000 : g3 | sm | =33 | s | S35 | =% Matrix Elements vs.
s | s4z | =43 | sS4 | s45 | =46 Length Graph Plot
s51 | ss2 | =53 | ss4 | ss5 | ss6
e The Graph Plot Window is 267 | =53 | SE4 | =65 | SEG =
Automatically Opened Following
the Execution of TRANSPORT P, V})\/ e =1
oo f ¢ - 4—o—s S it et - Plot Variables Panel -
\,&J/ = | Selected Plot Variables for a Matrix
Sizvsteh - Elements vs. Length Plot or for an
3500000 F YBEAM vs. Len Envelope, Centroid and Lattice
s Functions vs. Length Plot
sa4vs. Lengh (Use the Set Button to add a plot
[7oc oaonon | . ) ) variable for the current Plot Selection)

-0.050000 02125 0.4730 07373 1.000000

Accumulated Beam Line Length (m)

Figure 40. Transport Plot Specifications Window.
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The last plot type in the Plot Selection panel is for no
plots. This is the default plot type. When a new untitled
Document is created the No Plots option is selected. Plot
data will not be generated and a Graph Plot window will
not be opened following the execution of TRANSPORT.

The following Sections describe each of the Plot
Selections types separately. A description of the different
features available in the PBO Lab Graph Plot Windows
can be found in the main PBO Lab User Manual. The
TRANSPORT keywords that are used to generate plot data
are listed in Table 6.

Plotting Matrix Elements vs. Length

When choosing to plot Matrix Elements vs. Length, as
many as four different matrix elements may be selected
for an individual Graph Plot. The Matrix elements may
be selected from: (a);RFirst-Order Transfer Matrix, (b)
RA;, Auxiliary First-Order Transfer Matrix, (c)d,
Second-Order Transfer Matrix, (d) TA Auxiliary
Second-Order Transfer Matrix, (e);d) Third-Order
Transfer Matrix, (f) UAw, Auxiliary Third-Order Transfer
Matrix, (g) Beam Matrix, and (h) Correlation Matrix. The
Matrix Elements panel in the lower left corner of the Plot
Specification Window is active only when the Matrix
Elements vs. Length radio button is selected in the Plot
Selection panel (Figure 40).

To select a matrix element, first chose the radio button in

the Matrix Elements vs. Length panel for the desired

transfer matrix: R-Matrix, T-Matrix, U-Matrix, Beam

Matrix or Correlation Matrix. The R and T Matrix

selections also provide a pop-up to select between @iging in a cell of the matrix table
Regular Matrix or the Auxiliary Matrix. The T-Matrix will highlight that cell and the
selection requires an additional selection to specify theglpction can then be added using the
index, and the U-Matrix requires both i and j indices tet button.

be specified. This is done with the pop-ups to the right of

the Matrix radio buttons. The 6x6 matrix table at the

bottom of the Matrix Elements panel is then used to select

individual matrix elements.
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Table 6 shows the TRANSPORT
Keywords that can be used for Plot
Specifications.

When a plot selection is made,
the TRANSPORT keyword will appear
in the Plot Variable panel in the lower
right corner of the Plot Specification
Window.
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Clicking in a cell of the matrix table will highlight that cell
and the selection can then be added using the Set button.
After a selection is made, the corresponding TRANSPORT
keyword (Table 6) will appear in the plot variable list in the
lower right corner of the Plot Specification Window (Figure
40). Selections can also be removed from the list; first
highlight the item to be removed by clicking on it, then
press the Delete button. The Delete All button clears all
plot variables from the list.

Table 6. TRANSPORT Keywords.

Beam & Correlation: Beam Correlation
L, k&l=1,6 S i Gi

Transfer Matrices: Regular Auxiliary
First-Order Ri RA;
Second-Order Tik TAiK
Third-Order Uik UAju

Beam Envelopes: Half Width Half Angle
Horizontal XBEAM XPBEAM
Vertical YBEAM YPBEAM
Longitudinal LBEAM DELBEAM
Beam Centroids: Position Angle
Horizontal XC XPC
Vertical YC YPC
Longitudinal DLC DELC
Lattice Functions: Horizontal Vertical

B, B, BETAX BETAY

o, a, ALPHAX ALPHAY
e N ETAX ETAY

N Ny DETAX DETAY

Plotting Envelope, Centroid and Lattice
Functions vs. Accumulated Length
The Envelope, Centroid and Lattice Functions vs. Length
panel in the upper right corner of the Plot Specification

Window is active only when the corresponding radio
button is selected in the Plot Selection panel.
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Only one of the three options (Envelopes, Centroids or
Lattice Functions) can be chosen at a time. First select
one of the radio buttons and then make a selection from
the corresponding pop-up (Figure 41). Up to four
selections can be set for a given option by choosing the
desired pop-up item and pressing the Set button. Use the
Delete or Delete All buttons to removed a selected variable
or clear all the plot variables from the list.

