Fast

  Reliability guidelines for the ADS accelerator design:  Robust design i.e. robust optics, simplicity, low thermal stress, operation margins…  Reparability (on-line where possible) and efficient maintenance schemes  Redundancy (serial where possible, or parallel) to be able to tolerate/mitigate failures Serial redundancy Parallel redundancy 14/10/2019 MYRRHA Superconducting linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly LEBT recommissioning See next presentation M. Debongnie : MYRRHA LEBT recommissioning and high speed modelling with Neural Networks See previous presentation D. Vandeplassche: MYRRHA Phase 1 accelerator: design and integrated prototyping  Lesson learned from previous R&D (FP6, FP7) and improvements  Previous design : section #1: spoke-section #2: 5-cell elliptical (β 0.51) -section #3: 5-cell elliptical (β 0.7) 1. Increase the longitudinal acceptance, minimise longitudinal losses risks  Decrease the RF synchronous phase of 1 st cavity + minimize emittance growth in the MEBT particularly (New design) 2. Section #2 : 5-Cell elliptical cavities too sensitive to mechanical perturbations for CW operation  Use double Spoke cavity : ESS design 3. Improve longitudinal matching at the entrance of the high beta elliptic section  Ensure phase advance continuity SC Linac design : Evolution & Fault Compensation  Enable Fault Compensation  Independently-powered cavities w. moderate E acc (30% margins) to ensure a fault-tolerant capability Baseline (to be performed in less than 3sec): 1. The RF fault is detected (or anticipated) via suited dedicated diagnostics and interlocks, and a fast beam shut-down is triggered. 2. The new correcting field and phase set-points (calculated from model and Stored in a data base) are updated. 3. The failed cavity is quickly detuned to avoid the beam loading effect. 4. Once steady-state is reached, beam re-injection is triggered. 14/10/2019 MYRRHA Superconducting linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly Cavity Accelerating Gradient 14/10/2019 MYRRHA Superconducting linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly Architecture -Reference solution *E acc is given at β opt normalised to L acc = Ngap.β.λ/2 **R/Q is given at β opt with the "linac" definition 14/10/2019 MYRRHA Superconducting linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly Linac tuning Zero-current phase advance (per meter) law and tuning set-points in the Hofmann diagram (after section matching). Longitudinal acceptance (white area of the plot) and considered 16.6 MeV input beam distribution. Evolution of the RMS normalised emittances along the linac. 14/10/2019 MYRRHA Superconducting linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly  Beam dynamics already studied with different scenarios and multiple failures Fault recovery : beam dynamics feasibility  Example with multiple failures :  Section #1: 1 Spoke cavity  Section #2: 1 Cryomodule (i.e. 2 cavities)  Section #1: 1 elliptical cavity  Feasibility of beam retuning have been assessed  Losses (> 1W/m) can occur when tested on a non perfect machine (statistic errors analysis)  Fault compensation may induce emittance growth and longitudinal acceptance decrease 14/10/2019 MYRRHA Superconducting linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly 9 Nominal Multi. Fault-Recovery Goal develop an algorithm to be able to quickly pre-calculate any cavity failure case and find optimisation to be less aggressive on the beam. Example with the compensation of one failed cavity Based on several criterions  1 st criterion: recover the same transfer matrix (longitudinal plane) of the retuned area than in nominal condition  In this case 4 non-linear equations, 4 unknowns (k i )  Find the best compromise on k i : solve nonlinear least-squares problem. linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly Technological feasibility of fast retuning to be assessed experimentally  Spoke cryomodule development linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly  A model to study the technological feasibility of retuning procedures and to set the requirements on the cavity control loops, the tuning systems. Cavity and control loops model  I. Martin-Hoyo, F. Bouly et al., "Optimized Adaptive Control for the MYRRHA Linear Accelerator: Control System Design for a Superconducting Cavity in a Particle Accelerator" ,in IEEE Control Systems Magazine, vol. 38, no. 2, pp. 44-79, April 2018.  F. Bouly, Phd Thesis, 2011  M. Dominiczak et al., SRF'19, Dresden, Germany, paper TUP002. linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly  Fault recovery procedures  Fast recovery procedures to be tested on Spoke cryomodule prototype  Algorithm for cavity set point calculation under developments (machine learning technics to be explored )  Study to be carried out in close relation with reliability model development : evaluate the number of failure to be expected Detailed definition of beam modes (peak curent, duty cycle) : from commissioning to operation  Detailed definition of required beam diagnostics  Update with mechanical engineering design & construction  Upgrade HEBT design according to target & dump buildings/ experiments needs.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

14/10/2019 MYRRHA Superconducting linac -TCADS-4 Workshop, Antwerp, Belgium -F. Bouly

Method development for retuning

 2 nd criterion: the total Energy gain should remain the same than in the nominal case