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1: Fromthechairman

Kohiji Hirata kohji.hirata@kek. jp The Chairmanof ICFA Beam
DynamicsPanel

Sincethe “Renaissancebdf the beamdynamicspanelaround1994,the panelhasbecome
moreandmoreactive. It waspartly becausef theefforts of thepanelmemberdut wasmainly
becausef the strongsupportof the world-wide beamdynamicscommunity Althoughsucha
communityis still “under construction” its necessitynasbeenwell recognizedoy mary. The
acceleratosocietyneedsnorebeamdynamicsspecialists.

In fact, the numberof beamdynamicsspecialistgs increasing.lt is not only becausef
the increaseof the modernacceleratorsbut also becausef the increaseof the demandson
the beamquality. To proceedfurther, it seemsthat we shouldestablisha bettercontactand
collaborationwith physicistan otherfields of physics.We needthe knowledgeof otherfields.
If theonly outcomeof thebeamdynamicds, however, to construcgoodacceleratorgndif the
beamdynamicsdoesnot createenoughoutcomesusefulto otherdisciplines,it cannotattract
physicistoutsidetheacceleratocommunity Therelationshipshouldoemutualandreciprocal.

A goodexampleis the researclof the nulearfusions. It hasproducedhe plasmaphysics
which hasshedlight on astrophysicsgeophysicsandevento acceleratophysics.l believe the
beamdynamicscanproducesimilar outputs,usefulandinterestingfor mary otherdisciplines,
becausehe beamis a very specialstateof the matterandits understandinghouldreveal new
propertiesof the matter Recently for example,while working for KEK B factory | have been
dreamingof the “thermodynamic®f the beam”. Sucha thing shouldexist, althoughit might
notdirectly beusefulfor construction®f acceleratorsAs the chairmanof this panel,l hopeto
encouragé¢heactvities which deeperandwidenthe beamdynamics.

Thisyear we donothavethepanelmeeting.Insteadavirtual meetings underway through
e-mail. Thereportwill be publishedn thenext issue.

A.Hofmannhasretiredfrom the panel,in accordancevith his retirementfrom CERN.He
hasbeenan actve membersince 1991. He worked very hard for realizing 6-th Advanced
ICFA BeamDynamicsworkshopon”Synchro-BetatrofiResonancegMadeira, 1993)in aquite
difficult time for the panel.l would lik e to thankhim for his contrikution to this panel.



2: Lettersto the Editors

2.1 Call for Creationof Accelerator & BeamPhysicsForums

DearMembersof the Accelerator& BeamPhysicsCommunity

Particle acceleratorareusedin almostevery field of physicsfrom elementaryparticlesto
solid statephysics. Acceleratorsare finding a variety of applicationssuchasion implanta-
tion andlithographyin industry medicineradiotherap andfood sterilization. The needand
importanceof acceleratorsandits impacton the societyneedno elaboration.

Asyouareaware,thatthe Acceleator & BeamPhysicsandassociatedechnolagiesarenot
yet partof the regularuniversity curriculumin mostpartsof the world! Thelearningof such
animportantinterdisciplinaryscienceis doneto a very large extentindividually andthrough
theveryfew Schoolsvhen& wheee available. This very curiousscenarids exacerbatedby the
neartotal absencef Divisionsof Accelerator & Beamsin mostof the PhysicalSocietiesall
overtheworld.

It is interestingto notethatin recentyears,mary very interestingandusefuldevelopments
in BeamPhysicshave taken placein remotedepartmentsutsidethe acceleratofaboratories,
by physicistswith aprimarytrainingin otherareasof Physics Fromthesat is evidentthatthey
cancollaboratewith acceleratophysicistsaandproducenterestingandusefulresultsin areasof
beamdynamics free electronlasersandsereral othertopics. A symboliceventjustifying the
above statementss thelastlICFA AdvancedBeamDynamicsWorkshopon QuantumAspectsof
BeamPhysicsheldat Montergy, bringingtogetherover a hundredohysicists A detailedreport
of this historicmeetings to befoundin theICFA NewsletterNo. 16 April-98 andthenumerous
contributionsin the proceedindin press Ed. Pisin Chen,World Scientific, Singapore1998).
Suchaworkshopbecameaelevantonly recently ¢ Fromsuchmeetingst is evidentthatBeam
Physicsis growing rapidly in remotedepartmentsutsidethe big acceleratotaboratories We
needmore of suchmeetingsto caterto the topicsnot yet addresseth the existing Meetings.
To keepup with thegrowth of the beamphysicistscommunity it is essentiato have additional
Meetingsto accommodatéhe growing numberof personneéndwider rangeof topics.

By introducingBeamPhysicsin the regular university curriculait is sureto attractmore
mindsto tackle someof the openand very challengingproblems,which are draving a new
attentionwith ever increasingdemandor higherenegiesandluminosity andlower emittance
beamswith ever increasingparticle speciesand saturationin the existing methodsof particle
accelerationWe neednew resultsandrevolutionarytechniquegor futuremachines.

Anotherpointwhich | would like to bring to focusis the steadygrowth of Acceleratorand
BeamPhysicsCommunityin thedevelopingworld, who have little or no accesso accelerators
in their own regions. We needto enhanceheir participationin the existing Schoolsthrough
moreFellowships,particularlyfor thetravel. The AbdusSalaminternationalCentrefor Theo-
reticalPhysics)CTP, Trieste,ltaly canprovide anexcellentvenueto hold suchSchoolsICTP
in its long andvery generoudradition hasbeendoing soin mary otherareasof Physicsand
othersciences.This will take careof the participantfrom the developingcountries,andalso
the wide rangeof topicsof interestto the communityworld-wide, by bringingtogethermphysi-
cistsandacceleratopersonnetogether Thiswill definitelycomplimentheexistingprestigious
Schoolsandthefew effortsin the developingcountries.Thusstrengtheninghe communityin
morethanoneway!

Foracompleteandnaturalgrowth of ary field it is essentialo haveaproper~orum. To facil-
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itatetherequiredgrowth of the Acceleratorst BeamPhysicsSCommunitywe need,jmmediate
inclusionof Acceleator & BeamPhysicsin regular University Curriculumon a global scale,
more Internationaland National Stools creationof active Divisionsof Acceleators/Beams
in variousPhysicalSocietiesandnev Forumsin the form of BeamPhysicsClubs/Societies
All theseshall have a very significantrole, throughtheir Regular CoursesPeriodicSchools,
Newsletters,Fellowshipsand shall strengtherthe Accelerator& BeamPhysicscommunity
world-wide. This hasbeenthe casein variousotherareasof Physics,for a very long time!
Why shouldbeamphysicsmake anexception?

It is notavorthyto seehow theICFA BeamDynamicsPanelhascontributedto theaccelera-
tor & beamphysics.Thewell-attendedCFA BeamDynamicsWorkshopsareoneof theproofs
of its big successlt would beworthwhileto hold BeamPhysicsSchoolsunderthe auspice®f
ICFA. SuchSchoolswould be extremelyuseful, particularlyto the beginnersin thefield. We
canbe surethattheseSchoolswill be very successfulike the ICFA Workshops.The widely
circulatedNewsletteris providing anexcellentmediumfor communicatior& discussionlt can
befurtherusedfor the creationof nev Forumsappealedn this Letter.

It is hopedthatthe decision-makrstake notice of this appealanddo the needfulwithout

ary furtherdelay

Sincerelyyours,

SameehmedKHAN khan@pd.infn.it INFN-Padova,
ViaMarzolo8, Padora35131
ITALY

http://www.pd.infn.it/~khan/welcome.html

2.2 FromK. Makino
DearHiratasan,

A recentvisit to KEK remindedme of the periodwhen| hadbeena graduatestudentin
Japan. Having completeda Ph.D.in a US university recently | have experiencedboth the
Japanesand Americangraduateschool systemswhich is someavhat unusualfor Japanese.
Following your suggestionl, wouldlik e to sharesomethoughtsaboutthedifferenceof graduate
studybetweenlaparandthe US with the community

To beginwith, letmeaddressomecharacteristicef theJapaneseducationasystem.Some
peopleknow thattheemphasiss putonthemereadmissiorto auniversityor acollege,whichis
determinedy very challengingexams.Theexamsaresocompetitve thatnamesf schoolsare
ameasuref studentshencethe quality of their laterjobs andlivesis very muchdetermined.
Not only high schoolstudentsput the whole societyview it asa goalto passentrancesxams,
evenoccasionallystartingfrom the preschooperiodaskindeigartenexams.As aconsequence,
the educationalevel of freshmenof universitiesand collegesis very high, but almostall of
themareburnedout. It is evencustomaryto view college life asa relaxationperiod,sparing
seriousefforts for alaterjob life. In bothundegraduateandgraduateschoolsthe coursework
is not very demandingso seriousstudentausuallymotivatethemseles,andgraduatestudents
usemostof thetime for researctwork right awvay.

Becausd cameto the US to pursuea Ph.D.| wentthrougha seriesof graduateschool
requirementsncluding substantiacoursework for the first years. | had known the hardre-
quiremenbf courseworksin the US asa story, but thereality wastougheryet. It is understood
thatonly threegraduatecoursepersemestekill almostall thetime of a seriousstudent.Usu-



ally graduatestudentstartresearchvork afterthecoursework of thefirst years.Anotheraspect
to mentionis therearemary graduatestudentsvho cometo schoolaftersomejob experience,
whichis still ratheruncommonn Japan.

With sucha remarkablecontrast] amnot readyto make arny judgementwhich of the sys-
temsis betterthantheother;but | certainlyappreciatedhefactthatl couldexperienceboth.

Kyoko Makino makino@nscl.msu.edu Michigan StateUniversity
NationalSuperconducting
CyclotronLaboratory



3: WorkshopReports

3.1 14th AdvancedICFA BeamDynamicsWorkshop on BeamDynamics
Issuesfor e" e~ Factories

L. Palumbo lpalumbo@axrma.uniromal.it Univ. La SapienzaRoma
/LNF-INFN

The AdvancedlCFA BeamDynamicsWorkshopon “Beam Dynamicsin e*e~ Factories”,
was held at FrascatiNational LaboratorieLNF) of INFN from the 20th to 25th of October
1997. The workshopwasorganisedoy ICFA, INFN, the University of Rome*“La Sapienza”,
with the scientificsponsorshif BINP (Novosibirsk), CESR(Cornell),IHEP (Beijing), KEK
(Tsukuba).BNL (Berkeley), SLAC (Stanford).About 80 participantsattended¢he workshop.

Theaim of theworkshopwasto gathemworld-wide expertson theoreticalndexperimental
issuegelatedto the high luminosity, with particularregardto the developmentcommissioning
or designof @, B andtau-charnfactoriesandLEP andCESRcolliders.

The workshopstartedwith a plenarysessiondevotedto the luminosity performance®f
the CESR(J.T. Rogers)and LEP (J.M. Jawett) colliders,andto the stateof several projects:
DA®NE (G. Vignola), BINP RoundBeam(Y.M. Shatune), PEP-II (J.T. Seeman)KEKB
(K. Oide), TCF (Y. Wu). Four review talks on “Interaction Regions” by H. Koiso, “Single
ParticleDynamics”by J. Irwin, “Beam-Beam'by M. Furmanand“Instabilities” by S. Heifets,
introducedthe discussiorto theworking groupsorganisedn parallelsessionsA full daywas
devotedto the discussiorof TCF beamdynamicsissues. Summarytalks of working groups
concludedheworkshop.

Theworking groupon InteractionRegionswaschairedby D. Rice. Two majorsubjectwere
discussedcomparisorof the choicesmadein the designof IRs for several projects,andhow
the preseninteractionregionscanbe modifiedin orderto increasduminosity by oneorderof
magnitude A deepanalysiswasdoneon the opticsdesign,solenoidcompensationgchromatic
correction,beamseparatiorand comparingthe relatve advantagesand disadwantagesf dif-
ferentschemes.The group discussedhe backgroundevelsin the detectorsasit is the most
uncertainoperatingparametein IR realisation. The “round beam”opticswasof particularly
interestbecausef the expectedarger beam-beanparametewhich offers a possibility of lu-
minosityincrease.

