NLASG Seminar 18 Summary
Meeting summary 
Quick recap
The meeting focused on a presentation by Karie Badgley from Fermilab about solenoids for muon colliders, covering both the front-end and cooling sections of the IMCC design. Karie detailed the evolution from resistive hybrid to full HTS coils, the challenges with high-field requirements (up to 40 Tesla), and the use of REBCO tapes despite their manufacturing complexities and anisotropic properties. The discussion included technical challenges around current densities, mechanical stresses, and the need for significant R&D to develop practical solutions. Chris provided insights on beam dynamics constraints, explaining that reducing the number of solenoids could potentially result in a factor of 2 loss in muon performance. The group also discussed the potential for AI applications in optimizing magnet designs and the need for testing facilities.
Next steps
· WH11NE-/USMCC: Check if registration is open for the IMCC annual meeting in June and inform interested parties of registration status.
· Dave Neufer: Dig up and review previous SBIR reports/papers on charge separator and helical channel magnet designs for the muon collider, including work done with Fermilab to assess how far the studies progressed and the realism of the magnets.
Summary
IMCC Solenoid Design Presentation
Karie Badgley from FermiLab presented on solenoids for the IMCC project, covering both the front-end and cooling sections. She explained the evolution from MAP's resistive hybrid design to IMCC's full HTS design, which allowed for smaller coils and simplified current management. The discussion highlighted challenges with high-field solenoids, particularly the 40 Tesla magnet requiring current densities beyond current state-of-the-art capabilities, leading to exploration of REBCO tapes and other low-temperature superconductors as potential solutions. The presentation noted that over 6,000 solenoids would be needed across different branches, with ongoing work on three current designs depending on the chosen cooling approach.
RevCo Superconductor Issues Discussion
The discussion focused on issues with ReBCO, a rare earth grain copper oxide superconductor. Key problems identified included its highly anisotropic critical current density, non-uniform thickness due to manufacturing processes, and mechanical limitations such as sensitivity to stress and delamination. The Little Big Coil program at the Mag Lab was highlighted as an important R&D initiative examining these issues, with recent findings suggesting that screening currents may be a significant factor in causing plastic deformation and other problems in the conductor.
HTS Tapes for Muon Colliders
The discussion focused on challenges and R&D needs for high-temperature superconducting (HTS) tapes in muon collider applications. Key issues identified included non-uniform current density across tape width, slow normal zone propagation in ReBCO conductors, and the need for improved quench detection methods without voltage taps. The speaker noted that while HTS shows promise for muon colliders, significant R&D is required across multiple areas including conductor fabrication, magnet design, and testing facilities, with Fermilab considering refurbishing a cryostat for testing larger solenoids.
ReBCO Technology Challenges and Opportunities
Steve discussed the challenges and opportunities with RevCo technology, emphasizing that cost reduction requires worldwide industrial capability, which is currently lacking for 2212. He highlighted the potential benefits of ReBCO over 2212, including operating at 20 Kelvin and being 75% silver. Steve also mentioned the opportunity to leverage DOE's fusion programs, specifically a 1.2 meter diameter 25 Tesla magnet project, to mitigate risks and reduce costs. WH1NE added that while different solenoids are needed for various subsystems, the current focus is on the B5 cell with approximately 10 Tesla field and 0.6-0.8 aperture, which doesn't seem overly challenging for the cooling demonstrator.
Muon Cooling Performance Optimization
Chris explained that the cooling performance is driven by the relationship between dynamic aperture, beam size, and emittance, requiring careful tuning of magnetic fields in the cooling lattice. He estimated that reducing the number of muons from 25 to 15 might result in a factor of 2 loss, though this would require further studies. Chris noted that while they have good methods for calculating emittance, they lack a simple way to estimate acceptance and would need to rely on tracking simulations. The discussion also covered commissioning and operation of the system, with Chris indicating that while initial tuning and alignment would be done during commissioning, the system would remain fixed once operational.
US Particle Separation Design Studies
The team discussed previous studies on US particle separation designs, including two approaches: one using a solenoid chicane and another using a helical cooling channel. Dave Neufer noted that while initial simulations were conducted, more realistic magnet designs would be needed for further development. The group also explored the possibility of using a single cooling channel for both mu+ and mu- particles downstream, though Chris expressed concerns about potential collective effects and beam loading issues that could be exacerbated by this approach.
AI Proposal and Magnet Designs
The group discussed the Genesis call for AI-related proposals, with Steve confirming that several proposals are being developed, including one involving BES and FES with PPPL and Princeton University participation. The discussion then shifted to technical aspects of ring vs. rectilinear magnet designs, where Scott explained that rings face challenges with injection/extraction and lattice symmetry, plus limited multiple uses due to fixed equilibrium parameters. The conversation ended with confirmation that the next meeting would be in two weeks, featuring a rescheduled seminar by Simone.