B& Transport Plot Specification [x]

Plot Selection Enwelope, Certroid and Lattice Functions vs. Length
" Matrix Elements vs. Length " Envelope Functions va. Length
¥ Enwelope, Centroid and Lattice vs. Length IHOI’\ZUI‘ﬂal Bleam Half Width 1) j

£~ Floor Coordinates Top Wiew - .
{1~ Centroid Functions vs. Length

™ Final Elipze Plots
£ Mo Plots

IHor\zorﬂal Beam Centroid Position (<) j

Horizontal Beam Half Anogle (="
“ertical Beam Half Width ()
“ertical Beam Half &ngle (¥
Longitudingl Beam Half Width (z)
Longitudingl Beam Half An

(% Lattice Functions ve. Length

Mstrix Elements vs. Length
1% Beam hiatt: A7 Corre/atinn hatrix

71 7 Mt Reg 'I
Envelope, Certroid and Lattice Functions vs. Length

1T Wetriv. |Reg 'I LN (N Set ALPHAY -
BETAY
£ Uifatie  |Reg 'I i1 -I i |1 -I ALPHAX
Delete BETAX
Horizontal Beam Centroid Angle ("

s 812 S13 14 15 16
Delete All
521 22 523 24 525 526 “ertical Beam Centroid Position (y)

=31 32 33 S34 S35 S36 fhccelerator Funchion Betaw “ertical Beam Centroid 2Angle (y")

=2 S42 43 544 545 S5 Accelerator Function Alpha Long:rtud?nal Beam Centro?d Pasition Fz)

=51 =52 53 = =55 o8 iccelerstor Function Betay Longitudingl Beam Centroid Angle (27

=61 =2 =53 =60 =65 s LI Accelerstor Function Alphay’
Accelerator Function Etax

Accelerator Function DEtaX

IAcca\eramr Function Betakx j

- Accelerator Function Etay’

oo | o] [ Accelerator Function DEtaY

EEEST T T T Shift-Click for Position
] M — This Graph Plot shows the Horizontal Beam Centroid Position

P | ! ! _
j 1+ | (XC), Horizontal Beam Centroid Angle (XPC), Vertical Beam

Sewiem Centroid Position (YC), Vertical Beam Centroid Angle (Y PC)
e plotted as a function of Accumulated Beam Line Length

| EXCE YPCvs.Lengih =~ EdBeam & Centroids vs. Accumulative Length o=l
Tooonoos | N 27 oo | et Copy ke Sy | 7o ] setscole] [

7000000

(ALPHAY), B, (BETAY), ay (ALPHAX) and S, (BETAX)
plotted as a function of the Accumulated Beam Line Length

This Graph Plot shows the Accelerator Functiaps A\l L B
p y = L] ]
Beravvs Lengh

5000
ALPHAX vs. Length

—_
BETAX vs. Length

Egeam& Cenlrnidxvx. Accumulaliv Length !EI!I ’% nz;w ni@cﬁmm i L;géﬁ) [osss000
Joziwam Shift-Click for Postion
il = This Graph Plot shows the Horizontal Beam Hap
T Width (XBEAM), Horizontal Beam Half Angle
o (— (XPBEAM), Vertical Beam Half Width (YBEAM) and
] | | Vertical Beam Half Angle (YPBEAM) plotted as a
= hee . e o) Yo L function of Accumulated Beam Line Length
BT 1 ' ' PEEAYS Landth =l
== o1g1s 04785 07871 ==

Accumusted Beam Line Length (m)

Figure 41. Beam Envelopes, Beam Centroids and Lattice Functions.
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Floor plots can also be generated
using the PBO Lab Tools for Focusing
and Bending Trajectories in the Tools
Menu.

You may need to clear previously
selected plot variables with the Delete
All button, in order to activate the
Plot Selection radio buttons.

A Graph Plot window is automatically
opened, for the Transport Plot
Specifications selected when the Write
Input & Run Transport command is
issued.

PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

Plotting Floor Coordinates

This plot type is used to generate top and side view Graph
Plots for floor coordinates of the reference trajectory. The
pop-up to the right of the Floor Coordinates radio button
Is used to select between top and side views. There is no
additional input required in the Plot Specification Window.
However, included with the Global Parameters in the
Document Window are a set of Initial Floor Coordinate
Parameters (Figure 4). These are used to specify the initial
coordinates and the orientation of the reference trajectory
for plotting floor coordinates.

Plotting Final Ellipses

This plot type is used to generate horizontal and vertical
Transverse Phase Space Ellipse Plots for the end of the
beamline. There are no additional inputs required for this
plot type, simply choose the Final Ellipse Plots radio
button in the Plot Selection panel (Figure 39). A Final
Ellipse Graph Plot Window (Figure 42) will be opened
automatically after running TRANSPORT.

Example of a Phase Space Ellipse
Plot (XPvs. X and YPvs. Y)

Figure 42. Phase Space Ellipse Plot.
Graph Plot Windows

The selected Transport Plot Specification will be
automatically generated in a PBO Lab Graph Plot Window
after TRANSPORT is executed. The Graph Plot Windows
provide a variety of interactive features which are
described in the PBO Lab User Manual. Refer to the Graph
Plot Windows Section in the Analysis Tools Chapter of
the main PBO Lab User Manual.
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9. TRANSPORT Fitting

The TRANSPORT program can be used to find solutions

for a wide of variety of beamline fitting problems. Fitting

problems are formulated in terms of constraints arighing problems are formulated in
variables. Selected beamline element parameters f@s of fitting constraints and
varied in an effort to satisfy (“fit”) the constraints. Fittinggr'a:q';sérijfgti‘:iebde?nm;:iﬁ”;‘r’tdte;
constraints are algebraic expressions defined in te(mgagffy (“fit”) the constraints.
user-specified Named Parameters and Fitting Variables

in the beamline model as well as a number of different

TRANSPORT output parameters.

