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Abstract machines that havemany identical components and
repetitive lattice structures [2].
An important objective of the PBO Lab is to assist

) X ! > Wéw users in learning abouiccelerators and accelerator
particle beam optics modeling. THRBO Lab includes htics a5 well as how simulatiarodesmodel beams and

four key elements: (1) a graphic useterfaceshell, (2) @ ,cceleratorcomponents. Several trainingnd education
graphic beamline construction kit, (3) a set of physics apd,

] , > tures arebuilt into the core PBO Lab application
technology tutorials,and (4) various charged particle . oqyle.  Thesdeatures include a dynamic interactive
optics computation engines.

_ ~ The graphic usggrface iorjal system orchargedparticle opticsand accelerator
shell and beamline construction lsoftwareutilize & New tochnology, a set of trajectoriesdenvelope modules that
multi-platform (MP) version of the Shell for Particley oy ysers to graphicallyand interactively explore the
Accglerator Related Codes (S.P.A.R.C.). S.P.AR.C. Nl'tﬁpact of parameter changes, and an expert system type of
provides the software framework forthe PBO Lab, ¢ relationship to assist users in inputtiagd editing
allowing it to run on all popular computer platforms,, ameters. This paper describethesefeaturesthat make
including those  running  the UNIX/X-Windows,  the pBO Lab a unique training and education aid.
Windows95/NTand Macintosh operatingnd windowing
systems. The PBO Lab tutorial systentorporates a 2 PBO LAB TUTORIAL SYSTEM
knowledge database on particlptics andtechnology, and
is implemented with a combination & P.A.R.C. MP An informationandknowledge database, atharged
graphic componentsind a hypertext system. Several particle opticsandthe technologiesnd hardwaraused in
computation engineare available. Afirst-order matrix charged particle beamlines, is integrated into the PBO Lab.
code, including a space chargenodel, can be used to Parts of theknowledge database are incorporatetd the
produce scaledmages of beamlines, with overlays ofxpert system features ofthe Data Tablesand Piece
individual trajectories and beam envelopes. The resultsVéindows [2] used to edit individudbeamline parameters
graphically moving beamline components, or adjustingowever, the majority of the information gresented to
bend and edgeangles, can be exploredinteractively. the user through PBO Lab tutorial systenmteractive,
Quantitative computation engines currenthclude the self-directedtutorials include content on particleptics,
third-order TRANSPORT code and the ray tracing prograpeam physicsand acceleratotechnology. Much of the
TURTLE. The PBO Lab isdescribed andllustrations materialdevelopedor the PBO Lab tutorials wadtilized
from the Windows95/NT implementation are presented. as part of a U. S. PartickecceleratorSchool (USPAS)
optics course aimed atgraduate andupper division
1 INTRODUCTION undergraduate students.

] ) The presentation format consists of two
Both acceleratoroperatorsand designers are plac'ngcomponents: (1) an interactive slide shand (2) a

increasecemphasis upon the use of simulatiprograms hypertext component. The hypertext comporieddes
to improve their productivity. Improved software tools rratives, graphics, equations, glossaras similar
now becoming available whicbffer to the accelerator .ontent with many hypertext links. Thelide show
community the same types of benefits thavebecome .qmnonent presents conceptual graphiasd useful
standard inmany other fields. This paper summarizeg§ymyiae with numerical results for individuaptics
selected featurefr one of these new tools: THRarticle components thatare basedupon the user'sinput

Beam Optics Laboratory (PBO Lab). parameters for that component.

An overview of the four primary components of the
PBO Lab software has beempresentedpreviously [1]. 2 1 Slide Show Component
Underlying the graphic useinterface shell and the
beamline construction kit [2] is a powerful beamline  Figure 1 illustrateseveral ofthe “slides” from the
object model [3]. Themodel provides an efficient PBO Lab tutorial for a magnetic bend. This serieslioles
representation ofboth flat and hierarchical beamline is activated by selecting the Tutorial button that appears in
descriptions, which makes the PBO Lafually suitable the Piecewindow [1,2] for any PBO Labbend element
for modeling both smallaccelerators[4] and large (e.g.Bend,SectorBend or RectangulaBend). The first

The ParticleBeam Optics Laboratory (PBQLab™)
represents a new approach to providing software
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slide imagedisplayed is composed of sevepdlotographs bending magnet isdescribed, and provide specific
of magnets from different laboratories. lingended to be information that isderivedfrom the user'sparameters for
visually interesting as well as informativeSubsequent the bend Piece from which the tutorial wasnched. The
slidesare accessedsing the NEXT buttorappearing in content of a given slide changes dynamicallyttees user
the lower left of the Slide Show tutorial windowlhese modifies relevant data in the component's Piece Window.
slides summarize key features béw the optics in a
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Figure 1. Windows from the Slide Show component of the PBO Lab tutorial system for a magnetic bend element.