Thegroupon SingleParticle Dynamics chairedby J. Jowvett, covereda variety of subjects.
The “Model independentiseof BPM families” presentedby J. Irwin in the plenarytalkswas
discussedurther Featuref the lattice designfor maximumopticsflexibility andchromatic
correctionup to the 3rd ordetr andthe latestprogressn the commissioningof PEP-Il were
presented.Several methodsrelying on the kicked beammeasurementsxploring the lattice
non-linearitiesnverediscussed A novel andelegantmethodfor dynamicalaperturemeasure-
mentshasednthedetailedunderstandingf the Touscheleffectwasdescribedy A. Valishe.
Fringe-fieldsn shortmagnetsparticularlythosein the detectorsolenoidsandtheir effectson
thedynamicalaperturecalculationsverealsodiscussed.

ThegrouponBeam-Beanmwaschairedby K. Hirata. Themaintopicscoveredin thesession
were:Beam-beantimit, crossinganglebeam-beantail, coherenmodesmonochromatization,
roundbeam,strong-strongsimulation. Two semi-empiricalaws reproducingreasonablywvell
the obsened beam-beantimit for e™e~ machineswvere presented Of particularinterestwere
thepresentationanddiscussiongnthecoherenmodesandLandaudampingandin particular
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ontherole of thebeam-bearparamete¢™ /¢~. TheMdbiusoptionwhich permitsroundbeams
andeasychromaticitycorrectionwasalsodiscussedh detail.

Theworking groupon Impedancandinstabilities,chairedby L. Palumbo,coverediongitu-
dinal singlebunchinstability, corventionalcoupled-lbinchmodeinstability andcures,fastion
instability andelectroncloudinstability. A bunch-lengtheningaw, reproducingheexperimen-
tal data,basedon the quantumrandomkick in enegy andlongitudinalpositionwaspresented.
The Fastlon Instability measurementsmadeat ALS confirmedsomeof the featuresof this
instability, althoughthe exact growth rate law is still not defined. Therewas stronginterest
in the experimentaland simulationresultsof PhotoElectroninstability. Dedicatedmeasure-
mentsdoneat BEPC (Beijing), have found that althoughthe thresholdis very low (20 mA of
positrons),t is stronglydependenbn the gapbetweerbunchesandsuppressetly chromatic
correction.Severalcomputercodeshave beenimplementedn ordersimulatethe mechanisnof
theelectroncloudformation,andtheinteractionwith thebeam.It seemghatthe cloudoscilla-
tionshave effectoverashortrangeof 3—4bunchesThecomputeicodeseproducejualitatvely
thePEI, but their reliability still seemsuncertain.

The proceedingscollectingmostof the paperspresentedn the workshop,arebeingpub-
lished.

3.2 Summary of the 5th ICFA mini-Workshop on BeamLoading

R. Baartman krab@triumf.ca TRIUMF

3.2.1 |Intr oduction

TheWorking Groupon High-BrightnesdHadronBeamsof ICFA BeamDynamicsPanelspon-
soreda Mini-workshopon “Beam Loading” in high intensity hadronsynchrotronsat KEK-
Tanashifrom February23to 25,1998. It waschairedby Y. Mori (moriy@kekvax.kek.jp),and
C. Ohmori (chihiro@lekvax.kek.jp) actedas secretary The purposeof the workshopwasto
discussthe basicproblemsof beamloadingandto examinetheir cure and compensationn
high intensityhadronsynchrotronsOthertopicssuchasbarrierbucket andimpedancesontrol
werealsocovered. The beamloadingissuesof the JHF 3GeV and50GeV rings, in which a
magnetic-ally loadedRF cavity is to be usedwereexaminedasa casestudy

Theworkshopwasattendedy 48 people,roughly equallysplit betweerforeigners KEK,
andnon-KEK Japanese.

3.2.2 Existing Machines

Existing machineshave useda wide variety of techniqueso combatbeamloading. Presen-
tationswere asfollows. M. ,Yoshii (KEK-PS), M. Blaskievicz (BNL-AGS, AGS-Booster),
W. Chou (FNAL), R. Garoby(CERN-mary), T. S. Wang (LANL-PSR), P. Barratt (DRAL-
ISIS).

Of these,the PSRis probablynot a fair comparisonsinceit is fixed frequeng and so
canusea cathoddollower configurationwith no additionalfeedback Of the othersthe CERN
performances notfairly representetly suchatable,consideringhattherearemary rf systems
atdifferentfrequenciesn thePScomple, anddehunchingandrecapturdnave beensuccessfully
performedunderconditionsof heary beamloading.



Machine Current(Amps)
Achieved:

RutherfordISIS 11.
AGSBoosterAGS 6.,7.3
CERNPSB,PS 4.3,4.3
KEK BoosterPS 4.8,1.0
LANL PSR ~ 30
FNAL Booster 0.8
Proposed:

JHFBooster PS 13,13

Table3.1: AC beamcurrentachieved

The AGS is notewvorthy as achiezing the highestbeam-loadingatio for a synchrotronin
the mary-GeV range. Of particularinterestis the longitudinal phasespacedilution. This is
performedusinga cavity runningat 33.75timesthe beamfrequeng. A barrierbucket scheme
is underdevelopmenin collaborationwith KEK.

The ISIS beamcurrentis quite impressve andis encouragingor developmentof higher
intensity machinesusing corventionalferrite tuning. With respecto beamloading, the high
currentis achiezedusinga combinatiorof feedbackcompensatioof theinducedvoltagein the
cavitiesandde-<Q ing usinga CuSQ resistor

3.2.3 TheJHF

High time-averagedntensityis achiezed by combininghigh circulatingcurrentwith rapid cy-
cling. Thiswill bethe approachin JHF aswell. The latterimplieslarge rf voltageperturn,
while theformerimpliesheary beamloading.In orderto achieve high rf voltage,it is adwvanta-
geousto goto higherrf frequeng whereresonanstructureanbe built which do notinclude
large volumesof lossyferritesto bring thefrequeng down. Thiswastheapproachtadoptedor
theFNAL boosterandthe(defunct)SSCandKAON proposalsUnfortunatelysuchefficientrf
cavities aresobecausef their high @ and R, andthis combinedwith high circulatingcurrent
meanghattherewill beaproblemwith parasiticcavity modes.A way aroundthisis to choose
low @ cavities, whereall modesarenaturallydamped.Unfortunately suchcavities have small
gapvoltagesandthereforealarge numberarerequired.This increase®othcapitalandrunning
costs.

An innovative approactbeingpursuedn the JHF designis to usea metallicmagneticalloy
insteadof ferrite. Sincethesematerialshave higherCurietemperatur@andsaturatiormagneti-
zation,higherrf flux densitiesandgapvoltagesarepossible.Resistvity canbein therealmof
stainlesssteel. This combinedwith therelatively low rf frequeng yields a large-enougiskin
depth:corescanbe comprisedf woundtape,afew tensof micronsthick.

Extremelylow @ is possiblen suchadesignwithoutlowering R, to thepointthatexcessve
power is requiredto drive the cavity. In fact@ ~ 0.6 hasbeendemonstratedwith R,/Q ~
2509. Therearetwo adwantagedo this type of cavity design. Wakefieldsdecaybetween
bunchesso coupled-lbinchmodesare not dangerousandno tuning of the cavity is required.
Onthe otherhand,the broadimpedancevould leadto large potential-welldistortion. In other
words, beaminducedvoltagemustbe compensatedot only at the fundamentalput at other



harmonicsaswell. The JHF teamis aware of thesedifficulties and presentedschemedor
compensatingip to 3 harmonics.The beamloadingmodellingwas performedfor a casewith
all bucketsoccupied Partially-filled ringsandkickergapcasesveremodelledby simulation.

Thediscussiorbroughtupanumberof otherissuego consideibeforethiscanbeconsidered
aviablerf systenfor highintensitysynchrotrons.

e Thepropertieof themagneticalloy shouldbechecledto make surethey do notchange
underconditionswherethe excitation frequeng variesquickly with time. Thisis a po-
tential problemin fast-g/cling synchrotronsashasbeenthe experiencewith the FNAL
boostefferrites.

e Thestandardeam-loadingheoryneeddo begeneralizedo coverthe caseof suchlow-
Q cavities, sincein someapproximationtheusualmodelof aparallel RLC circuitis not
applicable.

e The measuredmpedancdor the prototypecavity wasfoundto be low enoughfor fre-
gueng belov 30MHz. Theremay be high-) resonances the rangeof 100MHz to
beam-pipecutoff. This shouldbe measured.

An interestingaspecbf low-() acceleratiorcavities is thatthereis nolongerary reason
to usea singleFouriercomponento acceleratéhe beam.In fact,the rf systemis meant
to accomplish3 purposes.(1) Enegy gainto maintainsynchronismwith the magnetic
fields; (2) Slopein enegy gain to keepthe buncheslongitudinally focused;(3) Some
non-linearityto Landau-dampnstabilities. In a sinusoidalrf system,these3 are fixed
by choiceof V' and¢,. However, in a broad-bandf system,the 3 canin principle be
independentlyaried. This may provide a better moreflexible rf systemandmay turn

outto beno morecomplicatedhanfeedbacksystemdo zerooutthe higherharmonics.

3.3 Strong-Strong Beam-BeamWorkshop at SLAC

J. Irwin irwin@slac.stanford.edu SLAC

A small 3-dayworkshopon the strong-strongpeam-beamvas held at SLAC June8-10th,
1998,ontheoccasiorof atwo-monthvisit to SLAC andLBL of SrinivasKrishnagopa(Centre
for AdvancedTechnologyIndore,India), who wasresponsibldor thefirst truly strong-strong
beam-beansimulationsdevoid of assumption®n the form of bunchdistributions[1]. Also
attendingthe workshopwere Joe Rogersand his student,Edwin Anderson(Cornell), who is
currently completinga strong-strongsimulationcode, Miguel Furman(LBL), Donald Kouri
(Univ. of Houston),Vladimir Shiltses andJim Holt (FNAL), RobertRyne (LANL) andpar
ticipantsfrom SLAC including Yunhai Cai, Kwok Ko, Witold Kozanecki Johnlrwin, Boris
Podobedw, JohnSeemanBob SiemannKathy ThompsonBobWarnock,Yiton YanandFrank
Zimmermann.

The workshopbeganwith a historical perspectie on theory experimentand simulations
deliveredby Bob Siemann followed by a talk on strong-strongsimulationsfor neutralized
beamdoy Boris Podobedw. Miguel Furmandescribedhe simulationshe haddonefor PEP-II.
A sessioron the statusof currentsimulationefforts includeddetailedtalks by Krishnagopal
and Anderson. Following this Rob Ryneled a discussiorof the gainsone can expectfrom
parallelizatiorandexisting relevantalgorithms.A morningwasdevotedto the consideratiorof



possibleimprovementof solversusing DAFs (Distributed ApproximatingFunctionalshich
weredescribedandinventedby Don Kouri [2]. In a sessiordevotedto experimentaissuesloe
Rogergyave atalk onbeam-beamobsenationsat CESR Witold Kozaneckpresenteglansfor
beam-beammeasurementt PEP-Il,andJohnSeemarmyave aperspectieon PEP-IIluminosity
upgradeoptions.

