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SCOPE

• Look into Phase I & II of the LHC Collimators and address the 
material choices, their chances of survival and the long-term meeting 
of the requirements

P H A S E  I

• How effective and resilient are carbon composite and graphite as
baseline materials for Phase I  ?

• Given that theoretical results are not able to answer these 
fundamental questions, what is the most prudent path in ensuring that 
both the constraints and the longevity of the chosen materials can be 
guaranteed ?

• Is there enough experience out there that can be used for 
assessment?

• Neutron irradiation vs. High Energy Protons
• Does graphite grade/type matter ?

• We propose to find out (ASAP)
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SCOPE (continue)

PHASE II  (Hybrid Secondary Collimators)

• Given that there is more time available to the team, search for most 
suitable materials should be easier

• Requirement for “excellent” mechanical tolerances – Can it be met 
with with materials like Cu, Be, etc.

• How about new “smart” materials such as Gum metal, AlBemet, 
Super-Invar?

• We propose to find out !
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Phase I – Done Deal ????
Is it robust enough to get LHC to Phase II ?

ANSWER is Yes (if all assumptions are correct …)

What are the constraints?

Resistivity to be in check
Diffusivity/conductivity to be be in check

Deformations/warping to stay within tight limits (25 m flatness)

What can spoil the soup?
Material damage, material damage, material damage ……

How drastically is impedance affected ?
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WHY IS IT IMPORTANT THAT WE DO THESE TESTS?
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Note the variation with
Different graphites

[T. Maruyama, M. Harayama, Journal of Nuclear Materials 195(1992) 44-50]



WHY IS IT IMPORTANT THAT WE DO THESE TESTS?
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Graphite Grade Choices & Resistivity

7



WHY IS IT IMPORTANT THAT WE DO THESE TESTS?

Note the variation with
Different graphites

8[T. Maruyama, M. Harayama, Journal of Nuclear Materials 195(1992) 44-50]



WHY IS IT IMPORTANT THAT WE DO THESE TESTS?

[T. Maruyama, M. Harayama, Journal of Nuclear Materials 195(1992) 44-50]
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WHY IS IT IMPORTANT THAT WE DO THESE TESTS?

[T. Maruyama, M. Harayama, Journal of Nuclear Materials 195(1992) 44-50]
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Graphite vs. Carbon-Carbon Composite 
Results from the Muon Collaboration Experiment BNL E951

BNL E951 Target Experiment 
24 GeV 3.0 e12 proton pulse on Carbon-Carbon and ATJ graphite targets

Recorded strain induced by proton pulse
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CC is clearly less responding to shock. It is also stronger (normal planes) than graphite 
but much weaker in off-normal planes.  
Do things hold true after irradiation?



PHASE I & II COLLIMATOR MATERIAL STUDY
Carbon-Carbon Composite

GRAPHITE (what grade ?)

Alternatives ?
Beryllium
AlBeMet 

Cu (Baseline-Hybrid Collimator) – irradiation-induced unknowns

Super-Invar REVISITED !!!!

Toyota “Gum Metal” interesting material

Inconel-718 until further notice
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WHY Gum Metal (Toyota Ti alloy)
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WHY AlBeMet ?

14



BNL Material R&D Study (super Invar/Inconel-718)
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Invar

Inconel



Current BNL Material R&D Study

16200 MeV protons (~70 A)
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ON-GOING Post-Irradiation Study at BNL Hot Cell

Dilatometer – Mechanical Tester
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Beryllium Preliminary Post-Irradiation Results
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AlBeMet Preliminary Post-Irradiation Results
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AlBeMet Thermal Expansion
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Ti6Al4V Alloy: Preliminary Post-Irradiation Results
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Ti- 6 Al- 4 V  S t re ss S t ra in Re la t ionship
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G um Me t a l S t re ss_ S t ra in
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Gum Metal Preliminary Post-Irradiation Results



Effects of Irradiation on Gum Thermal Expansion
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We would like to test (next irradiation phase)
the 90% cold-worked material
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Unirra dia t e d G um Me t a l S t re ss- S t ra in
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Some Alloys Change Drastically and some Don’t
Reassessment of Super Invar

New tests with Temp 600 C 



Super Invar RE-ASSESSMENT 

Invar to Different Temperatures
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Graphite Preliminary Post-Irradiation Results
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Carbon-Carbon Preliminary Post-Irradiation Results
(fiber direction)



Carbon-Carbon Preliminary Post-Irradiation Results
45-degree plane on fiber orientation
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What do we propose ?
For PHASE I collimator materials

– Scrutinize graphite & carbon-carbon for
• Diffusivity changes
• Resistivity
• Dimensional changes
• SHOCK (laser-induced)

• Based on ongoing BNL studies on types of these two 
materials (not exactly those of LHC collimators) assess 
how drastic is the effect of irradiation (proton-based) on 
these parameters

• Assess the need for further irradiation (or irradiation of the 
LHC Phase I graphite & CC composite)

• Communicate with the LHC team and revisit the technical 
assessment on the current design
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What do we propose  for Phase II?
• Assess the current baseline (Cu) for driving physical properties

(resistivity, diffusivity, CTE, damage)
• Limited knowledge on irradiation effects
• Assess the need for irradiation tests specifically designed to address the 

Cu baseline
• Enhance the post-irradiation analysis of the possible alternatives:

– AlBeMet
– superInvar
– Gum Metal
– Beryllium

• Focus on the effects of irradiation on the properties controlling the 
design/constraints

• Evaluate the need for more irradiation tests (at BNL of FNAL)
– It will be prudent to delineate between proton energies and the damage 

effects associated with them (a lot of available info from neutron irrad.)
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