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G. H. Gillespie Associates, Inc. Software License Agreement
(PBO Lab for the Single-User)

CAREFULLY READ ALL OF THE TERMS AND CONDITIONS OF THIS AGREEMENT BEFORE OPENING THIS PACKAGE. IF
THESE TERMS AND CONDITIONS ARE NOT ACCEPTABLE TO YOU, PROMPTLY RETURN THIS PACKAGE AND ALL OTHER
COMPONENTS OF THIS SOFTWARE PRODUCT TO THE PLACE OF PURCHASE FOR A REFUND. OPENING THIS PACKAGE
INDICATES YOUR ACCEPTANCE OF THESE TERMS AND CONDITIONS.

LICENSE. G. H. Gillespie Associates, Inc. grants you a license to use the PBO Lab computer program (“Program”) recorded on the
enclosed diskettes and/or CD-ROM (“media”) on one single-user computer. You may physically transfer the Program from-one single
user computer to another single-user computer as long as you use the Program on only one single-user computer at aytinzg. You ma
(a) use the Program on a multiple-user computer or a network of single-user or multiple-user computers without the exppeassed wr
persmission of G.H. Gillespie Associates, Inc., (b) electronically transmit the Program over a network of single-usetesuseultip
computers, (c) rent or lease the Program to others, or (d) reverse engineer, decompile or disassemble the Program.

OWNERSHIP. Your license is not a sale of the Program. G. H. Gillespie Associates, Inc. retains title to the PBO Lab cogrpater pr
You only acquire title to the enclosed media.

COPYRIGHT. The Program is protected by United States copyright laws and international copyright treaties. You may (a) copy the
Program onto other media solely for archival or backup purposes or (b) copy the Program onto a single hard disk ancofaifi the

the Program on the enclosed media solely for archival or backup purposes. You must retain all copyright notices for thenRdbgram
copies of the Program. You may not make any other copies of the Program except as provided herein.

ASSIGNMENT. You may assign your license to another person if that person agrees to the terms and conditions of this Xgreement.
must physically transfer the Program to that person and destroy any and all copies of the Program which you do notrahgéerathy t
that person.

DURATION. Your license is effective for an indefinite term unless you fail to comply with a term or condition of this Agreegmant. If
fail to comply with a term or condition of this Agreement, your license automatically terminates and you must destroygeaf thapi
Program.

LIMITED WARRANTY. G. H. Gillespie Associates, Inc. warrants that the enclosed media are free of defects in materials and workman-
ship. If you discover a defect and return the enclosed media to the place of purchase within ninety (90) days after fmidate of
purchase, the enclosed media will be replaced without any additional charge. THIS LIMITED WARRANTY REPLACES ALL OTHER
WARRANTIES EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS OR A PARTICU-

LAR PURPOSE. SOME STATES DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES SO THESE EXCLUSIONS

MAY NOT APPLY TO YOU. THIS LIMITED WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS. YOU MAY ALSO HAVE

OTHER RIGHTS WHICH VARY FROM STATE TO STATE.

LIMITATION OF LIABILITY. G. H. GILLESPIE ASSOCIATES, INC. SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUD-
ING INCIDENTAL OR CONSEQUENTIAL DAMAGES, ARISING FROM USE OF THE PROGRAM. SOME STATES DO NOT
ALLOW THE LIMITATION OR EXCLUSION OF LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES, SO THIS
LIMITATION MAY NOT APPLY TO YOU.

GENERAL. This Agreement contains the entire understanding of the parties and supersedes all prior communications, pregosals, ag
ments, and contracts and purchase orders pertaining to the Program.

G. H. Gillespie Associates, Inc.
P. O. Box 2961, Del Mar, California 92014 U.S.A.
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| agree to the terms and conditions of the G. H. Gillespie Associates, Inc. Software License Agreement
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PBO Lab Overview

The Particle Beam Optics Laboratory (PBO Lab) is a

unique user interface shell that provides an environment

for the graphical set up of beamline models and the

execution of multiple computational programs used fore Prarticle Beam Optics
the design and analysis of particle optics systems ambbratory provides an intuitive and
accelerators. Computational codes are integrated togettigf to-use graphic user interface
as Application Modules in the PBO Lab environment. A integrates a variety of optics
single beamline model in PBO Lab can be used for des@ﬁg;jgf;;f;’;’gjﬁg’;ﬁmd”/es "
and analysis tasks with any of the installed Application '
Modules. PBO Lab generates the appropriate native inped&: to the PBO Lab Application
without requiring any knowledge of the various formatsiodules Section in the Getting

and specific syntax needed by the different programs. Started Chapter.

None of the Application Modules are required in order to

use PBO Lab. PBO Lab provides a built-in first-order

optics module to graphically illustrate the qualitativ@erer o the chapter on PBO Lab
optical features of a beamline. In addition, an extensiv@aiysis Tools - Focusing and Bending
interactive tutorial system has been integrated with PB®dules.

Lab to assist users with the technology of accelerators

and various beam physics phenomena.

This Chapter provides a brief summary of the differeto ;.poratory has been developed
PBO Lab Application Modules. The remainder of thispecificaily to support several
manual describes the application-independent featuresi@érent particle optics design and
the PBO Lab environment. Each of the computationadalysis codes, including:

codes supported by PBO Lab is described separately in

the Application Module Supplements to the PBO Lab User ;Zé’;’fkf’o”f
Manual MARYLIE and
TRACE 3-D.

PBO Lab is implemented with the second generation

Multi-Platform Shell for Particle Accelerator Relatedrhe consistent treatment of varied
Codes (S.P.A.R.C.-MP) application framework. A variet{eatures in the different optics
of computer platforms are supported by PBO LaB9™ enhances _Thihprz‘;"gfvz
Although there are some minor differences, the usgf ' e codes in e FEvta
. . . . environment.

interface is consistent for all platforms. All of the figures

in this manual have been produced from PBO Lab running

under Windows™ on a desktop personal computer.



The TRANSPORT optics program is a
matrix multiplication code that includes
the ability to model optics up to and
including third order.

The TURTLE program supports the
analysis of beamlines designed for
TRANSPORT and includes multi-
particle ray tracing.

The MARYLIE program is based on
Lie algebraic methods and is useful
for both linear transport systems and
circulating storage rings. It can be
used to compute transfer maps, trace
particle rays and carry out tracking
simulations.
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TRANSPORT Summary

TRANSPORT is a FORTRAN matrix multiplication
program developed for modeling charged particle optics.
The program is particularly useful for the design and
simulation of static-magnetic beam transport systems,
although it can be applied to other problems in accelerator
design as well. The version included with PBO Lab has
the ability to model beamlines to first-, second- and third-
order. TRANSPORT has a variety of fitting and problem
constraint capabilities, and can be used to examine the
effects of field errors, component misalignments and
similar non-ideal beamline conditions.

TURTLE Summary

The TURTLE (Trace Unlimited Rays Through Lumped
Elements) program is useful to support the analysis of
beamlines designed with TRANSPORT. TURTLE is a
FORTRAN program that allows the evaluation of the
effect of aberrations that exist in beams with small phase
space volume. These include higher order chromatic
aberrations, effects of non-linearities in magnetic fields,
and higher order geometric aberrations due to the
accumulation of second-order effects.

MARYLIE Summary

MARYLIE is a FORTRAN program for beam transport
and tracking, based on a Lie algebraic formulation of
charged particle trajectory calculations. MARYLIE is
useful for the design and evaluation of both linear transport
systems and circulating storage rings. The program is able
to compute transfer maps and trace rays through single or
multiple beamline elements for the full six-dimensional
phase space without the use of numerical integration of
traditional matrix methods. The effects of high-order
aberrations are computed as an integral part of the Lie
algebra approach. All non-linearities, including chromatic
effects, through third order are included.
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TRACE 3-D Summary

TRACE 3-D is a FORTRAN beam dynamics program

that calculates the envelopes and phase-space ellipses of

a bunched beam, including linear space-charge forces,

through a beamline. TRACE 3-D also supports fourteen

different types of fitting or beam-matching options,, . /z1 5. program calculates
Matching options will vary Initial Beam parameters for &,. enyejopes and phase-space
matChed beam in X,Y planeS, Z plane, X,Y,Z planeﬁjpsesofabunchedbeam/ including
(Upright), or in X,Y,Z planes. Fitting options will vary linear space-charge forces, through
element parameters to fit a desired beam in X, in'Y, or areamline.

the Z plane, in X,Y planes, or in X,Y,Z planes. The Initial

Beam can also be fit for a desired beam in X,Y,Z planes.

In addition, TRACE 3-D can vary element parameters

for fitting desired R-Matrix or Sigma-Matrix elements,

fitting for a round beam, or fitting for specified phase

advances in selected phase planes.

Application Module Professional Versions

FORTRAN source code for several of the PBO Lab
Applications Modules are available in Professional
Versions. The Professional Version of an Application
Module allows the user to modify the FORTRAN physics
code in order to customize PBO Lab for their specific or
unique requirements. Contact AccelSoft for further
information.

Future Application Modules

Additional Applications Modules for PBO Lab are
planned for the future, and several are currently under
development. Information on new Application Modules
for each computer platform supported by PBO Lab will
be posted on the AccelSoft web site (www.ghga.com/
accelsoft) as they become available.
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This Chapter is intended to provide users with a brief
introduction to PBO Lab that will get them up and running
quickly. It covers the installation and registration of the
PBO Lab application and provides an overview of the use
of the software.

Installing PBO Lab

The PBO Lab software is distributed on CD-ROM and
includes the PBO Lab application, the required libraries,
Tutorials and some example files. Installation requires
approximately 15 MB of free disk space.

Installation on the PC

To install the PBO Lab application on a PC running
Windows or Windows NT, insert the Windows PBO Lab
CD and double-click the Setup icon as shown in Figure 1.
Setup will guide you through the installation process.
Simply follow the instructions of the Setup Wizard. -

Setup
Run Setup on the PBO Lab CD to
eg " elp =322 install the PBO Lab application on
your PC.
_inst32iex_ _izdel _setup.1 _zetup.dll
:

_zetup.lib Digk1.id Finder.dat FS ehup]

k

Setup.ing Setup.iss Setup.pkg

|1 ohiect(s) selected |44 2B w

Figure 1. Double-click the “Setup” Application.

Installation on the Macintosh
To install the PBO Lab application on a Macintosh

PowerPC running Mac OS version 7 and up, insert the @
Mac PBO Lab CD and simply drag the PBO-Lab folder
to your hard drive. PBO-Lab

) . _ Drag the PBO- Lab folder to your hard
For work stations refer to the platform-specific Installatiorive to install the PBO Lab

Supplement distributed with the PBO Lab software fepplication on your Mac.
these platforms.



Add/Rermove
Frograms

On the PC, you can uninstall PBO Lab
using “Add/Remove Programs” in
your Control Panels Folder.

On the Mac, you can uninstall PBO
Lab by simply dragging the PBO-Lab
Folder to the trash.

After installing PBO Lab it must be
reqgistered with either a Demo License
Number or with your Personal License
Number assigned when you
purchased the software.

If you have previously installed PBO
Lab with a Personal License Number,
then you do not need to reregister
after upgrading to a newer version.
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Uninstalling PBO Lab

To uninstall the PBO Lab application under Windows or
Windows NT, run the “Add/Remove Applications” tool

in your Control Panel folder. Select the PBO Lab
application from the tool’s list of programs and press the
uninstall button. This will remove the PBO Lab application
and all of the libraries that were installed with PBO Lab.

To uninstall the PBO Lab application on a Macintosh,
simply drag the PBO-Lab folder to the trash.

For work stations refer to the platform-specific Installation
Supplement distributed with the PBO Lab software for
these platforms.

PBO Lab Registration

Registering PBO Lab for the first time

The Particle Beam Optics Laboratory and individual
Application Modules are distributed on a single CD ROM.
After installing the software on your hard drive, it must
be registered with either a 30-Day Evaluation License
Number or with your Personal License Number assigned
when you purchased the software. A CD Key is also
required that tells PBO Lab which Application Modules
will be activated. Both the License Number and CD Key
are on the Packing Slip shipped with PBO Lab and on the
CD case itself. A 30-Day Evaluation License Number
allows for a 30 day evaluation period of the PBO Lab
software. When the software is purchased, a Personal
License Number will be provided.

Upgrading to a newer version of PBO Lab

If you have already registered with a Personal License
Number and CD Key and have received an updated version
of the PBO Lab software, you do not need to reregister.
Simply replace the older version of PBO Lab on your
hard drive with the updated version. Refer tddhastall
andlInstallation Sections in this Chapter.

10
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Activating additional Application Modules

If you are already registered with a Personal License

Number and CD Key, and have now purchased additional

Application Module(s), you will need to reregister the

software in order to activate the new Module(s). A new

CD Key will be assigned to your Personal License NUumbey,, wir need to reregister with your
when you purchase additional Application Modules. Stawéw cp Key if you have purchased
PBO Lab and open the Registration window from thelditional PBO Lab Application
Tutorial menu. After entering your new CD Key you willVodules.

need to quit and restart the PBO Lab application. This

will insure that the new Application Modules are activated

properly.

If you received a new PBO Lab CD (updated version)
when you purchased additional Application Modules, you
will need to install the new version and reregister the
software as described previously.

Upgrading from the PBO Lab 30-Day Evaluation

If you are upgrading from the 30-Day Evaluation License,

you must reregister with your new Personal License

Number and CD Key included with your purchase of the

PBO Lab software. Start PBO Lab and openthe registered with a 30-Day
Registration window with the Register button in the_Dengia/uaﬁon License Number, you wil
Dialog window. After entering your new Personal LICensg.cq 1o reregister with your new
Number and CD Key in the Registration window, you Wilbersonal License Number and CD Key
need to quit and restart the PBO Lab application. Thigen you purchase PBO Lab.

will insure that any Application Modules included in your

purchase are activated properly.

11



PBO Lab 2.0 User Manual

Running PBO Lab

The PBO Lab application is started by double-clicking
the PBO Lab application icon. A new untitled Document

: Window will be opened. Use the Open command in the
PEO-Lab File Menu to open a specific model file. Figure 2 illustrates
Double-clicking the PBO Lab  the principal parts of the PBO Lab Document Window:
application icon will open an untitled  the Palette Bar, Menu Bar, Button Bar, Global Parameters,
PBO Lab Document Window. the Work Space and beamline Model Space. Document
Windows may be expanded horizontally and vertically.
An unlimited number of Document Windows may be

ﬁ*lj opened at any one time.

PBO Lab model file icon. On the Macintosh, the Menu Bar is at the top of the
monitor. This maintains the native look and feel for the
Mac OS. On other platforms, the Menu Bar appears in
application windows as illustrated in Figure 2 below.
Otherwise the user interface is consistent for all platforms
supported by PBO Lab.

Application Document Window Document Window Beamline Global
Context Menu Bar Button Bar Parameters

B2 PBO-Lab - Example B - Modified. phol *

Globals Floor Coordinates

Tracing/Tracking

Patticle Charge |1— e 1 93 @
Particle Mazs |1 875000000 IMB\,-' j 05110 222e+005 &
Beam Energy Izmgggg IMeV j 00010 1000 &
Beam Current IU.UDUDUD IrnAmp j 0.0000  1.00e-007
Freguency ISD.DDDDDD IMHZ j 30000 F00e+004 &
Maximum Step Size |g_g1 0000 Im j 0.0020 10,0000

Palette Bar of
Beamline Elements
ﬂﬂﬂﬂf "”””""“Wﬂﬂﬂﬂﬂ

BE&M  DRFT an-1 DRFT  DRFT D-2  DRFT  DRFT D-3  DRFT  DRFT D-4  DRFT  DRFT  HFQD  FINAL

| 16 Pieces

Figure 2. PBO Lab Document Window.

12
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PBO Lab Application Modules

A variety of particle beam analysis and design programs

are implemented as Application Modules in the PBO Lab o ,

user interface. A specific Application Context is selecteT,Se gppgfgogcfgge:t ’Shg;iﬁ);o
with a pop-up menu in the Document Window Buttogpfc,f,yc inputs for egfh of the
Bar as illustrated in Figure 2. The Application Context igstafed Application Modules.
used to provide the user with various application-specific

feedback such as the native inputs for an application. The

applications listed in the Application Context pop-up

depend on which Application Modules are installed in

your version of PBO Lab.

Other parts of the PBO Lab user interface will also have

different content based on the installed applications. For

example, some menus have application-specific SUt§O Lab menus contain application-

menus for each installed Application. There are also sofg!fic sub- menus for each of the

user interface windows that are either completefyta”ed applications. The Menu
. . e . . . ._commands do not depend on the

application-specific or, in some cases, include applicatiof)z ey appiication Context.

specific tab panels for the different Application Modules.

The Special Parameter Settings window is an example of

a PBO Lab window with application-specific tab panels.

Application-specific aspects of the user interface are

described separately in individual Application Module

Supplements to the PBO Lab User Manual.

The Application Context pop-up in the Document Window

does not have to be set to a particular application in ordepiication-specific windows provide

to execute commands for that Application Moduleiccess to native inputs that are not

However, the Application Context selection is used tgered ~ between installed

indicate which input parameters are native inputs for tl’j@”c‘at’onsj The selected Application
. . .. . ntext is used to activate

current context. Native inputs are indicated in the Globgj lication-specific buttons and, in

Parameters and in each Piece Window using green dsgﬁse cases, determine which

that appear to the right of a parameter. The Applicati@ppiication-specific windows will be

Context is also used in the Marker and Final Pieces faened.

setting a location-specific Constraint or Diagnostic.

Creating a new Constraint or Diagnostic with these pieces

will always open the appropriate application-specific

window for the current Application Context.

13



Refer to the Beamline Global
Parameters Section in the User
Interface Chapter for a description of
the PBO Lab Global Parameters.
Refer to the Global Parameters
Section in each Application Module
Supplement for a description of
application-specific Beamline Global
Parameters.

The first step in building a PBO Lab
beamline model is to review the
Global Parameters.

The Beam Energy in PBO Lab can be
specified in any one of several ways.
Options include specifying the
relativistic 3 or y of the particle, the
particle momentum, as well as the
traditional beam energy units of eV,
keV, MeV or GeV. The PBO Lab
interface automatically converts
between units when the pop-up
selection is changed.

PBO Lab 2.0 User Manual

Building a Beam Line Model and
Editing Input Parameters

PBO Lab utilizes several sets of user input parameters to
describe an accelerator beamline model for the different
computational programs integrated with the interface. The
user inputs that provide data for running the Application
Modules are grouped by the following:

- Global Parameters

- Piece Parameters

- Command Control Parameters

- Options and Output Parameters

All parameters in PBO Lab have defaults built in. Once a
beamline has been constructed graphically, with or without
any parameter editing, a beamline model is completely
defined for executing any of the installed Application
Modules.

The Beamline Global Parameters are set in a scrollable
panel at the top of each Document Window. The Global
Parameter panel contains input parameters such as the
Particle ChargeParticle MassandBeam Energyhat are
global to the entire beamline. Various units options are
available for several of the Global Parameters. For
example, Figure 3 illustrates the use of a units pop-up for
inputting theBeam Energyin terms of the equivalent
momentum units (in p(GeV/c)).

Globals I Tracing/Tracking ] Floor Coordinates
Particle Charge |1— @ 1 93 @
Particle Mass IQSS.QBDDDD IME\,-' j 05110 222e+005 &
Beam Energy |2.UUUDUD IMBV 0000 1.00e+010
Bieam Current ID.DDDDDD ImAmp j 00000 1.00e-007
Frequency | 425000000 | [MHz |
Meximum Step Size [o.010000 m | ! P(GeViz)

Figure 3. Global Parameter Panel of the Document
Window lllustrating a Pop-up Units Menu.

14
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The second step is to “build” a beamline to be modeled.
An accelerator beamline model is built by selecting and
dragging the beamline pieces from the Palette Bar to the
Model Space of the Document Window. Figure 4
illustrates an example of a Document Window with a short
guadrupole lattice model built on the Model Space. Other
beamline segments, sublines and pieces shown in Figure
4 are saved on the Work Space.

PBO-Lab ~Example B.pbol - A beamline is constructed by
[t =] 012 B )2l 8 2 3¢l el 3] 2 ] e dragqging Piece icons from the Palette
e I'bzﬂ [y Bar to the Model Space. Pieces may
also be placed on the Work Space.
o B 5 i
] b The Global Parameters panel may be
= = .
s [a{{u{] I?@Q —H— % closed to provide more area for the
SUBLINE wad | [ pritt | | Dritt
L] Work Space.
o ) |—| | —| || | —| |—| |Z=| |— 58| |—|[— :
e T — A colored tab is used to select and
BEAK DI Q1 D2 D3 0z D4 D5 03 De D7 04 DE D9 drag Selections on the Work S,oace.
FeBend . .
] The tab is red when a selection has
i B o been made.

Q

2 16 Pieces

Figure 4. Beamlines on the Model Space and Work
Space of a Document Window.

