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MotivationMotivation
New accelerators require outstanding active and passive control outstanding active and passive control 
of beam lossof beam loss:
– LHC proton beams with unprecedented stored energies.

– The LHC ion beams face dissociation and fragmentation.

– The FAIR ion beams face the risk of loss-induced desorption, associated 
fragments and premature beam decay.

– The 1 MW PSI operation must minimize beam loss to achieve low p
activation (same driving limitation for SNS, SPL, J-PARC, …).

Understand and handle losses: HighHigh--tech collimation and tech collimation and 
t ti t d i th l t itt ti t d i th l t itprotection systems pursued in the accelerator communityprotection systems pursued in the accelerator community.

Collaboration and coordination will bring together expertise and will 
avoid unnecessary duplication of work

RWA

avoid unnecessary duplication of work.
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CERN example: Full exploitation of the LHCFull exploitation of the LHC Higgs +
SUSY + ???
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The “new Livingston plot“ of proton colliders: Advancing in unknown territory!

A lot of beamlot of beam comes with a lot of craplot of crap (up to 1 MW halo loss, tails, backgrd, ...)

RWA

A lot of beamlot of beam comes with a lot of craplot of crap (up to 1 MW halo loss, tails, backgrd, ...) 
Collimation. Machine Protection.
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Collimators/absorbers are the Pretty good sun glasses (filter factor >1000)Collimators/absorbers are the 
sunglasses of an accelerator!

Intercept and absorb unavoidableIntercept and absorb unavoidable

Pretty good sun-glasses (filter factor >1000)…

1 21 2Intercept and absorb unavoidable Intercept and absorb unavoidable 
slow beam losses: >99.99% slow beam losses: >99.99% 
efficiency goal (LHC, FAIR).

1.2 m1.2 m

ProtectProtect against failures (protection).

Robustness: Collimators to survive survive 
the intense beamsthe intense beams (shock impacts, 
radiation damage) and allow good 
beam vacuum.beam vacuum. 

Material studiesMaterial studies are crucial!

360 MJ proton beam360 MJ proton beam

RWA

360 MJ proton beam360 MJ proton beam
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Work packages: (draft – final commitments in written proposal)

WP1WP1 – Management and communicationManagement and communication

WP2WP2 Collimation modeling and studiesCollimation modeling and studiesWP2WP2 – Collimation modeling and studiesCollimation modeling and studies

WP3WP3 – Material & high power target modeling and testsMaterial & high power target modeling and tests

WP4WP4 – Collimator prototyping & testing for warm regionsCollimator prototyping & testing for warm regions (CERN coord?)

Task 1Task 1 – Scrapers/primary collimators with crystal feature 

Task 2Task 2 – Phase 2 secondary collimators

WP5WP5 – Collimator prototyping & testing for cryogenic regionsCollimator prototyping & testing for cryogenic regions (GSI coord?)

WP6WP6 – Crystal implementation & engineeringCrystal implementation & engineering (CERN/INFN coord?)

Options:Options: 

Option1Option1 – Absorbers for machine protectionAbsorbers for machine protection

RWA

Option2Option2 – Magnetic collimatorsMagnetic collimators
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Limitation: Beam intensity Beam intensity for protons and ionsfor protons and ions (limit at ~½ of nominal LHC intensity?)

Problem: Losses in dispersive, super-conducting arc regions (LHC and FAIR)
impedance limitation with initial collimators, issues with multi-stage cleaning efficiency, 
single diffractive scattering ion fragmentation dissociationsingle-diffractive scattering, ion fragmentation, dissociation

Hardware: WP4-I, WP6 (scrapers/primary collimators with crystal feature)

WP4-II (improved secondary collimators, phase 2)

WP5 (cryogenic collimators at loss locations – FAIR, LHC upgrade)

Option 2 (magnetic collimators for additional deflection of halo particles)

Limitation: Maximum ion luminosity Maximum ion luminosity (limit at > ½ nominal LHC ion luminosity?)(limit at > ½ nominal LHC ion luminosity?)

Problem: Losses of collision products in super conducting arcs (physics)Problem: Losses of collision products in super-conducting arcs (physics).

Hardware: WP5 (cryogenic collimators at loss locations – FAIR, LHC upgrade)

Limitation: Protection, availability, component lifetime.Protection, availability, component lifetime.

Problem: Absorption efficiency and robustness of absorber.

RWA

Hardware: Option 1 (improved absorber design)
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WP1: Management & CommunicationWP1: Management & Communication

Management of the JRA
Goals:

g

Organization of communication inside and dissemination outside 
the JRA (publications, internet etc.)

