
Design iteration #2 
•  Larger aperture 
•  Higher gradient 
•  Operational margin 20 % on the LL 
•  Conductor according new FCC Nb3Sn 

targets 
•  Cable designs with reduced compaction 
•  No grading 
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FCC-hh magnet parameters 
(L. Bottura Feb -15) 

B / G 
(T) / (T/m) 

Bpeak 
(T) 

Bore 
(mm) 

Length 
(units x m) 

MB 16 16.4 50 4500 x 14.3 
MQ 450 13 50 800 x 6 
MQX 225 13 100 
D1 12 13 60 4x2 x 12 
D2 10 10.5 60 4x3 x 10 

Inter-aperture distance ≈ 250 mm 
Yoke diameter ≤ 700 mm 
Stray field ≤ 100 mT 



FCC Nb3Sn performance targets  
(L. Bottura) 

Ultimate Nb3Sn ? Pursue 
the idea of improved high 
field pinning (q=1) 
(D. Dietrich and R. Scanlan, A. Godeke) 

Dstrand: 0.7…1 mm 
JC (16 T, 4.2 K) > 1500 A/mm2

 
M (1 T,4.2 K) <150 mT (Dfil < 20 µm) 
RRR > 150 
UL > 5 km 
Cost(16 T, 4.2 K)  < 5 USD/kA m 

All single parameters 
are in reach, their 
combination is the 
challenge ! 

ITER material cost per kg 

Large cables, cabling ! 

Field 
quality 

Stability, protection 



QX Cable V2 
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QX V2 Coil X-section 
•  Aperture Ø100 mm 
•  31 turns (IL 14, OL 17) 
•  No grading 
•  I-L insulation 1.0 mm 
•  Mid-plane insul. 0.2 mm  

•  FQr30mm(225 T/m): 
•  b6 =  0.23 units 
•  b10 = -0.15 unit 

•  Ldiff = 3.0 mH/m 
•  Emag = 1.08 MJ/m 

Field errors with iron saturation at 225 T/m 
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QX V2 Load-Line @1.9 K 

•  G(26.2 kA) = 225 T/m 
•  Bp(26.2 kA) = 12.4 T 
•  wp(26.2 kA) = 80 % 
•  wp(26.2 kA, 4.3K) = 86 % 

•  Tmarg= 4.7 K 
•  Bc = 15.5 T  
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QX V2 Magnet X-Section 
Yoke  
•  ID 288 mm 
•  OD 700 mm  
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FCC IR Quadrupole V2 
Parameters 
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