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Abstract

In high intensity proton synchrotorn J-PARC MR, beam commissioning study for 1.3 MW upgrade plan is now in
progresss. The upgrade will be done by shortening the repetition period and increasing the number of protons. In MR,
the betatron function measurement is being done by using turn-by-turn signal of the beam position monitor with accuracy
evaluated to be 3%. However, in evaluating such effects as space charge forces and eddy currents on beam optics whose
impact will be largen by the upgrade, precise measurement of the beta function will be even more important. In this
study, we have developed and installed high-precision beta function measurement method using COD response from
the steering magnets in MR. By conducting beam experiment, we have evaluated and suppressed variance in betatron
function measurement using COD response to be less than 1%. Also, we have estimated the effects of systematic error
by simulation. In this paper, details and results of the experiment and simulation will be reported.
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Table 1: Basic Parameters of J-PARC MR Important for
Considering and Measuring MR Beam Optics

Circumference 1567.5 m
Energy 3-30 GeV
Superperiod 3

Number of quadrupole magnets 216
Number of BPMs Horizontal 186
Vertical 186
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Figure 1: Data taking scheme for Ax matrix.
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Figure 2: COD excited by one of the steering magnets with
kick angle 0.2 mrad. Blue line corresponds to the COD
calculated by SAD, and red line corresponds to the COD
measured with BPM in the beam experiment.
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Figure 3: Evaluation of statistical error for n sample av-
eraged value of arbitrary observable x using bootstrap
method.
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Figure 4: Betatron functions measured by COD base
method plotted together with model betatron functions.
Blue and red circles correspond to horizontal and vertical
measurement results respectively. Blue and red lines corre-
spond to horizontal and vertical model betatron functions
respectively.
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Figure 5: 0’1(1760) evaluated using bootstrap method.
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Figure 6: Sampling number dependency of

RMS[ai(n) / Bi,model] evaluated using bootstrap method.
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