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Abstract–Superconduc�ng magnet is one of the most advanced and commercially available 
applica�ons of superconduc�ng technology. It has various types including research, 
Magne�c Resonance Imaging (MRI), Nuclear Magne�c Resonance (NMR), accelerators, 
high-field, and fusion magnets. These magnets are (or will be) significantly contribu�ng to 
healthcare, physics, materials, energy and poten�ally power, transporta�on and space 
sectors. Fusion energy is now one of the promising trends of decarboniza�on for curbing 
the emissions, and decelera�ng the global warming, and it is expected to be one of the main 
drivers of superconductor manufacturing in near future. 
 
The research in applied superconduc�vity, including magnets, is historically rooted in 
physics, material science/engineering, and electrical engineering. Tradi�onally, 
experimental tests at cryogenic temperature (fairly expensive), determinis�c methods 
(occasionally inflexible to explain all the physics), rigorous mathema�cal modelling 
(some�mes inflexible in applying to new problems), and conven�onal modelling techniques 
(such as finite element methods (FEMs)), were used to solve problems within 
superconduc�vity. In terms of superconduc�ng magnets, exis�ng analy�cal and FEMs for 
design development and modelling of magnets largely focus on their applica�on in narrowly 
defined areas tailored specifically to magnet design and development. However, 
superconduc�vity and specifically superconduc�ng magnet technology now face the 
necessity of integra�ng data-driven and intelligent approaches to keep pace with new 
demands of technology to expand beyond its tradi�onally known and focused applica�ons. 
This fortunately coincides with a transforma�ve evolu�on in science and engineering, 
driven by the rapid advancements in ar�ficial intelligence (AI). AI techniques have 
demonstrated unprecedented capabili�es in design op�miza�on, opera�on-level 
performance evalua�on, predic�ve analy�cs, process automa�on, and real-�me decision-
making, all of which are becoming indispensable across magnet technology domain. On the 
other hand, recent advancements in AI, such as genera�ve models, reinforcement learning, 
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and advanced intelligent models, will enable solu�ons and unlock opportuni�es that were 
previously unatainable. For instance, AI-powered design op�miza�on of superconduc�ng 
magnets can dras�cally shorten development cycles; it will improve superconduc�ng 
magnet’s performance, manufacturing process and energy and cooling managements. 
Addi�onally, the global push toward sustainability, decarboniza�on, and digital 
transforma�on has created an urgent need for magnet engineers to integrate AI to address 
complex, and mul�disciplinary challenges related to the predic�ve diagnos�cs and 
prognos�cs of such magnets especially in fusion applica�ons.  
 
Superconduc�ng magnet designers, researchers, and manufacturers need guidance on 
adop�ng AI tools and methodologies to improve system efficiency, op�mize designs, and 
address complex challenges including those related to fault, quench, deforma�ons, sensor 
placement, etc. Prac�cal examples and case studies showing real-world applica�ons of AI in 
applied superconduc�vity are essen�al for transla�ng theore�cal concepts into ac�onable 
strategies. This necessitates some �mely resources that bridges these gaps, offering insights 
into the latest AI tools, methodologies, and their poten�al applica�ons in superconduc�ng 
magnet technology. This goal requires a roadmap for implemen�ng AI into superconduc�ng 
magnet technology, ensuring that researchers/engineers across all levels understand the 
necessity to grasp AI’s transforma�ve poten�al.  
 
According to my insights, I believe AI can provide solu�ons to many problems (which some 
of them are currently under research in my group), such as: 

• AI-powered Op�misa�on of stellarator coils 
• Design op�misa�on of superconduc�ng magnets based on heuris�c or meta-

heuris�c, or swarm-based algorithms. 
• Data-driven loss predic�on using machine learning techniques. 
• Automa�ng complex simula�ons for superconduc�ng magnets. 
• Quench detec�on/predic�on using AI-enabled data-analy�cs. 
• Mechanical defect detec�on using ML/DL-assisted techniques. 
• AI for cri�cal current density predic�on of superconductors under Neutron, Ions, and 

Gamma ray irradia�ons in superconduc�ng magnet in fusion reactors 
• AI-assisted RUL es�ma�on for magnet cryocoolers and cryogenic systems. 
• Predic�ve maintenance of superconduc�ng magnet systems. 
• Smart manufacturing of superconduc�ng magnets. 
• Addressing sustainability challenges of magnet systems through AI-enabled resource 

op�miza�on, and lifecycle assessments. 
• Next step: Digital twins for superconduc�ng magnets. 
• Future trends: GenAI for superconduc�ng magnets: manufacturing and opera�on. 

 
The use of AI for advancement of the superconduc�ng magnet technology directly supports 
5 UN’s Sustainable Development Goals (SDGs), including: 

• Goal 3: Good Health and Well-Being – By presen�ng AI methodologies for 
superconduc�ng MRI magnets to ensuring healthy lives and promote well-being for 
all at all ages. 



• Goal 7: Affordable and Clean Energy – By u�lizing AI techniques for superconduc�ng 
fusion magnets to improving the efficiency of fusion energy systems and 
decarboniza�on technologies. 

• Goal 8: Decent Work and Economic Growth – By promo�ng the adop�on of AI to 
drive innova�on, modernize magnet systems, and enhance magnet produc�on and 
manufacturer’s botom line 

• Goal 9: Industry, Innova�on, and Infrastructure – By implemen�ng AI to achieve 
smart magnet manufacturing process as well as new applica�ons for 
superconduc�ng magnets including in space applica�ons. 

• Goal 13: Climate Ac�on – By focusing on AI applica�ons for adop�ng the 
superconduc�ng magnet technology to new industrial applica�ons, accelera�ng the 
superconduc�ng magnets development for fusion energy, sustainable design, and 
lifecycle assessments, contribu�ng to global efforts in comba�ng climate change. 

 
This ar�cle is a resource for naviga�ng the intersec�on of tradi�onal superconduc�ng 
magnet and AI technologies. By addressing the current and future needs of the domain, it 
empowers the researchers to contribute to a sustainable, innova�ve, and technologically 
advanced magnet landscape.  
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