PBO Lab provides a drag & drop - point & click user

interface for setting up and running a TRANSPORT fitting

problem. Fitting Constraints are specified in user friendtiing constraints can be specified
windows accessed from Marker or Final Pieces that caith Marker or Final Pieces that can
be inserted anywhere in the beamline model. Paraméi@nserted anywhere in the beamline
Variables are specified in Special Parameter Settingesdel.

Windows accessed from any Piece Window. Interactive

List Windows that organize all of the Fitting Variables

and Constraints for the entire beamline model are accesggglctive List windows provide
from the TRANSPORT Commands Menu. FittinQyuick access to all of the user-
Variables can be examined after fitting and the beamliggcified Variables, Expressions and
model can be updated with any or all of the fit values #pnstraints for the entire beamline
the Update Window which is opened automaticall§odel.

following the fit procedure.

A Symbolic Parameter Name may be defined for a Piece
Parameter without using it as a Fitting Variable. Theseymbolic Parameter Name may be
Named Parameters may then be used to define Paramet@gd for a Piece Parameter without
Algebraic Expressions for other Piece Parametesing it asaFitting Variable.
Parameter Expressions can also be specified in terms QJmeterAlgebraic Expressions may
user-defined Fitting Variables and TRANSPORT prograrﬁi defined in terms of user-specified
variables. Refer to chapter 4: Special Parameter Settingsneq parameters and’or Fitting
for a description of Symbolic Parameter Names, Parameijgfaples.
Expressions and selecting a Parameter as a Fitting Variable.

Refer to the Special Parameter
This Chapter describes the user interface for setting upF#ings Section in Chapter 4 of this
TRANSPORT fitting problem. The “TRANSPORT User!Ppiement
Manual” describes specific fitting capabilities of the
program in more detail.
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Fitting Variables are selected in
Special Parameter Settings windows
that are opened with the Special (“S”)
button to the left of most parameters
in PBO Lab Piece Windows.

A Fitting Variable that has a Symbolic
Parameter Name identical to a Piece
Comment will also result in the first
parameter (regardless of name) for
that Piece to be varied.

TRAMSPORT

B8 pPBO-Lab - Example B - Modified.pbol *
File Edit Wiew Commands Too utorial

58 Des] e <0l ow B 22 3
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Fitting Variables

Many of the input parameters for the various beamline
elements can be selected by the user as TRANSPORT
Fitting Variables. Fitting Variables are selected in Special
Parameter Settings Windows that are opened with the
Special (“S”) button to the left of most parameters in PBO
Lab Piece Windows. Figure 43 illustrates selecting the
Magnetic-Field Gradient parameter in a Quadrupole Piece
Window; pressing the “S” button opens the Special
Parameter Settings Window for the associated parameter.
The second radio button in the TRANSPORT tab panel
of the S-Window, selects the parameter as a TRANSPORT
Fitting Variable using the Parameter Name specified at
the top of the window.

Select the TRANSPORT Application Context
in the Document Window Button Bar

_[O] %]

Globals
Patticle Charge
Particle Mass

Beam Energy

nnnnn

I Tracing/Tracking ] Floor Coordinates

|1 e 1 = e

|18?5_000000 IMeV j 05110 22284005

)
|2_gugugu = =] 00010 1.00e+010 Double-Click Piece Icons to
1veoor | Open Individual Piece Windows

ml ml 300e+004 @
Elemert I Fringe Fielc! l Geometry ] Location I 10.0000
Quadtupale Strength [Fieid Gradtent | YI
Parameters Value Units Limits
ﬂEffediVe Lencth ID.DQBDDD Im j 0.0100 01640 & L - L] v .
:_;:;Magne‘tic Field &t Pole Tigp IQ_BSDDDD |kG j -4 2700 42700 o 7| o ol ?Lf _ F.i...;.
+ Aperture Radius [c0T00m0 [ =] 00090 05000 6 DRFT.T " bRFT.e DRET.S HFQD  FINAL
/%: agnetic-Field Gradient |2.BSUDUD IkG.fcm j -4.2700 42700 &
QMW 12 -RH

Eg Fpecial Parameter Settings - Magnetic-Field Gradient

ﬂmaﬁonmou) Angle 0000 Degrees  v| @D-4 - Magnetic-Field Gradient

:_;}Thin Lens Focal Length Ig_1 13582

Comments:

fm

Symbolic Parameter Mame: [varya

| QD-4

Tranzport I Marylie l TracedD I Optitnizer I

 Magnetic-Field Gradient = 265.000000 kGin

{* Fitting ‘ariable: [viarva

Special Parameter Settings are accessed with the
Special Parameter Settings (“S’) Buttons located
next to each parameter in PBO Lab Piece Windows

" Algebraic Expression: | AR j

= Import Parameter

Figure 43. Opening a Special Parameter Settings Window.
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Transport Fitting Variables must be native inputs to

TRANSPORT in order to be varied during fitting. Green

dots appear next to “native” TRANSPORT parameters in _

Piece Windows when the Application Context is set f(§Pmeb(b”tI not 3”) oo Paramelers
TRANSPORT as illustrated in Figure 43. The S-Buttorig = {2 R tome Maore
will be inactive for those parameters without green dotgecified constraint Expressions.
Native (green dot) parameters that do not support special

parameter settings will not have a Transport tab panel in

the Special Parameter Settings Window.

