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Diagnostics LOI for the Snowmass

https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-AF7_AF0-IF7_IF0_Diagnostics_WG-105.pdf
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Key questions

1. How do we resolve and properly identify mechanical and electromagnetic disturbances in

SC Nb3Sn magnets [2,3] and understand the physics of the training process?

2. How do we non-invasively localize weak points and interfaces where mechanical

disturbances that cause premature quenching are taking place? Can we manipulate those

interfaces in situ to improve magnet performance?

3. How do we achieve a reliable and minimally invasive quench detection and localization

capability for HTS [4-7] and hybrid HTS/LTS [8] magnets? Can we practically realize a new

paradigm of HTS magnet operation where quenching can be avoided altogether through an

early detection?

4. How do we resolve current sharing patterns and stress-driven defect accumulation in HTS

coils and cables to ensure their long-term operational stability and quenching resilience?

5. Can we advance magnetic field measurements to the next level using arrays of miniature

magnetic sensors combined with computationally-advanced field reconstruction

algorithms?

6. Can we drastically simplify diagnostics instrumentation while making it more efficient and

reliable by using cryogenic electronics, in particular FPGAs and quantum sensors?
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Proposed activities

▪ Develop a next-generation acoustic emission diagnostic hardware capable of self-calibration to drastically improve disturbance triangulation

accuracy and “fingerprinting”. Use it to study physics of quench-triggering disturbances and mechanisms of mechanical memory and training

in Nb3Sn magnets.

▪ Establish fiber-optic based diagnostic capabilities through the use of Fiber Bragg Grating (FBG) and Rayleigh scattering-based sensors to

measure elastic deformations, localize hot spots (especially in HTS magnets) and probe mechanical disturbances in SC cables

▪ Improve accuracy of voltage, magnetic and acoustic-based diagnostics through calibration using distributed spot heater and piezo-transducer

arrays.

▪ Bring magnetic diagnostics to the next level through development and use of flexible multi-element quench antennas, large-scale Hall sensor

arrays and non-rotating field quality probes, aiming at understanding electromagnetic instabilities in LTS magnets and imaging current-sharing

patterns in superconducting cables and HTS magnet coils. Develop new algorithms for current flow reconstruction and disturbance

localizations.

▪ Design and conduct innovative small-scale experiments to probe training behavior and energy release in impregnated cables under similar

loads as in the magnets

▪ Develop new methods for reliable and robust quench detection and localization for HTS magnets and hybrid LTS/HTS magnets.

▪ Use diffuse field ultrasonic techniques to enable targeted delivery of vibrational excitation to the conductor, for a non-invasive structural local

probing of SC coils and mitigation of their training behavior.

▪ Apply machine learning and deep learning approaches to process diagnostic data and identify real-time predictors of magnet quenching

▪ Develop cryogenic digital and analog electronics to facilitate, simplify and improve reliability of diagnostic instrumentation by enabling pre-

processing of magnet diagnostic data in the cryogenic environment.


