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Nonlinearproblemsin acceleratorphysicswere addressedin this workshopby many of
the participantswho wereprimarily EuropeanandAmericanphysicists.Topicsdiscussedin the
workshoprangedfrom specific featuresof the acceleratorscurrently underdesignto therecent
progressin mathematicalphysics.

The workshop startedwith an overview for eachof the acceleratorscurrently under
design in the U.S. and in EuropeThe HERA, theSSC, the LHC, and the RHIC. Preliminary
studiesfor eachacceleratorwere then presentedin conjunctionwith the presentationof general
mathematicaldescriptionsof acceleratornonlineardynamics.Therewere 41 presentationsin
total refer to the Appendix. Presentationsfor the SSCwere given by RichardTalman,Dave
Ritson, andmyself

There were essentiallyno break-throughpresentations.But there were many important
talks anddiscussions.A few of thosewhich I foundparticularly impressivefrom the perspective
of my interestswere:

Thenormalform - an equivalenceof Courant-Snyderinvariancefor higherordersingle-
particle dynamics- werepresentedby EuropeanphysicistsTurchettiet al. with a mathematical
approachdifferent from the Lie algebraicapproach.The resultswere thesameasthey should
be asthe work by Forest,Berz and Irwin two yearsago. It is surprisingthat we were not at
leastmyselfwasnot awareof their work prior to this workshopthey may haveperformedthis
work quite a few yearsago.

Alex Dragtpresentedhis methodfor kick map factorization. Although somewhat similar
to Irwin’s method, his methodleadsto fewer kicks being necessaryto representa truncated
Taylor seriesmap of equivalentorderand degreesof freedom.

Warnockpresentedhis work with Ruth on long-termbound on nonlinearHamiltonian
motion. From an acceleratorviewpoint, long-termbound" is relatedto the dynamicaperture"

Irwin discussedkick factorizationmap. To makekick map tracking even faster, the
possibility of cubic spline fitting of thekick mapwasdiscussed.

The SSCpresentationsalsoarousedconsiderableinterestat theworkshop. Colleaguesin
the workshopaskeda lot of questionsin Talman’s talk on the SSCoverview. After I presented
the survival plots from "Ztrack" a post-Teapottracking program,they startedto show strong
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interest in figuring out a fastertracking method for the SSC aperturestudy. Thereare three
candidatesavailable:a Kick factorizationmap tracking presentedby Irwin and improvedby
Dragt; b The "SSCTRK" - a lump schemefor SSC long-termtracking presentedby Ritson;
and c Extrapolationfrom million turn or hundredthousandturn Ztrack survival plots presented
by myself.

Most of the attention are given to thefirst candidate- kick factorizationmap tracking.
Someopposedit. Somesupportedit. Fundamentally,kick map should be all right if avery high
order map is used. However, extractinga one-turnmap using "Zmap" and its associated
vectorizeddifferential agebralibrary "ZLIB" for theSSCwith Synchrotronoscillation included
would takeabout20 hoursCPU time in Cray for a 12th order map. Furthermore,theCPU time
requiredfor a 12th orderkick factorizationmap tracking to a certainturn mayhave beenin the
sameorderof magnitudeasthat requiredfor elementby elementtrackingto thesameturn using
Ztrack. Therefore,to be practical, a low order kick map less than 12th order should be
considered.Whethersucha low ordermap workswell remainsto bejustified.

Clearly, at present,we still want to further justify that the 5 cm magnetaperture is
adequate.While somenonlineartechniquesarestill underdevelopment,theelement-by-element
long-termtracking appearsto be themostreliablemethodto resolvethis issueat this moment.
It is possiblenow that we can performlife-time sevenmillion turn tracking for the injection
lattice of the SSC using the programZtrack for very selectivecasesprovided that the most
powerful supercomputersare availableto us. The code SSCTRKis currently able to perform
life-time tracking for the SSC injection lattice anda few caseshasbeenrun. SSC’FRK would be
a soundtool for the SSC aperturestudy, if we could justify that the resultspreferably the
survivalplots are the samestatisticalcomparisonwith many randomseeds,whetherwe use
more superelementslump less magnetelementstogetherthan usedin thenormal SSCTRKor
not.

Thereis no doubt that we should keepperforminglong-termelementby elementtracking
at present. However, we should not give up our existing studiesin mapping techniques. A
vectorizedand dynamic-memorydifferential algebralibrary, ZLIB, hasbeendevelopedthat
should allow us performLie algebraeasily. A "Zmap" is availablethat can extracta one turn
Taylor map from Ztrack. Programsareavailablefor performingIrwin factorizationmap track.
In addition, theremayexistnew territoriesto be foundin thesenumericaltechniquesthat may
eventuallyleadto a practicaland reliablemethod for the SSCaperturestudy.
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