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Potential impact 

Higher magnetic field strengths enable a stronger potential for particle physics discovery. Since the Tevtron, 

superconducting accelerator magnets have enabled all major accelerator complexes. Based on Nb-Ti 

conductors, the LHC uses 1232 superconducting dipole magnets capable of generating 8.3 T at 1.9 K. 

Dipole magnets using today’s Nb3Sn conductors can generate around a dipole field of 16 T. While active 

material research continues increasing the potential of Nb3Sn conductors  towards  generating a  dipole  

field  of  20  T  at  4.2  K  [Xu14, Ba19, Sa15], high-temperature superconductors (HTS) [Ma12] are required 

to generate dipole fields beyond 20 T. Two main candidate HTS conductors are Bi-2212 round wires [La14] 

and REBCO coated conductors [Se12]. Here we will focus on REBCO conductors with the following 

potentials for future particle colliders.  

 Generate high fields (> 20 T) over a wide temperature range. Thanks to the high irreversibility field 

of REBCO [La01], one can operate high-field REBCO accelerator magnets above 4.2 K.  

 Reach operating fields without magnet training. Due to the large stability margin compared to its 

low-temperature superconducting (LTS) counterparts, REBCO conductors can tolerate a broad 

spectrum of perturbation that is the sources of magnet training in LTS accelerator magnets. 

Eliminating magnet training can significantly affect the cost scale of future circular colliders.  

 Allow more material options for magnet development. REBCO magnets do not require heat 

treatment, which allows more material options for magnet mandrel and conductor insulation.  

Challenges and required technology development  

Although REBCO conductors have a strong potential as a new paradigm of accelerator magnets, significant 

technical challenges need to be addressed. We summarize these challenges into the following driving 

questions for the required technology development [Wa19].  

1. How to make high-field accelerator magnets using multi-tape REBCO conductor? REBCO 

conductors are brittle and strain-sensitive, which can require specific magnet design and fabrication 

to minimize the strain-induced degradation. Magnet design and fabrication will help guide the 

conductor development: architecture, transport performance, bending radius, inter-tape contact and 

etc. Impregnation and joint fabrication will also be addressed. 

2. What is the maximum field a REBCO dipole magnet can achieve? What is the long-term 

performance of REBCO magnets under Lorentz loads? The mechanical limit of REBCO 

conductors will determine the maximum dipole field a REBCO magnet [Al16]. What is this limit 

and how can we address it? Will the performance under strong Lorentz forces degrade the 

conductor and magnet performance?  

3. How do REBCO magnets transition from superconducting to normal state and how can we detect 

the transition? The normal zone in REBCO magnets, once initiated, does not grow as fast as in an 
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LTS magnet, challenging the quench detection and magnet protection against catastrophic 

damages. Innovative quench detection schemes will be required [Sc16, Ma17].  

4. What is the field quality of REBCO accelerator magnets? Field quality is what matters for particles. 

In addition to large magnetization in the conductors, its decay and impact on the accelerator 

operation needs to be understood and addressed [My19].  

5. What is the required performance for REBCO Conductors to achieve the desired magnet 

performance? The conductor and magnet development are strongly coupled. We need to engage 

the allied material R&D program and conductor manufacturers and help optimize the conductors 

by and for the magnet performance [Ma18, Ka19, We20].  

6. How to determine the performance of a long multi-tape REBCO conductor for predictable magnet 

performance? Accelerator magnets will require conductors with a unit piece length on the order of 

100 m. The properties of REBCO conductors can vary along a long length. How do we characterize 

and improve its uniformity will be important for accelerator magnets [Hu17].  

Current status and a path towards a dipole field of 20 T 

Several programs are developing REBCO accelerator magnets. The EuCARD  series  programs,  an  

European  collaboration led  by  CERN,  have  been  pioneering  the  development  for  REBCO  accelerator  

magnets [Ro19]. The collaboration successfully demonstrated a record dipole field of 4.2 T at 4.5 K with 

an aligned-block dipole magnet using a multi-tape Roebel cable [Nu18]. Designs of hybrid dipole magnets 

with HTS inserts [To14] and stand-alone REBCO dipole magnets were also developed [Nu18b]. The U.S.  

Magnet  Development  Program  (USMDP) [Go16], supported by the Office of High Energy Physics at the 

U.S. Department of Energy, has a dedicated component to develop HTS accelerator magnet technology 

with an initial goal to demonstrate a 5 T dipole field and to measure its field quality.  