Siemanrcommentedhat: i) all publisheddataon beamprofilesaverageovermary turns,so
thereis nodefinitiveevidencefor or againsturn-by-turnvariationsji) haloscanbeproducedy
modulationof coresin high currentprotonbeamsiii) 0- andw -modedipoleoscillationsareob-
sened,iv) obsenations simulationsandtheoryshaow flip-flop behaior whichis obseredto be
extremelysensitve to machineconditions,v) theoryandsimulationspredictso-calledhigher
ordermodeperiod-Nbehaior, vi) the Vlasos equationsolutionsby Derbeng [3], Dikansky
andPestrilov [4] andRuthandChaol[5] shav period-Nbehaior but do not agreeon details.
Neutral-beansimulationsby Podobedw had period-N behaior agreeingwith reference4].
Theneutralbeamcaseas richerpresumablyor lack of Landaudamping.

Thesimulationcodesof KrishnagopahndAndersorusesimilar, thoughnotidentical,Pois-
sonsolverroutines.As of theworkshopthe Krishnagopatodelacked longitudinalslicing and
did notyet allow for asymmetridoeam-beanparameter§s]. Andersons codecontainedhese
featuredut wasstill beingbench-markdagainsectualmachineconditionsandobseredbeam
sizes.lt is theintentionof both of theseauthorso malke their codesavailablefor publicuse.

Joe Rogersemphasizedhe importanceof machineconditionsin the beam-beanbeha-
ior anddescribeda bunch-by-tunchprofile monitorunderdevelopment(original ideaby Tong
Chen)usingoptical fibersanda photo-multiplier array a new operatingpoint nearthe half-
integer that gives a larger beam-beantune shift, and the first experimentson the Mobius-
twistedlatticewhich looked promising.

Seemamremphasizetheimportanceof thebeam-bearphenomenér PEP-1l,anddescribed
pathways,suchashighercurrentsjower 8*, increasdoeam-beanuneshifts,andrelaxedtrans-
pareng conditions,beingconsideredhat,in the bestof all worlds, couldleadto luminosities
ashighas3 x 10%'/(cm?s). The surpriseghat may be offeredby the asymmetricconditions
arebeingcautiouslyawaited.

Becauseof its small sizethe workshopcould be highly informal. Therewasampletime
for discussionand debate. Therewas a generalappreciationthat the beam-beantomesin
mary flavors(whenlinearcollidersarealsoconsideredandcanbeaveryrich andcomplicated
phenomenavhenall the real-life conditionsareincluded. It canbe expectedto be an areaof
increasingmportancewith mary applications.

We wish to apologizeto anyonethatwould have likedto attendbut did not receve notice.
Arrangementsverevery lastminute,andgrew largerthanoriginally expected.We would also
like to expressour gratitudeto all participantdor their efforts andthoughtfulcontributions.
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3.4 ShelterIsland Workshop on SpaceCharge Physicsin High Intensity
Hadron Rings

AlfredoU. Luccio luccio@bnl.gov BNL
BrookhaenNationalLaboratory

OnMay 4-7,1998,we heldaWorkshopon Shelterisland,New York, atthe Pridwin Hotel
on the waterfront. The main purposeof the Workshopwasto review recentprogressesind
the currentstateof understandingf spacechage relatedphenomenan high intensityhadron
synchrotronsandaccumulatorings, with specialattentionto nev machineseingconsidered
(suchasthe SNS,ESS,JHF, u-Collider Driver...). Attendancevasby invitation.

In choosingalocationfor theWorkshopwe wantedaplacebothnottoofarfrom Brookhaven
andasecludedocation. Shelterislandcameto mind, asit hasbeenthelocationof anumberof
conferenceghroughtheyears nottheleastbeingthevery famousconferenceof 1947.

Theideaof organizingaroseat Brookhavenduringdiscussion®n the physicsof the Accu-
mulatorRing for new SpallationNeutronSource(SNS)to be built at Oak Ridge. Thisisa l
GeV protonring characterizedby a very high beamcurrentandthereforedependenon space
chage effects. We hada long history of operationf high intensityprotonsynchrotrongrom
theU.S.,Europe andJapanHowever, in termsof averagebeampower, they areall in therange
of afew to two hundredKW. The new generatiorof applicationdothin the spallationneutron
sourceand u-collider driversrequiresaveragebeampower from a few MW to 10 MW. This
present@ new challengen the precisionof acceleratoanalysisandcontrolof beamlosses

The dynamicsof beamsn circularacceleratorsiyhenspacechageis important,is widely
studied,but thereare few experimentaldata. The theoryis in evolution and the numerical
simulationstill needsa solid validation.We felt that, by inviting mary of thekey playersof this
game discussingandcomparingexperimentakesults theoriesandsimulationcodeswe could
give animportantcontrikution not only to the SNS, but to thefield in general.We alsohoped
thatthe Workshopcouldgive a startto new collaborations.

3.4.1 Workshop Lay-out

¢, Fromthe Workshop,someanswersve weretrying to find are:
Whatarethe experimentabbsenationsof high intensityeffects.
Whatarethetheoreticalexplanationsandpredictions.
Whatcomputersimulationcodesareavailable.
Thefollowing kindly agreedo setup a ProgramCommittee:
S. ChattopadhyayBL, T-S.WangLANL, S-Y. LeelndianaUniversity A.U. Luccio, BNL
(vice-chair),D.K. Olsen,ORNL, M. ReiserUniversityof Maryland,W-T. WengBNL (chair).



Ragisteredparticipantswere 57. They gave 14 plenarypapers+ 23 topical papers. The
Workshoptook 3 and1/2 days.

3.4.2 Plenary Sessions

In thefirst two dayswe hadplenarypresentationsndifferenttopics,by thefollowing spealers:

1. Review of experimentakesults:Tom Wangler(Los Alamos)andingo Hofmann(GSI)

2. Review of the theory: Bruno Zotter (CERN), Rick BaartmanTRIUMF), andS-Y Lee
(Indiana)

3. Review of simulationcomputercodes:Shinji Machida(KEK), andChrisPrior (ARL)

4. ExistingHigh IntensityRings: ChrisWarsop(ISIS), RobertMacek(PSR) ,ChuckAnken-
brandt(Fermi),andThomasRoser(AGS)

5. New Proposed-acilities: Chris Prior (ESS),Miloslav Poparic (MuonColliderDriver),
andBill Weng(SNS)

3.4.3 Working Groups

To helpworkshopdiscussionsndfocuson the presenissuedor the designof new high power
facilities,we assignedpecifictasksto thethreeWorking Groups chairedby

ObserationWG: RobertoCappi(CERN)

TheoryWG: Rick Baartman TRIUMF)

SimulationWG: Alfredo Luccio (BNL)

Contributed paperswere presentediuring Working Group sessions.Thesepresentations
werelessformal thatin the plenarysessionsandsenedasthebasisfor discussions.

Questiongor BeamObsenationsGroupwere. (1) Whatarethewaysto obsene emittance
growth, their reliability and precision. (2) What arethe waysto obsere particlelossestheir
reliability andprecision.(3) Obsenationandexperienceof particlelossedn existing facilities.
(4) Suggestiorof methodgo be adoptedor high intensitysynchrotronsn emittanceandpar
ticle lossobsenation. (5) Whatis the beststratey to designandplacecollimatorsin ringsto
reducehalo?

Questiongor TheoryGroup

(1) Relationshigbetweersingleparticleandcoherenpictureof resonancem synchrotrons.

(2) Methodsandaccurag of emittancegrowth andparticlelossescalculationby resonance
models.

(3) Mechanism®f halogenerationn synchrotrons.

(4) Methodsandaccurag of emittancegrowth calculationby particle-coranodels.

(5) How to minimize halogenerationn synchrotrons.

Questiondgor SimulationGroup

(1) Characteristicsstrengthrandweaknesgf existing 6-D, space-chagre dominatedracking
codes.

(2) What are the specificrecommendations improve them, algorithms,speed,conver
gencerelevance,...?

(3) How to validatea tracking code,self-consisteng reliability, corvergence,calibration
with obsenationsandothercodes.

(4) Isit possibleto build a codeeverybodyagreego use?

All the papergyivenwill bepublishedn abookby the Americaninstituteof Physics.



3.4.4 Resultsof the Workshop. Conclusions

TheWorkshopreachedts goalsto bring peopletogethetto discuss.Thefield is in evolution, so
it is hardto getfinal conclusionsor to agreeon final answeror establishedacts. The chairmen
of theWorking Groupstriedto give answerso thespecificquestionstatedabove, butin general
thoseanswersverein turn questionandnen questionsveregenerateteachstep.
Onefactis clear namely from circular high intensity hadronacceleratorghere are not
enoughexperimentaldataon spacechage effects,andwhatis availableis sometimesontro-
versial. Theoryand Simulationare actingin parallel sincetheoreticalwork generallyneeds
numericalsimulationto confirmresults. Simulationis complex andoftenvery computertime
intensve. So, oneshouldfind new waysto usecomputerdo solve themin areasonabléime.
Validationof codesandtheoryby comparisorwith experimentablatais a very importanteffort.
All this suggestshreemaindirectionson which to move:

e Give morefinancialsupportto dedicatednachineexperiments.
e Acquirenew, fastercomputergbuild arraysof PC's?)
e Createmorecollaborationgo shareresultsandfindings.



4: Activity Reports

4.1 BeamDynamicslssuesat MUSES Project of RIKEN Radioactive Iso-

tope BeamFactory
Yuri Batygin batygin@rikaxp.riken.go. jp RI BeamFactoryProjectOffice,
RIKEN,
2-1Hirosava, Wako-shi,
Saitam&351-01,Japan
TakeshiKatayama Centerfor NuclearStudy
katayama@insac8.cns.s.u-tokyo.ac.jp Schoolof SciencelUniversity

of Tokyo, 3-2-1,Midoricho,
Tanashi;Tokyo 188,Japan

In RIKEN, the Radioactve IsotopeBeamFactoryProjecthasbeenapprosred by the Gov-
ernmentasa new stageof fundamentatesearchin heasy-ion physics. This projectincludes
new typesof facility to acceleratextremelyrareunstableneary ionsupto enegy of 1-3 Gev/u.
Extensve useof heary ionsis assumedo bedonein thefollowing branche®f science:

- creationof new isotopes

- studyof exotic nucleiandreactonsinducedoy them

- studyof nuclearstructure

- developmenibf new cancettreatment

- ion implantationinto materialgo changanaterialsproperties
- diagnostic®of materialcomponents.

Existing acceleratorfacility in RIKEN consistsof heary-ion linac for enegy of 0.7 - 4
MeV/u followed by Ring Cyclotronfor enegy of 150-200MeV/u. Thefirst stageof the new
projectassumesonstructiorof two extracyclotrons(4-sectointermediatéring Cyclotronand
6-sectorSuperconductinging Cyclotron),with final enegy of 400MeV/u. After acceleration
in cascadef cyclotrons,primary heary ion beaminteractswith atargetandis convertedinto
radioactve isotope(RI) beamvia projectilefragmentatiorprocess.Createdunstableparticles
comethroughRI separatoto be selectedor further experimentalusage. Cyclotronfacility
asinjectorwill be operatedn two modes,oneis CW modewith averagebeamcurrentof 1
particle uA, andthe secondmodeis pulsemodewith peakcurrentof 100 puA andrepetition
rateof 1 kHz. Typical Rl beamcharacteristicareestimatedasfollows: the productionrateis
10" -10'! particlesper secondmomentumspreads + 0.5 %; the phasewidth relative to RF
frequeny is 1 5 degreesandthetrans\erseemittancds 4.5 mmmradin bothhorizontaland
verticaldirections.Dueto large momentunspreadf the Rl beamaftertarget, beamhasto be
delunchedbeforeinjectioninto AccumulatorCoolerRing. For thatbeamis transportedrom
thetametto theinjection point alongthe lengthof 70 m. At the endpoint of transportine, a
delunchersystemwith 8 MV voltagewill beinstalledto reducehemomentunspreado 0.1%.

