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Thetopicsdiscusseavere:

1. Comparisonof different collimation methods(effi-
ciengy, designandengineering);

2. Momentumcollimationandhow to catchparticledost
duringrf captureandthosedueto largedp/p;

3. Locationof collimators:requirementsgedicatedsec-
tions,adaptatiorto anexisting lattice.

The machinesdiscussedwere the proposedhigh in-
tensity proton synchrotrons:ESSin Europeand SNSin
Oakridge- neutronsourcesthe JHF boosteythe 16 GeV
ProtonDriver asfirst stageof a pu-collider andthe LHC.
Amongthe operatingmachinesthe Tevatronandthe SIS
synchrotron.

For the needsof this working group, collimation effi-
ciencywas definedto be the fraction of beamhalo parti-
cles collectedwithin the collimation sectionduring mul-
titurn operation,relative to the total numberof particles
lostaroundthering (relative controlledparticleloss). One
needsexact countsfor absorptionand outscatter hence
Monte Carlo simulationsare requiredwith high demands
onprecision-sereralsuchcodesverereported:STRUCT-
MARS, K2, the code of C. Warsop. Efficiency nearor
above 99% over 102 — 103 turnsis usually aimedfor, as
well aslow halohit rates(particles/secatcruciallocations
aroundthe ring suchas secondarycollimators, cold ele-
mentsandparticledetectors.

The adwantageof the two-staye schemecomparedto
the single collimator was acknaledged- particlesback-
scatteredrom thelattercontinueto circulate.Comparatie
simulationstudies(TevatronRun Il) give a factorof 4-10
in beamloss.

As far aslattice permits, the betatronphaseof collec-
tors with respectto scattererare chosenaccordingto the
“p, /2, m—p" schemewith ther /2 collimatorsometimes
missing (seebelow). Derivation of the above phasess
baseduponthe“black absorber'model: 1) singlepassage;
2) artificially wide distribution of initial anglesat primary;
3) “black-absorber'secondariesThe advantagds that ef-
ficiengy canberedefinedn termsof the maximumsurviv-
ing halo amplitude (a number)and numericalminimiza-
tion applied.This modelhasbeenexploredbeyondsingle-
planecollimation (mostly for the needsof LHC; works of
J.B. Jeannereet al). Somerecentresultswere reported
(D. Kaltcher) — the code DJ (Distribution of Jaws) pro-
videsoptimizationof jaw locationsandanglesfor anarbi-
trary lattice (phase-adanceanddispersiorfunctions). The
underlyingassumptions that a high one-passagéblack
absorberefficiency meansalso a high multi-turn Monte
Carloefficiengy. Thelatteris thefinal criterionin ary case.
Somedeviations from the “black absorber’optimum so-

lution, presuminglydueto the multiturn definition of effi-
ciengy, are

— usinga singleinsteadof double-jav collimator. This
seemdo be morea rule thanexception. For a singlejaw,
theaveragampactdepthover mary turnsis higher Also, it
allows to collimate particleswith selectedsign of the mo-
mentumdeviation (negative, i.e. low enegy side for the
Tevatron). In thedouble-jav case having independenpo-
sition control of the opposingjaw would help finding the
closedorbitin realisticoperation.

—mostsystemaaredesignedseparatelyn thehorizontal
andverticalplanes.In somecasesmalltilt anglesareap-
plied (9 degreedn the ESSstudy). An optimizationaiming
to capturein a single passagehe halo particleswith large
betatronamplitudesin both planes(jaw tilt anglesvaried
too), is carriedoutin the LHC design.

—orthogonakcatterings sometimeseglected.Neglect-
ing the /2 jaw is justified if scatteringorthogonalto the
planeof collimation is not taken into account. The third
collimator helpsin the SNS hybrid lattice (N. Catalan),
with computationdonefor both black and realistic sec-
ondaries.

—deviationsof aroundl0%fromthephases u, /2, m—
w” do not affect significantlythe trackingresults(ESSac-
cumulatorandmostotherdesigns).

Full optimizationstudieswere presentedA. Drozhdin,
N. Mokhov) of the TevatronRun Il andof the preliminary
latticefor the 16 GeV ProtonDriver. Thisincludedgraphs
of particle lossesaroundthe rings (W/m) computedwith
MARS. More than 99% of lossesare collectedat top en-
eny.

Direct experimental confirmation of the two-stage
schemavasreportedby Nuria Catalan-the 120GeV SPS
beamis madeto coastowardsasystenof scattereandtwo
collectorsarrangedsothatall halofractionsareaccounted
for. Themeasuredatesagreewith simulationg(K2 code).

One could further notice, that the efficiency is related
to parametersuch as averageimpact depthand number
of revolutionsbetweenhits. Suchresultswere discussed
on this workshop— Tevatron Run Il, ESS accumulator
(C. Warsop)and had beenreportedpreviously — HERA
(M. Seidel),LHC (T. Risseladaynd others. The impact
parametedependson proximity to resonancesfor a lin-
earmachine)and on the collimator arrangement- for in-
stancelarger numberof primary collimators meansthat
fewer turnsare neededo achieve the sameefficiency, but
alsosmallerimpactdepth.

The shapeof collimatorsusedis: (in transwersedirec-
tion) flat, “L"-shapedwith independenhor./vert. degrees
of freedom(Tevatron); slightly angled(ESSaccumulator



study); fully angled(LHC) and(in longitudinaldirection)
setbackwith respecto the beamervelope,with aslopeto
matchthe beamervelope(TevatronRunll).

Thebentcrystalshavs promisingresultswith respecto
lifetime and costandthe expressedconcernsvere mostly
abouttheintroducedby the crystalanglespreadn a multi-
turn operation Halo extractionwith anelectiostaticdeflec-
tor wassuccessfullytried in the pu-collider design. Mag-
netizedcollimatorswerenot discussed.

For momentuntollimation a ring lattice location with
high dispersionis neededor the primary collimator. Ex-
ceptions(waysto avoid this) arethe beam-gakicker fore-
seenat SNSandplacingthe scatterein a curvedtransport
channel(ESSaccumulator)In a dedicatedattice with dis-
perslesstraightsectionstheideal primarylocationseems
to bethehighestpointof thelastdispersiorpeakbeforethe
straightsection(asin the JHF 3GeV Booster Y. Mori). In
thelastwork, aflat-topdispersiompeakis achiezedby split-
ting the focusingquadrupoldn the last“missing magnet”
cell. In general spacdimitationsin thearcanddifficulties
in increasinghedispersiorin the straightsection forceus
to searchfor compromises.

D. Kaltchey presenteda mix of theory on which the
codeDJis based andobsenationsmadeduring distribut-
ing jaws for the LHC — the advantagef placingthe pri-
mary jaw at the highestpoint of the normalizeddispersion
peak(zeroderivative) are: 1) moreamplitudespaceis left
for halocirculationathighmomenta2) secondargollima-
torsactthe sameway for all momentaknown result). The
codeDJ providesmixedbetatron-momenturaptimization
of thejaw locationsfor anarbitrarylattice.

An importantremark(A. Drozhdin)wasaboutthe ben-
efit of placingthe secondanjaw in a locationwith high
dispersioraswell, if suchlocationis available.



