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Abstract

Further beam power ramp-up going beyond the design output beam power of 1 MW is proceeding in the J-PARC RCS.
In MW-class rings, the residual radioactivity accompanying the beam loss strictly limits the available beam power. While the
current beam loss is mitigated to 0.1% level at the designed beam power, further beam loss mitigation prepared for the beam
power ramp-up is required. Since the beam power ramp-up extends the space-charge-induced tune spread and can lead to the
unallowable beam loss due to the resonance crossing, the resonance-free region must be extended enough to accommodate most
of the particles for low beam loss. We conducted low-intensity beam studies on the half-integer random resonance that likely
limits the width of the resonance-free region. Thanks to the simplification coming from the mitigation of the space-charge
force, the successful compensation of the resonance is realized by using the trim quadrupole magnets. In the high-intensity
beam studies, the resonance compensation was found to be quite effective in extending the resonance-free region.
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Figure 1: Schematic layout of the J-PARC RCS. The positions
of the QDTs are indicated by the red circles.
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Figure 2: Tune footprint immediately after the multiturn in-
jection calculated for the output beam power of 1-MW (red
solid curves) and 1.5-MW (blue dashed curves). The random
resonances up to third and structure resonances are plotted in
black dotted and solid lines, respectively.
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Figure 3: Schematic diagram of the beam injection configura-
tion in the (a) horizontal and (b) longitudinal phase spaces.
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Figure 4: (a) BLM signals over the first 4 ms measured in the
collimator section with 4 different injection painting areas in
the horizontal plane and (b) integrations of them.
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Figure 5: Comparison of RDTs for each QDT at the injection
energy of 400 MeV. All of the QDTs are excited with the cur-
rent of 30 A, and the abscissa and ordinate represent the real
and imaginary parts of the RDTs.
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Figure 6: Schematic diagram of the beam injection configura-
tion in the (a) horizontal and (b) longitudinal phase spaces.
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Figure 7: (a) Time evolution of the particle survival rate over
4 ms from the injection and (b) particle survival rates after 4
ms with the addition of each of 6 QDTs independently. The
excitation peak currents were set to 30 A in all cases excluding
no QDT.
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Figure 8: Scan of the excitation currents of the QDT1 and
QDT4. The abscissa and ordinate represent the real and imag-
inary parts of the RDT generated by the addition of the QDTs
at the injection energy of 400 MeV. The markers are color-
coded based on the corresponding survival rate at 4 ms from
the injection.
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Figure 9: Horizontal tune dependence of the particle survival
rate after 4 ms from the injection with the vertical tune was set
at 6.36.
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Figure 10: Tune footprints (left) and horizontal (center) phase

spaces at (a) 10th, (b) 50th, and (c) 310th turn during the multi-

turn beam injection reproduced by the numerical simulation.
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Figure 11: BLM signals over the first 4 ms measured in the
collimator section with (red) and without (black) the addi-
tion of the QDTs at the operating point of (a) (v,,v) =
(6.46,6.36) and (b) (6.49,6.36).
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