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Abstract

The operating betatron tunes of a high-intensity hadron ring have to be chosen carefully, taking the influence of the
space-charge potential into account. The repulsive nature of the Coulomb interaction counteracts the external focusing
force from quadrupole magnets, which gives rise to a shift of the effective tune of each individual particle. As the size
of this space-charge-induced shift is particle-dependent, the incoherent tunes of the particles forming a particular beam
cover a finite area in the tune diagram. The conventional rule widely accepted in the community for years requires the
machine designer to set the operating point so that the incoherent tune spread does not cross nearby low-order single-
particle resonance lines. In the present paper, we show numerical evidence that such a rule based on the incoherent
picture does not correctly reflect the beam-core dynamics and is too conservative. A new approach for the construction
of a stability tune diagram is proposed, employing the self-consistent coherent picture free from any model-dependent
unobservables. The proposed rule is applied to the lattice of the rapid cycling synchrotron at J-PARC. We also
demonstrate the possibility that specific difference resonances can strongly be suppressed by adjusting the ratio of
initial transverse emittances to a proper value.
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Figure 1: Conventional tune diagram based on the
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Figure 2: Resonant instability bands revealed by self-
consistent multi-particle simulations.
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Figure 3: Example of the incoherent tune spread (gray
dots) of a Gaussian beam with 7=0.9. The operating bare
tunes have been set at (VOX,VOy): (0.298, 0.298) where
the beam is completely stable.
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Figure 4: Tune diagram obtained from WARP simulations
under the initial condition € /& =2 .
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Figure 5: Emittance-growth chart obtained from WARP simulations with the octupole ( m =4 ) perturbation on.
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Figure 6: Tune diagram of the RCS at J-PARC. Coherent
stop bands of up to the third order (m <3) have been
taken into account. A red dot indicates the actual
operating point of the RCS experimentally determined
through a careful tune survey.
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