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Abstract

The structure of any hadron linac is not strictly periodic due to the increase in beam’s kinetic energy. The betatron
and synchrotron phase advances per unit focusing structure are not necessarily constant but rather change gradually as
the beam energy increases. The machine operating point may then cross low-order resonance stop bands, which leads to
emittance growth and possible beam loss. In order to conduct systematic studies on such resonance-related problems in the
presence of strong space-charge interaction, we developed a simulation model assuming the most typical drift-tube linac
(DTL) structure. The present results based on the design parameters of the J-PARC DTL indicate the existence of some
space-charge-driven resonance stop bands. It is confirmed that the “equipartitioned” linac design is advantageous as it
considerably weakens the effect from synchrobetatron resonance crossing. We, however, point out that the equipartitioned
design is not indispensable; the resonance-induced emittance growth can be made almost negligible even without the
equipartitioning, provided that the operating point is properly chosen.
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Figure 1: Schematic plot of a unit focusing cell.
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Table 1: Main Simulation Parameters

Ion species H~
Accelerating gradient 1.6~1.9 [MV/m]
Initial kinetic energy 3 [MeV]

Number of FODO cells 100
Transversal emittance at injection  0.22 [7mm-mrad]

Peak beam current 50 [mA]
RF frequency 324 [MHz]
4 40 [mm]
gi/Li 0.2
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Figure 2: Matched RMS envelopes in (a) Design-A, and
(b) Design-B. The phase advances (ui,07) at the DTL
entrance are set at (39.8°,32.4°) in both Designs. The
longitudinal RMS emittance is adjusted to ¢y = 0.295
amm-mrad.
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Figure 3: Operating point evolutions in the Design-A and
Design-B. Three different sets of the starting tunes (u, o)
have been considered for each Design.
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(a) Initial emittance fixed (Design-A) (b) Equipartitioned (Design-A)
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Figure 4: IMPACT-Z simulation results obtained with the waterbag beam. The growth rates of the horizontal and longi-

tudinal normalized emittances evaluated at the exit of the DTL are color-coded in y -0 plane. In the cases (a) and (c),

the initial RMS emittances are adjusted to €, = 0.22 rmm-mrad and €| = 0.295 7mm-mrad over the whole tune space. In

the case (b), the longitudinal emittance at injection is determined under the equipartitioning condition with the transverse

emittance fixed at €, = 0.22 rmm-mrad. 1421(49 x 29) PIC simulations have been performed in all three cases, starting

from 1421(49 x 29) different combinations of (11, o). Note that the operating point does not stay at the initial position

but moves as shown in Fig. 3.
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