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Abstract

In high beam intensity accelerators such as J-PARC, precise measurements of beam orbits are indispensable to
control the beam orbits and to reduce beam losses as well as modeling the accelerators with determining precise
machine parameters as beta function, dispersion function and so on. For these aim the centers of the BPMs should be
known in terms of the quadrupole magnet centers in the transverse plane. In spring 2014 we carried beam based
alignment (BBA) and beam based gain calibration (BBGC) for 186 BPMs in the J-PARC MR. Using fully calibrated
BPMs, the closed orbits (COD) were corrected better than using previous partially calibrated BPMs. The residual CODs
were improved from 0.39 mm (RMS) to 0.15 mm (RMS) in the vertical direction. Beam losses were reduced
accordingly. In the horizontal plane the position data are significantly deteriorated by the synchrotron oscillation and the
field ripples of the bending magnets. This makes the correction improvement ineffective in this plane.
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Figure 1: Layout of the BPM and magnets.
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Figure 2: Schematic of the quadrupole magnet system.

Table 1: Machine Parameters

Beam intensity ~6.3x 10" ppp
Number of bunches 8
Thinning/macro-pulse/Chopping 10/32 /100 ps / 456 ns
Energy 3 GeV
Betatron tune (vx/Vvy) 22.41/20.75
Chromaticity (Ex/&y) —4 ~ =2 (85-90 %)
RF voltage 160 kV (fundamental)
0 kV (2nd harmonic)

BPMC Ext. filter Off
BPMC Att. 0dB
BPMC Gain 5
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Figure 3: Time chart for the BBA.
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Figure 4: Bump orbit example at the BPM #131. (a) ycop
at #131, (b) <ycop> along the MR.
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Figure 5: Standard deviations of 1-second xcop (blue)
and ycop (red) at 186 BPMs along the MR.
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Figure 6: Frequency spectra of xcop (blue) and ycop
(red) measured at BPM#26 (QM#30).
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Figure 7: ycop vs. QM current lq. (a) bump ~ -4 mm, (b)
bump ~ 0 mm, (c¢) bump ~ +4 mm.
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Figure 8:y vs. dy/dl, at BPM#130.
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Figure 9: Offset values calculated with the all BPM
response. yo at BPM#130.
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Figure 10: Offset values calculated with the all BPM
response. (a) xo @BPM#159.
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Figure 11: Statistics of BPM offsets obtained with BBA.
Offsets of (a) x plane, (b) y plane.
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Figure 12: CODs along the MR, corrected without / with
the BBA offset data (red / blue lines, respectively). Xcop,
(b) ycop.
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Figure 13: RMSs of the orbit from 3 to 30 GeV.
Corrected w/o (a), with (b) BBA offset. Upper : x plane,
lower: y plane. Acceleration starts at 130 ms.
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Figure 14: Absolute value of the dispersion function.
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xcop(402ms) — <xcop>, blue: fitted curve.
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Figure 16: xcop — < Xcop >, succeeding 18 frames
starting from K1+402ms, every 1 ms. Before (a) and
after (b) subtracting the horizontal orbit motion due to n.
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Figure 17: Frequency spectrum of the Xxcop ripple, Ak(t).
Colored: k=1, . . ., 6. Black line: common mode.
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