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Abstract

For the slow extraction in the J-PARC MR, the rf voltage in the cavities is turned off after finishing the acceleration
to obtain a coasting beam. During the debunching process, the average momentum decreases due to the longitudinal
coupling impedances in the MR. The deceleration continues until a well debunched beam is formed. The deceleration
causes a reduction of the extraction efficiency due to the chromatic effects. In the J-PARC MR, a momentum loss has
been observed at a relatively low beam power. To achieve higher beam power with keeping the high extraction efficiency,
measures against the momentum loss are necessary. In this article, we report the observations and simulation results of
the momentum losses. We adopt the rf feedforward method to cancel the wake voltage in the cavity as a measure of the
momentum loss. By the feedforward, the momentum loss is significantly reduced. We achieve a high extraction efficiency,
99.5%, at the beam power of 24 kW.
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Figure 1: A comparison of the momentum deviations of the
simulation and measurement.
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Figure 2: Phase space plots during the debunching process,
(left) with beam loading compensation and (right) without
compensation. (From top to bottom) P3+0 ms, P3+100 ms,
P3+200 ms, P3+300 ms, P3+400 ms, and P3+500 ms.
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Figure 3: Momentum distribution before and after the de-

bunching process, (left) with beam loading compensation

and (right) without compensation. (Top) P3+0 ms and (bot-

tom) P3+500 ms.

200 200

150 150

counts
=
S
3
counts
=
S
3

0 0 1000 2000 3000 4000 5000 0 [ 1000 2000 3000 4000 5000

time [ns] time [ns]

Figure 4: Longitudinal distribution after the debunching
process at P3+500 ms, (left) with beam loading compen-
sation and (right) without compensation.
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Figure 5: The gap short relay and voltage monitors of the
MR cavity.
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Figure 6: A conceptual diagram of the rf feedforward
method.
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Figure 7: Block diagram of the multiharmonic rf feedfor-
ward system for the MR.
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Figure 8: A Comparison of the momentum deviation dur-

ing the debunching process, without feedforward and gap

short, with feedforward, and with gap short.
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Figure 9: A comparison of the harmonic components of
cavity #1 gap voltage without and with feedforward.
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Figure 10: Momentum deviation during the debunching

process with feedforward at the beam power of 23.8 kW.
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