Many PBO Lab Pieces provide alternative parameter sets

for specifying inputs for TRANSPORT. For example the

Quadrupole Piece illustrated in Figure 43 can be defined

in terms of three different parameter sets (selected WitIANSPORT supports up to twenty
the Quadrupole Strength pop-up at the top of the Qu@&d) independent user-specified
Piece Window). Depending on the users preferred seiing Variables.

different Piece Parameters will be used as native inputs to

TRANSPORT. The green dots next to native parameters

will reflect the current parameter set and only those

parameters will be used as TRANSPORT inputs for the

Piece. AFitting Variable previously defined for a differenthe green dots next to Piece
parameter set will have no effect. For example, both th@ameters reflect the current
Magnetic Field at Pole Tip and the Magnetic-Fiel@pplication Context and the users
Gradient parameters could be selected as Fitting VariabE%?mgtzrr:zi;fs'ex'm”bg”&if;e‘:s‘
by switching the Quadrupole Strength selection. I—!oweve,pg,,x,\,'ospoRT input for the Piece.
only one of these parameters will be used as input for

TRANSPORT (according to the current Quadrupole

Strength selection), so the other will not be an input for

the Quad and will not be varied during fitting.

The example illustrated in Figure 43 shows the Magnetic-

Field Gradient defined by the Symbolic Parameter Name

“VARY4”. This parameter has been selected as a Fitting special parameter settings are
Variable in the Transport tab panel of the S-Windowsaved with the beamline model when
Fitting Variables are always defined by the applicationsing a Save, or Save As, command.
independent Symbolic Parameter Name specified in the

S-Window. If a name has not been specified it will be

generated when the Fitting Variable selection is made in

the TRANSPORT tab panel.
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A Parameter Name may be defined
for use in an Parameter Algebraic
Expression without selecting the
Parameter as a Fitting Variable.

A Piece Parameter may be varied or
it may be defined by an expression,
but not both.

Alias Pieces can also be used to
couple multiple beamline elements
for a fitting problem.

Creating a copy of a Piece with
Special Parameter Settings, either
with the cut/copy/paste commands
or by simply dragging a copy to the
work space, will also copy the Special
Parameter Settings from the original
Piece to the duplicate.

Using a Symbolic Parameter Name
that is identical to a Piece comment
may cause unintended results.
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The Symbolic Parameter Names can also be used in
Algebraic Expressions specified for other Piece

parameters as described in the Parameter Algebraic
Expressions Section of Chapter 4: Special Parameter
Settings. During a fitting procedure, Algebraic Parameter
Expressions are evaluated at each iteration. After fitting
has completed, the new values for all of the Fitting

Variables and Parameter Algebraic Expressions can be
used to update the beamline model.

Alias Pieces can also be used to couple multiple beamline
elements during a fitting procedure. Refer to the Aliases
Section in the User Interface Chapter of the main PBO Lab
User Manual, for a description of Alias Pieces.

Creating a copy of a Piece with Special Parameter Settings
will also copy those settings. For example if a Piece
Parameter has been selected as a Fitting Variable and that
Piece is copied in the beamline, then there would be two
parameters defined by the same Parameter Name. Both
instances of the Parameter Variable will be sent to
TRANSPORT but the initial value for the first Fitting
Variable encountered will be used for any other Variables
in the beamline that have the same Parameter Name.
Copying Pieces that have Parameter Algebraic
Expressions will duplicate those expressions on the copied
Piece but otherwise present no difficulties.

A Piece with a Comment that is the same as any Symbolic
Parameter Name selected as a Fitting Variable can cause
the first parameter of that Piece to be varied. This may be
unintended. To avoid this, make sure that no Symbolic
Parameter is used as a Piece Comment.

90



PBO Lab 2.0 User Manual Supplement: TRANSPORT Module

Named Parameters List Window

All of the Piece Parameters in the beamline model and QR parameter with a symbolic
the Work Space that have been given Symbolic Paramet@imeter Name will be included in
Names will be listed in the Named Parameter List Windowte Named Parameters List Window.
Named Parameters that are selected as Fitting Variables & Variables are indicated with an
indicated with an “X” in the Fit column of the Named " in the Fit column of the Named

Parameters List Window as illustrated in Figure 44.

E® pPBO-Lab - 4-cell achromatic.pbol *
File Edit Wiew

(ol sl Tools  Tuborial

Parameters List Window.