The secondstageof the projectis MUSES (Multi UseExperimentalStoragerings)facility,
which consistsof AccumulatorStorageRing (ACR), BoosterSynchrotronRing (BSR) with
aninjectorelectronlinac andDouble StorageRings (DSR). ACR works for accumulatiorand
cooling of Rl beamsand for atomic and molecularphysicsexperiments. BSR works only
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for acceleratiorof ions and electronbeams. DSR permitsvarioustypesof uniquecolliding
experiments Dueto shortlife time of radioactve isotopesthe maindesignefforts arefocused
on accumulatiorandcollision of largestpossiblenumberof particleswith small emittanceto
obtainhigh valueof luminosity.

4.1.1 Accumulator Cooler Ring

The AccumulatorCoolerRing will be usedto provide highintenseandquality Rl beam.ACR
senesasinjectorfor BoosterSynchrotrorandindependentlyasanacceleratofor nuclearand
atomicphysicsexperiments.

ACR is aring with circumferenceof 168 m, which consistsof two arc sectionsand two
long straightsections.Both stochastiacooling andelectroncooling are examinedto decrease
phasespacevolumeof Rl beam. It is turnedout, thatfor multi-turn injection andfor typical
RI beamwith small numberof particlesandlarge valuesof beamemittanceand momentum
spreadstochasticoolingis muchfasterthanelectroncooling. Electroncoolerwith 3 mlength
providescooling time of 380 secfor ¢ He and0.42 secfor 222U, while the stochasticcooling
with 10kW andabandwidth of 2 GHz feedbackamplifierprovides0.2 secand5 mseccooling
time, respectrely. Meanwhile,utilizing of one-turninjection schemepermitsfasterelectron
cooling dueto dependencef cooling time of beamemittanceas 7.,,; ~ €*2. Comparable
studyof one-turninjectionwith electroncoolingagainsimulti-turninjectionis carriedout [2].

Beamcoolingis accompaniedvith particleaccumulatiorutilizing RF stackingtechnique.
Injectedbeamis capturednto bucket via applyingof RF voltage. RF operationfrequeng is
changedadiabaticallyto shift the stackingorbit. After thatthe RF voltageis switchedoff and
thebeamis release@ndremainsatthestackingorbit. Optimizationof initial momentunspread
andRF bucket heightin presencef coolingforcesis madeto provide high stackingefficiengy.
AccumulatedRI beamis fastextractedfrom the ACR andinjectedinto BoosterSynchrotron.
Thefinal momentunspreads lessthan0.15%andemittanceas 1 = mmmrad.

4.1.2 BoosterSynchrotron Ring

The BoosterSynchrotrorRing is usedexclusively for acceleratiorof ion andelectronbeams.
The maximumacceleratingenegy is 3 GeV for proton, 1.45 GeV/nucleonfor light ions of
g/A=1/2and800MeV/nucleonfor heary ionsof g/A=1/3. Electronbeamis acceleratedip to
2.5GeVfromtheinjectionenegy of 300MeV. Acceleratedon andelectronbeamswill befast
extractedandinjectedinto the Double StorageRings(DSR) by oneturninjection. As another
operatiormode,ion beamwill beslowly extractedfor theexperiments.

Lattice of the BSR consistsof two arc sectionsandtwo long straightsections.Naturalchro-
maticity of -8.670(horizontal)and-8.320(vertical)arecorrectedy two familiesof sextupoles.
The normalizedfield strengthsof sextupolesrequiredto correctchromaticityare9.236m —3
and-15.889m~3. Dynamicapertures seriouslyaffectedby chromaticitycorrection. Multi-
turn (10* ) trackingindicatesthatdynamicapertureof BSRis ¢, = 1257 mmmradande, =5
7 mmmrad. Furthertrackingis requiredto definelimits of dynamicalapertureandto estimate
thetolerablelevel of misalignmentn thering.



Table4.1: Parameter®f proposedRIKEN DoubleStorageRing collider.

Circumference 258m
BeamEnegy

proton(GeV) 3.55

ion (Z/A=0.5), Gev/nucleon 1.45

ion (Z/A =0.387),Gev/nucleon 1.00
Max Bp 14.6Tm
Transitiony

electron 4.819

ion 5.236
Numberof ion bunches 50-100
Merging angle,2¢p 10
Betatrontunevalue(Q,z/Qy)

electron 4.793/7.687

ion 6.668/5.661

Betafunctionat InteractionPoint( 8/3;, m) 0.1/0.1
Beamsizesatinteractionpoint (o, /o, /o,, mm) 0.4/0.4/100

4.1.3 Double StorageRing

Double StorageRings (DSR) will be usedfor variousexperimentsof collision or mewging of
radio-isotopdeamswith ions,electronbeamsandX-raysproducedy anundulator DSRcon-
sistsof vertically stacledtwo ringsof similar specificationseeTablel). Eachlattice structure
takesa form of a racetrackko accommodatéwo long straightsections.The experimentswill
be performedat two crossingpoints. Oneis for collision of Rl beamwith electronbeamwith
crossingangleof 20 mrad. Anotheris for meging of ion beamswith angleof 170mrad.To per
form theseexperimentswith high luminosity; electronbeamhastwo differentoperatiormodes.
Oneis usedfor collisionwith ion beam.In this casethesizeof electronbeamatcollision point
hasto be equalto the sizeof ion beam.lt is attainedutilizing smallvalueof g functionin the
collisionpointandratherargevalueof electronbeamemittance Electronbeamwith emittance
of 10~¢ mxradis preparedor thismode.Anothermodeemploys electronbeamfor production
of highbrilliant X-ray. For this modeelectronbeamwith emittanceof 10~® mxradis provided.

Theelectron-RIbeamcollisionis adirectway to determindghe chage andcurrentdistribu-
tion in neutronor proton-richradioactve nuclei. To keepa sufficiently long Toucheklifetime,
an RF voltageof 2 MV is appliedto electronbeam. The numberof storedelectronsis esti-
matedto be 2.7 x 102 particleswhichis limited by thelongitudinalcoupled-binchinstability.
Luminosityof electron-ioncollision asa functionof beam-beanparameters:

foNeNiyi A 18 A total 1
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where¢, ... = 0.005is thetypical maximumvalueof beam-beanparametem hadroncolliders
and Nf°tal = Ny N; = 107 — 102 is a total numberof storedions. Therefore the maximum
achievablevalueof luminosityis
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sec cm
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Beam-beaninstability is usuallyattributedto excitation of setof nonlinearresonancéslands,
which, being overlapped,createstochastigparticle motion. Another factorin instability of

collided particlesis the noisein beam-beaninteraction. Randomfluctuationsin the opposite
beamsizeo,, = 0,(1 + u - u,/2), whereu is anoiseamplitude» is aturn numberandu, is a
uniformrandomfunctionwith unit amplitude resultin beamemittancegrowth [3]

6—n=\/1—|—Dn,
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wherediffusion coeficient D is a function of the beam-beanparameternoiseamplitude,and
ratio of ion beamsize,q, to electronbeamsize,2o:

D = (r€u)’ ()" -

Electroncoolingis anticipatedo be a way to suppresdeam-beanmnstability. Takingthe ex-
pectednumberof dampingturnsto cool the beamas Ny, = 2 X 107, which correspondso
coolingtime of 20 sec,andthe expectedhoiseamplitudeu = 6 x 103, the maximumvalueof
beam-beanparameteis

1 2

= 0.017 .
U\ Ndamp

gmax =

Utilizing thebeamcooling canresultin increasingof luminosity atleastby afactorof 4.

Merging beamcollisionsis a new techniqudor studyof nuclearfusionprocessedn meg-
ing collisionstwo comoving beamsntersecieachotheratsmallangle2o = 10° to provide low
collision enepgy justabove the Coulombbarrierthreshold.Luminosity of meiging beam-beam
collisionsis givenby expression:
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In meing collisions achiezable value of luminosity is several order of magnitudelessthan
thatin head-orcollisions,becauseolliding beamsarealmostparallelto eachother Analysis
shaws, thatin meging collisionsbeam-beaneffectsimposelessseverelimitation on intensity
of collidedbeamghanthatof incoherenspacechage effect. Assuming the beamintensityis
limited by incoherenspacechage effect, the maximumnumberof storedionsis Ny = N, =
2 x 10'°(A/Z?%), andmaximumavailableluminosityis

1
sec cm?

Linay = 2.4 1027(%)2
Anotherplanningexperimentis collision of RI beamswith high brilliant X-rays generatedy
an undulator This experimentis aimedto be usedfor precisemeasuremendf isotopeshift
andhyperfinestructurein atomictransitionsof highly-chagedradioactve isotopes.The X-ray
enegy of 30-800eV is requiredto excite the transitionfor elementof Z = 40 - 92. In order
to resole theisotopeandthe hyperfinestructurein the transition,the enegy resolutionof the
X-ray shouldbebetterthan2 x 10~* with largestpossiblephotonflux. Undulatorof 6 m length
with the periodof 3 cm, numberof periods200,gapwidth 2.9 cmandpoletip field of 1.3 T is
placedin dispersiorfree sectionof thering togethemwith smallcompensator€ExtractedX-ray



is injectedinto anotherring to collide with storedRI beam.The maximumphotonflux density
is estimatedo be10'® photons/semrad 0.1 b.w.

Additionalimportantapplicationof DoubleStorageRingis ahightemperatur@lasmaarget
physicsstudyfor Heary lon Fusion.HIF experimentswill beperformedwith 22U+4° jon beam
with enegy 150 MeV/u, numberof ions 2 x 10'! with pulsewidth 20 nsec. Basicstudiesof
high temperaturglasmatarget physicswill be doneup to the plasmatemperaturel0 - 50 eV
with symmetricbeamradiationof thetarget. Studyof spacechage effectsin RF linac andring
areconducted.

FurtherinformationaboutRIKEN RI BeamFactoryProjectcanbe foundin WWW page

http://www.rarf.riken.go. jp/rarf/index.html.
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4.2 Activity in Padova University (Physics Department) and at Legnaro
National Laboratory—INFN—-Legnaro (Padova) on theory of beams
and applications

M. Pusterla pusterla@pd.infn.it Dipartimentodi FisicaGalileo
Galilei Universitadi Padora
Istituto Nazionaledi Fisica
Nuclearg(INFN) Sezionali Padova
ViaMarzolo8 Padova 35131
ITALY

http://www.pd.infn.it/~pusterla/welcome.html

Theresearchyroupin acceleratophysicsandbeamdynamican PadoraUniversity(Physics
Departmentand INFN) hasmainly focussedts interestson the “QuantumAspectsof Beam
Dynamicsof spin-; chaged-particlegprotons,antiprotonsglectrons andpositrons)”. More
specificallywe have dealtwith the derivation of the canonicabeammapsfrom the Dirac for-
mulaefor spin-% particles(in collaboratiorwith M. Conte,INFN-Genwa andR. Jagannathan,
& S.A. Khan(now atPadova), IMSC, Madras India[1, 2]).

We alsoworked on the definition of the Stern-Gerlacliorce at a relatvistic enegy andthe
study of its usefor obtaininga polarizedbeamfrom an unpolarizedone by repeatedStern-
Gerlachkicks on the particlesis a storagering. Thesekicks may be eitherlongitudinal(along
theparticletrajectory)or trans\ersal[3 4].

ThebeanmphysicsactvitiesattheLegnaroNationalLaboratoryis mainlyaddressetb heary
ion beamdtransportand accelerationstrictly relatedto the acceleratorslevelopedin the lab-
oratory Moreover in the lastyearstheoreticalstudieshave beencarriedout on space-chae
dominatedbeams,addressedo two specificproblems: the possibility of crystalizingan ion



beamin a storagering andthe studyof the origin of smallbeamlossesn a high intensitypro-
ton linac (beamhalo formation). The latter is a centralpoint of the high intensityaccelerator
developmentin which LNL is involved, togethemwith otherINFN structuredike LNS (Cata-
nia), INFN-Groupsof Bologna,Napoli, Bari, Milano andGenaora, andin closecontactswith
otherinternationainstitutionslike CEA in France.