The scrolling Palette Bar provides access to all of the
beamline pieces available in PBO Lab. Selecting, dragging HH_@'H
and dropping a piece on the Model Space will result in [z [eon] o] o]
that piece being attached to the end of the beamline model
nearest the drop point. Pieces from the Palette Bar or Work
Space may be inserted between pieces in the beamline
model by making a selection and dragging it to 4&bold connection line indicates that
connection point. Connection points are identified by tte"a//d insertion point has been
black lines between each piece in the beamline. A bdﬁ;@iﬁe%Zvﬁgfeg;a%ifirat;i/exﬂ
connection line indicates that a valid insertion point has, .

been located while dragging a selection from the Palette

Bar or from the Work Space. Releasing the mouse button

(dropping the selection) while the connection line is bold

will insert the selection at that location in the beamline

model.

Valid Insertion Point

15



All parameters in PBO Lab have
defaults built in. Once a beamline has
been constructed graphically, with or
without any parameter editing, a
beamline model is completely
defined.

PBO Lab 2.0 User Manual

The Piece Parameters define all inputs for each piece in the
beamline model. Double-clicking on an individual piece,
such as one of the “Quad” pieces in the example shown in
Figure 4, opens a Piece Window like that illustrated in
Figure 5. The beamline element parameters are edited in
Piece Windows. Application-specific Special Parameter
Settings are also accessed in the Piece Windows: for
example, the user can select a parameter as a match variable
or import variable or define an algebraic expression for the
parameter. The “S” button to the left of each parameter is
used to open a Special Parameter Settings Window as
illustrated in Figure 5. The Special Settings Windows have
tab panels that provide access to application-specific
options. These are described in the individual Application
Module Supplements to the PBO Lab User Manual.

Tutorial Button Accesses Guidance Limits Alert Users
Physics and Technology if Parameters Are Outside
Information Database Certain Bounds
ﬂuadllﬁe
Elewment 1 Fringe Field 1 Geometry )i Location 1
Cuadpole Streneth e | Ngtive Parameters are
— e — Yo Indlcat_ed f_or the Current
Application Context
T JEfTectiwe Length |n.1uoo |m =] 0.0100 02850 @ A
ﬂ Magnetic Field at Pale Tip |_1 0180 |kG j -4.2700 42700 @
ﬂ Aparture Radins 00100 [ =] 00090 05000 o EJnits Options Are Availabl e]
Nj Magnatic-Filt Graient [0 [iGem =] 4200 4270 for Most VParameterS
.é Cmadmpols Coaffirient K1 IW 1wtk 1273622
ﬂ Eotation (Roll) Angle |D_DDDD |Degms =] -lsno 1500000 @
j Thin Lens Focal Length I_D_3293 Im j -INF 00276

Comments:

Special Parameter Settings

QUADOODE - Effective Length

IQUADDDDS

Parameter Varighle: IVARYZ

S>>

Windows for Application
Specific Parameter Options

nen race FANSP 1 &
Parameter "S" buttons open S T (R ) N S
Specia Parameter Settings ‘ " Effective Length = 0.1000 m

7 Fitting Vaviable: |vaRTzZ

%' Aleehrsic Fxpression:  [g+LDRIFT-LSEXT-LQUAD-LBENDZ2 | [LDRIFT

[~

{~ Import Parameter

Figure 5. PBO Lab Piece Window and Special Parameter Settings Window.
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Some Piece Windows have their input parameters
grouped in tab panels, such as those of the Quadrupole
Piece shown in Figure 6, which includes tab panels for
Fringe Field, Geometry and Location Parameters. Many
pieces provide a variety of parameter sets that may be
used to define the element. For example, a quadrupole
may be minimally defined by length and quad coefficient
value; or by length, aperture and pole tip magnetic field;
or by length and magnetic field gradient.

Field Gradient - l
Field & Aperture
[Field Gradient

Chnadmpole Coefficient

Many Pieces Provide
Different Parameter Sets
o Define an Element

1 Fiumrae | Gaomatey /| A
Cuadeupole Steergth Field & Aperture -~

Parameters Value Units Limits

ﬂ Effective Length IW ~ 0.0100 01295 @
ﬂ Magnatic Fisld at Pole Tip lmm— 1G -4.2700 42700 @
j Apexture Radins lw
ME Magnetic-Fisld Gradient l‘jnnnn— 1eGlem

i Quadrpole Coefficient K1 [yaz 7000 Linwek2 2088435 208.8435
ﬂ Rotation (Roll) Angle 000 Degrees ~| -1200000 1300000 @
i Thin Lens Focal Length I’ 0885 1 - 00369 INF

Locatisn~

1

Green Dots Indicate Native
oom omm e | |nputs for the Current
wame Application Context

4

.

4

Coramnts G4 Quadupale | Additional Element
auan Tuord] | Parameters are Accessed
Elment T Frings Fiell |, iy 1 [ by CIICkIng Piece
Parameters Value Units Limits

Window Tab Panels
Entratice Frings Field Hard Edge Frings Field -
Exit Fringe Field Hard Edge Frings Field -

Fid Quadiupole
Tutorial
Dependent Parameters, based on Bt ) Fewfae | Geomaty | Lomtes

the Selected Parameter Set, are Parametors e e —
Automatically Calculated from External Dimensions

Edltable ACtiVe Parameters ;,:EE{Yectwe Length IW m 00100 0.129% @
jw;dm IW - = _THF THF
[i:)

ki HQuadrupole
5| Height 03000
J Tutorial
Pipe Aperture

R lc_ Elesnent 1 Frings Field 1 iy 1 et 1
Fadial Aperture 1.0000 Parameters Value Units Limits

Horizontal(x) Half.Gap lm Position

Vertically) Half-Gap IW j Horizontal Offset lW m -INF INF
Hormrial) SemiAxis  [To007 | 5| Vertical Offat [omnn [« =] -INF it
Vartically) Seami-is IIDT | Lomgitudinal Offset IW [ ] -INF mF
Orientation

5| Pitch [0 [Degsss <] 1300000 1830000

5| T IW [Degrees =] -1200000 1800000

- Rotation (Rall) Arele [ [osnss ] loom 1m0 o

Random Exror

Misaligrment m

one A

Figure 6. Parameter Sets and Tab Panels for the Quadrupole Piece Window.
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Many pieces provide multiple
parameter sets that may be used to
define the element.

A green dot next to a parameter
indicates a native input for the
current Application Context.

Different units options are provided
for most Piece Parameters. The units
selections are independent of the
specific units required by the different
applications.

Guidance limits are provided for each
Piece Parameter. However, any value
for a parameter may be used. The
guidance limits are “soft” and are
only used to alert the user if the set
of input parameters may have
impractical consequences.

PBO Lab 2.0 User Manual

Automatic calculations are made between the different
parameters sets, allowing the user to select the parameters
to specify an element independent of the native inputs
used by specific applications. In Figure 6, the Quadrupole
Strength selection switches between the different
parameter sets available for the Quadrupole Piece.
Dependent parameters are automatically calculated by
PBO Lab and are not editable. Which parameters are
dependent is based on the parameter set selection.

The user interface indicates which parameters are used as
native inputs for the current Application Context. Green
dots to the right of parameters in the Piece Windows
indicate the native inputs for the current selection in the
Application Context pop-up of the Document Window.

A variety of different units options may be selected for
each parameter independent of the native units required
by the different computational codes. Several unit pop-
ups include “smart units”, which scale dynamically with
certain Global Parameters. For example, all parameters
that have the dimensions of length inclu@gelambda”

as a units option. The value of i¢he relativistic velocity
parameter of the particle, is determined by the Global
Parameter values for tiarticle EnergyandMass while

the value ofA is set by theRadio FrequencyGlobal
Parameter.

Expert system-type rules provide guidance for editing
input parameters and additional displays, such as effective
focal lengths and phase space plots, which provide useful
feedback to the user. The guidance limits are “soft” and
are not used to restrict the input; any parameter value may
be entered. The limits are intended to provide the user
with estimates of a practical range for each parameter.

All parameters in PBO Lab have defaults built in. Once
a beamline has been constructed graphically, with or
without any parameter editing, a beamline model is
completely defined.
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The Getting StartedChapter of the User Manual is only
intended to provide the user with a brief overview of the
PBO Lab environment. The remainder of the User Manual
provides more information on the material presented here,
as well as other important subjects on the use of the PBO
Lab. All users are encouraged to read the entire User
Manual. Application-specific aspects of the user interface
are described separately in individual Application Module
Supplements to the PBO Lab User Manual.
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This Chapter provides a description of the PBO Lab user
interface and defines the terms that are used to refer to
different parts of the interface. Familiarity with the
precedingGetting StartedChapter is assumed.

The Document Window

The PBO Lab Document Window is the main user

interface for building a beamline model and performing,cument windows are the primary
analysis tasks with that model. Figure 7 diagrams theo rab interface for a beamline

primary parts of the PBO Lab Document Window thatode!.

are described in this Chapter.

An unlimited number of Document Windows may be ope
at any one time, with different beamline models in eaq%

window. Beamline elements or groups of elements maye.
be exchanged between Document Windows using the

CopyandPastecommands.

(Application Context ) (Menu Bar)

Button Bar

(Beaml ine Global Parameters)

g PBO-Lab - Ring.pbol

File Edit| Wiew Commands Tools Tutorial v
] Bl Dl s 30l elB] 85 o
Globals I TracingsTracking I Floor Coordinates
Particle Charge |1— e 1 93 @
Particle Mass ID_511DUD [ =] 05110 222e+005 @
Beam Energy ISDDD.DDDDDD IMEV j 00010 1.00e+010 &
Beam Current Ig_gggggg ImAmp j 0.0000  1.00e-007
Freguency |475_gggggg IMHZ j 30000 3.00e+004 @&
Maximum Step Size Ig_m ] Im j 0.0020 10,0000

SUB
( Scrolling Palette Bar )

g
| mag |- -
Quad Drift

auab  DRFT

rift

BEAM \ DRFT

Initial Beam
Parameters

Drift

DRFT ESKT4R DRFT

Drift Piece

L

| | 1534 Pisces

(M odel Space Scroll Bar)

Model Space ( Number of Piecesin Beamline Model)

Figure 7. Primary Parts of the PBO Lab Document Window.
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A beamline to be modeled is built on
the Model Space of a Document
Window.

Pieces are selected from the Palette
Bar and dropped onto the Model
Space.

The commands to Hide or Show the
Palette Bar and to Hide or Show the
Global Parameters can be used to
increase the size of the Model Space
and Work Space in the Document
Window.

Figure 8.
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The Document Window is divided into two main areas,
the Model Space and the Work Space. A beamline model
Is constructed by dragging elements from the Palette Bar
to the Model Space. The Work Space provides an area to
store elements and beamline segments that are not treated
as components in the beamline model. Input parameters
for individual elements in the beamline are accessed by
double-clicking the Piece icons in the Model Space.
Beamline Global Parameters, which apply to the entire
beamline model, are displayed over the Work Space and
can be toggled on and off from the View menu or the
Button Bar. The Palette Bar on the left edge of the
Document Window can also be hidden in order to
maximize the Work Space and Model Space areas in the
Document Window, as illustrated in Figure 8 below.

Bend
=1« |

Document Work Space and Model Space.

A variety of computer platforms are supported by PBO Lab.
Although there are some minor differences, the user
interface as described here is consistent for all platforms.

The following Sections describe the primary components
of the PBO Lab Document Window, including the Model
Space and Work Space, the Menu Bar, Button Bar, Palette
Bar, and Global Parameters. The user interface for element
input parameters and beamline construction features are
also described here.
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The Menu Bar

The PBO Lab interface has six pull-down menus in the

Menu Bar. Figure 9 below illustrates the first three pulf the Mac 05, the Menu Bar is not
down menus: File, Edit and View. These are discuss’?éﬁe?ﬁ“mem W’”dozv'.”;]’s.atfze
below. The Commands, Tools, and Tutorial MeNUS ag . for thet pistiorm.
described separately. The content for some of the menus

Is dependent on which of the available Application and

Tool Modules are currently installed in PBO Lab.

tiewr The Application Module sub-menus
Tew Cut Chrl+i Hide Palette Bar .
Qpen... Copy Chrl+C Hide Global Parameters On/y appear fOf Insta//ed MOdUleS, el
Close Paste Cirb+ e — your menus may look different from

Delete
Save = TURTLE

Save A5, Select All Rieces MARYLIE
TRACE 3-D

those shown in Figure 9.

* | v v v -

Brinit.. Alias Element(s)

Print Setup. .. R Tools
- - ake Subline

Impark L4 Flatten Subline Open Scratch File
Export » Physical Constants

Exit

Figure 9. PBO Lab File, Edit and View Menus.

File Menu .
. . . There are buttons in the Document
The first menu is the File Menu. TNewcommand opens  window Button Bar for the standard

a new untitled PBO Lab Document Window. T@pen  File menu commands.
command is used to open a previously saved model. Both
the Newand Opencommands will create and activate a
new PBO Lab Document Window. TK#osecommand [

Is used to close the active Document Window. Shee el Open an Bxisting
andSave Agommands are for saving the current model k| pocument File

in the active Document Window. Therint Setup e]  Close the Current
command opens the standard printer setup dialog. The B Document window
Import and Export commands have sub-menus for @I Save the Current
installed Application Modules. Applications that support PBO Lab Document

the Importcommand will allow PBO Lab to construct a

beamline model from native Input files. Tlport

command can be used to write native Input files. The last

command in the File Menu iBxit, which closes all Export and import Menu commands
windows and quits PBO Lab. PBO Lab will prompt youg/low the user to read and write
to save open Documents before quitting. The Fifgtvenput

commands follow the standards for each of the platforms

supported by PBO Lab for tasks such as opening dialogs

to load model files, etc. Users unfamiliar with the standard

file dialogs should consult their operating system

documentation for additional information.

Create a New
PBO Lab Document
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Cut Chrl+3
Copy CErl+C
Paste Chrl+y
Delete

Select all Pieces

Alias Elementis)

Make Subline
Flatten Subline

Edit Menu.

Edit menu commands can be used
to copy and paste beamline pieces
within, and between, Document
windows.

There are buttons in the Document
window Button Bar for the standard
Edit menu commands. These
commands operate on a selection of
piece(s) in the beamline model.

Cut Selection to
the Clipboard

Copy Selection
to the Clipboard

Paste Clipboard
on Work Space

Delete Model
Selection

@2 = X

Use the right mouse button after a
selection is made in a numerical edit
field in order to cut, copy or paste
numerical data.

Use the Select All Pieces command
to quickly select the entire beamline
model in the Document Window
Model Space. Note that Allias Pieces
can not be copied between
Document Windows, except when
using the Multiple Model mode (see
PBO Lab User Preferences).
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Edit Menu

The second menu in the Document Window is the Edit
Menu, which has eight commands organized into four
groups. The first group contains stand@cd/ CopyPaste
andDeletecommands for beamline components. The next
three groups contain commands that are used to
manipulate the beamline model and are described in the
Beamline ConstructioBection of this Chapter.

TheCutcommand deletes (cuts) any selected pieces from
the beamline model and copies them to the clipboard for
future pasting to the current Document or to another
Document Window. Th€opycommand is used to copy
selected pieces to the clipboard for future pasting without
deleting the selection. Theastecommand places the
contents of the clipboard (if valid PBO Lab model data)
on the Work Space of the active Document Window. The
Deletecommand deletes any selected pieces from the
Document Window but does not copy them to the
clipboard. Deleted selections are permanently disposed.
There are also buttons in the Document Window Button
Bar that perform equivalent operations.

Numerical parameter values can be cut, copied and pasted
by pressing the right mouse button after a selection is made
in the edit field of the parameter. A contextual menu will
appear to the right of the edit field for the selection that
providesCut, CopyandPastecommands. The number will

be stored on the clipboard when using cut or copy, replacing
any existing clip. The numerical clip can be pasted into
another numeric edit field or a text window. Figure 18 in
the Piece Windows$ection illustrates an example of cut,
copy and paste commands for parameter data.

The remaining commands in the Edit Menu are used to
manipulate the beamline model. TBelect AllPieces
command does exactly that: the entire beamline model is
selected in the Document Window Model Space. This can
be used with th€opyand Pastecommands to store a
temporary copy of the beamline on the Work Space or to
copy the beamline to another Document Window.
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The last three commands in the Edit MeXigs Elements An Alias is a component with a
Make SublineandFlatten Sublineare beamline editing persistent link to another component
features for configuring the beamline representation. THehe beamline model

Alias Elementsommand is used to create an Aliastothe, . . e
current selection in the beamline model. Make Subline ., pe ysed to group a selection of
andFlatten Sublinecommands are used to collapse andements into a single Subline
expand a selection of elements in the beamline. These@ponent in the beamline or to
commands do nothing if a selection has not been madélren a Subline into individual
the beamline model. These beamline editing commarfigents.

are described in thBeam Line Constructio8ection.

View Menu

The third menu is the View Menu. The first command is

Hide/Show Palettevhich allows the user to hide (or show)

the Palette Bar on the left edge of the Document Window.

The second commandkide/Show Global Parameters

which lets the user hide (or show) the beamline Global e pltotr
Parameters in the Document Window:. T

TRANSPORT
TURTLE
MARYLIE

*r | vy v vz -

The next group of commands in the View Menu contains TRACE 30
application-specific sub-menus for any installed PBO Lab Tocks
Application Modules, such as the Application Module sub- obenguacnre.
menus shown in Figure 10. These sub-menus provide

quick access for viewing various native text files used by, View Menu.

or created by, the different Application Modules that are
described in the individual Application Module ﬂl Hide or Show

TRACE 3-D

Supplements to the PBO Lab User Manual. the Palette Bar
| Hide or Show the
Hide Palett= Bar | mga\etteﬁar Global Parameters
Hide Global Parameters Hide Global Parameters
L o e o Fis The Button Bar can also be used to
AR | e AL AU hide/show the Palette Bar and the

3
Punch File TRACE 3-D »  Plok File
Data File N

Tock Took Global Parameters.

Open Scratech File Open Scratch File
Physical Constanks Physical Constants

Figure 10. View Sub-Menus for the TRANSPORT and
TURTLE Application Modules.

Figure 10 illustrates the View Menu for PBO Lab with
the TRANSPORT and TURTLE Application Modules

installed. When additional Application Modules are
installed, the View Menu will include sub-menus for those
modules as well.
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The Open Scratch File command is
used to provide quick access to a
scratch text file that may be used for
storing any text data.

The Physical Constants command
opens a window containing a variety
of physical constants used by PBO Lab
and the different Application
Modules.

Numerical values can be copied from
the Physical Constants Window using
the right mouse button to bring up a
contextual menu for a selected value.

PBO Lab 2.0 User Manual

The next item in the View Menu is ti@olssub-menu,
which contains two commands for opening data files
generated by the PBO Lab Focusing Module. Refer to
theAnalysis Tool€hapter for a description of these files.
The last two commands in the View Me@pen Scratch

File andPhysical Constantare not application-specific.
TheOpen Scratch Fileommand is used to provide quick
access to a scratch text file that may be used for storing
any text data. ThBhysical Constantsommand opens a
window containing a variety of physical constants used
by PBO Lab and the different Application Modules. This
window also includes a convenient list of common patrticle
masses that may be copied and pasted into the Global
Parameter®article Massfield. Figure 11 illustrates the
Physical Constants Window. The numerical values for
these constants can not be changed in this window.
However, the value fields are active (editable) to allow
these values to be copied to the system clipboard.

B Defined Constants

— PBO-Lab Constants

FI [31s159285

Speed Of Light [2a97az 45300000 kmisec

Atomic Mass Unit [931 49432000 | MeV

Wacuum Permitlivity  [5as41a78e.012 | Faradim
Wacuum Permeshilty [ooppooizs | Mewtonsifmp2

— Uzeful b

Electron Mazs W ey
fuon Mass W ey
Proton Maszs Im e
MNeutron Mazs IW ey
Deuteron Mass lm ey

Figure 11. Physical Constants Window.

Commands Menu

The fourth menu is the Commands Menu. The content of
this menu depends on which PBO Lab Application
Modules are currently installed. Any installed Modules
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will include an application-specific sub-menu in the Commands. Toos and Tutorial
Commands Menu. Individual commands for each of ttﬁe anas, 100 ang [eona

. . . . . Menus are unique to PBO Lab and
Modules are described in the respective Applicatiof. giscussed separately in this User

Module Supplements to the PBO Lab User Manual.  panuar.

The last item in the Commands Menu is @ampute All TRANSFORT >
Auto Calcscommand, which is application-independent. s I
This command will update all dependent beamline TAESD g
parameters in Piece Windows that have alternative e

parameter sets available. Refer to fhiece Window Commands Menu.

Section later in this Chapter.

Tools Menu
The fifth menu is the Tools Menu. TH®cusingand
Bendingcommands in this menu access interactive tool Eocing
windows for single particle trajectories and beam envelopes. Data nterchange  »
These Tools are described in ChapteAdalysis Tools | PR |
The next item in the Tools Menu is tBata Interchange Tools Menu.

submenu. This is described separately irEtkternal Data
InterfaceSection of Chapter 4 . The last item in the Tools
Menu is forPBO Lab Preferencesvhich are described in
the Preference$ection of Chapter 4.

Tutorial Menu

The last menu discussed in this Chapter is the Tutorial Tutori

Menu. This menu has three items. The first istigertext e e [
Tutorial command. This command opens the main PBO bt

Lab Tutorial Window, which contains a hypertext table of Tutorial Menu.
contents for the tutorial help files available in PBO Lab.

