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The R&D of PPM (Periodic Permanent Magnet)-focused X-band (11.424GHz) pulse klystrons in Japan started in 1999, originally for Global Linear Collider (GLC) project [1]. So far six prototype tubes (as named PPM1, … PPM6) have been built. All these tubes were fabricated by Toshiba Electron Tubes and Devices Co. and tested at KEK. Some of them successfully produced the required power with specified pulse width in GLC, although some problems remain in the stability of RF output and the gun performance.
A new project named International Linear Collider started in 2004 and GLC project was terminated (and has been integrated into the worldwide research programs). The new collider is based on L-band (1.3GHz).  Our recent X-band research interest lies in the development of a 50MW-class tube which is stable enough, usable for various applications such as a compact linear accelerator[2]. The research work includes the test of the rebuilt tubes as well as disassembling them after the test for further inspections.
PPM Tube as GLC Power Source
The original design specifications for the PPM klystron is characterized by its high peak power (75MW) and high efficiency (55%). They are the direct conclusion of efficiently high gradient acceleration in the GLC accelerators.  By the choice of relatively low perveance (0.8uK) and high cathode voltage (480kV), the tube is designed to meet the GLC specs. Major specifications are listed in Table 1. We adopted some of advanced concepts such as a travelling wave output cavity, which is essential to manage such high peak power.

Table 1: PPM tube design specifications

	Frequency
	11.424GHz

	Peak Power
	75MW

	Pulse width
	1.6s

	Repetition
	150pps

	Cathode Voltage
	480kV

	Cathode Current
	266A

	Perveance
	0.8uK

	Efficiency
	>55%

	Main Focus
	PPM

	Max B / period
	0.32T / 30mm

	Magnet Material
	NdFeB


Tube performance test summary

•The very first tube, PPM1, was designed as a 50MW tube. This tube reached 54MW x 1.5s x 5pps. The beam transmission from the gun to the collector was practically perfect. No parasitic oscillation was observed. The RF design and the magnetic field design of PPM1 were to be the baseline for the all of following tubes. This tube verifies the PPM-focused klystron is feasible. (Year 2000.)
•The next tube, PPM2, reached 73MW x 1.4s x 3pps (2001). The peak power and the RF pulse width are almost GLC specs and PPM2 is regarded as the first Proof-of-principle tube for GLC.

•PPM4 reached 77MW x 1.6s x 50pps (2003).  PPM5 reached 70MW x 1.6s x 25pps (2004).

•The maximum time-averaged RF power available was 13.7kW (=67MW x 1.7s x 120pps) by PPM2B (=second repaired tube of PPM2) (2004).

•PPM3 and PPM6 suffer parasitic oscillations. PPM3 mounts additional second harmonic cavities while PPM6 has a different output cavity from others. It was found that these cavities are responsible for the oscillations.
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Figure 2. Plots of saturated output power and RF conversion efficiency. PPM4 (2003).

Output RF stability issue

All of our prototype tubes show the behaviour as in Figure 3. The phenomenon is characterized as a loss of output power that develops over several hundreds nano seconds. The occurrence of these unstable events depends on the RF peak power and the pulse width. In general, the events can be seen more frequently with longer pulse width and/or higher output power. In Figure 4, the “critical points” of stable operation are shown.

It is observed that the amount of X-rays increases when this phenomenon occurs.  These X-rays are from the region including the output cavity. By the acoustic sensors, it was found that the tube “rings” when the phenomenon occurs. We conclude that a sudden beam loss or RF breakdown occurs. The most suspicious place is the output cavity.

 To study the instability, another design of the output cavity was prepared for PPM6. This tube was tested in 2005. However, the operation of the tube was restricted by parasitic oscillations, which the new output cavity is responsible for. The reason of the RF instability has not been understood yet. The rebuilt tube, PPM6A, is now under test. 
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Figure 3: The RF output is normal(left) or unstable(right). 45MW x 400ns x 50pps.  Ch1 and Ch2 are the output power from each port. (The tube has two symmetrical output ports.) Ch4 is the trigger of interlock.
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Figure 4:  Plots of the maximum stable power (vertical in MW) under a given pulse width (horizontal in nano sec). A few trials were done for one pulse width. Whole plane looks divided into stable and unstable regions by these points.
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