First resultsfor the beamhalo formation studiesare being obtainedby applyingto this
problemthe Frequeng Map analysisechniquealreadyusedin celestiaimechanicandsingle
particleacceleratophysics.

“Halo problem”and“Stern-Gerlach’kicks areundercontinuousstudyby detailedsimula-
tions.
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4.3 LHC Collective Effects

F. Rugiero Francesco.Ruggiero@cern.ch CERN

In connectionwith electron-cloudnducedheatingof the LHC beamscreenan intensve
researclprogramhasbeensetup at CERNto measureherelevantphysicalquantities suchas
photonreflectvity, photoelectrorand secondaryelectronyield, to validateanalyticestimates
and simulationresults,and to proposeeffective remedies:a fairly completeaccountof the
contrikbutionsto this ‘crashprogram’canbe foundin the World-Wide Webpage
http://wwwslap.cern.ch/collective/electron-cloud/.

A simpleandreliabletechnique basedon amplitudemodulationof the input signal, has
beendevelopedto detectelectronicallythe onsetof multipactingin a resonantoaxial cavity.
Theresultsobtainedduringcoldtestsin a superconductingnagneshow thattheelectroncloud
build-upis notsuppresseby astrongdipolefield, while aweaksolenoidield of abouts0 Gauss
is usuallysufficientto stopthe multipacting.A substantiatiecreasef the multipactingthresh-
old is obsenedfor adipolefield intensitysuchthatthe electroncyclotronfrequeng is equalto
theresonanfrequeng of the coaxialcavity.

Computercodeshave beendeveloped,deluggedand usedto predictthe heatload on the
LHC beamscreenunderseveral conditionsandthe rise time of a multi-bunchinstability as-
sociatedwith the electroncloud wakefield. The resultsarein agreementwith quasi-analytic
estimatesf the critical secondary-emissioyield, andindicatethat doublingthe LHC bunch
spacingwould be an effective back-upsolution. Alternative cures,including low-emissvity
coatingsclearingelectrodesandanincreasedurfaceroughnessareunderstudytogethemith
their possiblempacton theimpedancéudget. Thelatteris beingrevisedalsoin view of new



analyticestimatesf the interferenceamongpumpingslotsand of ongoingmeasurementsf
thekickerimpedance.

4.4 BeamDynamicsActivities at the Brazilian Synchrotron Light Source

Liu Lin liu@ns.1lnls.br

A.L.XavierJr. xavier@ns.lnls.br LNLS
C.P6192
13083-970Campinas,SBrazil

Recentbeamdynamicsactvities at the Brazilian SynchrotronLight Source(LNLS) are
mainly directedto improve the electronstorageing performancgarametersdesignof a syn-
chrotronboosterto increasehe injection enegy, improvementin the beamorbit stability and
opticscalibration.In additionwe have alsomeasuredhelinearcouplingcoeficientby analyz-
ing thetrans\ersebeamprofile nearthe differencecouplingresonance.

4.4.1 Designof a synchrotron booster

The electronstoragering at LNLS operategpresentlyat 1.37 GeV with a 120 MeV injector
linac. The storagering hasbeenoperatingroutinely with userssinceJuly 1997andits perfor
manceparametersave improvedsteadilyduringthisfirst yearof regularoperationyeachinga
maximumstoredcurrentof 170mA at operatingenegy with 11 hourslifetime. Theseparam-
etersalreadyexceedthosespecifiedduring design. The needfor anincreasan the injection
enegy arosewith the demandfor the installationof insertiondevices. The presentinjection
at low enegy doesnot allow thesedevicesto be installedsincethe reductionin the vertical
acceptancef the ring would decreasehe injection efficiengy. Consideration®n the costof
the project,injectionandrampingefficiency andphysicalspaceavailableto install the booster
with minimum modificationsto the storagering have leadusto the choiceof anintermediate
enegy booster(500 MeV) placedinsidethe storagering. In addition,the boostemwill be de-
signedto operatewith long rampingcyclesallowing the useof corventionalvacuumchambers
andpower supplytopologiesalreadydevelopedat LNLS for thestorageing. Theadwentof the
boostemwill alsoprovide moreopportunitiesfor machineexperimentssinceit will be usedfor
acceleratophysicsstudiesvhennot usedasinjector.

4.4.2 Improvementof the orbit stability

In orderimprove the stability andreproducibility of the x-ray beampositiondeliveredto the
userswe arepresentlyreviewing thevastnumberof topicsrelatedto the subjectappliedto our
specificcase,suchas: orbit stability requirementstechniquego identify undesirablesources
of beammotion, capabilitiesof orbit monitoringequipmentat LNLS (e.g. positionmeasure-
mentdependencen beamcurrent) parameterfor automaticorbit correction relationbetween
beamstability at the monitorsandat the sourcepoints,etc. Efforts madeup to now includethe
increasen thenumberof verticalcorrectorsn ring (which werealreadyavailable but werenot
powered),increasen theresolutionof theappliedcorrectionsstabilizationof themagnetsem-
peraturejnstallationof a x-ray beampositionmonitor, andexperimentswith the usersduring
specialsessionsledicatedo verify the orbit correctionsystenperformancéor variousscenar
i0s. The orbit repeatabilityfrom fill to fill hasalreadyimprovedfrom about80 ym to about5



pm. Oncethe mainlimitations of the presensystemareidentified,furtherupgradeplanswill
beproposed.

4.4.3 Measurementof the linear coupling coefficientby analysisof the transversebeam
profile

Duringthemachinestudytimesreseredfor theacceleratogroupatLNLS, we have performed
severalexperimentswith linearly coupledtrans\ersebeamsn thevicinity of a differencereso-
nancgl] v, —v, = 3 excitedby skew quadrupolesThisis thecouplingresonancelosesto our
standardbperatingpointv, = 5.27, v, = 2.17. Closeto this resonantondition,the dynamics
of linearcouplingcanbedescribedl] by a singlecomplex parameterthe couplingcoeficient
k. Thesestudies[2] consistedn observingthe time evolution of the trans\ersebeamprofile
for a few milliseconds(a time shortif comparedo the synchrotrondampingtime, but long
comparedo the betatronoscillation period) after exciting the beamwith a fast(few hundred
ns) horizontalkick. Theacquiredmageis a projectionontothe xy planeof a phase-spaceis-
tribution functionintegratedover a very large numberof turns.Many geometriccharacteristics
of the phasespaceorbitsappeaiin thetime averagedorofile (in particularthe trans\ersebeam
profile border)whichenabledhedevelopmenbf new experimentamethod 3] to measureses-
eralaspect®f this phasespacegeometryprovidedthetunedifferences closeto theresonance
. Hamiltonianformalism[1] appliedto the resonanceegion of interestprovidesa trans\erse
mapfrom which the beamprofile contourcanbe extracted.Thereverseprocessllows the de-
terminationof both i = [x] and<$[«| giventhe beamcontourby a least-squareninimization.
Thisproceduravasthenappliedto experimentallyobtainedcontoursvhichyieldsexperimental
estimate®f themodulusandphaseof .

A pair of skew quadrupolesvasinstalledin oneof the long straightsectionsand usedto
drivethecouplingresonanceOneof theinjectionkickerswasusedo excite acoherenbetatron
oscillation and the subsequengvolution of the trans\ersebeamprofile was obsered with a
synchrotrornradiationmonitor. The beamenegy was600 MeV andthe currenta few dozen
milliamperesto avoid collective effects. We usedtwo differentmodesof operationduringthe
experiments:the standardpticsandthe low vertical betaoptics. In the first operationmode,
the horizontalandvertical betatronphaseadvancesrom one skew quadrupoleo the otheris
small(3, and g3, largein thesection).Also they aresymmetricallyinstalledwith respecto the
straightsectioncentersothatthevalueof |x| andarg(x) doesnotchangerom onequadrupole
to the other(measurementsmadewith quadrupolgoweredin series).In the standardnodea
significantagreemenbetweerthetheoreticahndexperimentalvaluegobtainedrom theprofile
borderanalysis)of |x| wasobsenred (all the resultsheredescribedagreewithin 15 %). Also
a phasedifferencecloseto = wasmeasuredvhenthe currentin the quadrupolesvasinverted
(whichmakesx — —« accordingto thetheory).For thelow betaoptics,in the straightsection
containingthe pair of skew quadrupoleshereis alarge betatronphaseadvancefrom oneskew
guadrupoleo the otherdueto the smallnesof the vertical betatronfunction (the horizontal
phasejump is kept small) which allows the obsenation of large phasejumpsin . For this
case,eachskew quadrupolewas poweredindependentlyand we obsered that || is largely
insensitve to the betatronphaseadvancefrom onequadrupolgo the otherwhich corresponds
to thetheoreticaprediction.Thedetermined/aluesof | x| reasonablyagreewith thetheoretical
calculations.As eachquadrupolas individually powered,thereis a phasgump which causes
a significantchangein the beamprofile. The resultingcalculatedchangein the phaseof the
couplingcoeficientalsoagreewith the experimentallydetermined/alues.



Thereforewe have shavn that this new experimentalmethod(basedon the beamprofile
borderanalysis)givesusefulinformationon the phase-spacgropertiesof the beamdescribed
by the complex parametek. Howeverthe methodcannot be blindly appliedsinceoneshould
carefully choosethe resonanceegion (to guaranteelosenes$o resonancandvalidity of the
theory)aswell asasuitablevaluefor thekickerstrength If thekick amplitudes verylargeother
non-linearphenomenanay appearandthe lineartheorydoesnot apply; if the kicker strength
is small, thefinite beamsize may smearout the beamprofile soasto renderthe determination
of x very imprecise.Within theselimits, however, the methodgivesvaluesfor || andarg(x)
in goodagreemenwith theoreticalestimatesaswell aswith the resultsof more corventional
measuringechniques.

4.4.4 Optics Calibration of the LNLS StorageRing Via ResponséViatrix Theory.

An effort hasbeendedicatedo thedevelopmenbf aspecialbrocedurdor calibratingthe LNLS
storageing usingtheresponsenatrixformalism.Theresponsenatrixtheorycorrelatesheam-
plitudeobsenedin agivenbeampositionmonitor Az; with theintensityof a givenkicker Aé;
by therelationAz; = 3DM; ;Af;. Theresponsenatrix M; ; is theinputfor the opticscalibra-
tion by aninverseprocedurd4]. It consistdn minimizing afigure-of-meritfunctiony? thatfits
thecalculatedy/; ; to theexperimentallydeterminedVZ; ;. Thefirst stepis thedevelopmenbf a
specialsoftwareusingMAD [5] which adjustsan“experimental”}; ; (thatis, a responsena-
trix calculatedoy MAD with a known magnetidattice). The programsimply triesto re-obtain
the initial lattice, thus confirmingwhatever introducederrors. The secondstepwould be the
calibrationitself, i. e., the minimizationof x? accordingto the experimentalmatrix. We are
now (stepl) testingseveralproceduresor the calculationof V A, ; (thegradientof M; ; in the
parametespace)equiredfor thefitting procedureadmittingerrorsin thequadrupoldieldsand
in dipolefieldsof quadrupolemagnets\We planto testthe calibrationto severalenegy ranges
(from theinjectionenegy of 120MeV to 1.37GeV).
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4.5 NewDivision of Accelerator and BeamSciencen the Atomic Energy
Societyof Japan

MitsuruUesaka  uesaka@tokai.t.u-tokyo.ac.jp NuclearEngineeringResearch
Laboratory
Universityof Tokyo



On behalfof the chief promotey Prof. M. Matoba(KyushuUniversity, Japan)] would like
to sendyou the informationaboutthe new division of Acceleratorand BeamSciencein the
Atomic Enegy Societyof Japan.

