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A debunching manipulation
before slow extraction at 30GeV
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Beam Instability during debunching

Currently Limiting SX beam intensity (large beam loss for SX)
Abort destination, 60kW debunch, RF offset 65deg
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The Debunch Instability Mechanism Estimation

1. Alongitudinal microwave structure during debunching is generated

by longitudinal impedances Z;

2. The microwave structure enhances the electron cloud generation (multipactor process)

¥

3. Proton beam oscillates transversely by interaction with the electron cloud.
-> results in the transverse instability and beam loss
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4tap FIR difference

Fundamental and second RF+Phase offset
one step debunch 94 kW  Run92 #1885806
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Direct Transverse Instability Suppression

- H and V chromaticity corrections (negative value) are weakened during debunching.
J-PARC slow extraction needs a zero Qx’ for high slow extraction efficiency.
This weakening is constrained by the power supply limitations.

-> partially works to suppress the instability, but not enough.
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Our current main strategy to mitigate the instability with e-cloud
is to suppress the longitudinal microwave time structure

Longitudinal microwave instability threshold (Keil-Schnell criterion)
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FX Eddy Current septa impedance reduction

MR L-Impedance Reduction

A. Kobayashi et al., NIM A 1031, 2022, 166515
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L-impedance reduction of spill feedback quadrupoles (EQ1-2,RQ) ceramic ducts
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M. Tomizawa et al., Proc. of Annual Meeting of Particle Accelerator Society of Japan, 2025, WEPO035, to be published H
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CST Studio model (by T. Nakamura)
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One step debunch

RF manipulations to suppress the instability
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Flat base V1=160kV, V2=110kV
Beam @shift = 50deg

Recent RF manipulation to suppress instability

Beam @shift = 50deg

V2 @shift= 50deg at V1 freq.
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beam +50deg, 2ndRF +50deg for 15t RF center beam +45deg, 2ndRF +55deg for 15 RF center
2-step debunch 2-step debunch
efficiency ~99.65% (tentative) w/ diffuserl efficiency 99.68% (tentative) w/ diffuserl

intensity normalized

intensity unnormalized
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Beam

splitting operation for slow-extracted beam

A-line: main beam (high intensity 8.1x10713 ppp)

time slice#

Pole gap of Lambertson magnet B-line: vertical halo only (5-10x1079 ppp).

dipole field

\

\__field-free hole /

The two beams are delivered at the same time.

Primary

protons

A-line: primary beam line to T1

B-line: branched from A line to high-p

]

f C-line: branched from B line to COMET orel!
[J S ;

B | — 25—l ?J

The beam splitter is located in the vertical slope.

The beam intensity of B-line is extremely sensitive to

the vertical beam halo fluctuation. .
Fine beam tunings for the SX and the HD transport line are required.



Effects of Linear coupling resonance on the B-line intensity

3D Gauss distribution analytical
3GeV, 5.5/8*%10713 ppb

2020.10.26 by Y. Komatsu mail
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The intensity bursts frequently seen

A linear coupling resonance correction by skew quads
in the MR has drastically improved the strong burst spills.

o i w/o ramping ope. (intensity: 5.2E+9 protons/spill)

raw signals from intensity monitor B-line Dunp (F.S. =10 = +10 ¥)

ot i, The intensity bursts suppressed
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90kW (4.24s cycle)
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Slippage change during debunching for instability suppression IPAC2025, WEPMO028
M. Tomizawa et al.

Original Slippage Optics
L L

| 7] enlarging during debunching
is expected to suppress the microwave structure.

J-PARC MR has an imaginary transition-y lattice.
Momentum compaction factor
can be flexibly changed maintaining H and V tunes

N I e - -
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The longitudinal microwave instability threshold
(the Keil-Schnell criterion)
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A beam test is planned.




dp/p (%)

dp/p (%)

VHF cavity for instability suppression

Longitudinal emittance growth by VHF cavity phase modulation
Y. Morita et al., JPS Conf. Proc. 33,011032(2021)
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"rebunching" phenomenon
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Summary

Beam instability during debunching is a major limiting factor
in increasing the J-PARC SX beam intensity.

RF phase offset injection into the RF bucket and 2-step debunching
effectively suppress the beam instability.

The recent implementation of a 2nd RF system increased the beam power
from 82 kW to 92 kW (4.24 s cycle).

Further optimizations of the current RF manipulation scheme will be pursued.

Slippage factor modification and VHF cavity installation have been proposed
as future strategies to further suppress the instability.

The "rebunching" phenomenon and its impact on experiments
should be carefully investigated, and mitigation measures
will be implemented if necessary.
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Note:
RF h=9 FF, h=8,10 FB <- 2021
RF h=8,9,10 FB 2022->
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