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�� Introduction & definitionsIntroduction & definitions

�� Types of collimatorsTypes of collimators

�� Typical chalanges & problemsTypical chalanges & problems

�� ExamplesExamples
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DefinitionDefinition

AA collimatorcollimator isis aa devicedevice thatthat narrowsnarrows aa
beambeam ofof particlesparticles oror waveswaves.. ToTo
""narrownarrow"" cancan meanmean eithereither toto causecause thethe
directionsdirections ofof motionmotion toto becomebecome moremore
alignedaligned inin aa specificspecific directiondirection (i(i..ee..
collimatedcollimated oror parallelparallel)) oror toto causecause thethe
spatialspatial crosscross sectionsection ofof thethe beambeam toto
becomebecome smallersmaller..

http://en.wikipedia.org/wiki/Collimator

CollimatorsCollimators

�� Different goals Different goals –– different construction different construction 
of collimatorsof collimators

�� LinacLinac vsvs SinchrotronSinchrotron

�� Jaws / scrapers Jaws / scrapers 

�� OftenOften workwork toogethertoogether withwith cleaningcleaning
magnetsmagnets and and dumpsdumps
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WhatWhat for ?for ?

Historically Historically collimators in collimators in hadronhadron machines were machines were 
used to used to reduce the radiation background at the reduce the radiation background at the 
experimentsexperiments..

However, However, high energy andhigh energy and beambeam intensityintensity in new in new 
powerful machines and the use of superconducting powerful machines and the use of superconducting 
technologies require a sophisticated collimation technologies require a sophisticated collimation 
system for beam cleaning and machine protection.system for beam cleaning and machine protection.

WhatWhat for ?for ?

New high intensity machines:New high intensity machines:

High intensity in core and halo!High intensity in core and halo!

What is potentially “dangerous” for the What is potentially “dangerous” for the 
machine:machine:

QuenchesQuenches –– ActivationActivation –– HeatingHeating ––
DamageDamage
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WhatWhat for ?for ?

�� To obtain low uncontrolled beam lossTo obtain low uncontrolled beam loss

�� To minimize proton/ion beam haloTo minimize proton/ion beam halo

�� To minimise the activation of To minimise the activation of 
downstream beam line componentsdownstream beam line components

�� To allow faster accessTo allow faster access

�� To protect the machine itselfTo protect the machine itself

RüdigerRüdiger SchmidtSchmidt, , Review on Review on CollimatorsCollimators forfor thethe LHCLHC
30 June 200430 June 2004

ExampleExample: : Tasks Tasks of of LHC LHC protection protection systems systems 

First priorityFirst priority

�� Protect (sensitive) LHC equipment from damage. Downtime after Protect (sensitive) LHC equipment from damage. Downtime after 
damage of superconducting magnet about 1 months  damage of superconducting magnet about 1 months  

Second prioritySecond priority

�� Protect superconducting magnets from quenching. Downtime after a Protect superconducting magnets from quenching. Downtime after a 
quench is in the range of 1 hour quench is in the range of 1 hour –– 8 hours8 hours

Not to be forgottenNot to be forgotten

�� Protect the beam:Protect the beam: The protection systems should only dump the The protection systems should only dump the 
beam when necessary. False beam dumps to be avoided…beam when necessary. False beam dumps to be avoided…

�� Provide the evidence:Provide the evidence: In case of failure, complete and correct In case of failure, complete and correct 
diagnostic messages should get to the operator (post mortem diagnostic messages should get to the operator (post mortem 
recording)recording)
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HowHow ??

By optimization of:By optimization of:

�� collimating tube length, collimating tube length, 

�� shape,shape,

�� location,location,

�� number of collimators (along the lattice and in each number of collimators (along the lattice and in each 
set), set), 

�� aperture size of primary collimators and secondary aperture size of primary collimators and secondary 
collimatorscollimators

�� collimator material collimator material 

�� stationary/movable ? (if movable stationary/movable ? (if movable –– define the define the 
algorithm)algorithm)

ExampleExample: : FlukaFluka calculationscalculations, , 
comparisoncomparison of of rangesranges

Material Density[g/cm3] Range[cm]

Al 2,70 440

Concrete 2,30 490

C 2,26 530

Cu 8,96 160

Fe 7,87 170

H
2
O 1,00 1020

Paraffin 0,89 1080

Pb 11,35 155

SiC 3,16 385

SiO
2 2,32 525

W 19,30 95
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CarbonCarbon

Small range corresponds
to big activity and dose

LHC example: High Z materials 
would be damaged (copper, but 
even aluminium) 

Graphite has been chosen as jaw 
material.
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1 July 20041 July 2004 S.RoeslerS.Roesler Radiation Radiation Protection IssuesProtection Issues 1313

RemanentRemanent Dose RatesDose Rates:: LHC EXAMPLELHC EXAMPLE

Remanent dose rates after 180 days of operation

1 day of cooling                                   4 months of cooling

~5 mSv/h ~1 mSv/h

Dose rate maps allow a detailed calculation of intervention doses

1 July 20041 July 2004 S.RoeslerS.Roesler Radiation Radiation Protection IssuesProtection Issues

Intervention Doses: Intervention Doses: Intervention on Intervention on 
Vacuum Vacuum SystemSystem

Collimator exchange due to a leak (Conflat flanges with chain clamps)

Total accumulated dose per person (vacuum group) in mSv
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HowHow ??