The division is plannedto be establishedhis Septembeit the autumntopical meeting
of the societyheld at Fukui Institute of Technology Japan,andhe openingceremop is to
be held, too. Tentetve administrationand scopesare written in the following. One of the
importantmissionsof the societyis radiationsourceandapplication. Most researclactvities
on acceleratoandbeamsciencearerelatedandbasedon nucleartechnology Unfortunately
theatmosphersurroundingnucleartechnologydoesnot look warm dueto severalunpleasant
nuclearaffairsin theworld. The new division is expectedto be a key to stimulatethe nuclear
societyandmake it moreattractive to academicsndustriesandpublics.

Division of AcceleratomndBeamScience
in the Atomic Enegy Societyof Japan

1. GeneralAffairs

Public information/ University matters/Laboratorymatters/Industry matters/Educational
program(summetor winter school).

2. Accessmenandresearch

1). Enegy production2). Nuclearwasteprocessindy spallation3). TamgetsystemReactor
characteristicgl). Radiationshielding5). Measuremenand control of subcriticalreactor
6). Analysisof materialand surface7). Micromachining8). Collaboratve operationof
academi@andindustrialorganizatior®). Nondestructie testing10). Environmentandaccel-
eratorll). Acceleratorfor medicalusel2). Acceleratoirfor cancertheragy 13). Synchrotron
light sourcel4). Freeelectronlaser Opticalquantumsciencel5). Atomic physics,Atomic
dataandacceleratod6). ElectronlinearacceleratoandElectrostaticacceleratod 7). Cy-
clotronandsynchrotrori8). Superarge-sizedacceleratol9). New principleof acceleration
20). Acceleratotechnology(ion sourcepeamtransportation?1). Relatedechnologiegsu-
perconductiity, ultra low temperaturehigh frequeng, laser)22). Radiationdiagnosis23).
Systemscontrol,operatiorandmanagemen®4). Safetytechnology 25). Big projects.

3. Examplesf researclhiieldsto beincluded
(1) Acceleratorandtechnologyof beamacceleration.

(a). Methodologyandtechnologyof accelerationBeamphysics,BeamengineeringNew

principle of acceleratiorNon-linearbeamdynamics,ElectronacceleratqrElectrostaticac-

celeratoy Cyclotron,Synchrotron,Storageng etc. (b). Beamtechnology:Beamtransporta-
tion, Beamcontrol, Beamcooling, Magnetdesign,Componentechnology Paver source,
Beamformation,Micro beam,Beammonitor, Beamdiagnosisetc. (c). Technologyof ion

andelectronsourcesion source Electron(Positron)source Secondarjpeam,Non-chaged

particlebeam,Polarlizedparticlebeam,Rl beam. (d). Technologyof SystemandControl:

Shieldingdesign, Acceleratordesign,Mechanicaldesign,Componentontroling system,
Constructionof acceleratqrOperatingmanagementSafty system, Acceleratorfor medical
care,Synchrotroright source Freeelectronlaser Acceleratorfacility complex.

(2) Applicationof beam



(a). Enegy andresource’Acceleratoreactoy Spallation,AcceleratoBreeder Intenseneu-
tron flux, Muon beam Inlerial confinementusion,MHD electricitygeneratiorof, Develop-
mentof material.(b). Advancedanalysis:MicroanalysisPIXE, Micro beam Chronological
measuremenBeamexperimenttechnique Measuringdevices,Application of neutron,Ap-

plicationof Rl beam.(c). Advancedmanufcturing: Beam-irradiateeffect, Surfaceanaly-
sis, Changingquality, Characterizationl.ithography Micro-machining. (d). Medical care,
BiotechnologyandEnvironment:Cancetherapy, DiagnosisCT, Isotopeproduction BNCT,

Nuclearchemistry Beam-bio-interactionBiotechnology Environmentalprotection,Waste
gastreatmentWastefluid treatment. Plasticsolidification. (e). Fundamentascienceand
data: Nuclearphysics,Elementaryparticle physics,Physicsof matter Spacescience Geo-
physics ArchaeologyGenerafundamentascienceOpticalquantunscienceCool neutron,
Beamplasma,Nucleartransformation, Low enegy, Neutrondata, Electrondata, Reactor
physicsdata,Middle or high enegy, Superhigh enegy, Nucleardatafor medicalcareand
spacescience Systemdata,Nuclearenegy data.

(3) Basicheamtechnology

(a). Informationand Dataaboutnucleus,atomandmolecule: Nucleusdata, Dataof atom
and molecule,Data of enepgy loss, Data of radioactvation, Integrateddata, Databasdor

shielding,Chage transformationLaserbeaminteraction.(b). Diagnosisanddataprocess-
ing: RadiationdiagnosisMulti-dimensionaldataprocessingDataanalysisandprocessing,
Sensoranddetectiondevice, Electronics,Signalprocessing.(c). Technologyof targetand
nuclearmeat: TargettechnologyCritical nucleatthermaldesign Neutralbeamheating Large

aperturedon source (d). Methodof controlandintelligentsupport:Theoryof control,High

speedcontrol, Robot, Intelligent support. (). New device: Superconductity, Ultra low

temperatureiligh voltage High frequeng, Ultra highvacuum Laser Neutronguide,Mirror

technologyX-ray focusing.

4.6 Accelerator PhysicsActivities in Spain

A. Faus-Golfe Angeles.Faus-GolfeQ@uv.es IFIC
Institutode FisicaCorpuscular
Universityof Valencia
R.Pascual pascual@ifae.es IFAE

Institutode Fisicade Altas Enegias
University Autonomaof Barcelona

Although Theoreticaland Particle ExperimentalPhysicshave becomematuresubjectsin
Spain,AcceleratorPhysicsis in a gestationaperiodandthe birth of the first real installation
doesnot seemimminent.

Currentlythe mostimportantandpromisingactuity is atthe SynchrotrorLight Laboratory
(LLS) in Barcelona.In this laboratorya youngteamof thirteenpeopleare developinga third
generatiorsynchrotrorradiationsource.

Besideghis, therearesmallgroupsin someuniversitiesandresearchnstitutes,mainly in
Madrid and Valencia,collaboratingwith CERN colleagueson specificaspectf the Large
HadronCollider.



4.6.1 Synchrotron Light Laboratory of Barcelona

In July 1992a Committeewascreatedo studythefeasibility of a SynchrotroriLight Sourcen
Barcelonao be usedby Spanishrandusersin south-westercurope.The committeeproduced
a reportdemonstratinghat such Spaincould afford an installation provided that staf were
adequatelytrained. Moreover it was the most suitabletype of installation,both for Spanish
scientistandindustries.

In Februaryl993the projectwasapprwedat the level of the regional governmenif Cat-
aloniaandthe SteeringCommitteewas createdat the sametime that the Spanishminister of
EducationandScienceexpressedts interestin participatingin the project. An Advisory Com-
mittee at Internationallevel recommendedhat a director of the projectshouldbe found and
proposedamenamesOneof them,Dr. J. Bordaswasappointedo the position.

At thebeginningof 1994 ,ateamof 12 postgraduater postdoctorascientistsvereselected
to composea task force to be trainedin the differentfields of acceleratorand synchrotron
light sources Sincethenthey have beenworking underthe directionof Dr. Bordasin orderto
analysethe characteristic®f the mostsuitablesourcefor the usersandto preparea detailed
DesignStudy The Centraland Regional governmentsvantedthis to be finishedat the endof
1997. The studyhasindeedbeencompletedandthe final approval by both administrationss
expectedbeforetheendof 1998.

The solutionproposedo satisfythe requirement®f Spanishusersis a SL sourcecapable
of delivering usefullight over a rangeof photonenepies exceeding25 keV. In addition, the
sourcehasbeamlifetimesin excessof 24 hours,deliverslow emittancg8.5nm.rad)andhasa
small(by currentstandardsacceleratocircumferenc€250m). This canbe achievedwith the
constructiorof a 2.5 GeV acceleratobasedon a Triple Bend Achromatlattice. The technical
feasibility of sucha facility hasbeenthroughlychecled out andits engineeringequirements
carefully evaluated.Sucha machineprovidesup to 10 free straightsectiong7 m long) for the
possibleinclusionof readilyupgradablensertiondevicesaswell asup to 24 bendingmagnets
thatcanactasoptimisedSL sources.

On the otherhand,the LLS lattice allows for mary future upgradege.g., enegy, exotic
insertiondevices, use of superconductingnagnetsand further improvementsin emittance).
Theseupgradesjf andwhen neededcould be addedwith comparatrely modestadditional
investmentandwithout adwerseeffectson the operationof thefacility.

Naturally, theLLS wouldalsoprovide abaseof technicalexpertisein theareaof accelerator
technologyandits exploitationthatis currentlylackingin Spain.This would make it easierto
createa R&D andcommercialopportunitiesfor Spanishindustrieswhoseinvolvementin the
constructionwill benecessaryin factthis effect hasalreadyoccurredalbeitata modestevel,
duringthe courseof this designstudy Thetestof afirst dipole prototype with afield gradient,
is expectedo startin aboutSeptembef998.

In addition, giventhe interdisciplinarynatureof SL facilitiesandin line with the current
studiesin similar installationselsevhere,the LLS would provide a very fertile groundfor the
developmenof futuregeneration®f Spanishscientistsengineerandtechnologists.

4.6.2 Other activities

To ourknowledgethereareessentiallytwo actvities relatedto the designof the LHC. A group
at CIEMAT in Madridis collaboratingn the studyof thetrainingof LHC sextupolecorrectors
using superconductingoils. The secondoneis the collaborationof the IFIC, University of



Valencia,in thefeasibility studyof a high-betainsertionopticsfor the TOTEM experimentat
the LHC.

Elsevhere,othergroupsareworking in moregeneratheoreticatopics,lik e Fokker Planck
equationsandsymplecticintegratorsthatcouldbeappliedto acceleratophysics.

You canfind moredetailsaboutthesesmall-scaleactwities dispersedn the proceeding®f
the EPAC 98.

4.7 Activities with SAD (Strategic Accelerator Design)in KEK

K. Hirata Kohji.Hirata@kek. jp
K. Oide Oide@kekvax.kek. jp KEK

SAD (Stratgic AcceleratoiDesign)is acomputeprogramcomple for acceleratodesign.
It hasbeendevelopedin KEK sincel1986.More andmorefunctionsarebeingadded.SAD has
provento be powerful andusefulin designssimulations commissioningandimprovementof
TRISTAN, KEKB, FFTB,ATF, JLC,NLC, JHFandothers.

SAD hasahomepage:

http://www-acc-theory.kek. jp/SAD/sad.html

In KEK, from 7 to 9 July 1998, thereheld the first workshopon SAD. The purposewas
threefold: 1) review the presenfeatureof SAD which hasbeencontinuouslygroving andhas
undegonesereralmetamorphosesothatthewholestructureof SAD is now difficult to see.2)
think of the future of SAD andactvities associateavith SAD and3) prepareareferencebook
which onecanquotein papers.

4.7.1 History of SAD

First, let usbriefly review the historicaldevelopmenof SAD.

1986: A projectwasstartedby K. Hirata,S. KamadaK. Oide,N. YamamotoandK. Yokoya
to developea new codefor acceleratodesign.

1987: The first versionof the new coderan on HITAC, with Lie methods 6D tracking,and
emittancecalculation[] with beammatrix, underMAIN level.

1988: An opticsmatchingcodeFFSwasinstalled.Appliedfor NLC/FFTBfinal focussystem[2
at SLACVM. Thename“*SAD” wasestablished[B

1989: FFSwas modifiedto designa periodicoptics. The initial versionof KEKB ring was
designedvith SAD.

1990: FFSwasextendedo x-y coupledopticswith solenoid.FFS/CORorbit correctionsystem
wasdeveloped.

