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Abstract

We discuss a new charge-selection method with Multi-Frequency RFQ (MRFQ) in high-intensity beam transport system
for multiply charged heavy ions. Ordinally, the idea of MRFQ is invented for the isober separator, whose mass resolution is
over 40000, at the SCRIT electron scattering facility at RIKEN. The added skew electric field in RFQ with multiple frequencies
causes an instability line caused by betatron sum resonaunce enough solid to realize the mass separation. On the other side, we
discuss to use MRFQ for the valance ratio (M /Q; M is the ion’s mass, and @ is the charge.) separation for downsizing of
high-intensity low-energy beam transport (LEBT). The conventional method with analyzing magnets has a focusing force only
at the magnet end, so a beam path from the end to the focal point is required to suppress the beam diameter at the slit. On the
other hand, since the separation capability in MRFQ is determined by the number of RF periods in the transit time, a shorter
beam length can be expected by increasing the frequency. In this report, we aim to achieve a separation of A(M /Q) == 2%,
where 238U is left and other valence is removed, and compare the separation ability of MRFQ for longitudinal conditions
whether the beam is DC or pulsed by simulation. In particular, we will show that the MRFQ system with no skew component
has sufficient separation capability for a system of about 1.5 m.
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Figure 1: Operation point for 233U%%" in stable region, where

|TrM,| < 2 & |TrM,| < 2.
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Figure 2: Survival ratio of each ion with continuous beam in
quadrupole mass spectrometer.
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Figure 3: Survival ratio of each ion with bunched beam
(2.5 ns) in quadrupole mass spectrometer.
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Figure 4: Operation point in stable region with Vpo =
2.668 kV, where |TrM,| < 2 & |TrM,| < 2.
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Figure 5: Survival ratio of each ion with continuous beam in
MRFQ.
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Figure 6: Survival ratio of each ion with bunched beam
(2.5 ns) in MRFQ.
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Figure 7: Survival ratio of each ion with bunched beam with
1.2 times frequencies.
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Figure 9: Change of projected emittance in y.
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Figure 10: Stable region with space charge with Vpo =
2.668 kV.
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