•• LLocalocal shielding!shielding! IInterventionntervention doses doses 
significantly significantly smallersmaller whenwhen removed removed 
remotely before the intervention.remotely before the intervention.

•• QQuickuick coupling/ uncouplingcoupling/ uncoupling systemssystems for for 
shortshort interventionintervention timetime

WhatWhat isis imporantimporant inin high high powerpower
machinesmachines ? ? 

Even small beam losses become Even small beam losses become 
significant and cause damage and/or significant and cause damage and/or 
high activation levels !high activation levels !

�� LHCLHC

�� SNSSNS

�� ESSESS

�� SPL SPL 

�� FAIRFAIR

�� ILC, VLHC ….ILC, VLHC ….



2011-05-06

9

R. R. AssmannAssmann

CollimatorCollimator jawjaws s / / sscraperscrapers / / 
aabsorbersbsorbers

Components of the collimation system Components of the collimation system cancan bebe distinguished by theirdistinguished by their
function:function:

�� JawsJaws:: Elastic and inelastic interactions of Elastic and inelastic interactions of thethe beambeam. . Precise Precise 
devices with two devices with two blocksblocks, used for efficient beam, used for efficient beam cleaning. cleaning. 
Small gaps and stringent tolerances.Small gaps and stringent tolerances.

�� Scrapers:Scrapers: Used Used typicalytypicaly for for beam shaping and diagnosticsbeam shaping and diagnostics..
Thin oneThin one--sided objects.sided objects.

�� Absorbers:Absorbers: Absorb Absorb mismis--kicked beamkicked beam or products of protonor products of proton--induced induced 
showersshowers..
Movable absorbers can be quite similar in design to Movable absorbers can be quite similar in design to 
jawsjaws, but mostly with high, but mostly with high--Z jaws. Larger gaps and Z jaws. Larger gaps and 
relaxed tolerances.relaxed tolerances.

�� Precise setPrecise set--up & alignment required! up & alignment required! 

R. AssmannR. Assmann

ExampleExample LHC: LHC: PPrinciplerinciple of Beam Collimationof Beam Collimation
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R. AssmannR. Assmann
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ExampleExample LHC: LHC: Principle Principle of Beam Collimationof Beam Collimation

... two stage cleaning ...

Collimation project
Leader: R. Assmann

Project engineer: O. Aberle
Organization, schedule, budget, 
milestones, progress monitoring, 

design decisions

Project steering
E. Chiaveri

report to AB department
(S. Myers, LTC)

Beam aspects 
R. Assmann, LCWG
System design, optics, 
efficiency, impedance 
(calculation, measure-
ment), beam impact, 
tolerances, diffusion, 

beam loss, beam tests, 
beam commissioning, 
functional specification 

(8/03), operational 
scenarios, support of 

operation

Energy deposition, 
radiation 
A. Ferrari 

(collimator design, ions)
J.B Jeanneret 
(BLM’s, tuning)
M. Brugger

(radiation impact)
FLUKA, Mars studies for 

energy deposition around 
the rings. Activation and 
handling requirements.

Collimator engineering 
& HW support 

O. Aberle
Sen. advice: P. Sievers
Conceptual collimator de-

sign, ANSYS studies, 
hardware commissioning, 
support for beam tests, 

series production, 
installation, 

maintenance/repair, 
electronics&local control, 
phase 2 collimator R&D 

Mechanical eng-
ineering (TS)

Coord.: M. Mayer
Engin.: A. Bertarelli

Sen. designer: R. 
Perret

Technical specification, 
space budget and mecha-
nical integration, thermo-
mechanical calculations 

and tests, collimator 
mechanical design, 
prototype testing, 

prototype production, 
drawings for series 

production. 

Resources/planning
R. Assmann, E. Chiaveri, 
M. Mayer, J.P. Riunaud

Machine Protection
R. Schmidt

Vacuum
M. Jimenez

Beam instrum.
B. Dehning

Dump/kickers
B. Goddard

Integration into operation
M. Lamont

Supply & ordering
O. Aberle, A. Bertarelli

Local feedback
J. Wenninger

Controls
AB/CO

Electronics/radiation
T. Wijnands
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Design Design newnew high high powerpower machinemachine ? ? 

TakeTake into accountinto account: 

� All potential losses and beam halo.

� Showers in collimators and other equipment. 
Electron clouds. 

� Materials behavior and beam-induced damage. 
Elastic and inelastic deformations. Coatings ?

� Precise mechanical movement and highly efficient 
cooling. 

� Radioactivity level in collimator regions (material, 
personnel).