ITRANSPORT , OR’ “Write: Input and Run Transport  » @ ‘
————— TLRILE »  Transport Plot Specification
MARYLIE » i ) | Floor Coary
TRACE 3D S| DR ) o The Named Parameters List Window is opened

Wiew 'Transport Input’ File

Compute Al AutoCalcs Run ‘Transport Input’ File

from the TRANSPORT Commands Menu.

fsmt The List Window contains all the Named

222e+00

S R b
Shiav Sigma [Mattix

Beam Energy

Beam Currernt

0000 1.00e+01

Parameters for the entire beamline model

00000 1.00e-00)

Make a Matrix Piece
Frequency

3.0000

Lisk Windows
Maximum Step Size = e

Options

A
Marker

MARK

BE&M  CEMT

CELL 1

A Param Piece can be generated for any\ =5

Mamed Paramet4rs
Parameter Expressions
Eitting Constraint Expressions
Stored Parameters

An "X" in the Fit column indicates
that the Parameter has been selected
as a Fitting Variable. Clicking in

CELL 2

this column toggles the Fitting
Variable selection

selected Parameters in the List Window

|Parameter Variable| Fit |/ Walle | Unit [ =]

using the Create Param Piece Button

S0 | Wegretcroapoep | _esexe ()] 00| to |

Double-clicking an entry in the
Parameters Variables window will
open the associated Piece window

@UAD04 Etfective Length LaUAD || 0400000

SENDOG Magnetic Fisld Strength BZERO | | sssam

SEXT10 Magnistic Field at Pals Tip BSEXTP2 -0.145668

Figure 44. Named Parameters List Window.

Named Parameters can be easily selected (and unselected)
as Fitting Variables by clicking in the “Fit” column of therefer to the Parameters and
List Window. A Param Piece can be created for selectegiressions List Windows Section in

é}ﬁpter 4: Special Parameter Settings.

parameters in the List Window by using the Create Par
Piece Button. Refer to the Parameters and Expressions List
Windows Section in Chapter 4: Special Parameter Settings.
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Marker and Final Pieces

The Marker and Final Pieces are used
to define application-specific Fitting
Constraints and Diagnostics at
specific beamline locations.

% PBO-Lab - 4-cell achromatic.pbol *
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Fitting Constraints

TRANSPORT Fitting Constraints are defined as location-
specific algebraic expressions of user-specified Named
Parameters and Fitting Variables, as well as a variety of
TRANSPORT output parameters. Multiple Fitting
Constraint Expressions may be defined for different
locations in the beamline model.

Fitting Constraints are defined at user-specified locations
in the beamline model using Marker or Final Pieces. Drag
a Marker or Final Piece from the Palette Bar and insert it
at the desired location in the beamline model. Open the
Marker Piece Window by double-clicking the Piece icon
as illustrated in Figure 45.

File Edit View Commands Tools Tutorial

renseort -] 0|21 DS 6| B 3| i8] 3|5 3| o

ga Globals I TracingTracking ] Floor Coordinates
= .
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Maimum Size I—D 0000 l_m Transport  R11 + R22 = 0.000000, Tal = 0.000100 Open aTRANSPORT
Transport  R33 + R44 = 0.000000, Tol = 0.000100 e . .
Marylie T = 0550000, Tol = 0.001000 Fitting ConstraintsWindow
Marylie T = 0300000, Tal = 0.001000 =
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Transport  r22=R22
. B i Transport  r33=R33
The Marker Piece is used to Specify Transport  rdd=Rd4
Application-Specific Constraints and [
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Marker Piece in the Beamline Model PN—
IMARK fallowing CELL_1

Figure 45. Marker and Final Pieces are used to mark locations
in the beamline for specifying TRANSPORT Fitting Constraints.
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A Marker Piece is used to define application-specific
Constraints, Diagnostics and Stored Parameters that are
dependent on a specific location in the beamline model. ,
A Marker Piece can be used by all installed Applicatio‘F[feieov'[;?n”d(E’V‘\‘I“u";e‘St;:e t:spmz;'l‘;:
Modules and therefore depends on the current Applicatigf},ext to open the appropriate
Context. The Application Context can be changed in thggiication-specific user interface
Document Window or directly in the Marker Piecewvindow.

Window as illustrated in Figure 46. Refer to the Marker

Piece Section in Chapter 3:Beamline Elements for a

description of using the Marker and Final Pieces.

The Constraints panel of the Marker Piece Window contaifig constraints panel of the Marker
a list of all the specified Constraint Expressions for thigce window contains a list of all
location in the beamline. Each entry is preceded by ttwe specified Constraints for this
Application Module name. Making a selection in this ligpcation in the beamline model.
and pressing the Remove button will delete that entry from

the list without having to open the Constraints Window.
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Figure 46. Marker Piece Window Constraints and Diagnostics.

With TRANSPORT as the selected Application Context, open the Transport Fitting
in the Marker Piece Window, pressing the Open button @anstraints Window the Application
the Constraints panel will open the TRANSPORT Fittingontext switch must be set for
Constraints Window (Figure 46). TRANSPORT.
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Transport Fitting Constraints
Windows are accessed from Marker
or Final Pieces placed in the beamline
model.

The Constraint Expression field at the
top of the Fitting Constraints Window
can be used to directly enter
expressions defined in terms of Named
Parameters, Fitting Variables as well as
a variety of TRANSPORT output
parameters.
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Fitting Constraints Window

A TRANSPORT Fitting Constraints Window is opened
by double-clicking any Marker or Final Piece in the
beamline model. The Open button in the Constraints panel
of the Marker Piece Window opens the Fitting Constraints
Window (Figure 46) for the current Application Context.
The Application Context can be set in the Document
window or directly in the Marker Piece window.

