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Background : Axion Dark Matter Search 
(Courtesy : Yannis Semertzidis, CAPP/IBS)  
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Design Consideration 
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Applied Magnetic Field (T)

YBCO: B ∥ Tape plane

YBCO: B ⊥ Tape plane

Bi-2212: OST NHMFL 100 bar OP

Bi-2223: B ⊥ Tape plane (prod.)

Nb₃Sn: Internal Sn RRP®

Nb-Ti: LHC 4.2 K

Nb-Ti: Iseult/INUMAC MRI 4.22 K

YBCO B∥ Tape Plane

YBCO B⊥
Tape Plane

2212

High-Jc Nb3Sn

Compiled from ASC'02 
and ICMC'03 papers 

(J. Parrell OI-ST)

666 filament OST strand 
with  NHMFL 100 bar 

Over-Pressure HT

2223: B⊥ Tape 
Plane

Sumitomo Electric 
(2012 prod.)

SuperPower "Turbo" Double Layer 
Tape, measured at NHMFL 2009

Nb-Ti
4.2 K LHC insertion 
quadruole strand 

(Boutboul et al. 2006)

4.22 K High Field 
MRI srand (Luvata)

Nb-Ti

April 2014

Large aperture, high field  

 35 – 40 T , 100 mm 
 

HTS must be used 

 But HTS is expensive  
 

HTS/LTS hybrid design 

 ~25 T HTS and 10-15 T LTS 

This magnet pose huge challenges 

Large stresses 

Quench protection  

New conductor 

Previous experience with large 

aperture, high field solenoid? 0 T

40.5 T
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HTS Solenoid for SMES   

• Field: 25 T@4 K 

• Bore: 100 mm 

• Stored Energy: 1.7 MJ  

• Hoop Stresses: 400 MPa  

• Conductor:  HTS  (2G) 

Amount of ReBCO HTS Used: 
Over 6 km, 12 mm wide from SuperPower 

 Reached a critical field at 27 K  

12.5 T (new record over >10 K in 

a magnet of this size) 

 Test terminated due to the 

electrical issues  
Just presented in another room 
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CAPP/IBS Phase I HTS Solenoid 

• Peak Field : 10.8 T 

• Aperture : 100 mm 

• Stored Energy : 66 kJ 

• Temperature : 4.2 K 

• Number of Turns: 1881 

• Number of Pancakes : 6 

• Conductor: 12 mm wide ReBCO HTS Tape 

• Insulation: Stainless Steel  
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ReBCO HTS from SuNAM 

Specifications: 

• Ic (77 K, self-field): > 600 A 

• Ic (4K, 8T) : > 550 A (expected) 

• Width: 12 mm 

• Thickness : 100 micron 

• Piece Length: 140 meter 

• Internal splices: None  

• Cu thickness: 40 micron 

Observations about Tape: 

 Uniform Properties 

 Good Copper Plating 

In field measurements: 20 K at SuNAM & 4 K at BNL 
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Measurements at SuNAM  
(@4T, 20 K - Ic Vs. θ) 

Noticeably uniform performance 
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Remarkably uniform performance  

(specially for conductor delivered in 3 batches) 

Measurements at BNL 
(@4K, B

┴
 - Ic Vs. Field) 
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Summary of  
Conductor Measurements 

Pinning can improve the in-field performance at 4K  
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Construction 



High Field Solenoid for CAPP    R. Gupta, ...             Seoul, S. Korea    Oct 19, 2015    12 

Superconducting  
Magnet Division 

Coil Winding Machine 
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Pancake coils 

V-taps for extensive QA Spiral Splice for making  

Double Pancakes 
i.d.=101.6 mm, o.d.=192 mm 

(~300 meter, 12 mm tape) 
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77 K QA Test of Double Pancakes 

Three leads to power coils either in single 
pancake or in double pancake configurations 

Higher field means lower current in a double pancake 
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Performance of Six Coils 
(Powered Individually as Single Pancakes) 



High Field Solenoid for CAPP    R. Gupta, ...             Seoul, S. Korea    Oct 19, 2015    16 

Superconducting  
Magnet Division 

Performance of Six Coils 
(Powered two together as Double Pancakes) 
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Final Solenoid Construction 



High Field Solenoid for CAPP    R. Gupta, ...             Seoul, S. Korea    Oct 19, 2015    18 

Superconducting  
Magnet Division 

Six Pancake Solenoid @77 K 
(V-I curve of each pancake, powered together) 

Bottom: A 

Top: F 

End pancakes: B┴  
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Critical Current Measurements 

Least noise (least inductive voltage) when the 

current is held constant and temperature is allowed 

to rise slowly to hit the critical surface/temperature   
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Critical Current Vs. Temperature 

10.8 T Peak Field  

590 Amp at 4.2 K 
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SUMMARY 
• HTS offers an opportunity to create very high fields. 

• Major challenges due to large hoop stresses in a large in high field, 

large aperture solenoids. Other challenges: quench protection, new 

material, etc.  

• Due to similar parameters, the design and technology developed 

for SMES at BNL is found to be directly applicable to CAPP/IBS.   

• The performance of SuNAM HTS was uniform and copper plating 

strong. Nice performance at 77 K, pinning should improve 4 K. 

• CAPP/IBS solenoid reached its Phase I goal of demonstrating over 

10 T in a 10 cm solenoid with SuNAM HTS and SMES coil design. 