The interactive tutorials and help features that are @l

integrated with the PBO Lab application are described in

Chapter 5. The second item in the Tutorial Menu is the -nchHyperText Tutorials
Registecommand, which opens the Registration Windowutorial buttons in Piece Windows
Refer to theRegistrationSection in theGetting Started provide access to specific interactive
Chapter for a description of PBO Lab registration. The@ysics tutorials for those pieces.
third item in the Tutorial Menu is th&boutcommand,

which brings up a window displaying PBO Lab credits

and version number.
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The Button Bar provides quick access
to a variety of File, Edit and View
menu commands.

The Application Context is used to
display and access application-
specific inputs for each of the
installed Application Modules.
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The Button Bar

The Document Window Button Bar provides quick access
to a variety of File, Edit and View Menu commands.
Controls in the Button Bar are separated into four groups:
Document Window Operations, File Operations, Model
Editing Operations and Model Topology Operations. The
last button launches the Hypertext Tutorials. Figure 12
illustrates the different operational groups and the function
of each button.

The first control in the Button Bar specifies the Application
Context, which is used to provide feedback on the native
inputs for a particular application and to determine which
user interface windows will be opened for application-
specific inputs and options. The applications listed in the
application context pop-up depend on which Application
Modules are installed in your version of PBO Lab. Refer
to the PBO LabApplication ModulesSection in the
Getting StartedChapter.

The remainder of the Button Bar controls duplicate various
File, Edit and View Menu commands. Refer to the
precedingMenu Bar Section for descriptions of the
different functions listed in Figure 12 below.

Document Window Operations
Current Application Context

Hide or show the Palette Bar

Hide or show the Global Parameters

Model Editing Operations

Cut Model Selection to the Clipboard Launch HyperText Tutorials
Copy Model Selection to the Clipboard

Paste Clipboard Pieces on the Work Space

Delete Model Selection

rensporT v | (B ED D] 6f| BN 3< o B BlFE] %] &

TRAMSPORT .
TURTLE

mMARYLIE Document File Operations

TRACE 3-0 Create a New PBO Lab Document Model Topology Operations
Open a PBO Lab Document File Convert Model Selection into Subline
Close the Current PBO Lab Document Expand Subline Model Selection
Save the Current PBO Lab Document Create Alias for Model Selection

Figure 12. Document Window Button Bar.
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The Palette Bar

The Palette Bar (on the left side of the Document Window)

contains Piece icons for each of the beamline elements

available in PBO Lab. Pieces are selected from the palette

and dragged to the Model Space of the Document Windoxé scroliing Palette Bar contains
to “build” an accelerator beamline. The Palette Bar ca&ace icons for all of the beamline
be toggled on and off from the View Menu or from thgements available in PEO Lab.
Document Window Button Bar. The Palette Bar expands

with the height of the Document Window. Pieces that are

not visible are accessed by scrolling the Palette Bar.

Button to

Hide/Show the
Palette Bar
EBPBO-Lab - Example B -
File Edit View gomm Toaols  Tukorial
P

Globals

a8 w2
|

Tracing/Tracking

Particle Charge 1 e
- —

Hold Mouse Down in
Element Icons and
Drag to Model Space /*°

D= ey Iﬁu.uUDDDD

hiaximum Step Size 0.010000

akriz:

BEAM

DRFT

16 Pieces

Use Scroll Bar Arrow to
Access al of the Palette
Bar Pieces

Figure 13. Scrolling Palette Bar of Beam Line Elements.

Figure 13 illustrates a variety of different elements available

in PBO Lab. Some Pieces are specific to particul&gme Pieces in the PBO Lab Palette

Application Modules. The total number of Pieces in th&r are specific to particular

Palette Bar depends on the installed Application ModulggP/cation Modules. Refer to the
. Jndividual Application Module

PBO Lab will only use supported elements when generatiig) e nenss.

native inputs for a specific Application Module.
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Beamline Global Parameters

The Beamline Global Parameters are the top level user

inputs for a beamline model in a PBO Lab Document
Toggle the display of the Global  Window. They include specifications for tlirarticle
Parameters in the Document  Charge Particle MassBeam EnergyBeam Currenand
Window from the View Menu . The  praqency among others. The Global Parameters are
Button Bar also provides an . .
equivalent control to Hide or Show editable in three tab panels that float over the Work Space
the Global Parameters. area in the Document Window. Figure 14 illustrates all of

the inputs that are available in the three Global Parameter

tab panels:Globals Tracing/Trackingand Floor

Coordinates
[ Tracing/Tracking I
Number of Macra-Particles IF 1 10000
Mumber of Tracking Turns 100 1 10000
Output Distributions every : |10— Turng 10 100
[ Floor Coordinates I
Hide and Show the Global Horizontsl () Initial Location ID.DDDDDD Im j -IMF INF @
Parameters from the View wertical (y) Initial Location IU.DDDDDD |m j -INF IMF
Menu or the Button Bar Longitudinal (z) Initis] Locaﬁmlnmmg |m_ i L! -INF INF @
1 Initial ey (y-axis) angle IU_DDDDDD IDegrees - -INF IF
Initial Pitch (x-axis) anole ID.DDDDDD IDegrees j -IMF INF @
B pBO-Lab - }ampIeB Modified. pbol Iritial Feall (z-axiz) angle IU_DDDDDD IDegrees j -IMF IMF
Flle Edit  Wiew Comma £ Tools Tutorial A
oo =10 _I_/IL_I_I o) Bl /5 2/ o i

Globals I Cl'rac:ing.l’Trac:king > ] (Floor Coordina{e@

Particle Charge I 1 ] 1 93 &

Particle Mazs I 1875.000000 IME\,-' j 05110 222e+005 &

The Beamline Global Parameters
are accessed from three tab panels
that float over the Work Space of

Bearn Eneroy |2 a000a0 IME\,-' j 00010 4 .00e+010 & .

: the Document Window
Beam Current I 0.000000 |m A j 00000 1.00e-007
Frequency Isg.gggggg IMHZ j 30000 3.00s+004 &

Maximum Step Size IDm 0000 Im j 0.0020 10.0000

ri | Drift | Drift | ua Drift | Drift | ua: Drift | Drift |

DRFT DRFT  DRFT DRFT  DRFT DRFT  DRFT

A Fy
R B | &g |-| FE
ua. Drift Drift Quad Final

DRFT  DRFT  HFQD  FINAL

BEAM

| 16 Pigces

Figure 14. Beamline Global Parameters in the Document Window.

Global Parameters that are native inputs for the different
Application Modules are indicated with green dots to the
right of those parameters. Green dots are based on the
current Application Context.
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Some Global Parameters are used by PBO Lab to calculate
dependent parameters, guidance limits and provide
numerical feedback for interactive Tutorial windows.
Tablel lists the PBO Lab Global Parameters and indicates
the different uses for these parameters by the different
Application Modules and by the PBO Lab user interface,
Tutorials and/or Tools.

Table 1. PBO Lab Beamline Global Parameters.

P TIT|T|M
B|R/U|R|A
O/A R A|R
Beamline LIN|T|C|Y
Global Parameters S|L|E|L
P E|3]I
o) D|E
R
T
Particle Charge ol e o] e e
Particle Mass e o e| e o
Beam Energy N A A
Beam Current o o
Frequency bl Il Al Bl The Maximum Step Size Global
Maximum Step Size o o Parameter is used by PBO Lab in the

Focusing and Bending Modules to
define the number of calculation
steps used for the ray trace and

Tracing/Tracking
Parameters

Number of Macro Particles * ° envelope calculations.
Number of Tracking Turns .
Output Distributions .
Floor Coordinate
Parameters

Horizontal (x) Initial Location .

Vertical (y) Initial Location .
Longitudinal (z) Initial Location J

Initial Yaw (y-axis) Angle .

Initial Pitch (x-axis) Angle .

Initial Roll (z-axis) Angle .

The Tracking/Tracingtab panel has parameters that are
used by the TURTLE and MARYLIE Application
Modules. These parameters are described in each of the
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The Floor Coordinates parameters are
used exclusively by the TRANSPORT
Application Module. Refer to the
Application Module Supplement for
a description of these parameters.

The Getting Started Section describes
the Model Space and Work Space in
the PBO Lab the Document window.

Connection Point

Pieces may be inserted into the
beamline at connection points
between pieces on the Model Space.

—

Drift Sobermid

Organizing the beamline model using
Sublines provides room for more
pieces in the Model Space of the
Document Window.
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Application Module Supplements for those applications.
Also included with the Global Parameters are a set of
initial floor coordinate parameters accessed fronkkber
Coordinatestab panel. These parameters are used
exclusively by the TRANSPORT Application Module to
specify the initial coordinates and the orientation of the
reference trajectory. Refer to the PBO Lab
TRANSPORT Application Module Supplement for a
description of these parameters.

The Model Space

The Model Space of the Document Window is where the
accelerator elements are placed to construct a beamline
model. Pieces are “dragged” to the Model Space from the
Palette Bar or the Work Space (discussed below). Pieces
from the Palette Bar may be placed on either the Model
Space or the Work Space. The first piece that is “dragged”
to the Model Space may be placed anywhere. Once the
first piece is placed, the following pieces “snap” on to the
end closest to where the piece was “let go” when the mouse
button was released.

Pieces may also be inserted between pieces in the beamline
by droping them at connection points in the beamline
model. Connection points are represented by lines between
elements in the beamline on the Model Space Pane. To
insert a piece, drag a selection over a connection point
and release the mouse button. The connection point will
be bold while the mouse is correctly located on it.
Releasing the mouse button inserts the selection in the
beamline model at that point. Note that there can never
be “loose” pieces in the Model Space. All pieces are either
inserted at connection points or snapped to an end of the
beamline model.

The scroll bar for the Model Space controls the positioning
of the model with respect to the window, and can be
adjusted by the user. The Model Space is large and can
accommodate a large number of accelerator elements. The
beamline assembled on the Model Space constitutes the
model whose data will be used in running the different
Application Modules.
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A selection of multiple pieces is made by using the mouse
to enclose the desired selection with a drag box. Hold down [ H@'HH
the mouse button while dragging a box around the desired |z || [ | [oe | | | | oo
selection. Release the mouse button and the pieces within

the box will be selected. The Model Space Will SCrop,.; 5 pox around pieces with the
automatically while dragging a box that exceeds th&use to make a selection of
currently visible beamline elements. To select the entif@itiple pieces.

beamline model, use tigelect All Piecesommand in the

Edit Menu.

Pieces in the Model Space may be

. . . cut, copied, and deleted using either
A single piece or group of pieces may be selected aid ;.i; venu commands. the

copied, cut or deleted using the appropriate commangds,oard equivalents or the Button

from the Edit Menu. These actions are very similar to tiser controis.

standard Copy, Cut and Delete actions of many other

applications. The keyboard equivalents of the Edit Merias Pieces can not be cut or copied

commands are the standards for your particular platforff2rother Pocument Window:

The Delete action removes the selected pieces from the

beamline model. All information associated with these &l

pieces is permanently disposed. _

Delete Model Selection

The Copy action makes a copy of the selected pieces and

associated information (parameter settings) and storesthat , ,

data on the clipboard. The pieces may later be pasted o‘??f(ﬂ”./’”e information for copied or
. .. . ut pieces is retained on the clipboard

any Document Window. The original pieces and the daj&aa PBO Lab subline description.

associated with them are unaffected in the source

Document Window. The Cut action is similar to the Copy

action, except that the original pieces and associated data ﬂl

are deleted from the Document Window. Cut makes a Copy  copy Model Selection

of the pieces and associated information and stores it on to the Clipboard

the clipboard. The pieces may then be pasted on to any

Document Window. The Paste action will place the El

contents of the clipboard (if it is valid piece data from a

previous cut or copy) on the Work Space of the current

Document Window. The piece(s) will appear in the lower

left corner of the Work Space. (The Work Space is E|

discussed in the following Section.)

Cut Model Selection
to the Clipboard

Paste Clipboard Pieces

A single piece or a selection of pieces may be dragged from ~ °" theWork Space

the Model Space to the Work Space. This actiofeces may be moved within the
automaticallycreates copies of the piece(s). The originakamiine by holding down the shift
pieces and the data associated with them are unaffected‘&nahi’e dragging the selection to
remain on the Model Space. To move a piece or groupdf" focation in the beamiine.

35



Dragging piece selections between
the Model Space and the Work Space
automatically generates a copy of the
selection.

The Work Space can be used to store
Pieces, Sublines and selections of
Pieces and Sublines as illustrated in
Figure 15. Beamline fragments on the
Work Space are saved with the
Document but are not considered
part of the beamline model.

The Work Space is most helpful when
used in conjunction with the Model
Space.

]

Hide or Show the Palette Bar
in the Document Window

Hide or Show the Beam Line
Global Parameters
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pieces from one position in the beamline to another position,
hold down the shift key while dragging the selection to a
new location in the beamline model. The arrow will
change to a small piece icon with the word “move”. When
the mouse button is released over a connection point in
the beamline, the selection will be deleted from its original
location and inserted in the new location. Pieces can also
be moved between the Work Space and Model Space using
the shift key.

The Work Space

The Work Space is the shaded area of the Document
Window. Additional Work Space may be accessed by

“hiding” the Global Parameters and the Palette Bar as
shown in Figure 8 and in Figure 15 below. This may be

done from the Button Bar or from the View Menu.

22 PBO-Lab - Untitled_phol = SR

Fie Edi Wiew Commands Iools Tutorial

[traoi =] B| S Dl o] 24 3¢ 0]+ B 387 %] e

DRFT DeQe DRFT WTa01 DRFT MARK TQ1 DRFT MAREK TQ2 DRFT

[ 97 Piaces

Figure 15. “Hiding” the Global Parameters and the
Palette Bar in the Document Window.

Pieces may be placed on the Work Space either by dragging
them from the Palette Bar or the Model Space. When a
piece or a group of pieces is dragged from the Model Space
to the Work Space, it can be placed anywhere on the Work
Space. Pieces are not grouped on the Work Space unless
they were grouped prior to being placed on the Work Space.
No pieces are inserted into a model structure when placed
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on the Work Space. A group of pieces placed on the Work
Space will remain in their original configuration and cannot
be separated on the Work Space. (Of course, they can be
dragged to the Model Space, a subset selected, and then
that subset placed on the Work Space.) A piece or a group
of pieces may also be copied, cut or deleted from the Work
Space with the same result as in the case of the Model Space.
Any existing data on the clipboard will be erased when
either copy or cut is executed.

If a piece or group of pieces have been previously copied

or cut from either the Work Space or the Model Spacgy,., 5 paste command is executed,
they may be placed on the Work Space by paSting th@fmexisz‘ingsetofPieces currently on
from the clipboard. The Paste action is similar to that @k cipboard will appear on the Work
other applications. Once pieces have been pasted to She:. They may then be dragged to
Work Space, they may then be dragged to the beamlinéihpeamline in the Model Space.
the Model Space.

There may be many individual “loose” pieces or groups of  Drag Bar for Selection
pieces on the Work Space as shown in Figure 15. These may in Work Space
be moved around and located on the Work Space as desired. _
Selections on the Work Space are dragged by clicking on the
drag bar and holding the mouse button down while dragging

the selection. Selections in the Work Space have a Red Dsaions made on the Work Space
Bar; unselected items have a Blue Drag Bar. These Wk be moved while holding the
Space pieces are not part of the beamline model and thesee button down on the drag bar
Pieces are not used when an Application Module commatidhe selection.

Is executed. Only the pieces on the Model Space of a

Document Window are used to define the beamline model .~ .. ., .
. . . pace are
input. However, Global Parameters associated with the mogeefstem until deleted by the user
are utilized for Vdrk Space jeces, for example, in displaying rhe contents of the Work Space is
“smart units” for the input parameters of these pieces. Th&ined in the model file when a
Work Space pieces are retained when a model is saved uSimg or Save As, command is
theSaveor Save Asommands from the File Menu (Figureexecuted.

9) or the Button Bar (Figure 12).

=
@é@

Quad

The Work Space can be used for several purposes; for

example, to store a repeated set of pieces that will be used

several times in a beamline. The parameters of pieces on

the Work Space may be set independently of the beamline o ,
pieces on the Model Space and are not affected by char{?‘@é“’ the Alias Prece Section later

to the beamline model, with the exception of Alias piece This Chapter.
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Piece Windows

Input parameters for beamline elements are accessed in
PBO Lab Piece Windows. Figure 16 illustrates double-
clicking a Quadrupole Piece icon in the beamline model
to open a Quad Piece Window. Piece Windows can be
opened for pieces in the Model Space and Work Space as
well as Subline Windows or Focusing and Bending
Module Windows.

5 PBO-Lab - Example B - Modified.pbol *
File

Edit “iew Commands Tools Tutorial

[tz =] D15 D] 2 3</ a2l B B2 %] o
T [ Glohal Parameters Value Tnits Limits
Particle Charge !‘1_““—‘ B 1 93 @
Particle Mass ilg'}s_gggg IMeV j 05110 222E+005 ©
Eesm Energy !2_0000 [y =l 00010 100E+010 @
: e oo &
Frequency W W MI
M o100 F“*u Element T | e i [——
Cmadrpele Strength IFJeld Gradient =l
) Parameters Value Uniis Limiis
| ﬂ Effective Length |°'°96° [t =l 0.0100 0lg40 @
Mé Magnetic Field at Pole Tip I_z_ﬁjgg |kG j -4.2700 4.2700
Mé Aperture Radins ID olon |m j 0.0050 0.5000
ﬂ Magnetic-Field Gradient I_;_._ssgg IkG.l’cm j -4.2700 42700 @
— = Mé Cruadrpole Coeffiient K1 IW ] J1477754 1477754
: j Fotation (Foll) dngle |0.0000 [Degmes x| -l800000 1800000
Mé Thin Lens Focal Length I_U_l 136 |m j -INF -0.0413
Piece Windows are Opened by
“Double-Clicking” the Mouse while Cottunents:
the Cursor is on the Desired Piece } Joz

Figure 16. Opening the Piece Window for a Quadrupole Element.

Each Piece Window contains a Title Bar with Close Box, a
Button Bar and one or more parameter data records. Some
Piece Windows have tab panels that provide access to
additional parameters, such as the Quadrupole Piece Window
shown in Figure 16. Each parameter data record includes
four fields of data: (1) a word description of the Parameter,
(2) a Value field for entering numerical data or a pop-up
selection menu, (3) a Units field that provides options through
pop-up menus and (4) Limits fields, which provide input
guidance using a set of knowledge-based rules.

Many parameters also have a Special “S” button that is used
to open a Special Parameter Settings Window for specifying
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application-specific options, such as selecting a parameter

as a fitting or import variable or defining an algebraic

expression for the parameter. An example of a Special

Parameter Settings Window is shown in Figure 17. The “S-

Windows” have Application tab panels that provide accessst piece Windows have multiple
to application-specific options for installed Applicationab panels that provide additional
Modules. These are described in the individual Applicatigiputs such as location and geometry

Module Supplements to the PBO Lab User Manual.

parameters.

. Default values are defined for all

Figure 17 illustrates several features of the PBO Lab PI€R&e parameters so that a complete
Windows that are described in this Section. Default valugs of native input data is defined
are defined for all parameters so that both the topologyaofomatically for any Application
the beamline and a complete set of input data are defiriéadule when a piece is placed in the
automatically when a piece is placed in the beamline mod&pm/ine model

Length f Field

Select Among Alternate

Angle & Radis
Angle & Length
Angle & Field

)

Parameter Sets

Tutorial Button Length & Radus
Accesses Physics B4 Sector Bend
and Technology Tutorial Tab Panels Provide
Tutorial for Piece Do T Fringe Fiald T\é By I e 4—— Access to Additional
Dipole Strength [Cereii s Pt = Element Parameters
Parameters Value Units Limits
. Angle of Bend [erszis [Demes =] 45000 450000 Guidance Limits Alert User
hj Central Trajectory Radis ID 0218 Im j &BE3F <U014 ‘ |f Pal’ameters Are OUtSI de
M any Parameters ﬂ Central Trajectory Length ID 0354 Im j 0.0000 3680_%/ R%S)nabl e BOUﬂdS
ha\/e a " S" (SpeCI al) ﬂ Magnetic Field Strength |25_gggg IkG Z S = 0.0000 24 E ]
Button for Opening 5| Rotation (Roll) Angle 00000 Degrass +| -1300000 1800000 @ -

. i fPee=es ] Native Inputs for the
Special Parameter Multipale Strengths Tl Indon = Applicai
Settings Windows | il Gradient e . 0000 10000 © % Current App |c§t|on

| : Context are Indicated
Mj Cuadrpole Coefficient lw Ltk -149.5087 1495087 A
Mjs tupale Coaffizient I L4 1.0000 1.0000 with Green Dots
# Saxtupols Coafficient o000 ! il |
# Qetupole Coaffizien I -1.0000 1.0000
:j tup t 0.0000 m

Comments:

ISBEND

E Special Parameter Settings

[

SBEND - Magnetic Field Strenath

Pavameter Varishle: [fzee0

|

Trarsport

" Magnetic Field Strenath = 250000 kG

{+ Fitting Varizhle: | EFs)

 Algsbraic Bxprassio: |

i Import Parameter

LDEIFT

=

z

S Comments May Be
| 1< Used to Label Pieces

Different Units Options Are )
S

| Available for Most Parameter

Tab Panels for Specia

Application-Specific
Parameter Settings

Figure 17. Piece Window for the Sector Bend (SBend) Element.
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Green dots appear to the right of
Piece Parameters to indicate the
native inputs for the selected
Application Context.

