Lorentz Transformations for Laser Neutralization of H- Beams

R. E. Shafer   11/28/01

The purpose of this Note is to review the Lorentz transformations for laser stripping of relativistic H- beams. The binding energy of the “outer” electron is 0.75 eV, and the maximum photoneutralization cross section is about 4E-17 cm2 at 1.5 eV. The neutralization yield is above 2E-17 cm2 between about 1 and 3 eV. 

The Lorentz transformation from the lab frame (unstarred) to the beam bunch rest frame (starred), with the forward (zero degree) direction in the lab being head-on collisions, is given by
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where E(  is the photon energy,  pL and pT are the longitudinal and transverse photon momenta in energy (i.e., pc) units, and  and  are the Lorentz parameters of the H- beam. For photons, the longitudinal momentum pL may be written
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where and are the photon beam angles relative to the z axis in the lab and in the bunch rest frames respectively.

The Lorentz transformation from the beam bunch rest frame to the lab frame is given by
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The laser photon energy in the bunch rest frame is thus given by
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The laser photon energy boost factor (sometimes called the gamma boost) is then



[image: image6.wmf][

]

*

1cos

E

E

n

n

gbq

=+

.
[5]

The angle transformations between the lab frame and the bunch rest frame are given by
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The following table presents Lorentz transformation values for laser stripping of a 1-GeV H- beam (=0.8749).  The laser photon beam angle is shown in both the lab frame and the center-of-mass (CM) frame, and the optimum laser photon energy and wavelength are shown for a 1.5-eV photon in the CM frame.  0( corresponds to head-on collisions.  Note that a lab angle of 151( corresponds to 90( in the CM system, and 90( in the lab corresponds to 29( in the CM system.  The optimum lab angle for a Nd:YAG laser is about 115(.

      Laser angle (degrees)               Boost                 Optimum laser photons

        Lab frame      CM                   factor                energy            wavelength
   




          (eV)                (microns)
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