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Abstract

J-PARC main ring (MR) is a high-intensity proton synchrotron that accelerates protons from 3 GeV to 30 GeV. One
of the most serious obstacles to the increase in beam intensity is radio-activation of accelerator components due to beam
loss. In order to investigate the causes of beam loss, it is important to make an accurate model of beam optics and is
indispensable to develop a method to minimize and correct the errors in the parameters of the accelerator components. In
MR, the closed orbit distortion (COD) caused by the current ripple in the frequency region of 200 Hz or less of the bending
magnets is being observed in beam operation. Since the COD caused by the current ripple does not reproduced for each
pulse, its correction must be done in real-time. We have developed a method to calculate and add the correction pattern
of the COD derived from the current ripple in real-time to the usual fixed current pattern of the MR corrector magnet. In
this research, to demonstrate that the COD caused by the current ripple can be corrected in real-time by this method, we
have developed a prototype system which corresponds to the system for one corrector magnet and performed the proof-
of-principle test of the system. In this paper, we will report the details of the system and the test results.
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Figure 1: Closed Orbit Distortion (COD) caused by current
ripple observed at a certain location of MR. (Note that this
analysis was first done by the author of [1].)
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Figure 2: The actual arrangement of bending magnets and
their power supplies at the J-PARC MR.
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Figure 3: Current COD correction system of J-PARC MR.
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Figure 4: Real-time COD correction system for J-PARC
MR.
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Figure 5: RMS of COD plotted against the location of MR,
when inputting DC false signal to the firmware simulation.

Table 1: Effect of COD Correction

Update interval of Steering Magnet  Effect of COD
Pattern Correction
2ms 0.905

1ms 0.722

200ps 0.331
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Figure 6: Real-time COD correction system which
corresponds to the system for one corrector magnet.
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Figure 7: Block Diagram of CPLD adder board we have
designed and produced for the proof-of-principle test of the
system.
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Figure 9: False signal from the function generator imitating
measured current ripple of BM power supply.

6. XEHERE

AWEDOERIZLLTOHEY TH 5,

e MRI{RMEMAERERY v 7 VKD COD D
UPNE A LHIEZRIT) 720D AT L% &G
L. 207 7 =077 EN—FD = 7 ORREE
217,

o 7 7—LT T COD FHIEAHIIBITD
AT T v 7Ry — P 2 ms TIEA T

0.09
0.08 0.083
0.07 =0.33[V](amplitude
: of false signal) X
0.06 0.25 (Correction
E 0.05 value)
8
2 004
E‘ 0.03
0.02
0.01
o
005515 15 20 25 30 35 40

Frequency [Hz]

Figure 10: The result of the proof-of-principle test.

Figure 11: Adder board we have designed for the beam
experiment using one half-arc of MR.
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