The Constraint Expression field at the top of the Fitting
Constraints Window (Figure 47) can be used to directly
enter expressions in terms of Named Parameters, Fitting
Variables and TRANSPORT output parameters. After
assigning a Fit Value and Tolerance, the Accept button is
used to add the Constraint to the list at the bottom of the
window. Figure 47 illustrates the primary features of the
Transport Fitting Constraints Window.

Enter an Algebraic Constraint Expression in )
terms of TRANSPORT program variables and
user-specified Parameter and Fitting Variables

/
B Transport Fitting Constraints / Spe(:Ify aValue and Tolerance N
Constraint Expression “alue Tolerance \\ to the Flt ConStral nt /
(R33+R44)I 2*COS(0.30°24P1)) |= vl |1 0000 tID.DD1D - ~
J— — Type in Mathematical Operators
(% Beam hatrix ' Correlation Matrix + | - 5] — and Functions dlreCtly or use the
] Operators Panel
R Matrix |Reg 'l | [ ) L P %
e L L = = = /The "Accept” Button accepts the\
Cumerc e o] i i | 2 [Eamr]| [Lee user-specified Expression, Value
and Tolerance and adds it to the
11 | 512 | 513 | S14 | 315 | 516 |Honzonta| Bleam Half Width () j B Constraint Experession List
S | 522 | 523 | S24 | 525 | S26 Accept | :
=31 | 532 1533 | 534 | =35 | 536 IHorizontaI Beam Centroid Position [x) j \ at the bOttom Of the WlndOW /
S41 | 542 | 543 | S44 |45 | 546 . pRER | 'a ™
Accelerator Function Betak - " " H
= = o ot o o |accskerdor uncion B =l > The"Delete" Button will Remove
=61 | 562 | 563 | 564 | 565 | 566 |Eleam Line Accumulsted Length j a Selected Constraint from the
Constraint Expression List
Constraint Expression | Walue Tolerance - | \\ /

/M ake a selection the Constrai nts\

ST List to edit the Expression and
i L change the Value or Tolerance

Figure 47. Transport Fitting Constraints Window.
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Several TRANSPORT output parameters can be selected

for use in Constraint Expressions. Table 7 lists thgeraTRANSPORT output parameters
TRANSPORT keywords (output parameters) that aken be selected for use in Constraint
supported in Constraint Expressions. Each categoryEkaressions.

Table 7 is represented in the point & click interface of the

TRANSPORT Fitting Constraints Window.

Table 7. TRANSPORT Keywords for use in Constraint Expressions.

Correlation Matrix (i,j =1,6) Keyword Beam Matrix (i,j =1,6) Keyword
Beam Correlation Matrix Element Cij Reduced Sigma Matrix Element Sij
Transfer Matrices (i,),k,| =1,6)  Keyword Transfer Matrices (i,j,k,1 =1,6)  Keyword
1st-Order Transfer Matrix Element R ij 1st-Order Auxiliary Matrix RA ij
2nd-Order Transfer Matrix Element T ijk 2nd-Order Auxiliary Matrix TA ijk
3rd-Order Transfer Matrix Element U ijkl 3rd-Order Auxiliary Matrix UA ijkl
Beam Centroids Keyword Beam Envelopes Keyword
Horizontal Beam Centroid Position XBEAN! | Horizontal Beam Half Width XBEAM

Horizontal Beam Centroid Angle XPBEAM| Horizontal Beam Half Angle XPBEAM
Vertical Beam Centroid Position ~ YBEAM | Vertical Beam Half Width YBEAM
Vertical Beam Centroid Angle YPBEAM | Vertical Beam Half Angle YPBEAM
Longitudinal Beam Centroid Position LBEAM | Longitudinal Beam Half Width LBEAM

Longitudinal Beam Centroid Angle DELBEAM| Longitudinal Beam Half Angle =~ DELBEAM

Floor Coordinates Keyword Lattice Functions Keyword
Beamline Accumulated Length L Accelerator Function BetaX BETAX
Floor Coordinate X Value XFLOOR [ Accelerator Function AlphaX ALPHAX
Floor Coordinate Y Value YFLOOR | Accelerator Function BetaY BETAY
Floor Coordinate Z Value ZFLOOR | Accelerator Function AlphaY ALPHAY,
View Reference Trajectory Angle YAW Accelerator Function EtaX ETAX
Reference Trajectory Horz. Angle  PITCH | Accelerator Function DeltaX DETAX
Net Rotation Angle about Trajectory ROLL Accelerator Function EtaY ETAY
Elevation ELEVATION | Accelerator Function DeltaY DETAY

The Beam Matrix, Correlation Matrix and Transfer Matrices

are selected with the radio buttons shown in Figure 47. The . .
Matrix panel in the lower left portion of the window Will ;. fransfer matrices are selected
reflect the current matrix selection and is used to Sel@g radio buttons; the Matrix panel
specific matrix elements for all matrices. The pop-ups for the lower left portion of the
the first-, second- and third-order Transfer Matrices are us@ddow is used to select specific
to specify Regular and Auxiliary Matrices. The second- arfetrix elements for all matrices.
third-order Transfer Matrices also have pop-ups for the

additional dimensions required for these selections.
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Any keyword for a TRANSPORT
output parameters including matrix
elements, may be typed directly in the
Constraint Expression field. For
example “T346” would be entered as
the keyword for the second-order
Transfer matrix element T73,4,6.