All Piece Parameters have built in
defaults. However, to minimally
define a Piece for a specific
Application Context, review the
green dot (native) parameters.

All Piece Parameters have default
values built-in so that an element is
defined automatically when it is
placed in the beamline model.

PBO Lab 2.0 User Manual

The Piece Window Button Bar (at the top of the Piece
Window) includes alutorial button for many of the
beamline elements, such as the Sector Bend shown in
Figure 17. Other application-specific buttons may be
found for installed Application Modules. These are
described in the individual Application Module
Supplements to the PBO Lab User Manual.

The Green Dots to the right of some parameters indicate
which parameters will be used as native inputs for the
Application Module that is currently selected in the
Application Context pop-up. To examine the native
parameters for a different application, simply leave the Piece
Window open and change the Application Context in the
Button Bar of the Document Window. The green dots are
for application-specific feedback only. Switching the
Application Context has no effect on piece parameters. A
parameter is not required to be an active (editable) parameter
in order to be used as native input. It may be calculated
from related parameters that have been chosen to define a
Piece. Alternate Parameter Sets are described later in this
Section.

The primary beamline Element parameters are always
displayed on the front tab panel in a Piece Window, as
shown in Figures 16 and 17 for the Quadrupole and Sector
Bend. Additional (secondary) parameters may be included
in other tab panels as illustrated for the Quad Piece
Window in Figure 6 of th&etting StartedChapter. Most
Application Modules require only a subset of the primary
element parameters (indicated with application-specific
green dots). Secondary parameters may be used for a
variety of calculations in PBO Lab Tutorials and Tools
and for some application-specific inputs.

All parameters have built-in defaults. A piece is completely
defined for all Application Modules when it is placed in the
beamline model. PBO Lab will generate the required native
inputs in the appropriate format and syntax for installed
Application Modules. To minimally define an element for a
specific Application Module, select that application in the
Application Context pop-up and review the default values
for the green dot (native) element parameters.
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All of the numerical inputs in a Piece Window are entered

in parameter Value fields. When a number is changed in a

Value field and the “Enter” key is pressed, the new number

Is immediately updated and any limits or auto-calculated , ,
dependent parameters related to that parameter are 4{&§petering a numerical value, use
updated. A value will also be updated when the mouse'[g =" ke to accept that value.
clicked outside the Value field or if the window is closed.

However, using the Enter key is the recommended

procedure to update a parameter value in order to examine

updated guidance limits and any dependent parameters.

Numerical values may be cut, copied and pasted using
the right mouse button to bring up a contextual menu as
shown in Figure 18 below.

B2 Diift Space
Tuton'.all ‘

Parameters Value Units Limits
j Effactive Drift Length

Copy and paste in Value fields using
the right mouse button to bring up a
contextual menu.

00100 4398351 O

Conuments:

IDR_F'T

Delete

Selent Al

Figure 18. Cut, Copy and Paste of Numeric Values.

The user may select different units for a parameter by
choosing the appropriate option from one of the Units
field pop-up menus. Several pop-up menus include “sm%[st Srameters provide a variety of
units.” These are units that scale dynamically with certalllq,tspopﬁons ,.npc,udmg dynaéic
Global Parameters and other parameters from Piegg, .t jnits

Windows. For example, all parameters that have the

dimensions of length includ@Lambda” as a units option Guidance limits are displayed for each
(Figure 17). The value of th& the relativistic velocity Fiece Parameter. However, the
parameter of the particle, is determined by the Glob&fcance /imits are “soft’, and any
Parameter values for the Particle Energy and Particle MaSs, foran input parameter may be
while the value of | is set by the Global Frequency

Parameter.

Piece Windows also contain lower and upper guidance
“limits” for each parameter. These guidance limits are
not used to restrict the input. Any value may be entered
for a parameter.
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Fisld Gradient =]

Fiald & Apertore
Cmadmpole Coefficient

The Quadrupole Strength pop-up is
used to toggle between parameter
sets in the Quad Piece Window
(Figure 16).

The Dipole Strength pop-up used to
toggle between different parameter
sets in the Sector Bend Piece Window
(Figure 17).

The beamline model must start with
a Beam Piece in order to generate
the initial beam for the Focusing and
Bending Modules.
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The guidance limits are intended to provide estimates of
a practical range for a parameter value based on beamline
Global Parameters and possibly other parameters in the
Piece Window.

Some Piece Windows contain more than one parameter set
for specifying a beamline element. Top level pop-ups above
the parameter header in Piece Windows are used to activate
alternate parameter sets for specifying an element. For
example, the Quadrupole Strength in the Quad Piece
Window shown in Figure 16 and the Dipole Strength in the
Sector Bend shown in Figure 17 both provide alternate
parameter sets for these elements. Parameter Value fields
are activated (editable) and deactivated (non-editable) based
on the parameter set selection. Inactive, dependent
parameters are auto-calculated based on active user editable
parameters. PBO Lab indicates which parameters will be
used for the current Application Context. However, it is
possible to specify an element for a particular Application
Module using a parameter set that is not supported by that
application. PBO Lab will auto-calculate the required inputs
for specifying an element in the native format required for
each Application Module.

Beam Piece

PBO Lab uses the Beam Piece to generate the initial
beam for the Trajectories Module described in Section
4 PBO Lab Analysis Tools. The Beam Piece can be used
to specify the initial beam in two different ways, referred
to as the Semi-Axes representation and Courant-Snyder
(Twiss) parameter representation. The Semi-Axes
representation is more general and allows for the
complete specification of the beam 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.
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Both the Semi-Axes and Courant-Snyder (Twiss) input
panes are shown in Figure 19 for the Beam Piece window.
There is a Button Bar at the top of the window, two tab
panels for parameter inputs (Beam and Centroid
Parameters) and a set of dynamic phase space ellipse plots
for the beam parameters. The Particle Distribution Type
pop-up is used to generate multi-particle distributions for
certain Application Modules (e.g. TURTLE, MARYLIE).

Open the Correlations Matrix Window with Compute Semi-Axes Parameters from Twiss Parameters
Semi-Axes Parameters Selected or Compute Twiss Parameters from Semi-Axes

B2 Initial Beam v v
G 22 Cxiged Tutorial| Correlstions | Comp From Twiss| AutoScale Plts| Set Plct Scales|
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Figure 19 Semi-Axes and Courant-Snyder (Twiss) Beam Piece Parameters.
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The Green dots to the right of
individual parameters indicate which
will be used to generate TRANSPORT
input.

With the Semi-Axes Beam Parameters
representation correlations may also
be included 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.
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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 20. Correlations may be

entered directly as off-diagonal elements of the sigma-
matrix, or by entering values for the reduced sigma matrix.

Reduced Sigma Matrix inputs

Select between Sigma Matrix or]

ﬁ Correlation Matrix

V
{+ Reduced Sigma Matriz, (i, j) ; Units Ic;m and mrad vl

£ Sigrma Matrix (i, j) (mm & mrad)
Reduced Sigma hateix, r(ij)
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Figure 20 Beam Correlation Matrix Window.
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)
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transverse phase space ellipses. The bottom plot is the

longitudinal phase space ellipse. The axis scales for the , , ,

phase space ellipse plots can be calculated automatic%l?Beam P ’eCZ,W’”d/OVtVS ;”C";Ze

with the Auto Scale Plots button in the Button Bar at tHg=¢ Pac€ empse plots for the
. . trrent Beam Parameters.

top of the window or the scales may be set directly by the

user with the Set Plot Scale button.

Beam Line Construction

The PBO Lab environment uses a sophisticated beamline

object model for the persistent storage and graphic

representation of beamline models. The beamline objétgt beamiine object model supports
model supports both flat and hierarchical beamlinf@t flat and hierarchical beamline
topologies and is used to generate the native beamIfﬁ?@:ﬁvzogez;ﬁiﬁeuéiigﬁpﬁfoﬂiri;‘j
descriptions for each of the Application Modules support(ggih of the Application Modules
by PBO Lab. A flat model description refers to a beamlingpported by PBO 1ab.

model in which every component is represented by an

individual element in the model. With a hierarchical model,

the beamline topology is organized using sublines that

encapsulate multiple elements in the beamline model.

The object model also supports the ability to create Alids ajias is a component with a
Pieces. An Alias Piece can be created for an individuaksistent link to another component.
piece, a subline, or a selection of multiple pieces and

sublines in the beamline model.

An Alias is a component with a persistent link to another

component and is capable of storing deviations from the

original data without duplication of redundant data. An ajias is capable of storing any
number of benefits can be realized using sublines deviation from the original parameter
combination with the ability to create Aliases, includingata without duplicating any of the
more efficient problem setup, compact views of very larggsundant data.

models and elimination of redundant data storage within

highly symmetrical beamlines. Refer to tlés Section

later in this Chapter for more information on Aliases.
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Encapsulate a Selection
into a Subline

A Subline is created by making a
selection in the beamline model and
then choosing the Make Subline
command in the Edit Menu or by
pressing the Subline button in the
Document Window Button Bar.

To select a set of element icons that
extends beyond the visible portion of
the Model Space Pane, hold down
the Control (Ctrl) key, select the
elements, and then scroll the Model
Space Pane to access and select
additional elements.

Double-click a Subline icon to open a
Subline Window in order to access the
individual pieces inside the subline.
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Sublines

A Subline is created by making a selection in the
beamline model and then choosing the Make Subline
command in the Edit menu or by pressing the Subline
button in the Document Window Button Bar. The
selection will be replaced with a single Subline icon in
the beamline model. Figure 21 illustrates making a
selection of pieces and grouping those pieces into a
subline.

Make a Selection of Elementsin
the Model Space and then Choose
the Make Subline Command in
the Edit Menu or in the Button Bar

of the Document Window

>

Drift Drift Drift

Eeam

ection in the Beam Line Model

Drift
————————

Figure 21. Making a Subline in the Beam Line Model.

( [SelA Subline is Created for the ]

Sublines can only be created for selections in the Model
Space. However, sublines can be stored on the Work
Space by dragging a copy from the beamline model.
Sublines may be nested to any level (i.e. a subline may
contain other sublines).

Figure 22 illustrates double-clicking a Subline icon to open

a Subline Window. The Subline Window provides access
to the individual pieces inside the subline.

46



PBO Lab 2.0 User Manual
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File  Edit
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DRFTO1 SEXTO2 DRFTOZ QUADU4 DRFTOS SBEMNDOE DRFTOF QUADOS DRFTOS9 SEXTI0 DRFTIM
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Figure 22. Opening a Subline in the Beamline Model.

A subline can be expanded (flattened) to restore individual
element representations in the beamline model by

selecting a Subline and then choosing the Flatten Subline ﬂl
command in the Edit Menu or by pressing the Flatten Expand (Flatten) the
button in the Document Window Button Bar. Sefected Subline

Creating Sublines does not alter the components within tBexpand a Subline, select it and
Subline; only the beamline topology is affected. Althougthoose the Flatten Subline command
some Application Modules do not support hierarchical the Edit Menu or the Button Bar
beamline representations in their native beam line descriptfdifre Document Window:
formats, PBO Lab will generate a flat description from a

hierarchical representation when necessary.
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An Alias is a component defined by
a link to another component in the
beamline model.

An Alias is created by first making a
selection in the beamline model and
then selecting the Alias Element
command in the Edit Menu or by
using the Alias button in the Button
Bar of the Document Window.

h

Create an Alias Piece
for aModel Selection

e |H|
] SUBLINE

Aliases are easily identified by the red
letter “A” that appears on the piece
icon.

The original component referenced
by an Alias is accessible from the Alias
Piece Window using the “Original
Element” button at the top of the
window.

When an Alias is initially created, by
default there are no deviations from
the original piece parameters.
Parameter deviations must be
explicitly assigned in an Alias Piece
Window.

Any modifications to original
parameters are automatically realized
in all Aliases of that element.

PBO Lab 2.0 User Manual

Aliases

An Alias in PBO Lab is a beamline component defined
by a persistent and dynamic link to another beamline
component, where “component”, as used here, refers to
either a single Piece, a Subline or a selection of multiple
Pieces and/or Sublines. An Alias can be created for a
selection in the beamline model and is capable of storing
deviations from the original data without duplication of
redundant data. When the parameters of the original
component are modified, the changes are realized in all
Aliases that reference that component and any specified
deviations are applied.

An Alias is created by making a selection in the beamline
model and then choosing the Alias Element(s) command
in the Edit Menu or by pressing the Alias button in the
Document Window Button Bar. An Alias will appear in
the Work Space for the selected model pieces. (The new
Alias placed on the Work Space may be partially covered
by the beamline Global Parameters.) Alias components
are easily identifiable by the red letter “A” appearing on
the Piece icon.

Once an Alias has been created on the Work Space, it
may be placed in the beamline model by dragging a copy
to the Model Space and inserting it between elements or
at either end of the beamline model. The original
component referenced by an Alias is not affected when
the Alias is created. However, the original component
cannot be deleted until all Aliases that reference it have
been deleted. The original component referenced by an
Alias is accessible from the Alias Window using the
“Original Element” button at the top of the Piece Window.
Pressing this button will open the Original Piece Window
referenced by the Alias.

When an Alias is initially created, none of the Alias

Parameters have any deviation from the original
component, in effect creating an identical representation
of the original component. This is a common usage for
Aliases in large models with many duplicated elements.
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Table 2 describes the different options available for
specifying parameter deviations for an Alias or over-riding
a parameter value completely.

Table 2. Parameter Deviation for Alias Pieces.

Deviation Description

No Deviation (default) There is no deviation from the original parameter value:
Alias parameter = original parameter value

Deviation The specified Error value is taken to be a numerical deviation:
Alias parameter = original value + Error

% Deviation The specified Error value is taken to be a percent deviation:
Alias parameter = original value + original value*(Error/100)

Actual Value The specified Error value is taken to be the actual value:
Alias parameter = Error

To include a deviation for a particular parameter, double-
click the Alias Piece icon to open the Alias Piece Window.

If the Alias is a subline, open the Subline Window and
then open the individual Piece Window for the Alias from
within the Subline Window. A typical example is shown

in Figure 23 for a Quadrupole Alias, which has a percent
deviation of 0.02 kG on the Magnetic Field Parameter.
The original value for this parameter is 3.0 kG, the Error
Is 0.1 and percent deviation has been selected. This defines
a Quadrupole that is identical to the original, with the
exception of the Magnetic Field Parameter, which is taken
to be 3.003 kG (3.0 + 3.0*(0.1/100)). Any modifications
to the original Quadrupole parameters will automatically
be realized in all Aliases of that element. This is also true
for inputs that have been specified as variable parameters
in the original element. For example, the Length Parameter
of the original Quad could have been set to vary during a
fitting operation. The Length will be variable in all Aliases

to that Quad during fitting, but each Alias Quad could
still have different values specified for other parameters.
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There are some restrictions on Alias Pieces, for example, an
Alias can be duplicated in a Documeritidbw bydragging

a copy from the beamline model to the Work Space, but it
can not be cut or copied with Edit Menu commands or
with the Button Bar controls. However, if the PBO Lab
application is started in the Multiple Document Mode
(refer to thePBO Lab PreferenceSection) Aliases can

be copied and pasted between different Document
Windows.

C Access Original Element referenced by this Alias )

@ccess Interactive Physics Tutorial for this Element )

< Tab Panels for additional parameter inputs >

Popup for aternative parameter inputs >

E ﬂuadllﬁe ; =
Original Elementl Tuton'all ‘
Element T Frinze Field T /] Geometry T Location Green Dots | ndicate NatiVe
In for th rr
Quadrpols Strength Pkl & Aoortmn = put§ or the Current
P
Application Context
Parameters Walue Units Error Type L
77

Effective Length |um?000 fn | |0.000000 [0 Deviation 7| @

Magnetic Field at Pole Tip |3.000000 fic | |0.020000 [#4 Deviation ¥ |\ @

Aperture Radins [0:010000 " fin =] [5000000 " [t Devistion = @

Magnetic-Field Gradient |3.000000 [)Giem k| |0.000000 [0 Devistion ¥ |

. % Deviation 7|
Quadrupole Cosfficient K1 [T05725707 1w [ - ;m o
0 Deviation

Rotation (Roll) Angle |u_ououon IDeg:rees =] |0 000000 INo Demtan @ | Devistion

ThinLens Focal Length  [0.088511  fun =] Jeoeena fiwe Davistion 7]

Coruments: / / /

QUAD

6’ he "type" of deviation, e.g. how the Error will be applied )

( The"Error" or deviation that will be used for each parameter>

The original Parameter Value
(Editable in the original element referenced by this Alias)

Figure 23. Example of a Piece Window for a Quadrupole Alias.

For a description of application-specific user interface
features and commands, refer to the individual Application
Module Supplement distributed with each Module. The
following two Chapters describe the PBO Lab Analysis
Tools and interactive Tutorials.
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Analysis Tools

Particle
Beam

Optics
LLalboratory
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This Chapter describes the PBO Lab Focusing and
Bending Modules, Plot Tools, Data Interchange Tools and
PBO Lab Preferences.

Focusing & Bending Modules

Single particle trajectories and beam envelopes may be . o
analyzed using the PBO Lab Focusing and Bendin gllepaff’c’e”alf)ecm”esa’;d;ea”;
Modules, accessed from the Tools Menu. The Tools puTI.—Svslgfy’sZ ”Zli{nge e 1o
down menu is illustrated in Figure 24 and contains tWa,sing and sending Modules.
options FocusingandBending that are described in this

Chapter.
— ( Brings Up an Interactive Display for ]
= Focussing = | Horizontal and Vertical Projections
,B;E:ding <TLBrings Up an Interactive Display for ]
Data Interchangs b Magnetic Mid-Plane Projections
PEO-Lab Preferences

Figure 24. PBO Lab Tools Menu.

The PBO Lab focusing and bending tools use a first-order

optics code developed to support interactive graphicabuilt-in first-order optics module is
displays of single particle trajectories and beam envelopgsd to support the interactive
They are independent of installed Application Modulega_fe)ggfi’e g’;ﬁ’syge‘;;s’gg@gzgcﬁ
and running the_ toc_)ls is not required to set up or execuylf Focusing and Bending Modlules.
any of the Application Modules.

The Focusing and Bending Modules do not utilize any of

the PBO Lab Application Modules for computationst/ement parameter values in the
However, beamline parameter values can be modifiggfm/ine model of the Document
while using the interactive Analysis Tools, which can resqin‘f”ft‘;vrg‘zgé’: Z’igi’f’;ﬁ dvg/r’s’/eoﬁ’;z
in different numerical data (e.g. drift lengths, bend ar)gf__usmg Module or the Angle Dials
edge angles) assigned to the elements in the beamip€ne gending 700l 1t is

model. recommended that you save your
work prior to making any

It is recommended that you save your work prior to makirigjustments in these Tool Windows.
any adjustments in the Focusing and Bending Modules

Windows since changes will be reflected in the beamline

model.
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Focusing Module

TheFocusingcommand in the Tools Menu opens a focusing
tool window entitled Transverse Projections of a Particle
Trace. The primary components of the Focusing Module
Window are illustrated in Figure 25 and include a button
bar, an iconic representation of the beamline model, an
interactive scaled image of the beamline model, transverse
phase space ellipses, Twiss parameters and beam cross
section. The horizontal and vertical projections of a particle
trace with the specified initial coordinates are graphed over
the scaled image of the beamline model as illustrated in
Figure 26.

The Iconic Representation of the Beamline
Model can be used to Open Piece Windows
and Edit Element Parameters

Particle Parameters, to Control Ray Trace and
Envelope Plots, to Clear or Print Plots and to

The Button Bar Provides Controls to Access Initial

Toggle the Piece Sliders on and off

g Transverse Projections of a Particle Trace

Initial Par‘tlclIRayTracelEnveIopeI Iearl Print| Toggle Sllders ‘

Beam Dﬂ| U.d Drift Dﬂ| U.d| Drift Dﬂ| | Drift Dﬂ| | Dﬂ| Dﬂ| U.d| inal

BEAM DRFT D1 DRFT DRFT -2 DRFT DRFT
'l ‘ Interactive Scaled Image of the Beamline
(Drag Sliders with the Mouse to
/ ‘ Interactively Adjust Drift Lengths)
Fiy Fii Fi Fi
Transverze Phase Space Elipses Beatm Cross Section Step: CECELD
Horizontal __ Horizortal Projection
alpha (%) = — “ertical Projection
heta (x) = mirac __ Horizontal Envelope
wertical __ “Wertical Envelope
alpha () = SCALES
beta (v) = mivad
Plot Scales Length 09559 m
harz [l Height + |3?.SDDD mm
x yimrad) v, xyimm) yimm) ws. x(mm) vert mrad

Figure 25. Focusing Module Window.

