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Thetopicsdiscussedwere:
1. Comparisonof different collimation methods(effi-

ciency, designandengineering);
2. Momentumcollimationandhow to catchparticleslost

duringrf captureandthosedueto large
�������

;
3. Locationof collimators:requirements,dedicatedsec-

tions,adaptationto anexisting lattice.
The machinesdiscussedwere the proposedhigh in-

tensity proton synchrotrons:ESSin Europeand SNS in
Oakridge- neutronsources,the JHF booster, the 16 GeV
ProtonDriver asfirst stageof a ��� -collider andthe LHC.
Amongtheoperatingmachines:theTevatronandtheISIS
synchrotron.

For the needsof this working group, collimation effi-
ciencywasdefinedto be the fraction of beamhalo parti-
cles collectedwithin the collimation sectionduring mul-
titurn operation,relative to the total numberof particles
lost aroundthering (relative controlledparticleloss).One
needsexact counts for absorptionand outscatter, hence
Monte Carlo simulationsarerequiredwith high demands
onprecision– severalsuchcodeswerereported:STRUCT–
MARS, K2, the codeof C. Warsop. Efficiency near or
above 99% over �	��
���	��� turns is usuallyaimedfor, as
well aslow halohit rates(particles/sec)atcruciallocations
aroundthe ring suchas secondarycollimators, cold ele-
mentsandparticledetectors.

The advantageof the two-stage schemecomparedto
the singlecollimator wasacknowledged– particlesback-
scatteredfrom thelattercontinueto circulate.Comparative
simulationstudies(TevatronRun II) give a factorof 4-10
in beamloss.

As far as lattice permits,the betatronphasesof collec-
tors with respectto scattererarechosenaccordingto the
“ ����� ��� ������� ” scheme,with the � ��� collimatorsometimes
missing (seebelow). Derivation of the above phasesis
baseduponthe“black absorber”model:1) singlepassage;
2) artificially wide distribution of initial anglesat primary;
3) “black-absorber”secondaries.Theadvantageis thatef-
ficiency canberedefinedin termsof themaximumsurviv-
ing halo amplitude(a number)and numericalminimiza-
tion applied.This modelhasbeenexploredbeyondsingle-
planecollimation (mostly for theneedsof LHC; worksof
J.B. Jeanneretet al). Somerecentresultswere reported
(D. Kaltchev) – the codeDJ (Distribution of Jaws) pro-
videsoptimizationof jaw locationsandanglesfor anarbi-
trary lattice(phase-advanceanddispersionfunctions).The
underlyingassumptionis that a high one-passage“black
absorber”efficiency meansalso a high multi-turn Monte
Carloefficiency. Thelatteris thefinal criterionin any case.
Somedeviations from the “black absorber”optimum so-

lution, presuminglydueto the multiturn definitionof effi-
ciency, are

– usinga singleinsteadof double-jaw collimator. This
seemsto be morea rule thanexception. For a singlejaw,
theaverageimpactdepthovermany turnsis higher. Also, it
allows to collimateparticleswith selectedsignof themo-
mentumdeviation (negative, i.e. low energy side for the
Tevatron). In thedouble-jaw case,having independentpo-
sition control of the opposingjaw would help finding the
closedorbit in realisticoperation.

– mostsystemsaredesignedseparatelyin thehorizontal
andverticalplanes.In somecasessmall tilt anglesareap-
plied(9 degreesin theESSstudy).An optimizationaiming
to capturein a singlepassagethehaloparticleswith large
betatronamplitudesin both planes(jaw tilt anglesvaried
too), is carriedout in theLHC design.

– orthogonalscatteringis sometimesneglected.Neglect-
ing the � ��� jaw is justified if scatteringorthogonalto the
planeof collimation is not taken into account. The third
collimator helps in the SNS hybrid lattice (N. Catalan),
with computationsdonefor both black and realistic sec-
ondaries.

– deviationsof around10%from thephases“ ����� ��� �����
� ” do not affect significantlythe trackingresults(ESSac-
cumulatorandmostotherdesigns).

Full optimizationstudieswerepresented(A. Drozhdin,
N. Mokhov) of theTevatronRunII andof thepreliminary
latticefor the16 GeV ProtonDriver. This includedgraphs
of particle lossesaroundthe rings (W/m) computedwith
MARS. More than99% of lossesarecollectedat top en-
ergy.

Direct experimental confirmation of the two-stage
schemewasreportedby Nuria Catalan– the120GeVSPS
beamismadeto coasttowardsasystemof scattererandtwo
collectors,arrangedsothatall halofractionsareaccounted
for. Themeasuredratesagreewith simulations(K2 code).

One could further notice, that the efficiency is related
to parameterssuchas averageimpact depthand number
of revolutionsbetweenhits. Suchresultswerediscussed
on this workshop – Tevatron Run II, ESS accumulator
(C. Warsop)and had beenreportedpreviously – HERA
(M. Seidel),LHC (T. Risselada)and others. The impact
parameterdependson proximity to resonances(for a lin-
earmachine)andon the collimator arrangement– for in-
stancelarger numberof primary collimators meansthat
fewer turnsareneededto achieve thesameefficiency, but
alsosmallerimpactdepth.

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



study); fully angled(LHC) and(in longitudinaldirection)
setbackwith respectto thebeamenvelope,with a slopeto
matchthebeamenvelope(TevatronRunII).

Thebentcrystalshowspromisingresultswith respectto
lifetime andcostandthe expressedconcernsweremostly
abouttheintroducedby thecrystalanglespreadin amulti-
turnoperation.Haloextractionwith anelectrostaticdeflec-
tor wassuccessfullytried in the ��� -collider design.Mag-
netizedcollimatorswerenot discussed.

For momentumcollimation a ring lattice location with
high dispersionis neededfor the primary collimator. Ex-
ceptions(waysto avoid this)arethebeam-gapkicker fore-
seenat SNSandplacingthescattererin a curvedtransport
channel(ESSaccumulator).In adedicatedlatticewith dis-
perslessstraightsections,theidealprimarylocationseems
to bethehighestpointof thelastdispersionpeakbeforethe
straightsection(asin theJHF3GeVBooster, Y. Mori). In
thelastwork,aflat-topdispersionpeakis achievedby split-
ting the focusingquadrupolein the last “missingmagnet”
cell. In general,spacelimitationsin thearcanddifficulties
in increasingthedispersionin thestraightsection,forceus
to searchfor compromises.

D. Kaltchev presenteda mix of theory, on which the
codeDJ is based,andobservationsmadeduringdistribut-
ing jaws for the LHC – the advantagesof placingthe pri-
mary jaw at thehighestpoint of thenormalizeddispersion
peak(zeroderivative) are: 1) moreamplitudespaceis left
for halocirculationathighmomenta;2) secondarycollima-
torsactthesameway for all momenta(known result).The
codeDJ providesmixedbetatron-momentumoptimization
of thejaw locationsfor anarbitrarylattice.

An importantremark(A. Drozhdin)wasabouttheben-
efit of placing the secondaryjaw in a location with high
dispersionaswell, if suchlocationis available.


