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@ARDz Recipe of the LHC ring
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2 Proton beams
NB: bunched and counterrotating!

@ 27 km Circular tunnel

8 curve sections (Arcs)
8 straight sections (Insertion Regions):

4 Collision points

1 Beam dump point

1 Radio Frequency system
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Provide energy to particles

450 GeV -4 TeV -7 TeV
(injection) (2012) (design)
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Superconducting coil:
T=19K

@ quench limit=1.9x10" p stm™
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Proton beam: 362 MJ
(LHC Upgrade: 500 MJ)
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7 evcaro’ LHC stored energy challenge

T —— CERN

= LHC stored energy: 360 MJ in nominal conditions;

= [t will soon reach 500 M] (High Luminosity upgrade)

Z 1 LHC beam equivalent energy ok - ™
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110 kg TNT


http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=Myq32-OYYI0G5M&tbnid=jnC2fTX0NmE6mM:&ved=0CAUQjRw&url=http://3tntgoboom.mihanblog.com/&ei=Zmk-U7X7Cc72O8rogcgP&bvm=bv.64125504,d.Yms&psig=AFQjCNFSLlNqW50jhTwCsgs6ugMy0p6HWQ&ust=1396685495134471

7 evcarp?  We Need the Best Brakes!

—

Good brakes allow you to go faster and safer!

LHC Collimation

& Project



LHC Collimation

{ “EUCARD? We Need the Best Brakes!

Collimators are
the brakes of the LHC!




Collimator aperture

Size of Iberian Peninsula on 1 Euro
coin




7 eucarp? Effects of high intensity beam impact
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High-speed Video Camera
in HiRadMat facility

AUTODYN simulation
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testautodyngeom_w
Cycle 0

Time 0.000E+000 ms
Units mm, mg, ms
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Very high challenge:
Fast & energetic phenomena!
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/ELEAR D? Context ~

\H-__.______--"'/ CERN

= Beam-induced accidents among the most dangerous and
events for particle accelerators.

Collimators (and other Beam Intercepting Deyi
such extreme events.

c®
= Collimators are the highest contribufg 6“‘»\ C“

leading to serious instabilities, \\Qf’e
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7 EUCARD? Material Requirements
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Maximize Electrical Conductivity

Maximize Thermal Conductivity

EA Engineering Department @

2

lced at affordable costs




minm Molybdenum Carbide - Graphite 7N

LHC Collimation

X (Mo-Gr) Composites >

E@ Engineering Department @

* Very high Melting Point

* Low Density

* Outstanding Thermal Conductivity
* Verylow Thermal Expansion

* Highly stable (forms MoC,_, carbides)

* Good electrical conductivity

Fair Mechanical strength




Molybdenun Carbide - Grap
Microst
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gucarp? Molybdenun Carbide - Graphite
Mlcrostructure
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Molybdenum Carbide - Graphite

Key Figures

Properties
(Room Temperature, in plane)

Density [g/cm?3]

Coefficient of Thermal Expansion
[10K1]

Thermal Conductivity
[W/mK]
Electrical Conductivity
[MS/m]
Young’s Modulus
[GPa]

Flexural Strength
[MPa]

.......

: CERN



7 EUCARD?

Materials Benchmarking
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/& Project
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: CERN

= Mo-Gr stands out for thermal
conductivity and thermal
diffusivity against very good
conductors as Copper and
Aluminium

Temperature Difference between Bottom and Centre of Samples

= Aluminum 240 W/mK

Measuring points
(Sample Centre and
Bottom)
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7 rucarD?  Mo-Gr Potential Applications ...

Potential range of applications can be further
expanded thanks to the tailoring possibilities of
Fusio Molybdenum-Graphite composites ...

- 4 4 : i . Solar Energy Applications
: / ,_"l “:1 ) 0 {e e \3 | : o ,-- N
Advanced Braking Systems ‘} '
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ENET Meeting - 21.03.2014
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