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Summary report
1. Motivation and simulation tools
For the design and operation of the next generation of intense proton rings for spallation sources, there is a need for comprehensive large-scale simulation program to study the injection, capture, acceleration, collimation and loss management in these rings.

The goal of this study is the understanding of the emittance growth mechanism for the J-PARC Main Ring during the injection and acceleration stages for the moderate beam power. The emittance growth is caused by the combined effect of the space charge of the low-energy high-beam intensity proton beam and the intrinsic field nonlinearities of the ring magnets. As the result, the optimum machine parameters should be determined for different machine commissioning stages, including the operational working point on the betatron tune diagram for different beam intensity and optimum beam parameters, which should be provided by the injector (RCS). Finally, the determined optimum machine parameters should provide acceptable level of the particle losses in the ring, which is has strict limitation by the radiation safety requirement (typical requirement for this kind of high-beam power accelerators).
In space charge simulations for beams, the use of mesh-based method seems almost universal. On a 2D or 3D mesh, charges are assigned to the mesh points according to some scheme, like “Nearest-Grid-Point”, “Cloud-In-Cell” and other schemes. Poisson’s equation is solved (usually by FFT or cyclic reduction) for the potential and, by differentiation, the electric field components at the mesh points. The field at each particle location is interpolated including the external electro-magnetic field. The computation time is usually dominated by the Poisson solver and therefore depends on the number of grid points. To reduce the required CPU time for one turn simulation, it is necessary to run the ‘space charge’ code in a parallel processing mode by launching the multiple processes on different CPUs, each parsing the same input script file. Most of calculation proceeds independently on each processor.
[image: image1]At this moment to make some realistic tracking for J-PARC Main Ring we are using simplified space charge model, so called the “2&1/2Dmodel, instead of the 3D model. After the performed optimization of the code, the required CPU time for the 1_node job of the KEK SCA system has been reduced up to 10 sec per turn for the case of the 20e4 macro particles and the transverse mesh with 128x128 nodes. The number of the space charge nodes around Main Ring is about 1500. After the performed optimization of the code for the KEK SCA system we are able to make optimization of the MR performance, first of all, the tune scanning to define the appropriate ‘bare’ working point with minimum particle losses for the realistic set of the machine imperfection.
2. Optimization of the JPARC Main Ring performance for the moderate beam power

According to the basic scenario of the J-PARC Main Ring operation, the injection time is about 120 msec (or about 25’000 turns) and the acceleration process is about 2 sec (or about 400’000 turns). During all these processes the particle losses at the MR collimator should be below the 400W limit. The expected power of the injected beam for MR at the beginning of the high power operation is about 2kW/bunch or 1.25e13 ppb. The corresponding beam power of the extracted beam from RCS should be about 300kW at the 3GeV energy.
For the realistic machine imperfection (by using the measured field data for all magnets of the Main Ring) and for the realistic misalignment errors we studied the MR performance for different time-pattern of the RF-system and the current variation of the bending magnets. As the result of this study we defined the basic operation scenario of the MR commissioning for the moderate beam power. In the case of the 210kV operation of the RF system the total particle losses during the injection and acceleration is about 230W for the ‘matched’ initial beam conditions and for the optimum ‘bare’ working point.

By using the KEK SCA system we performed the tune scanning for the RF voltage of 210kV to get useful information about the resonance excitation for the realistic set of the MR parameters and imperfection (misalignment). As the result of this study we defined the best candidate for the ‘bare’ betatron tunes for the MR operation with the moderate beam power. Moreover, the most dangerous resonances have been observed during this scanning procedure, which allow to us to prepare the required correction scheme.
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3. Resonance correction
The results, obtained during the tune scanning, indicate that the most dangerous lattice resonance for the MR operation with the moderate beam power is the linear coupling resonance Qx+Qy=43, excited mainly by the sextupole nonlinearity in combination with the closed orbit distortion and the misalignment errors of the sextupole magnets, used for the chromaticity correction. The required correction scheme has been proposed and tested in combination with the space charge effects at the injection energy for one of the worst ‘bare’ working point. As the result, the particle motion has been decoupled successfully and the particle losses, cause by the linear coupling resonance [1,1,43], has been eliminated.
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The obtained results defined the basic operation scenario of the JPARC Main Ring operation with the moderate beam power. All these results will be presented during the European Particle Accelerator Conference (EPAC-2008) and the ICFA HB08 workshop.
4. PTC_ORBIT development

During last year the combined PTC_ORBIT code has been developed, tested and used for the KEK SCA system. This combination of two extremely useful and powerful codes creates the common universe for the single particle dynamic study (including the resonance correction) and the collective effects (first of all, the low energy space charge effects). The PTC code has been developed by E.Forest (KEK), by using the Fortran 90 language. The ORBIT_MPI code has been developed by the SNS group (Oak Ridge, USA), by using C++. The combined PTC_ORBIT code will be used for the off-line modeling of the particle dynamic in the JPARC Main Ring during the commissioning of the machine, which will start at the end of May 2008.
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