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J-PARC 
Accelerator Status and Future Plans 
HITOSHI KOBAYASHI†
KEK, High Energy Accelerator Research Organization, 1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan
The phase-1 construction of J-PARC was complete by the end of March 2009. Since then all accelerators and experimental facilities have started operations. This paper will summarize the present status of the J-PARC accelerator. Upgrade plans for the Main Ring are discussed.

1.  Introduction
The J-PARC accelerator [1] is composed of a 400 MeV H-linac (but initially only 181 MeV), a 3-GeV RCS (Rapid Cycling Synchrotron), a 50-GeV MR (Main Ring) and related experimental facilities. The RCS provides a proton beam to the MLF (Materials and Life science experimental Facility) to generate intense pulsed neutron beams. A muon target is installed at a position before the neutron target to generate intense muon beams for use in various experiments. 
The MR has two experimental facilities: One is a neutrino facility, which uses a fast extraction system and the other a hadron beam facility, which uses a slow extraction system. 
2.  Status of the LINAC
The first beam in the linac was successfully accelerated January 2007. The linac has been in routine operation injecting beams into the RCS, which itself is being used for both MLF user runs and MR beam studies. For a high power test of the RCS, single shot beams of 2.93x1013protons/pulse from the linac were accelerated, which corresponded to an RCS output power of 352 kW. 

Unfortunately in September 2008 RF breakdown discharges in the RFQ started happening frequently. We decided to temporarily fix the pulse width at 100 μs and beam current at 5 mA. Since then, we have done many tasks such as increasing vacuum system diagnostics and installing three cryo-pumps were carried out. These measures were very effective. The operational condition of the RFQ has been drastically improved and wider microwave pulses can be stably applied since October 2009. 

In parallel with routine operation of the linac, construction of the ACS (annular ring coupled structure) accelerator for raising the linac energy from 180 MeV to 400 MeV has been advancing. According to the current schedule, installation of all the ACS structures will be carried out during the summer of 2012. 

3. Status of the RCS
The operation of the RCS in support of the MLF was initiated in December 2008, and the RCS has been providing beams for the commissioning of the MR as well. At the same time, high intensity operation of the RCS was tested in detail using a single pulse mode. In the case of optimum painting and optimal parameters for the rf 2nd harmonic, beam loss as measured by a beam current transformer was about 1% for a beam intensity of 2.6 x 1013 protons/pulse. This corresponded to a RCS output power of about 310 kW for continuous operation at 3 GeV and a repetition rate of 25 Hz. 
Continuous operation of the RCS has been limited by the front end to about 20 kW, as described previously. Since November of 2009, operation of the RCS at over 100 kW has restarted reflecting the recovery of the RFQ. 
4.  MR

4.1. First Beam Commissioning Results

Beam commissioning of the MR started May 2008. In this run, injection of beam and circulation without acceleration were carried out. At that time we noticed a very large common mode current riding on the output of the power supplies for the dipoles and quadrupoles, resulting in both orbit and tune fluctuations. Thus the first beam commissioning results showed that some measures would be needed because of the common mode ripple issue. 
After the first stage tests, we changed the power cabling configuration for both dipoles and quadrupoles to mitigate the magnetic field fluctuations induced by the common mode current ripple. They all are re-configured to be symmetrical [2], [3], [4].

On December 23, 2008, the first proton beam was accelerated from 3 GeV to 30 GeV, the design energy of the first phase of the project. Tune fluctuation after the reconfiguration was improved by an order of magnitude. The J-PARC MR is the first large proton-accelerator designed with an imaginary gamma. Therefore it is of interest that the acceleration was carried out very smoothly and the beam was very stable through the acceleration period. Acceleration of the beam in the MR is shown in Fig. 1. 
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Figure 1. 6 bunches beam acceleration of the MR. 

On January 27th, 2009, a 30-GeV proton beam was successfully extracted to the Hadron Experimental Hall by a slow extraction system using a third-order resonance. 

April 2009, beams were guided to the neutrino target successfully. We are continuing to guide higher power beams to the neutrino target and in the machine study of November 2009, neutrinos were detected in the pre-detector system. 

4.2. Toward High Power

In the first stage of the J-PARC project, the maximum output of the MR was set to be 750 kW. An upgrade scenario is shown by a dotted line in Fig. 2. Time of the upgrade has not yet been decided. A doubling of the output power is now under discussion. Our basic idea is to increase repetition rate of the MR to double the MR output power. Our discussions are still at a very preliminary stage but the following has already become our common consensus: a higher RF voltage is crucial for high repetition rate operation, and power supplies for the main magnets such as dipoles, quadrupoles and sextupoles should work at more than double of present repetition rate. 
Magnetic alloys are used to generate higher acceleration fields in the RF sources of both the RCS and the MR. New nano-technology cores could make an important contribution to generating 22.5 kV/m [5]. We are presently using cores of FT3M material, FT3L, which has a little bit different crystallizing process from the present FT3M, is a promising candidate for higher acceleration voltage. Its shunt impedance is expected to be twice that of the present cores. If we can double the shunt impedance of the core, then we can double accelerating voltage by re-designing the acceleration cavity and increasing the number of cavities [6]. 
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Figure 2. Power upgrade scenario under KEK road map.  

We have set 1 Hz to be our target repetition rate. Of necessity the output voltages required from the power supplies become very high and would exceed the voltage rating of the presently used cables. For the future, our idea is to divide each family into several groups, each group would have almost same total inductance. Then, a standardized unit power supply could drive each of the magnet groups. For such a system to work successfully, precise tracking of the power supplies would be required absolutely.  R&D on candidate power supplies has just begun. 
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