Link with other JRAs as well as with other European projects and 
integration of the relevant results

Coordination of the technical debates and conclusion on suitable 
technologies

RWA
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WP2: Collimation Modeling & Studies WP2: Collimation Modeling & Studies 

Subjects:

Study of collimation and protection conceptscollimation and protection concepts (collimation in 
cryogenic regions, crystal-enhanced collimation, non-linear 
collimators magnetic collimators )collimators, magnetic collimators, …).

Studies and review of beam lossbeam loss.

Simulation of collimation performancecollimation performance and comparison withSimulation of collimation performancecollimation performance and comparison with 
experiments.

Modeling of beam impact on collimators/absorbers/…beam impact on collimators/absorbers/… and energy g pp gy
deposition.

Specification Specification of improved collimators and absorbers.

RWA
88
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WP3 M t i l & Hi h P T t M d liWP3 M t i l & Hi h P T t M d liWP3: Material & High Power Target Modeling WP3: Material & High Power Target Modeling 
and Tests and Tests 

E i t l l ti f t i ll ti f t i l

Subjects: Heavy usage of Heavy usage of 
beam test facilitybeam test facilityExperimental evaluation of materialsevaluation of materials

– Mechanical, electrical and thermal properties
– Radiation damage

beam test facilitybeam test facility

– Engineering aspects (manufacturing, machining, tolerances)
– Damage threshold and damage extent
– Vacuum properties

ModelingModeling of materials
– Thermo-mechanical behavior under beam load
– Thermal shock resistance
– Damage

Selection of materialsSelection of materials for improved collimators and absorbers
Support for material questions on assembled collimatorsassembled collimators

RWA
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Support for material questions on assembled collimatorsassembled collimators
9
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RWA
10

Workshop last week provided important input and support…
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WP4 C lli t t t i & t ti fWP4 C lli t t t i & t ti fWP4: Collimator prototyping & testing for WP4: Collimator prototyping & testing for 
warm regionswarm regions

Goals: 
– Reduce collimator-induced impedanceimpedance

Subjects:

Reduce collimator induced impedanceimpedance.
– Improve multi-stage cleaning efficiencycleaning efficiency.
– Improve operational easeoperational ease (beam diagnostics in jaws).

Maintain robustnessrobustness against shock and radiation damage– Maintain robustnessrobustness against shock and radiation damage. 
– Upgrade of primary collimator to overcome problem of singlesingle--

diffractive scatteringdiffractive scattering in these collimators.
– Scraper design for removing beamremoving beam.Sc ape des g o e o g beae o g bea
– Bent crystal for enhancing efficiencyenhancing efficiency.

Work flow:
Conceptual design– Conceptual design

– Mechanical design
– Prototyping

Laboratory tests

RWA
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– Laboratory tests
– Beam tests 11
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WP5: Collimators in Cryogenic RegionsWP5: Collimators in Cryogenic Regions

Subjects:

Goals:
–– Catch losses locallyCatch losses locally in super-conducting regions.
– Address losses originating from local processeslocal processes (beam-gasAddress losses originating from local processeslocal processes (beam gas, 

collisions, ions, …).
Work flow:

Prototyping (GSI/FAIR design)– Prototyping (GSI/FAIR design)
– Laboratory tests
– Beam tests

Eventual design adaptation to LHC conditions– Eventual design adaptation to LHC conditions

RWA
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WP6: Crystal Implementation and EngineeringWP6: Crystal Implementation and Engineering

Subjects:

Goals:
–– Enhance cleaning efficiencyEnhance cleaning efficiency by complementing primary collimators 

with bent crystalsbent crystals.yy
Work flow:
– Study and construction of bent crystals and their assembly onto a 

support.suppo t
– Study and construction of infrastructure, required for implementation 

of crystal collimation (goniometers, diagnostics, operational tools, …)
– Support for implementation into an LHC scraper or collimator.pp p p

RWA
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Option 1: Absorbers for Machine ProtectionOption 1: Absorbers for Machine Protection

Subjects:

Goals:
– Improve passive machine protectionpassive machine protection in the LHC in view of LHC 

upgrades.pg
Workflow:
– Adapt exisiting sandwich absorber for beam tests.

Beam tests to explore damage limit– Beam tests to explore damage limit.
– Improvement of design.
– Prototype of improved absorber.

Laboratory tests– Laboratory tests.
– Beam tests.

RWA
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Option 2: Magnetic CollimatorsOption 2: Magnetic Collimators

Subjects:

Goals:
–– Additional deflectionAdditional deflection with magnetic fields.
– Overcome problem of dissociation and fragmentation in primaryOvercome problem of dissociation and fragmentation in primary 

collimator for ion beams and single-diffractive scattering for p beams.
Workflow:

Conceptual design of a magnetic collimator– Conceptual design of a magnetic collimator.
– Mechanical design
– Prototyping

Laboratory tests– Laboratory tests
– Beam tests

RWA
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Partners and ResourcesPartners and Resources

Detailed program being worked outbeing worked out.
Limited effort so far:Limited effort so far:
– CERN is driving this proposal.
– CERN resources fully focused on completing the LHC for first operation.
– In particular, completion of initial collimation system for March 2008 is our 

(my) highest priority.

