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SIMULATION STUDY ON THE BEAM SPILL STRUCTURE OF THE SLOW
EXTRACTION AT J-PARC MAIN RING
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In the J-PARC Main Ring (MR), the slow extraction of the 30 GeV proton beam is performed using third-order
resonance. The extracted beam is used for various particle and nuclear experiments in the Hadron Experimental Facility.
One of the important properties for the extracted beam required by physics experiments is a flatness of the time structure
of the beam. We performed a simple beam simulation of the MR slow beam extraction to investigate the effect of the
betatron tune ripple on the beam time structure. In addition, the effects of feedback control on the extraction using a fast
Q magnets and a transverse RF kick using stripline kickers were investigated in the simulation.
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Figure 1: The time structure of the extractd beam when
only the macroscopic spill structure shaping was performed
with a fixed polynomial function current pattern on the spill
control quadrupole magnets. Upper panel is the number of
particles in the ring measured by the DCCT. Lower panel is
the extracted beam rate measured by the plastic scintillator.
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Figure 2: Schmetic view of the spill regulation system in
the slow extraction at J-PARC MR.
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Figure 3: The time structure of the extractd beam with spill
feedback system and transverse RF system.
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Figure 4: Behavior of the particles’ (X, X’) in simultaion

with the horizontal betatron tune ),, of 22.322. ESS rib-
bons are located at X = —0.004.
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Figure 5: Upper panel: Measured current ripple (black
line) and magnetic field ripple (red line) for the bending
magnet [5]. Lower panel: Frequency component of the
tune ripple for the spill structure simulation. The black line
represents the tune ripple simply calculated from the cur-
rent ripple of the main magnet power supplies. The red line
is the frequency spectrum created by reducing the compo-
nent above 400 Hz of the black line to reproduce the rela-
tionship between the current ripple and the magnetic field
ripple. The tune ripple represented by the red line was in-
put to the simulation.
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Figure 6: The simulated time structure of the extractd beam
without the spill feedback system or the transverse RF sys-
tem.
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Figure 7: The simulated time structure of the extractd beam
with the spill feedback system and the transverse RF sys-
tem.
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Table 1: Comparison of Spill Duty Factor between Mea-
surements and Simulation Results

Spill Regulation Methods | Meas.  Sim.

Nothing 4% 5%
EQ and RQ 25% 15%
EQ, RQ and TrRF 46%  31%
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Figure 8: Comparison between the current ripples of old
and new power supplies for bending magnets [2].
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Figure 9: Results of the spill structure simulation with re-
duced tune ripple corresponding to the new main magnet
power supplies.
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