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Study of superconducting cavity failure online
compensation system based on soft core
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Abstract: Taking advantage of the robustness of genetic algorithm and the advantage of FPGA in parallel
computing, we developed the cavity failure compensation program based on the Injector II’s Cryogenic Module IV
(CM4) of China Accelerator Driven Sub-critical System (C-ADS). The beam dynamics software TRACEWIN was
used to verify the results got by the FPGA program, and the FPGA program was packed as an IP core to be used in a
more general form in the embedded Linux system. In addition, considering the requirements of independence and low
latency for the future superconducting cavity failure compensation system, Linux system and EPICS components are
compiled for the MicroBlaze soft core processor, and the communication function of the superconducting cavity
failure compensation system was verified in the built simulating communication environment.
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Fig.2 The automatic fitting system of elements
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Fig. 3 The value and relative error of polyfit of S5, in longitudinal transfer matrix of gap
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Table 1 Partial coefficients of the polynomial

Coot std err T P> [0.025, 0.975]
constant ~2.1228 0.009 ~237.963 0.000 [-2.140, —2.105]
EaceEings ~1.9501 0.005 ~360.789 0.000 [1.961, -1.939]
E3., ~0.0098 0.005 ~1.982 0.048 [-0.19, ~0.000]
EuccE2 -3.3347 0.012 ~279.735 0.000 [-3.358, -3.311]
Eqce? 0.0593 0.003 19.281 0.000 [0.053, 0.065]
EnE2. ~0.3469 0.007 ~48.560 0.000 [0.361, —0.333]
E} 5.5633 0.023 244.010 0.000 [5.519, 5.608]
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Table2 Calculation result of FPGA program

standard synchronous compensated synchronous standard  compensated standard magnetic  compensated magnetic

element element

phase/(°) phase/(°) ETL/MV ETL/MV field/T field/T
cavityl =25 -11.89 1.883 2.680 soll 5.56 4.29
cavity2 =20 -17.90 1.890 1.812 sol2 5.39 5.06
cavity3 -23 null 1.874 null sol3 5.58 1.76
cavity4 =20 -27.17 1.846 2.144 sol4 5.39 5.39
cavity5 =20 —-10.82 1.814 2.263 sol5 5.46 0.45
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Fig. 5 The envelope diagrams in normal and compensation situations
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Table 3 Comparison of beam parameters between the standard case and the compensated case

parameters n '. By a, p. o, beam energy/MeV
standard value 1.1805 —0.6735 1.1660 —0.6684 3.3297 0.7132 17.3672
compensated value 1.1475 -0.6741 1.1550 —0.6778 3.1255 0.7394 17.1975
mismatch factor 1.74% 0.92% 4.90%
related error 0.98%
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