The Focusing Module uses a built-in first-order optics code
to graphically illustrate the qualitative optical features of a
beamline. This module is not intended to be as accurate as
the Application Modules available in PBO Lab.
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The Button Bar at the top of the Focusing Module Window
contains buttons fdnitial Particle specification, particle

Ray Trace beamEnvelopesClear, Print and Toggle

Sliders The iconic representation of the beamline is
identical to that on the Model Space of the Document
Window. Central in the Focusing Module Window is the
layout of the beamline model, with all distances along
beamline (moving horizontally) and the apertures of tlﬁ%

Is a transverse phase space ellipse and beam cross section
display. The beam x (horizontal) and y (vertical) envelopes
are displayed by selecting thavelope$utton. The result

Is shown in Figure 26 below.

g Transverse Projections of a Particle Trace

tﬁ%e plot of each plane’s envelope and
ase ellipse are color coded as

h - imdicated in the legend. The horizontal
elements (shown vertically) drawn to scale. Effective drifhveiope and phase space ellipse are

lengths can be adjusted graphically with Piece Sliderpiotted in red. The corresponding
controls along the beamline. At the bottom of the windovertical plots are displayed in blue.

Initial Particlel RayTracel Envelopel @I ml Toggle Slidersl

ap ] ] ] g | | e F o
- - B |- - -| B |- - - B |- - - B |- - - B |- ehe
Beam Drift Quad Drift Drift Quad Dritt Dritt Quad Drift Drift Quad Drift Drif fQuad Final
BEAM  DRFT  @b-1 CRFT DRFT @D-2 DRFT DRFT  @D-3 DRFT DRFT  @b-4 DORFT  DRFT  HFRQD  FIMAL
Kl | 0
- 0.000000
¥ - 0.000000
Fis FiN Fi FiX
Tranzverse Phase Space Elipses Beam Cross Section Step: 10103 CEGELD
Horizantal __ Hoarizontal Projection
alpha (%) = 31140 __ “ertical Projection
beta (x) = 0.7536 mirad __ Horizontal Envelope
ertical -- “erical Envelope
alpha(y)= -26202 SCALES
heta (y] = 05759 mirad
Plot Seales izt DB
horz +17.4652 mm Height + |3?.SDUD mm
' ymrad) va. s y(mm) YM) s x(mm) vert 771121 mrad

ﬂ |

Transverse Phase Space Ellipses and Beam
Cross Sections are Plotted with Envelope
Calculation and can be Played Back for Each
Step through the Beamline

Corrant-Snyder (Twiss) Parameters are Displayed
for each Step through the Beamline
(Plot Scales are Displayed for Phase Space
Ellipses and Beam Cross Section)

Figure 26. Envelopes in the Focusing Module Window.
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The beam x (horizontal) and y (vertical) projection of a
single particle trace are displayed by selectingrtineTrace
button. The result is shown in Figure 27 below. The plot of
each plane’s trajectory are color coded as indicated in the
Legend. The horizontal projection is plotted in red and the
_ _ corresponding vertical projection is displayed in blue. The
accessed In a separate window that 1 isia| Particle Parameters are accessed withlriil
is opened with the Initial Particle ; . .
button in the Focusing Module  articlebutton in the Button Bar at the top of the Focusing
Window. Module Window.

Initial Particle Parameters are

Default Parameters are Provided
in the Initial Particle Window

5 Transvers}ijections of a Particle Trace

Initial Paniclel R\,rTrac:el Envelopel Clearl ml Toggle Slidersl . ‘
Space Charge can be Applied

A ||| | we g _ to the Ray Trace Calculation L
- -| B - - -| B - - - . B |-
e Dri 4 Quad Drift Drift Ouad Drift Drift W|th a Non‘zero Beam Current fuad
ab-1 an-2 DRF

BE&M  DRFT DRFT  DRFT DRFT Space Charge is Always Applied |[HFaD  FiaL
K | to the Envelope Calculation when 2
Beam Current is Non-Zero x - 0007834
¥- 0009918
F—'—_fd__ﬂ__ﬁ_ﬂ—'— ey N
I

EH Initial Particle Parametess

Horizontal and Vertical Projection ]

. A f a Single Particle Ray Tr,
L Parameters Yalue Units Limits \ of aSingle Particle Ray Trace
[ [~ Space Chargeanplied to particle e
% = Horizontal Location I.;.m o000 |m j -0.1000 0.1000 — 3”?3“?' P_roif_dion
— Verical Frojection
x' = Horizontal Angle ID.DDDDDD |rad j -0.0100 0.0100 — ” orlrt:IE :
- ertcal Envelope
y = Wertical Location ID.DDSDDD Im j -0.1000 01000 S
y' = Yertical Angle Ig_m 0oo0 Irad j -0.0100 0.0100 Length 0.9539 m
Height + |3? 5000 mm
7 Relative ta Ref. Trajectary ID.DDDDDD Im j -0.1000 0.1000 T
T Fractional Momentum Shift ID.DDDDDD |Fracﬁ0n(rad) ~]  -ooio 00010

Figure 27. Particle Ray Trace in the Focusing Module Window.

When the Space Charge check box has been checked in
Space Charge forces are included in  tN€ INitial Particle Window, linear space charge forces,
the ray calculations when the Space  d€termined by th&eam CurrentGlobal Parameter, are
Charge check box is selected in the  included in the equations used for the Ray Trace
Initial Particle Parameters Window  calculations. Space charge forces are always included in
and the Beam Current Global  the Envelope calculations if the Beam Current Global
Parameter is non-zero. Parameter is non-zero.
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A number of qualitative features of the transverse optical

properties for a beamline may be examined using tHfece Sliders move optical elements
focusing tools. Two types of Slider Controls are includetjck and forth along the beamiine.
in order to interactively study a beamline. Individaece Toggle Sliders button hides and
Slidersallow the user to move the position of the Opth@‘:OWS the Piece Sliders in the
elements along the beamline. Figure 28 shows these Pige&ing Module Window.
Sliders in the Focusing Window.

The Toggle Sliders Button will Hide
and Show the Piece Slider Controls

E Transverse Projections of a Particle Trace

Initizl PaniclelRayTracel EnvelopeICIearl Ptirt| Toggle Slidersl

e v vY vy vy w1 | | e

b - B |- - - B |- - - B |- - -| B |- - o B || b

Beam DOrift Quad Drift Drift Quad Drift Drift Quad Drift Drift Quad DOrift DOrift Quad inal

BEAM DRFT ab-1 DRFT CRFT ab-2 CRFT CRFT @b-3 DRFT DRFT ab-4 . .

N | (PleceShder Controls are Used to
Interactively Adjust the Positions

of Piecesin the Beamline

—
iy iy iy
. ] ] PIECE SLIDERS WILL CHANGE DRIFT
Transverse Phaze Space Elipses B?/és Section ﬁoer’iaz.ordal LENGTHS IN THE BEAMLINE MODEL!
spha )= | (It is Recomended that you backup your Model
Drag a Piece Slider with the Petab0= | File Before Adjusting Piece Sliders or use the
Mouse to Adjust Drift Lengths VZT,;EZI (- | Work Space to Store a Copy of the Beamline)
on Both Side of the Piece beta (y) = e
Plot Scales Length 0.9589 m
| horz mm Height £ IW mim
* wimrad) v, x wimm) YIImm) v, x(mm) wert itz

Figure 28. Using the Piece Slider Controls.

Using the Piece Sliders to adjust the locations of elements

causes a change in the lengths of the adjacent duff., aking pPiece  Slider
elements. This will result in a modification of the driftagjustments, either the Ray Trace or
lengths in the beamline model. An example of the use mifeiope button can be used to
the Piece Sliders would be to adjust the initial positiongdate the display on the scaled
of certain optical elements to achieve graphically (dpage of the beamiine model.
gualitatively) a particular feature of the envelopes, or of a

. d . It'Is recommended that the file be
particle trajectory such as that for a characteristic ray,

- . . ’ ved before making any Piece Slider
However, in order to avoid any inadvertent changes in tRgstments.

drift lengths contained in an important file, it is

recommended that the file be saved before making any

Piece Slider adjustments.
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The second type of Slider Control is teBevelope Slider
which is used to select the location in the beamline where
the phase space ellipses and beam cross section are
displayed. The Envelope Slider has additional control
The Envelope Slider is used to select  OUttONS located at each end of the slider. Figure 29
a location in the beamline model for  1dentifies these controls, which can be used to (1)
displaying the phase space ellipses — discretely step through the beamline (right control
and beam cross section. buttons), or (2) move continuously and automatically
through the beamline (left control button). When the
continuous play (left) button is selected, the Envelope
Slider control moves from left to right across the central
pane, while the lower pane provides an animated display
of the phase space ellipses and beam cross section,
corresponding to the Envelope Slider control location.

Using the Envelope Slider controls will
not result in any modifications to
beamline element parameters.

Use this Button to Stop
the Animated Play Back

Ellipses and Beam Cross Section

3 Use this Button to Animate the Phase
Backward through the Beamline

Ellipses and Beam Cross Section
Forward through the Beamline,
Similar to Playing a Movie

LUse this Button to Animate the Phase

Initial Paniclel RayTracel Envelopel %I EI Toggle Slidersl

\
I 3 - E g g i
= | |- Usethe Thumb Contr_ol Button ||—| |sgll—lI—l. 15z |.l—].1—I.| 52 |.| =5
a . to Show the Phase Elli pses and Orif4 fuad Drift Drifh fQuad Drif+ Drift Ouad Final
geam o Beam Cross Section at a Specific | pgrr o3 oRFT ORFT QD4 DRFT DRFT  HFGD  FNAL
Al Location in the Beamline ]
x - -0.007334
- 0.00951
T _ B | [~ == = T e ___
= _———"__F TTre
— ~::TT::t"_ i N [ R e ]
iy iy iy iy 3Z_
= 4 \Ll _PI I SI
A Tranzverse Phaze Space Elipzes Beram Cross Section Step: 281103 ﬂA—
Horizontal — Horizontal Projection
alpha(x) = -1.4193 —_ wertical Prajection{-= =« =1
beta (x) = 01564 mirad . Horizontal Envelopg
wertical _ - “ertical Envelope
alpharyl= 901068 SCALES
betaryl=  1.4002 mirad
Plct Scales Length 09589 m
horz +17 46852 mm Height * | 37.5000 mm
®mrad) ve. 2 y(mm) Y(mm) s, x(mm) vert 771121 mrad

The Transverse Twiss Parameters
are Displayed for Each Step
Through the Beamline

Use this Button to Step the Phase
Ellipses and Beam Cross Section
Backward One Frame at atime

Use this Button to Step the Phase
Ellipses and Beam Cross Section
Forward One Frame at atime

Figure 29. “Playing” the Envelopes Like a Movie.
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The Corrant-Snyder (Twiss) parameters corresponding to
the phase space ellipses are displayed for each step through
the beamline as illustrated in Figure 29. This data is als@&a

Hide Palette Bar

written to the*TwissParameters”disk file that can be i |

opened from the Tools sub-menu in the View Menu of the nee™
Document Window. The envelope and ray data is written_ms=se >

Taol Focusing Rays and Envelopes

to the“EnvelopesAndRaysdisk file, which is also opened Fom
from the Tools sub-menu. Writing these files can slow e |
down the ray and envelope calculations so preferen@esiing data files are accessed from
are provided to disable this feature. THueusing and the Tools sub-menu in the View
Bendingtab panel in th®BO Lab Preferencewindow /Menu of the Document Window.
has options to disable the writing these files. (Refer to the

PBO Lab PreferenceSection in this Chapter.)

The number of steps used for calculating the rays and

envelopes depends on tMaximum Step Siz&lobal

Parameter, which is the last parameter in the Globals tab

panel in the Document Window. The number of discreet

steps is derived from the overall beamline length and the step size used in the ray and
Maximum Step Size Global Parameter. The total NUMBR(e/pe caiculations is based on the
of steps and the current step are shown in the FoCusiagimum step Size Global Parameter
Module Window above the Twiss parameters display. Ifthe Globals tab panel in the
Figure 29 the Envelope Slider control has been placedPadument Window.

step 28 of 103 discrete steps for the entire beamline.

Below the display of Twiss parameters, the horizontal and

vertical plot scales are shown for the phase space ellipses

and beam cross section plots.

The overall beamline length is displayed in the lower right
corner of the Focusing Module Window along with a
scalable value for the Height of the beamline image. The
Height represents the distance from the center line in the
scaled image of the beamline model and can be changed
without recalculating the rays and envelopes.
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Bending Module

The Bendingcommand in the Tools Menu brings up a
window entitled Magnetic Mid-Plane Projections of a
Particle Trace. An example of the Bending Module
Window is shown in Figure 30 below.

The Iconic Representation of the Beamline
Model can be used to Open Piece Windows
and Edit Element Parameters

The Button Bar Provides Controls to Access Initial
Particle Parameters, to Control Ray Trace and
Envelope Plots and to Clear or Print Plot

E Magnetic Mid-Plane Projection of Particle Trace '

Initial Paniclel RayTracelEnvelopelM Zoom Outl ml ‘

b vy we we vy vy g
| m |- e |- meal- =al- - S |- . . -
Beam Drift duad Drift duad Drift duad Drift Quad Drift Drift Quad Drift e Drift

BEAM  DRFT  GQUaD  DRFT  aQUAD DRFT  QUAD  DRFT  QUAD  DRFT DRFT  aualD  DRFT BEMD  DCRFT

i 2
Entrance Edge | —| |—
G T
Bend Angle
€l

Exit Eclge

G,

Bend and Edge Angle Controls
(Select aBend in the | conic Representation and

| use the Controls to Interactively Adjust Bend

and Edge Angles for the Selected Piece)

Scaled Image of the Beamline Model
Showing Bend Angles from a Top View

LEGERD

— Central Trajectory
— Parlicle Trajectory

— Envelope

Figure 30. Bending Module Window.

The example illustrated in Figure 30 shows the magnetic
mid-plane projection for both the reference trajectory and
the single particle ray. The reference trajectory and the
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single particle ray are drawn with tRayTracebutton.
The magnetic mid-plane projection of the beam envelope RayTrace button shows the

is drawn using th&nvelopebutton. magnetic mid-plane projection for
both the reference trajectory and

. Gy e g . ingle particle ray. The magnetic mid-
The Bending Module uses a built-in first-order optics coie;ane projection of the beam

to graphically illustrate the qualitative optical features of @velope is drawn using the Envelope
beamline. The trajectories module is not intended to betason.
accurate as the Application Modules available in PBO Lab.

The layout of the Bending Module Window is similar to

that of the Focusing Module Window. The principle

difference is in the central pane of the window, where an

image of the magnetic mid-plane for the beamline is

drawn. All bends are viewed perpendicular to the plane

of the bend in this type of plot. The reference trajectory

lies in the magnetic mid-plane. The bending tool traces

out this reference (or central) orbit through the beamline.

The projection of any other single trajectory specified by

the Initial Particle Parameters Window is also traced. The

Initial Particle Parameters Window is accessed from the

Button Bar at the top of the Bending Module Window.

The Bend Control panel located on the left side of the

central pane in the Bending Module Window is used to

adjust the bend and edge angles in any of the bendings..,; conors iocated on the feft
magnets. Changes made with these controls Will B&: of the central pane, can be used
reflected in the beamline on the Model Space. Bend afddjust the reference trajectory
edge angles are modified with the Dial controls aftefflection angle for a selected Bend
selecting a Bend Piece in the iconic representation of tfse. /t is recommended that you
model displayed at the top of the window. The beamlirjge your work prior to making any
image in the central pane will be redrawn reflecting tH&!s™mens with the bial Controls.
new angle.

As illustrated in Figure 31, the Bending Module Window
also supports a Zoom feature. To Zoom-In on a specific
area, use the mouse to drag a rectangle around the region
you wish to enlarge (holding down the mouse button while
dragging). When the mouse button is released, the image
will be redrawn, enlarged to the size of the central pane.
The Zoom-Out button restores the previous image.
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B Magnetic Mid-Plane Projection of Particle Trace

Initial Padic\el RayTracelEnveIDpslﬁl PR ml

] g
-| B |- - BAEY IS -
Dritt Quad Drift Drift Quad Dritt s

BEND DRFT  QUAD

— | P g ]
- - B |- - - B |- - -| Bl
Dritt Quad Drift Drift Quad Dritt e Drift Quad

DRFT DRFT  QUAD  DRFT BEND DRFT  QUAD  DRFT DRFT  QUAD  DRFT BEND DRFT  QUAD

Kl |
Entrance Edae ‘
Use the Mouse to Drag a Zoom Box
Banclngle L*w Around the Region to be Enlarged
Exit Edoe: [V

Adjust Bend and Edge Angles
for a Selected Bend Piece

Dia Controls Dynamically

2 Magnetic Mid-Plane Projection of Particle Trace

Inial Particle| RayTrace| Enveiops/ Clear| Zoom out| P

v g v g
| ma |- - | ma |- | ma |- - | ma
Drift Quad Iri f4 Drift Quad Drift Drift Quad Drift Drift Quad

BEND DRFT auaD DRFT CRFT QuUaDb  DRFT BEND DRFT @laD DRFT CRFT auAD
4 |

Entrance Edge

LA
HEY N
Drift en Drift Quad

DRFT BEND DRFT  aQUAD

Il

Bend Angle

Ezit Edye

€

LEGEMD

— Central Trajectory
— Particle Trajectory

— Envelope

Figure 31. Zoom-In Feature of the Bending Module Window.

The Bending Module Window may be resized by dragging
the lower right corner of window. The central pane of the
window will be constrained to a square in order to maintain
the proper perspective for the scaled image.
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A subset of the all the availible PBO Lab optical elements  Pieces Utilized in the
are supported in the Focusing and Bending Modules. THecusing and Beding Modules

list to the right summarizes which Pieces are, and are not, Bea,’f”

supported by the trajectories tools. Models containing 5[5;2

those Pieces that are not supported can result in Solenoid

unpredictable displays and should be removed from the S-Bend

beamline on the Model Space prior to using the Focusing R-Bend

and Bending Modules. In addition, not all supported Pieces Bend

have been fully tested for numerical accuracy in the Edge

trajectories tools for this release of PBO Lab, and so Té””lfe’.”j

caution is urged. Future releases of PBO Lab will o Con

incorporate full support for additional PBO Lab Pieces Matrix

on the Palette Bar. Of course, certain Pieces, such as the Rotate

Marker and Final, do not impact the calculation of single

particle trajectories or envelopes. Pieces Not Utilized in the
Focusing and Beding Modules

This Section completes the discussion of using the PBO RMj/fiam

Lab focusing and bending analysis tools. The analysis K,Cie,

tools do not use any of the Application Modules, and are Sextupole

not required to set up or run any of the PBO Lab Octupole

Application Modules. The following Section describes Plasma Lens

the PBO Lab Plot Tool, which can be used to plot data A‘;;%‘;ﬂ”

generated with the Focusing Module.

Pieces Not Impacting in the
Focusing and Beding Modules
Marker
Final

63



The Plot Tool allows data generated
from the Focusing Module or from
external data files to be displayed in
interactive Plot Windows. None of
the PBO Lab Application Modules are
required to use the PBO Lab Plot Tool.

PBO Lab 2.0 User Manual

Plot Tool

The Particle Beam Optics Laboratory supports a Plot Tool
which is accessed from the Tools Menu as illustrated in
Figure 32. The Plot Tool is not dependent on any of the
Application Modules available in PBO Lab.

Focussing |
EBending

C Plot Tool Sub-Menu M Focusing Rays and Envelopes

Data Interchange ¥ Focusing Twiss Parameters

PEO-Lab Preferences |
Figure 32. Plot Tool Sub-Menu.

The Plot Tool allows data generated from the Focusing
Module to be displayed in interactive Plot Windows. The
Plot Windows provide a variety of features including
support for loading external data files for plotting. Figure
33 illustrates the Plot Window for the Twiss Parameters
data that is generated with the Focusing Module.

E Plot Window M= E3
Prirt CDpyI Hide Symbols I e T SE(SCSIEI Load LISErDElSI Hide/Show UserData Sy’mbﬂlsl
[0.n28825 T T T
 Zhift-Click for Position
®
¥
omzo - Penidth |1 |
LEGEND j
—
0.0052 xray we. Lencgth
wray v, Lendgth
_0.0067 xbeam vs. Length
vbeam vs. Length
[ooieass G L L L ~|
0.000000 02397 04735 07192 IU.EISBEIZD
Foousing Rays & Envelopes

Figure 33. Plot Tool Window for Focusing Ray and Envelope Data.

The Plot Window shown in Figure 33 has been resized
horizontally and the plot scales have been set to run from
zero to the physical length of the beamline calculated by
the Focusing Module.
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Graph Plot Windows

Once a graph has been generated, the Graph Plot Window
may be left open and additional plot specifications can be
selected. New Graph Windows will be opened with
subsequent runs so an unlimited number of Graph Plot
Windows may be created and left open for simultaneous
viewing. The Graph Plot Windows may be resized from
thumb-nail size to full-screen. Figure 34 shows some
example Graph Plot Windows for data generated with the
different Application Modules available in PBO Lab.

(XC), Horizontal Beam Centroid Angle (XPC), Vertical Beam
Centroid Position (YC), Vertical Beam Centroid Angle (YPC)

This Graph Plot shows the Horizontal Beam Centroid Position
ﬂﬂ plotted as a function of Accumulated Beam Line Length

BaBeam & Centroids vs. Accumulative Length

This Graph Plot shows the Accelerator Functions & y
(ALPHAY), By (BETAY), O, (ALPHAX)and B,
(BETAX) plotted as a function of the Accumulated

Beam Line Length

qi

These two Graph Plot Windows are /{£ AN 1 o 73
Examples of Final Phase Space Ellipse %D oo - [ e El
Plots (XPvs. X and YPvs. Y) | = wtju S

ssssssssssssssssss

This Graph Plot shows the Horizontal Beam Half
Width (XBEAM), Horizontal Beam Half Angle
(XPBEAM), Vertical Beam Half Width (YBEAM)
and Vertical Beam Half Angle (YPBEAM) plotted as
afunction of Accumulated Beam Line Length

Figure 34. PBO Lab Graph Plot Windows.
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The Button Bar at the top of Graph
Plot window provides controls for
printing and copying the graph.