� Tolerance requirements.

jaw

http://lhc-collimation.web.cern.ch/lhc-collimation/files/coll-22-10.pdf
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CollimatorsCollimators inin transfer lines transfer lines --
exampleexample

Rüdiger SchmidtRüdiger Schmidt

ExampleExample: : Correct Correct injection into the injection into the 
LHCLHC

LHC circulating beam 

Injection 
Kicker 

Beam from 
SPS

Beam from SPS with
• correct position
• correct angle
• correct energy
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Rüdiger SchmidtRüdiger Schmidt

Protection in case of kicker not firingProtection in case of kicker not firing

LHC circulating beam 

Injection 
Kicker 

Beam from 
SPS

Injection 
absorber
TDI ~7σ

Injection kicker – not 
firing

Rüdiger SchmidtRüdiger Schmidt

Protection in case of kicker misfiringProtection in case of kicker misfiring

LHC circulating beam 

Injection 
Kicker 

Injection 
absorber
TDI ~7σ

Circulating beam –
kicked out
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Rüdiger SchmidtRüdiger Schmidt

Protection against wrong trajectory Protection against wrong trajectory 
from transfer linesfrom transfer lines

LHC circulating beam 

Injection 
Kicker 

Beam from 
SPS

Set of transfer line 
collimators TCDI  

~5σ

Injection 
absorber
TDI ~7σ

Circulating beam –
kicked out

Injection kicker – not 
firing

Replacing low intensity beam by high intensity beam Replacing low intensity beam by high intensity beam 

Rüdiger SchmidtRüdiger Schmidt

Additional protection for high Additional protection for high 
intensity operation  intensity operation  

LHC circulating beam 

Injection 
Kicker 

Beam from 
SPS

Set of transfer line 
collimators TCDI  

~5σ

Injection 
absorber
TDI ~7σ

Circulating beam –
kicked out

Injection kicker – not 
firing

Injection 
absorbers
TCLI ~7σ
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• Your design must intercept beam power of .... at energies ….
• Think about low activation of the collimators themselves and of
downstream elements together with the shielding requirements
for each collimation section.
• A „distributed collimation approach”, where small collimators are
placed in many places sandwiched between other elements or
„bulk collimation”, where beam collimation is only done at 2 or 3
locations ?

For linac as an first level accelerator:

• Do you need a beam cleaning in the transfer line to
synchrotron ? For example to reduce the activation of the
injection septum ?

Design Design newnew high high powerpower linaclinac ? ? 

The output of this study should be the definition of the 
collimator geometry, collimation material and the cooling 
requirements for the various levels of intercepted power.

i) which scheme is more suitable in order to minimize 
machine activation, 

ii) geometry of the collimators and suitable collimation 
materials, 

iii) activation and heat-load for downstream elements, 
iv) optimum position for the (distributed) collimators: 

before, after, or in between quadrupoles.

Design Design newnew high high powerpower linaclinac ? ? 
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In the SNS case collimation is done using a foil 
scraper to convert the H- into protons and a 
quadrupole downstream defocuses this
proton halo towards a local beam dump.

Example: SNSExample: SNS

Advantage : scraped halo is not transported along the H-
beam.

Disadvantage : activation generated in the local dumps.

Collimator inefficiency

HowHow to to comparecompare differentdifferent scenariosscenarios ? ? 

Cleaning inefficiency = Number of escaping p

Number of impacting p 
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Collimators control system and Collimators control system and 
machine interlocksmachine interlocks

�� Position Position during the operational phases must be well during the operational phases must be well 
defined and controlled (for example can change with defined and controlled (for example can change with 
beam optics during ramping). beam optics during ramping). 
–– It cannot be tolerated to It cannot be tolerated to open the jaws when operating open the jaws when operating with high beam intensitywith high beam intensity

–– Interlocks on wrong collimator position, depending on the operational Interlocks on wrong collimator position, depending on the operational phasephase

–– „Negative” logic„Negative” logic

�� Collimators and beam absorber must always be Collimators and beam absorber must always be 
considered together considered together 

FutureFuture ideasideas ??
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Collimator typesCollimator types

�� Single use: Collimators are replaced if Single use: Collimators are replaced if 
damaged: damaged: Standard Jaws / AperturesStandard Jaws / Apertures

�� Multi use: Collimators designed to be Multi use: Collimators designed to be 
damaged multiple times: damaged multiple times: Rotating Rotating 
wheels. wheels. 

�� Indestructible: Collimators which can Indestructible: Collimators which can 
be repaired after each shot: be repaired after each shot: Liquid, Liquid, 
ExoticExotic

Josef Frisch

RotatingRotating collimatorcollimator

R. R. AssmannAssmann, , NN..MokhovMokhov, M, M..
PiviPivi, A, A..SeryiSeryi
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Types of Types of IndestructIndestructiibleble
CollimatorsCollimators

�� Flowing liquid: Jets, waves: Flowing liquid: Jets, waves: 
Indestructible, but tolerances are Indestructible, but tolerances are 
difficult. difficult. (Should study jet stability)(Should study jet stability)

�� Liquid film / Solidifying: Might have Liquid film / Solidifying: Might have 
good tolerances, but limited film good tolerances, but limited film 
thickness. thickness. 

�� Exotic: Lasers, etc: Exotic: Lasers, etc: No practical No practical 
designsdesigns Josef Frisch

Solidifying collimator Solidifying collimator 
conceptconcept

Josef Frisch