1992: A spincalculationSODOMwasfirst developedandlinkedwith SAD.

1993: Ahsadworkstationsstartedwith four HP735/75540 separat&SAD from HITAC.



1994: Mathematica-styléunctionswereintroducedo FFS.TRISTAN startedto useSAD for
regularoperation.

1995: Acsadsener startedwith DEC8000(7 CPUSs). Taylor map,beam-beanwaslinked to
SAD.

1996: EPICSwasfirst linkedto SAD for KEKB control. Parallel processingvasextensively
usedin trackingandopticsmatching.

1997: Pythonand Tkinter wereembeddedn SAD/FFS.A few GUI librarieswas built with
them.Acsadwasupgradedo 10 CPUs.

1998: SAD/KBFramehasbeenappliedfor commissioningf KEKB Linac.

4.7.2 The First SAD Workshop
Theworkshopwasorganizedasfollows.
Organizingcommittee S.Kurokawa (chairman)S. MatsumotoH. Koiso,K. Hirata
Program committee S.KamadaK. Oide,K. Hirata
Proceedingscommittee K. Oide,K. Hirata
Hereis thelist of talks:

1. OpeningaddresgS. Kurokava)
Physican SAD (review of physicsunderlyingin SAD)

2. Overview of SAD (K. Oide)— CoordinatesystemsJTracking(symplecticntegratorsradia-
tion), GeometricandOptics(finite amplitudeandoff enegy) matching, etc.

Taylor Map analysisn SAD (K. Ohmi)
Orbit andDispersionCorrectiongM. Kikuchi)

Emittancesn ElectronRings(K.Hirata)(Comment®ntheanomolougmittance[$by K. Oide)

2

Spinin SAD (K. Yokoya)— SODOM
Applicationsof SAD

[General]
7. Beam-Beaninteractionswith nonlineadattice (Weak-strongnodel)(K.Ohmi)
8. Simulationof ElectronBeamwith SpaceChage Force(K.Oide)
9. EmittanceGrowth Dueto Intra-BeamScattering K.Oide)

10. SynchrotrorRadiation(nearfields) (S.Kamada)



11.

12.
13.
14.

15.
16.
17.

18.
19.
20.
21.

22.
23.
24,
25.
26.
27.

28.
29.

NonlinearMachineStudy(S.Kamada)
[DesignStudy]

KEKB Collider (H.Koiso)
VSX: TheFutureProjectof VUV andSoft X-Ray High Brilliant Light Source(H. Takaki)

HadronAcceleratorgS.Machida)
[Simulation]

Studyof 3D LaserCoolingby SAD (T.Kihara)
Wake FieldsandCBI (H.Fukuma)

Estimationof the BeamLossin KEKB Transportine (Y.Funaloshi)
[MachineStudy]

SAD in ATF OperatiorandStudy(K.Kubo)
DetectionandCorrectionof MachineErrorsby 7-bump (S.Matsumoto)
Mini-beta/xy couplingcompensatior— Perfectmatching(S.Kamada)

Commisioningof KEKB J-Linac(H.Koiso)
[Computers]

SAD/Tkinter;KB Frame(N.Akasaka)
UserRemoteEnvironment(K.Furukava)

SAD comuptersystem(T.Mimashi)

SAD in Python(N.Yamamoto)
ObjectOrientedProgrammingn SAD Script(N.Akasaka)

SAD + C** = SAD™*? (K.Ohmi)
[Discussion]

FutureproblemgY.Kamiya,N.Kumagai,Y.Mori)

ClosingRemarkqK.Hirata)
SAD hasmary new andusefulfeatures.Thesewereimplementedaccordingto the various

demandstvariousstagesTrackingthrougha solenoidwith anangle for example wasgener
atedto designKEK B factory Also, SAD consistsof mary levelsto meettherequirementsf
differenttypesof users.Thewholestructures not simple,becaus¢he speedf the calculation
hasbeenthoughtto be the mostimportant. Accordingly, addingnewv elementsn the deepest
level of thetrackingis becomingmoreandmorelaborious.In addition,it is very difficult for
remoteusersto enjoy really characteristideaturesof SAD. (Of course,onecanlogin andrun
SAD throughthe internet. To make clever useof all the equipmentsn SAD, however, one
shouldbetterconsultthe specialists.)

As a conclusionof theworkshop,it waspointedout thatthe actiities with SAD shouldbe

moreorganizedasanintra- andinter-laboratoryproject.
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4.8 NewDoctoral Thesesn BeamDynamics

4.8.1 Kyoko Makino

Author: Kyoko Makino (makino@nscl.msu.edu),
National Superconductin@yclotronLaboratoryMichigan StateUniversity addressNSCL
atMSU, S. Shav Lane,EastLansing,MI 48824-1321USA

Institution: Departmenbf PhysicsaandAstronomyMichigan StateUniversity.
Title: RigorousAnalysisof NonlinearMotion in Particle Accelerators.
Date: March16,1998.

Supervisor: Prof. Martin Berz (berz@pilot.msu.edu), Departmenof Physicsand Astron-
omy NationalSuperconductin@yclotronLaboratory

Abstract: TheDifferentialAlgebraic(DA) techniquesave beenwidely usedfor variouscom-
putationalproblemssuchasthe determinatiorof high order Taylor transfermapsof accel-
erators. A new approachthe Remaindeenhanceddifferential Algebraic (RDA) method,
extendsthe methodto determineremainderboundsfor functionaldependenciesnd more
importantly solutionsof ordinarydifferentialequationsThe latterrequiredto overcomethe
so-calledwvrappingeffect,acommonproblemin otherapproache®or theverifiedsolutionof
differentialequationsAltogether the methodsow allow the rigorouscomputation®f tight
boundsof transfermaps.The basictheoryandits applicationsaswell asits implementation
in thecodeCOSY INFINITY arediscussed.

Furthermorethethesisdiscussethederiationof aLagrangiarandHamiltonianformulation
for the motionin electromagneti@ieldsin threedimensionakturvilinearcoordinatesnclud-
ing torsionandwith arc-lengthasindependenvariable,aswell asa wavelet-basedanethod
to includemeasuredield datain the equation®f motion.

4.8.2 ZhirongHuang

Author: ZhirongHuang(zrh@aps . anl.gov),
ANL



Institution: StanfordUniversity,

Title: Radiatve Coolingof Relatvistic ElectronBeams.

Date: May, 1998.

Supeuwisor: Prof. RonaldD. Ruth(Ronald.Ruth@cern.ch), SLAC.

Abstract: We attemptto make a completeanalysisof the processof radiationdampingand
guantumexcitationin variousacceleratosystemssuchasbendingmagnetsfocusingchan-
nelsandlaserfields. Becauseadiationis formedover a finite time andemittedin quantaof
discreteenegies, we invoke the quantummechanicabpproachwheneer the quasiclassical
pictureof radiationis insufficient. We shawv that radiationdampingin a focusingsystemis
fundamentallydifferentfrom thatin a bendingsystem.Quantumexcitationto thetrans\erse
dimensionds absentn a straight,continuousfocusingchannel,andis exponentiallysup-
pressedn a focusing-dominateding. Thus,the trans\ersenormalizedemittancesn such
systemganin principlebe dampedo the Comptonwavelengthof the electron limited only
by the Heisenbeay uncertaintyprinciple. In addition,we investigatemethodsof rapiddamp-
ing suchasradiatie lasercooling. We proposea laserelectronstoragering (LESR) where
theelectronbeamin a compactstoragering repetitvely interactswith anintenselaserpulse
storedn anopticalresonatarThelaserelectronnteractiongivesriseto rapidcoolingof elec-
tron beamsandcanbe usedto overcomethe spacechage effectsencountereah a medium
enegy circular machine. Applicationsto the designsof low emittancedampingrings and
compacix-ray sourcesarealsoexplored.

Text: postecathttp://www.slac.stanford.edu/pubs/slacreports/slac-r-527.html

4.8.3 Jiuging Wang

Author: JiugingWang(Wangjq@bepc5. ihep.ac.cn),
Institute of High Enegy Physics(IHEP), ChineseAcademyof SciencesP. O. Box 918(9)
Beijing 100039 P. R. China

Institution: IHEP

Title: Designof a lattice with negative momentuncompactiorfactorfor atau-charnfactory
andpreliminaryresearcho therelatedmicrowave instability.

Date: June23th,1997.
Supeuisor: Prof. ShouxianFang(Fangsx@bepc3.ihep.ac.cn), IHEP

Abstract: The possibilityanda methodof designinga high luminosity collider with negative
momentumcompactiorfactor(a, < 0) latticearestudied. It is ervisagedthatin a collider
with (o, < 0) the bunchlengtheningwill be wealer thanthatin the o, > 0 casefor the
samebunch currentso that the high luminosity can be promised. As a practicalexample,
a tau-charmfactory (TCF) with o, < 0 lattice is proposedanddesigned. A preliminary
researcho thelongitudinalmicrowave instability in aring with o, < 0 is alsoincludedand
the beaminstabilitiesin the o, < 0 TCF areinvestigated.The bunchlengthwassimulated
with thelongitudinalwake field. It wasconfirmedthatbunchlengthenings weakin thecase
of a, < 0.



5: ForthcomingBeamDynamicsEvents

5.1 International Symposiumon “New Visionsin Laser-Beam Interac-
tions”

Tachishige Hirose hirose@comp.metro-u.ac. jp Tokyo MetropolitanUniversity

InternationalSymposiunon “New Visionsin LaserBeaminteractions”
— FundamentaProblemsandApplicationsof LaserComptonScattering—
Octoberl1-15,1999

Theabove symposiunwill beheldin thelnternationaHouseof Tokyo MetropolitanUniversity,
Tokyo JAPAN which will be organizedby Tokyo MetropolitanUniversity (TMU) and High
Enegy AcceleratoiResearclOrganization KEK).

Recentlyrapid developmentof superlow-emittanceelectronbeamsandhigh power short-
pulselaserbeamss openinga new interdisciplinalyfield of laserbeaminteractionswvhich is
relatedto varioustraditionalfields suchashigh enegy physics,nuclearphysics,Jaserscience,
plasmaphysicsandsoon. This symposiumsheddindight on new aspectof laserCompton
scatteringsis intendedo discusghe mostrecentresultson thefollowing topics.

