
2017. 08. 30.

Design, Fabrication, and Test Results of
an 18 T GdBCO Magnet for Axion Detector

RAI, Amsterdam  August 27 – September 1, 2017

Jaemin Kim a, Yungil Kim a, Kang Hwan Shin a, Sangwon Yoon a, Ji-Young Lee b, Moohyun Ahn b, Dong Lak
Kim b, JongHee Yoo b,c, Kyekun Cheon a, Hunju Lee a, Seung-Hyun Moon a, Seungyong Hahn d

a SuNAM, Anseong, Gyeonggi-do, Korea
b Center for Axion and Precision Physics Research (CAPP), IBS, Daejeon, Korea

c Dept. of Physics, KAIST, Daejeon, Korea
d Dept. of Electrical and Computer Eng., Seoul Nat’l Univ., Seoul, Korea



Outline

2.   Design of Axion Detector Magnet
• Fundamental of Axion Particle
• Design Concept of Detector Magnet
• Final Design Parameters

4.   Summary

• Test Site Overview
• The First Field Charging at SuNAM
• Dissemble & Transport & Assemble
• The Second Field Charging at IBS
• Field Mapping Results
• Splice Resistance
• Measuring Vaporizing LHe

3.   Test Results

1.   Progress in NI Magnet at SuNAM



Progress in NI Magnet at SuNAM

2012 2013 2014 2015 2016 2017 2018 2019
1

10

100

1000

 102 mm Bore
 203 mm Bore
 LSM Demo
 LSM Proto
 High Field 20 T
 High Field 26 T
 NMR Demo (130 MHz)
 Detector 18 T
 NMR Demo (400 MHz)

 

 
St

or
ed

 M
ag

ne
tic

 E
ne

rg
y 

[k
J]

Completed Date [year]

Large Bore Magnet
Motor Application

High Homogeneity
NMR Magnet

working on

Particle DetectorHigh Field Magnet



Outline

2.   Design of Axion Detector Magnet
• Fundamental of Axion Particle
• Design Concept of Detector Magnet
• Final Design Parameters

4.   Summary

• Test Site Overview
• The First Field Charging at SuNAM
• Dissemble & Transport & Assemble
• The Second Field Charging at IBS
• Field Mapping Results
• Splice Resistance
• Measuring Vaporizing LHe

3.   Test Results

1.   Progress in NI Magnet at SuNAM



What is Axion?
Axion : a particle postulated by Paccei
and Quinn(1977) to solve the strong CP 
problem of the standard model. 

For a specific mass range, it is an 
Excellent Candidate for Cold Dark 
Matter.
- weakly interacting with standard matter
- Mass range(1μeV<ma<100μeV)
- Local Halo Density of 0.45 GeV/cm3

 How  to  Detect  Axion :  
Axion can convert to photons in a strong 
magnetic field by inverse-primakoff effect,  
Sikivie(1983)



Why High Magnetic Field?

axion-photon 
- photon coupling

Magnetic field 
& cavity volume

cavity

axion signal

Magnetic field, B

a (axion)γ(photon) 
SC 

magnet Cavity

Magnet bore 
(~ V )

Axion to photon conversion power :

axion signal power is exceedingly weak, <10−21 Watt (zepto-watt) 

 Axion-photon conversion
: proportional to  B2 · V

⇒ Strongly Depends 
on  the  Magnet



Concept of Detector Magnet

 Target of Magnetic Field
- 18 T at Magnet Center
- 90 % Uniformity in Cavity Space
( Dia. 66 mm, L 200 mm Cylinder)

 Operation
- Generating Field for Months Even 

Years Continuously
- DO NOT Change the Field During 

the Operation

Match Well with NI Magnet
66 [mm]

HTS
Magnet

Cavity
Space

18 T @
Center

16.2 T
(Min.)



Design of Detector Magnet
Coil Configuration Unit M4 M5 M6 M7 M8

Coil Configuration
Tape Dimension (Thickness 0.12 mm) [mm] 4.1 5.1 6.1 7.1 8.1
Cold Bore; Magnet Height [mm] 70; 476
Winding I.D.; O.D. [mm] 74.0; 155.6
Number of DPC 28 4 4 4 4
Total DPC; Turn per SPC 44; 340
Total Length [km] 6.87 0.98 0.98 0.98 0.98

Operating Parameters Unit Value
Operating Current, IOP [A] 199.2
Magnetic Field at Center [T] 18.0

Min. Magnetic Field in Cavity Space
(r < ± 30 mm, z < ± 100 mm) [T] 16.7

(92.5 %)
Inductance [H] 18.9
Stored Energy [kJ] 375
Magnetic Hoop Stress [MPa] 276

Substrate

GdBCO
Copper

(5 μm/side)

< Copper plated HTS tape >
Thickness : 120 μm
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Magnet Site Overview (SuNAM)

LHe Dewar
&

MagnetLHe Storage

GHe Line to Flow Meter

Control & Monitoring
System



1st Operating Results (@ SuNAM)

 Field measured by hall sensor calibrated at 4.2 K
 Ramp rate : 0.02 A/s (under 180 A), 0.01 A/s (Over 180 A)
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Transport System to IBS Site

< Dissemble Magnet > < Assemble Magnet >

Transport
SuNAM IBS



2nd Operating Results (@ IBS)
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Field Mapping Results
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LHe Consumption @ 18 T
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Summary
Axion Detector Magnet

- One of Candidate Materials for Dark Matter
- Key Parameter : High Field & Large Volume

Magnet Design
- No-Insulation & Multi-Width Mothods
- Uniform Field in 20 cm long

LHe Test Results
- Operate 2 times at SuNAM & IBS sites
- Reached 18.7 T & 93 % Uniform Field in 20 cm

Next Plans
- Field Mapping in Cylinder Volume
- Over 1 Month Continuous Full Charging Operation



Thanks for 
Attention !
Contact to 
jmkim@i-sunam.com


	�RAI, Amsterdam  August 27 – September 1, 2017
	Outline
	Progress in NI Magnet at SuNAM
	Outline
	What is Axion?
	Why High Magnetic Field?
	Concept of Detector Magnet
	Design of Detector Magnet
	Outline
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Outline
	Slide Number 18
	Slide Number 19