A significant amount of resources and a strong collaboration between different programs will be required 

to develop and demonstrate the REBCO accelerator magnet technology. Figure 1 shows a list of to achieve 

a dipole field of 20 T within a decade with two parallel approaches: one with the LTS/HTS hybrid dipole 

configuration and the other with the stand-alone REBCO dipole magnet.  

 

Figure 1 A list of milestones towards a dipole field of 20 T using REBCO conductors. 

Conductor cost reduction and synergy with fusion applications 

Although there are around a dozen REBCO tape manufacturers worldwide competing for the REBCO 

market, the conductor cost is prohibitively high. A strategic investment from public and other stakeholders 

should be planned to support the conductor development and procurement to enable effective and fast 

development of REBCO magnet and conductor technology, which will in turn enable future particle-

physics discovery. A significant market pull will reduce the conductor cost [Ma12b]. Future circular 

colliders can be such a market. Another candidate can be the fusion energy generation. Recently, the 

compact tokamak facility concept based on the high-field REBCO magnets attracts significant attention 

[Ma19] and several private companies are developing the REBCO fusion magnet and conductor 

technology. The strong synergy in magnet and conductor technology between HEP and fusion applications 

should be leveraged.   



3 
 

Reference 

[Al16] Allen, N. C., L. Chiesa, and M. Takayasu. 2016. “Structural Modeling of HTS Tapes and Cables.” 

Cryogenics 80 (December): 405–18. 

[Ba19] Balachandran, Shreyas et al. 2019. “Beneficial Influence of Hf and Zr Additions to Nb4at%Ta on the Vortex 

Pinning of Nb3Sn with and without an O Source.” Superconductor Science and Technology 32 (4): 044006. 

[Go16] Gourlay, Stephen A. et al. 2016. “The US Magnet Development Program Plan.”  

[Hu17] Hu, X., et al. 2017. “An Experimental and Analytical Study of Periodic and Aperiodic Fluctuations in the 

Critical Current of Long Coated Conductors.” IEEE Transactions on Applied Superconductivity 27 (4): 9000205. 

[Ka19] Kar, Soumen, et al. 2019. “Next-Generation Highly Flexible Round REBCO STAR Wires with over 580 A 

mm−2 at 4.2 K, 20 T for Future Compact Magnets.” Superconductor Science and Technology 32 (10): 10LT01. 

[La01] Larbalestier, D., et al. 2001. “High-Tc Superconducting Materials for Electric Power Applications.” Nature 

414 (6861): 368–77. 

[La14] Larbalestier, D. C., et al. 2014. “Isotropic Round-Wire Multifilament Cuprate Superconductor for Generation 

of Magnetic Fields above 30 T.” Nature Materials 13 (4): 375–81. 

[Ma12] Marken, K. Fundamental issues in high temperature superconductor (HTS) materials science and 

engineering. In High  Temperature Superconductors (HTS) for Energy Applications; Melhem, Z., Ed.; Woodhead 

Publishing Series in Energy; Woodhead Publishing: Cambridge, UK, 2012; pp. 1–31.   

[Ma12b] Matias, Vladimir, and Robert H. Hammond. 2012. “YBCO Superconductor Wire Based on IBAD-

Textured Templates and RCE of YBCO: Process Economics.” Physics Procedia 36 (January): 1440–44. 

[Ma17] Marchevsky, M., and S. A. Gourlay. 2017. “Acoustic Thermometry for Detecting Quenches in 

Superconducting Coils and Conductor Stacks.” Applied Physics Letters 110 (1): 012601. 

[Ma18] Majkic, Goran, et al .2018. “Engineering Current Density over 5 kA mm−2 at 4.2 K, 14 T in Thick Film 

REBCO Tapes.” Superconductor Science and Technology 31 (10): 10LT01. 

[Ma19] Maingi, R., et al. 2019. “Summary of the FESAC Transformative Enabling Capabilities Panel Report.” 

Fusion Science and Technology 75 (3): 167–77. 

[My19] Myers, C. S., M. D. Sumption, and E. W. Collings. 2019. “Magnetization and Creep in YBCO Tape and 

CORC Cables for Particle Accelerators: Value and Modification Via Preinjection Cycle.” IEEE Transactions on 

Applied Superconductivity 29 (5): 8201405. 

[Nu18] van Nugteren, J., et al. 2018. “Powering of an HTS Dipole Insert-Magnet Operated Standalone in Helium 

Gas between 5 and 85 K.” Superconductor Science and Technology 31 (6): 065002. 

[Nu18b] van Nugteren, J., et al. 2018. “Toward REBCO 20 T+ Dipoles for Accelerators.” IEEE Transactions on 

Applied Superconductivity 28 (4): 4008509. 