The Constraint Expression list at the
bottom of the window contains all
of the fitting constraints defined for
this location in the beamline model.
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There are also pop-up controls, which have several
selections each, for four different categories: Beam
Envelopes, Beam Centroids, Lattice (Accelerator)
Functions as well as Floor Coordinates and Orientation
variables. You don’'t need to know the TRANSPORT
keywords in order to formulate a Constraint Expression
with TRANSPORT output parameters. Simply chose a
category, either from the matrix radio buttons or the
various pop-up controls. Use the matrix panel to select a
specific matrix element or make a selection from one of
the pop-ups; the keyword for your selection will be
generated automatically in the Constraint Expression Field
at the top of the window. After assigning a Fit Value and
Tolerance, use the Accept button to add the constraint to
the list at the bottom of the window.

The Constraint Expression list at the bottom of the window
contains all of the Fitting Constraints defined for this
location in the beamline model. To select an existing
Constraint Expression click on the entry in the list. The
selection will be highlighted and the edit fields at the top
of the window will be updated with the selection. Press
the Accept button to update the expression with any
changes. The Delete button is used to remove an existing
constraint. Select the constraint in the Constraint
Expression list and press the Delete button. A constraint
can also be deleted directly from the Marker Piece window
without opening the Fitting Constraints Window. Select
the constraint in the constraints list in the Marker (or Final)
Piece Window and then press the Remove button in the
Constraint panel.

The expression list in the Fitting Constraints Window
includes only the constraints for that location in the
beamline. Other constraints may be specified at different
locations with additional Marker or Final Pieces. All of the
user-specified Fitting Constraint Expressions for the entire
beamline model are organized in the Constraint Expressions
List Window, which is described in the next Section.
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Constraint Expressions List Window

Multiple Marker and Final Pieces can be used to speci . .
e . . ! . . O Lab provides a Constraint

Fitting Constraints at different locations in the beamling ons List window that groups

model. PBO Lab provides a Constraint Expressions Li;,‘"{)of the application-specific user-

Window that groups all of the application-specifiGpecified constraints over the entire

constraints over the entire beamline model. The Constraiggmline model.

Expressions List Window (shown in Figure 48) is opened

from the TRANSPORT Commands menu.

access to all of the TRANSPORT Fitting

The Fitting Constraints List Window provides
Constraints for the entire beamline model

g Fitting Constraint Expressions

Constraint Expression
[ R33 + R4 ) /(2% COS( 0300241 )

Double-Click an entry in the List
Window to open the corresponding
Marker or Fina Piece Window

Figure 48. Constraint Expressions List Window.

This List Window provides quick access to TRANSPORT

Fitting Constraints over the entire beamline. Simpl#!l of the user-specified Fitting

double click an entry in the list to open the associaté&f“tlrf’“”t Exgrfss'ons for_thz ?”t'r:e

Marker or Final Piece Window. Only TRANSPORTE.ea.m ne mocel are organized in the
- . . . . . itting Constraint Expressions List

Fitting Constraints are contained in this window. Oth&f;,4ow.

Applications have their own List Windows that are

accessed from their respective Command Menus.

PBO Lab List Windows may be resized to accommodate
the number of entries. The columns in the List Windows :

. . List Windows may be resized to
may also be resized by placing the mouse over the colupiny -\ o - imber of entries
divider in the header of the List Window. The arrow Curs@umn widths can also be adjusted
will turn into a cross-hair cursor and the column can R@nin the List Windows.
resized by holding down the mouse button and draging

the column divider to the desired position.
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Perform Fitting

There are two options for running TRANSPORT with the
“Write Input and Run Transport” Command. The
Submenu for this command (Figure 49), can be used to
o ~run TRANSPORT *“with Fitting” or “without Fitting”.
Ehe Write Inputand Run Transport” - 3300 Fitting Variables and Constraints have been defined,
ommand can be used to run o T . . . .
TRANSPORT “with Fitting” or € “With Fitting” option will generate the required native
“without Fitting”. input to execute TRANSPORT with fitting. It is not
necessary to remove Fitting Variables and Constraints from
the beamline model in order to execute
TRANSPORT without fitting. The only difference
between the two options (with or without fitting) is that
PBO Lab will not include the FIT instruction in the native
TRANSPORT input if “without Fitting” is selected.
Otherwise the Fitting Variables and Constraint
Expressions are unchanged in the beamline model.

E PBO-Lab - Arc model.pbol * =L
File Edit Wiew

ITRANSPORT I

(oIl Tools  Tutorial

NSPORT

WS write Input and Run Transport | With Fitting
TURTLE

*  Transport Plot Specification
MARYLIE Y e oot and b |
TRACE 3D o .r| el Input & |ewl . ) o e
- ‘iew Transport Input' File

Compute All AutoCales Run ‘Transpart Input’ Fils 0510 22264005 @ Run Transport Fitting from the
Beam Enetay oy R=atri 00010 1.00e+010 @ TRANSPORT Commands Menu

Shicw Siagma [Mattix
Beam Current 00000 1.00e-007

Make a Matrix Fiece
Freguency = 30000 3.00e+004 &

o N

Maximum Step Size LB Wil 0.0020 10.0000

Options

b P pe| |a sz | e
¥ |- - - - me |- - me |- | = - -
Beam Drift Sext. Drift Quad Drift Quad Drift Sext. Drift

Beam drd  hecz-On drd hfg-foo  dr2 hdg-def  drd wes -Tw dr3

| 17 Pieces

Figure 49. Execute TRANSPORT and Perform Fitting.

