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Abstract

Beam dynamics simulations have been performed for the J-PARC Main Ring (MR). In order to increase the MR
beam intensity, to compensate the space charge effect is going to be important. The compensation can be achieved with
decreasing the beam peak current. The peak current can be partly controlled with the fundamental RFs and the second
harmonic RFs in the MR and in the rapid cycle synchrotron (RCS), the upstream synchrotron of the MR. Adding sixth
harmonic RFs in the MR may realize more precise control of the peak current. To discuss the beam power upgrade of
the MR, we have to consider the hardware limitations to the bunch length and the beam loss, also. To extend the beam
bunch length is an easy way to decrease the peak current. However, the bunch length is limited by the rising times of
both the extraction kickers of the RCS and the injection kickers of the MR. The beam loss amount should be controlled
within the limitation of the collimator systems. In this paper, we discuss the effect of the sixth harmonic RFs, and
achievable beam intensity.
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Figure 1: Bunching factors in the first 10 ms. The red
line is for (Vy, V,nq) = (100 kV, 70 kV), and the green
line is for (Vy, Vona, Vern) = (100 kV, 70 kV, 35 kV).
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Figure 2: Survive ratio for the Fig. 1 conditions.
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Figure 3: 99% horizontal emittance for the Fig. 1
conditions.
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Figure 4: 95% horizontal emittance for the Fig. 1
conditions.
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Figure 5: The tune spreads at the local bottoms of the
bunching factors in Fig. 1. The red points are at 1.8 ms
after the injection for (Vy, Vonq) = (100 kV, 70 kV), and
the green points are at 3.0 ms after the injection for
Vo, Vond, Vern) = (100 kV, 70 kV, 35 kV).
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Figure 6: Survive ratio of 3.33E13 ppb beams. During the
0.12 s injection at 3GeV, RF is set as (Vy,Vong) =
(100kV,70kV) (red line), or (Vy,Vong, Vetn) =
(100 kV,70 kV,35kV) (green line). After 0.12 s, the
beams are accelerated till 30 GeV in 1.4 s.
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Figure 7: Survive ratio of 3.33E13 ppb beams with
different collimator settings. Green line is for 65 pi
mmmrad, and purple line is for 60pi mmmrad.
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Figure 8: The longitudinal emittance plots right after the
injection (red points), and the longitudinal emittance plots
40 ms after the injection (green points). Horizontal axis is
the time in ns. Vertical axis is the momentum ratio to the
3 GeV beams. The MR RF voltages are 100 kV for the
fundamental RF, 70 kV for the 2nd harmonic RF, and 35
kV for the 6th harmonic RF. The newly injected bunch
has 210 ns long, and the circulating bunch has 430 ns
long.
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Figure 8: Survive ratio with different injection timing into
a RF bucket. Green line is for centered injection, red line
is for 20 ns shifted, blue line is for 40 ns shifted, and
purple line is for 60 ns shifted.
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