
1

Ramesh Gupta
Superconducting Magnet Division



Superconducting 
Magnet Division

Q2pF Studies for 4K Option             EIC IR Meeting         -Ramesh Gupta 2June 16, 2020

Overview
➢ Case studies to understand the magnet. Several cases examined. 

Only the case of 4.2 K will be presented in some details. 

➢ Strand/wire used: dia =1.065 mm, Cu/Sc =1.6 (may be lower?)

➢ Cables considered: 19.7 mm wide (including insulation) with 36 

strands (used in the design) and LHC inner with 28 strand 

➢ Current density calculations are based on the cables made from  

strand with fill factor, insulation, degradation (while compacting 

and keystoning, etc.) - same as done in designing other magnets  

➢ Coils examined: Single layer (1.8K) and double layer (for 4.2K?)

➢ Peak field (margin), field quality and field in the electron beam 

region optimized. Note: this is not the final design but almost 

good enough (almost ok for CDR) to see that a solution exist. 

➢ Design gradient 41 T/m (is it reduced?)
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midplane

Cable Current Density

Cable current 

density from  strand 

includes fill factor, 

insulation (plus 

degradation)

Jsc(5T,4K) = 2861 A/mm2

becomes Jw=1144 A/mm2

and Jo = 865 A/mm2 even 

before the degradation 
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Cables in ROXIE (in RHIC/SSC, we 
used PAR2DOPT and PARENDOPT) 

Cable used in calculation: Strand dia =1.065 mm, 

Cu/Sc =1.6, width 19.4 mm (bare) with 36 strands 
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Coil – 2 Layers, 73 turns/pole
(36-strand cable, 2 wedges) 

Using 2 

varieties of 

cables may 

give a little 

higher 

margin. 

But may not 

be worth it 

for just one 

magnet.
Coil id: 280 mm

Coil width ~40 mm

Design gradient 41 T/m @ I = ~9kA

(earlier single layer design required ~20 kA@1.8K)
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Iron – Initial Design 

ROXIE

OPERA

Yoke: ir = 0.214; or = 0.45;

Hole: xh = 0.351; rh = 0.075;

(collar width = 34 mm, 

John Cozzolino used 23 mm)
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–
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–

Field Margin ~28% 

over 41 T/m at 4.2K
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Temperature Margin Over 
Different Blocks 
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Field Quality (10-4)
Can be optimized more 
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Field in the electron beam region
Yoke outer radius = 450 mm

Highly saturated yoke 
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Field in the electron beam region
Yoke outer radius = 450 mm

Highly saturated yoke -

Creates a large field in the 

hole for the electron beam 
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Field in the electron beam region
Yoke outer radius = 450 mm
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Field in the electron beam region
Yoke outer radius = 450 mm
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Field in the electron beam region
Yoke outer radius = 500 mm

Significant field



Superconducting 
Magnet Division

Q2pF Studies for 4K Option             EIC IR Meeting         -Ramesh Gupta 16June 16, 2020

Extra layer reduced the space for the 
flux return and increased the field the 
electron beam region. 

Field in the electron beam region can be 
reduced by increasing the yoke size
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Field in the electron beam region
Yoke outer radius = 500 mm
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Field in the electron beam region
Yoke outer radius = 550 mm
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Comparison of yoke od
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–Comparison of yoke od
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–
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