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INTRODUCTION

FEL knowledge Center is based on the Israeli Free Electron Laser (FEL) facility. The goals of the Center are:

1. Providing millimeter-wave (MMW) radiation for various scientific and technological applications (including biomedical, spectroscopic and material research, imaging etc.).

2. Consultation and assistance in design and set-up of MMW users experiments.

3. Multi-disciplinal students' teaching: electromagnetism, high voltage, RF power, radiation safety etc.

The Israeli electrostatic accelerator FEL (EA-FEL), which is based on an electrostatic Van de Graf accelerator was relocated to Ariel a few years ago and was upgraded to serve a user facility in the framework of the FEL – mm wave knowledge center. In the year 2003 the FEL has returned to operation under a new configuration. In the present FEL, the millimeter-wave radiation, generated in the resonator, is separated from the electron beam by means of a perforated Talbot effect reflector. A quasi-optic delivery system transmits the out-coupled power through a window in the pressurized gas accelerator tank into the measurement room (in the previous configuration, radiation was transmitted through the accelerator tubes with 40 dB attenuation). This makes it possible to transmit useful power out of the accelerator and into the user laboratories.

Following the success of previous years in generating both spontaneous and stimulated high power radiation and the achievement of a FEL world record for relative line width of 10-6. We have concentrated this year on improving the reliability the FEL across a broad frequency range. The novel resonator for the FEL is now under final tests including vacuum tests and high voltage checks. This novel resonator for the FEL is expected to be more robust and have smaller losses than the previous design. The new design will enable the resonator to endure the immense thermal and kinetic pressures that result from the high current - high-energy electron beam and the high power radiation for longer durations thus allowing longer radiation pulses. Further advantages including the lowering of the lasing threshold and lower thermal pressures which are the result of lower losses. 

In this report we include also further theoretical advancements achieved by the FEL knowledge center researchers those include a novel radiation power increase schemes of super radiance and other applications of the WB3D simulation code such as the analysis of short pulse RF Linac FEL oscillators.

The activity of the FEL user center has advanced during the passing year, users come both from the academic and industrial sectors. Academic users come from major universities including the Ariel University Center of Samaria, Hebrew University & Tel-Aviv University. Some industrial users are collaborating with the user center through two consortiums supported by the ministry of industry and commerce, those are the Avnet-37 consortium and the consortium for short range communications. Other industrial partners include companies such as Malcam, Elta, Elop. An intensive collaboration with Elta has taken place this year in the development of a THz radar, the program is intended to take place over a five year period and is financed by the ministry of defence.

The structure of this report is as follows: first some background is given. Then we overview the experimental advancement with regards to the tunability range of the FEL. Special emphasis was given in this year on obtaining lasing conditions in a broad frequency range from 85 to 105 GHz and the comparison of the theoretical predicted frequency with the actual measured frequency, the results are described in appendix A. Appendix A also describes advancements in electron transport obtained partially by shortening the collector. Other improvements of transport conditions were obtained by creating automatic tools for measuring the electron beam spot size and the introduction of a new beam transport simulation tool the general particle tracer (GPT) which enables 3D simulation of the electron beam. The appendix concludes with the description of the thorough maintenance work done this year including the cleaning of the accelerator high voltage parts and the introduction of a digital current measuring device protected by a high voltage screening box. Appendix A2 describes further detailed results obtained from GPT calculations and their comparison to measurements. Appendix B describes the development of a new experimental “time domain” technique that allows us to analyze the resonator without the time consuming process of opening the accelerator tank. Appendix B2 describes accurate measurements of magnet blocks that we have performed in order to be ready for possible corrections and improvements of the FEL  magnetic wiggler.

On the theoretical side several advancements were achieved this year. Those include the effect of space charge on the radiation properties (Appendix C). A new simulation tool for wiggler magnetic fields is described in Appendix D. Appendix D2 describes a space-frequency approach to short pulse RF Linac FEL oscillators. The enhancement of super-radiance from energy-modulated short electron bunches in free-electron lasers is described in Appendix D3.

A summary of the user center activities is given in appendix E. We highlight specific activities by given more detailed account. A detailed overview of our activities in THz is given in Appendix F. Our work in the framework of the short range consortium is described in Appendix G. The research done on millimeter waves sensing behind walls using FEL Radiation is described in Appendix H. Finally our work on THz radar is described in appendix I.

BACKGROUND

The Israeli electrostatic accelerator FEL (EA-FEL) is based on a 6 MeV EN-Tandem Van de Graaff accelerator (shown in Figure 1), which was originally used as an ion accelerator for nuclear physics experiments [1]. The scheme employs straight geometry for the electron beam transport, where the electron gun and the collector are installed outside the accelerator region, as illustrated in Fig. 2. Lasing was reported in a previous configuration, where radiation was transmitted through the accelerator tubes with 40 dB attenuation [2-3]. 
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Figure 1: The EN-Tandem electrostatic accelerator of the Israeli FEL.
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Figure 2: The EA-FEL scheme.

In the present version of the FEL, which was relocated to Ariel, the millimeter-wave radiation generated in the resonator is separated from the electron beam by means of a perforated Talbot effect reflector [4,5]. A quasi-optic delivery system transmits the out-coupled power through a window in the pressurized gas accelerator tank. The basic parameters of the FEL are summarized in Table 1. The acceleration voltage is set to be 
[image: image3.wmf]k

E

=1.4 MeV in order to tune the frequency of the FEL radiation to the W-band.

Table 1: Parameters of the tandem electrostatic accelerator FEL.
	ACCELERATOR:
	
	

	
	Electron beam energy:
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	Beam current:
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	UNDULATOR:
	
	

	
	Type:
	Magneto-static planar wiggler

	
	Magnetic induction:
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	Period length:
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	Number of periods:
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	RESONATOR:
	
	

	
	Waveguide:
	Curved-parallel plates

	
	Transverse mode:
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	Round-trip length:
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	Out-coupling coefficient:
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	Total round-trip reflectivity:
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