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Abstract

Observation of the neutrino oscillation was reported from the atmospheric neutrino samples at Super-Kamiokande in
1998. For the accurate measurement of the phenomena the T2K (Tokai to Kamioka) experiment has been collecting data
since 2010 and leading the research field. T2K is a long baseline neutrino experiment to produce neutrinos with proton
beams from the main ring (MR) of the Japan Proton Accelerator Research Complex (J-PARC) and to measure the
neutrino rates with Super-Kamiokande at a distance of 295 km from the accelerator. J-PARC MR is demanded to
provide the high intensity proton beams to maintain the lead in the international competition. The beam power of 415
kW has been recently achieved with 2.15 X 10'* protons per pulse and the cycle time of 2.48 s. Main efforts in the beam
tuning are to minimize beam losses and to localize the losses at the collimator section. Recent improvements include the
2" harmonic rf operation to reduce the space charge effect with a larger bunching factor and corrections of resonances
near the operation setting of the betatron tune. Because the beam bunches were longer with the 2" harmonic rf
operation, the injection kicker system was improved to accommodate the long bunches. We plan to achieve the target
beam power of 750 kW in JFY 2018 by making the cycle time faster to 1.3 s with new power supplies of main magnets,
rf upgrade and improvement of injection and extraction devices. The possibility of the beam power beyond 1 MW is
being explored with new settings of the betatron tune.
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Figure 2: Beam Power Trend Graph.
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Figure 3: Beam intensity (shown in red) for a user-
operation shot of the beam power of 416 kW as a function
of the cycle time.
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Figure 4: Beam loss distribution measured with beam loss
monitors in the circumference as a function of MR
address for a shot of the beam power of 416 kW.
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Figure 5: Horizontal beam profile measured with OTR in
3-50BT.
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Figure 6: Space charge tune spread and resonances of
concern.
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Figure 7: Each contrlbutlon of SFA magnets for
resonance strength of v «+ 2 v y= 64 in the complex plane
at the tune of (22.33, 20.83) with the trim coil correction
of SFA048 of +1.1 A (red vector) and with the trim coil
correction of four sextupole magnets; SFA048 +1.11 A,
SFA055 -0.69 A, SFA062 +0.81 A, SFA069 —0.69 A
(blue vectors).
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Figure 8: Each contribution of SFA magnets for
resonance strength of 3 v y= 67 in the complex plane at
the tune of (22.33, 20.83) with the trim coil correction of
SFA048 of +0.3 A (red vector) and with the trim coil
correction of four sextupole magnets; SFA048 +1.11 A,
SFA055 -0.69 A, SFA062 +0.81 A, SFA069 -0.69 A
(blue vectors).
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Figure 9: Structure resonances of up to 3™ order (solid
lines) and non-structure resonances of half integer and
linear coupling resonances (dashed lines). Space charge
tune spread shown for the tune of (22.40, 20.75) and
(21.35, 21.43) for the beam power of 380 kW.
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