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Outline

ÅThe US Magnet Development Program ïstatus of updated roadmap following P5

ÅThe MDP Nb3Sn magnet program

ÅThe MDP HTS program

ÅBi2212 magnet developments 

ÅREBCO magnet developments

ÅTest facility needs

ÅInfrastructure investments underway
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Our program has been reviewed and revised to align with P5 

recommendations
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Improve integration for hybrid magnets
Investigate HEP-motivated solenoid designs

Strengthen linkage between technologies 
and magnets

Align with, and support, collider design efforts 

Central focus: develop and test high field 
magnets for HEP

Support magnets with critical materials, 
expertise & dev. of new enabling 
technologies

Forward looking ςwhat is enabled by our 
advances, and what is achievable for colliders

Further build collaborations, leverage synergies with fusion and with the NHMFL
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A key early MDP result was the 14.5T òMDPCT1ó dipole
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Bottura, Prestemon, Rossi, & Zlobin, Front. Phys., 12 October 2022
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III III

MDP Perspective:
[I]: Highest priority issue: degradation mechanisms; design mitigation
[II]: Second priority: Initial quench current and memory after thermal cycle
[III]: Third priority: Training rate



A priority now is to build the Nb3Sn outserts

ÅCanted Cosine theta:

o 4 layers

ÅBore field of ~12 T / 13 T for 

standalone operation 

ÅBore diameter: 120 mm

ÅStress-managed Cosine Theta:

o 2 layers

ÅBore field of ~12 T

ÅBore diameter: 120mm
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30+ % current margin at target 
fields of 12 T, 4.2 K and 13 T, 1.9 K

SMCT CCT

These are two variants on stress-management

ÅCCT is a ñlimiting caseò of maximal SM

ÅSMCT is a more efficient design



Assembly steps for the SMCT mirror test
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Sasha Zlobin=> Igor Novitski



Stress managed cos-theta development is progressing

First mirror test performed
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Zlobinet al., 
Lt!/Ωнп



SMCT mirror test demonstrated concept

Next: SMCTD1 - fabrication of coils and impregnation with Telene

ÅTrained to >90% ISS in 2-layer SMCT mode

ÅTraining limited by inner (CT) coils in 4-layer mode

ÅNo degradation apparent from test, but poor memory
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Plan: 

o New SMCT coils, impreg with Telene

o Test envisioned mid 2026



Subscale magnets are used to evaluate impregnation 

materials ðthe return of Paraffin Wax!
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Dalyet al2022,SUST 35055014
D. Arbelaez, IEEE TAS, Vol. 32, No. 6, Sep. 2022, 4003207.
D Arbelaez et al., SUST, 37 065015, 2024
E. Barziet al 2024 SUST. 37 045008

Very promising ςis it a lasting breakthrough?

Diego Arbelaez

ÅSubscale CCTõs built with Paraffin wax (sub-6), then 

filled-wax (sub-7)

ÅSubscale with Teleneis being fabricated



Need to demonstrate technology at relevant stress levels
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Practice winding of CCT6

Under fabrication at LBNL; test 
planned at FNAL in late April

άCƭŀƎǎƘƛǇέ Ϥмп¢ ƭŀǊƎŜ ōƻǊŜ ŘƛǇƻƭŜ 
construction beginning; highly relevant to 
muon collider storage ring and FCC-hh

Stress on Turn from Lorentz Force

CCT5w coils 
completed



Recent progress on Bi2212 focused on conductor development, 

effects of cabling, and insulation 
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 BIN5c1, CCT dipole, 2021

 BIN5aOL, CCT single coil, 2019

 RC7n8, common coil dipole, 2018

 RC6, single racetrack coil, 2017

 SC coils, before 2015

30% 

reduction

BIN5c1 wire 

PMM170725

Å Series produced 2-kg billets yield regressed performance.

Å Scaled up 10-kg billets have lower performance than 2-kg billets. 

Å Lack of understanding why and how.

Dedicated project: 
ά9ƴƘŀƴŎƛƴƎ 5ƻƳŜǎǘƛŎ tǊƻŘǳŎǘƛƻƴ ƻŦ IƛƎƘ ¢ŜƳǇŜǊŀǘǳǊŜ 

Superconducting Bi2Sr2CaCu2Oxκ!Ǝ ǿƛǊŜǎ ŦƻǊ IƛƎƘ CƛŜƭŘ aŀƎƴŜǘǎά

TengmingShen

Champion Now

ό5ŀǘŀ ōȅ Wƛŀƴȅƛ WƛŀƴƎΣ bIaC[ύ



Effects of Rutherford cabling under investigation
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Strand is PMM220802.

~150 m 6-strand cable 
(strand d = 0.7 mm)

fabricated@LBNL
High-field
barrel test

Insert solenoid
for 31T @ NHMFL

Cable High field coil 



Insulation of Bi2212 cables being tackled on multiple fronts

ÅDedicated pure alumina braid insulation system (ASC)

ÅAl2O3 slurry process
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Pure alumina braid insulation 
on LBNL cables

By Youngjae Kim, NHMFL et al. 

Å CCT ARDAP coil BIN5E: 

Å Inner and outer layer coils wound. No electrical shorts.

Å NEW: Use Al2O3 slurryto ñrepair, reinforce and lubricateò 

alumina fibers. (courtesy of Dr. Jun Lu, NHMFL)



C3 is a 6-layer CCT magnet using CORC conductor
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XiaorongWang Å145 m of CORCÈ wires in 

six pieces, maximum piece 

length 35 m

ÅSpecified the minimum 

tape Icfor HM tapes



C3 achieved 5.2T => major goal of the 2020 MDP roadmap

ÅFirst test successfully completed ðdecision to limit to 10 micro-volt/layer

ÅSecond test campaign in coming months

o Will include magnetic measurements

o Push to higher field (higher voltage)
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Strain measured via 
distributed optical 
fiber ςfibers in each 
layer, all worked well 
throughout test 
(LinqingLuo, LBNL)


