A 50KV INVERTED POLARIZED GUN

Michael Gowin, Wolfgang Hillert , Bernhard Neff

Physics Institute, Bonn University, Bonn, Germany

A pulsed source of polarized electrons, optimized for a reliable oper a tion for future experiments at the stretcher ring ELSA, was developed and set up. It is realized as inverted gun. The set up of the source, its load - lock system, the transfer line and laser system are described in the following report.

I NTRODUCTION

Starting in the next months experiments with circularlypolar ized ph o tons (produced byBremsstrahlung of longitudinallypolarized ele c trons) will be carried out [1]. In order to preserve the polarization level to the experimental target, several depolarizing resonances have to be crossed and corrected for during the acceleration of the electron beam. To studythese phenomena in detail, an existing 120kV polarized ele ctron source was improved and set into operation [2]. Detailed studies of depolarizing resonances up to 2

GeV could be performed using this source [3]. I t turned out that the reliabilityand life time of this source will hamper the planned experiments. For this reason, a second source of polarized electrons was deve loped and set up. It will operate with a newlyinstalled pulsed injector linac which require s an injection e n ergyof 50keV, a pulse length of 1 m sec and a repetition rate of 50Hz. The required maximum peak cu rrent at the source has to be 100mA.

THE 50KV GUN

A cross section of the gun is shown in Fig. 1. This setup allows for heat cleaning and activation of the crystal inside the gun chamber. For this, the cathode unit can be retracted and an activation unit maybe driven in. In addition, it allows to adjust the perveance of the gun to the desired value bychanging the cathode position. Numerical simul a tions using the EGUN code showed that the spac e charge limited

Figure 1 : Setup of the 50kV gun maximum current could be varied from 60mA to 330mA without changing the high voltage. The max imum field strength at the surfaces of the electrodes is below 3.3kV/mm. Consequentlya continuous emi ssion (dark current) of less than 1nA has been achieved at 60kV in first high - voltage tests.

The gun is equipped with a NEG - pump and a ion getter pump. The total pressure is below 1x10 - 11 mbar, with partial pressures of the m a jor poisoning g ases (carbon dioxide and water vapor, [4,5]) of 1x10 -

13 mbar.

LOAD - LOCK

To enhance the reliabilityof the source, a load - lock system was deve l oped and will be installed in Se ptember 1998. It consists of a preparation chamber and a magnetic manipulator (see Fig. 2). A fil a ment heater is used for heat cleaning of the crystal. A channel cesiator and a heated silver rod allow an activ ation of the crystal with cesium and atomic oxygen. High pumping speed will be achieved bymeans of

Figure 2 : Setup of the load - lock a turbo molecular pump, an ion getter pump and a NEG - pump.

TRANSFER LINE

In order to decouple the ultrahigh vacuum of the gun from the higher pressures downstream in the injector

(P=10

- 8 mbar), the transfer line is equipped with four ion getter pumps, one NEG - pump and one turbo molecular pump. Two 90° magnetic bends provide additional isol a tion. The polarization of the beam is changed from longitudinal to transverse bymeans of an electrostatic toroidal bending condenser. Sev eral monitor stations (wire scanners, cromox screens, faradaycup) will allow a precise measurement of the beam position, profile and intensity. Numerical simulations of the space charge dominated beam transport were carried out to optimize the position of the focusing s o lenoids and quadrupoles. From this simulations we expect a high transfer eff i ciencyup to currents as high as 200mA.

LASER SYSTEM

Assuming quantum efficiencies of about 0.5% the laser peak - power has to be 40W in minimum which corresponds to pulse energies of 40 m J. Taking into account the phenomena of charge saturation a pulse energyof about 1mJ (pulse length 1 m sec) is needed. For the operation of the 120kV source, a flashlamp - pumped free running Ti:sapphire laser was used. The laser pulses were chopped to 1 m sec bya pockels cell and polarizer and fed via a 85m long optical fiber to the source. This system will be used for the 50kV source as well. To suppress the spiking of the pulsed laser, the method of injection seeding bya cw seed - laser will be investigated in near future. For this purpose, a cw - Ti:sapphire laser was set up. This laser is pumped byan argon vapor laser and will allow a modelocked operation if injection locking bya RF - modulated low power diode - laser is applied.

CONCLUSION

To fulfill the dem ands of future experiments a 50kV source of pola r ized electrons was developed and set up. It will be equipped with a load - lock to enhance the reliabilityof the source. The transfer line to the injector provides for high vacuum isolation and was optimized for high transfer efficiencies. The pulse shapes of an existing flashlamp pumped Ti:sapphire laser will be improved byinjection seeding.

The source is planned to go into operation at the end of this year.

[1] G. Anton et al., Proposal to measure the Drel l - Hearn - Gerasimov Sum Rule, Proposal, Bonn, April

1992.

[2] S. Nakamura et al., Acceleration of Polarized Electrons in ELSA, Nucl. Instr. & Meth. A, Vol. 411

(1998), No. 1, 93 - 106.

[3] C. Steier et al., Acceleration of Polarized Electrons in ELSA, EPAC Pro ceedings, Stockholm (1998).

[4] D. Durek et al., The degradation of a NEA surface bypoisoning gases, Spin96 Proceedings, Amste rdam (1996), 677.

[5] T. Reichelt, The degradation of a GaAs photoemitting NEA su r face bywater vapour, this volume.