
X. Wang

REBCO Round Table, Fermilab, 11/2/2023

REBCO work at LBL



REBCO Round Table, Fermilab, 2 November 2023

Acknowledgments

2

• U.S. Magnet Development Program, DOE Office of HEP

• SBIR programs, DOE Office of HEP

• DOE Office of FES

• Colleagues at LBL, ASC/FSU, BNL and FNAL



REBCO Round Table, Fermilab, 2 November 2023

REBCO can be the dream magnet technology 

for future circular colliders
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Whyte16, Larbalestier01

• 20 T dipole field at 20 K with LH2

• Presently the only conductor with 

a dozen vendors and a potential 

market [Vlad’s talk]

A capable, affordable 
and sustainable collider

https://doi.org/10.1007/s10894-015-0050-1
https://doi.org/10.1038/35104654
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Today REBCO is a curious nightmare

• Least advanced magnet technology

o 4.5 T maximum dipole field so far (EuCARD2 Feather2 magnet)

• We know little about it 

o Lots of open questions
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We try to address a few selected driving questions

• How to make magnets using REBCO conductors?

• What kind of conductor works?

• What’s the maximum field we can generate?

• What’s the magnet performance? What are the 

performance-limiting factors? How do they fail? 

5

So what? 
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We focus on round wires with industry partners
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http://www.ampeers-llc.com/https://www.advancedconductor.com/

CORC® wire
STAR® wire

SBIR programs enabling effective collaboration

http://www.ampeers-llc.com/
https://www.advancedconductor.com/
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CCT is the main design for the baby magnets

• Canted cosθ design is attractive for 
high-field magnets
o Reduce conductor stress

o Provide good geometric field quality

o Cancelled solenoid field lowers efficiency

• Leverage the effective development for 
Nb3Sn CCT
o Wax-impregnation for STAR®  wires by 

José Luis and Diego
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currentField

Meyer+Flasck70, Arbelaez22 

https://doi.org/10.1016/0029-554X(70)90784-6
https://doi.org/10.1109/TASC.2022.3155505
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We are making tools to build magnets
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Magnet mandrel

Human 

interface

Master

Conductor spool

Reproducible winding

• REBCO is brittle and 

sensitive to handling
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We are making tools to build magnets
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A first prototype one on a 

6-around-1 STAR® cable 
Low-resistance termination

• < 50 nOhm up to 12 kA 

at 4.2 K

Micro-CT image from U. Houston
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We are making tools to understand magnets
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Diagnostic instrumentation for 

insight into magnet behavior

• Acoustic sensing

• Magnetic sensing

• Fiber-optic sensing

Magnetic sensing, more from Reed’s talk

Teyber22

https://doi.org/10.1038/s41598-022-26592-2
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C2 with CORC®

generated 2.9 T dipole field at 4.2 K
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C2

https://doi.org/10.1088/1361-6668/abc2a5
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C3 with CORC®

aims at 5 T dipole field at 4.2 K
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• Test the subscale version by December

• Test the full version in 12 months

Subscale C3
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s1 with STAR® wires aim at 

2.9 T stand-alone, 1.2 T @ 8 T background field
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s0 with STAR® wires

Little solenoid wound using 

transposed STAR® cable

https://doi.org/10.1088/1361-6668/ac9f82
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150-mm aperture design: dipole and combined-

function for muon collider. Pushing the field! 
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CCT dipole 

Dipole-quad combined function

An initial look

https://ieeexplore.ieee.org/document/10035424
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Explore new magnet designs for higher fields
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Rudeiros Fernández+Ferracin23

Uni-layer design

• Addressing bend 

radius and efficiency 

issues of other 

designs

https://doi.org/10.1088/1361-6668/acc281


Copy & paste impressions of the European activities from the 

ongoing HFM meeting



REBCO Round Table, Fermilab, 2 November 2023

EU has led the development of REBCO magnet 

technology

Successfully demonstrated 
REBCO dipole magnets 
using Roebel cable, 
generating 4.5 T at 4.2 K
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Rossi+Senatore21

https://doi.org/10.3390/instruments5010008
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Demonstration the suitability of HTS is one of three objectives of 

the new High Field Magnet Program
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indico link

Conductor R&D

Magnet R&D

Multiple institutes

https://indico.cern.ch/event/1302031/contributions/5509123/attachments/2742463/4771326/Siemko_HFM-Status_Annual_Meeting_2023.pdf
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Stacked-tape cable is a focus for HFM – CERN 
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indico link

https://indico.cern.ch/event/1302031/contributions/5509250/attachments/2743210/4772510/HTS_Amalia.pdf
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CERN is also studying round wires 
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indico link

https://indico.cern.ch/event/1302031/contributions/5509250/attachments/2743210/4772510/HTS_Amalia.pdf
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Stacked-tape cable is a focus for HFM – CEA
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indico link

Demonstrator of the metal-
insulated REBCO high field 
magnet coils - CEA

https://indico.cern.ch/event/1302031/contributions/5509904/attachments/2743149/4772481/WP2-11_Demonstrator_of_the_metal-insulated_REBCO_high_field_magnet_coils-CEA.pdf
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Stacked-tape cable is a focus for HFM – PSI
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indico link

Insulated solder-stack 

block coil 16-T 

benchmark

https://indico.cern.ch/event/1302031/contributions/5590012/attachments/2743308/4772959/31.10.2023_HFM%20HTS%20PSI_Dmitry%20Sotnikov.pdf
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Stacked-tape cable is a focus for HFM – INFN
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indico link

https://indico.cern.ch/event/1302031/contributions/5591717/attachments/2743197/4772837/20231030-HFM-HTS-Statera.pdf
https://indico.cern.ch/event/1302031/contributions/5590012/attachments/2743308/4772959/31.10.2023_HFM%20HTS%20PSI_Dmitry%20Sotnikov.pdf
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IMCC is exploring REBCO magnet technology
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indico link

• Focus is high-field solenoids for 

cooling 

• More information in the backup 

slides of Luca’s presentation 

https://indico.cern.ch/event/1302031/contributions/5625512/attachments/2742691/4772766/WP2.6%20HTS%20Solenoids_v1.pdf
https://indico.cern.ch/event/1302031/contributions/5590012/attachments/2743308/4772959/31.10.2023_HFM%20HTS%20PSI_Dmitry%20Sotnikov.pdf
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How can we more effectively develop the REBCO 

technology? 

• REBCO holds the promise of highest fields and lowest cost 

o If true, critical for next circular colliders

• What results in 3 years can most effectively help with a 

muon collider on the U.S. soil? 
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