The coordinates for any data point
can be shown by clicking on the
symbol for the desired point while
holding down the shift key.

Graph scales are automatically
calculated to fit the data set.
However, using the Set Scale button,
scales may be modified directly in the
Graph Plot Window.

Any region of the graph can be
enlarged (Zoomed In) by holding
down the mouse button while
making a drag box for the desired
zoom region.

PBO Lab 2.0 User Manual

Several interactive features are available to the user in the
PBO Lab Graph Plot Windows. A Button Bar at the top
of the window provides options for printing the graph and
for copying the graph to the system clipboard.

Each plot variable is drawn in a different color, and is
identified in the Legend. Clicking on a plot variable in
the Legend will hide or show that data in the Graph Plot
Window. Above the Legend isRen Widthpop-up with
selections that range from one to five. The default is one
and for most graphs this is the preferred pen width.

Symbols for specific data points can be displayed by
pressing th&show Symbolbutton. The coordinates of
any plotted point can then be displayed by clicking on the
symbol for that point while holding the shift key down.

Graph scales are automatically calculated to fit the data
set. However, using ti&et Scaléutton, the vertical and
horizontal scales of the graph may be directly modified.
The Set Scale button activates the min and max plot scales
on the plot axes. Simply type in the desired value and
press the Enter key. You can also use the mouse to quickly
zoom in on a specific region of the graph.

Any region of a graph can be enlarged (Zoomed-In) by
making a drag box with the mouse. Move the mouse to
the upper left corner of the region to be zoomed, and hold
down the left mouse button while dragging to the lower
right corner of the desired zoom region. A drag box will
be displayed during this action. When the mouse button
is released, the graph will be redrawn so that the region
enclosed by the drag box occupies the entire plotting area.
Figure 35 on the following page illustrates this feature.
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Figure 35 illustrates a Zoom-In region that has been

created by using the mouse (with button held down) to

make a drag box around the desired zoom region. The
window at the bottom of Figure 35 shows the zoomed

graph after releasing the mouse button. An unlimited

number of zooms are available for any region of the graph,
providing an increasingly detailed display of the plot data,

by using multiple applications of the Zoom feature. The

Zoom-Oubutton is used to return the graph to the previous
zoom level.

O] x|

5 Matrix Elements vs. Accumulative Length

M Copy | Showe Symbolsl Howan s Se{ScaIel

[ Usethe Mouse to Make

|4BD.DDDDDD
' ' ' ‘ a Drag Box for the
Desired Zoom Region

230.0000
Pen Wicth |1 - l

e mﬂ/M el [

0.0000
e
V// 512 ws. Length
B
-230.0000 - 534 v=. Length

556 vz, Length

|

I -450.000000 1 1 1 LI
ID.DDDDDD 138.7500 277 5000 AENES00 ISSS.DDUDDD

E M atrix Elements vs. Accumulative Length

Print| Copy | Hide Symbols Of Zoom out| Seteals |

14
[70.000000 -

50000

The Zoomed Graph
After Releasing the —‘

yid

Mouse Button

Pern Witk
The Zoom Out Button —_—
canbeusedtoUndoan | ¢ LEGEND :I
Unlimited Number of :
512 vs. Length

Zoom In Operations

-85.0000 =34 va. Length

%56 v=. Length

|-1 70.000000 1 Ll 1 LI
I 250000000 2875000 F23.0000 3625000 I 400.000000

Accumulated Beam Line Length (m)

Figure 35. Example illustrating drag box Zoom-In feature.
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User specified plot data can easily be
incorporated into PBO Lab Graph Plot
Windows for line plots as a function
of beamline length.

Refer to the Plot Specification Section
of the TRANSPORT Application
Module Supplement.

Refer to the Plot Specification Section
of the MARYLIE Application Module
Supplement.

Any of the Length plot data files
generated by the different PBO Lab
Application Modules or by the PBO
Lab Focusing Module can be loaded
directly into PBO Lab Graph Plots
Windows.
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Loading User Data into
Graph Plot Windows

PBO Lab Graph Plot Windows include support for loading
user specified plot data files. This allows plot data to be
loaded directly into Graph Plot Windows that are created
for line plots as a function of beamline length. This feature
can be used for a variety of purposes including loading
external data such as control system diagnostics into Graph
Plot Windows for comparison with simulation results from
the different PBO Lab Application Modules (e.g.
TRANSPORT, MARYLIE, etc.). The Load User Data
option can also be used to accumulate the plot results from
multiple runs of an Application Module or to compare
results from different Application Modules in a single
Graph Plot Window. Plot data generated with the PBO
Lab Focusing Module can also be combined with Graph
Plots produced with the different Application Modules.

The Load User Data feature is available in any Graph Plot
Window created from the Tools-Plot sub-menu, as well
as any Graph Plot Window generated from a
TRANSPORT Plot Specification for Matrix Elements vs.
Length, and Envelopes, Centroids and Lattice Functions
vs. Length. User plot data may also be added to Graph
Plot windows generated from MARYLIE Plot
Specifications for Lattice Functions, Lattice Properties,
Anharmonic Lattice Parameters and Envelopes as a
function of beamline length.

User specified plot data is incorporated into Graph Plot
Windows using théoad User Databutton in the Button

Bar at the top of the Graph Plot Window. A standard
open file dialog is then used to select a plot data file. Any
of the Length plot data files generated by the different
PBO Lab Application Modules or by the PBO Lab
Focusing Module can be loaded directly. External data
sources can created and loaded by using the standard
format described next.
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The format for external (user supplied) plot data files is

identical to the format of the Length plot data files

generated by the various PBO Lab Application Modul o
and the Twiss Parameter data file generated with the P?QZZ,”?S 2;: Si,gf ’;’,f)‘;’a;jtf,”if,e’j
Lab Focusing Module. The View menu provideSgenerated by the various PBO Lab
commands for opening and editing these plot files inAapiication Modules.

text window.

The header at the top of the file must contain the keyword
“Length” as the first column heading, followed by any
number of user defined column headings for each column
of user specified plot data. Each column of plot data will
be used to plot a line as a function of the lengths in the
first column. Figure 36 illustrates an example of a user
supplied data file.

LENGTH S12 S34
030 145.0 -397.0

031 1200 -370.0 The first column of the Plot Data file

032 1490 -399.0 is for length data and must have the
033 160.0 -410.0 “Length” heading. Any number of
047 -1020 2320 columns may follow with any user
048 -1190 2520 specified column heading. Each of
049 -133.0 267.0 .
050 -1220 2570 these columns are used to plot lines
066 1220 -145.0 as a function of the lengths in the
0.67 96.0 -119.0 first column.

0.68 125.0 -148.0
0.69 136.0 -159.0
0.85 -1420 5540
0.86 -156.0 527.0
0.87 -1450 552.0
0.88 -116.0 567.0

Figure 36. User supplied plot data file.

A row of data represents a point along the cumulative

beamline length. The length (taken from column one) is

used as the horizontal coordinate and the data from each

column in a row represents the vertical coordinate of thg:re is no limit on the the number
points that will be plotted with a solid colored symbol irf rows and columns in a User Data
the Graph Plot Window. There is no limit on the numbée:

of rows. The number of columns (excluding the length

column) represents the number of lines that will be plotted.

There is no limit on the number of columns. However,

the first column must be length data.
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Symbols can be connected with lines
by clicking on the legend string for
that data set in the Legend of the
Graph Plot Window.

The Graph Plot window is automatically
generated after running TRANSPORT
with a User Defined Plot Specification
for Matrix Elements vs. Length in
Example B-Modified.pbol

PBO Lab 2.0 User Manual

By default the user data files loaded into a Graph Plot
Window are initially drawn with symbols only, as
illustrated in Figure 37. Data points from each column
can be connected with lines by clicking on the legend
string for that data set in the Legend of the Graph Plot
Window. Colors are assigned starting with red, then blue,
green and black, based on the column order in the plot
data file. This sequence repeats for additional columns.

I

LENGTH S12 S34
0.30 1450 -397.0

Show and Hide the
Symbols for User Loaded
data independent from the

origina Graph Plot data

/_031_’1.20.0_420.0\
0.32 149.0 -399.0

0.47 -102.0 2320

048 -119.0 252.0

049 -133.0 267.0
050 -1220 2570
0.66 1220 -1450
0.67 9.0 -119.0
0.68 1250 -148.0

0.69 136.0 159.0
Xx=0.32, y= 1490 m (S12) 08 1560 570 Shift-Click on a Symbol to
Xx=0.32, y=-3990 m (S34) 0 110 aro Display its coordinates

g Matrix Elements vs. Accumulative Length

Printl Copy| Hide Symbols |Zoom OutI Sets) alel Loacd UserDatal HidgrShowy UserData Symbols

I 500.000000 T

431 2300

G2 5000

-306 2300

Shift-Click for Position
S

i

PenWicth |1 - l

LEGEND j
[,

512 ws. Length

534 vs. Length

Connect Symbols with lines by N e
clicking on the string in the Legend
534 ws. Length

1 1 LI

I -675.000000 1
I -0.010000 02337 04775 07212 I 0865000

Accumulated Beam Line Lencth (m)

Figure 37. Loading User Defined Plot Data in PBO Lab Graph Plot Windows.

Symbols for user loaded data are
always solid squares. Use the Hide/
Show User Data Symbols button to
toggle the display for these symbols

The symbols for user loaded data points are always drawn
with solid squares. These can be hidden withHioke/
Show User Data Symbdbsitton in the Button Bar of the
Graph Plot Window, independent of the original plot data
symbols. There is no limit on the number of plot data
files that can be loaded into a Graph Plot Window.
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Figure 38 illustrates an example of the Load User Data

option using the “Example B-modified.pbol” model filerne user piot Data option can be
distributed with PBO Lab. The Plot Specification has beeged to accumulate plot data for
changed to show two of the fitting constraint variablesmparison of multiple runs.
(S12 and S34 Sigma matrix elements) as a function of the

_cumulative beamline length. The Load User Data opti%re]fertO the Transport Plot Specifcation
is used to compare the plot results before and after fittig, . .0 7ransporT Application
in the same Graph Plot Window. The Graph Plot WindoW, e supplement

from the first TRANSPORT run (without fitting) is used

to Load the "TransportPlot" data file generated in the

second TRANSPORT run (with Fitting).

After Running TRANSPORT N After Running TRANSPORT
) M r the first time without Fitting o R — with Fitting
| § I
m Copy| Hide Symkbols | Zoom Outl SetScel Load UserData) HidedShow UserData Symbolsl
The Graph Plot window from the first T T T — Shift-Click for Position ——
TRANSPORT run (without fitting) is used to ®
Load the "TransportPlot" data file generated ¥
in the second TRANSPORT run (with Fitting) J renwan 1 <]
LEGEND 1=
75 0000 E =12 ws. Length [
534 vs. Length
512 v=. Length
-287 5000 -
534 vs. Length
[-650.000000 , i L , ~|

-0.01 0000 0.2425 0.4950 0.7475 1000000

Accumulsted Beam Line Length (m)

Figure 38. Accumulation of Plot Data for Multiple Runs (before and after Fitting).
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Plot data generated with the PBO Lab Focusing Module
can also be combined with beamline length plots produced
with the different Application Modules. Figure 39
illustrates an example using “Example B-modified.pbol”

Refer to the Focusing Modules  with the Plot Specification changed to show the AlphaX,

section in this Chapter Alphay, BetaX and BetaY Beam Twiss Parameters. The
“TwissParameters” data file produced with the PBO Lab
Focusing Module is then loaded in to the Graph Plot
Window after running TRANSPORT.

The "TransportPlot" datafile is used to

automatically generate the User Defined The Specified TRANSPORT Plot is automatically
TRANSPORT Pl_ot Specification following generated for ALPHAX, ALPHAY, BETAX and
the execttion of TRANSPORT. BETAY as afunction of the beamline length. —
LENGTH ALPHAX ALPHAY BETAX BETAY Each p0| nt is one gep (el ement by eIement)
0.00000 3.11399 -2.62021 0.75360 0.57890 - .
017300 0.65834 -4.97074 0.10098 189214 along the cummulative length of the beamline.

0.26900 -1.63084 9.36867 0.17467 1.28986
0.30875 -2.46368 6.63293 0.33742 0.65379
0.34850 -3.29652 3.89721 0.56639 0.23522
0.44450  2.43303 -1.90052 0.68465 0.08393
0.48724  2.00106 -4.24902 0.49513 0.34676
052998 156909 -6.59751 0.34254 0.81034 -
0.62598 -1.58558 2.72163 0.34379 1.34114 2000 L - " it potn
0.67172 -2.05310 2.43490 0.51023 1.10528 x

0.71746 -2.52064 2.14817 0.71943 0.89565
0.81346 3.47456 -7.22131 0.58879 1.28003
0.86219 239264 -9.24461 0.30288 2.08242 oo
0.91092  1.31071 -11.26784 0.12242 3.08198
0.95892 0.06436  3.17925 0.06070 3.50011

¥
Penvidn |1 7]

LEGEND.

/| acprncvs Lenath

PHAY v, Lengih \
ALPHAY vs. Lengt 4

00000

50000

The solid square symbols show

the User Data loaded from the v
. . E ]
TwissParameters data file. o T e oo

1

The "TwissParameters' Data File is generated

2 A step size of 0.01 meters (103 steps) was used
to gather more data points along the length of

from the PBO Lab Focusing Tool: the beamline in the TwissParameters data file.
Length AlphaX AlphaY BetaX BetaY
0.000000e+000 3.114000e+000 -2.620200e+000 7.536000e-001 5.789000e-001 3 Transverse Projections of a Particle Trace [ 1o[x]
1.000000e-002 2.972055e+000 -2.756069e+000 6.927395e-001 6.326627e-001 Intiel Particte| RayTrace| Envelape| Clear| Prirt| Taggle Siders| ‘

2.000000e-002 2.830109e+000 -2.891938e+000 6.347178e-001 6.891428e-001
3.000000e-002 2.688164e+000 -3.027807e+000 5.795351e-001 7.483402e-001
4.000000e-002 2.546219e+000 -3.163675e+000 5.271912e-001 8.102550e-001 il

5.000000e-002 2.404274e+000 -3.299544e+000 4.776863e-001 8.748872e-001 BEAM DRFT QDA  DRFT DRFT QD2 DRFT  DRFT QD3 DORFT DRFT QD4 DRFT  DRFT  HFGD
6.000000e-002 2.262328e+000 -3.435413e+000 4.310203e-001 9.422368e-001 a | D
7.000000e-002 2.120383e+000 -3.571282e+000 3.871932e-001 1.012304e+000
8.000000e-002 1.978438e+000 -3.707151e+000 3.462050e-001 1.085088e+000
9.000000e-002  1.836493e+000 -3.843020e+000 3.080557e-001 1.160590e+000
1.000000e-001  1.694547e+000 -3.978889e+000 2.727453e-001 1.238809e+000
1.100000e-001  1.552602e+000 -4.114757e+000 2.402738e-001 1.319745e+000
1.200000e-001  1.410657e+000 -4.250626e+000 2.106412e-001  1.403399e+000
1.300000e-001  1.268711e+000 -4.386495e+000 1.838475e-001 1.489770e+000

0007894
-0009918

B
e 1091103
9.209200e-001  9.984910e-001 -8.665198e+000 9.939680e-002  3.281914e+000 e oot
9.309200e-001  7.230047-001 -5.745665e+000 8.223428e-002  3.426465e+000 [ beeco= o067 mra
9.409200e-001  4.741225e-001 -2.615999e+000 7.029947e-002  3.510338e+000 hicod NN
9.509200e-001 2.426863e-001  6.093390e-001 6.315322e-002  3.530466€+000 N\ bela)= 35001 mbad =B
9.589200e-001  6.436229e-002  3.179234e+000 6.070162e-002 3.500098e+000 FtScdes ondh 05589 m
P sty s ol EE

Figure 39. PBO Lab focusing data loaded into a Graph Plot Window.
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Data Interchange Tool

The Particle Beam Optics Laboratory supports an ASCII

file-based data interchange for beamline element

parameters. Element parameters for Pieces in thg,cs parameters for pieces in the
beamline may be selected as Import Variables in tB&miine model may be loaded from
Special Parameter Settings Windows. These parametersernal data file using the Data
can then be loaded from an external data file or written/t¢erchange Tool.

a data file from PBO Lab. Selected parameters are

imported into PBO Lab or exported from PBO Lab using

the commands in the Data Interchange sub-menu of the

Tools menu.

Focussing
Bending
Flot 3

Data Interchange Import ASCI File
- Export ASCIIFile
Export ASCIT and Yiew
Show Impart Yariables

The Data Interchange sub-menu is
accessed from the Tool menu in the
Document Window.

PECQ-Lab Preferences

Figure 40. Data Interchange Sub-Menu.

There are three commands in the Data Interchange sub-
menu, as illustrated in Figure 40nport ASCII File
Export ASCII FileandExport ASCII and ViewThe first
command is used to import parameters into the PBO Lab
beamline model from an external text file. The second
command is used to Export selected parameters to a text
file. The third command is equivalent to the Export ASCII
File command, in that it generates an export file for
selected parameters, but it also opens the file in a Text
Editor Window.

Import parameters are selected in Special Parameter Settings

Windows (S-Windows). Figure 41 illustrates selecting a

Quadrupole Magnetic Field Gradient parameter as @port parameters are selected in
interchange variable in the TRANSPORT tab panel of tligecial Parameter Settings Windows
S-Window. S-Windows have application-specific tab panefsWindows) — accessed  with
for installed Application Modules that are described in thgrameter S-Buttons in the Piece
individual Application Module Supplements. A parametef/"@"

that has been selected as an Import Parameter can not be

defined as a Fitting Variable or Algebraic Expression for

TRANSPORT. Similar constraints are imposed for

selecting interchange variables in other application-specific

tab panels in Parameter S-Windows.
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EH Quadrupole
Elemert I Fringie Field ] Geometry I Location I
Quadrupole Strength IFieId Graclient j
Parameters Value Units Limits
ﬂEffective Length Igmmgg |m j 0.0100 01295 @
z,jMagnetic Field at Pole Tip I 3000000 |kG
Ej.&per‘ture Radius Ig_m 0000 Im j QUAD - Magnetic-Field Gradient
T ﬂMagnetiC-Field Gradient |3.nooooo flaicm | ’7 Parameter Yariable: [TRAN MPORTY

;_;;;Quadrupole Coefficient K1 IW 12

ﬂ Ratation (Roll) &ngle

;_;}Thin Lens Focal Length

|0.000000

IDegrees

Transport I Marylie l Trace3D I Optirnizer I

ID.088511

LefLed

fim

" Magnetic-Field Gradient = 300000000 kGin

Comments: ' Fitting Variakle: [TRARN MPORTA

IQUAD

= Algebraic Expression: | ITRAN_IMPOR'j

— % Impart Parameter

Parameter "S" buttons open Special
Parameter Settings Windows for
Application Specific Parameter Options
or for Selecting a Parameter as an
Import/Export Variable

N

Figure 41. Selecting a Parameter as an Interchange Variable.

Import Parameters are application-specific and therefore
PBO Lab requires an Application Module to be installed
in order to select Import Parameters in the beamline.
Figure 42 shows an S-Window with no Application
Modules installed.

E Special Parameter Settings - Aperture Radius

Qual - Aperture Radius

Parameter “ariahle: |

PBO Lab requires an Application
Module to be installed in order to
select Import Parameters in the

Specia/ Parameter Settings Windows. Mo Special Seftings Supported For This Parameter

Figure 42. Special Parameter Settings Window with no
Application Modules installed.
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Once Import Variables have been selected in the beamline
model, the Export ASCII and View command can be used
to create an external data file containing those parameters.
The data file will be automatically opened in a Text Editor
Window as illustrated in Figure 43.

Use the File Menu in the Text Editor Window The Header for the Data Fileis
to Save any changes or Rename the Data File the First Line of the File
ﬁ export data M=l
File Edit FEont ’
VARNAME VALUE UNIT L=
[Transport] (Sub—Headers will be Included for each
“TRAN_IMPORTI"  -2.393387¢+000 "kGfem" L of the Installed Application Modules

"TRAN_IMPORTZ" 3.591094e+000 "kGfcm"
"TRAN_IMPORT3"  -3.459669e+000 "kG/cm"
"TRAN_IMPORTZ4" 2.633654e+000 "kGlcm"
"TRAN_IMPORTS"  -2.650000e+000 “kGfcm"

The Import Variable Name, Vaue and
Units are listed Separatly Under each
Application Module Sub-Header

‘ LA

Figure 43. Generating an External Data File for Import Parameters.

