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What is “High Luminosity LHC”
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Goal of Hi-Lumi LHC 
increase Luminosity by 

factor ~10
In CMS and ALTAS

Installation Due 2024 -
2026
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Ref; HL-LHC Preliminary Design Report 

CMS

https://espace.cern.ch/HiLumi/wp3/SitePages/Home.aspx



Magnet Spec. 

• Integrated field 5 Tm. Magnetic length ~ 1.92 m @ ~2.65T

• Magnet ~ 2.19 m long mechanical

• Multipoles ~< 10 units at all operational fields and configurations. Apertures
independent.

• Aperture: 105 mm. (When cold)

• Beam distance: 188 mm.

• Faster Ramps rates ~100 s is the target value !

• Current < 600 A. Power supply (today 435A)

• Dose of 10 MGy so we need a radiation hard insulation.

• Yoke : Std LHC design: rotated yoke , yoke keys ,and spring pins. (614 mm dia)
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Design

full length 2.2m magnet

Short model 0.5m coil assembly  
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4.2 tonns



Magnetic Field Optimization, 
Independently powered apertures 
• To achieve 5 Tm field integral with less than 10 units we first 

determine the maximum field in one aperture that will not pollute 
the field quality in the adjacent aperture. 
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Bore field (T)

Radial hybrid pole keys, aperture 2, both powered
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More complicated than 
one plot, Details to follow!

Example of one configuration Presenting harmonic solution due to high 
field in the adjacent aperture
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225 cm^2 clear cooling
area through corrector 
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Interface yoke 
external 
profile with D2



Modified yoke magnetic field check
all ok with larger cooling holes  
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D2 integration cold mass 

D2

The 2 CCT 
Correctors 

Working on bus bar location / 
instrumentation 



Outer support collar thickness f(deflection) 

20 mm Al (70 GPa) & 3 T bore field deflection < 40 um
15 mm Al (70 GPa) & 3T bore field deflection < 50 um
With Inner support tube 2mm stst. 

Ecoil = 44 GPa Ecollar = 70 GPa

0.5m model yoke design
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Outer Coil Former Support < 50 um deflection



Aluminium formers 6082-T6 
polishing test to de-burr?  and then 
Hard Anodization (Micro-Machining)
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Example of polishing to remove burrs 



Polishing support tool 
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Access for resin 



2 x 5 wire coil, Hard Anodized former
this is part of the ground insulation design 
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Hard 
Anodized

Clean Aluminum
Before Anodizing 
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Manufacturing 2.2m long  105.35mm Inner Dia, CCT formers development.

• CNC 4 axis machining 2mm wide x 5mm deep slot.
• Polishing / removing burrs and sharp edges
• Polishing to improve voltage brake down surface?
• Hard Anodizing

20 companies have been contacted 
and we expect to open the bids on the 17th May 



Wiring diagram one aperture 
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Coil formers , impregnation closures , joint 
boxes 
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Two layer Joint box + cover  
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Joints : Crimped then soldered!
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Total of 21 joints ,in 2 layer joint boxes
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Impregnation test,   the box will be filled with a glass 
filler, beads or chopped fibres for the final magnets  
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Impregnation 
• CTD101K or later ( CTD422 Rad HARD )

• 3 to 6 Bar 
• Process:

• Vacuum out assembly

• De-gas resign

• Pre-heat assembly

• Fill slowly from lower end

• See resin exit

• Allow resin to fill vacuum bubbles

• Add 3 to 6 bar at both ends  inert gas

• Increase temp  to cure resin

3 -6  bar pressurized mould 
under design and well be 
tested later in the project 

130 C  heating ? 
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3 to 6 Bar 3 to 6 Bar 



Looking at Matrimid impregnation 
a Polyimide in a solvent ?
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Looking at Bees wax as an impregnation 
material 
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Voltage Testing std. 

• Turn to turn              Design value 150 V     

• Voltage to ground,  Design value 435 V

• Test CERN spec. 

• At cold = Nominal x 2 + 500V     = 1370 V

• At room temp = Cold value x 2   = 2740 v
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Insulation testing 
8.2kV x 1.4=11.5 kV DC
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Close look at the insulation cross section 
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Superconductor Ic test at 1.8 and 4.5 K in 2-5T
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To test the wire performance after the high temperature that it saw during the insulation process 420 C / 30 s we will 
re-test the insulated wire at 4.5 and 1.8K  over the range 2 to 5 Tesla.  Above we see the test preparation. 



Insulation material  Kapton CR
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Winding started , first wire in the slot!
Aluminium-Bronze former with CERN wire Polyimide wrapped insulation 
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Inner layer 
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Winding:
Holding wires in place 
with O-ring's later we will 
use winding tension.

Continues shorted turns
Monitoring.
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Insulation between 
layers 

Fixing the 10 wires at both 
ends of the CCT former still 
needs some work. 



Heat Extraction test,   1mW/cm^3
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CCT coil, dI/dt

43

4mm

15 mm

0.2 mm 
polyimide

6.6 mm

0.2 mm 
polyimide

6.6 mm

LHe, 1.9 K

LHe, 1.9 K

Transverse heat transfer model
(see: https://indico.cern.ch/event/616774/ for details)

CCT coil, quench model
• CCT coil (2.2m) switched in series with a 

dump resistor after 25 ms
• Internally, current is transformed into 

aluminum formers (Quench back)

Thanks to Matthias Mentink for the quench analysis!

https://indico.cern.ch/event/616774/


CCT coil, dI/dt, Rdump = 0.7 Ω, tdelay = 25ms
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• Assumed coupling to aluminum formers is somewhat pessimistic, i.e. likely the 
degree of quench back is higher

• dIop/dt shown here is thus indicative of magnitude, and cannot be taken as an 
upper limit

• Peak hotspot temperature = 198 K depending on variable can be much lower !

Extraction 
switch 
opens

Onset of 
quench-back 

induced 
normal zone

After switch opening, 
current is transformed into 

formers until saturation

Onset of quench-back 
induced zone More 

current transformation into 
formers
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0.5 m model magnet quench, different to the 2.2m  

• Operating current [A] PS switch-off delay [ms] Dump resistor after 25 ms [Ohm] Peak temperature [K]

422 0 0 99
422 60 0 103
422 0 0.7 44
600 0 0 168.3
600 60 0 197.9
600 0 0.7 86

• The short magnet is self protecting,   but we will use the 0.7 ohm dump to check voltages. 

• The first test will check training, voltage resistance , and quench back in the former . 

• The full length 2.2 m magnet needs the dump. And will measure field quality
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Planning
0.5m models 
move to cold test mid June?
or wait for second aperture mid July? 
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today



Planning
2.2 m prototype 
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This week



Project summary 

• We are winding the first 500mm model aperture:
• Aluminium Bronze former.

• CERN dipole wire- insulated with Polyimide tape

• Next former arrives in 3 weeks
• Aluminium former- polishes and hard-anodized.  

• All other components for the500 mm model are at CERN 

• 2.2 m model we open bids for formers this week.  All other parts ordered. 

• 500 mm model Test in June/July 

• Order for insulating 25km length of wire in progress. Needed for 2.2m magnet. 

• We are still to select the final resin type 
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The END

Glyn A. Kirby
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Follow the project progress 

https://www.researchgate.net/project/LHC-hi-Lumi-orbit-corrector-5Tm-CCT
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