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High intensity proton accelerators have two important applications in China in recent years: Accelerator Driven Sub-critical System for nuclear waste transmutation and China Spallation Neutron Source. This paper focuses on the R&D activities of the key technology of high intensity proton accelerators in China, including the normal conducting and superconducting accelerator technologies. Chinese efforts in ADS basic research will also be outlined.  
1. Introduction
High intensity proton accelerators have important applications in China. It focused on the Accelerator Driven Subcritical System and spallation neutron source. ADS is a long-term program and China now is still in the status of basic research and key technology development. China Spallation Neutron Source (CSNS) project [1] has been approved by the Chinese government and is expected to start construction in 2010 and completed in 2016.

China, as a developing country with a great population and relatively less energy resources, is rapidly developing nuclear energy. The nuclear electricity is foreseen to reach 75GWe，and meanwhile 30GWe power will be under development in 2020, according to the recently revised plan of the Chinese government in April 2009. To develop nuclear power in such a large scale, long-lived radioactive nuclear wastes have to be safely disposed to reduce the impact on the environment and to eliminate public fear of nuclear power. Right now only a small amount of spent fuels from nuclear power plants has been accumulated in China. But the situation will become very serious in the future. The accumulated waste is estimated to be more than 10k tons in 2020, and it will be doubled in 2030. ADS has been recognized as the best option for the nuclear waste disposal and some basic study programs on ADS have been supported by the Chinese government since 1999 [2]. High intensity proton accelerator is one of the major subjects in these programs.
CSNS accelerator consists of an H- linac of 81MeV and a rapid cycling synchrotron of 1.6GeV with an output beam power of 100kW in the first phase. In the future upgrade plan to 500kW beam power, the linac energy is expected to increase to 250MeV with superconducting cavities.

2. R&D Activities on Proton Linac
A high current front end consisting of an ECR ion source, LEBT and an RFQ accelerator of 3.5MeV has been built in the ADS program, as shown in Figure 1. 
ADS demands an extremely high reliability of the driver accelerator and it is identified that the injector is a major source of the beam trip. So, great efforts were made on the reliability and stability of the ion source operation. A high reliability of 99.9% is achieved during an 120 hours continuous operation. The output beam current is around 70mA in normal operation, and now is pushing to 120mA in test.
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Figure 1. The ECR ion source (left) and the RFQ accelerator (right).
The RFQ is designed for CW operation, but as the first step it is operated at 7% duty factor with a beam kicker in the LEBT. This is a four-vane type structure with two coupled resonators and dipole stabilizer rods on the middle coupling plate and the two end-plates, similar to LEDA RFQ [3]. The major design parameters are listed in Table 1. A beam current of 46mA was obtained from the RFQ at 7% duty factor with a beam transmission rate of 93%. The beam energy spectrum is measured in a good agreement with the simulation result from PARMTEQM code [4], as plotted in Figure 2. The RF power source is kindly provided by CERN with capability up to CW operation. A digital RF control system based on FPGA was developed at IHEP and added to the RF system. With this new feedback system the operation stability became better in the case of long pulse and heavy beam loading. The RF amplitude and phase stability reached ±1% and±10 respectively. 
[image: image3.emf]Table 1. RFQ major design parameters.

	Input Energy (MeV)
	0.075

	Output Energy (MeV)
	3.5

	Peak Current (mA)
	50

	Duty Factor
	6% to 100%

	RF frequency (MHz)
	352

	Maximum Es (MV/m)
	33

	Total RF Power (kW)
	590

	Total Length (m)
	4.75


 






Figure 2. Energy spectrum of the RFQ output beam.
In recent we are raising the duty factor to 15%. A beam line with a periodic focusing channel and beam diagnostics are building for the experimental study of the beam halo formation.
The technology of medium-βsuperconducting RF cavity has been studied for the medium energy section of 1GeV proton linac for ADS. Three superconducting single ellipsoid cells of 1.3GHz atβ=0.45 were manufactured with assistance from KEK. It is the scaled-down prototype of 700MHz cell, as shown in Figure 3. It reaches the surface field Esp=42.4MV/m.The measured Q0 versus Esp is plotted in Figure 3. With the successful experience of 1.3GHz cell, 700MHz cell is now under development.
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Figure 3. 1.3GHz single cell (left) atβ=0.45 and its measured Q0 versus Esp (right).
For the development of superconducting RF technology at IHEP, an RF superconducting laboratory of 250m2 has been set up for the RF cell processing and measurement. A cryostat for 1.3GHz cavity has been built for vertical measurement at the working temperature of 1.5~4.2K. The lab does not only used for proton linac R&D, but also serve for the cavity development of ILC and photo cathode gun.
Spoke cavity is an option for the low-β section of the ADS linac. Cavity design study on the RF property and mechanical structure is in progress. In recent, a new budget from Chinese Academy of Sciences was allocated to IHEP for the superconducting spoke cavity development.
3. Status of ADS Study
In reactor physics study, a series of neutron multiplication experimental study has been carried out. The VENUS facility with coupled fast and thermal regions has been constructed as the basic experimental platform for neutronics study in subcritical blanket. It’s a zero power sub-critical neutron multiplying assembly driven by external neutrons produced by a pulsed neutron generator. The theoretical, experimental and simulation study on nuclear data, material properties and nuclear fuel circulation related to ADS is carrying on to provide the database for ADS system analysis. A moderate style multi-purpose verification system is under consideration. In the near future, we plan to build a MW swimming pool light water sub-critical reactor driven by a 150MeV accelerator.
4. Summary
High intensity proton accelerator has two major applications in China: ADS and CSNS. Some key technologies in high intensity proton accelerator for ADS are under development. ADS basic study has gained support in two phases from the Ministry of Science and Technology, China. CAS presented an ADS new proposal to the government in recent to speed up ADS from the present basic study to small-scale system construction. 
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