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Abstract

Under current operating conditions, the bunch length of the RCS extraction beam is shorter than that the MR RF bucket. In
order to improve the RCS-MR longitudinal matching, a method for bunch lengthening of the RCS extraction beam is proposed.
The proposed method is based on driving a second harmonic RF voltage just before the beam extraction and the placing the
beam at the unstable fixed point (UFP). This method has the advantage of being able to bunch lengthening in a short time,
even when the slip coefficient is small, as is the case immediately before extraction from RCS. Furthermore, by optimizing
the driving pattern of the second harmonic, it is possible to fine-tune the bunch shape, which is expected to improve matching
with the MR RF bucket. The present study is an exposition of the results of an investigation into the enhancement of matching
through the optimization of bunch shape manipulation, as well as the results of demonstrations.
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Figure 1: The illustration shows the scheme of bunch length-
ening using the UFP. (first row) The fundamental and second
harmonic RF voltages, as well as their superimposed voltage
waveforms. (second row) Contour lines of the hamiltonian
and the direction of bunch shape change.
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Table 1: Parameters of the UFP Pattern

time 19.4 — 19.65 ms
Ratio (V2/V1) 1.2
Rise and fall time 0.01 ms
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Figure 2: The left graph shows the acceleration pattern in
which the second harmonic RF voltage is applied at the end
of the acceleration. The right graph shows an expanded view
of left graph.
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Figure 3: The comparison of the By (left) and bunch shape
(right) with and without application of the second harmonic
RF voltage.
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Figure 4: This figure shows the By and bunch length of the
RCS extraction bunch for variations in the UFP pattern.
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Figure 5: This figure shows a comparison of the MF (left fig-
ure) and € (right figure) after MR injection, based on differ-
ences in the shape of the RCS extraction beam bunch formed
by the normal voltage pattern and the UFP pattern.
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Table 2: Parameters of the UFP Pattern Determined by the
Least Squares Method

time (a) 19.31 — 19.56 ms
time (b) 19.83 - 19.93 ms
ratio (a) (Va/V1) 0.92

ratio (b) (Va/V1) 0.79

Rise and fall time ((a) and (b)) 0.01 ms
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Figure 6: The schematic view of the change in bunch shape when second harmonic RF voltage are applied twice. The process
is repeated twice: stretching by the UFP generated by second harmonic RF voltage and rotation by fundamental RF voltage.
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Figure 7: Geometric parameters of the extracted bunch tar-
geted for optimization. (a) shows before and (b) after opti-
mization.
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Figure 8: The left graph shows the UFP pattern in which sec-
ond harmonic RF voltages are applied twice at the end of the
acceleration. The right graph shows an expanded view of left
graph.
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Figure 9: RCS extracted the bunch, eliminating the tail by
applying the second harmonic twice.
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Figure 10: This figure shows a comparison of the momentum
filling factor (left figure) and emittance (right figure) after MR
injection using an RCS extraction beam bunch formed by an
UFP pattern that applies second harmonic twice.
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Figure 11: This figure shows the phase space distribution at
15200 turns that is set to be flattened using the bunch length-
ening, and the distribution after 200 turns of bunch rotation
from that turn. (a) shows the case when the second harmonic
is applied once, and (b) shows the case when the second har-
monic is applied twice.

NI A= %HWEK L T 8MERELTIER2REEL
Tz TORER, 7N HEEHI LWV FEEKT S
UFP NRX— VR AERTE /2, T—ILED I A~ v FH
JRK & 72> THAE L TV MR AS 0O MF OHREIX
I Iy R VABKRIIKIBIZIIG S NS Z & 2/ERL -,
F7z 2fE5EHANEE 2 BIENT 22 2L B T — VD
IR OVWT Y — Ll 21T o 7z, ZTDFEHR, B —
LATOT7 74NN Ialb—Ya VEEREFERL, 24F

- 283 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 WEP034

21 (a : 15200 turn)

— UFP Applied Once.
— UFP Applied Tuice

=z z s
3 z
g g s
s g
1

200 0 200 400 600 -200 0 200 400 600

t[A]

time [ns] time [ps]

Figure 12: This figure compares the beam profiles at 15200
turns (left figure) and 15400 turns (right figure) based on dif-
ferences in UFP patterns.
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Figure 13: This figure shows a comparison of experimental
and calculated results for the beam profile at 15200 turns and
15400 turns. (a) shows the case when the second harmonic
is applied once, and (b) shows the case when the second har-
monic is applied twice.
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