The Slide Show component of the PBO Lab tutori@d.2 Hypertext Component
system is written in C++ and the objects form part of the .
class hierarchy of the overd®l.P.A.R.C. MPframework. The Hypertext component of the PBO Lab tutorial
The full power of the S.P.A.R.C. MP architecture is systemprowdes.morede_ta|led|nformat|on on thetheory
available. The dynamic broadcast-listener messggeem ©f chargedparticle opticsand on the technology of
for object communication allows displays to bedated Madnets and other particle optics devices. ~ This
interactively as the user modifies beamliparameters, COMPonent of the PBO Lab tutorial follows a book-like
New tutorial objects are instantiated whenever a Tutorial{ffMmat.  The material iglivided into chaptersand each
launchedfrom a Piece Window. Consequently, a ne\ﬁhapterhas adetailedoutline of its content. Figure 2
Slide Show sequence is displayed eactime this |Ilust_rates a couple.of thépages” from the PBO Lab
component of the tutorial isctivated,with datathat is tutorial fora magnetic bend. _
unique tothe parameters othe corresponding beamline  ~ 'here arenumber of navigatioraids to assistusers
component. As many distinct Slide Show tutorials 48 negotiating the tutorial material. ~ Theiypertext

desiredmay belaunchedand all can be displayed on theCOmPonentcan be launcheceither from a Tutorial
screen simultaneously. selection on the MenwBar of a PBO Lab Document

Each beamline element in the PBO Lab haglige indow [1,4] or from the GO button of a Slide Show

window (see Fig. 1). The first option starts tHgpertext
ial at the first chapter, while tteecondoption links

to the chapter associatedith the corresponding optical

Show tutorial thatprovidesthe same basideatures as
those described for the bend elements. The general co

for the series of slides providéssic information that is : )
characteristic otthat type of beamline element, but th&omponent. Other toolmclude (1) a pageistory of the

specific images, including text, formulae, graphics arrent session, allowing users to retrace their trek through
numerical data, are specific to that particular element. ~ the material, (3keyword andtopic searches, (3) browse
buttons for paging througbkelectedmaterial,and (4) user

definable bookmarks.
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B4 PBO Lab Tutorial
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File Edit Navigate Help File Edit Mavi Help
2 63.1 Paraxial Equations with Dispersion B

6.0 The Bending Magnet - Part 1: Sector Dipole Bends

A change in the beam direction can be with the use of a
can be described by a uniform, or dipole, magnetic field applied perpendicular to the direction of motion. Charged
‘particles passing through the magnetic field of the dipole experience a force, the Lorentz force, which deflects the
particles. The strength of the force is proportional to the product of the particle velocity, the particle charge and the
magnetic field. The force acts in a direction that is perpendicular to both the magnetic field direction and the p;
welocity. For a constant magnetic field the magnitde of the particle velocity is constant through out the mofi

The first order ray equations for  sector dipole inchude contributions due to fine values of 8, the shitin the particle
momentum fom the reference trajectory momentum. For a particle with inal condifions given by the 6-D vector [xs, ¥
0,50, ¥'s,Is, 8 o] the solutions for the parasial (frst order) equations of motion are

% =+ x,cos(ky2) + Kysiniky2) Ky + 5,[1- cosleg2)] { by

& -

The idealized

%, sinll, 2) + 5,00s(k,2) + 8, 0in(k,2)

H bR S A H ]
direction of the motion is changed. The magnefic feld of a dipole i a special case of a cylindrical multipol Hyperllnks to glossary v = Equa“ons and flgureS
i created by two magnetic poles located! on either side of the ais ofthe beamline. Magnetic bends on acee
bearalines may utlize different technologies, incorporating both electromagnets and permanent magnets in th 7= g sinfe2) + 2,1 - con(l )] 1

and outline topics

Content is divided into
chapters with a detailed
outline for each chapter

integrated with text

construction. Real bending magnets are more complicated than pure dipoles, and other effects inchiding thos
Som fringe felds and quadrupole fields are important for most pracical applications. The PBO Lab Bend Tuf
divided into two parts: (1) Sector Dipole Bendis and (2) Comsbined Function Bends. The topics included in the
Sector Dipole Bends part of the PBO Lab Bend Tutorial are.
6.1 The Magnetic Dipole
6.1.1 Dipole as a Clylindrical Multipole

+ 8, [k,z-sin(k,z)] [k, + S,ziy?
5= 5,

First ordérequativ . a particle moving in a uniform field hend magnet jirfhe presence of dispersion.
The parameter ks =2 g cumafure of the reference trajectory. These % be readily expressed in terms of
Itis useful to ilustrate the solution in the bend plane for iniial
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afirst order transfer maltig St Romatris.
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particle with an inifial ronzenteom shife. The trajectory for a particlpAvith an initial positive value of 8 s ilusirated
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Figure 2. Windows from the Hypertext component of the PBO Lab tutorial system

2.3 Tutorial Expandability ACKNOWLEDGMENTS

An importantfeature ofthe design ofthe PBO Lab The assistance of James Gillespie in the design of the
tutorial system is theasewith which it can bemodified S.P.A.R.C. MP software architecture is gratefully
and expandedTraining and education needs are frequentlgcknowledged. The PBO Lab wdsvelopedwith support
changing and evolving. The requirements for one groupfasm U. S. Department of Energy SBIR grant number DE-
acceleratoprofessionals (e.g. operatonsjay bedifferent FG03-94ER81767.
from that of another group (e.graduatestudents). The
ability to easilyupdate, modifyandadd tothe content is
one of the keys to the success of the PBO Lab tutorial
system. [1]

Individual slides in the Slide Show component can
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codes readily accessible to both new and experienced users.

3 SUMMARY

The PBO Lab is an innovativeftware packagéat 3]
was designedrom theground up to provide an engaging}
and flexible environment for learning aboudccelerator
science. The extensive tutori@hdhelp systemintegrated 4
with the PBO Lab makes it ideally suited as a training akﬁlo
education aid for a variety of the communities involved ill_:]
the operation, desigrand study of particleaccelerators.
When coupledwith particle opticsand simulation codes
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