Polarized Electron Sources for an e-Hadron Collider – Summary

The development of a polarized electron source for an electron-hadron collider presents several significant challenges.  The most obvious of these is that the required average current is nearly three orders of magnitude greater than the highest average current of high polarization electrons yet demonstrated.  Of the various methods developed to produce polarized electron beams, only photoemission from negative electron affinity (NEA) GaAs photocathodes appears capable of delivering the necessary average current.  A demonstration that GaAs photocathodes can support the delivery of high average current unpolarized beams may come reasonably soon, as part of work associated with energy recovered linacs for light sources.

A second challenge is that of the laser to illuminate the GaAs photocathode.  A laser providing about 200 Watts of 850 nm light, with an appropriate time structure, is required to deliver the desired average current from a typical high polarization cathode.  Such lasers do not currently exist.  Even a laser supporting the desired average current from a moderate (~ 40%) polarization cathode would require some development beyond what is presently available.  Some active cooling of the cathode, particularly in the high polarization case, will be necessary.

The operational lifetime of GaAs photocathodes in present day polarized sources is limited only by ion back bombardment, and thus the total charge per unit area delivered from the cathode.    Accordingly, it is necessary to achieve a very excellent vacuum in the cathode-anode gap of the gun to support the delivery of the required average current for a useful period of time.  In the guns presently in operation at Jefferson Lab, 1/e lifetimes of the quantum efficiency of about 2 x 105 Coulomb/cm2 have been observed.  While this lifetime may be adequate for the electron-hadron collider application, further vacuum improvements are very desirable.

Surface photovoltage effects have been observed in polarized electron guns delivering large bunch charges.  This effect reduces the charge per bunch deliverable and may be important in the electron-hadron collider case.  A group at Nagoya has demonstrated that the effect may be mitigated by making a cathode with a high dopant density at the cathode surface.  While this solution looks promising, there has been no demonstration of a high bunch charge, high average current CW beam from a GaAs cathode.  Such a demonstration is necessary before one can be fully confident this problem is under control.  

The emittance requirements for the electron beam are very modest, and permit the use of a fairly large (several cm2) cathode area.    

Many of the difficulties in providing the polarized beam required for the present application would be significantly eased if there were a photoemission cathode capable of delivering high polarization with a reasonably high (few %) quantum efficiency.  While no such cathode has been demonstrated, there is at least one class of materials which in principle should meet this need.  These are the ternary II-IV-V2 chalcopyrites.  These materials are not commonly available, though a number of them have been grown in the past.  Photocathode preparation on these materials is difficult, but the use of atomic hydrogen cleaning may make this easier.  Were the potential of these materials to be realized, an electron source for the high average current needs of an electron-hadron collider would be much easier.

