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Abstract

Beam Position Monitor (BPM) is one of the essential elements in a synchrotron facility, obtaining the circulating beam
information for stabilization of the closed orbit. The accuracy of beam positions greatly affects the orbit stabilization,
however, actual signal strength from a BPM depends on individuality such as 1) signal transmission for a long distance,
2) processing circuit, and 3) contact resistance at the connected parts, etc. These things cause deviations in the gain
of the signal response. The gains are different from each other even in one BPM. In order to correct this relative gain
deviations between electrodes, a Beam Based Gain Calibration (BBGC) method has been proposed [!l. Development of
a new method for adequate gain calibration has been an urgent issue for J-PARC Main Ring. It has been found that an
analysis using Total Least Square fitting (TLS) adequately reproduces the BPM gain with sufficient accuracy. The gains

obtained from the data are varied in the range of less than +5%, and the accuracy is within +0.6%.
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Figure 1: Diagonal-cut-type BPM at J-PARC MR. A BPM
has four electrode of L, R, U, and D. The signal from each
electrode is transmitted to BPMC.
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Figure 2: Position data generated in simulation. (a) Typi-
cal distribution of the signal V. The noise with Gaussian
shape is generated assuming AV/V = 0.2%. (b) Gener-
ated position data. (c) Projection of the position to x-axis in
the range of —0.5 < x < 0.5and —0.5 < y < 0.5. (d) Pro-
jection to y-axis. One standard deviation of the distribution
Az ( Ay ) corresponds to 0.1 mm.
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Figure 3: Reproduced position using 1) not corrected

gains (black), 2) gains obtained by LS method (blue), and

3) gains obtained by TLS method (red).
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Figure 4: Beam mapping condition. Please see the text for
details.
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Figure 5: (a) Typical wave form and (b) the spectrum of its
FFT. Signal strength V' is defined as the peak value in the
range of 3.3 < f < 3.4 MHz.
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Figure 6: Gains calculated by TLS method as a function of
BPM No. (a) gr, (b) gu, and (c) gp are plotted with their
error bars.
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Figure 7: Positions calculated by Egs. (11)—(13) using
gains obtained by TLS method. Positions (x3,y2) and
(x3,ys) are consistent with (z1, y1).
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Figure 8: Positions calculated by Egs. (11)—(13) using
gains with no correction. Large discrepancies between
(21, 1) and both of (x4, y2) and (x3,ys3) are observed.
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