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Abstract

A detailed study on the random resonance was conducted to ensure sufficient tunability in the 3-GeV rapid cycling synchrotron
(RCS) of the Japan Proton Accelerator Research Complex (J-PARC). The progressive improvement in beam intensity, aiming
for an output beam power of 1.5 MW, inevitably excites the effect of the structure resonance and requires the operating point to
be shifted higher. Employing a low-intensity beam, the excitation of the sum linear resonance locating just above the current
operating point is revealed. The linear sum resonance was confirmed to be compensated by making local bumps at the sextupole
magnets using the steering magnets. Based on the resonance driving term, the main source of the imperfection field is identified
as the leakage field from extraction magnets.
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Figure 1: Schematic view of the RCS.
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Figure 2: Betatron tune map of the RCS. Gray curves indicates
the tune footprint immediately after injection for output beam
power of 1.5 MW. Solid lines represent structure resonances,
while dotted lines represent random resonances up to the sec-
ond order. Current operating point (v, 1) = (6.46,6.36)
at injection energy for user operation is indicated by the red
cross. Operating points corresponding to the beam experi-
ments shown in Fig. 4 are indicated by red circles.
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Figure 3: Schematic of injected transverse beam distributions.
(a) and (b) depict the horizontal and vertical phase spaces, re-
spectively. The separatrices corresponding to the painting area
(red dashed curve) and collimator aperture (gray solid curves)
are plotted.
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Figure 4. Beam survival rate 6 ms after injection measured
at each operating point. Red squares and black circles corre-
sponding to the case involving the addition of QDTs and ab-
sence of QDTs, respectively.
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Figure 5: Time dependence of the strength of sextupole fields
of the bending magnet (black) and sextupole magnet (red).
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Figure 6: Vertical local bump in the latter half of the arc sec-
tion. Definitions of red, blue, and black squares are the same
as those in Fig. 1. The center sextupole magnet of the three
drawn with a dotted square is not used in this study. Black

dashed lines indicate the positions of the vertical steering mag-
nets.
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Figure 7: (a) Schematic diagram of the vertical apertures.
Brown solid and gray dotted lines show the apertures with and
without the local bump shown in Fig. 6, respectively. Blue
curve represents the s-dependence of Ay. Red solid and black
dashed curves represent the beam envelopes corresponding to
vertical emittances of 5507 mm-mrad and 4867 mm-mrad,
respectively.
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Figure 8: RDTs calculated with Eq. (3) corresponding to the
case making the local bumps in each area with Ay = 5 mm at
the positions of sextupole magnets. Crosses and circles repre-
sent the RDTs of 0 ms and 6 ms after injection, respectively.
The gray-shaded area indicates the RDT of the extraction mag-
nets.
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Figure 9: (a) Time evolution of particle survival rates over the
first 6 ms after injection. Black solid, red solid, and red dashed
curves corresponding to the cases making the local bumps in
Arcll, Arc21, and Arc22, while the gray dotted curve shows
the result obtained without the local bump. (b) Particle sur-
vival rates after 4 ms with making the local bump in six areas
individually. The local bumps were made so that Ay at the
position of sextupole magnets to be 5 mm, excluding the case
of no local bump.
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