* Generatiorof polarizedgamma-raysindpolarizedpositronbeams

* Gamma-gammeolliders

* Non-lineareffectsin laserComptonscattering

* Femtosecond-ray production

* Lasercoolingof acceleratobeams

* Topicsin thehighfield science

* High quality electronbeams

* High quality laserbeams

Thecontactperson(ScientificSecretary)s Dr. R Hamatsu:

hamatsu@comp.metro-u.ac. jp T™MU

5.2 Workshop on SpaceCharge Dominated Beam Physicsfor Heavy lon
Fusion

Y.Batygin batygin@rikaxp.riken.go. jp RIKEN, Wako-shi,Japan

RIKEN, 10-12Decembe 998

In RIKEN, the Radioactve IsotopeBeamFactoryProjecthasbeenapprored by the Gov-
ernmentas a nev stageof fundamentakesearchin heary-ion physics. Among the variety
of planningexperimentsthe high temperaturg@lasmatarget physicsstudyfor Heary lon Fu-
sion applicationis of the main importance.Beamspacechage effect remainsthe key prob-
lem for designersof high intensity accelerators.Purposeof the Workshopis to review the
presentunderstandingf spacechage phenomenan high intensity acceleratorgor HIF and
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to discusspossiblesolutionof unresohed problems. The following issuesare expectedto be
discussedhighintensityparticlesourcesparameterandbeamtransportmechanismsf emit-
tancegrowth andhaloformation;trans\erseandlongitudinalbeamequilibria; equipartitioning
in linacs;spacechagein recirculatorsaandstorageings; beambunching,coolingandstacking;
simulationcodes.Detailedinformationis availableat

http://rikaxp.riken.go.jp/ batygin/



6: Announcementisf the beamDynamicsPanel

6.1 AdvancedICFA BeamDynamicsWorkshops

6.1.1 Nonlinear and Collective Phenomenan BeamPhysics

M. Cornacdiacornacchia@ssrl.slac.stanford.edu SLAC

The 16th AdvancedlICFA BeamDynamicsWorkshopon "Nonlinear and Collective Phe-
nomenan BeamPhysics'will beheldin Arcidosso Jtaly, on Septembef-5,1998.Thework-
shopwill be usedto discussthe theoreticaland experimentaltools neededo studythe beam
physicsfor presentandfuture acceleratorsThe workshopwill be organizedwith threeinitial
generalreview presentationsafter which the participantswill divide in threeworking groups.
Theworking groupsandinitial talksare:

Group 1: Single Particle Non-linearDynamics: recentadwancesin nonlineardynamics,
including frequeng analysisand mapping. Group Leader: R. Robin (SLAC), Speakr: E.
TodescqCERN)

Group2: CreationandManipulationof High PhaseDensityBeams:adwancesn produc-
tion, accelerationtransportandmonitoringof high brightnesdbeamsjncluding coherentand
radiationeffects. GroupLeader:J. RossbaciDESY), Spealer: B. Carlsten(LANL)

Group 3: Physicsof, and Physicswith, High Enegy Density Beams:adwancesin longi-
tudinalandtransersedynamics emittancepreserationandbeamloadingin plasmasystems.
GroupLeader:l. Lindau(Un. of Lund), Spealer: A. Sessle{LBNL)

For informationandregistrationpleasecontact
Ms. MelindaLaraneta laraneta@physics.ucla.edu UCLA,

Departmenbf Physics&
Astronomy

Box 951547 LA, CA90095-1547,
ph:(310)206-2499
fax:(310)206-1091

Also visit the UCLA page:

http://pbpl.physics.ucla.edu.

6.1.2 FuturelLight Sources
K. J. Kim kwangje@aps.anl.gov ANL

Thel7thAdvancedCFA BeamDynamicsWorkshop

on“Conceptson Futureelight Source”

AdvancedPhotonSource ArgonneNationalLaboratory
April 6-9,1999

With the succes®f current-generatioaynchrotrorradiationresearchit is importantto an-
ticipatefuture developmenbf radiationsourcesThereareseveraldirectionsto pursue:higher
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brightnessfull coherenceshortertime resolution,extensionof spectrum,compactnessetc.
Thelinac-basedelf-amplifiedspontaneousmissions beingactively pursuedoy severallabo-
ratoriesbecausdé promisedo deliver x-ray beamsabouttenordersof magnitudebrighterthan
the current-generatiosources. The storagering-basedree-electronasersare breakingthe
Iong-held240d21 barrier Recentdevelopmentsn acceleratotechnologyandhigh-paver solid
statelaserscouldplay animportantrole in thefuturelight sourceschemesuchasfemtosecond
x-ray generationThegoalof theworkshopis to provide anopportunityfor theexpertsin these
fieldsandthosein currentsynchrotrorradiationresearcho evaluatethe proposedschemedgor
futurelight sourcesandto explore new ideasthroughvigorousinterdisciplinarydiscussions.

Theworshopis intendedo bea sequeto thesimilarworkshopheldin Grenobleon January
22-25,1996. In view of the succes®f the Grenobleworkshopand the significantprogress
madesincethen,we expectthis workshopwill have animportantimpacton the future course
of radiationsourcedevelopment.

Topicsto bediscussednclude:

Scientificopportunities

Self-amplifiedspontaneousmission

Free-electron-lasarscillators

Extensionof storageing capabilities

Femtosecond-rays

Novel sourceseemploying high-poverlasers

Thewoshopchairis Kwang-JeKim, andthe programchairis JohnGalayda.A homepage
is availableon theWebat

http://www.aps.anl.gov/conferences/FLSworkshop

6.2 ICFA BEAM DYNAMICS MINI-W ORKSHOP

ICFA BEAM DYNAMICS MINI-W ORKSHOP
on
InjectionandExtractionin High IntensityProtonMachines
24-26Februaryl 999
CLRC RutherfordAppletonLaboratory Chilton, Didcot, Oxon, UK.

A workshops beingorganisedy RAL for Februaryl999onaspect®f injectionandextraction,
mainly in high intensity proton machines. The meetingwill be held at Cosenes Housein
Abingdonandwill bethesixthin a seriesof mini-workshopsheldundertheauspice®f ICFA.
Thetopicscoveredwill beof interestin relationto thenew large-scalespallationneutronsource
S (ESS,SNS,JAERI-SNS),the protondriver of amuoncollider andotherhighintensityproton
machinegJHF, AGSupgradePSRupgradea New ProtonSourceat Fermilab,etc.).Issuego
bediscusseaill include:

e chageexchangenjectionby meanf strippingfoils, asusedn ISISandproposedn designs
for anumberof new machines;



o thelaserstrippingideasfor chage exchanganjectionunderstudyat JAERI, in Europeand
elsavhere;

e chopping ongitudinalandtrans\ersephasespacepainting;
e technique®f fastandslow extraction.

Suggestionfor topicsfor inclusionin theseareasandoffersof contributionswill bewelcomed.

Organizers:

C.R.PriorandG.H. Rees

RutherfordAppletonLaboratory Chilton, Didcot, OxfordshireOX11 0QX, UnitedKi ngdom
Tel: +1235-821900Fax: +1235-445607

E-mail: C.R.Prior@RL.AL.UK, G.H.Rees@RL.&.UK

6.3 ICFA BeamDynamicsNewsletter

Editors in chief
Kohji Hirata(hirata@kekvax.kek. jp)
JohnM. Jowett(John. Jowett@cern. ch)
S.Y. Lee(shylee@indiana.edu)

6.3.1 Aim of the Newsletter

The ICFA BeamDynamicsNewsletteris intendedasa channelfor describingunsohed prob-
lemsandhighlightingimportantongoingworks, and not as substitutefor journal articlesand
conferenceproceedingsvhich usuallydescribecompletedwork. It is publishedby the ICFA
BeamDynamicsPanel,one of whosemissionsis to encouragenternationalcollaborationin
beamdynamics.

6.3.2 Categoriesof the Articles

It is publishedevery April, AugustandDecemberThedeadlinesarel5 March,15 Julyand15
Novembeyrespecitrely.
Thecatayoriesof articlesin the newsletterarethe following:

Announcementfom the panel

Reportsof BeamDynamicsActivity of agroup

Reportsof BeamDynamicsrelatedworkshopsandmeetings

Announcementsf future BeamDynamicsrelatedinternationalworkshopsandmeetings.

HwnNPE

Thosewhowantto usenewsletterto announceheirworkshopstccandoso. Articles should
typically fit within half a pageandincludedescriptionf the subject,date placeanddetails
of the contactperson.

5. Review of BeamDynamicsProblems

Thisis aplaceto putforwardunsohedproblemsandnotto beusedastheachievementeport.
Clearandshorthighlightson the problemis encouraged.



6. Lettersto theeditor

It is a forum opento everyone. Anybody canshaow his/heropinion on the beamdynamics
andrelatedactvities, by sendingt to oneof the editors. The editorskeeptheright to reject
acontrikution.

7. New DoctoralThesesn BeamDynamics
Pleasesendannouncement®s the editorsincludingthefollowing items(asa minimum):

(a) Name,emailaddresandaffiliation of theauthor

(b) Name,emailaddressndaffiliation of the supervisor
(c) Nameof theinstitutionawardingthedegree,

(d) Thetitle of thethesisor dissertation.

(e) Dateof awardof degree.(For awhile, we accepthethesisawardedwithin oneyearbefore
the publicationof the newsletter)

() A shortabstracbf thethesisis alsovery desirable.

8. Editorial

All articlesexceptfor 6) and7) areby invitation only. Theeditorsrequestnarticlefollow-
ing arecommendatioby panelmembersThosewho wish to submit an article are encour
agedto contacta nearby panel member.

Themanuscripshouldbesentto oneof theeditorsasaLaTeX file or plaintext. Theformer
is encouragedndauthorsareasledto follow theinstructionsbelow.

Eacharticleshouldhave thetitle, authors name(sandhis/her/theire-mailaddress(es).

6.3.3 How to Prepare the Manuscript

Here,the minimumpreparatioris explained,which helpsthe editorsa lot. Thefull instruction
canbefoundin WWW at

http://www-acc-theory.kek. jp/ICFA/instruction.html

whereyou canfind thetemplatealso.
Pleasdollow thefollowing:

e Do notputcommentg%) whensendinghemanuscripthroughe-mail. Insteadyou canuse
\comm as\comm{your comments}. It is definedas\newcommandcomm[1f}.

e Startwith \section{title of your article}. It isessential

e Thenputyour name e-mailaddresandaffiliation.

e It is uselesgo includeanyvisualformattingcommandgsuchasvertical or horizontalspac-
ing, centeringtabs,etc.).

¢ Do notdefinenew commands.

¢ Avoid TeXcommandshatare not partof standardATeX. Theseincludethe likesof \def,
\centerline, \align, ....

e Please&keepfiguresto a minimum. The preferredgraphicsformatis Encapsulate@ostscript
(EPS)files.



6.3.3.1 Regular Correspondents

Sinceit is impossiblefor the editorsand panelmemberdo watchalwayswhatis goingon all
aroundthe world, we have startedto have Regular CorrespondentsThey areexpectedto find
interestingactvities andappropriatgpersongo reportthemand/orreportthemby themseles.
We hopethatwe will have a”’compactandcomplete’list coveringall overtheworld eventually
ThepresenReyular Correspondentareasfollows

Liu Lin (1iu@ns.1lnls.br ) LNLS Brazil
S.Krishnagopal(skrishna@cat.cat.ernet.in ) CAT India
lanC. Hsu (ichsu@ins.nthu.edu.tw ) SRRC Taiwan

We arecalling for morevolunteersasRegular Correspondents

6.3.4 Distribution
ThelCFA BeamDynamicsNewslettersaredistributedthroughthefollowing distributors:

W. Chou chou@adcon.fnal.go  NorthandSouthAmericas
HelmutMais mais@mail.desge Europe*andAfrica
SusumwKamada kamada@e&kvax.kek.jp Asia** andPacific

(*) includingformer Soviet Union.
(**) For mainlandChina,ChuangZhang(zhangc@bepc5.ihep.ac.cn) takescareof thedis-
tributionwith Ms. SuPing, Secretariabf PASC, P.O.Box918,Beijing 100039,China.

It canbe distributedon a personabasis. Thosewho wantto receve it regularly canask
thedistributor to do so. In orderto reducethe distribution cost,however, pleaseuseWWW as
muchaspossible (Seebelow).

6.4 World-Wide Web

Thehomepageof the ICFA BeamDynamicsPanelis attheaddress
http://www-acc-theory.kek.jp/ICFA/icfa.html

(which happendo bein Japan).For reason®f accesspeediherearemirror sitesfor Europe
andtheUSA at

http://wwwslap.cern.ch/icfa/
http://www.indiana.edu/"icfa/icfa.html

All threesitesareessentiallydenticalandprovide accesso theNewslettersFutureWorkshops,
andotherinformationusefulto acceleratophysicists. Therearelinks to informationof local
interestfor eacharea.

6.5 ICFA BeamDynamicsPanel Organization

The missionof ICFA BeamDynamicsPanelis to encouege and promoteinternational col-
laboration on beamdynamicsstudiesfor presentandfuture acceleators. For this purposewe
publishICFA BeamDynamicd\ewslettes threetimesayear we sponsoAdvancedCFA Beam
Dynamics\Workshopsand ICFA BeamDynamicsMini-Workshops and we organizeWbrking
Groupsin thepanelto promoteseveralimportantissues.
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