The syntax for importing external data is identical to the

export file syntax shown in Figure 43. It may be

convenient to use the Export ASCII and View command

to generate an export data file and then use that file as a _

templet for your import data file. This insures that th’é(may be convenient to use the
. . . . port ASCIl and View command to

data file will correspond with the selected Import Variableg e ate an export data file and then

in the beamline model. Each entry in the Import file mugie that file as a templet for your

have a Variable Name that matches the names assignegiot data file.

the Import Parameter selections in the beamline model.

The Variable Name is followed by the numerical Parameter

Value in the units shown in the Export file templet.

However the quoted units strings are not required in an

Import file. Import Parameters are matched by name jihort parameters are matched by

PBO Lab so that the order they appear in the Import filene so their order is not important.

IS not important. Entries in the Import file that do notowever, entries that do not have

have corresponding Variable Names in the beamline mogtesponding Variable Names in the

will be ignored. The File Menu in the text editor windov{ea™/ine model wil be ignored.

can be used to save any changes or to rename the file.

The Edit Menu supports the standard cut, copy and paste

commands. The Font Menu can be used to change the

font in the Text Editor Window.
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Double clicking an entry in the Import
Variable List Window will open the
associated Piece Window for that
Parameter.

Focussing
Bending
Flat 3

Data Interchange 4 Import ASCII File
- Export ASCIIFile
Export ASCIT and Yiew
Show Impork Yariables

PEC-Lab Preferences
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Import Variable List Window

PBO Lab provides a List Window that organizes all of
the user specified Import Variables for the entire beamline
model. The Import Variable List Window is accessed from
the Data Interchange sub-menu in the Tools Menu as
illustrated in Figure 44. The List Window shows the Piece
Label, Parameter Name, Parameter Variable Name,
Parameter Value and Units for each Import Variable
selected in the beamline model. Double clicking an entry
in the List Window will open the associated Piece Window
containing that Import Variable.

the Associated Piece Window

[Double Click an Entry to Open}

HH Im}:rt Yariables
Label | Parameter Mame | Parameter Variahle | Iimfaart | Yalue | Unt |+
&D-1 Magnetic-Field Gradiert TRAN_MPORT! | | -2.393357 | kGicm

Magnetic-Field Gradient TRAK_IMPORT3 -3.459663| kGicm |
HFaD Magnetic-Field Gradient TRAK_IMPORTS -2650000| kGicm |

Figure 44. All Import Variables can be accessed from a List Window.
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PBO Lab User Preferences

The Particle Beam Optics Laboratory has a Preferences
Window which is accessed from tRBO Lab Preferences
menu command in the Tools Menu of the Document
Window.

Focussing

Bending PBO Lab Preferences are accessed
Blat b from the Tools Menu of the
Data Interchange 3 .

Document Window.

PBO-Lab Preferences

Figure 45. PBO Lab Preferences Menu Command.

There are three tab panels in the PBO Lab Preferences
Window as illustrated in Figure 46. TMain tab panel
contains general PBO Lab preferences. Simeulations

tab panel has Application Module preferences and the
Focusing & Bendindgab panel contains preferences for
the PBO Lab Focusing and Bending Modules.

e N
General PBO Lab Preferences are ‘
found in the Main Tab Panel

B8 PBO-Lab Preferences
hdazin ] Simulations ] Focusing & Bending ]
Application Type Text Window Fort
* Single Model PBO-Lak Current Fort:

 Muttiple Model PEO-Lak

Preferences for Application Modules

‘ are in the Simulations Tab Panel
A\

~

Preferences for the Trajectories Modules
are in the Focusing & Bending Tab Panel

|

Figure 46. PBO Lab Preferences Window.

The Main tab panel of the PBO Lab Preferences Window
has selections for Application Type and Text Window Font.
The Application Type preference is a special feature for
PBO Lab that supports the definition of beamline models
that can reference elements (using Alias Pieces) between
multiple Document Windows. The default for
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Refer to the Section on Aliases in the
PBO Lab Interface Chapter.

Multiple Document Mode allows
beamline elements to be Aliased
between Document Windows in the
same beamline problem.

The Multiple Document Mode and
Problem Setup Window are only
required in special cases where
beamline elements need to be
Aliased between Document
Windows.

PBO Lab 2.0 User Manual

the Application Type preference is Single Model (Single
Document Mode), which is the normal configuration for
the PBO Lab user interface. The Multiple Model
Application Type (Multiple Document Mode) modifies
the user interface so that a persistent link can be maintained
between multiple Document Windows. The user interface
for Document Windows is the same in both configurations.
However, there is a special Problem Setup user interface,
shown in Figure 47, that is used in the Multiple Document
Mode.

g PBO-Lab - Beamline Problem.pbol
File Wiew Tools

] x(0]adB) |

Beamline Section 1 d

Beamline Section 2

ISE B3

Beamling Section 3
Beamling Section ¢

The Multiple Document Mode allows multiple
Beamline Model Documents to be Encapsul ated
in a Single PBO Lab Beamline Problem

Figure 47. Multiple Document Mode
Problem Setup Window .

With the Multiple Document Mode configuration,
multiple Documents are created and linked together in
the Problem Setup Window. The most significant feature
of the Multiple Document Mode is that beamline elements
can be Aliased between Document Windows in the same
beamline problem. The Multiple Document Mode and
Problem Setup Window are only required in special cases
where beamline elements need to be Aliased between
Document Windows. Using the Problem Setup Window
is described in a special Supplement to the PBO Lab User
Manual that is available by request from AccelSoft.

The standard PBO Lab configuration (Single Document

Mode) does not permit Aliases of beamline elements to
be created between Documents. An Alert, such as that
shown in Figure 48, results when trying to Copy an Alias

Piece to another Document Window.
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& Cannot copy Aliss to Cliphoard

Figure 48. Cannot Copy Alias Alert.

In addition to the Application Type Preference, the Main

tab panel of the PBO Lab Preferences Window also has a

user preference for changing the font that will be used in

PBO Lab text editor windows. Th@&hoose Fonbutton he Text Window Font Preference is
opens a standard font selection window as illustrated jﬁdgtﬁaﬁf d?‘f/sf"”“” FBO Lab
Figure 49. The font selection and size is applied to all of

the PBO Lab text windows, including those opened

automatically for displaying computational results of

Application Modules and Text Windows opened using the

various View Menu commands in the Document Window.

PBO-Lab Preferences
hdain ] Simulations I Focusing & Bending ]
o — g . R
Appliction Typs Text Window Font The Font used for PBO Lab Text Editor
O S N FEeLEl current Fort Windows can be changed with the
" Mutiple Model PEO-Lab Q‘J‘DGSE e | S5 Choose Font Button in the Main Tab

Panel of the Preferences Window

Font: Font style:
Regular

" Baokman Old Style
P Comic Sans MS
Courier

T Courier New ﬂ
Effects Sample
[ Stikeout
B E YT
[ Underline FEEIEE
Script
Westem ¥

Figure 49. Selecting the Font for Text Editor Windows.
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The Simulations tab panel is used for
application-specific user preferences.

PBO Lab can generate native input
for both TRANSPORT versions 1.0
and 1.5.

The Focusing & Bending tab panel
has user preferences for the PBO Lab
Focusing Module and the Bending
Module.

PBO Lab 2.0 User Manual

The Simulations tab panel in the PBO Lab Preferences
Window, shown in Figure 50, is for application-specific
user preferences. There is a Transport preference that has
been included here for generating the native TRANSPORT
input for either version 1.0 or for the new version 1.5
TRANSPORT application. Previous versions of PBO Lab
have used the 1.0 version of TRANSPORT, which has
since been replaced with the 1.5 version of the application.
This user preference is included for those users who wish
to continue using the older version of the
TRANSPORT application that was shipped with previous
versions of PBO Lab. The default for this preference is
for the newer TRANSPORT 1.5 version, which is
currently being distributed as part of the
TRANSPORT Application Module for PBO Lab.

PBO-Lab Preferences

hidain ] Simulations ] Focusing & Bending

Transport
(& Generate Input for TRANSPORT Yersion 1.5
" Generate Input for TRANSPORT Yersion 1.0

The Simulations Tab Panel Contains Special
Preferences for PBO Lab Application Modules |
>

Figure 50. Simulations Tab Panel for
PBO Lab User Preferences.

The Focusing & Bending tab panel of the Preferences
Window has user preferences for the PBO Lab Focusing
Module and the Bending Trajectories Module. The Initial
Beam preferences are used in both the Focusing and Bending
Modules for the Envelope calculations. The Diagnostic
preferences are used in the Focusing Module to generate
data files from the Ray Trace and Envelope calculations.
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~

| The Initial Beam Parameters for the Focusing and Bending
Modules can be specified independently from the Beam
Parameters used for the different Application Modules

N J

B8 PBO-Lab Preferences

hdain ] Simulations I Focuzing & Bending
Initial Beam
[~ & Use Intial Beam Twiss Parameters B o
" Use Initial Beam Semi-&xis Parameters
" Use the Beam Parameters Selected in the Initisl Beam Piece
Diagnostic Files / \
~ [ |C0urarﬁ-8nyder (Twiss) j “

[V Focusing Ray & Envelope Data
v Focusing Twiss Parameter Data

iz Initial Beam

St sty Dlaliasgin Cony o Pl Qony nom Dideg Tutorial) Jorreidons Cofnp From Axis | AutoScale PlotsT S8t Plot Scales
Element 1 Centroicand Current
Particle Distribution Type IB_D Exquivalent Uniform j X, ¥ (mm)

21865
Beam Parameters ICnuram-Snyder (Twiss) j

LS

Parameters Value Units Limits {mrad)

Horizo

Comme

]
7
|
o0 L‘ T
| Emittance (x-x) |4_UUUUUU [pi-mm-mrad ~] 00000 1000000 & \ /“J
o p

= alpha horizontal 0164000 -1000000 1000000 & _218E5 ==
= heta horizontal |1 509700 |mfrad j 00000 1000000 & 3 9069 0o
= - Slzlel g 3.2969
Vertical (y)
< Emittance (y-y") |5_gggggg |pi-mm—mrad j 00000 1000000 &

S e o Phase (deg)
5 alpha vertical 0.049000 -100.0000 1000000 & 26 9228
5 beta vertical |1_sggmg |m;rad j 00000 1000000 @ Energy

(Kev)

5| Emittance (z-z) |4810.000000 |pi-deg-kev P j 0.0000  1.00s+004 oa
< alpha longitudinl |-4,39?4DO |Phase-Energj ~100.0000 1000000
= beta longitudinal |D_205000 |degn<ev j 00000 1000000 LB

ntal (x)

. -37TT3S 00 377735

| BEAM

Figure 51. Initial Beam Parameters for the Focusing and Bending Modules.

Figure 51 illustrates the Focusing & Bending tab panel of
the Preferences Window. There are three Initial Beam
Preferences
Modules. The three selections refer to the Beam Piege . ... . o< on the O Lab
parameters t
The first selection is the default and is used to specify & chapter
initial beam with the Courant-Snyder (Twiss) parameters

of the Initial
Document Window. The second selection specifies an
initial beam with the Semi-Axes parameters from the
Initial Beam Piece.

for use with the Focusing and the Bending

hat will be used for Envelope calculationssing and ending Modules in

Beam Piece in the beamline model of the
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Commands in the Tools menu can be
used to open Plot Windows for both
the Focusing Rays & Envelopes data
file and the Focusing Twiss
Parameters data file. Refer to the
previous Section in this Chapter on
the PBO Lab Plot Tool.

PBO Lab 2.0 User Manual

The third selection will use the current setting for the Beam
Parameters pop-up in the Initial Beam Piece, either Twiss
or Semi-Axes parameters. Figure 51 illustrates the
relationship between the Initial Beam Piece and the Initial
Beam preferences for the Focusing & Bending Modules.
Note that the Initial Beam Piece contains two independent
sets of beam parameters, one for the Twiss representation
and another for Semi-Axes. If either of the first two
selections in the Initial Beam Preferences are used then
the selected parameters will be used independent of the
Beam Parameters selection in the Beam Piece Window.
If the last preference is selected, then the Focusing and
Bending Modules will use the parameters corresponding
to the Beam Parameters selection in the Beam Piece
Window.

The Diagnostic Files Preferences are used in the Focusing
Module. There are two check boxes that correspond to
numerical data files which can be generated for the Ray
Trace and the Envelope plots in the Focusing Module
Window. The ray and envelope data and the phase space
ellipse data can be written to data files by selecting these
preferences. If these preferences are not selected then
the data is calculated for the plots in the Focusing Module
Window but it is not written to the individual data files.
Turning these preferences off will speed up the processing
time for large models and for calculations with a very
small Maximum Step Size Global Parameter setting.
These data files are overwritten each time the Ray Trace
or Envelope calculations are made. The format of these
files is compatable for loading into a PBO Lab Graph
Plot Window. There are specific commands in the Tools
menu (Figure 52) for opening Plot Windows for both the
Focusing Rays & Envelopes data file and the Focusing
Twiss Parameters data file when these user preferences
have been selected.

Focussing |
Bending

C Plot Tool Sub-Menu M Focusing Rays and Envelopes

Data Interchange ¥ Focusing Twiss Parameters

PEO-Lab Preferences |
Figure 52. Plot Tool Sub-Menu.
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This Section completes the discussion of the PBO Lab
Analysis Tools and User Preferences. The Analysis Tools
do not require installation of any PBO Lab
Application Module, and Analysis Tools are not required
in order to set up beamline models or run any of the
Application Modules.
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This Section describes the interactive tutorials and help
features that are integrated with the PBO Lab application.
The tutorials are aimed at assisting first-time users in
understanding the beam optics models upon which
TRANSPORT relies, as well as for learning about the

technology of accelerators and various beam physics
phenomena. These educational features were developed

in part under a Small Business Innovation Research
(SBIR) grant (No. DE-FG03-94ER81767) from the U. S.
Department of Energy to supplement the Shell for Particle
Accelerator Related Codes (S.P.A.R.C.). The tutorials do
not use TRANSPORT, nor do they result in any additional
data written to the Transport Input files.

Tutorial Modules

An extensive interactive tutorial system has been
integrated with the PBO Lab user interface. This Section
summarizes how the interactive tutorial system is used.

The PBO Lab Tutorials are composed of a series gf, ;.5 pieces supported with
Tutorial Modules, each of which contains two primary,ioria/ and Pictorial Modules:

components: an interactive Pictorial and a hypertext
Tutorial. The two components work together for each
Tutorial Module, and each module can be navigated
independently. A Tutorial Module is opened by selecting
the Tutorial button that appears in the upper right corner
of Piece Windows and other PBO Lab windows. This
opens the interactive Pictorial Window, which is navigated
using the PREV and NEXT buttons in the lower left panel
of the window. The hypertext Tutorial is opened using
the Go button in the bottom right panel of the Pictorial
Windows. The hypertext Tutorials for all of the Tutorial
Modules can also be opened using the Hypertext Help
command in the Help menu of the PBO Lab Document
Window.

The hypertext pages of each Tutorial Module provide links
to many parts of the PBO Lab tutorial system. Hyperlinks
are generally of two types. Pop-up topics provide brief
information on the hyperlink selection, and the pop-up
window used to display the material disappears on the
next mouse or keyboard action by the user.
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Tutorial Equation pages provide the
user with a set of specialized scientific
calculators that contain built-in
functions related to the physics and
technology of charged particle optics.

PBO Lab 2.0 User Manual

Entries in the PBO Lab Glossary are examples of the use
of pop-up topics. Discussion topics present more detailed
information on the hyperlink selection, and will usually
contain further hyperlinks to additional information in the
PBO Lab Tutorial system. Discussion topics follow an
outline format in which the user has several options for
navigating through the discussion topic pages. In addition,
there are Pictorial pages that are associated with specific
Tutorial buttons in the PBO Lab windows. The Pictorial
topics are navigated as though advancing or retreating
through a slide show presentation.

Quadrupole |
i [
MI EZ Quadrupole Tutorial
Wik 1 Frinze Fisld 1 Gt
U [t & o ] The Quadrup_ole is
: an Approximate
Parameters Value TUnits o
: Firse Order
ﬂ Effective Length Ig_mgg kn j O : El
ﬂMagnetic Field at Pale Tip I_l_glgg |k}\¢, j PthS ement
ﬂgpem Radis ID oLo0 Im\ j The non-trivial submatrices for the
: Quadrupole Piece are determined by
gMagnetic-Field Gradient |.1_0130 |ch j the value of the CQuadrupcle Coefficient
- . Ky= #2 the Effective Length /, and the
;EQMPDIE Cesiics e HEF relativistic energy v. The submatrices
ﬂRotation (Roll) Angle ID.DDDD ID/égrees é x for a z-focusing quadrupole are:
:j Thin Lens Focal Length I_D_3293 j
R 1= [Ru Ru]=[ w03y sin 5} 1. ]=[ 0.5957 0.0663 }
e Ry, R, - & 3 &8 cos{ &L -9.7297 0.5957
Comuments: R ] = [RSS Ry ]=[ coshy &5 sinh{ &5 & ]= [ 1.4674 0.0887 ]
IQUADDDDS w  |Ry, Ry, & 3inh( &5 coshy &2 13.0090 1.4674
R ]= [Rss R56]=|: 1 Liy? ]= [ 1.0000 0.0767 :|
= Reo R i 1 0.0000 1.0000
—Caption
The Piece Parameters for this component, together with the Global Parameters, give the numerical
values for the R-matrix elements of the component. The R-maivix is used to compute the first order
effects on the beam evolution in many simulation codes, including TRANSP ORT and TURTLE.
— alide S, HiyperText
FREV I ’7 Go I

Figure 53. Quadrupole Interactive Tutorial Equation Page.

Pictorial Pages

Selecting the Tutorial button that appears in the upper right
corner of a PBO Lab Piece Window activates the interactive
Pictorial associated with that beamline element. The
Pictorial pages present results pertinent to the optics
modeling or calculations for the user inputs of that particular
PBO Lab window. The pages displayed in the Pictorial
Window are navigated using the buttons labeled PREV and
NEXT, located in the lower left panel of the Window.
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The content of Pictorial pages is adjusted interactively
based upon the current values of the user input parameters
in the window. For example Figure 53 shows an equation
page in a Quadrupole Pictorial that gives the R-matrices
and illustrates the first order effects on the two transverse
phase planes. When the user changes the quadrupole
strength or any other parameter, the page is automatically
updated to reflect the new parameters.

Use the Tutorial button in Piece Quadiupcle

Windows to access Interactive | <& Tutoria| ‘

Physics Tutorials for that Piece Tl esrt T Frings Field 1 R, 1 T 1
Quadrupale Strength [Fiel & apertme =

|

B4 Quadrupole Tutorial Value Units Limits
|0.1000 |m | 00100 02250 ©
Tip I-I.DISD |kc, =l -4.2700 42700 @
ID.DIDD |rrl j 0.0090 0.5000 ©
t |.1 0150 IkG.l’cm = -4 2700 4.2700
¥l oo lim#s J1FTRETT 197 3RIT

ereies
Used for First Order Optics Calculations:

- oo | %] Rt Rz B Fe Bis Bl [ %o
Gl ] [Rw] R % Ry B B Ry R Rl | B =

TR IR ([ %] =P B BB B B | %
W 3;0 E;li;zﬁ;sﬁ:ﬁ;s E;s 3;0
1 1R _1[R ] o 1752 753 54 TS o
Magnetic Quadrupoles ; 7w 5] R LR R R R L

= b Matrices are Trivial: §Matrices affect the (z,x')

- Capticm itrix or a Zero Matrix. ("horizontal™) phase plane

Magnetic quadrupeles: (1) Advanced Light Source (ALS)booster eleciromagnetic (EAM) quad (from \re Shown in Black.

LBNL), (2) rare earth permanent magnet quad (from Field Effects), (3) coil for a drift @ Matrices affect the (y,7')

tube linac EM quad (from LANL), and (4) ALS storage ring EM quad (from LBNL). Matrices are Indicated ("vertical”) phase plane
O = EXT Slide Show Button
Zpealisss hose Sub Matrices. Matrices affect the (z,z")
{ pREvN | HEXT | { _Ga_| ‘ r ("longitudinal") phase plane
. m Matrices couple phase planes
A Cantinm

Use GO B Bri transfer matrix formalism provides a useful way to describe solutions to the equations
‘ se uttons to Bri ngup a particle passing through an optical element. The R-mairix gives the first order

HyperText Hel p Windows [ion io the general iransfer mairix repr jon of the soluti
) HyperTest
[ e

| | PEEV | ]

Previous and Next Buttons step through |
Graphic and Equation Tutorial Pages

Figure 54. Using the PBO Lab Interactive Tutorials.

Graphic elements and text, as well as numerical data, are
updated. Each page is tied to a particular PBO Lab window
so that the Pictorials for different windows, including those
for the same type of beamline element (e.g. two different
guadrupoles), will display a distinct set of pages associated
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with the parameter settings of that element. Consequently,
the Piece Window and its Pictorial Equation pages can be
used together as a specialized calculator with built-in optics
and technology functions. Figure 54 shows additional Tutorial

Pages for a Quadrupole beamline element.

Hypertext Tutorials

A more detailed treatment of material is presented in the
hypertext component of PBO Lab Tutorial Modules, which
Is activated using the Go button located on the lower right
panel of each Tutorial Window. Figure 55 illustrates a
hypertext Tutorial Window for a Quadrupole element.

