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Different Approaches: fixed Target vs ColliderDifferent Approaches: fixed Target vs Collider
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Fixed target Storage

ring/collider



History/Energy Line vs DiscoveryHistory/Energy Line vs Discovery
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CMS Muon Pairs MassCMS Muon Pairs Mass
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ISRISR
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Interaction point

with crossing angle
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23 Kms of superconducting Magnets23 Kms of superconducting Magnets
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CERNCERN’’s s Particle Accelerator ChainParticle Accelerator Chain

72004: The 20 member states

From LINAC to LHC…

????

H



Cryodipole Cross-SectionCryodipole Cross-Section
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Rutherford CablesRutherford Cables
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dB/dt

resistive contact Rc at

cross-over point

induced eddy currents
in the loop I  -dB/dt

and I  1/Rc

superconducting

path in the

strands

Needs for 10-20 kA cable for

protection

Needs very high packing factor: 90%

!!

Needs a system simple that keep

strands
The strand are fully

transposed

BUT field changes

over a period !

Ends problems

Junctions

BICC



7000 Kms of superconducting Cable Nb-Ti7000 Kms of superconducting Cable Nb-Ti
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Critical current Density of technicalCritical current Density of technical

SuperconductorsSuperconductors
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……at the Physics Laboratory of Leyden, Heliumat the Physics Laboratory of Leyden, Helium

was first liquifiedwas first liquified
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Heike Kamerlingh Onnes

“Door meten tot weten”

To knowledge through measurement
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Phase Diagram of HeliumPhase Diagram of Helium
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Discovery of Superconductivity (1911)Discovery of Superconductivity (1911)
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Hint of a quantum EffectHint of a quantum Effect……??
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Discovery of Superfluidity in He II (1938)Discovery of Superfluidity in He II (1938)
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J.F. Allen & A.D. Misener (Cambridge)

P.L. Kapitsa (Moscow)

Vaporization of liquid helium

He I (T=2.4 K) He II (T=2.1 K)



« In my PhD work in Toronto on superconductivity, I had
often seen the sudden cessation of boiling at the lambda
temperature T  but had paid it no particular attention. It
never occured to me that  it was of fundamental
significance. »

J. Allen, Physics World, November 1988, p 29.

J. F. AllenJ. F. Allen
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90 main industrial Contracts in the World90 main industrial Contracts in the World
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Manufacturing of superconducting CoilsManufacturing of superconducting Coils

Lyn Evans 19



Assembly of dipole cold MassesAssembly of dipole cold Masses
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Cryogenic Test BenchesCryogenic Test Benches
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Magnet Descent into the TunnelMagnet Descent into the Tunnel
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Transport in the Tunnel with an optical guidedTransport in the Tunnel with an optical guided

VehicleVehicle
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Transfer on JacksTransfer on Jacks

Lyn Evans 24



Dipole dipole InterconnectDipole dipole Interconnect
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Electrical SpliceElectrical Splice
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Electrical Quality Assurance in the TunnelElectrical Quality Assurance in the Tunnel
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DFBAO in Sector 7-8DFBAO in Sector 7-8
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Current Leads using HT SuperconductorCurrent Leads using HT Superconductor

29

 Resistive  (WFL) HTS (4 to 50 K) 
Resistive  (> 50 K) 

Heat inleak to 

liquid helium  

1.1 W/kA 0.1 W/kA 

Exergy loss 430 W/kA 150 W/kA 

Electrical power 

of refrigerator  

1430 W/kA 500 W/kA 

 

 

Sum of currents into LHC ~ 1.7

MA, i.e. need current leads for 3.4

MA total rating (in and out)

Economy ~ 3400 W in liquid

helium ~ 5000 l/h liquid helium

capital: save extra cryoplant

operation: save ~ 3.2 MW

BSCCO

2223

tapes

Nb-Ti

wires

13 kA HTS current lead for LHC
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Luminosity Evolution 2010Luminosity Evolution 2010
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5 orders of magnitude in ~200 days

1030 cm-2 s-
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~50 pb-1 delivered, half of it in the last week ! 



LHC now on its own in Terms of stored EnergyLHC now on its own in Terms of stored Energy
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Pb Orbit compared to p Orbit Pb Orbit compared to p Orbit –– No Steering ! No Steering !
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Luminosity Evolution (not quite up-to-date)Luminosity Evolution (not quite up-to-date)
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1025 cm-2 s-

1



2011: 2011: ““ReasonableReasonable”” Numbers Numbers

Lyn Evans 34

• 4 TeV

• 936 bunches (75 ns)

• 3 micron emittance

• 1.2 x 1011 protons/bunch

• beta* = 2.5 m, nominal crossing angle
Peak luminosity 6.4  x 1032

Integrated per day 11 pb-1

200 days 2.2 fb-1

Stored energy 72 MJ

Usual warnings apply – see problems, problems above