Final proposal will be prepared for January 2008Final proposal will be prepared for January 2008, taking into p p p p yp p p p y , g
account output from this meeting.
The written proposal will include final participation and The written proposal will include final participation and 

it tit tcommitmentscommitments..
The information presented is based on preliminary discussions and 
expressions of interest. To be formalized in next months! 

RWA
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WP1 WP2 WP3 WP4-1 WP4-2 WP5 WP6 Option 1 Option 2
Management & 
communication

Collimation studies 
& modeling

Materials, tests, 
modeling & 

Scraper/primary 
collimator with 

Secondary 
collimator 

Cryogenic 
collimator

Crystal 
implementation 

Total 
Absorbers 

Institute
nd

 
y)

radiation crystal feature (phase 2) and engineering for 
machine 
protection

Magnetic 
collimators Total option

budget (k€) budget (k€) budget (k€) budget (k€) budget (k€) budget (k€) budget (k€) budget (k€)

CERN 200 600 600 700 900 120 120 3240 900 980 1880

ut
es

 a
m

in
ar

y
GSI 80 200 130 0 0 500 0 910 200 70 270

PSI 20 0 130 0 150 0 0 300 0 0 0

In
st

itu
(p

re
lim EPFL 25 0 230 0 0 0 0 255 25 25 50

Turin 
Polytechnic 25 0 180 0 0 0 0 205 25 25 50

Plansee 
20 0 100 0 0 0 0 120 15 15 30

at
in

g 
ur

ce
s 

( company 120 15 15 30

Austrian 
Research 
Center ARC

20 0 100 0 0 0 0 120 15 15 30

Alicante 
University 10 0 40 0 0 0 0 50 10 10 20

ar
tic

ip
R

es
ou

y

Milano 
University 20 100 0 0 0 0 0 120 200 200 400

INFN 50 30 90 30 0 0 160 360 0 0 0

P
a R John Adams 

Insitute 20 300 0 0 0 0 0 320 35 35 70

Total 490 1230 1600 730 1050 620 280 6000 1425 1375 2800

RWA
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Draft (one possibility) Draft (one possibility) –– detailed split and commitments are under discussion!detailed split and commitments are under discussion!
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Institute WP1 WP2 WP3 WP4 1 WP4 2 WP5 WP6

Not funded through FP7.

Institute WP1 WP2 WP3 WP4-1 WP4-2 WP5 WP6
Management & 
communication

Collimation studies 
& modeling

Materials, tests, 
modeling & 
radiation

Scraper with 
crystal

Improved 
secondary 
collimator 
(phase 2)

Cryogenic 
collimator

Crystal 
implementation 
and engineering

BNLtu
te

s 
BNL

FNAL

IHEPg 
In

st
it

na
ry

)

IHEP 
Protvino

JINR Dubna

ra
tin

g
re

lim
in

Kurchatov

Protvino

ol
la

bo (p
r

SLACC
o

Strong support and interest at CERN and in the world-wide community:Strong support and interest at CERN and in the world wide community: 

White paper White paper project on phase 2 collimators (CERN resources) 

Collaboration with the US (BNL, FNAL, SLAC) through LARP programLARP program

RWA
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FP7 FP7 –– connect and integrate with relevant European R&D effortsconnect and integrate with relevant European R&D efforts
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Program SummaryProgram Summary

Proposed JRA addresses challenges for highhigh--intensity, ultraintensity, ultra--clean acceleratorsclean accelerators!
Work packages and deliverablesWork packages and deliverables (materials, prototype collimators) defined for:p gp g ( p yp )
– Full exploitation and upgrade of the LHCLHC.
– Collimation needs of the FAIR projectFAIR project.
– Expect strong spinspin--off from and for other projectsoff from and for other projects and ongoing R&D efforts.

Final description only once detailed commitments and boundary conditions have 
been received.
Budget request:
– Limited core program: 6 MEuro6 MEuro (strongly reduced to match target)
– Core options: 2.8 MEuro2.8 MEuro

Preliminary network: 
–– 11 participating institutes, universities and companies11 participating institutes, universities and companies in 6 European countries.
–– 7 collaborating institutes7 collaborating institutes, in the United States (funded by the DOE through LARP) and 

Russia (funded in direct agreements).

Schedule will be defined with compatibility for 1) LHC exploitation and upgrade and

RWA
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Schedule will be defined with compatibility for 1) LHC exploitation and upgrade and 
2) FAIR construction.
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