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The US MDP is a technology development program

ÅGoals:

¶ Explore and define the performance limits of superconducting accelerator magnets

¶ Develop, understand and demonstrate high field HTS magnet technology

¶ Investigate and understand the fundamental science of magnet design and performance

¶ Pursue conductor R&D to achieve properties that align with accelerator magnet goals

¶ Support the development of advanced workforce for superconducting magnet technology

ÅFurthermore, MDP has the goals of: 

¶ Integrating the teams across the partner laboratories for maximum value and effectiveness to the program

¶ Identifying and nurturing HEP and cross-cutting / synergistic activities and opportunities with other 

programs to more rapidly advance progress towards our common goals.
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Our program has been reviewed and revised to align with P5 

recommendations
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Further build collaborations, leverage synergies with fusion and with the NHMFL
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REBCO is actively pursued at all MDP laboratories
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LBNL :

- Exploring CORC and 

STAR wires ï

developing technology

- Focus primarily (not 

solely) on CCT

FNAL :

- Exploring CORC and 

STAR wires

- Focus primarily (not 

solely) on COMB design

BNL :

- Testing REBCO in 10T 

common coil

- Measure magnetization, 

AC losses

- Significant synergy with 

fusion collaborations

ASC/NHMFL:

- Evaluating conductors and 

CORC and STAR wires

- Solenoid fabrication and 

testing in background field



REBCO makes steady progress ðMDP focuses on CORC® & STAR®
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Major 2025 deliverable ïñC3ò

Å Target >5 T

Å 6-layer CCT using CORC® wires

Test cables in-field at BNL 

in the common-coil test 

facility

Layer 1 Layer 23-turn practice 

windings were 

made for each layer

Improved CORCά9ŀǊƭȅέ /hw/

ñCOMBò design advancing as a test platform



C3 is a 6-layer CCT magnet using CORC conductor
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XiaorongWang Å 145 m of CORC® wires in six 

pieces, maximum piece length 35 m

Å Specified the minimum tape Ic for 

HM tapes



C3 was designed to achieve 4-5T

=> major goal of the 2020 MDP roadmap

ÅFirst 4.2K test took place last week

o Achieved 5.2T in 65mm bore, with <25 microvolt/layer

o Future tests will explore magnetization, losses, and higher field

o Fiber optics in each layer ïall survived test
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Strain measured via distributed optical 

fiber ïtest at 77K shown here 

- LinqingLuo et al 2025 SUST 38 035029

Raw data on transfer function from 

various ramp scenarios 



We study STAR® wires to keep conductor options open

ÅNext step is S1 magnet, a longer version of s0, 

o 2 layers, 40 turns, 2-wire ribbon cable, 1 ï2 T dipole 

field at 4.2 K

o Will fit inside CCT5 as an insert test

o 90 m STAR® wires ordered and delivered by AMPeers

ÅDriving questions for S1

o Can we make longer STAR® wires with uniform 

geometry and Ic? 

o Can we impregnate the bare STAR® wires? 

ÅImpregnation with filled wax cause negligible 

degradation. 

o How does the magnet perform? What further magnet and 

conductor development is needed?
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Å Develop 6-around-1 cable toward a magnet conductor

o Transposed configuration

Å Supported by an SBIR Phase II project with AMPeers

o Leveraging LBL cabling infrastructure and expertise

o Project will provide 10 m long cable to make a 3-turn magnet 

within the next 18 months. If successful, an order can follow

N. Castaneda et al. 2024. ñA 6-around-1 Cable Using High-Temperature 

Superconducting STAR®Wires for Magnet Applications.ò SuST37 (3): 035009.

3/13/2025US efforts towards HTS accelerator magnets - Prestemon - CCA 2025

Xiaorong Wang et al 2022 Supercond. Sci. Technol. 35 125011

https://iopscience.iop.org/article/10.1088/1361-6668/ac9f82
https://doi.org/10.1088/1361-6668/ad20fb


COMB concept incorporates stress management with cos-theta 

current distribution

ÅCOMB-STAR-1 magnet (2023-24) Achieved 1.5 T bore field @ 3.3 kA in LHe

o Degradation in one coil explored vi micro-CT scan
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Vadim Kashikhin



Disassembly/autopsy/micro-CT scan performed on the half-coil
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The technique 

shows promise, but 

resolution cannot 

distinguish fine 

details in the wire

No evidence of wire 

damage apparent



Designs for the next STAR and CORC COMB magnets are 

progressing

ÅSTARÊallows for smaller bend radius => 60mm bore, 6 layers, may consider grading

ÅCORCÊallows higher current but limited bending => ~97mm bore, 2 layers
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Å STAR wire: 12 layers of AMPEER 
tape, 1 tape/layer; wire OD 2.6mm

Å CORC: 24 Superpower HM tapes, 2 
tapes/layer; wire OD 3.8mm

Å 4.8T bore field with 120mm OD



Materials research and procurements in support of magnet 

developments

ÅConductor Procurement and R&D (CPRD) is 

a dedicated element of MDP 

o Primary goals of a) supporting magnet 

R&D needs, and b) investing in specific 

industry efforts that have particular 

potential for MDP
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ÅUniversity and lab materials research:

o Expertise in materials characterization

ÅSupports industry through innumerable 

collaborations

ÅSupports magnet R&D by quantifying 

material properties, performance risks, etc.

CuO particles Tilted grains
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Top surface SEM imaging using 
Thermo Fisher Helios G4 UC at FSU
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Image Segmentation to Survey Larger Regions and Parameter Spacesέ



ÅWe are pursuing multiple avenues ïfiberoptics, Hall sensors, cryo-electronics, etc.

ÅCore idea: 

o A new protection paradigm for HTS magnets has emerged, aiming at avoiding 

quenching altogether

o We will detect the dissipative regime using advanced non-voltage diagnostics 

and estimate proximity to the runaway
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Diagnostics are envisioned to be central to HTS magnet protection
Maxim Marchevsky



A vision for protection: : a functional block diagram for protecting 

a two-component HTS conductor or a two-coil system (L1, L2)
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M. Marchevsky Integrate advances in sensors, cryo-electronics, modeling, conductor characterization, and controls



REBCO developments supported by modeling advances
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Groove: an automated modeling framework for 

óconductor in grooveô designs

ÅPython code base generating geometry and 

magnetic/mechanical models ready

ÅFor the moment, focused on CORC/STAR 

magnets (REBCO area)

ÅNice validation provided by the extremely clean 

distributed fiber optic measurements on the 3 turns 

prototype C3a

ÅDeveloped model is qualitatively matching the 

measurements

BELFEM : 

ÅGoal: predict quench propagation along 

three-dimensional thin shells

ÅStrong collaboration with Polytechnique 

Montréal

ÅUse state of the art numerical models and 

solver libraries (h-phi & STRUMPACK)

Berkeley Lab Finite Element Framework for High 

Temperature Superconductors

https://belfem.lbl.gov

Giorgio Vallone