Output results and diagnostics for fitting are found in the
output File Options in the Transport Output Window, which is automatically opened
TRANSPORT Options Window canbe  following the execution of TRANSPORT. Output File
used to specify fitting output during  Options in the TRANSPORT Options Window can be used
and after fitting. to specify fitting output during and after fitting.
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In addition to the native Transport Output for fitting, PBO

Lab provides an Update Window for examining the fitte@fter a fitting operation, Fitting
parameter values and evaluated parameter expressiansles are displayed in an Update
before deciding if the beamline model should be updat@éthdow along with Parameter
with any or all of these new values. The following Sectioffgebraic Expressions.
describes the Update Variables & Expressions Window.

Update Variables & Expressions

After TRANSPORT has completed a fitting task, the neyy. Update Window allows you to
values for Fitting Variables and Parameter EXpressiofSmine fitted parameter values and
can be used to update Piece Parameters in the beamdifi@ated parameter expressions
model. The Update Parameter Variables & Expressionsore deciding if the beamline
Window, shown in Figure 50, is automatically openetodel should be updated. The
following the execution of TRANSPORT. The Updateeamline modelis not changed until
Window is used to examine the new values for Fittin%:a new values are explicitly accepted
. . it the Update Window.
Variables and Parameter Expressions and to update

e
beamline model with those values if desired.

Update All Variable Update Only Selected
Parameters in the List Variable Parameters

E Transport Update Wariable & Exprezzion Parameters

Fit Parameters Update | Walles | Update Sel ed Fit value
Lakel Parameter MName Parameter Varishle | Walle | Update | Unit |
SE¥TOO0Z Magnetic Field at Pole Tip BSEXTRT 0100000 0438106] kG Scrolling List of
User Specified
Fitting Variables
Click on a Parameter in the Parameter Values
List to Select it for Update M Before and After Fitting ]
L
. Update Any or All )
Expression Parameters Update All Expressions | Updste Selected Expression
<&  Evaluated Parameter
Lakel Parameter Mame | Parameter Expression | Walue | Upclate | Unit  ~ \ EXPFESSIOHS /
216+ Effective Length LaUAD 0400000( 0400000( m
GG+ Aperture Radius A 00100001 0040000 m / Scrolling Li$ Of User \
| 58515kG_ | Central Trajectory Lenoth LBEND 0400000( 0400000( m ¢ SpECIfI_ed Paramet_er
Algebraic Expressions
o /
— -
Double Click a Parameter Evaluated Parameter
to Open its Piece Window Expressions

Figure 50. Update Variables and Expressions Window.
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Double-click a Fitting Variable or
Parameter Expression to open the
Piece Window for that parameter.

Both the Variables and Expressions
lists have buttons for updating the
specific Piece Parameters in the
beamline model with the new values
displayed in the Update Window.

Using the mouse to double-click an
entry in the Update Window, will
open the Piece Window for that
parameter.

If the Update Window is closed prior
to updating the beamline, then the
fitting results will be disposed and the
beamline model will remain
unchanged.

Refer to the “TRANSPORT User
Manual” for additional information
on the TRANSPORT program.
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The Update Window contains two scrolling lists, one for
Fitting Variables and the other for Parameter Expressions.
The list at the top of the window displays all of the user
specified TRANSPORT Fitting Variables for the entire
beamline model along with the initial and final values.

The list at the bottom of the Update Window contains all
of the Piece Parameters that have been specified by
Parameter Algebraic Expressions through out the beamline
model, along with the final evaluation of those expressions.

Both the Variables and Expressions lists have buttons for
updating the specific Piece Parameters in the beamline
model with the new values displayed in the Update
Window. The Update All Values button can be used to
update all of the parameters in one step. Alternatively, the
Update Selected Value button can be used to update
parameters individually. (There are identical buttons for
Parameter Algebraic Expressions in the lower half of the
window.) To update Piece Parameters individually make
a selection in the list of parameters and press the Update
Selected Value button. When a selection is made in the
list it will be highlighted. Using the mouse to double-
click an entry in the list will open the Piece Window
containing that parameter.

The Update Window can be left open and the beamline
will not be updated with the new parameter values until
one of the Update buttons is used. However, if the window
is closed prior to updating the beamline, then the fitting
results are disposed and the beamline model will be
unchanged.

This concludes the TRANSPORT Fitting Chapter and
the TRANSPORT Application Module Supplement for
the Particle Beam Optics Laboratory. Additional
information about the TRANSPORT program can be
found in the TRANSPORT User Manual Refer to the
PBO Lab User Manual for general information about
the PBO Lab user interface..
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Appendix: “TRANSPORT User Manual”

User Manual
Supplement:
TRANSPORT

Application
Module
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