E2 PBO Lab Tutorial [_ O] <]
File Edit Mavigate Help

5.0 The Magnetic Quadrupole

You may na V/ga te forward or Magnetic quadrupoles are one of several types of charged particle
backward z‘hrough your selected focusing elements which utilize quadnupole fields. & quadrupole feld wil

. . focus a particle in one transverse direction (e.g. the x-directigpt==-=1=
tutorial pages using the defocusing the particle in the other transverse direction (ie. f  Hypertext Links Indicated
corresponding buttons located in the y-direction). Combinations of magnetic quadnipoles can be| with Dashed Underlines will
bottom pane/ of the tutorial achieve focusing in both transverse directions. Other typeg/

Open Pop-up Topics
focusing elements mclude electrostatic quadrupoles andfadion ey

quadrupoles. The magnetic field of a quadrupole 15 & special case of a
cyiindrical muliipole field and iz created by magnetic poles located
around the axs of the beamnline. Magnetic dilos, sextupoles and
octupoles are examples of other cylindrical multipole magnets used as

windows.

particle optics components. WMagnet quadrupoles may utilize different
technologies i their construction. Both electromagnetic (EWD) and o
permanent magnet (P quadrupoles are used on accelerator beamlines.
The topics in.cluded m the PBO Lab Quadrupole Tutonal ary Hypertext Links Indicated
5; F?%E&Zﬂ?ﬁiﬁ??iﬂndﬁcﬂ Tufultipole with Solid Underlines
5.1.2 Cuadrupole Fields and Particle Forces Navagate Discussion Topics
5.2 Cuadripole Effect on Particle Motion
5.2.1 Equations of Iotion
5.2.2 Solutions to Equations of Totion
5.2.3 Focal Lengths and Thin Tens Approzimation
5.3 Effect on the Beam Phase Space Ellipses
5.4 ER-ldatrix Representation of Wotion
2.5 Modeling Quadnipeles in TEAMSPORT and TURTLE
5.6 Magnetic Quadpole Technolo

5.6.1 Electromagnetic Quadmipoles (EWOs) =]
Topic: 1 of 1 Marked: [] ‘¢ | b9 |
Search...l Go Tu...l Mark | Back | Fumrardl

Figure 55. Hypertext Tutorial Window for Quadrupole.
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The hypertext component of each Tutorial Module
provides links to many parts of the PBO Lab tutorial
system. Hyperlinks are generally of two types: discussion
topics and pop-up topics. Hypertext links for discussion
topics are indicated by solid underlines and are used to
navigate a series of pages that frequently contain hypertext
links to other information, including links to other pages
in the series and links to other discussion topics in the
PBO Lab Tutorials. Hypertext links for pop-up topics are
indicated by dashed underlines. Pop-up topics provide
brief information on the selected hypertext topic. The pop-
up window used to display the material disappears on a
subsequent mouse click or keyboard action (Figure 55).

Discussion topics present more detailed information on
the selected hyperlink topic, and may contain further
hyperlinks to additional information in the PBO Lab
Tutorial. Discussion topics follow an outline format and
the user has several options for navigating the pages.

PEPBO Lab Tutorial M= E
File Edit Mavigate Help

-

2.0 Describing a Beam Search...
Accelerator beams are composed of particles. Eeal beatns are composed of Goto...
a large number of particles, typically many more particles than are possible to
mcorporate nto a computer simulation. Consequently, an approximation
must be used to describe a beam for a computer model. Several different
approxmations have been developed to model beams, including a number

B ookmark.

Go Back to Topic
Go Forward ta Topic

approzimations that are also usefil for analytical studies. The Beam Tutorial sl Vage €
y . K . Mest Topic »»

discusses several commonly used approxmations for describing accelerator

beams, and outlines some of the characteristics of these approximations that

malce themn usefil for analytic or computational modeling. The following

topics address different ways of describing a beam and outline how to set up

a bearn for use in computations by the PEO Lab: Navigate Tutorials with a Variety of
2.1 Macro Particle Description | | Controls: Hyperlink, Next Topic,
2.2 Moment Description Previous Topic, Back, Forward, Topic

2.2.1 The Beam Centroid

2.2.2 The Bearn Sigma Matriz
2.2.2.1 Phase Space Projections

Search, Keyword Search, Go To Topic,
Go To Keyword, and Go To Bookmark

2.2.3 Modeling Beams in TRANSPORT ~|
Topic: 9 of 11 Marked: [] s | 3% |
Scarch...l Go Tu...l Mark | Back | Fumrardl <F

Figure 56. Navigating PBO Lab Hypertext Tutorials.

The commands in the Navigate menu and the buttons at
the bottom of the hypertext Tutorial Window can be used
to navigate through the Tutorial Pages (Figure 56)NEx¢
Topic button (marked with the symbol >>), follows the
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Hypertext links indicated by broken
underlines bring up pop-up windows
such as additional Glossary
definitions.

In contrast, links that have solid
underlines navigate Discussion topics,
which are typically a series of pages
on a particular subject in the PBO Lab
Tutorial.
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outline format of the discussion topic. TlRevious Topic
button (marked with the symbol <<) is used to browse
backwards through a discussion topic. Baekbutton is
used to navigate backward through previously selected
links. TheForwardbutton can then be used to page forward
again through visited links. THgearchbutton opens the
Topic Search Dialog, which is used to search the tutorial
database by Topic or by Keyword. TGeTobutton opens

the Topic GoTo Dialog. Thiglark button is used to place a
bookmark for the current page, which can then be used in a
Search or GoTo command.

All main discussion topics conclude with a pop-up topic
that provides a summary of the material covered in that
particular topic. A summary of the material covered in
any main discussion topic may also be viewed using the
“GO! ->" pop-up topic hyperlink as illustrated in Figure
57, which shows the Magnetic Quadrupole summary.

Fle Edt Mavigate Help

GO!-> 4.0 The Thin Lens 2l
4.1 Thin Lens Effect on Particle Motion

4.1.1 Equations of Motion
4.1.2 Solutions to Equations of Motion

4.1.3 Characteristic Rays, Principal Planes, Magnifications
4.2 Effect on the Beam Phase Space Ellipse
.3 R-Matrix Representation of Solutions
4.3.1 R-Matrix for the Thin Lens
4.3.2 R-Matrix for a Drift Tens-Drift System
4.4 Modeling Thin Lenses in TRANSPORT and TURTLE

.

5.0 The Magnetic Quadrupole
.. agneti upole

S5.1.1

3L2 50 The Magnetic Quadrupole
52 Qw Magnetic quadrupoles are one of several types of charged particle focusing elements which utilize
guadrupele fields. A quadrupele field will focus a particle in one transverse direction (e.g the

===y direction) while defocusing the particle in the other transverse direction (i.e. the y-direction)
=22 Combinations of magnetic quadrupoles can be used to achieve focusing in both transverse
directions. Other types of quadrupole focusing elements include electrostatic quadmpoles and
radiofrequency quadrupcles. The magnetic field of a quadrupole is a special case of a sylindrical
multipole field and is created by four magnetic poles located arcund the axis of the bearnline
Magnetic dipoles, sextupoles and octupoles are examples of other cylindrical multipele magnets
used as particle optics components. Magnet quadrupeles may utilize different technologies in their

== construction. Both electromagnetic (EM) and permanent magnet (PM) quadnupoles are used on
LU aecelerator beamlines The topics inclided in the PBO Lab Quadrpols Tutorial are
5.1 What is a Quadrupele?

5.1.1 Quadripole as a Cylindrical Multipele

lea

5.1.2 Quadnipele Fields and Particle Forces
5.2 Quadrupole Effect on Particle Motion
5.2.1 Equaticns of Motion
5.2.2 Solutions te Equations of Motien
5.2.3 Focal Lengths and Thin Lens Approzimation
5.3 Effect on the Beam Phase Space Ellipses
5.4 R-Matrizx Representation of hotion
5.5 Modeling Quadrupcles in TRAWNSPORT and TURTLE
5.6 Wagnetic Quadrupole Technology
5.6.1 Electromagnetic Quadrupeles (EMQs)
5.6.2 Permanent Magnet Quadrupoles (PMQs)

Figure 57. Hypertext Tutorial Pop-up Topic of
Magnetic Quadrupole Summary.
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Use GO Button on Pictorial Pages (Figure 54)
to Bring Up HyperText Tutorial Windows or
to Select Topics from the PBO Lab Tutorial
Outline (Figure 61)

EE PBO Lab Tutorial Y

File Edit Mavigate Help

5.0 The Magnetic (Juadrupole

Iagnetic quadrupoles are one of several types of charged particle
focusing elements which utihize quadrupole fields. A quadrupole field will
focus a particle n one transverse direction (e.g the z-direction) while Both physics and technology are
defocusing the particle in the other transverse direction (1.e. the addressed in Tutorial pages
y-direction). Cotmbinations of magnetic quadrupoles can be used to

achieve focusing in both transverse directions. Other types of quadrupole
focusing elements include electrostatic quadrupoles and radioftequency
quadrupeles. The magnetic field of a quadrupole 13 a special case of a
eylindrical multipale field and iz created by four magnetic poles located
arcund the amis of the beamline. MMagnetic dipoles, sextupeles and

Click on Dashed Hyperlinks to Show
. . Pop-up Topic Windows Related to
particle optics components. Mlagnet quadrupote

) Selected Subject
technologies in therr construction. Both electromagnetic (EM) and d

permanent magnet (P quadrupoles are uzed on accelerator beamlines.
The topics ncluded i the PBO Lab Quadipole Tutoril e i L e Y
5.1 What iz a Cuadpole?

5.1.1 Cuadnipole asa C ]jndrical. Iulultip ole Cylindrical Multipole Magnets
5.1.2 Quadnipole Fields and Particle Forces

5.2 Cuadrupole Effect on Particle IWotion

Al magnets have at least two poles, one north and one south, consequently the

lowest order multipole magnet is a dipole. The order of multipole i number of

521 E ua.tions OEMOﬁ?n _ poles divided by two. Dipoles, quadrupoles, sextupoles and octupoles are
5.2.2 Solutions to Equations of Motion cylindrical multipole magnets of order 1, 2, 3 and 4 respectively.

5.2.3 FocalLe s and Thin Lens Approsmation

5.3 Effect on the Beam Phase Space Ellipses
5.4 E-Matrr Representation of hotion
5.5 Modeling Cuadripoles in TRATSPORT and TT
5.6 Magnetic Quadrpole Technology
5.6.1 Electromagnetic Quadrpoles (EWCs)

Topic: 1 of 1 Marked: []

Search...l GoTo...l Mark | Back |

Dipole Cuadrupole Sextupole

Multipole magnets formed from north and south pole tips arranged
symmetrically around the accelerator axis or reference trajectory (z,
out of the screen).

Browse Tutorial Discussion Topics

Using a Variety of Navi_gation The pole profiles and strengths of multipele magnets are always symmetric
Controls and Hyperlinks about an ans, the reference axis, which coincides with the longitudinal
direction of the reference trajectory when the magnet 1s aligned and centered

on the beam axs. Al multipole magnets possess widplanes symmetry. The
magnetic midplane 15 a plane of symmetry m which the magnetic field is zero.
The (x,2) plane 15 the magnetic midplane for the multipoles ilustrated above.
Since most accelerator bending magnets, such as those in circular accelerators,
are used to deflect beatns horizontally, the x-direction 1s often referred to as the
karizontal direction.

Figure 58. Hypertext Tutorial Windows for a Quadrupole Element.
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Use the Topic GoTo Dialog to access
user defined bookmarks, the PBO
Glossary or the tutorial outline pages.
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Particle Beam Optics Glossary

The Particle Beam Optics Glossary contains definitions
and brief discussions of many of the concepts and terms
used in particle optics and in accelerator physics and
engineering. Individual entries in the PBO Lab Glossary
appear as Pop-up Topics when selected using hypertext
links from other parts of the PBO Lab Tutorial. The
Glossary may also be browsed using@w&obutton or
menu command in any Hypertext Tutorial window and
then using the Glossary option as shown in Figure 59
below.

Topic Goto Dialog E |

Goto Options

Glogzan |
Contents |

Bookrmark.s:

B

[

[t f Erk | Cancel |

Figure 59. Topic GoTo Dialog.

Selecting thé&lossarybutton in the Topic GoTo Window
activates a hypertext Tutorial Window for the Particle
Beam Optics Glossary as illustrated in Figure 60. Use the
Next Topidoutton (marked with the symbol >>) to browse
through the Glossary. Th&evious Topibutton (marked
with the symbol <<) is used to browse backwards through
the Glossary. Clicking on hypertext links may be used to
access additional Glossary definitions and further explore
selected subjects in other parts of the PBO Lab Tutorial.
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E% PBO Lab Tutorial

=] B3

File Edit Mavigate Help

>

Glossary Pages

Regular Tutorial Windows
Hypertext links mdicated by solid underiines m reverse

S48 PBO Lab Tutorial

B2 PBO Lab Tutorial
File Edit Mavigate Help

[ [0 %]

Particle Beam Optics Glossary

The Glossary of the Particle Beam Optics Interactive Computer
Laboratory (PBO Lab) contains definitions and brief discussions of
many of the concepts and terms used m particle optics and i
accelerator physics and engineering. Indrndual entries i the PEO
Lab Glossary appear as pap wp windows when selected using
hypertext inks from other parts of the PBO Lab Tutorial

The FBO Lab Glossary may also be browsed. Use the GO TO at
the bottom of any Hypertext Tutorial window and then select the
Glossary option. Utilize the button marked with the symbol »=,
located in the lower nght part of the PBO Lab Tutonal window, to
browse through the Glossary. The button marked with the symbol
=< 15 used to browse backwards through the Glossary. Clicking on
hypertext links may be used to access additional Glossary definitions
and further explore selected subjects i other parts of the PBO Lab
Tutorial. Hwpertest links mdicated by broken underlines with
reverse high-lighted text (white on black) bring up pop up windows
such as addiional Glossary definitions. In contrast, links indicated
with solid underiings n reverse high-lighted text selected open the

Topic: 8 of 9 Marked: []

Search...| GoTo...| Mark | Back |Fomrar

M= B3

File Edit Mavigate Help

Pop Up Topic Windows

Hypertext links ndicated by broken underiines in reverse

high-lighted text (white on black) open pop up windows in
(UL EE PO Lab Tutorial

auton File Edit Mavigate Help

Pop

other| TRANSPORT Documentation

Pop ' References to the TRANSPORT Documentation used in

nfort ype PRO Lab refer to the publication entitled "Third-Order

pN:¥A{ 22 PEO Lab Tutorial =l

Charg File Edit Mavigate Help
=

I[=] B3

D. C. Linear Accelerator

docut Ap accelerators that contain no bends, zo that the beam

Linea travels in essentially a straight line, 1z referred to as a linear

SLAC accelerator, or finae for short. Ezamples of linear

FERY sccelerators include edectrostatic accelerators, standing

Aecel ypave finacs and traveling wave linaes. Linear

nclud accelerators are used for high energy electron accelerators,

the P1 a5 well as for the lower energy part of most high energy ion
accelerators. Focusing and acceleration may be
accomplished within the same elements, but the two
functions are frequently separated into distinct, often
alternating, sections or heamlines. Straight beamlines
without acceleration sections are usually referred to as
beam frangfer fines. Transfer lines often contan bending

Topit

Move through Glossary Pages
using the Previous and Next
Topic Buttons

— elements, when required to move the beam to particular
Topic . . . . .

locations. A recircdating linas constains long, parallel,
linear accelerators connected by 180 degree transfer lines,
or arcs, at each end. Recirculating linacs are often
described in terms similar to those used for

circular accelerators,

S

-

Search...l GDTo...| Mark | Back | |

Topic: 6 of 6 Marked: []

Figure 60. PBO Lab Particle Beam Optics Glossary.
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Use the Hypertext Help command in
Tutorial Menu to open a hypertext
outline for all the PBO Lab Tutorial
discussion topics.

PBO Lab 2.0 User Manual

PBO Lab Tutorial Outline

A hypertext outline for all the PBO Lab Tutorial discussion
topics can be opened using the Hypertext Tutorial Menu
command in the Document Window. The outline can also
be accessed from tli@ontentsdbutton in the Topic GoTo
Dialog as shown in Figure 61 below. Any topic may be
selected from the outline and accessed using the discussion
topic hyperlinks.

Topic Goto Dialog E3

Gato Optiohs

__Glossay | Use the Contents Button to Activate

the PBO Lab Tutorial Outline
(Hyperlink Table of Contents)

Bookmarks:
Sigma b atrix a
Beam Centroid _I
Centroid Piece = =
Phaze Elipses g PBO Lab Tutorial
Seni-bees File Edit Mavigate Help
Beam Fiece ﬂ B
Outline of the PBO Lah Tutorials.
[t b ke Cancel I GO! = 1.0 Introduction to the PBO Lab Tutorial

1.1 PBO T.ab Tutorial Pictorial Slide Show —
1.2 PBO 1.ab Tutorial Hypertext
1.2.1 PBO ILab Tutorial Discussion Topics
1.2.2 PBO Lab Tutorial Pop-up Topics
G0O!-= 2.0 Describing a Beam
2.1 Macro Particle Description
2.2 Moment Description
2.2.1 The Beam Centroid
2.2.2 The Beam Sigma Matrix
2.2.2.1 Phase Space Projections
2.2.3 Modeling Beams in TRANSPORT
2.2.3.1 The Beam Piece
2.23.1.1 Semi-Axes Beam Specification
2.2.3.1.2 Courant-Snyder Beam Specification
2.2.3.2 The Centroid Piece
2233 The RMS Beam Piece
2.2.3.4 The Rotate Piece

=
Topic: 1 of 1 Marked: [] <€ | > |

Search...l GoTo...l Mark | Back |Fomrard|

Figure 61. PBO Lab Tutorial Hypertext Outline.
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Using Tutorial Bookmarks

The Topic GoTo Dialog can also be used to access any
user-defined bookmarks. Bring up the Topic GoTo Dialog
(Figure 62) from theGoTo button at the bottom of a
Tutorial Window or from the GoTo item in the Navigate
Menu. Select a pre-defined bookmark in the list of
bookmarks and go to that page using @@lo Mark

button.

Topic Goto Dialog E2

Goto Optionz

Gloszary |
Contents |

Bookmarks:
Sigma M atrix |=]

Beam Centroid

Centroid Piece

Phase Elipzes

Semi-dues

Beam Piece LI

Cancel I

and Press the

Select a Bookmark
Go To Mark Button

%

B2 PBO Lab Tutorial [_ O]
File Edit Mavigate Help

2.2.2.1 Phase Space Projections [
Tt iz often informative to look at the 2-D sub matrices of the
beamn sigma matriz. Any two of the diagonal elements of

the sigma matriz, i and 7, together with their

corresponding correlation element Ty, can be used to

define an elfipse, provided that the following condition 15
satisfied:

v = [(oy)¥oy, o)) <1

ij i

The positive definite condition on the sigma matrix
elements.

As an example, consider the three sigma matrix elements
associated with the horizontal (x x") plane 11, T22, and
12. The general equation for an ellipse in the (3% plane
can be written as:

y x4 2o w4+ B oxf=e
Definition of an ellipse in the horizontal {x,x") phase
plane. -
Topic: 13 of 14 Marked: [X] << | > |

Search...l GoTo...l Unmarkl Back | Fomrardl

Figure 62. GoTo a User Defined Bookmark.

Bookmarks are defined for a Tutorial Page usind/thgk
button at the bottom of a Tutorial Window, or by using
the Bookmark command in the Navigation Menu of a
Tutorial Window. A previously defined bookmark may
also be removed. If a Tutorial Page is already marked,
then using the&Jnmark button or menu command will
remove the page from the bookmark list.
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FPrint
Print Setup...

Exit

Use File Menu commands to print

tutorial pages.

Copy
Copy Part of Topic...

Ctrl+C

v LCopy az Wiapped

Use Edit Menu commands to copy

tutorial pages.
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Searching Tutorial Pages

The Searchcommand in the Navigate Menu of Tutorial
Windows, or thé&searchoutton at the bottom of the Tutorial
Windows, is used to bring up the Topic Search Dialog
shown in Figure 63. PBO Lab Tutorials can be searched
by discussion topics and by keywords. After selecting an
item from the list of topics or keywords, use theTo
Selectionbutton to bring up the selected Tutorial Page.

Topic Search Dialog
- Sear
() " By Keyword
Search ltems Topic Search Dialog
Ampere's Law —Search Opti
Beam Centroid . S :
Beam Correlations " By Topic & By Keyword
Beam Emittance
Beam Modeling Search ltems
average -
Feywusd Blatciiss axis rgtation :I
b-rho
beam
beam approximation =]
Keyword Matches
Goto Selection |
_— =
=
Goto Selection | Cancel |

Figure 63. Topic Search Dialog.

Printing and Copying Tutorial Pages

The content of the PBO Lab Tutorial Pages may be printed
using thePrint command in the File Menu of the Tutorial
Window. Alternatively, the Copy and Copy Part of Topic
commands in the Edit Menu may be used to copy the
content of the PBO Lab Tutorial Pages to the system
clipboard. The content can then be pasted into a text or
graphics program of your choice.
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This Section completes the discussion of using the PBO
Lab Tutorial system. The tutorials do not require any of
the PBO Lab Application Modules to be installed, and
they are not required in order to set up beamline models
or run any of the Application Modules.
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