[Ro19] Rossi, L., et al. 2018. “The EuCARD2 Future Magnets Program for Particle Accelerator High-Field Dipoles: 

Review of Results and Next Steps.” IEEE Transactions on Applied Superconductivity 28 (3): 4001810. 

[Sa15] Sabbi, G., et al. 2015. “Performance Characteristics of Nb3Sn Block-Coil Dipoles for a 100 TeV Hadron 

Collider.” IEEE Transactions on Applied Superconductivity 25 (3): 4001407. 

[Sc16] Scurti, F., S. Ishmael, G. Flanagan, and J. Schwartz. 2016. “Quench Detection for High Temperature 

Superconductor Magnets: A Novel Technique Based on Rayleigh-Backscattering Interrogated Optical Fibers.” 

Superconductor Science and Technology 29 (3): 03LT01. 

[Se12] Selvamanickam,  V. High  temperature  superconductor  (HTS)  wires  and  tapes. In High  Temperature 

Superconductors (HTS) for Energy Applications; Melhem, Z., Ed.; Woodhead Publishing Series in Energy; 

Woodhead Publishing: Cambridge, UK, 2012; pp. 34–68.   

[To14] Todesco, E., et al. 2014. “Dipoles for High-Energy LHC.” IEEE Transactions on Applied Superconductivity 

24 (3): 4004306. 

[Wa19] Wang, X., Gourlay, S., and Prestemon, S. 2019. “Dipole Magnets above 20 Tesla: Research Needs for a 

Path via High-Temperature Superconducting REBCO Conductors.” Instruments 3 (4): 62. 

[We20] Weiss, J. D., et al. 2020. “Introduction of the next Generation of CORC® Wires with Engineering Current 

Density Exceeding 650 A mm−2 at 12 T Based on SuperPower’s ReBCO Tapes Containing Substrates of 25 μm 

Thickness.” Superconductor Science and Technology 33 (4): 044001. 

[Xu14] Xu, X., M. Sumption, X. Peng, and E. W. Collings. 2014. “Refinement of Nb3Sn Grain Size by the 

Generation of ZrO2 Precipitates in Nb3Sn Wires.” Applied Physics Letters 104 (8): 082602. 

http://dx.doi.org/10.1016/j.cryogenics.2016.02.002
http://dx.doi.org/10.1088/1361-6668/aaff02
http://dx.doi.org/10.1088/1361-6668/aaff02
https://escholarship.org/uc/item/5178744r
http://dx.doi.org/10.1109/TASC.2016.2637330
http://dx.doi.org/10.1109/TASC.2016.2637330
http://dx.doi.org/10.1088/1361-6668/ab3904
http://dx.doi.org/10.1088/1361-6668/ab3904
https://doi.org/10.1038/35104654
http://dx.doi.org/10.1038/nmat3887
http://dx.doi.org/10.1038/nmat3887
https://doi.org/10.1533/9780857095299.1.3
https://doi.org/10.1533/9780857095299.1.3
http://dx.doi.org/10.1016/j.phpro.2012.06.239
http://dx.doi.org/10.1016/j.phpro.2012.06.239
https://doi.org/10.1063/1.4973466
https://doi.org/10.1063/1.4973466
http://dx.doi.org/10.1088/1361-6668/aad844
http://dx.doi.org/10.1088/1361-6668/aad844
https://doi.org/10.1080/15361055.2019.1565912
http://dx.doi.org/10.1109/TASC.2019.2898119
http://dx.doi.org/10.1109/TASC.2019.2898119
http://dx.doi.org/10.1088/1361-6668/aab887
http://dx.doi.org/10.1088/1361-6668/aab887
http://dx.doi.org/10.1109/TASC.2018.2820177
http://dx.doi.org/10.1109/TASC.2017.2784357
http://dx.doi.org/10.1109/TASC.2017.2784357
http://dx.doi.org/10.1109/TASC.2014.2365471
http://dx.doi.org/10.1109/TASC.2014.2365471
http://dx.doi.org/10.1088/0953-2048/29/3/03LT01
http://dx.doi.org/10.1088/0953-2048/29/3/03LT01
https://doi.org/10.1533/9780857095299.1.34
http://dx.doi.org/10.1109/TASC.2013.2286002
http://dx.doi.org/10.3390/instruments3040062
http://dx.doi.org/10.3390/instruments3040062
http://dx.doi.org/10.1088/1361-6668/ab72c6
http://dx.doi.org/10.1088/1361-6668/ab72c6
http://dx.doi.org/10.1088/1361-6668/ab72c6
http://dx.doi.org/10.1063/1.4866865
http://dx.doi.org/10.1063/1.4866865

